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PREFACE 

IN undertaking this textbook the author has attempted what 
is unquesti0n~~.1y a .. severe test of his comprehension of his 
subject. A task ot this kind reveals, perhaps better than 

any other, how difficult it nqs now become for a single individual 
to deal adequately with the";. different specialized branches of 
entomology. The book is the outcome of a number of years' 
experience of the need of a treatise which will meet the require
ments of the research worker, the advanced student and the 
teacher. Its aim has been to present the chief facts concerning 
the structure, physiology, development and classification of the 
Insecta and the biology of their more important representatives. 
The treatment of an extensive subject like entomology is largely 
a process of compression, in order that the volume may be kept 
within reasonable compass. The attainment of this latter object 
has made it imperative to make only brief reference to problems 
of insect behaviour, ecology, coloration, cytology, etc., while 
the extensive branch of palceontology has been omitted. 

The author has attempted to do justice to the great mass 
of knowledge which the activities of a host of investigators have 
accumulated during recent years. Much material has been intro
duced which has not previously appeared in textbooks, and the 
bibliographies are mainly arranged at the end of each section 
concerned, but.a certain number of references are included, for 
the sake of brevity, in the text. The object throughout the book 
has been to present before the reader essentials but, at the same 
time, to indicate where fuller information is available. The 
question of generic and specific names is a perennial bone of 
contention and endeavour has been made to use those as up-to
date as possible. At the same time, it has not been deemed 
advisable to adopt the most recent and unfamiliar mutations of 
nomenclature. 

Throughout Part III, which deals with the orders of insects, 
reference is made to species of economic significance with short 
accounts of their habits. The subject of applied entomology has 
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assumed paramount importance in relation to agriculture, forestry, 
medicine and other aspects of human welfare. Separate text
books are available dealing individually with those several 
branches. Experience, however, has taught us that success in 
any branch of. applied science is dependent upon a thorough 
grasp of the principles of that science. In this connection, there
fore, it is hoped that the present work will also be. found of value 
to the many workers in applied entomology scattered throughout 
British dominions. 

Acknowledgments are due to the Chief of the Division of 
Publications, U.S. Dept. of Agriculture and 1'0 the U.S. National 
Museum for permission to reproduce a' number of illustrations. 
T-he author is also much indebted to Prof. J. H. Comstock for 
the use of figures from his Wings of Insects and Introduction to 
Entomology and for kindly supplying electrotypes. Prof. \V. M. 
Wheeler has granted the use of illustrations from his work on 
Ants and Prof. J. W. Folsom has extended similar facilities with 
reference to the last edition of his Entomology. Thanks are also 
due to the publishers of those works, the Columbia University 
Press and P. Blakiston's Sons and Company, respectively, for their 
consent. Sir Arthur Shipley and Dr. H. Scott have granted 
facilities for using a number of illustrations from The Fauna of 
British India and Mr. W. Foster of the India Office courteously 
made arrangements for providing the necessary electrotypes: 
figures borrowed from this source are indicated thus-(F.B.I.). 
Messrs. Longmans, Green and Co. allowed the use of three figures 
from Schafer's Essentials of Histologyand Messrs. George Allen 
and Unwin allowed blocks to be made of several of the illustrations 
from the English edition of Korschelt and Heider's Textbook of 
Embryology. The Princeton University Press allowed the copying 
of two figures from Nelson's Embryology of the Honey Bee and the 
Cambridge University Press supplied blocks from Tillyard's Biology 
of Dragonflies and Latter's Natural History of some Common 
Animals. Mm. Masson et Cie. granted the use of three illus
trations from Henneguy's Les Insectes and an illustration from 
Brumpt's Precis de Parasitologie. Messrs. A. & c. Black con
sented to the use of two figures from Curtis' Farm Insects and 
Mr. John Murray supplied a block from Darwin's Descent of .Man. 
Thanks are also due to the Clarendon Press for the use of illus
trations irom Miall and Hammond's work on Chironomus while 
Fig. 556 is taken from Cheshire's Bees and Beekeeping by consent 
of the publishers. Messrs. Macmillan & Co. allowed the use of 
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illustrations from the Cambridge Natural History and fr.om 
Sladen's Humble Bee, and the director of the Faune de France 
kindly allowed two figures to be copied from that publication. 

The author is especially indebted to Mr. ]. E. Collin for the 
loan of a number of the admirable drawings m<l;de for Verrall's 
great work on British Diptera. Acknowledgments are due to 
Prof. Bugnion for the loan of blocks and the use of several of 
his published figures; also to Messrs. W. ]. Lucas and H. Main 
for several photographs. 

Thanks for the use of illustrations are also due to Prof. A. 
Berlese, Prof. L. Bordas, Dr. F. Brocher, Dr. G. H. Carpenter, 
Dr. G. Grandi, Prof. R. Heymons, Dr. D. Keilin, Dr. A. Lecaillon, 
Prof. P. Marchal, Prof. T. H. Morgan, Prof. G. H. F. Nuttall, 
Major W. S. Patton, Prof. C. Perez, Prof. F. Silvestri; Prof. 
]. M. R. Surcouf, Dr. R. ]. Tillyard, Dr. C. L. Withycombe and 
many others. In every case acknowledgment is made to the 
author beneath each borrowed illustration. 

The author is also indebted to. Mr. H. M. Morris for assistance 
in drawing or otherwise preparing a considerable number of the 
illustrations. Mr. Morris also carried out many dissections, etc., 
under the author's direction and great credit is due to him for 
his skill in these matters. Other of the illustrations were drawn 
by Miss E. Salisbury, Mr. A. M. Altson, Miss A. Mardall and 
Miss O. Tassart. Dr. W. E. Brenchley has rendered invaluable 
aid in the heavy task of reading through the manuscript and 
proofs. Acknowledgments are also due to Dr. ]. Davidson, 
Mr. E. E. Green and Mr. J. G. H. Frew, more especjally for help 
in their special branches, and to Mr. A. N. Caudell for the loan 
of a winged exal1lple of the Zoraptera. 
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.. A magnificent temple is a laudable monument of national taste and religion 
and the enthusiast who entered the dome of St. Sophia might be tempted to sup
pose that it was the residence, or even the workmanship of the Deity. Yet how 
dull is the artifice, how insignificant is the labour, if it be compared with the forma
tion of the vilest insect that crawls upon' the surface of the temple I "-Gibbon, 
Decline and Fall of the Roman Empire, Chapter XL. 
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A GENERAL TEXTBOOK OF 
ENTOMOLOGY 

Part I 

ANATOMY AND PHYSIOLOGY 

INTRODUCTORY REMARKS 

Definition of the Insecta (Hexapoda) 

T HE members of this class are tracheate Arthropods in which the 
body is divided into head, thorax and abdomen. A single pair of 
antennre (homologous with the antennules of the Crustacea) is 

present: the thorax carries three pairs of legs and usually one or two pairs of 
wings. The abdomen is devoid of ambulatory appendages, and the genital 
opening is situated near the anal extremity of the body. Post-embryonic 
development is rarely direct and a metamorphosis is usually undergone. 

Relationships with Other Arthropods 
The Arthropoda constitute the largest phylum of the animal kingdom 

and, although they include animals differing widely in structure, they 
agree in certain fundamental characters. The body is segmented and 
invested with a chitinous exoskeleton. A variable number of the segments 
carry paired jointed appendages exhibiting functional modifications in 
different regions of the body. The heart is dorsal and is provided with 
paired ostia, a pericardium is present and the body-cavity is a hremoccele. 
The central nervous system consists of a supra-cesophageal centre or 
brain connected with a ganglionated ventral nerve cord. The muscles are 
composed almost entirely of striated fibres and there is a general absence of 
ciliated epithelium. No animals other than Arthropods exhibit the above 
combination of characters. The various classes of the phylum are as 
follows. 

The Onychophora (Peripatus) are in some respects annectent between 
the Annelida and Arthropoda, but the reason for their inclusion in the latter 
phylum is not evident from superficial examination. They are perhaps to 
be derived from Polychrete ancestors which had forsaken a marine habitat 
and become terrestrial. Parapodia are consequently no longer present as 
swimming organs, but ha\le become modified for locomotion on land without 
having acquired the Jointed Arthropod character. The integument is soft, 
no chitinous exoskeleton being developed, and the excretory organs take 
the form of metamerically repeated nephridia. Arthropodan features are 
exhibited in the possession of trachere, salivary glands, and the terminal 

G.T.E.-I 
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claws to the appendages. The presence of jaws of an appendicular nature, 
the paired ostia to the-heart, the pericardium, the hremoccelic body-cavity 
and the reduced ccelom are further important characters allying them with 
that phylum. 

The Crustacea (Lobsters, Shrimps, Crabs, Barnacles, etc.) are char
acterized by the possession of two pairs of antennre and at least five pairs of 
legs. In the higher forms the body segments are definite in number anq 
arranged into two regions-the cephalothorax and abdomen. Respiration 
almost always takes place by means of gills, and the excretory organs are 
highly modified nephridia usually represented by green glands or shell 
glands. Toe genital apertures are situated anteriorly, i.e. on the 9th 
post-oral segment in some cases, up to the 14th in others. 

The Arachnida (Scorpions, King Crabs, Spiders, Mites, Ticks, etc.) are 
distinguished by the body usually being divided into cephalothorax and 
abdomen; the legs consist of four pairs and there are no antenna:. The 
primitive forms respire by means of branchere which, in the higher forms, 
are in sunk to form lung-books, or atrophied and replaced by trachere. 
Spiracles when present are generally abdominal and consist at most of four 
pairs. The gonads open near the base of the abdomen and the excretory 
organs are usually Malpighian tubes. The presence of the latter organs and 
trachere is to be associated with the change from an aquatic to a terrestrial 
life, but the general affinities of the Arachnida lie with the Crustacea rather 
than with the Insecta or related groups. 

The next four classes (often known collectively as the Myriapoda) are 
characterized by the presence of a single pair of antennre and the absence 
of any differentiation of the trunk into thorax and abdomen. Each segment 
usually bears appendages. 

The Diplopoda (Millipedes) have the greater number of the body 
segments so grouped that each somite carries two pairs of legs and a pair of 
spiracles. The gonads open behind the 2nd pair of legs. 

The Pauropoda are characterized by the legs being arranged in single 
pairs although the terga are mostly fused in couples. The antennre are 
biramous and there are only twelve post-cephalic segments, nine of which 
bear legs. The gonads open on the third segment. 

The Symphyla have long antennre and most of the body segments 
bear a single pair of legs. The gonads open on the third post-cephalic 
segment and there is a single pair of spiracles which are situated on the 
head. 

The Chilopoda (Centipedes) are usually provided with a single pair of 
appendages and a pair of spiracles to each of the post-cephalic segments. 
The first pair of legs is modified to form poison claws and the gonads open 
on the penultimate segment of the abdomen. 

The Tardigrada (Bear Animalcules) are very minute animals with four 
pairs of unjointed legs but devoid of antennre, mouth-appendages or respir
atoryorgans. The gonads open into the intestine. 

The Pentastomida are worm-like and devoid of appendages except 
two pairs of hooks near the mouth. Their arthropodan affinities are mainly 
suggested by the larvre which possess two pairs of clawed, leg-like processes. 

The mutual relationships of the classes of Arthropoda have been much 
disc.ussed, particularly with regard to the affinities of the Insecta. The 
ancestors of the latter cannot be ~irectly traced back to anyone class and 
members of the Apterygota, which include the most primitive of all insects, 
exhibit characters which ally them with the Crustacea on the one hand and 
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the Symphyla on the other. The resemblances between the Thysanura, 
which are the forerunners of the Pterygota, and the lower Malacostraca are 
so close as to be only explainable in terms of community of origin. At the 
same time the Thysanura exhibit features also found in the Symphyla. The 
latter are a synthetic class combining some of the divergent characters of 
the Diplopoda, Chilopoda and Insecta, and it is noteworthy that the remark
able Thysanuran Anajapyx combines features of the Symphyla and Diplo
poda with those of the Insecta. The relationships between the Insecta and 
Symphyla are such as to postulate a common descent for the two classes. 
At the same time the definite Crustacean features, exhibited particularly 
well for example in the Machilidre, indicate that this common ancestor 
probably arose, in its turn, from primitive forms of the lower Malacostraca 
which had adopted a terrestrial mode of life. 

General Organization of an Insect 
An examination of the structure and development of the most primitive 

representatives of the class renders it possible to construct the archetype or 
ancestral form of winged insect. This hypothetical organism was termed 
by Paul Mayer the Protentomon (Fig. r) and it is convenient to retain that 

c r£ / 
3f 
FIG. I.-THE GENERAL ORGANIZATION OF A PRIMITIVE \VINGED INSECT. 

A, head; B, cervicum; C, thorax; D, abdomen; a, aorta; an, anus; an, antennary nerve; c, cercus; c.n, nerve 
b cercus jer, crop; d, salIvary duct; f g , frontal ganglIon; g, glzzard; g.d, gonoduct; gn, gonad; g.p., gonopare; 
h, heart; h.t., hmd mtestme j lela, legs; lb, labrum; 1m, labmm; l.n., labral nerve; m, mandIble; mIl maxIlla j m.l J 

swmach j m.t., Malplghian tube; n, nil aJary nerves; 0., medIan ocellus; /.), lateral ocellus; OB, resophagus; o.l., cut 
end of optIc lobe; P, pharynx; s, oesophageal ganglIOn; s g, sahvary gland; w, Wi' wmgs; I, bram; 2, sub· 
oosophageal ganglIon; 3-5, thoraCIc gangha; 6, 1st abdommal ganglion. 

name although the results of more recent investigation have considerably 
modified our views with regard to its essential characters. The latter 
exhibit various secondary modifications in the different orders of insects, 
but the fundamental or primary features of the Protentomon are as follows. 

The head is formed by the fusion of six embryonic segments of which the 
znd, and 4th to 6th carry appendages in the adult. These appendages are 
the antennre, mandibles, maxillre and labium (2nd maxillre). The head 
also carries a pair of compound eyes and three ocelli. 

The thorax consists of three segments each of which bears a pair of legs, 
and the 2nd and 3rd segments carry a pair of dorsa-lateral membranous 
outgrowths or wings. The two pairs of the latter are similar, and each wing 
is supported by a system of longitudinal chitinous ribs or veins which are 
formed around pre-existing trachere. There are no true cross-veins but 
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only an irregular network (archedictyon) formed by thickenings of the wing-
membrane. . 

The abdomen consists of eleven segments together with a terminal region 
or telson: the nth segment carries it pair of jointed cerci. 

The digestive system is divisible into the fore intestine or stomodreum, 
a simple sac-like stomach or mesenteron and the hind intestine or pi'octo
dreum. A pair of salivary glands lie along the sides of the fore intestine, and 
their ducts pass forwards to unite and form the main salivary duct which 
opens on the hypopharynx. Six Malpighian tubes are present and arise 
from the hind intestine near its junction with the mesenteron. 

The central nervous system consists of two principal cephalic centres 
united with a ventral ganglionated nerve cord. The supra-cesophageal 
centre or brain is formed by the fusion of the three pre-oral cephalic ganglia. 
It is joined by means of a pair of para-cesophageal connectives with the 
sub-cesophageal centre. The latter is formed by the fusion of the three 
post-oral cephalic ganglia. The ventral nerve cord consists of three thoracic 
and nine abdominal ganglia united by means of paired connectives. There 
is consequently one ganglion to each of the first twelve post-cephalic 
segments. 

The dorsal vessel consists of an abdominal portion or heart and a 
thoracic portion or aorta. The heart is metamerically divided into chambers 
and each of the latter is provided with paired lateral ostia. Beneath the 
heart is a transverse septum or pericardial diaphragm. The aorta. is a 
narrow tubular extension arising from the first chamber of the heart and 
extending forwa.rds through the thorax into the head, where it terminates 
just behind the brain. 

The respiratory system consists of segmentally repeated groups of 
trachere which communicate with the exterior by means of ten pairs of 
spiracles. These are situated on each of the two hinder thoracic and the 
first eight abdominal segments respectively. 

The genital organs of the two sexes exhibit a very similar morphology. 
In the male each testis consists of a small number of lobes whose cavities 
communicate with the vas deferens. The vasa deferentia unite posteriorly 
and become continuous with a common ejaculatory duct which opens on the 
redeagus. Vesiculre seminales are present as simple dilatations of the vasa 
deferentia and paired accessory glands open into the proximal portion of 
the latter. In the female each ovary consists of panoistic ovarioles similar 
in number to the lobes of the testis. The oviducts combine posteriorly to 
form a common passage or vagina. A median spermatheca opens on the 
dorsal wall of the latter, and paired colleterial or accessory glands are also 
present. 

Metamorphosis is of the gradual or paurometabolous type. 

Number and Size of Insects 
Approximately 450,000 species of insects have been described and the 

largest number are included in the order Coleoptera. 
Among living insects, the greatest size is found in individuals of the 

following species. In the Coleoptera, Megasoma elephas attains a length up 
to I20 mm. and Macrodontia cervicornis (including the mandibles) ranges up 
to ISO mm. Among Orthoptera, Phybalosoma acanthopus may exceed 260 

mm. long and the Hemipteron Belostoma grande attains a length of IIS mm. 
For the Lepidoptera their size may, perhaps, be best gauged by the wing-
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expanse. The latter reaches its maximum in Erebus agrippina, whose out
spread wings measure up to 280 mm. from tip to tip and in large examples 
of Attacus atlas they measure 240 mm. With regard to the smallest insects, 
certain Coleoptera (fam. Trichopterygidce) do not exceed a length of '25 
mm. while egg-parasites belonging to the family Mymaridce are, in some 
cases, even more minute. As Folsom has observed, some insects are smaller 
than the largest Protozoa and others are larger than the smallest Vertebrata. 
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THE BODY-WALL OR INTEGUMENT 

(a) Structure 

T HE body-wall consists of the following layers: (r) the cuticle, 
(2) the hypodermis, and (3) the basement membrane (Fig. 2). 
The Cuticle (cuticula) is the outermost investment of the body 

and appendages and is the product of the cells of the underlying hypodermis. 
When newly formed it is flexible and elastic and it remains in this condition 
as the intersegmental membranes, the articular membranes of the appendages 
and in other situations. For the most part, however, the cuticle forms a 
hard inelastic exoskeleton which is due to its becoming permeated with a 
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substance termed chitin. 
The nature of the change is 
not known, nevertheless 
both chitinized and non
chitinized cuticle are of 
general occurrence. Two 
distinct layers of the cuticle 
are evident in most insects, 
-the epidermis or primary 
cuticle and the dermis or 
secondary cuticle. The epi
dermis is the outer homo
gen'eous layer which is the 
seat of the cuticular pig
ments. Setre, spurs and 
all cuticular structures are 
derived from this layer. 
The dermis is the inner and 
usually thicker layer: it ex
hibits a laminate structure 

FIG. 2.-DrAGRAMMATIC SECTION TlIROUGH THE and contains no pigment-
INTEGUMENT OF AN INSECT. ary substance. Minute 

e, epidermis j d, dermis; h, hypodermis i h.m., basement membrane j I th h 
p.g., pigment granules; s, seta; m, microtrichia I, trichogenous cell. pore-cana s pass roug 

the cuticle in various 
regions of the body, and connect with the cavities of the cuticular appen
dages, or allow of the passage of the secretion of dermal glands. There are 
also numerous other pore-canals unconnected with either of these functions. 
These are confined to the dermis and do not open to the exterior: they are 
stated to be occupied by fine protoplasmic processes of the cells of the 
hypodermis (Fig. 3). The cuticle may be smooth and glistening or vari
ously punctured, granulated, striated or otherwise sculptured. In surface 
view it sometimes exhibits a division into small polygonal areas each of 
which corresponds to the hypodermal cell which immediately underliEls it. 

Chitin is related chemically to the cartilage of vertebrates and also to mucin, 
6 



CHITIN 7 
which is an important constituent of the skin of those animals. Although an essential 
part of the exoskeleton of Arthropoda, it is by no means peculiar to that phylum. 
It has been found in representatives of almost all classes of invertebrates and is also 
stated to be an important constituent of the cell-wall in fungi. There is much difference 
of opinion with regard to the process of formation of chitin. Many authors regard 
it as a secretory product of the hypodermis; Chatin (1892), however, considers it to 
be the result of a differentiation and transformation of the periphery of the cells 
rather than a true secretion, while other authorities regard it as being of the nature 
of an excretory product (vide p. 182). In addition to being produced externally 
(forming the exoskeleton) chitin also occurs internally in various parts of the body. 
The endoskeleton is entirely formed of this substance and so are the linings of those 
organs which develop as ectodermal invaginations, such as the stomod~um and 
proctod<Bum, the main ducts of the salivary and other glands and the tracheal system. 
Pure chitin is colourless and amorphous, insoluble in water, alcohol, ether, acetic acid, 
in dilute mineral acids and in alkalies. It may be boiled in concentrated alkali for 
long periods without undergoing decomposition, but dissolves in strong mineral acids 
and when hydrolyzed yields glucosamine and acetic acid. Investigations have been 
hampered by the absence. of any definite test for chitin and, owing to the conflicting 
results which have been obtained, it has been doubted whether this substance is a 
compound of uniform composition. Recent research, however, has done much to 
establish the general identity of chitin 
both in different invertebrates and in 
different parts of the same animal. 
According to Sollas (Proc. Roy. Soc. 
E., 1907) its specific gravity approxi
mates to the value of 1 '398 and its re
fractive index lies between I '550 and 
1'557; Irvine (1909) has identified the 
substance in various animals by means 
of polarimetric examination. There 
is no general agreement among chem
ists as to the proportions of the ele
ments which constitute chitin, and but 
few determinations have been made 
with special reference to insects. 
According to Sundwick the various 
analytical data are best satisfied by 
the formula CaoH50 010 N 4 , or its mul
tiples, and this conclusion is confirmed 
by Irvine. 
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FIG. 3.-SECTION THROUGH THE INTEGUMENT OF 

THE LARVA OF MAOROTIlYLAC!IA RUllI 

On the left of the fIgure the hypodermis ip is artificially sepa
rated from the dennis in order to show the pro~oplasmic 
threads f which enter the pore-canals. p, seta ,\nd al its 
alveolus; cp, cpiciermis; ba, basement membrane; pg, 
granules of pigment: d, dermis; pdp, pore canals (pseudo
pores) ; ctr, trichogenous cell. After Berlcse. 

The Hypodermis forms a continuous layer of cells_ the latter are 
usually flattened or somewhat columnar, and the cell boundaries are often 
hard to detect and frequently only visible in tangential sections. The 
hypoderrnal cells often contain pigment. 

The Basement Membrane is a continuous apparently structureless 
layer bounding the inner surface of the hypodermis. It is extremely thin 
and often difficult to detect and, according to Mayer, it is composed of 
nucleated stellate cells with the interstices filled in with a homogeneous 
intercellular substance. 

(b) Cuticular Appendages 
These structures include all outgrowths of the cuticle that are connected 

with it by means of a membranous joint. They may be classified into setre 
and spurs. 

Setre or Macrotrichia (Fig. 2) are commonly known as hairs and each 
arises from a CUPflike pit or alveolus situated at the outlet of a pore-canal. 
At its base the seta is attached by means of a ring of articular membrane. 
Setre are hollow structures developed as extensions of the epidermal layer 
and each is produced by a single, usually enlarged, hypodermal cell or 
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trichogen. In recent years chcetotaxy, or the study of the arrangement of the 
more important set::e, has assumed a good deal of significance from the 
taxonomic point of view, particularly with reference to ·the Cyclorrhapha 
and larval Lepidoptera. The following are the principal types of set::e 
commonly met with :-(r) Clothing hairs.-These invest the general surface 
of the body or.its appendages and frequently exhibit various degrees of 
specialization. When furnished with thread-like branches as in the Apid::e 
they are termed plumose hairs, Set::e which are particularly stout and rigid 
are known as bristles, which are well exhibited for example in the Tachinid::e. 
(2) Scales.-These structures are highly modified clothing hairs and are 
characteristic of all Lepidoptera and many Collembola: they are aIso 
present" in certain Diptera and Coleoptera. Transitional forms between 
ordinary clothing hairs and scales are frequent. (3) Glandular setce.
Grouped under this heading are those set::e which function as the out
let for the secretion of hypodermal glands (vide p. r38). If they are 
especially stout and rigid they are then termed glandular bristles as in the 
urticating hairs of certain lepidopterous larv::e. (4) Sensory Setce.-Very 
frequently the set::e of certain parts of the body, or more particularly the 
appendages, are modified in special ways and become sensory in function. 
Sensory set::e (vide p. 64) are in all cases connected with the nervous system. 

Spurs occur on the legs of many insects and differ from set::e in being 
of multicellular origin (Comstock). ' 

(c) Cuticular Processes 
The external surface of the cuticle, in addition to being sculptured in 

various ways, bears a great variety of outgrowths which are integral parts 
of its substance. They are rigidly connected with the cuticle, having no 
membranous articulation and, in the absence of the latter feature, they are 
readily separable from cuticular appendages. The principal types of 
cuticular processes are as follows. 

Microtrichia (fixed hairs or aculei ) ,-These are minute hair-like 
structures found, for example, on the wings of the Mecoptera and certain 
Diptera. They resemble very small covering hairs, but the absence of the 
basal articulation is their qistinguishing feature (Figs, 2 and 3). 

Spines.-This expression has been used by various writers with con
siderable latitude and, in the present work, it is confined to outgrowths of the 
cuticle which are more or less thorn-like in form, According to Comstock 
spines differ from spine-like set::e in being produced by undifferentiated 
hypodermal cells and are usually, if not always, of multicellular origin. 

In addition to the above there is also a great variety of other cuticular 
processes which either take the form of more or less conical nodules and 
tubercles of different shapes, or of larger projections known as horns which 
are a characteristic feature in the males of certain Coleoptera. 

(d) Coloration 
The colours of adult and immature insects may be grouped into three 

classes: (r) pigmentary or chemical colours, (2) structural or physical 
colours, and (3) combination or chemico-physical colours. 

1. Pigmentary Colours.-These owe their presence to substances of 
definite chemical composition which have the property of absorbing some 
light waves and of reflecting others. Such substances are for the most part 

• 
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products of metabolism and in some cases are known to be of an excretory 
nature. They may be classified into cuticular, hypodermal and subhypo
dermal colours according to their location. Frequently a colour pattern 
consists of a ground colour whose source lies in the hypodermis or under
lying tissues, and is overlaid by blotches of a cuticular pigment. 

Cuticular colours are mostly contained in the epidermis: they consist of 
browns, blacks and yellows, which are permanent. 

Hypodermal colours are lodged in the form of granules or drops of fat in 
the cells of the hypodermis. They may be red, orange, yellow or green and 
are very evanescent after death. 

Subhypodermal colours are contained in the fat-body and blood. 
In cases where the chief colour is of a cuticular nature the insect is almost white 

after ecdysis but speedily darkens. Gortner (I9II) found that the black cuticular 
pigment of Leptinotarsa and the brown and black pigments of Cicindela pertain to the 
melanin group. They are produced by oxidation, induced by an oxidase, and in the 
complete absence of oxygen do not develop. It has been shown by Poulton and 
others that the subhypodermal green and yellow colours of many lepidopterous larv<e, 
which show through the transparent integument, are derivatives of the chlorophyll 
of the food. The reds and yellows of many insects (Chrysomelid<e, Coccinellid<e, etc.) 
are due to lipochromes but, according to Van Linden, similar colours in the wings of 
Vanessa butterflies are derived from the transformation of the chlorophyll of the food 
of their larv<e: they differ from lipochromes in containing nitrogen. In the Pierid<e 
Hopkins (1895) has shown that the white wing-pigment is due to uric acid, and that the 
reds and yello~s are derivatives of the same substance. The green pigments of certain 
other Lepidoptera are also said to be derivates of uric acid. In these instances it 
will be observed that waste products are utilized in ornamentation. Mayer (1896) has 
found that the scales of Lepidoptera contain only blood at first, and that the earliest 
colour to appear is the same as that which the blood assumes when removed from the 
pupa and exposed to the air. He has succeeded, by artificial means, in manufac
turing several pigments from the blood which are similar in colour to wing-markings 
of the imago: chemical reagents have the same effect upon these manufactured pig
ments as they have upon similarly coloured pigments in the wings. 

2. Structural Colours.-The beautiful iridescent colours of many 
insects are extremely difficlJlt to account for and various theories have been 
advanced to explain them. Michelson ascribed great importance to the 
selective reflection of light from opaque surfaces in nearly all cases of 
iridescence. Lord Rayleigh, Onslow and others favour the view that the 
interference of light at the surfaces of " thin films," which may be either 
single 01: multiple, is responsible for many iridescent colours. In iridescent 
scaleless' beetles (e.g. Cetonia aurata) the selective reflection of light from 
externally opaq ue highly burnished surfaces appears to be important. The 
subject is very fully discussed by Onslow (1921), who believes that diffraction 
alone is seldom the cause of iridescent colours, and that interference is a 
factor of great importance. In the case of Lepidoptera this view is enorm
ously strengthened by the presence of a regular periodic structure of the 
correct magnitude in their scales. This structure is formed by plate-like 
strire (4000-16,000 to the cm.) which are separated by thin films of air. 
The width and height of the strire and their distances apart greatly affect 
the colour produced. There are also certain cases (e.g. Papilio ulysses) in 
which the periodic structure is produced by layers of transparent chitin 
parallel to the surface of the scales. White may be produced by air in 
scales, by the flat faQes of crystals, or by fine granules which give total 
reflection. j 

3. Combination Colours.-These are produced by a structural 
modification in conjunction with a layer of pigment and are much commoner 
than Jmrely structural colours. Ih the butterfly Teracoltls phlegyas a red 
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pigment in the scale wall (but not in the strice) combines with a structural 
violet to produce magenta: in Ornithoptera poseidon the emerald green is due 
to periodic structure combined with a yellow pigment in the walls and strice 
of the scales. In a number of cases (e.g. Lyccenids) there is no indication 
of the cause of colour. The golden iridescence of Cassida and its allies is 
produced by a film of moisture beneath the surface cuticle. These insects 
rapidly lose their colour when dried, but it returns after soaking in water 
provided the drying has not been too prolonged. ' 

(e) Literature on the Body Wall and Coloration 
CHATIN, 1892.-Sur l'origine et la formation d).l revetement chitineux chez les 

larves des Libellules. C. R. A cad. Sci. HOLMGREN, 1902.-Ueber das Verhalten 
des Chitins und Epithels zur den unterliegenden Gewebearten bei Insekten. Anat. 
Anz.20. IRVINE, 1909.-A Polarim~tric Method of identifying Chitin. Journ. Chem. 
Soc. 95. KAPZOV, 1911.-Untersuchungen uber den feineren Bau der Cuticula bei 
Insekten. Zeits. f. wiss. Zool. 98. ZANDER, 1897.-Vergl. und Kritische Unter
suchungen zum Verstandnisse der Jodreaction des Chitins. Pflug. Arch. f. Phys. 66. 

COLORATION.-BEDDARD, 1892.-Animal Coloration. London. GEROULD, 
1921.-Blue-green caterpillars: the origin and ecology of a mutation in the h<emolymph 
colour in Colias philo dice, Journ. Exp. Zool. 34. GORTNER, 1911.-Studies on 
Melanin. Amer. Nat. 45. HOPKINS, 1895.-The Pigments of the Pierid<e: a 
Contribution to the Study of Excretory Substances which function in Ornament. 
Phil. Trans. Roy. Soc. 186. MARCHAL, 1911.-Vide p. 5. MAYER, 1896.-The 
Development of the Wing Scales and their Pigments in Butterfiies and Moths. Bull. 
Mus. Compo Zool. Harvard 29. -- 1897.-0n the Colour and Colour-Patterns of 
Moths and Buttc::rfiies. Ibid. 30: also Proc. Boston Soc. Nat. Hist. 27. ONSLOW. 
1921.-0n a Periodic Structure in many Insect Scales and the Cause of their iridescent 
Colours. Phil. Trans. Roy. Soc. 211. POULTON, 1890.-The Colours of Animals. 
London. SHELFORD, 1917.-Color and Color-pattern Mechanism of Tiger Beetles. 
Ill. BioI. Monogr. 3. TOWER, 1903.-The Development of the Colors and Color 
Patterns of Coleoptera. Univ. Chicago Decenn. Publ. lOB. VAN LINDEN, 1899. 
Le dessin des ailes des Lepidopteres. Ann. Sci. Nat. Zool. ser. 8, 14. -- 1904.
Recherches sur la matiere coloran'te des Vanessas. Ibid. 20 (and other papers). 



SEGMENTATION AND THE DIVISIONS OF THE BODY 

T HE cuticle of an insect forms a more or less hardened exoskeleton 
and, although perfectly continuous over the whole body, it remains 
flexible along certain definite and usually transverse lines. In the 

latter positions the cuticle becomes infolded and is little or not at all chitin
ized. The body of an insect consequently presents a jointed structure which 
is termed segmentation, and is divided into a series of successive rings vari
ously known as segments, somites, -or metameres. The flexible 'Infolded 
portion of the cuticle between adjacent segments is the intersegmental 
membrane whose function is to allow of the freedom of movement of the body. 

It must be borne in mind that segmentation is not only manifested in the 
external differentiation of the body but it involves most of the internal 
organs also. In the Annelida and the Onychophora the internal structure 
of an individual segment is very similar to that of the segment preceding or 
following it. This is due to the fact that there is a repetition of the organs 
or _parts through most of the segments of the body. In such highly evolved 
animals as insects the primitive segmentation, in so far as it affects the 
jnternal anatomy, has undergone profound modifications; the segmental 
repetition of parts is nevertheless to a large extent retained in the central 
nervous system, the heart, tracheal system and in the body muscula
ture. 

The cutiCle also exhibits localized areas of chitinization termed sclerites 
which meet one another along certain lines of union known as sutt~re_s. In 
the case of movable sclerites their membranous continuity may be concealed 
but, if the cuticle of an insect be distended, many of the sclerites will be 
forced apart, and it is then seen that they are connected by membrane, 
along the lines of the sutures. Others of the sclerites are rigidly fixed and 
cannot be separated in this manner, the sutures in these cases being little 
more than linear impressions. In certain regions the sclerites do not come 
into apposition by sutures and are thus, as it were, islands of chitin 
surrounded by membrane. Complete fusion of adjacent sclerites is common, 
particularly among the higher orders of insects, all traces of sutures being 
lost. 

(a) The Divisions of a Body-Segment 
With the exception of many insect larvce, which have a non-chitinized 

cuticle, the wall of each segment is divisible into four definite chitinized 
regions. A dorsal region or tergum, a ventral region or sternum, and a 
lateral region or pleuron on each side of the body. Each of these regions 
may be differentiated into separate sc1erites. In this case the sc1erites 
composing the tevgum are known as tergites, those of the sternum as sternites 
and those constituting each pleuron as plettrites. Between adjacent seg
ments there may be present small detached plates or intersegmentalia and 
such sclerites belong partly to the segment in front and partly to the segment 
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behind them. According to their position they are termed intertergites, 
interpleurites and intersternites. 

(b) The Appendages 
In the embryo each body segment may bear a pair of outgrowths or 

appendages which may, or may not, be retained in post-embryonic life. 
Among adult insects, an appendage is normally attached to its segment be
tween the pleuron of its side and the sternum. Typical appendages are 
jointed tubes invested with a dense cuticle. Between each pair of joints, or 
segments, the cuticle remains membranous and becomes infolded to form 
the articular membrane. On account of its jointed structure, the whole or 
part of an appendage is movable by means of its muscles. The primitive 
biramous Arthropod appendage is always highly modified among insects 
and, in typical limbs among the latter class, it consists of one or more basal 
segments and an endopodite, the exopodite being wanting. 

(c) Processes of the Body-Wall 
In addition to true appendages numerous other outgrowths of the body 

wall are found in various insects. Unlike true appendages, processes of the 
body-wall are by no means invariably represented by embryonic counter
parts; they mayor may not be segmentally arranged, they may be origin
ally paired or unpaired, and more than a single pair is sometimes borne on a 
segment. They differ from cuticular processes in containing a definite 
extension of the body cavity and in some cases they are freely movable. 
The principal types of organs which come under this category are :-(r) 
Pseudopods, which are characteristic of many dipterous larva!. (2) Scoli, 
or thorny processes, characteristic of Nymphalid and Saturniad larva!: 
the anal horn of Sphingid larva! is also of a very similar nature. (3) Branchice 
or gills which are found in most larva! of aquatic insects (vide p. IrS). 
(4) Wings (vide p. 28), which are always confined to the meso- and meta
thorax and attain their full development in adult insects. 

(d) The Regions of the Body 
The body segments of an insect are grouped together to form three 

usually well defined regions-the head, the thorax and the abdomen (Fig. I). 
In each of these regions certain of the primary functions of the organism 
are concentrated. The head carries the mouth-parts, which are concerned 
with feeding, and the organs of special sense. The thorax bears the locomo
tory organs, e.g., legs and wings. The abdomen is concerned with repro
duction and may carry appendages associated with the latter function; 
it is also the seat of the metabolic processes of Ithe body. 

In most orders an intersegmental region or cervicum connects the head 
with the thorax. 



THE HEAD AND CERVICUM 

(a) The Head Capsule 

T HE exoskeleton of the head is composed of several sclerites which 
are more or less intimately welded together to form a hard compact 
case or head-capsule. If an examination be made of the dorsal 

surface of the head of an orthopterous, or other generalized insect, a Y
shaped epicranial suture will be seen. The stem of the y forms a median 
line and the two arms diverge anteriorly. Taking this suture as a refer
ence line, the sclerites and regions of the head may be identified as follows 
(Fig. 4). 

The frons (or front) is the unpaired sclerite lying between the arms of 
the epicranial suture. It bears the median ocellus and its distal limit is 
marked on either side by the invaginations which form the anterior arms of 
the tentorium (vide p. 45). 

The clypeus lies immediately anterior to the 
frons and,.as a rule, the two sclerites are fused 
owing to the obliteration of the clypeojrontal 
suture. In some insects the clypeus is partially 
or completely divided by a transverse suture into 
two sclerites-the post-clypeus (or first clypeus) 
and the ante-clypetts (or second clypeus) (Fig. 6). 
The former sclerite carries on either side a convex 
process serving for articulation with the ginglymus 
of the mandible. 

The labrttm is an unpaired sclerite usually 
movably articulated with the clypeus by means FIG. 4.-FRONTAL VIEW OF 

of the clypeo-labral suture. On its pharyngeal THE HEAD OF BLATTA. 

surface, in the region of the suture, it bears lateral 
chitinized pieces known as tormce. 

The epicranium forms the whole of the upper 
region of the head from the frons to the neck. 
In generalized insects it is divided longitudinally 
into two epicranial plates by the median epi

a, antennary socket; a.s., anten
nary sclerite; at, point of invagination 
of anterior arm of tentorium; c, 
clypeus; e, compound eye; ep. 
epicranial plate; I, frons; g, gena; 
1, labrum; Is, lateral arm of epi
cranial suture; ru, mandible; m.s, 
median epicranial suture; oc, ocellus; 
t, trochantin of mandible. 

cranial suture which is the line of junction of the procephalic lobes of the 
embryo. That portion of the epicranium which lies immediately behind 
the frons, and between the compound eyes, is termed the vertex. It usually 
carries the paired ocelli, but is not differentiated as a separate sclerite. 
The occiput is the hinder part of the epicranium between the vertex and 
the neck: it is rarely present as a distinct sclerite. 

The gence inch de that area of the head on each side which is situated 
below the eyes and extends ventrally to the gular region. Each gena may 
be divided by a longitudinal suture, and the .portion which lies behind the 
suture is termed the postgena. The latter sclerite carries the acetabulum 
which receives the condyle of the mandible. 
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The gula (Fig. 12) is an unpaired ventral sclerite extending from the 
submentum (p. IS) to the hind margin of the head-capsule and is separated 
from the gence by the gular S1ttures. It is sometimes evident as a separate 
sclerite but is often fused with the suhmentum: the common plate thus 
formed is the gulamentum (Fig. II). 

In addition to the foregoing there are other sclerites of lesser importance which 
although not of general occurrence, are nevertheless present in certain insects or their 
larv<e. These are-(I) The antennal sclerites (Fig. 4). Each is a ring of chitin into 
which the basal joint ot the antenn<e of its side is inserted. (2) The ocular sclerites. 
These are similarly annular in form and each surrounds the compound eye of its side. 
(3) The ante-coxal piece of the mandible (Fig. 6). This sclerite is a lateral differentiation 
of that portion of the c1ypeus which carries the process articulating with the mandible 
of its side. According to Comstock it is well exhibited in the larva of Corydalis. 
(4) The trochantin of the mandible. A small sclerite which is separated by means 
of a suture from the gena of its side and found in certain of the Orthoptera (Fig. 4). 
(5) The maxillary pleurites. According to Comstock, in certain Blattid<e and Gryllid<e, 
each maxilla is articulated at the ventral end of a pair of sclerites between which is 
the invagination forming the posterior arm of the tentorium (Fig. 7). These pieces 
are termed maxillary pleurites and have been homologized with the pleura of the 
maxillary segment. 

(b) The Antennre 
These are a pair of very mobile jointed appendages which are articulated 

with the head in front of or between the eyes. In the more generalized 
insects the antennce are filiform and many-jointed, the joints being equal 
or sub-equal in size. They vary, however, very greatly in form in the higher 
orders and certain of the joints are frequently differentiated from their 
fellows. In the more specialized insects the antenna is divisible into scape, 
pedicel and flagellum (Fig. 5). 

The scape is the first or basal joint of the antenna and is often conspicu-
ously longer than any of the succeeding joints. . 

The pedicel is the joint which immediately follows the scape. It is 
present in geniculate antennce where it forms the pivot between the scape 
and flagellum. 

The flagellum (or clavola) forms the remainder of the antenna. It 
varies greatly in form among different families in adaptation to the particu
lar surroundings and habits of the species concerned. In some insects, 
particularly among Hymenoptera, the flagellum is divisible into the ring
joints, the funicle and the club. The ring-joints are commonly present 
among the Chalcidoidea, where the basal joint or joints of the flagellum are 
of much smaller calibre than the joints that follow, and are ring-like in form. 
In these instances the name of ring-joints has been applied to them. The 
club is formed by the swollen or enlarged distal joints of the antenna. The 
funicle comprises those joints which intervene between the ring-joints and 
the club, or between the latter and the pedicel in cases when the ring-joints 
are not differentiated. 

The antennce afford important secondary sexual characters which are 
particularly well exhibited in the pectinated or bipectinated organs of cer
tain male Lepidoptera, and in fhe densely plumose antennce of male 
Culicidre and Chironomidce. Functionally the antennce are organs of 
special sense (vide p. 66) but in a few exceptional cases they fire modified 
for other uses. Thus in the larvce of Chaoborus and its allies they are 
adapted for seizing the prey, while those of the male of Meloe are used 
for holding the females. In larvce of the Hymenoptera Apocrita and 
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a molar or crushing surface near the base of the biting margin. In carnivor
ous forms the teeth are sharply pointed, being adapted for seizing and 
cutting, and the molar surface is wanting. In certain insects the mandibles 
exhibit more or less evident indications of a secondary division into separate 
sclerites. In the Machilidre (Fig. 9) for example, they are segmented into 
a proximal and distal piece and traces of several sclerites are found in 
Cetonia, Copris and other Coleoptera. In some cases a flexible plate or 
prostheca, fringed with hairs, is present on the inner border of the mandible 
and has been incorrectly homologized with a lacinia. Mandibles.are wanting 
in many adult Trichoptera and the vast majority of Diptera, and they are 
absent or vestigial in almost all Lepidoptera. 

The maxillce (Figs. 8-10) are composed of the following sclerites. The 
cardo or hinge is the first or 
proximal piece and, in many 
insects, is the only portion 
directly attached to the head. 
The stipes or footstalk articu
lates with the distal border of 
the cardo and bears a lateral 
(outer) sclerite or palpijer and 
sometimes an inner sclerite, the 
subgalea (or parastipes). The 
palpifer carries the maxillary 
palpus which is the most con
spicuous appendage of the max
illa. It is one to seven-jointed 
and sensory in function. In 
many insects the sub galea is not 
evident as a separate sclerite, 
being either fused with the 
lacinia or merged into the stipes. 
Distally the maxilla is composed 
of two lobes: an outer one or 
galea and ari inner one or lacinia. 
The former is often two-jointed 
and frequently partially over
laps the lacinia after the man
ner of a hood. The lacinia or 
blade as a rule is spined or 
toothed on its inner border 

Jp. 

FIG. g.-MOUTH-PARTS OF PETROBIUS lIIARITIMUS 

I. Mandible. 2. Maxilla. Pi. palpifer. 3. Hypopharynx (h) 
and superlinguaJ (51). 4. Labium. Other lettering as in Fig. 8. 

and, in cases when it is fused with the subgalea, it has the appearance of 
carrying the galea. In certain cases (e.g. many coleopterous larvre) each 
maxilla carries a single lobe or mala which is possibly homologous with 
the galea, the lacinia being undeveloped. Functionally the maxillre are a 
pair of accessory jaws, their lacinire aiding the mandibles in holding the 
food when the latter are extended, as well as assisting in mastication. In 
many of the higher insects the maxillre are so greatly modified that they 
no longer retain any evidences of their primitive structure. In piercing 
insects they are styliform and their palpi atrophied. 

The three basal joints of a typical crustacean buccal appendage find their counter
parts in the insectan maxilla (Fig. 13). where the coxopodite is represented by the 
cardo. the basipodite by the stipes and the ischiopodite by the palpifer (vide Hansen, 
1893: Crampton, 1922). The lacinia and galea are masticatory lobes or endites 

G:T.E.-2 
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belonging respectively to the stipes and palpifer. The latter jOin) also carries the 
maxillary palpus which is homologous with an endopodite. Th9se homologies can 
be readily traced in the Machilid;c. 

The superlinguCB (often termed maxillulre) are a pair of dorso-Iateral 
lobes attached to the hypopharynx (Fig. 9). They are best developed 
among Thysanura where they appear strikingly like a pair of reduced 

FIG. ro.-RIGHT MAXILLA 
(VENTRAL ASPECT) OF A 
BEETLE. NERRIA BREYI. 

(OLLIS. 

c, cardo; glJ g2t proximal and 
djstal joints of galea; I, ladnia; 
p. paIp; PI. palpifer; s. stipes; sg. 
subgalea. 

jaws: in the Machilidre each is distally cleft and 
bears an outer, one-jointed, palp-like appendage. 
Superlingure are also well developed in the Col
lembola and. nymphs of the Ephemeroptera, be
sides being present in a more or less reduced 
condition in other mandibulate orders, and in 
some larvre (vide Evans, I92I). Hansen (I893) 
and several morphologists after him, have homo
logized the superlingure 
with the Crustacean 
maxillulre, hence re
garding them as true 
appendages. Crampton 
(I92I), on the other 
hand, states that they 
are homologous with 
the paragnaths of Crus

tacea, which have similar relations with the hypo
pharynx in those animals. The term maxillulre, 

FIG. 12.-LABIUM OF FORFI

CULA (VENTRAL ASPECT)_ 

I, ligula; gul, gula; tn, mentum; 
p, palp; pgr, palpiger j mIl premen
tum; sm, submentum. 

therefore, is undesir
able since it implies an 
homology which is un
proven. 

The labittm (or 
second maxillre) (Figs. 
8, 9, II, I2) is formed 
by the fusion of a pair' 
of appendages serially 

FIG. II.-LABJUM (VENTRAL 
homologous with the ASPECT) OF NEBRIA BREYl-

maxillre. The complete- COLLIS. 

ness of the fusion that gm, gulamentum; I. ligula; In. 
mentum; p. paIp; pgr. palpiger. 

has taken place varies 
greatly in different orders of in~cts, and evi
dynces of the original paired condition are clearly 
seen among the Thysanura and Orthoptera. It 
must be pointed out, however, that sevel~l parts 
of the labium cannot be homologized with any 
degree of precision with components of the 
maxillre. Furthermore certain of the sclerites 
which have received the same names in different 
orders are only doubtfully homologous. The 
basal portion of the labium is composed of two 

usually large sclerites, a proximal one or submentum and a distal one 
or mentum. The latter plate carries the prementttm (palpiger of some 
authors) which sometimes exhibits evidences of its paired origin in being 
deeply cleft or even completely divided. Near the base of the prementum, 
on either side, is the palpiger which carries the labial palpus and often 



SEGMENTATION OF THE HEAD 19 

resembles a basal joint of the latter. The labial palpi are composed of 
from one to four joints and they function as sensory organs. Arising from 
the distal margin of the prementum are two pairs of lobes which collectively 
form the ligula, viz :-an outer pair or paraglosstlJ, and an inner pair or 
glosstlJ. More usually, the latter organs are fused to form a median glossa, 
or the prementum may bear a single median lobe to which the general term 
ligula is applied. 

In Fig. 13 the homologies of the sclerites of the labium with those of the maxillm 
are indicated. The gloss<e and paragloss<e are the counterparts of the lacinim and 
galem respectively, while the labial palpi are homologous with endopodites. The 

c o 
FIG. I3.-DIAGRAMS EXPLAINING THE DERIVATION OF THE INSECTAN MAXILLA AND LABIUM 

FROM BIRAMOUS CRUSTACEAN ApPENDAGEi:. 

A. Bi~amous crustacean appendage-I, coxopodite; 2, basipodite; 3, ischiopodite; en, endopodite; end, end. 
endites (gnatho·bases); ep, epip0dite; ex, exopodite. D. An insectan maxilla. C. l\Iaxillipeds of a Gammarid 
crustacean (after Hansen). D. An insectan labium-sm, submentum. 

pre mentum, including the palpigers, represents the stipites and palpifers of the 
maxill<e, while the mentuin would correspond to the fused cardines. The submentum 
appears to belong to the ventral head-wall and, if this be correct, is not of appendicular 
origin. In the crustacean suborder Gammaridea the maxillipedes are fused to form a 
kind of lo~er lip which, in its morphology, prefigures the insect labium. 

The hypopharynx (or lingua) (Fig. 9) is a median tongue-like -,process 
arising from the floor of the mouth-cavity, and bearing the aperture of the 
common salivary duct. The superlingure are always closely associated 
with the hypopharynx and, in many casesj their vestiges are fused with it 
on either side. In the Diptera the hypopharynx is either awl-like or stylet
like and in some cases it is used as a piercing organ. 

(d) Segmentation of the Head 
After an insect has emerged from the egg the completed head exhibits 

but few clear indications of its segmental origin apart from the fact that 
it carries paired appendages. As long ago as 1816 Savigny concluded 
that the movable appendages of the head were serially homologous with 
legs. As each segment only bears a single pair of appendages it was evident 
that at least four segments enter into the composition of the head, i.e., the 
antennary, the mandibular, the maxillary and the labial. Huxley in 1878 
recognized these four segments and pointed out that the crustacean second 
antennre were wanting in insects but, if their segment be presumed to be 
retained though without bearing appendages, and the eyes be taken to 
represent the ar,pendages of another segment, the insect-head is composed 
of six segments. Janet (1899), from a study of ants, considered that nine 
segments enter into the composition of the head but his results have not 
been accepted. It may be said, therefore, that Huxley's conclusions were 
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the most satisfactory that could be derived solely by means of comparative 
morphology. The foundation of modern knowledge of the segmentation of 
the head is mainly embryological and is due to Viallanes, Wheeler, Uzel, 
Heymons, Folsom and other workers. The results of their researches have 
been to definitely establish the existence of six.cephalic segments in all 
insects. Embryology affords three fundamental characters which provide 
the strongest evidence with reference to segmentation, viz., the existence 
of paired appendages, of neuromeres and of primitive crelom sacs. On the 
basis of these three criteria the segments which enter into the composition 
of the insect head may be shown in tabular form as below:-

Segment. N eJlfomere. Cwlom Sacs. Appendages. 

I. Ocular Protocerebrum 
2. Antennal. Deutocerebrum Present Antenn::e 
3· Intercalary Tritocerebrum do. Embryonic 
4· Mandibular Mandibular ganglion do. Mandibles 
5· Maxillary. Maxillary ganglion do. Maxilla) 
6. Labial Labial ganglion do. Labium 

With regard to the first and third segments further comment is neces
sary. The ocular segment is clearly established on account .of its well
defined neuromere, but the crelom sacs are obliterated and appendages 
are never present. The intercalary segment bears reduced embryonic 
appendages in many insects and, according to Uzel, in Campodea they 
persist as vestiges in the adult. 

Some morphologists have maintained that the superlingme are the appendages 
of an embryonic segment located between the mandibles and first maxill::e and that 
the insect head is built up of seven segments. In the light of more recent work there 

• is reason to believe, as previously mentioned, that the superlingu::e are the homologues 
of the Crustacean paragnaths. Since there is no evidence indicating that the latter 
structures represent appendages of a separate metamere the view that the insect 
head is composed of six segments is the one most in accordance with facts. 

Further information on the segmentation of the insect head, together 
with references to the literature, will be found in papers by Folsom (I900) 
and Comstock and Kochi (I902). 

(e) Literature on the Head and' Mouth-Parts 
BUGNION, 1920.-Les Parties Buccales de la Blatte. Ann. Sci. Nat. Zool. 

COMSTOCK and KOCHI, 1902.-The Skeleton of the Head of Insects. Amer. Nat. 
36. CRAMPTON, 1921.-The Origin and Homologies of the so-called" Superlingu::e" 
or "Paragloss::e" (Paragnaths) of Insects and related Arthropods. Psyche. 28. 
-- 1921A.-The Sclerites of the Head and the Mouth-parts of certain immature and 
adult Insects. Ann. Ent. Soc. Am. 14. -- 1922.-A Comparison of the First 
Maxill::e of Apterygotan Insects and Crustacea from the Standpoint of Phylogeny. 
Proc. Ent. Soc. Washington 24. EVANS, 1921.-0n the Structure and Occurrence 
of Maxillul<:e in the Orders of Insects. Journ. Linn. Soc. Zool. 34. FOLSOM,1900.
The Development of the Mouth-Parts of Anurida maritima Cuero Bull. Mus. Compo 
Zool. Havard, 36. GOODRICH, 1897.-0n the Relation of the Arthropod Head to the 
Annelid Prostomium. Quart. Journ. Micros. Sci. 40. HANSEN, 1893.-A Contribu
tion to the Morphology of the Limbs and Mouth-Parts of Crustaceans and Insects. 
Ann. 1\~ag. Nat. Hist. ser 6, 12. (Trans. from Zool. Anz. 16.) JANET, 1899.-Essai 
sur Ie constitution morphologique de la tete de I'insecte. Paris. KELLOGG,1902.
The Development and Homologies of the Mouth-Parts of Insects. Amer. Nat. 36. 
YUASA, 1920.-Tlie Anatomy of the Head and Mouth-Parts of Orthoptera and 
Euplexoptera. Journ. Morph. 33. 
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(f) The Cervicum or Neck Region 
The cervicum is the flexible intersegmental region between the head 

and the prothorax (Fig. I). In its membrane are embedded a variable 
number of small plates termed cervical sclerites (Fig. 17). The latter are 
present in nearly all orders of insects but are best developed in the more 
primitive groups (Orthoptera, Dermaptera, Isoptera, Odonata, etc.): in 
the higher orders they occur in a more or less reduced condition. In their 
least modified form the cervical sclerites consist of paired dorsal, lateral, 
and ventral chitinizations, which have been regarded by various morpholo
gists as either belonging to the labial segment, or to a vestigial segment 
of the prothorax. The supporters of the former view maintain that the 
appendages of the labial segment have migrated on tb the head, and con
stitute the labium, while the body of their segment has not become incor
porated into the head capsule. The alternative theory is due to Verhoeff 
(190Z) who has studied the cervical sclerites in considerable detail. This 
author terms the cervicum the microthorax, and regards it as constituting 
the first segment of the prothorax, which is in accordance with his general 
theory that each division of the thorax consists of two segments. Embryo
logy, however, does not lend support to either point of view. During 
development the entire labial segment forms part of the head capsule, 
and there is also no embryological proof in support of Verhoeff's theory 
of the dual nature of the thoracic segments. The cervicum is, more prob
ably, to be regarded as the first intersegment of the body, and as being 
homologous with similar areas which are present between the thoracic 
segments of certain of the Apterygota, and several of the more primitive 
members of the Pterygota (vide Crampton, 1917). 

Literature 
VERHOEFF, 1902..-Dber Dermapteren l. Aufsatz: Versuch eines neuen natur

lichen Systems auf vergleichend-morphologischer Grundlage und den Mikrothorax 
der Insekten. Zool. Anz. 25. CRAMPTON, 1917.-The Nature of the Veracervix 
or Neck Region in Insects. Ann. Ent. Soc. Am. 10. 
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(a) Segmentation of the Thorax 

T HE essential morphology of the thorax was first clearly interpreted 
by Audouin in 1824 who pointed out that it is composed of three 
segments, the pro-, meso-, and meta-thorax. This conclusion has 

received the confirmation of subsequent morphological and embryological 
research, while the composite-segment theories of Kolbe, Verhoeff and 
others lack sufficient support, and can ~nly be regarded as untenable. In 
almost a11 insects each segment bears a pair of legs and, in the majority of 
adult insects, both the meso- and metathorax carry a pair of wings. In 
all cases where the legs are wanting, their absence is due to atrophy. This 
apodous condition is extremely rare among the imagines but it is the rule 
among the larvre of the Diptera, and also those of certain families of Coleop
tera. All hymenopterous larviE, excepting those of the sub~order Symphyta, 
are similarly devoid of legs. The absence of wings, on the other hand, 
may be an ancestral character as in the Apterygota, but among the Ptery
got a it is always an acquired feature due to the atrophy of pre-existing 
organs. The thorax is exhibited in its simplest form in the Thysanura, 
in certain of the more generalized Pterygota and in the -larViE of many 
orders. In these instances the segments differ but little in size and pro
portions, but usually, with the acquirement of wings, a correlated specializa .. 
tion of the thorax results. The meso- and metathorax become more or 
less intimately welded together and the union is often so close that the 
limits of those regions can only be ascertained with difficulty. In orders 
where the wings are of about equal area these two thoracic segments are of 
equal size (Isoptera, Embioptera, Odonata, etc.). Where the fore wings 
are markedly larger than the hind pair there is a correspondingly greater 
development of the meso thorax (Hymenoptera, and also Diptera where 
the hind wings are absent). In cases where the fore-wings are small there 
is a correlated reduction of the meso thorax (Coleoptera). The prothorax 
never bears wings and is also variable in its degree of development. Its 
dorsal region may be enlarged to form a shield as in the Orthoptera, Coleop
tera and Hemiptera-Heteroptera: in most other orders it is reduced to a 
narrow annular segment. 

(b) The Sclerites of a Thoracic Segment (Fig. 14) 
When describing the sc1erites and regions of the thorax the prefixes 

pro, meso, and meta are used according to the segment to which the reference 
applies. Thus the expression protergum refers to the tergum of the pro
thorax and mesepimeron to the epimeron of the meso thorax. The prefixes 
pre and post are also used to designate certain sclerites of anyone of the 
segments and in such cases the prefixes pro, meso, and meta are usually 
not applied. For example the prescutum may be present on each thoracic 
segment in front of the scutum. 

22 



THE THORACIC SCLERITES 23 
T~e Tergites.-In many larvee and pupee, and also in the adults of 

certam of the more generalized insects, the tergum of each segment is a 
simple undivided plate or notu11],. In the 
wing-bearing segments of most adult Ptery
gota the tergum is composed of a large an
terior plate or no tum already mentioned, 
and a narrower posterior plate or post
notum (post-scutellum or pseudonotum of 
some authors) which has arisen in the inter
segmental membrane. The notum is typi
cally divided into three sclerites,-the 
prescutum, the scutum and the scutellum 
(Fig. IS). At the sides of the pronotum in 

FIG. I5.-MESOTERGUM OF A 
CRANEFLY, SHOWING DIVI
SION OF N OTUM INTO THREE 
SCLERITES (Psc, Sct, and 
Sci) BEHIND WHICH IS POST

NOTUM (PN). 

many Lepidop
tera are lobe
like structures 
known as 
patagia. 

R:!ps 

The Pleu
rites (Figs. I6-
I8).-The pleu- FIG. I4.-DIAGRAM OF INSECTAN 

ron consists of MESOTHORAX (SIDE VIEW). 
Ps c, prescutum; Set, scutum; Sel, seu· 

an ant e rio r tellwn; Psel, post-scutellum; APh, Pph, 
phragmata for muscle attachment; A np, 

scleri te Qr epi- Pnp, notal wing processes; 11' P, pleural wing 
process; I, 2, 3, 4, P, basal wlng-sclerhes; 

sternum and a Peps, pre-episternum; Eps, episternum; 
. 1 Epm, epimeron; Ps, pleural suture; exp, postenor" sc e- coxal process; ex, coxa; Tn, trochanteria ; 

rl'te or e''''';meron Tne, its coxal arlitulation; Ps, presternum; 
:t'" S, eusternum; 51, sternellum; PsI, postster-

the two being ~~J:::: T~f.ese;~)Mm~' u.s. Dept. Agric. 

separatpd by 
the pleural suture. In many insects, however, 
deviations 
from this 
simple 
condition 

Axe, axillary cord; ANP, anterior 
notal wing process; PN, pn, postnotum ; 
PN P, posterior notal wing process j 
Pph, post-phragma; Psc, pre scutum ; 
Rd, poste-rior reduplication of nQtum; are e v 1 -
Sci, scutellwn; Set, scutum; u, lobe dent ow
of prescutum before base of wing. After 
Snodgrass, Proe. U.S. Nat. Mus. 39· ing to the 

FIG. I6.-METATHORAX OF A STONEFLY, 
LEFT SIDE. 

ex, coxa j exp, pleural coxal process; Epm, 
epimeron; Eps, episternum; F, base of femur; 
N, no tum ; P, episternal parapterum; PN, post
notulll; PS, pleural suture; q, sterno-pleural suture; 
S, sternum; Tn, trochantin j Tr, trochanter; IV P, 
pleural wing process. After Snodgrass, loco cit. 

subdivision of the pleurites into 
sec:_:ondary plates, or their fusion with 
other regions of their segment. The 
anterior part of the ~pisternum is 
frequently marked off as a separate 
plate, the pre-episternum which is 
mainly present in...the lower orders. In 
many insects (Chrysopa, Corydalis, 
Tipula, Tabanus) the episternum is 
divided into an upper and lower 
sclerite. These two sclerites have been 
termed by Packard the supra-epister
nmn and infra-episternum respectively. Not infrequently the lower por
tion of the episternum is fused up with the sternum, as in Diptera, and 
the compound plate thus formed is the sternopleurite (Crampton) or 
stemopleura (Osten Sacken). The epimeron, likewise, is sometimes divided 



THE THORAX 

A 

B 

o 

FIG. 17.-STERNAL AND 'PLEURAL SCLERITES 
OF CERVI CUM AND THORAX OF BLATTA. 

A, Cervicum. B, Prothorax. C, l\Iesothorax. D, 
Metathorax. a, ante·coxal piece; cI-cIII, coxae; cs, 
lateral cervical sclerites; CSV, ventral ditto; e, episternum; 
em, epimeron; p. pre-coxal bridge; sp, spiracle; sIl, 
eusternum; sIll, sternellum; slV, poststernellum; I, I, 
trochan tin. 

em 

sternum, sternum, sternellum and 
poststernellum for the presumed 
subdivisions. Snodgrass (1909) 
adopted the term eusternum in 
place of the expression sternum 
as the latter refers to all the 
ventral sc1erites of a thoracic seg
ment. More recently Crampton 
(1914) and Martin (1916), in their 
general studies of the thoracic 
sc1erites, have brought forward 
the view that the sternum may 

FIG. IS.-STERNAL AND PLEURAL SCLERITES 
consist of five sternites, a con- OF FORFIOULA. 

dition which is exhibited in pe, pre-episternum; Is, laterostcrnite; '" presternum; 
Capnia and Leuctra (Plecoptera). Other lettering as in Fig. I7. 

The former writer has also introduced an entirely new terminology, but 
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it appears preferable to retain the original names though not neces
sarily with the same significance as to the limits of the sclerites to which 
they were applied. In the majority of insects, two sternites are typi
cally present,-the eusternum and sternellum: among Hymenoptera 
and Coleoptera the sternites may be fused together to form a single 
compound sclerite. The eusternum is a large sclerite of variable shape 
and frequently extends laterally and upwards into the pleural region; 
at its sides there may be separate plates (laterosternites of Crampton) as 
in Isoptera and Dermaptera. The laterosternite may become united 
with the episternum of its side to form the precoxal bridge. The presternum 
lies in front of the eusternum and in all probability is derived from it: it 
occurs in the prothorax of Ectobia and Forficula and in front of all three 
thoracic segments of Capnia and Leuctra (Crampton). The sternellum 
is the sclerite immediately behind the eusternum and frequently bears the 
furca (vide p. 47). Although usually fused with the eusternum, it is 
distinct in all three segments of Capnia, and in the pro thorax of Periplaneta. 
The poststernellum, as its name implies, lies behind the sternellum and 
may bear a median apodeme or spina. As this sclerite is often fused, 
either with the segment in front or behind, it is probably to be regarded as 
one of the ventral intersegmentalia. 

(c) The Legs 
The legs are primarily organs for running or walking and are well repre

sented in their normal condition in a Cicindelid or Carabid beetle. They 
exhibit, however, a wide range of adaptive modifications in different fami
lies (Fig. 19). Thus in Gryllotalpa and the Scarabreidre the fore-legs are 
modified for burrowing, and in the Mantidre for seizing and holding the 
prey. In certain families of butterflies the fore-legs are so much reduced 
that in these insects there are only two pairs of functional limbs. In the 
saltatorial Orthoptera, and Phyllotreta and other genera of Coleoptera, 
the hind femora are greatly enlarged in order to accommodate the powerful 
extensor muscles which are used in leaping. Among the Odonata all the 
legs are adapted for seizing and retaining the prey and are scarcely, if ever, 
used for locomotory purposes, while in the Bombyliidre the slender legs 
are used for alighting rather than walking. In aquatic insects they are 
often specially adapted as swimming organs. Each leg (Fig. 20) consists 
of the following parts,-coxa, trochanter, femur, tibia and tarsus together 
with certain basal or articular sclerites. 

The Basal Articulations of the Legs (Figs. 17 and 18).-The coxa or 
proximal joint of the leg articulates with the body by means of the coxal 
process of the pleuron and with the trochantin when the latter sclerite 
is present. The coxal process is· situated at the ventral extremity of the 
pleural suture. The trochantin is the articular sclerite situated at the 
base of the coxa in the more primitive orders. It frequently unites with 
neighbouring sclerites, or it may be divided into a pair of plates. Between 
the single or divided trochantin and the episternum, or between the tro
chantin and the precoxal bridge, there is frequently an inner sclerite or 
antecoxal piece. The homologies of these small basal sclerites in different 
insects are diffiqllt to ascertain with any degree of accuracy, and the 
various terms which have been applied to them have added to the 
complexity of the subject (vide Martin, 1916). 

The Coxa.-As mentioned previously, the coxa is the proximal part 
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of the leg and in many insects, notably Periplaneta and the Isoptera, the 
meso- and metathoracic coxce are each divisible into an anterior portion 
or coxa vera, and a posterior portion or meron. Attached to the coxce of the 
middle and hind legs in certain primitive insects (e.g. Machilis) there is a 
small appendage or stylus. The latter structure has been regarded as the 
homologue of the exopodite of the crustacean leg. 
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FIG. 19.-ADAPTIVE MODIFICATIONS OF THE LEGS. 

A, Cicindela sexguttata,' B, Nemobirts vittatus, hind leg; C, Stagmomantis carolina, left fore-leg; D, Pelocoris femoratus, 
right fore-leg; E, Gryllotalpa borealis, left fore-leg; F, Canthan lavis, right fore-leg j G, Phanalts carnifex, fore tibia and 
tarsus of female; H, P. carnifex, fore tibia of male; I, Dytiscus jasciventris, right fore-leg of male j C, coxa; I, femur; 5, 
spur j t, trochanter j tb, tibia; ts, tarsus. After Folsom, I9:23-

The Trochanter.-The trochanter forms the small second joint of the 
leg and in the parasitic Hymenoptera it is secondarily divided into two 
pieces. 

The Femur.-The femur usually forms the largest region of the leg and 
is especially conspicuous in most insects which have the power of leaping. 

The Tibia.-The fourth division of the leg is known as the tibia: it is 
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almost always slender and frequently equals or exceeds the femur in lengt~. 
Near its distal extremity it carries one or more tibial spurs. In many 
Hymenoptera the enlarged apical 
spur of the anterior tibia fits 
against a pectinated semi-circu
lar pit in the first tarsal joint, 

'and the antennce are passed 
between these two organs for 
cleaning purposes. 

The Tarsus.-The tarsus 
forms the terminal part of the 
leg and is typically divided into 
five joints. When the first joint 
is markedly enlarged it is often 
designated as the metatarsus. 
The tarsus is vestigial in Collem
bola, one-jointed in Coccidce, 
two-jointed in Aphididce, while 
in some insects it is apparently 
six-jointed owing to the presence 
of a terminal outgrowth or prm
tarS1lS (De Meijere, 1901). As a 
rule, the prcetarsus is withdrawn 
into the terminal joint or is 
wanting. At the apex of the 
tarsus there is generally a pair 
of tarsal claws or ungues; in 
many Collembola and the Coc
cidce, however, there is a single 
median claw and the same con

FIG. 2o.-A TYPICAL LEG OF AN INSECT (LEFT 

HIND-LEG OF BLATTA). 

dition is found in most insect CV, coxa vera; m, meron; Ir, trochanter; f, femur," Ii, tibia; 
ts, tarsus; c, claws; e, cropodium; p, tarsal pads. 

larvce. On the ventral or plan- . 
tar surface of each tarsal joint there is frequently a cushion-like pad. In 
many insects the distal joint of the tarsus bears a pair of pads or pul-

A 

villi situated beneath the claws. 
It may be added that pulvilli 
are also variously known as 
arolia, onychia, or empodia. 
The expression empodium, how
ever, should only be used with 
reference to the single median 
structure which is often present 
either between the pulvilli of 
the terminal tarsal joint, or 
unaccompanied by the latter 

e organs. In some insects the 
FIG. 2I.-FEET OF THE MALES OF A, ASlLUS empodium is pad-like, and is 

ORABRONIFORJIIS; B, LEPTIS NOTATA. then said to be pulvilliform, 
c, claw; e, empodium; p, v:~~~~; I, last tarsal joint. Afler but it is often bristle-like, as 

J' in the Asilidce (Fig. 21). The 
pulvilli, and also the empodia when the latter are pad-like, are commonly 
adhesive organs enabling their possessors to climb smooth or steeply in
clined surfaces. Their structure and function have been investigated by 
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Dahl (r884), Dewitz (r884) and others. The ventral aspect of a pulvillus is 
either studded with minute pores, which open directly on to the surface of 
the cuticle, or is provided with glandular setce known as tenent hairs. In 
either case an adhesive fluid is exuded which enables such an insect as the 
house-fly to walk in an inverted attitude on ceilings and other surfaces. 

Locomotion (Terrestrial) .-During walking an insect usually moves 
its legs in two series in such a manner that the fore- and hind-legs of one 
side, and the middle leg of the opposite side, progress forward almost 
synchronously. By this means the body is supported as it were for the 
moment on a tripod formed by the remaining three legs. The anterior 
leg functions as an organ of traction: having extended and fixed its claws, 
it pulls the body forwards by means of the contraction of the flexor muscle 
of the tibia. The function of the hind leg is mainly that of pushing the 
body forwards, while the middle leg serves to support and steady the body 
and determines its movement in the vertical plane (Demoor, 1890). For 
detailed information on the subject of terrestrial locomotion, and the 
mechanics of the process, reference should be made to the text-books of 
Packard and Graber (Die Insekten, p. 157). 

(d) The Wings 
The presence of wings is one of the most characteristic features of insects, 

and the dominance of the latter as a class is to be attributed to the possession 
of these organs. Owing to their wide range 

b of differentiation, wings provide one of the 
most useful characters for purposes of classi
fication. In virtue of its more or less tri
angular form the wing of an insect presents 

FIG. 22.-WING OF A HYMENO

PTERON (explanation given in the 
text). 

three margins (Fig. 22) ; the anterior margin 
or costa (a-b); the outer or apical margin 
(b-c) and the inner or anal margin (c-d). 

p, pterostigma. Three well-defined angles are also recogniz
able, viz., the humeral angle (a) at the base 

of the costa; the apex (b) or angle between the costal and outer margins 
and the anal angle (c) between the outer and inner margins. Although, in 
the greater number of insects, the wings appear to be naked, in many 
cases microscopical examination reveals the presence of fine hairs. On the 
other hand, in certain groups the wings are obviously clothed. In the 
Trichoptera and the dipterous family Psychodidce, for example, they are 
closely covered with hairs, while in the Lepidoptera the wings are invested 
with overlapping scales. 

TiIlyard (I9IBA) has made a study of the hairs occurring on the wings of the most 
primitive groups of the Holometabola. Microtrichia are found indiscriminately on 
the wing-membrane and veins alike. Macrotrichia or true set;e, which have annular 
bases of insertion, are found on the main veins and their branches, on the archedictyon 
(p. 35), less frequently on the wing membrane and very rarely on the cross-veins. 
On. the disappearance of the archedictyon, or of an individual vein, the macrotrichia 
may persist on the wing membrane in their original positions; their presence thereon 
is regarded by Tillyard as evidence of descent from more densely veined ancestors. 
By plotting the positions of the macrotrichia present on the wing membrane in such 
primitive forms as Archichallloides, Rhyacophila and Rhyphus, and joining them up 
into a polygonal meshwork, the lost archedictyon can often, to some extent, be 
reconstructed. 

A conspicuous opaque spot is found near the costal margin of the wing 
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in many insects, and is termed the stigma or pterostigma (Fig. 22). It is 
present, for example, in the fore wings of the Psocoptera, and most Hymen
optera, and in both pairs of wings of the Odonata. 

The Basal Attachment and Articular Sc1erites of the Wings.
Each wing is hinged to two processes of the notum of its segment, the 
anterior notal process and 
the posterior notal process 
(Fig. I4). The wing also 
articulates ·below with the 
pleural wing process. The 
posterior margin of the 
membrane at the base of 
the wing is frequently 
strengthened to form a 
cord-like structure known 
as the axillary cord. The 
latter arises, on either 
side, from the posterior 
lateral angle of the notum 
(Fig. 24). 

Situated about the 
base of each wing is a 
variable number of arti

FIG. 23.-PORTION OF A WING OF RIlYPllUS BREVIS SHOWING 
MACROTRICHIA AND MICROTRICHIA. After Tillyard, 
Proc. Linn. Soc. N.S.W. 43. 

ular sclerites which consist of the tegulre and the axillaries (Fig. 24). The 
teguZce (paraptera of some authors) are a pair of small scale-like sclerites 
carried at the extreme base of the costa of each fore-wing: they are rarely 
present in connection with the hind-wings. Tegulre are best developed 
in the Lepidoptera, Hymenoptera, and Diptera, being especially large in 
the first mentioned order. The axillaries (pteralia) participate in the 

FIG. 24.-DIAGRAM OF A GENERALIZED INSECT WING SHOWING ARTI
CULAR SCLERITES. 

I AX-4 Ax, axillary sc1erites; anp, and pnpJ anterior and posterior wing-processes; Axe, 
axillary cord; Tg, tegula; N, natum; PN, postnotum. For symbols of wing veins vide p. 
34. After Snodgrass, Bur. Ent. Tech. Ser. 18. 

formation of the 
complex joint 
by which' the 
wing is articu
lated to the 
thorax. Accord
ing to Snod
grass they occur 
in all winged 
insects but are 
much reduced in 
the Ephemerop
tera and Odo
nata: in the 
two latter 
orders the wing 

base is directly continuous with the notum. As a rule, three of these 
scleritas are present, but a fourth occurs in the Orthoptera and Hymenop
tera. The first axillary articulates with the anterior notal process and 
is associated with the base of the sub-costal vein. The second axillary 
articulates partly \with~ the preceding sclerite and, as a rule, partly with 
the base of the raaius (vide p. 34). The third axillary usually articulates 
with the posterior notal process. When a fourth axillary occurs it has 
a double articulation, i.e., with the posterior notal process proximally 
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and with the third axillary distally. For a more deta,iled treatment of 
these sclerites vide Snodgrass (I909). 

In addition to the foregoing, there are present in many insects small 
plates or basalar sclerites (paraptera of Snodgrass) which are located below 
the articulation of the wings (Fig. I4). Although they are to be regarded 
as pleural sclerites, they may be conveniently referred to here on account 
of their close association with the attachments of the wings. The basalar 
sclerites are separated into two series by the pleural wing process. There 
are never more than two anterior basalar sclerites and, since they lie immed
iately above the episternum, they are termed by Snodgrass the episternal 
paraptera. As a rule there is only a single posterior basalar sclerite (epi
meral parapterum) which is situated just behind the pleural wing process 
and above the epimeron. 

Modi{ications of Wings.-Although wings are usually present in adult 
insects a by no means inconsiderable number of species are apterous. This 
condition is a constant feature of the Apterygota, where it is a primitive 
character, but in the Pterygota the loss of wings has been secondarily 
acquired. The parasitic orders Anopleura and Aphaniptera are exclu
sively apterous, and the same applies to the sterile castes of the Isoptera 
and Formicidre, and to the females of the Coccidre. Among other Ptery
gota, apterous forms are of casual occurrence, and often confined to a 
single sex or species. Thus, in the moth Hybernia dejoliaria, and most 
Embiidre, the females alone are apterous, while in the Chalcid genus Blasto
phaga it is the male which has lost the wings. Transitional forms between 
the apterous and the fully winged condition are found. In the moth 
Diurnea jagella, for example, the wings of the female are lanceolate append
ages, but little more than half the length of those of the male, and useless 
for flight. In the winter moths (Cheimatobia), and in the fly Clunio marintts, 
they are reduced in the female to the condition of small flap-like vestiges. 

Throughout the Diptera, and in the males of the Coccidre, the hind 
wings are wanting, and are represented only by a pair of slender processes 
which, in the Diptera, are termed halteres. Among the Coleoptera, the 
fore-wings are much hardened to form horny sheaths or elytra, which protect 
the hind-wings when the latter are in repose. In the genus AttractoCertlS, 
and the males of the Stylopidre, the elytra are reduced to the condition 
of small scale-like appendages. On the other hand, in certain Carabidre 
and Curculionidre, the hind-wings are atrophied and the function of flight 
is lost. In the Heteroptera the fore· wings are thickened at their bases 
like elytra and, for this reason, are frequently termed hemelytra. Among 
the Orthoptera, the fore-wings are hardened and of a leathery consistency, 
being known by many writers as tegmina. 

The Wing-Coupling Apparatus.-There seems little doubt that, in 
the primitive Pterygota, the fore and hind pair of wings moved independ
ently of each other, and that coincidence of motion was a later acquisition, 
consequent upon the development of a wing-coupling apparatus. The 
studies of Tillyard (I9I8) indicate that, in those orders in which the wings 
were more or less ·hairy, the marginal macrotrichia probably became special
ized and localized to form a locking mechanism. The most archaic form 
of the latter consisted of a projecting bristle-bearing area or lobe on the 
hind margin of the fore-wing and a very similar structure on the costal 
margin of the hind-wing. Thus, in the fore-wing the backwardly projecting 
area of contact with the hind-wing is the jugal lobe, bearing a series of 
jugal bristles: similarly, the area of contact of the hind-wing with the 
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fore-wing is the humeral lobe, and the bristles projecting therefrom con
stitute the frenulum (Fig. 25). The wings of a side are interlocked by the 
frenulum projecting beneath the jugal lobe of tbe fore-wing, and the jugal 
bristles lying above the costa of the hind-wing. The nearest approach 
to this archaic condition is exhibited among certain of the M ecoptera. 
Thus, in T aniochorista the jugal lobe and its bristles are retained unmodi
fied and there is a small definite humeral lobe, but the frenulum is reduced 
to the condition of two very 
powerful bristles (Fig. 25, B). 
In most of the Hymenoptera 
the costal margin of the hind
wing bears a series of hooks 
or hamuli, whose function is 
to grasp a ridge-like thick
ening along the inner mar
gin of the fore-wing. In the 
majority of the Lepidoptera 
the wings are held together by 
means of the frenulum which is 
maintained in place by a kind 
of catch or retinaculum on the 
fore-wing (Fig. 25, D). In 

FIG. 25.-TYPES OF WING-COUPLING ApPARATUS. 

A, hypothetical generalized type. B, Mecoptcra (Tamwchorista) ; 
C, Hepialid", (Charagia); D, Noctuid", (Plusia). I, fore-wing; 
2, hind-wing; j';,"ugal lobe; jm, jugum; b, jugal bristles; h, 
humeral lobe; ,frenulum j r, retinaculum. After Tillyard, 
Proc. Linn. Soc. N.S. W. 43. 

moths of the family Hepialidre the jugal lobe or jugum of the fore-wing 
projects beneath the hind-wing and, owing to the greater part of the inner 
margin of the fore-wing overlapping the hind-wing the wings in this manner 
become interlocked (Fig. 25, C). 

The Structure and Development of Win~s.-Wings are thin plate
like expansions of the integument which are strengthened by a framework 
of hollow chitinous tubes known as veins or nervures. A wing is composed 
of upper and lower iayers which may readily be separated in an insect 

which has just emerged 
from the pupa. Viewed 
in transverse section (Fig. 
26), the veins are seen to 
be much more strongly 
chitinized than the wing 
membrane and each, as a 
rule, encloses a small cen
tral trachea. A fine nerve 
fibre accompanies the 
larger veins of many in
sects (Mosley, 1871) and a 
degenerate trachea known 
as " Semper's rib" is pre
sent in Lepidoptera along

I 
I 

I 
I 

e. 

". I 

FIG. 26.-TRANSVERSE· SECTION OF A VEIN AND ADJACENT 
PORTION OF THE WING-MEMBRANE OF A MOTH, NOT()-

IJON1'A OA~lELINA. 

U, upper; L, lower surface; v, vein; h, remains of hypodermis; ~, 
trachea; c, cuticle; bI! blood corpuscle and b plasma; tn, basement mem· 
brane j r," Semper's rib"; s, scale socket. 

side the ordinary trachea within the vein cavity. When an insect emerges 
from the pupa or nymph, as the case may be, the veins contain blood 
whiCh has been ~ observed to circulate through them, and even in the 
fully formed wings the circulation is often still maintained.' 

At an early stage in formation, wings are seen to be sac-like outgrowths 
of the body-wall, which they resemble in histological structure. Whether 
they are tergal or pleural (or both) in nature is a disputed question and 
the opinions of various observers are conflicting. On the whole the balance 
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of OpInIOn supports the conclusion that they are tergal structures. In 
the more primitive orders, with incomplete metamorphosis, they arise 
externally, but among insects with complete metamorphosis they remain 
within the body until they attain an advanced stage of development. 

In insects with incomplete metamorphosis the wing rudiments first 
appear externally in post-embryonic life along a line where the suture 
between the tergum and pleuron later develops (Comstock, 1918). In 
most nymphs they are so directly continuous with the tergum that they 
have the appearance of being postero-lateral outgrowths of that region. 

u 

L 
FIG. 27.-TRANSVERSE SECTION OF A PORTION OF THE WING 

OF A PUPAL INSECT. 

U, upper surface; L, lower surface; pc, pupal cuticle; c, cuticle of develop
ing wing; h, hypodermis of wing'; p. process of hypoderma] cell; bm. basement 
membrane; t, trachea in cavity of developing vein; be, blood corpuscle. 

The external changes 
during growth are com
paratively slight and 
mainly consist of an 
increase in size after 
each moult. When the 
adult stage is assumed 
the wings become fully 
expanded, and the vari
ous structural changes 
are completed. In 
transverse section (Fig. 
27) the developing wing 
is seen to be invested 
externally by the cuticle 
and, lying just beneath 
the latter, is the hypo
dermis which is com

posed for the most part of greatly elongated cells; internally the hypodermis 
rests upon a basement membrane. During early development tracheal 
branches enter the wing-buds and extend as the latter enlarge, supplying 
the growing wings with air. In many places, the basement membrane 
of the upper and lower layers subsequently meet and fuse, but along the 

FIG. 2S.-THE HYPOTHETICAL PRIMITIVE TYPE OF WING VENATION WITH THE NAMED CROSS
VEINS ADDED (for reference lettering •. vide pp. 34 and 36). After Comstock (modified). 

courses of the trachece it remains separate, thus demarcating the cavities 
of the future veins. In a surface view of a developing wing, the vein 
cavities are seen as paler coloured lines containing blood and trachece; in 
the cavities of the transverse veins trachece are wanting. It is important 
to note that the principal longitudinal veins, as a rule, are formed about 
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the trachece and, as the latter are very constant in number and position, 
they provide valuable data for determining the homologies of the future 
wing veins. During the final stages of development the hypodermis secretes 
the thickened cuticular walls of the veins and also the wing membrane, 
but very little trace of its cells persists in the fully expanded wings. 

Comstock and Needham (r898-99) have made a comparative study 
of the wings of nymphs and pupre which renders it possible to construct 
the hypothetical trachea
tion of a wing of a primi
tive nymph (Fig. 28) from 
which the fundamental 
type of wing venation of 
each order of insects is 
presumed to have been 
derived. Two. distinct 
groups of trachece enter 
the wing-the costo-radial 
group and the cubito-anal 
group. This condition is 
preserved in an almost 
unmodified form in the 
Blattidce, the Plecoptera 
and some Homoptera. 
More usually, however, 
the two groups are united 
by a transverse trachea 
whose position is repre
sented by the dotted line 
in Fig. 28. 

In insects with com
plete metamorphosis, the 
development of the wings 
has been followed much 
more closely than in the 
case of the lower orders. 
It presents many remark
able phenomena which 
have attracted the atten
tion of numerous mves
tigators, among whom 
Weismann, Gonin, Kunc
kel d'Herculais, Pancri
tius, Mayer and Mercer 
may be specially men
tioned (vide also p. r89). 
The wings arise from 

p 
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FIG. 29.-SUCCESSIVE STAGES IN THE DEVELOPMENT OF 
A VVING-BUD OF PIER1S. 

a-d, sections of wing-bud; e, f. surface views of fore and hind wings to 
show tracheation ; et, cuticle; d, wing-bud; c. hypodermis; P, peripodial 
membrane; t, tracbere. From Comstock, after Mercer. (Reproduced from 
Carpenter H Insect Transformation.") 

imaginal buds or thickenings of the hypodermis, usually in the neighbour
hood of one of the larger trachece, and are evident in the very young larva 
or even the embryo.{Fig. 29). These buds become enlarged and invaginated 
to form pocke1(like sacs, or peripodial cavities (Fig. 29, c), from the bottom 
of which the thickened portion of the bud ultimately becomes evaginated. 
At the same time, the walls of the pocket become extremely thin but retain 
their connection with the hypodermis. At a later stage, the evaginated por-

G.T.E·-3 
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tion elongates and comes to hang downwards; it is this evaginated portion 
which, at a later stage, forms the wing. Subsequently, the wing rudiment, 
as we may term it, becomes pushed out of its pocket and, during the last 
larval stadium, it comes to lie just beneath the cuticle. On the assumption 
of the pupal stage, the wing rudiments become evident externally along 
the sides of the body. When the imago emerges, the wings appear as small 
wrinkled sacs which gradually become distended by blood pressure, and 
attain their full development usually several hours afterwards. During 
their later stages of development the wing buds become supplied with 
tracheoles. In Pieris, for example, during the 4th larval stadium a series 
of tracheoles arise as proliferations of the epithelium of the large tracheae 
associated with the wing bud. These tracheoles may be termed the larval 
or provisional tracheoles, and they extend in bundles into the developing 
vein cavities. A little later, the true wing trachece develop as tubular 
outgrowths of the large trachece, and extend into the vein cavities along 
with the larval tracheoles, which they supplant. During the early pupal 
stage the latter degenerate and disappear. Although the study of the 
tracheation of the pupal wings has yielded important data for ascertaining 
the homologies of the wing veins of the adults, there is a wide divergence 
in the extent to which the pupal wing-trachece correspond with the veins 
of the imagines. Thus, among the Hymenoptera, specialization may 
take place to such a degree that the completed wing veins diverge very 
greatly from the primitive courses of the trachece. In these instances, 
comparison with more generalized types aids in settling the identity of the 
principal veins. 

Venation.-The complete system of veins of a wing is termed its vena
tion OF neuration. The venation presents characters of great systematic 
importance, but unfortunately the various systems of nomenclature in 
use are confusing both to the student and the specialist. The establishment 
of the different systems was made by entomologists whose work was unin
fluenced by the modern conceptions of evolution. The result has been 
that the terminology of an individual author was usually only applicable 
within the limits of the particular order of insects which he studied. This 
lack of uniformity has made it incumbent upon the student to learn the 
particular nomenclature adopted by the authority whose works he may 
be studying. It is true, efforts have been made to introduce a common 
terminology for the venation, which shall be uniform throughout the different 
orders but, until the work of Comstock and Needham (1898), little success 
had been achieved. By means of an extensive study of the trachece which 
precede, and in a general sense determine the positions of the veins, these 
writers have constructed a hypothetical type "Of venation (Fig. 28) from 
which all other types have presumably been derived. An examination 
of nymphal and pupal wings has also yielded valuable data for determining 
the homologies of the wing veins in the most diverse orders of insects. 
It is noteworthy that the conclusions drawn from the study of the ontogeny 
of living insects is largely confirmed by palceontological evidence. 

The following principal longitudinal veins (named after the pre-existing 
trachece) may be distinguished, and reference to Fig. 28 shows their relations, 
and primitive branching, together with the abbreviations introduced by 
Comstock and Needham. The costa (C) is unbranched, the sub-costa (Sc) 
rarely branched, while the radius (R) in its least modified condition is 5-
branched. The main stem of the radius divides into two, of which the 
firs,t branch (Rl) passes directly to the wing margin; the second branch, 
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or radial sector (Rs)' ultimately divides into four branches (R2 to Rs). 
The media (M) is primitively 4-branched, the cubitus (Cu) is 3-branched 
and there are three distinct anal veins (rA, 2A, 3A). The latter are ex
tremely variable and, in wings with a reduced anal area, some or all may be 
wanting. On the other hand, in insects with a well-developed anal area, 
one or more of the anal veins may exhibit branching. In instances where 
branching occurs, the branches differ from those of the other principal 
veins in that they do not appear to be derived from any uniform primitive 
type. 

In the more generalized insects the wings are corrugated after the 
manner of a partially opened fan. Those veins which follow the ridges 
are termed by Comstock convex veins- and those which follow the furrows 
concave veins. 

Deviation from the primitive venational type has occurred in two ways, 
i.e., by reduyti6iiand by addition. In many insects the number of veins 
is less th~tn in the hypothetical type, and the reduction has been brought 
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about by the degeneration or 
complete atrophy of a vein, or 
of one or more of its branches, 
or by the coalescence of adja
cent veins. Atrophy explains 
the presence of only a single 
well-developed anal vein in 
RhyPhus (Fig. 30) and other 
Diptera, while the occurrence 

(~~J in this genus of a single vein 
R2 + 3, in the place of the two 
originally separate veins Rz and 

Ra is due to coalescence. Similarly R4 and Rs have coalesced, and the single 
vein thus formed may be conveniently referred to under the abbreyiation 
R 4 + S• Coalescence takes place in two ways: the point at which tw:6 veins 
diverge may become gradually pushed outwards nearer and nearer the 
margin of the wing until the latter is reached, and only a single vein remains 
evident. In the second method, the apices of the two veins may approxim
ate, and ultimately fuse at a point on the wing margin: coalescence of 
this type takes place inwardly towards the base of the wing. The first 
type is well exhibited in the case of the radial veins of Rhyphus, while 
the second method is exhibited in the apical fusion of rA and CUI, in Tabanus 
(Fig. 3r). The homology of a particular vein is often difficult to determine, 
and resort has to be made to comparison with allied forms, which exhibit 
transitional stages in reduction, or to a study of the pupal venation. 

FIG. 30.-\VING OF RIlYPIIUS PUNCTATUS. 

explanation of lettering, vide pp. 34 
36.) e 

In cases where an increase in the number of veins occurs, the multiplica
tion of the latter is due either to an increase in the number of branches 
of a principal vein, or to the development of secondary longitudinal veins, 
between pre-existing veins. In no instance is there any increase in the 
number of principal veins present. For a more detailed acquaintance 
with the various modifications of the wing veins the textbook of Comstock 
(r9r8) should be consulted. 

In the wing~ of tcertain of the most generalized insects, such as the 
fossil Paheodictyoptera, an irregular network of veins is found between 
the principal longitudinal veins, but no definite cross veins are present 
(Fig. 32). To this primitive meshwork Tillyard (r9r8) has given the name 
archedictyon. It appears to have undergone suppression in the Holometa-
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FIG. 3I.-WING OF TABANUS. 

bola, though it is very probably homologous with the still-existing dense 
reticulation present in c~rtain orders of Exopterygota such as the Odonata. 
Needham (1903) from his studies of the wings of the latter order has dis
cussed the transformation of such an irregular network into regular 1rans
verse veins, and refe~ence to Fig. 32 is sufficient to explain his views as 
to the origin of the latter. Transitional stages in the evolution of definite 

B 

FIG. 32.-A. PORTION OF A WING 
OF A CARBONIFEROUS INSECT (I-I Y

PERJIEGETIlES) SHOWING ARCHEDICT

YON. After Handlirsch. B. DIA
GRAM ILLUSTRATING THE EVOLUTION 
OF REGULAR CROSS-VEINS. After 
Needham. 

cross-veins may also be observed in wings 
of the more specialized Palce'bdictyoptera 
and among living Orthoptera, where both 
irregular and definite cross-veins occur in 
the same wing. According to Tillyard, 
however, true cross-veins are later 
developments; and they are never pre
ceded by trachea! and are almost always 
devoid of macrotrichia. Vein lets, on the 
other hand, are primitive and constitute 
the finer twigs of a principal vein: they 
are preceded by trachea! and carry mac
rotrichia (Fig. 33). Whether the arche
dictyon arose in connection with prece
dent trachea! in the wing-rudiment, or 
independently, is unknown. It is prob
able, therefore, that homologous cross
veins do not exist in many orders: their 
positions, however, in some cases are so 
constant that analogies, if not homolo
gies, can be traced and similar names are 
applicable. The following cross-veins 

are the most important (Fig. 28)-
The humeral cross-vein (h) extending from the sub-costa to the costa, 

near the humeral angle of the wing. 
The radial cross-vein (r) extending from R 1 to the radial sector (Rs). 
The sectorial cross vein (s) extending from the stem R2+3 to RHO or 

from Ra to R 4 • 

The radio-medial cross-vein (r-m) extending from the radius to the media, 
usually near the middle of the wing. 

The medial cross-vein (m) extending between !v12 and M a. 

The media-cubital cross-vein (m-C1t) extending from the media to the 
cubitus 
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The veins divide the wings into spaces or cells. In the Comstock

Needham system the terminology of the cells is derived from the veins 
which form their anterior margins. The cells fall into two groups, i.e., 
basal cells and distal cells. The former are bounded by the principal 
veins, and the latter by the branches of the forked veins. Thus the cell 
situated behind the main stem of the radius, near the base of the wing, is 
cell R, while the cell behind the first branch of the radius is designated as 
cell R I . When two veins coalesce the cell that was between them becomes 
obliterated. Thus when veins R2 and Ra fuse as in RhyPhus (Fig. 30), 
the cell situated behind the vein R H 3 is referred to as cell R 3, and not 
cell R2+ 3, cell R2 having disappeared. Not infrequently two or more 
adjacent cells may become conff nt owing to the atrophy of the vein or 
veins separating them. The compo d cell is then designated by a com
bination of the abbreviations applied to the originally separate cells. Thus, 
a cell resulting from the fusion of cel s Rand M, is referred to as cell 
R+M. The advantage of this relatively simple system of nomenclature 
is evident in the case W. the so-called discal cell for example. The latter 
expression has been used ip at least four separate orders of insects with 
reference to a 
different cell in 
each instance. 

Flight of 
Insects.- The 
flight of insects 
is unlike that 
found elsewhere 
in the animal 
kingdom, not 
only with re
gard to the 
mechanism 0 f 
flying, but also 
with reference 
to the nature of 
the wing stroke. 
The researches 

FIG. 33.-PORTION OF COSTAL AREA OF FORE-WING OF PSYOHOPSlS 

ELEGANS WITH THE CORRESPONDING TRACHEATlON (TO THE LEFT) 
OF THE PUPAL WING. 

C, costa; ct, trachere preceding the costal veinlets; cvl, costal veinlets ; x, cross-veins; 
R, radius; Rs, radial sector j Se, subcosta. After Tillyard, Proc. Linn. Soc. N.S.lV. 43. 

of Marey (1869) have contributed much towards an exact knowledge of 
this difficult subject and, among other methods, chronophotography was 
largely used by this observer. Marey was able to obtain lIO successive 
photographs per second of a bee in flight but as the wings were vibrating 
190 times per second, the images obtained represented isolated though 
consecutive phases of wing movement. This observer was successful in 
obtaining clear but isolated images of vibrating wings after an exposure 
of only "5.~OO of a second. According to Marey air-pressure is the main 
factor which determines the nature of the wing stroke. He concludes 
that the wing muscles only maintain the to and fro movements of the 
wiJlgs, while the flexibility of the wing membrane, when the latter meets 
tht'resistance offered by the air, causes the surface of the wing to be inclined 
at the most favourable angle. The result is that the path or trajectory 
made by the apex of the wing takes the form of a continuous series of the 
figure 8. This was determined by Marey, with the aid of a spangle of 
gold leaf, fixed to the extremity of a wasp's wing. The insect was then 
held in the sun with a pair of forceps, in front of a dark background and, 
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under these conditions, a glistening 8-shaped trajectory was observed. 
The width of the loops of the 8 varies in different insects, and is also depend
ent upon the speed of motion, and 'the varying action of the wing muscles. 
Another factor to be taken into account is the nature of the basal articula
tions of the wings. It is a matter of controversy whether the articulatory 
mechanism alone causes the wing to pass through the air, along the course 
indicated by Marey, or whether the basal articulation is sufficiently flexible 
to admit of air pressure alone fOlcing the wing out of what would otherwise 
have been a simple to and fro motion. Lendenfeld (1881) maintains that 
the course of the wing is entirely d~termined by the nature of its basal 
articulation and the action of the wing muscles. It is not unlikely that 
among the Odonata, in which the flight< mechanism attains a high degree 
of complexity, these two factors are important contributory causes. 

For the purpose of determining the frequency of their movements, 
wings may be regarded in the same way as vibrating wires. A record 
thereof may be obtained graphically by means of a revolving cylinder 
covered with smoked paper, the least contact of the tip of the wing removing 
the black, and exposing the white paper beneath. If the record thus 
obtained be compared with one made on the same paper by means of a 
tuning fork, of an ascertained period of vibration, the frequency of wing 
movement can be determined with great accuracy. By this method, it 
was calculated that a house-fly makes 330 strokes per second, a bee 190, 
a moth (M acroglossa) 7'2, a dragon-fly 28 and a butterfly (Pieris) 9 strokes 
per second. 

Origin of Wings.-Two principal theories have been advanced to 
account for the origin of wings in insects. (I) The tracheal gill theory of 
Geganbaur which has been upheld by Lubbock, Graber, Lang, Verson, 
Woodworth and many others. According to this theory, wings are derived 
from thoracic tracheal gills, which have lost their original function and 
become adapted for purposes of flight. Tracheal gills, however, are very 
inconstant in position, and may be developed from the dorsal aspect of 
the terga, from the sterna or the pleura, at the apex of the abdomen, on 

FIG. 34.-A CARBONIFEROUS INSECT (STENO
DICTYA LOBATA) SHOWING PROTHORACIC WING
LIKE EXPANSIONS. From Carpenter, after 
Handlirsch. 

the head and even between the 
wings. Furthermore, there is 
good reason to believe that if the 
tracheal gill theory were upheld, 
we should have to conclude that 
the ancestors of winged insects 
were temporarily aquatic, and 
thus acquired gills, which subse
quently developed into wings 
when these animals became air 
breathers for the second time. 
(2) The alternative theory has 
been conveniently termed by 
Crampton (1916) the paranotal 
theory. It is due to Muller (1873-
75), and among the supporters of 
this view are Korschelt and 
Heider, Packard, Comstock and 

Needham, Handlirsch and others. It is maintained that wings arose in 
the first instance as lateral expansions (paranota) of the thoracic terga
a view which is not inconsistent with the facts of wing development 
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among the lower Pterygota. These. expansions are very similar to those 
found on the pro thorax of Stenodictya (Fig. 
34) and other fossil insects. They are also 
present on nymphs of Calotermes (Fig. 35), 
and in certain Mantids, Lepismids and Heter
optera, as well as on the abdominal region in 
various Phasmids. There is, indeed, an in
herent tendency towards the development of 
such structures in diverse groups of insects 
and in other Arthropods. During the course 
pf their evolution, it is believed that the tergal 
expansions became 'sufficiently large to func
tipn somewhat after the manner of para
~hutes, in insects which possessed a tendency 
'to leap. At a later stage, it is claimed, they 
acquired direct articulation with the tergal 
region, became supplied with trachece and FIG. 35.-A NYMPH OF CALO

develo.ped the power of independent move- TERMES fl/LATATUS. SHOWING 
THORACIC WING-LIKE EXPAN-

pJ.ent. SIONS. After Bugnion, Bull. 
An extended discussion of these, and other Mus. d'Hist. Nat. 19 1 4. 

theories which have been put forward to 
account for the origin of insect wings, is given by Woodworth (I906) and 
Crampton (I9I6). 
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THE ABDOMEN 

(a) Segmentation of the Abdomen 

T HE abdomen (Fig. r) is composed of a series of segments which 
are more equally developed than in the other regions of the body. 
For the most part they retain their simple annular form, the 

terga and sterna are generally undivided shields, while the pleura are 
membranous and usually without differentiated sclerites. Reduction or 
special modification of certain of the segments is evident at the anterior 
as well as at the caudal end of the abdomen, but more especially in the 
latter region, and this specialization increases from the lower to the higher 
orders. The abdominal segments are sometimes designated uromeres and 
their primitive number as revealed by embryology is eleven. In the 
embryos of many insects there is a terminal region or telson but it is rarely 
found in the imagines. The telson never bears appendages or other meta
meric organs and, for this reason, does not come under the category of a 
true segment. As a rule, the number of segments becomes reduced during 
development, either by coalescence or atrophy; the actual number present 
in adult insects is frequently very difficult to ascertain owing to the tele
scoping, or other modifications, which have taken place at the caudal 
extremity. Among adult insects eleven segments are retained, for example, 
in the Thysanura and Odonata: the podical plates, or scleritest which 
bear the cerci in the lower Pterygota, probably represent vestiges of the 
eleventh segment. Ten segments are recognizable in other of the more 
primitive orders and the tergum of the last segment, whatever its numerical 
designation may be, is frequently referred to as the sttranal plate or pygi
(liunt. In the higher orders, a progressive modification by reduction is 
met with until only three or four abdominal segments are visible, as in 
the Chrysidid~. The Protura differ from all other insects in that the 
number of abdominal segments increases during post-embryonic develop
ment, the exceptional number of twelve being present in the adults. The 
Collembola are also exc~ptional in possessing never more than six segments, 
either in the embryo or the adult. In most insects the first abdominal 
segment, and more especially its sternum, is reduced or vestigeal. In 
the Hymenoptera-Apocrita, however, this somite becomes fused with the 
metathorax during the change from the larva to the pupa and is known 
as the propodeum, epinotum, or median segment. 

In many insects, more especially certain of those whose eggs are 
deposited within plant tissues or in other concealed situations, the distal 
abdominal segments become attenuated and often telescoped, one into the 
other, to form a/retractile tube which is used as an ovipositor. This modi
fication is well exhibited in the Cerambycidce, Cecidomyid~, Trypaneidce, 
Muscidce and other families. A true ovipositor is of an appendicular 
na ture and is dealt with in the next section. 
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(b) Appendages and Processes of the Abdomen 
In the embryos of most insects a pair of appendages is borne on each 

of the abdominal segments but not on the telson. Those of the first seven 
segments usually disappear during embryonic life, but a variable number 

"" VII are retained as adult organs in the 
Apterygota, and as larval organs in 
some Pterygota. The appendages of 
the nth segment are frequently re· 
tained as cerci which probably repre· 
sent the endopodites of a pair of 
crustacean limbs. Cerci occur in 
both sexes and are ofteh long and multi· 

FIG. 36.-DIAGRAM OF THE APICAL articulate as in Thysanura, Plecoptera 
SEGMENTS OF THE ABDOMEN OF A 
DEVELOPING INSECT EXPRESSING THE and Ephemeroptera; in the Blattidre 
ALTERNATIVE VIEWS REGARDING THE they are shorter, and in the Locustidre 
ApPENDICULAR ORIGIN OF THE GENI· th d d . I . . TALIA.. ey ar~ .re uce to a smg e lomt, or 

VII-XI, 7th to lIth abdominal segments; c, cerci. they may be papilliform as in many 
termites. In the Dermaptera and 

Japygidre they are modified into forceps and in the nymphs of zygop· 
terid dragon-flies they are transformed into gills. 

Associated with the 8th and 9th segments in 
the female, and the 9th segment in the male, 
there are paired structures (gonapophyses) form
ing the genitalia which are the external organs 
of reproduction. They are present in many 
orders but in others they are greatly reduced or 
wanting. -.t'D 

---st 
--v.v.'i$ 

The female genitalia consist of three pairs of 
gonapophyses or valves which collectively form 
the ovipositor. Their degree of development and 
co-adaptation varies according to the uses to 
which that organ is subjected. In the Anopleura, FIG. 37.-VENTRAI. VIEW OF 

for example, an ovipositor is absent: in THE APEX OF THE ABDO· 
MEN OF A FEMALE MACH· 

Periplaneta its valves are very small and free: 
in the Locustidre those of one side are held to· 
gether by tongues and grooves and form, along 
with their counterparts of the opposite side, an 
elongate and powerful egg-laying instrument: in 
many Hymenoptera the ovipositor is greatly 

ILlS SHOWING GENITALIA. 

C, cerc1.lS j el, median caudal 
filament; cXs! ex. c.oxites of 8th and 
9th sterna ~ sts! st", styli; iv, VV, 
inner and ventral valves of ovipositor; 
t lO• loth tergum. After \Valker, 
Ann. EHt. Soc. Am. I5· 

attenuated and modified for piercing or stinging. A typical ovipositor 
(Fig. 38) consists of a pair of ventral valves developed from the gonapo
physes of the 8th segment, a pair of inner valves developed from the 
inner gonapophyses of the 9th segment, and a pair of dorsal valves 
developed from the outer gonapophyses of that same segment. The method 
by means of which these valves are interlocked is shown in Fig. 39 and 
the inner pair forms the channel through which the 'eggs are conveyed. 
In the Hymenoptera it will be observed that the inner valves are fused 
to form a sheath for the ventral valves which function as stylets. 

The male genitalia (Fig. 40) usually belong to the 9th segment and 
consist of an outer pair of gonapophyses or claspers and a much smaller 
inner pair or parameres which are closely associated with the mdeagus or 
copulatory organ (p. 146). In addition to these parts, accessory organs 
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are frequently developed as modifications and outgrowths of the body-wall. 
In the Machilidce (Fig. 40, A) a pair of gonapophyses is present in relation 
with the 8th segment as in the female. 

vn 

FIG. 38.-0VIPOSITOR OF A LONG-HORNED GRASSHOPPER (CO-YOOEPHALUS). 

VII-X, terga; s, s, sterna; Cer, cerci; IG, ventral valve; 2G, inner valves; ShB, bulb-like swelling formed by 
the fusion of the has<!S of 2G; 3G, dorsal valves, the left one is shown as if cut off near its base. After Snodgrass, U.S. 
Bu,. Ent. Tech. Ser. lB. 

The homologies of the genitalia are extremely difficult to determine 
and the following views are held by various authorities with regard to their 
morphology (Fig. 36). 

(r) That they represent the abdominal appendages of the 8th, 9th and IOth 
segments. This view receives support from the investigations of Wheeler (1893) 
who states that in Xiphidiwm there is direct continuity between the embryonic 

B 

FIG. 39.-TRANSVERSE SECTIONS OF THE 
OVIPOSITOR OF-A, AN ORTHOPTERON 
(PIIAsaoNuRA) after Dewitz; E, A HYMEN
OPTERON (SlREX) after Taschenberg. The 
method of interlocking of the valves is 
shown. 

d, dorsal valve; i, inner valve; v, ventral valve. 

appendages of those segments and the 
genitalia. Owing to the very early fusion 
of their corresponding segments, the 

c c. c 

--p ___ pm 

.)I--~1F"-cII---=-;;:; st'li 

A B 
FIG. 4o.-VENTRAL VIEW OF THE APEX OF 

THE ABDOMEN OF A, MAOHILIS AND B, AN 
EPHEMERID SHOWING MALE GENITALIA. 

a.g, accessory genitalia (of 8th segment); c, cercus; 
e/, median caudal filament; el, clasper; ex., coxite of 
9th sternum; p, redeagus (paired in B); pm, paramere ; 
581 Se 8th and 9th sterna; st7-stel 7th to 9th styli; t101 loth 
tergum. After- Walker, Ann. Ent. Soc. Am. IS. 

appendages of the loth segment come to lie between those of the 9th, the latter 
thus coming to bear two pairs. 

In certain of the lower orders, where the genitalia are but little specialized, the outer 
gonapophyses of the 9th segment remain as unmodified genital styles which are well 
seen in the males of Periplaneta and the Isoptera: in the sterile castes of the latter 
order. they are freqliently present in this condition in both sexes. 

(2) That they represent the appendages of the 8th and 9th segments, those of the 
latter somite having undergone subdivision. This view is held by Dewitz and many 
other morphologists, while Crampton homologizes the double appendages of the 
9th segment with the exopodites and endopodites of crustacean limbs. 
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(3) That they are secondarily developed outgrowtns of the body-wall differing 
from true appendages in being wholly ventral in position (Heymons). 

On the whole the balance of opinion inclines towards the theory of 
appendicular origin [(2) above]. . 

Under the category of abdominal processes are the clasping organs of 
the 2nd abdominal segment of male Odonata, the gills of many aquatic 
nymphs and larv;:e, the pseudopods of certain larval Diptera and the median 
terminal "cercus" of Thysanura and Ephemeroptera. 
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THE ENDOSKELETON 

I
N certain regions of the. body the integument becomes invaginated 
and greatly chitinized, forming rigid processes which serve for the 
attachment of muscles and the support of certain other organs. This 

internal framework is termed the endoskeleton and its individual parts 
are known as apodemes. The latter arise as invaginations of the body-wall 
between adjacent sclerites, or at the edge of a sclerite or segment. In 
some insects the mouths of the invaginations persist throughout life but, 
more usually, the latter become completely solid through the depos~tion 
of chitin. 

The endoskeleton is divisible into (a) the tentorium and (b) the endo
thorax. 

(a) The Tentorium (Figs 41, 42) 
This name is given to the endoskeleton of the head and, in generalized 

insects, it is composed of 
,two or three pairs of apo
demes which pass inwards 
and coalesce. The func
tions of the tentorium 
are-(r) to afford a basis 
for the attachment of 
many of the cephalic 
muscles and, at the same 
time, to give rigidity to 
the head; (2) to lend 
support to the brain and 
fore-intestine; (3) to 
strengthen the points of 
articulation of certain of 
the mouth-parts. The 
apodemes which enter into 
the formation of the 
cephalic endoskeleton are 
termed the anterior, pos
terior and dorsal arms oj 
the tentorium according to 
their positions .• The inner 
ends of these arms fuse 
with those of the opposite 
side of the head and lthe 
median skeletal pttrt, thus 
formed, is termed the body 
oj the tentorium. 

, 
OJ. 

FIG. 4I.-HEAD OF BLATTA WITH THE GREATER PART OF 
THE FRONTAL WALL DISSECTED AWAY TO SHOW THE· 

TENTORIUM. 

as, antennal socket; at, dt, pt, anterior, dorsal and posterior arms of 
tentorium; e, compound eye; oj, occipital foramen; tb, body of tentoriwn. 

The anterior arms of the tentorium.-The invaginations which 
45 
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form these apodemes are situated one on either side of the junction of the 
clypeus with the frons. In cases where fhe ante-coxal pieces of the man
dibles are developed they are located on the latter sclerites. Among the 
Blattid~ the anterior arms fuse basally to form a broad frontal plate of the 
tentorium: between the latter and the body of the tentorium is a foramen 
through which pass the para-resophageal connectives. In Diptera the 

anterior arms are in the form of hollow 
intra-cranial tunnels. 

The posterior arms of the ten
torium.-The apodemes of these pro
cesses are formed as two invaginations 
which are placed, one on either side of 
the head, immediately above the arti
culation of the cardo of the maxilla. In 
many Orthoptera the open mouths of the 
invaginations persist on the surface' of 
the head-capsule. 

The dorsal arms of the tentorium. 
-The dorsal arms arise very near the 

ta,. ta" anterior and posterior arms; tb, body bases of artl'culatl'on of the antenn'"" and of tentorium; t./or. tentorial foramen. a.... 

FIG. 42.-TENTORIUM OF A WINGED 
TERMITE. 

bass inwards, between the two preceding 
pairs of apodemes, to coalesce with the sides of the body of the ten
torium. They are often slender, or tendon-like, and may be wanting 
altogether. 

The body of the tentorium.-This is a median plate which is often 
large and its shape varies to some extent in conformity with that of the 
head: thus, in the soldiers of many termites it is elongate, while in the 
workers it is a relatively narrow band. 

(b) The Endothorax (Figs. 43, 44) 
Under the term endothorax is included the endoskeleton of the thorax. 

It is composed of invaginations of the tergal, pleural and sternal regions 
of a segment and these several apodemes may be conveniently termed 

·the endotergites, the endopleurites and the endosternites respectively. 
The endotergites or 

phragmas arise as trans
verse infoldings between ad
jacent tergites. Their main 
function is to provide in
creased attachment for the 
longitudinal tergal muscles, 
and they are principally 
developed in winged insects. 
The phragmas arise differ
ently in different insects 
according to whether the 
postnotum is present or not 

FIG. 43.-LONGITUDINAL SECTION THROUGH THE 
BACK OF THE MESO- AND METATHORAX AND BASE 
OF THE ABDOMEN OF A STONEFLY (ALLOPERLA). 

D.M.cl, dorsal longitudinal muscles. IT, 1st abdominal tergum; 
N2 , mesonotum; N3J metanotum; PN2J PN§, postnotum of meso· and 
metathorax; 2Ph, 3Ph, phragmas. After Snodgrass, Proc. U.S. 
Nat. Mus., 39. 

and, furthermore, they may be attached either to the hind margin of a 
tergite, or to the frontal margin of the sclerite immediately behind. In 
cases where the postnotum is wanting, the phragma is developed in rela
tion with the notum and is termed a prephragma. When the postnotum 
is also present the phragma developed in relation with it is termed the 
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postphragma. Both a pre- and post-phragma may be carried by either the 
meso- or meta-thorax in some orders of insects, but no phragma is ever 
borne by the prothorax. These apodemes commonly lie between adjacent 
segments and, consequently, an individual phragma is regarded as belonging 
to the segment behind it. Three phragmas are usually present, the first 
being situated between the pro- and meso-terga, a~d the third between 
the meta-tergum and the first abdominal tergum. For a discussion of 
the morphology of these apodemes vide Snodgrass (1920, p. 57). 

The endopleurites or lateral apodemes are infoldings between the 
pleurites. In a N 

typical wing-bear
ing segment of 
most insects there 
is a single apo
deme on either 
side and it is 
known as the 
pleural ridge. The 
latter terminates 
in the wing pro
cess above, the 
coxal process be
low, and often 
bears an inwardly 
projecting pleural 
arm. The endo-

w 

pleurites are well FIG. H.-DIAGRAM OF A SECTION ACROSS A WING-BEARING 

developed in the SEGMENT. 

Odonata where, ANP, anterior notal wing process; lAx, • Ax, 1st and 2nd axillary sclerites; ex, 
coxa; exp, coxal process of pleuron; Fe, furea; N, notum; PA, pleural arm; PR, 

according to Ber - pleural ridge; S, sternum; IV, wing; WP, wmg process of pleuron. After Snodgrass, 

I th fi 
Proc. U.S. Nat. Mus. 36. 

ese, ere are ve 
pairs. In Melanoplus the mouths of the primitive invaginations remain 
open in the adult insects (Comstock). 

The endosternites (apophyses of sOII}e writers) are commonly repre
sented by the jurcce; each furca is a median apodeme, unpaired at its base, 
with two free distal arms: In many Orthoptera, for example, there is 
also a median unbranched apodeme or spina which lies behind the furca. 
In the Odonata the endosternites are paired, and are inclined so far inwards, 
towards the median line, that they almost meet over the nerve cord. In 
the honey bee those of ·the prothorax fuse to form a supraneural bridge, 
and the combined meso- and meta-thoracic endosternites together form 
a second bridge. of a sfmilar character. 

The chitinized tendons of certain muscles and the small integumentary 
invaginations for muscle-attachments, other than the apodemes mentioned 
above, also come under the designation of endoskeleton. 

Literature on the Endoskeleton 
COMSTOCK and I}.OCHI, 1902.-The Skeleton of the Head of Insects. Am. 
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THE MUSCULAR SYSTEM 

T HE muscles of insects are, for the most part, translucent and either 
colourless or grey, but the wing muscles frequently exhibit a 
yellow, orange, or brown tinge. Unlike vertebrate muscles, the 

fibres of both the voluntary and involuntary muscles of insects are cross
striated, the strire being generally very conspicuous and easily seen. Insect 
muscles also differ fundamentally from those of the Annelida not only 
in histological structure, but also in the fact that they are never incor
porated with the layers of the body-wall to form a dermo-muscular tube. 

In the case of most of the voluntary musdes, and th9se of the append
ages in particular, one of the extremities of a muscle is attached to a rela
tively stationary skeletal part and the other is attached to the region or 
organ which is movable. The attachment to the stationary base is the 
origin and that to the movable part is the insertion of the muscle. In 
many instances the fibres of a muscle are directly fixed into the parts 
which serve as the origin and insertion. In others chitinous cords, bands, 
or integumentary invaginations known as tendons intervene between the 
points of attachment and the actual muscle as, for example, in the muscles 
of the mandibles. 

(a) Histology of the Muscles (Figs. 45-47) 
As already mentioned, the muscle fibres of insects are prominently 

striated and, in those of the leg and other parts, the strire are clearly visible 
in the living untreated tissue. In suitably 
stained preparations the strire are observ
able throughout the muscles of the body, 
including those of the alimentary canal, and 
the delicate fibres in the walls of the heart. 
Each fibre consists of a number of highly 
elastic longitudinal fibrillre or sarcostyles 
which are composed of alternate light 
(isotropic) and dark (anisotropic) portions. 
By the juxtaposition of the light and dark 
zones in adjacent fibrils the familiar banded 
or cross-striated appearance of muscle is 
produced (Fig. 45). In the middle of each 
clear band or zone is a transverse septum 

FIG. is.-LIVING MUSCLE OF termed Krause's membrane to which the 
DYTISCUS. HIGHLY MAGNIFIED. sarcostyles are joined. This membrane is 

a, dim stripe; b, bright stripe; c, fine lines d f k f d' 11 d' 
with dot-like enlargements upon them, which compose 0 a networ 0 ra la y IS-
represent the interfibrillar sarcoplasm. After tributed threads, which cut across the muscle 
Schafer, Essentials of Histology. 

fibre, thus dividing it into short lengths or 
sarcomeres. A muscle fibre may be regarded as a greatly attenuated multi
nucleate cell which is bounded by a delicate coat or sarcolemma. The 
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fibre contains a certain amount of undifferentiated protoplasm or sarco
plasm in which the sarcostyles are embedded. When a nerve-impulse 
is received the component fibres of a muscle shorten, 
the process being attributed to the shortening of 
the dark bands of the individual sarcostyles. The 
contraction of the muscle as a whole results in the 
movement of the part. or organ concerned. When 
the stimulus ceases the radial fibres, by their elas
ticity, are believed to bring the sarcostyles back 
into the position assumed when relaxed. The fibres 
of the wing-muscles are considerably larger than FIG. 46.-PORTION OF 

those of the other voluntary muscles, their sarco- LEG-MUSCLE OF AN IN-

styles are embedded in a greater amount of sarco- SECT TREATED WITH 
DILUTE ACID. 

plasm, and the sarcolemm<r is wanting. Further- S, sarcolemma; D, dot·like 
enlargemen t of sarcoplasm; K J 

Krause's membrane. The sar
cous elements are dissolved or 
at least rendered invisible by the 
acid. After Schafer. 

more, the striations of the fibres of the wing
muscles are less distinct and the nuclei are central 
in position, wh~reas those of the leg-muscles, for 
example, are situated peripherally. 

The involuntary muscles of insects exhibit a totally different structure 
from those of vertebrates and, in their striated appearance and frequent 

tendency to branching, they bear a resem
blance to cardiac muscle. The detailed struc
ture of insect muscle and its interpretation 
are dealt with in appropriate textbooks, and 

E reference should also be .made to original 
papers by van Gehuchten (1886) and ];met 
(1895). 

Two views are held with regard to the 
nature of the muscle attachments. According 
to Snethlage (1905), Holmgren (1910) and 
others the muscles are directly inserted upon 
the cuticle. On the other hand Henneguy 
(1906), for example, states that they are 
attached to the hypodermal cells, which fre-

FIG. 47.-LEG-MUSCLE FIBRE quently exhibit a fibrillar structure or become 
OF AN INSECT STAINED WITH greatly elongated where the attachment occurs. 
GOLD CHLORIDE. ] • d . H anet has investIgate the sub)' ect III ymen-K, Krause's membrane; S.E., dark 

stripe formed by sarcous elements. The optera and finds that the fibrillre which 
sarcoplasm has the appearance of longi· . . 
tudillal lines with dots. After Schafer. traverse the hypodermal cells, and umte WIth 

the muscle fibres, are composed of chitin and 
are of dermal origin. In cases where the insertion is of a more solid nature 
these fibrillre fuse to form a cup-like base of attachment. Great(y elon
gated hypodermal cells, which are devoid of any fibrillar structure, form the 
bases of attachment of certain of the muscles of termites and other insects. 

(b) A.rrangement of the Muscles (Myology) (Figs. 48, 49) 
In general arrangement the muscular system corresponds with the 

segmentation of th~ body and is exhibited in its least modified condition 
in the Apteryg()ta, the lower Pterygota and in many larvre. The number 
of muscles is very great: in a lepidopterous larva there are about 2000, 
and in the imagines of several orders the number is correspondingly increased 
owing to the development of wings. With few exceptions, the somatic 

G.T.E.-a 
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muscles are paired, thereby conforming to the general bilateral symmetry 
of the body, and the names of the muscles generally indicate the origins 
and insertions, or the functions, of the latter. The splancli.nic muscles 
on the other hand, usually exhibit no such symmetry and, as they do not 
come under the general category of myology, they are dealt with in the 
sections devoted to the different internal organs. 

Although detailed studies of the musculature of several types of insects 
are available, the homologies of the various muscles are often difficult to 
determine and no uniform terminology has been evolved. The points 

{
-------.--- --------

Head muscleB 

._-- ------- --

Add. of coxa __ _ 

ObI. sternal ________ _ 

of attachment of appar
ently homologous muscles 
also vary to some extent 
in different insects, and 
the subject of compara
tive myology is not suf
ficiently advanced. for 
general treatment. The 
principal muscles of an 
orthopterous insect (Gryl
lus) are enumerated. below 
(mainly after Voss and 
Du Porte), but to deal 
adequately with all those 
present would encroach 
upon more space than is 
available and demand a 
wealth of illustration. On 
account of the muscula
ture exhibiting its most 
generalized condition in 
the abdomen, the myo
logy of this region will be 
considered first and the 
cephalic muscles last. 

A. The Abdominal 
Muscles.-The principal 
muscles of a typical ab
dominal segment may be 
grouped into the follow

FIG. 48.-MusCLES OF THE VENTRAL WALL OF A COCK- ing series. 
ROACH, WITH THE NERVE CORD. After Miall and I. LONGITUDINAL. These 
Denny. d· . ·bl· I d are lV1Sl e lUtO terga an 

sternal muscles. They arise from the tergum or sternum, as the case may be, and are 
inserted into the corresponding region of the segment behind. They function as re
tractors of the abdomen and the two groups, working together, telescope the abdo
men. Acting alone, the sternal muscles curve the abdomen downwards and the 
tergal muscles straighten it or bend it upwards. 

2. DORSO-VENTRAL. This series consists of the tergo-sternal muscles; they arise 
from the tergum of their segment and, passing downwards, are inserted into the 
sternum. Along with most of the pleural muscles, they bring about the expiratory 
process by approximating the tergum and sternum thereby compressing the segment. 

3. PLEURAL. These consist of sterno-pleural and nato-pleural muscles. The former 
originate from the sternum and are inserted on the pleura or the spiracles: the 
latter muscles arise from the tergum and are likewise inserted into the pleura. 

In addition to the above, there are also special muscles concerned with the move
ments of the genitalia and cerci. 
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B. The Thoracic Muscles.-The chief groups of muscles of a wing

bearing segment are as follows. 

1. LONGITUDINAL. As in the abdomen these are divisible into tergal and sternal 
muscles. 

2. DORSAL-VENTRAL. These are divisible into tergo-sternal and noto-pedal muscles. 
The latter take their origin from the tergum and are. inserted into the bases of the 
legs: they ate divided by Berlese into noto-subcoxal, noto-coxal and noto-troch
anteric muscles, according to the posi
tions of their insertions. They princi
pally function as extensors and flexors of 
the cox<£ and extensors of the femora. 

3. PLEURAL. Of these muscles there 
are four groups, viz., the pleuro-pedal, 
noto-pleural, sterno-pleural and sterno-pedal 
muscles. They are concerned with the 
movements of the cox<£ and femora, with 
the elevation and depression of the tergum 
thereby raising or lowering the wings, 
and with the compression of the pleura. 

4. THE LEG-MUSCLEs.-In addition to 
the noto-pedal and certain of the pleural 
muscles, which are concerned with the 
movements of the legs as a whole, there 
are also a number of muscles which lie 
within the joints of the legs. These latter 
include the flexors and extensors of the 
femora, tibi<£ and tarsi and the flexors of 
the claws . 

. C. Cephalic Muscles. - The 
principal muscles of the head may 
be divided into (a) cervical muscles, 
(b) muscles of the mouth-parts and 
(c), muscles of the antennre. 

(a) The CERVICAL MUSCLEs.-These 
control the movements of the head and 
are classified into levators, depressors, 
retractors, and rotators according to their 
function. They take their origin from 
the prothorax and cervicum and are in
serted into the tentorium and epicranium. 

(b) The MUSCLES OF THE MOUTH-PARTS. 
-Associated with the labrum are two 
pairs of muscles:-

1. The levators. A pair of contiguous 
muscles originating in the middle of the 
frons and becoming inserj:ed into the 
base of the labrum. 

2. The depressors. These muscles 
arise on the head capsule and are in
serted into the base of the labrum on 
either side of the levators. 

The mandibular muscles consist of-

Lat. thor .... 

Ext. fem. _. 

Long. terg. • 

Add. of coxa 

Abd. of coxa 

Long. tergal 

Obi. terg;1] 

Alary tendon 

Tergo-stern. ~.-----

FIG. 49.-MUSCLES OF THE DORSAL \V ALL 
OF A COCKROACH, WITH THE HEART AND 
PERICARDIAL TENDONS. After Miall and 
Denny. 

3. The adductor (flexor). This large muscle has an extensive origin on the roof 
and back of the head, and is inserted, by means of a plate-like tendon, into the inner 
angle of the base of the mandible. In many insects a second or short adductor is also 
present. ~ 

4. The abductor (extensor).-The origin of this muscle is on the upper lateral 
portion of the epicranium and its tendonous insertion is on the outer basal angle 
of the mandible. 

The principal maxillary muscles are as fo11ows-
5. The adductors. These form a large group of three muscles which take their 
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origin from the lower surface of the central plate of the tentorium, and are inserted 
into the cardo and the base of the stipes. 

6. The abductor. This muscle originates from the posterior region of the epicranium 
near the abductor of the mandible and is inserted into the cardo. 

7. The adductor oj the galea. A muscle which originates from the base of the stipes 
and has its insertion in the inner angle of the base of the galea. 

8. The adductor oj the lacinia. This muscle arises near to the attachment of the 
previous muscle and is inserted into the inner basal angle of the lacinia. 

9 and 10. The flexor and extensor oj the palpus. Both these muscles arise within 
the stipes and are attached respectively into the inner and outer sides of the base of 
the palpus. The joints of the palpus are also movable by means of separate muscles. 

The muscles of the labium are-
I I. The retractors. These are a pair of elongate muscles which arise from the 

tentorium and are inserted near the base of the para glossa on either side. 
I2. The abductors. A pair of muscles arising from the tentorium and I?assing to 

the outer angles of the rrientum. . 
13. The adductors. These two muscles arise near together from the submentum 

and become attached to the anterior margin of the mentum. 
14. The adductor oj the paraglossa. This muscle taKes its origin from the prementum 

and is inserted into the base of the paraglossa of its side. 
IS. The adductor oj the glossa. This muscle has a similar origin to 14 and is inserted 

into the base of the glossa. 
A flexor and extensor muscle is inserted into the basal joint of the labial palpus 

and there are also separate muscles concerned with the movements of the other 
joints of that organ. 

The hypopharynx is extremely mobile and, according to Du Porte, it is provided 
with depressor, levator, compressor and retractor muscles. 

(c) The MUSCLES OF THE ANTENNA;:-

I. The extensor. } These three muscles arise from the tentorium and are inserted 
2. The flexor. respectively into the outer, inner and ventral side of the base 
3. The depressor. of the first antennal joint. 

D. Muscles of Flight.-The flight of insects has been alluded to on p. 37 and the 
mechanism of the process has been studied by Ritter (Smithsonian Misc. Call. 56, 19I2) 

in Calliphora and by other observers. The elevation and depression of the wings are 
brought about by certain of the great thoracic muscles which act indirectly upon those 
organs by compressing the thorax in the longitudinal and vertical directions. A 
second series of muscles are attached to the roots of the wings and act upon the latter 
directly .. They change the shape and positions of the wings and probably function 
in steering. In Calliphora there are ten pairs of direct muscles but they are small and 
weak. The Odonata differ from other insects in that the great thoracic muscles con
cerned with flight are directly attached to the wing-bases. 

Descriptions of the musculature are to be found in the following works: 
Lyonnet on the larva of Cossus; Straus-Durckheim on Melolontha; in 
Newport's article" Insecta"; Kunckel d'Herculais on Volucella; Lowne 
on Calliphora; Hewitt on Musca; Miall and Denny on Periplaneta; 
Tillyard on the Odonata; and Berlese on the Protura. In addition to 
the above, the following special studies of the musculature may be men
tioned: Lubbock (1858) and Forbes (1914) on that of lepidopterous larva: ; 
Du Porte (1920) on the general myology of Gryllus, the detailed work of 
Voss (1905) on the thoracic muscles in the same insect and that of Bauer 
1910) on Dytisc1~S. 

(c) Muscular Power 
The relative 'muscular jorce exerted by insects is very great and is in 

inverse proportion to their weight. In the well-known experiments of 
Plateau (1865-66) it was shown that the ratio of the weight lifted to the 
weight of the body was 25'5 in a small insect (Nebria brevicollis); 23'5 in 
Apis mellifica; and 14'3 in Melolontha, which is relatively large. In 
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man, however, the ratio is only ·86, and in the horse '5 to ·83. These 
differences are no longer evident if we consider the absolltte muscular force 
or contractile force per unit area of section which provides more reliable 
comparative data (Plateau, 1884). The contractile force of muscles 
of the same kind depends upon the number and thick'ness of the fibres, 
i.e., upon the sectional area of the muscles. If the'size of an animal and 
its muscles be increased on a uniform scale, the sectional area (or strength) 
of a given muscle will increase as the square of its diameter, while the 
weight of the 'muscle increases as the cube of a single dimension. The 
ratio of contractile force to weight, therefore, becomes rapidly smaller 
as the size of an animal increases and, consequently, the larger insect is 
comparatively weaker, though actually stronger since its total muscular 
force is greater. Viewed in this light, the actual value for the relative 
muscular force of the bee in comparison with that of the horse is only one
fourth of the calculated ratio, supposing both animals were of similar 
construction, and their muscle fibres were of equal contractile force per 
unit of sectional area. It is evident, therefore, that the contractile force 
of vertebrate muscle is greater than that of insect muscle. A resume 
and discussion of this subject is given by Miall and Denny (" The Cock
roach," p. 79). 
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THE NERVOUS SYSTEM 

1. The General Nervous System 
..J..);;:------- a.n. 

, . ------- b. . 

FIG. 50.-CENTRAL NERVOUS 
SYSTEM OF FORFIOULA. 

a.1t, antennary nerve; b, brain; 
s.g., subcesophageal ganglion; th 1-

tha, thoracic ganglia; 11-ta, nerves 
to legs; a1-afj, first and terminal 
abdominal ganglia. 

T HE nervous system of insects may be 
divided into the central nervous sys
tem, the visceral nervous system and 

the peripheral sensory nervous system. 

(a) The 'Central Nervous System 
This constitutes the principal division of the 

nervous system and is composed of a double 
series of ganglia which are joined together by 
means of longitudinal and transverse cords or 
strands of nerve fibres (Fig. 50). The longitu
dinal cords are termed connectives and they serve 
to join a pair of ganglia with those which pre
cede and succeed it. The transverse fibres or 
commissure unite the two ganglia of a pair. 
Typically there is a pair of ganglia in each seg
ment of the body, but the members of a pair are 
usually so closely united that they appear as a 
single ganglion, the commissure being no longer 
evident. The connectives are separate and dis
tinct throughout the body as in Machilis and 
Corydalis, or in the thorax only as in the Orthop
tera, Coleoptera and many lepidopterous larvGe, 
but usually they are so closely approximated as 
to appear as a single longitudinal cord. In 
many cases the ganglia of adjacent segments 
coalesce to form ganglionic centres. Two of the 
latter are always present in the head, and vary
ing degrees of coalescence of the thoracic and 
abdominal ganglia are revealed by a comparative 
study of the nervous system in different orders of 
insects (vide Brandt r879). 

Seen in transverse sections, a typical nerve 
ganglion is invested by a synctytial membrane 
or epineurium which also· forms the covering 
coat of the principal nerves. Beneath the epi
neurium are groups of nerve or ganglion cells 
enclosing a central medullary substance or neuro
spongium. The ganglion cells are for the most 
part unipolar and are chiefly evident by their 
nuclei, the cytoplasm being of relatively small 
amount. The neurospongium is formed by the 
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fine twigs of the axons of 
the ganglion cells which. 
are held together by 
means of a variable 
amoun t of neuroglrea: 
when viewed in sections 
the neurospongium pre
sents a punctured appear
ance owing to the twigs 
being cut across in large 
numbers (Viallanes, 1886). 
The nerve fibres of in
sects resemble those of the 
grey or non-myelinated 
type in vertebrates and 
each is enclosed in a deli
cate shea th or neurilemma. 

The central nervous 
system is divisible into 
the brain or cerebral 
ganglion, the subresopha
geal ganglion and the 
ventral nerve cord. 

I. The Brain (Figs. 
5I-S3) lies just above the 
resophagus between the 
supporting apodemes of 
the tentorium. It is the 
dorsal ganglionic centre of 
the head and is formed 
by the coalescence of the 
first three neuromeres in 
the embryo. This three
fold division is main
tained in the completed 
organ which is divided 
into corresponding regions 
which are designated the 
protocerebrum, the deuto
cerebrum and the trito
cerebrum res pecti vely. 
Among the chief writings 
on the structure of the 
brain are those of Vial
lanes (1886-1887), Haller 
(190S), Janet (1905), and 
Jonescu (1909)· 

The PROTOCEREBRUM 

represents the fused t pair 
of ganglia of the optic 
segment. It forms the 
greater part of the brain 
and innervates the com-
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FIG. 5I.-BRAIN AND SUBCESOPHAGEAL GANGLION OF A 
LOCUST (CALOPTENUS). 

A. frontal view; H, lateral view. a.l, antennary lobe; a.n, antennary 
nerve; j.g, frontal ganglion; h.g, hypocerebral ganglion j [b.n, labral 
nerve; Im.n, labial nerve; m.n, mandibular nerve; mx.n, maxil1ary nerve: 
DC, lateral ocellus; oC l • median ocellus; Deln, root of nerve to median 
ocellus; o.c, para-cesophageal connective; D.g, optic ganglion; di. 
cesophageal ganglion j 0.1, optic lobe; p.e, post-resophageal conunissure; 
1', recurrent nerve (continued in B as the stomatogastric nerve ,1); s.g, 
sub-resophageal ganglion; 1.1, tritocerebral lobe. After Burgess, 211d Rep. 
U.S. Em. Comm. 
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pound eyes and ocelli. The protocerebrum is divisible into (r) the pro
to cerebral lobes, and (2) the optic lobes. 

(1) The protocerebral lobes are fused together along the median line to form a 
bi-Iobed ganglion. They are composed of a cortex, consisting of an immense number 
of small ganglion cells, which surround a central core of nerve fibres constituting the 
medulla. The two lobes are interconnected by a median commissural system tt;rmed 
the central body, towards which fibres converge from various parts of the brain. In 
addition to the central body there are two smaller commissures, viz. the anterior' and 
posterior dorsal. The anterior dorsal commissure (" commissure cerebrale superieure " 
of Viallanes) passes in front of and above the central body. The posterior dorsal 
commissure (" pont des lobes protocerebraux " of Viallanes) is a JI_-shaped fibre-tract 
lying behind the former commissure. The most conspicuous formations in the proto
cerebral lobes are the mushroom or stalked bodies which are regarded by many 
investigators as the principal motor and psychic centres of the brain. Each mushroom 
body rests on the surface of the protocerebrum and is divisible into an outer and an 
inner lobe. These lobes are each formed of a peripheral layer of nerve cells and a 
central fibrous tract, the latter being deeply indented to form -the calyx. The fibres 
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FIG. 52.-GENERALIZED DIAGRAM OF THE THREE PAIR 
OF GANGLIA FORMING THE BRAIN. 

AJ protocerebrum; B. deutocerebrum; C, tritocerebrum. C, cortical 
cellular) layer; N, neurospongium. Other lettering as in Fig. 53. 

are produced downwards to 
form the stalk and the two 
stalks of a mushroom body 
coalesce further inwards, thus 
giving rise to the main ped
uncle which is inserted deeply 
in the medulla. In the region 
of the brain, between the 
mushroom bodies, are four 
small ocellar lobes from each 
of which an ocellarnervdakes 
its origin. The two outer 
nerves supply the paired 
ocelli, while the two inner 
nerves unite just outside the 
brain to form a single nerve 
supplying the median ocel
lus. 

(2) The optic lobes (optic 
ganglia or optic tract) form the 
most highly complex region 
of the brain and their degree 
of development is in direct 
relation with that of the 

compound eyes. Each lobe consists of three principal zones or tracts of nerve tissues 
which are cqnnected by a similar number of layers of nerve fibres (Figs. 53 and 71). 
The ganglionic layer or plate (periopticon) is the zone nearest the eye and is connected 
with t~e inner en~s of the ommatidia (vide p. 73) by the layer oj post-retinal fibres. 
Tl_le mIddle zo~e 1.S termed the external medullary mass (epiopticon) and is connected 
WIth the ganghomc plate by means of the external chiasma which is formed by the 
crossing of nerve fibres. The inner zone is the internal medullary mass (opticol'l), 
the latter is united with the preceding zone by means of the internal chiasma. The 
nerve fibres of this layer cross completely in a manner similar to those of the external 
chiasma. The fibres of the optic nerve issue from the inner aspect of the internal 
medullary mass and divide into anterior and posterior bundles, which pass to the centre 
of the protocerebrum. The whole structure of the optic lobes is extremely complex; 
their histology is described by Viallanes (1885), and in papers by Hickson and other 
writers who have investigated the structure of the compound eyes (vide p. 89). 

The DEUTOCEREBRUM represents the fused ganglia of the antennary 
segment. It is chiefly composed of the paired antennary or olfactory lobes 
which are prominent swellings situated on the antero-ventral aspect.of the 
brain and innervate the antenn~. 

The so-called dorsal lobe is chiefly represented by a transverse fibrous tract situated 
above the antennary lobes and serving to connect the latter together. Each half of 
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the dorsal lobe is connected with tne protocerebrallobe of the opposite side by means 
of a chiasma (" cordon chiasmique " of Viallanes) and the antennary lobe is connected 
with the mushroom body of its side and the central body by the optico-otjactory chiasma. 
Arising from the deutocerebrum are four pairs of nerves as follows: the antennary 
nerves are the longest and most important, and are the sensory nerves of the antenn~ ; 
each has two roots, one of which is derived from the antennary lobe of its side and the 
other from the dorsal lobe. The accessory antennal nerves issue from the antennary 
lobes and are the motor nerves of the appendages concerned. The tegumentary nerves 
are a pair of slender strands arising from the dorsal lobe and passing to the vertex. 
Arising near the origin of the latter nerves are the roots of the cesophageal ganglia. 
According to some authorities the fibres of the paired nerves supplying the median 
ocellus take their origin from the deutocerebrum. 

The TRlTOCEREBRUM is formed by the ganglia of the third or intercalary 
segment of the head. It is divided into two small widely separated lobes 
which are attached to the dorsal lobe of the deutocerebrum and receive 
nerve fibres from the latter. The tritocerebral lobes are joined together 
by means of the post .N'sophageal 
commissure which passes immedi
ately behind the cesophagus. 
They also give origin to (r) the 
para-cesophageal connectives or 
crura cerebri· which unite the 
brain with the subcesophageal 
ganglion, and (2) the labro
frontal nerves. Each of the latter 
consists of two bundles of fibres, 
one of which passes to the labrum 
as the labral nerve, and the other 
forms the root of the frontal 
ganglion. 

2. The Subresophageal 
Ganglion is the ventral gang
lionic centre of the head and is 
formed by the fusion of the 
ganglia of the mandibular, maxil
lary and labial segments. It 
gives off paired nerves supplying 
their respective appendages. 

19 

ek 

FIG. 53.-DIAGRAM OF THE BRAIN AND VISCERAL 
NERVOUS SYSTEM OF A CRICKET (much of 
the cortical layer has been omitted). 

cc, central body; cg, ganglion cells; ehe, external chiasma; 
chi, internal chiasma; ere, para·resophageal connective; cp, 
mushroom body; etc, post-cesophageal (tritocerelSral com
missure); /pr, post-retinal fibres; goe, ocellar ganglion; gOI 
hypocerebral ganglion; g02, g03J unpaired visceral ganglia; 
gvl, cesophageal ganglion; Id, dorsal lobe of deutocerebrum; 
19, periopticon; 10, olfactory (deutocerebral) lobe; Ipc, proto
cerebral lobe; me, epiopticon; mi, opticon; na, antennary 
nerve; nl, labral nerve; no, ocellar nerve; nt

l 
tegumentary 

nerve; a?, outline of cesophagus; pip, posterior dorsal com
missure; rvd, root of cesophageal ganglion; tr, tritocerebrum. 
After Viallanes, Ann. Sci. Nat. I893. 

3. The Ventral Nerve Cord consists of a series of ganglia lying on the 
floor of the thorax and abdomen. They are united into a longitudinal 
chain by means of a pair of connectives which issue from the posterior 
border of the subcesophageal ganglipn. The first three ganglia are situated 
one in each of the thoracic segments, and are known as the thoracic ganglia; 
the remainder lie in the abdomen and form the ganglia of that region. 

The thoracic ganglia control the locomotory organs. Each ganglion 
gives off two pairs of principal nerves, one of which supplies the general 
musculature of the segment and the other innervates the muscles of the 
legs. In the meso- and meta-thorax an additional pair of nerves is present 
which controls the movements of the wings. 

The abdominal ganglia are variable in number; in M achilis and in many 
larvre there are eight ganglia in the abdomen but as a rule there are fewer. 
The first abdominal ganglion frequently coalesces with that of the meta
thorax and the terminal ganglion is always composite. The latter is of 
the nature of a ganglionic centre formed by the fusion of at least three 
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primitive ganglia. Each abdominal ganglion gives off a pair of principal 
nerves to the muscles of its segment. 

(b) The Visteral Nervous System 
The visceral or sympathetic nervous system is divided into resophageal 

sympathetic and ventral sympathetic systems. 
1. The (ESOPHAGEAL SYMPATHETIC (or STOMATOGASTRIC) NERVOUS 

SYSTEM (Fig. 54) is directly connected with the brain and innervates 
the fore and middle intestine, heart and certain other parts. It is dorsal 
in position, lying above and at the side of the fore intestine and is divisible 

A B 

FIG. 54.-SEMI-DIAGRAMMATIC FIGURES OF Two PREVA
LENT TYPES OF SYMPATHETIC NERVOUS SYSTEM (IN 

BLACK). 

'A, with a single recurrent nerve and stomachic ganglion j B, with paired 
recurrent nerves and ganglia. The fore-intestine is represented by the 
dotted lines. a, a, corpora allata; b, brain; fg, frontal ganglion; h, 
hypo-cerebral ganglion jog, oosopbageal ganglion (right); r, recurrent 
nerve; "I, root of frontal ganglion; sg, stomachic ganglion. 

into two principal types 
as below. 

The first type is well 
exhibited in the Blattidre 
and is composed of the 
following ganglia and 
nerves. A small trian
gular frontal ganglion lies 
above the resophagus, a 
short distance in front of 
the brain. Anteriorly it 
gives off a frontal nerve 
which passes to the cly
peus, and a pair of lateral 
roots connect the frontal 
ganglion with the trito
cerebrum. Posteriorly the 
frontal ganglion gives off 
a recurrent nerve which 
extends along the mid
dorsal line of the resopha
gus and, passing just be
neath the brain, expands 
a short distance behind 
the latter centre into a 
hypocerebral g a n g l ion. 1 

The recurrent nerve leaves 
the hypocerebral ganglion 

and passes backwards to the hinder region of the fore-intestine, where it 
terminates in a ventricular or stomachic ganglion. The latter innervates 
the adjacent region of the fore and middle intestine. A pair of aJsophageal 
or pharyngeal ganglia lies on the resophagus just behind the brain and 
each ganglion is joined with the hypocerebral ganglion. They are also 
connected with the deutocerebrum by roots which have already been 
alluded to. Closely associated with the resophageal ganglia are the cor
pora allata (vide p. 127) which are frequently referred to as posterior 
resophageal ganglia. 

The second type of resophageal nervous system (exhibited for example 
in the saltatorial Orthoptera) differs in that the stomatogastric nerve 
is paired, each nerve terminating in a separate ventricular ganglion. . 

1 In the Blattidre and certain other families the hypocerebral ganglion is more 
or less atrophied. 
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2. The VENTRAL SYMPATHETIC NERVOUS SYSTEM (Fig. 55), when typic
ally developed, consists of a pair of transverse nerves associated with each 
ganglion of the ventral nerve cord, and each pair 
is connected with the ganglion preceding it by 
a median longitudinal nerve. The transverse 
nerves pass to the spiracles of their segment and 
dilate into one or more small ganglionic enlarge
ments along their course. Arising from the last 
abdominal ganglion are the splanchnic nerves 
which pass to the hind-intestine and the repro
ductive system. 

(c) The Peripheral Sensory Nervous 
System (Fig. 56) 

This system is composed of an exceedingly 
delicate plexus of nerve fibres and multipolar 
nerve cells situated in the integument below 
the hypodermis. Certain of the processes of the 
nerve cells are continuous with those of bipolar 
nerve cells whose terminal prolongations inner
vate the sensory hairs on the general surface of 
the body. The larger fibres of this plexus are 
derived from the paired nerves of the central 
nervous system (vide Holmgren 1896; Hilton 
I902). 

... 
I 
I 

• I 

'l~: 
I ... 

FIG. 55.-THORACIC GANG
LIA AND PORTION OF 
SYMPATItETIC NERVOUS 
SYSTEM OF A Cnlllo.vo~U's 
LARVA. 

pro.g, mes.g, mel.g, thoracic ganglia; 
lab.g, 1St abdominal ganglion; t.mus, 
transverse muscle j tu·ctnSt sym~ 
pathetic nerves. After Miall and 
Hammond. 

i 

FIG. S6.-PORTION OF THE PERIPHERAL SENSORY NERVOUS SYSTEM OF A SILKWORM. 

h, h, bases of sensory hairs; s, 5, bipo1ar nerve cells j m, tn, multipolar nerve cells; n, n, nerves. After Hilton, Amer. 
Nat. 36. 

II. Modifications of the Nervous System (Fig. 57) 
There are many gddes of cerebral development in insects and Viallanes 

considered that the brain of a locust differs as greatly in structure from 
that of a wasp as the brain of a frog does from that of man. He regards 
the structural modifications of the brain as being correlated with (1) the 
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method of feeding; (2) the degree of development of the special sense 
organs; and (3) with the perfection of the psychic faculties. Thus, in 
mandibulate insects (Orthoptera, Coleoptera), with an ~sophagus of rela
tively wide calibre, the para-~sophageal connectives are elongate, the 
post-~sophageal commissure is free, and the tritocerebrum is largely 
separate from the deutocerebrum. On the other hand, in sucking insects 
(Hemiptera, Diptera and Hymenoptera) the ~sophagus is a narrow conduit 
for the passage of liquid food. The sur.rounding nerve centres are very 
much concentrated and the para-~sophageal connectives greatly contracted. 
With regard to the sense organs, the optic lobes are very large in insects 
with correspondingly well developed eyes and poorly developed, or absent, 
in species with degenerate visual organs, or without eyes. In so far as 

A B c o 

FIG. 57.-SCHEMATlC FIGURES OF THE CENTRAL NERVOUS SYSTEM SHOWING DEGREES OF 
CONCENTRATION, BASED UPON VARIOUS AUTHORS.' 

A, Machilis (Oudemans); B, Chironomus (Brandt); C, Stratiomyia (Kunckel d'Herculais); D, Musca (Hewitt). I-3, 
thoracic ganglia, alJ a, fI as _ 101 abdominal ganglia; an, antennarynerve; oi, optic lobe j sg, sub-c:esophageal ganglion; 
lela, nerves to legs ; Id-3d, dorsal thoracic nerves; a.1t!', abdominal nerve cord. 

the "psychic" development or "intelligence" is concerned, it is note
worthy that Dujardin, Forel, Viallanes and others maintain that it is in 
direct relation to the degree of development of the mushroom bodies. It 
is true that important differences are exhibited in the simple mushroom 
bodies found in Tabanidre and Odonata, where each is unilobed, and the 
same structures in locusts and Periplaneta where they are bilobed, or in 
the higher Hymenoptera where they attain a size and complexity not 
found elsewhere. Thus in Vespa, APis and Bombus they cover the larger 
part of the dorsal surface of the brain and, in the first mentioned genus, 
the calyces are folded, so as to increase their surface, in a manner which 
recalls the mammalian cerebral convolutions. On the other hand the 
structural differences between the mushroom bodies in the Odonata and 
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Periplaneta do not appear to be correlated with a higher development, 
as judged by their activities and powers of perception, in the latter insect 
as compared witl.;t those of a dragon-fly. 

According to Dujardin the volume of the brain is equivalent to rh-th 
the volume of the body in APis, 2hth in Formica, ;nr\roth in Melolontha 
and ntrlYth in Dytisclts. 

The most generalized condition of the ventral nerve cord is found in 
the Thysanura, the lower Pterygota and in many larvre: in these instances 
three thoracic and eight abdominal ganglia are present. In, Melanoplus, 
Periplaneta and other of the lower Pterygota, however, there is a reduction 
in the number of abdominal ganglia; in Tabanus the thoracic ganglia are 
fused into a single centre and the six abdominal ganglia are very much 
concentrated. In Volucella zonaria the thoracic ganglia are similarly 
fused into a common centre and the abdominal ganglia have coalesced 
into two centres. In the Sminthuridre among Collembola, in certain 
families of Coleoptera, and in the great majority of the higher Diptera, 
the whole· of the thoracic and abdominal ganglia are concentrated, in a 
single mass which, in the last two instances, is located in the thorax. Among 
the Coccidre centralization has proceeded still further, the subresophageal 
ganglion being incorporated in the common thoracico-abdominal centre. 
Specialization along these lines is by no means confined to the most highly 
evolved insects and appears, in many cases, to be correlated with a reduc
tion in the length and segmentation of the abdomen which results in a 
forward migration of the ganglia. 

III. Physiology of the Nervous System 

The experimental results derived from the study of the nervous system 
may be summarized briefly as follows: 

The brain is the central organ of sensation but its capacity as a motor
centre is limited. Along with the subresophageal ganglion it inflpences 
the co-ordination of -the movements of the body, but decapitated insects 
can still walk and fly although they are seldom able to survive longer than 
three to five days. If one lobe of the brain be destroyed the insect makes 
circus movements from the uninjured side; this asymmetry disappears, 
however, if both lobes of the brain are destroyed (Loeb). If the brain 
be removed, and the subresophageal ganglion left intact, the insect may 
live for months; a brainless insect will eat when food is placed beneath 
its palpi, but it has no power of seeking food even when the latter be removed 
but a very short distance away (Binet). According to Packard a decapit
ated Ichneumon is able to clean its wings and legs, thus retaining con
siderable power of co-ordination. 

The subresophageal ganglion also has a co-ordinating function but is 
primarily the centre for controlling the movements of the mouth-parts. 
The conclusion of Faivre that it is the seat of motor co-ordination is with
out doubt exaggerated. 

Each ganglion of the ventral nerve cord is a reflex centre combining 
both motor and sensory functions, and it also exhibits a certain, degree 
of autonomy. Thus if the connectives immediately in front and behind 
the prothoracic ganglion be severed the fore-legs will still respond to stimu
lation. According to Yersin if those between the meso- and meta-thoracic 
ganglia, for example, be cut through both the fore and hind regions of the 
body retain their power of sensation and movement, but a stimulus applied 
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to either region is not transmitted beyond the severed connectives. Both 
Faivre and Binet have demonstrated that the dorsal lobe of a thoracic 
ganglion ,is motor and the ventral lobe sensory in function. This is further 
borne out by a study of the elytral nerve in Coleoptera, which consists 
of two roots, a dorsal and a ventral, the latter passing to the ventral lobe 
of the meso thoracic ganglion (Fig. 58). In those species in which the 
elytra are immobile the ventral root alone persists. The ganglia of the 
central chain exhibit co-ordination as well as individual autonomy, and 
this co-ordination exists independently of that exercised by the brain, 
Thus Yersin has shown that if the tarsus of a decapitated insect be pinched 
sufficiently the stimulus is not only conveyed to the nerve ganglion of 
its segment but also to those of other segments. According to Plateau 

FIG. 58.-SCHEMATIC TRANSVERSE SECTION THROUGH 
A THORACIC GANGLION OF AN INSECT ACCORDING 
TO BINET. 

D, dorsal lobe; V, ventral lobe ; I, 2, 3, groups of dorsal connecting 
fibres; an, alary nerve; ca, anterior ventral commissure; cp, pos
terior do; CV, ventral column; en, crural nerve; dr, vr, dorsal and 
ventral roots: c, epineurium. 

each ganglion of the ventral 
nerve cord is a respiratory 
centre for its somite, and 
Faivre's conc1usi9n that the 
respiratory movements are 
localized in the metathoracic 
ganglion is not borne out 
by experiment. Decapita
tion does not stop these 
movements but inhibits 
their frequency and force. 
The experiments of Barlow 
lend support to Plateau and 
show by dividing the abdo
men of a dragon-fly that the 
several ganglia are centres 

of respiratory movement, each in its own segment. 
The recurrent nerve, through the medium of the frontal ganglion, 

regulates digestion and the movements of the fore-intestine. According 
to Faivre destruction of the latter ganglion, or section of the roots which 
connect it with the brain, results in the cessation of power of swallowing. 
The last abdominal ganglion is designated by Faivre the genito-splanchnic 
centre which controls the movements of the hind intestine and the repro
ductive system. 
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THE SENSE ORGANS 

T HE faculty of appreciating differences between the external forces 
acting upon it enables an animal to maintain its existence. Nerve 
fibres alone are not adapted to receive the impressions of these 

forces ,to an adequate. degree. Special mechanisms are consequently 
necessary in order to differentiate between the various and often minute 
forces acting on the organism. Such mechanisms are of various kinds 
and differ according to the nature of the stimuli which they are capable 
of appreciating. These structures are the sense organs or receptor organs. 

Attempts have been made to trace the various sense organs of insects all 
back to a generalized type, and Berlese considers that they are derivable from 
a primitive sensilla, or sense-bud, which he terms a " protresthesis." This 
hypothetical structure is nothing more than a specialized hypodermal cell 
which has acquired a direct connection with the termination of a nerve 
fibre. 

The simplest type of sensilla actually met with among insects is tactile 
in function, and is differentiated from an ordinary body-hair in being 
provided with a nerve termination, and is thereby enabled to appreciate 
external stimuli. In the more complex sensilla two or more hypodermal 
cells may participate in its formation, and gland c~lls are also present. 

The sense organs of touch, taste, and smell remain for the most part 
as isolated sensillce. Those of sight and hearing are usually composed 
of aggregations of sensillre, forming more elaborate organs which are essen
tially localized in position. 

Since the cuticular parts of the sensillce, other than those of sight and 
hearing, are to be regarded as modified setce, these organs are often alluded 
to as the skin, or setiferous, sense organs. Many types of the latter have 
been described among insects, and they have received various names based 
upon characters afforded by their cuticular parts. The following classi
fication (Figs. 59-62) includes the common kinds and is largely based on 
those of Schenk (I903) and Berlese. It must be remembered, however, 
that these types are often not sharply differentiated and various inter
mediates exist between them. 

(a) Trichoid.-Setiform, and articulated with a base which is set below the general 
surface of the cuticle. 

(b) Basiconic.-Conical and immobile, arising from the general surfacE: of the 
cuticle. 

(e) Styloconic.-(Biarticulate type of Berlese.) Differs from the basi conic sensilla 
in consisting of one or more pegs of the basiconic type which are elevated on a style 
or cone. 

(d) Placoid.-Consisting of a plate or membrane covering an enlarged pore canal. 
(e) Ca1loconic.-Derived from a basi conic sensilla by the latter becoming sunk 

into a pit with its apex not projecting. 
(f) Ampullaceous (.mask-shaped organs of Lubbock and Forel).-Derivcd from a 

cmloconic sensilla by the pit becoming prolonged deeply inwards to fOrlp a narrow 
canal. The latter becomes swollen, at its extremity, into an ampulla which encloses 
a slender hair-like process. 

64 
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The different kinds of sense organs are distinguished according to the 
nature of the stimuli that they are 
adapted to receive. The tactile 
organs respond to simple ~ontact 
with external objects and the audi
tory organs to vibratory motion in
duced by sound waves. These two 
kinds of organs may therefore be 
classed as the mechanical sense 
organs. The organs of smell and 
taste respond to chemical stimuli, 
acting either at a distance or by 
direct contact, and may be referred 
to as the chemical_sense organs. 
The organs of sight respond to the 
stimulus of light and are probably 
adapted to make use of a photo
chemically sensitive substance, but, 
to be of value as distance recep
tors, it is necessary for them to be 
able to form images of external 
objects. . 

a. 

c. 

e 

The component parts of a sen- FIG. 59.-CUTICULAR PORTIONS OF SETI-

silla and their homologies in the FEROUS SENSE ORGANS. 

dl'fferent types of sense organs are a, trichoid (palp of CaUip/wra); b, basiconic (A"ida) ; 
c, styloconic (haustellum of a Lepidopteron); d, cceloconic 

shown in tabular form below. (A "ida) ; e, placoid (Ophion); j, ampullaceous (ant). 
Semi diagrammatic, based upon various authors. 

--
Elements of Sensilla. 

Kind of 
Sensilla. 

Glandular Cuticular. Hypodermal. Glandular. Product. Nerpous. 
.I --

Tactile Modified Trichogenous - - Nerve 
seta cell end-cell 

- ----
Olfactory and Modified Trichogenous Gland cells Fluid Nerve 

Gustatory seta cells end-cells 

Visual Cornea Corneagen Crystalline Crystalline Visual cells 
(Omma- cells cone cells cone or (retinul<e) 
tidium) humour 

Auditory Cuticular Cap cell Envelope Scolopale Nerve 
(Scolophore) , support cell end-cell 

1. The Tactile Sensilloo. 
The tactile sensillre of insects are often distributed over the entire 

integument, a featm;e which is well exhibited for example in lepidopterous 
larvre. For the most part these organs attain their greatest abundance 
on the antennre, palpi, legs, and cerci. The sensitiveness of insects to tactile 
impressions is due to the number and wide distribution of these organs over 
the body, rather than to any elaboration of their structure. 

G.T.E·-5 
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Tactile sensillre include the simplest of all the special sense organs and 
are of the trichoid type. Apart from the presence of nerve fibres in asso

ciation with them, there is often little to distin
guish them from ordinary clothing hairs. They 
may be either slender flexible structures, or 
stouter and bristle-like, both types often occur
ring together on the same appendage. Each is 
located over a pore-canal in the integument and 
is associated with an underlying bipolar nerve
cell. The latter is prolonged at one extremity 
into a nerve fibre, which enters the cavity of 
the hair and, in some cases, the fibre may be 
branched. In lepidopterous larvre, Hilton has 
shown that the nerve-cells are connected with 
the peripheral nervous system . 
• 

2. The Olfactory and Gustatory 
Sensillre. 

FIG. 60.-ApEX OF THE AN
TENNA OF THE LARVA OF 
M,HIMESTRA PISI. 

The senses of taste and smell are higher 
developments of a primitive chemical sense; the 
chief difference between the two kinds of sen
sation is that smell is the perception of chemical 

bs, basiconic sensill",; 55, styloconic stimuli, acting from a distance, whereas taste has 
sensiUa; ts, trichoid sensiUa. After d' I . . 
Nagel, Bibl. Zoolog. 1894. scarcely any Istance e ement, even In Its most 

developed form (Bayliss). It is, therefore, not 
surprising that the sense of 
smell is much more delicate 
than that of taste, and its 
receptor organs are often 
more highly developed. 

Since there appears to 
be no constant structural 
difference between olfactory 
and gustatory sensillre in 
insects it is desirable to dis
cuss them together. It is 
also probable that in many 
cases the two kinds of sensa
tion are not sharply demar
cated. 

A large number of experi
ments have been conducted 
with a view to locating the 
olfactory sense in insects, 
and the majority of obser
vers agree in regarding it as 
being mainly concentrated 
in the antennre. Histolo
gists have examined the 
sensillre present on those ap
pendages, and have ascribed 

" 

FIG. 6I.-BASICONIC (bs) AND PLACOID SENSILLJE (ps) 
FROM A WORKER OF VESPA CRABO. 

c, cuticle; he, hypodermal cells; nl, nerve fibre; sc sensory cells. 
After Nagel. 

an olfactory function to various types. The problem, however, is by no 
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means a straightforward one, as similar kinds of sensillre may occur over 
the body, and on the palpi and cerci. Also, the antennre of many insects 
bear several very different types of sensillre. It has been found experi
mentally that, in some insects, the olfactory sense is definitely restricted 
to the antennre. Thus Barrows (1913) ascertained that Drosophila no 
longer responds to odorous substances when the ter
minal joint of the antennre is amputated. Certain 
other insects still react to volatile substances after 
the antennre have either been amputated, or coated 
with paraffin wax, although the response takes place 
more tardily, thus implying a wider distribution of 
the olfactory organs. 

The location of the gustatory sense is much less 
amenable to determination by exact experiment, but 
there appears little doubt that the chemical recep
tors of taste are distribnted over the mouth-parts, 
and the membrane lining the buccal cavity. 

FIG. 6Z.--CiELOCONIC 
SENSILLA (k) OF 
APIS AIELLIFICA. 

It is maintained by Berlese that a chemical sen- ch, cuticle; h, hypodermis; 
I, nerve. After Schenk, Zool. 

silla consists of a cuticular part which is produced by jahrb.l\[orph. 'g0 3· 

one or more trichogen cells, a gland-cell which secretes 
a fluid which. keeps the organ moist and fitted for the reception of stimuli, 
and a nerve ending. The secretion fills the cavity of the sensilla and 
makes its way to the exterior either by filtration through the covering 
membrane, or through a pore in the latter. 

The principal types of sensillre which have been regarded as chemical 

FIG. 63.-SECTION THROUGH AN ANTENNAL SENSORY 
FIT OF A SYRPHlD (SER/COAIYIA BOREALiS). 

C, sensory cells and their nuclei Nu; Ap, aperture of sensory pit; Sp, 
sensiHm; N, nerve. After K. M. Smith, Proc. Zool. Soc., 1919. 

receptors include the vari
ous kinds of thin-walled 
structures en umera ted 
under b-f on p. 64. They 
occur over the general 
surface of the palfts bear
ing them (Figs. 61 and 
62) or they may be local
ized in sac-like invagi
nations of the integu
ment, forming organs of a 
higher type (Figs. 63 and 
64). The latter are well 
exhibited, for example, in 
the flask-like pocket found 
on the apical palpal joint 
in various Lepidoptera 
(vide vom Rath, 1896) and 
in the antennal pits of 
many of the higher Dip
tera (vide Smith, 1919). 
The number of sensillre 

present in an insect is often exceedingly great. Thus in Melolontha Hauser 
(1880) states that tnere are 39,000 cceloconic sensillre to each antenna in 
the male, and 35,000 on the female. In the hive bee Vogel (Zool. Anz. 
1922) finds that there are about 2,000 placoid sensillre to each antenna 
in the queen, about 6,000 in the worker and about 30,000 in the male. 

Chemotropism or the response of an organism to olfactory stimuli is 
e 
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a phenomenon of very great significance in the biology of insects. I t is 
particularly in evidence in the selection by many insects of their food, 
by the female when she chooses particular plants for oviposition, and by 
the male when in pursuit of the female. 

Verschaffelt (I91O) has shown that the larval food-plants of Pieris rapCl! and P. 
brassicCl! contain a group of glucosides-the mustard oils. He took a solution of 
sinigrin, which is present in black mustard, and uniformly distributed it over the 
leaves of plants which the Pieris larvre had previously refused to eat. Leaves so 
treated were readily devoured, and from such experiments it appears that these 
larvre exhibit strong chemotropism towards mustard oils whose presence in the leaves 

ch- -

FIG. 64.-LONGITUPINAL SECTION THROUGH THE 
APEX OF THE LABIAL PALP OF PIERIS BRAS

SJC!JiJ, SHOWING SENSORY PIT. 

ch, cuticle; hy J hypodermis; n, nerve; 5ch, scales; sk, sensilhe ; 
SZ, sensory cells. After vom Rath, Zeits. wiss. Zool., 1888. 

of certain plants determines the 
selection of the latter by the larvre 
-for their food. By a similar 
method of research Verschaffelt 
has shown that larvre of the saw
fly, Priophorus (Cladius) padi, 
which feed on certain of the Rosa
cere, are attracted by the glucoside 
amygdalin. Howlett (1914) has 
noted a marked response of certain 
Thysanoptera to the stimu.lus of 
the odours of benzaldehyde, cinn
amylaldehyde and an_isaldehyde. 
Chatterjee in India has discovered 
that Kusum oil has a marked 
attraction for both sexes of the 
Coreid Serinetha augur. Dewitz 
ascertained that it is the odour of 
the nectaries of the vine :flowers 
that attracts the vine moths and 
induces them to oviposit on the 
unopened buds. Barrows (I907) 
has proved that Drosophila ampe
lophila, which lays its eggs in fer
menting fruit, exhibits an optimum 
response to a mixture of ethyl 
alcohol of 20 per cent. strength 
and acetic acid of 5 per cent. It 
is noteworthy that cider vinegar, 
and fermented cider, contain alco
hol and acetic acid in percentages 
very close to those just quoted. 
Crumb and Lyon (I9I7) have pro
duced evidence suggesting that 
car bon dioxide is the chief stimulus 
inducing oviposition in the house 
fly, and Richardson (I9I6) finds 
that ammonia exercises a marked 
attraction for those Diptera which 

spend part of their lives in some form of animal excrement. Imms and Husain (I920) 
have conducted experiments showing that many Diptera are more strongly attracted 
to esters rather than to the respective acids or alcohols. 

The remarkable phenomenon known as'" assembling," which is particularly 
prevalent among moths belonging to the Lasiocampina, is another example of 
chemotropism. The females emit an odour to attract the opposite sex and" under 
favourable conditions, a freshly emerged example of the sex will attract scores of 
males which fly up against the breeze. Schenk (I903) has compared the number of 
antennal sensillre of certain types in the two sexes of species in which the antennre 
exhibit pronounced sexual dimorphism in correlation with differences of sexual 
behaviour. In certain species the ratios of their numbers in the male and female 
were from 3'5 : I to 8 : I. Howlett (I9I5) has discovered a chemotropic phenomenon 
in certain species of Dacus, the males of D. diversus being strongly attracted by iso
eugenol, D. zonaius by methyl-eugenol, and D. ferrugineus by both reagents.. The 
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significance of these responses is not properly understood, but it is noteworthy that 
females are not attracted by the substances mentioned. 

Forel and others have shown that ants are guided in their foraging expeditions 
by means of their contact-odour sense: they recognize by means of their antennal 
sense organs the odour-form, and hence also the direction of the trails laid down by 
their own feet and those of their nestmates. Blind or small-eyed ants follow these 
odoriferous trails very closely, relying upon their topochemical sense in finding their 
way.back to the nest (Wheeler). Ants also react amicably towards the odour of 
members of their own colony, and by this means they are able to distinguish between 
" friends " and "aliens." 

3 . The Organs of Sight 
Two types of eyes are found in insects, viz.: ocelli or simple eyes, 

and compound or faceted eyes. Typically both kinds occur in. the same 
insect but, on the other hand, either or both may be absent. Ocelli 
are often lacking in the ·imagines and compound eyes are wanting in 
larvre. Visual organs of any kind are usually absent in larvre which live 
in situations concealed from the light. Among adult insects they are 
either wanting, or exhibit various stages of degeneration, in cavernicolous 
forms and in various species which inhabit the nests of termites and ants. 
They are also wanting or degenerate in many of the Anopleura, in the 
sterile castes of almost all termites, and in the workers of certain ants. 
The two types of eyes are treated separately below. 

A. THE OCELLI 
Ocelli are divided into two classes: (I) the dorsal or primary ocelli of 

adult insects, and nymphs: and (2) the lateral ocelli which are the usual 
larval eyes. 

r. THE DORSAL OCELLI. The dorsal ocelli are innervated from the 
ocellar lobes which are located in the protocerebrum, between the mush
room bodies. When typically developed they are three in number di7Posed 
in a triangle. In the Plecoptera they are borne on the frons, and in certain 
other insects the median ocellus is situated on the frons, while the paired 
ocelli are located in the suture between that region and the vertex. In 
the more specialized orders the ocelli are usually situated on the vertex. 

The median ocellus exhibits evidence of a paired origin since the root 
of the nerve supplying it is double,' whereas the nerve-roots of the other 
ocelli are single. In some insects (e.g. Odonata, Bombus) the median 
ocellus exhibits a bilateral structure which is never found in the remaining 
ocelli. 

The dorsal ocelli greatly vary in the details of their structure in various 
insects, but they exhibit certain common essential features and the following 
parts can be distinguished (Fig. 65). 

(a) The cornea.-The name cornea is given to that portion of the cuticle 
which is arched or raised to form the external investment of the ocellus. 
In this region the cuticle is more transparent than elsewhere and usually 
becomes thickened to form a more or less spherical body known as the 
lens. In rare instances (Ephemeroptera, Fig. 66) the cornea is arched 
but not thickened anc\ the lens is formed by a mass of polygonal cells lying 
beneath the corneagen layer (vide Hesse 1901, Seiler 1905). 

(b) The corneagen layer.-This layer is directly continuous with the 
hypodermis but differs in being composed of colourless transparent cells 
whic~ secrete and afford support to the lens. In some insects its cells 
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become elongated and grouped together to form the vitreous body which 

--no. 

FIG. 6S.-SECTION THROUGH AN OCELLUS OF APHIWPRORA 

8Pv.lfARIA. 

en, nucleus of corneagen cell; l, lens; 11.0, ocellar nerve; pe.n, nucleus of 
pigment cell; rh, rhabdoID; ,c.n, nucleus of retinulre. After Link, Zool. Jahrb . 
.M o,ph. 1908. 

supplements the lens in 
its function. 

(c) The retina.~The 
retina is composed of 
visual cells which are 
nerve end-cells, each 
being in direct connec
tion with the termina
tion of a fibre of the 
ocellar nerve. The 
visual cells are associ
ated together in groups 
of two, three or more 
cells, each group being 
termed a retinula, which 
surrounds a longitudi
nal optic rod or rhab
dom. The latter is pro
duced along the inner 
junctions of the com
ponent cells of a retin
ula, and varies in form 
according to the number 
of those cells present. 

(d) Pigment ceUs.-In some ocelli there are accessory cells loaded with 
pigment situated between 
the retinulre, or the pigment 
may be contained within the 
visual cells themselves. In 
deeply pigmented ocelli the 
margin of the lens and the 
proximal ends of the visual 
cells are enveloped in a 
dense layer of pigment form
ing the iris which is only 
interrupted by the fibres of 
the ocellar nerve. 

2. THE LATERAL OCELLI. 

The lateral ocelli are, with 
very few exceptions, the 
only eyes present in insect 
larvee. As their name im
plies, they are located on the 
sides of the head where they 
occupy positions correspond
ing with those of the com
pound eyes of the imagines. 
The number of lateral ocelli 
is variable and not always 
constant in the same species: 
in some groups there is a 

FIG. 66.-SECTION OF THE MEDIAN OCELLUS OF CHLfEON. 

c, cuticle; el, corneagen layer; 1, cellular lens; v, vitreous layer; 
T, retinulre; t, tapetum; p, pigment; n, ocellar nerve. After Hesse, 
190 1. 

single ocellus present on either side while in others there may be 6~ 7 or 
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more ocelli. They differ essentially from the dorsal ocelli from the fact 
that they are innervated from the optic lobes of the brain. There are 
also great variations in the structure of the lateral ocelli; in some insects 
they are highly evolved organs, resembling the dorsal ocelli, while in others 
they are little more than groups of a few sense cells. Many of the struc
tural variations represent different degrees either of degeneration or of 
arrested development. 

The absence of compound eyes in almost alllarvre is due to the develop
ment of these organs being de
layed until the pupal stage. 
Their places are consequently 
taken by the lateral ocelli which 
are adaptive organs functional h 
during the larval instars. Al
though the formation of the com
plete compound eyes is postponed 
until pupjl.tion a small number of 
ommatidia (vide p. 72) may be 
developed in some cases and 
function as larval ocelli. 

FIG. 67.-SECTION THROUGH AN OCELLUS OF A 
DYTISOUS LARVA. The principal types of lateral 

ocelli are dealt with below. 
(a) In larval Tenthredinidre 

there is a single ocellus present 

c, cuticle; I, lens; h, hypodermis; T, reUnal cells with 
their rhabdoms 1'1; v, vitreous layer (modified hypodermal 
cells). After Grenacher. 

on either side of the head. Structurally these organs are almost identical 
with the dorsal ocelli already described. Each consists of a biconvex lens 
and an underlying vitreous body formed by the elongated cells of the 
corneagen layer: the retina is formed of a number of retinulre each com
posed of four cells with a typical4-partite rhabdom (vide Redikorzew, 1900). 
Among larval Coleoptera (Dytiscus, Hydrophilus, Acilius) the lateral ocelli 

B 

FIG. 68.-A. SECTION THROUGH AN EVE-SPOT 
OF A CERATOPOGON LARVA. After Hesse. 
B. SECTION THROUGH AN EVE OF ANGRIDA 

,IIARITHIA. Original. 
C, cuticle; el. corneagen layer; h, hypodermis; I, lens; 

nl, nerve fibre; p. pigment cell and its nucleus n j v, visual cell. 

exhibit the same essential .struc
ture but differ in their more de
tailed features (Fig. 67). 

(b) Among certain larval 
Lepidoptera and Trichoptera, and 
also in the larvre of Sialis, Myr
meleon and certain other insects, 
each lateral ocellus has the general 
structure of a single ommatidium 
of a compound eye (Pankrath, 
1890: Hesse, Igor). 

(c) Among the Collembola the 
lateral eyes form the visual organs 
of the adults. They are variable 
in number, there often being 8 

to a side, and each eye consists of a single ommatidium of the eucone type. 
Among the .Poduridre, however, they are more degenerate and have lost 
the crystalline cone cells (Fig. 68, B). 

(d) In many larvClf, particularly those living in partial darkness, the 
ocelli exhibit varying degrees of degeneration and, in Ceratopogon, they 
are reduced to a pair of visual cells with two overlying pigment cells (Fig. 
68, A). 

(e) In the larvre of certain aquatic Nematocera (Culex, Anopheles, 
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Chaoborus, Dixa, etc.) the late~al eyes are comparatively unimportant; 
the compound eyes, on the other hand, are present in varying degrees of 
development in close association with them, and eventually become trans
formed into the completed organs of the imago (vide Zavrel, 190 7). 

B. THE COMPOUND EYES 
The principal feature distinguishing compound eyes from ocelli of 

either type is the fact that, in the former, the cornea is divided into a num
ber of separate facets, whereas there is only a single facet to each ocellus. 
Compound eyes are formed of aggregations of separate visual elements 

. known as ommatidia, 

FIG 69.-HEAD OF BIIIIO MARCI (MALE), SHOWING DIVIDED 

each ommatidium cor
responding with a single 
facet of the cornea. 
Certain other features 
have been regarded as 
distinctive 0 f com -
pound eyes, but in 
some- cases they are 
also found in ocelli. 
Compound eyes, simi
larly to lateral ocelli, 
are innervated from the 
optic lobes of the brain 
(Fig. 71). 

The number and EYE (LEFT). 

a, upper division of eye; b, lower division. . size of the facets of the 
compound eye vary 

within wide limits. In extreme cases, as in the worker of the ant Ponera 
punctatissima, each eye is composed of a single facet. According to Forel 
there are 6-9 facets in the same caste of Solenopsis jugax, while among other 
ants the number varies between about 100 and 600 in the workers, 200 

and 830 in the females, and between 400 and 1,200 in the males. In Mllsca 
the eye consists of about 4,000 facets, in 
some Lepidoptera from 12,000 to 17,000 

(Packard) and in Odonata between 10,000 

and 28,000 or more (Tillyard). In most 
insects the facets are very closely packed 
together and assume a hexagonal form 
but, in -some instances where they are 
fewer in number and less closely com
pacted, they are circular. The facets are 
not always of equal dimensions over the 
whole area of the eye. Thus, in the males 
of Tabanus they are often larger over the 
anterior and upper parts of the eye, but FIG. 70.-HEAD OF GYRLVUS NA TA TOJl, 

the two fields are not sharply demar- SHOWING DIVIDED EYE (RIGHT). 

cated. In the males of certain other 
a, upper division of eye; b"lower division. 

Diptera, including species of Bibio and Simulium, the two areas of diifferent 
sized facets are very distinctly separated, each eye appearing to be double 
(Fig. 69). The extreme condition is attained among certain Coleoptera 
(Gyrinus, several Cerambycida;, etc.) and Ephemeroptera (Chlmon), where 
the two parts of the eye are so remote from each other that the insect 
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appears to possess two pairs of compound eyes (Fig. 70). In Chla:on the 
anterior division of each eye is elevated upon a pillar-like outgrowth of 
the head, while the posterior division is normal. 

THE sTRue;'ruRE OF AN OMMATIDIUM (Fig. 72). The structure of the 
ommatidia varies in different insects but in all cases the differences are 
modifications of a common 'type. The various parts which enter into 
the composition of an ommatidium, passing from without inwards, are 
enumeratp.d below. 

(a) The cornea.-The cornea is the transparent area of cuticle forming 

FIG. 7r.-SECTION THROUGH THE EYE AND OPTIC LOBE OF A WORKER HONEY BEE. 

BM, basement (or fenestrated) membrane; COT, cornea; 1mb periopticon; im.z, epiopticon; Ims) opticon; in11er 
ch, internal chiasma; Om, onunatidium; OpL, optic lobe; 0itter ch, external chiasma. From Snodgrass, after Phillips. 

the facet or lens of an ommatidium and is often more or less biconvex 
in form. It is cast off during each act of ecdysis. 

(b) The corneagen layer.-The part of the hypodermis which extends 
beneath the cornea is known as the corneagen layer. It consists of two 
cells which, in some insects, are only to be detected with difficulty. In 
other cases they are wanting and, in these instances the cornea is secreted 
by the outer ends of the cells of the crystalline cone. , 

(c) The crystallin~ cone cells.-Beneath the corneagen layer or the 
cornea, as the ca;;e may be, there is a group of four cells which in the eucone 
eyes secrete a transparent body termed the crystalline cone. The nuclei 
of these cells are sometimes ·known as the nuclei of Semper. 

(d) The primary iris cells.-These are densely pigmented cells which 
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are disposed in a circlet surrounding the' cells of the crystalline cone and 
the corneagen layer. 

(e) The retinula.-The retinula forms the basal portion of an omma
tidium and is composed of a group of usually seven pigmented visual cells. 
Each of the latter is continuous with a post-retinal fibre and forms a nerve 

- end cell. The visual cells collectively secrete an internal optic rod or 

o 

FIG. 72.-DIAGRAM OF GENERALIZED OMMATIDIUM OF 
THE EUCONE TYPE FROM AN EYE GIVING AN 
ApPOSITION IMAGE. 

cc, crystalline cone; ct., corneagen layer; I, corneal lens; m, fene
strated membrane; nl, nerve fibre; pi, primary iris cell; T, retinula j 
,h, rhabdom; si, secondary iris cells. A, B, and C, transverse sections 
of regions bearing corresponding lettering. 

rhabdom and the portion of 
the latter contributed by 
each cell is termed a. rhab
domere. Each rhabdomere 
is stated to exhibit an ex
tremely fine fibrillar struc
ture, the individual fibrils 
passing right through the 
cell and emerging as the 
single nerve fibre previously 
alluded to. The rhabdom 
forms the central axis of the 
retinula and is in contact 
with the extremity of the 
crystalline cone. 

(f) The secondary 'ms 
cells.-These are commonly 
elonga ted pigment cells 
which surround the primary 
iris cells and the retinula, 
thus serving to isolate an 
ommatidium from its neigh
bours. 

The proximal extremities 
of the ommatidia rest upon 
a fenestrated or basement 
membrane through whose 
perforations pass the nerve 
fibres from the retinulce and 
frequently fine trachea:~. The 
latter, as they enter further 
into the eye, become 
arranged parallel with the 
long axes of the ommatidia. 
The nerve fibres (post
retinal fibres) collectively 
unite the ommatidia with 
the periopticon or outermost 
tract of the optic lobe of 
the brain. 

THE TYPES OF COMPOUND EYEs.-Four types of compound eyes are 
described among insects. Of these, the first three were recognized by 
Grenacher (1879) and the fourth type by Kirchoffer (1908-10). 

1. Eucone eyes.-In eyes of this type each ommatidium contains a 
true crystalline cone, which is a hard refractive body formed as an intra
cellular product of the cone cells: the nuclei of the latter are located in 
front of the cone. Eucone eyes are found in the Thysanura, Orthoptera, 
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FIG. 73.-DIAGRAM OF AN 
OMMATIDIUM FROM AN 
EYE GIVING A SUPER
POSITION IMAGE. 
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Odonata, Ephemeroptera, ·Trichoptera, Lepidoptera, 
Hymenoptera, Chrysopidre, certain of the Hemiptera 
and in the Cicindelidre, Carabidre, Dytiscidre and 
Scarabreidre among Coleoptera. 

2. Pseudocone eyes.-In this type of eye there 
is no true crystalline cone and the four cone cells are 
filled with a transparent, semi-liquid material~which 
lies in front of the nuclei. Pseudo cone eyes are found 
in the Brachycera and Athericera among Diptera. 

FIG. 74.-Two STAGES IN THE DEVELOPMENT OF THE FIFTH 
OCELLUS OF AN ACILlUS LARVA (COLEOPTERA). 

C, cuticular rods; cJ, rudiments of lens; h, hypodermis; I, corneal layer 
(vitreous body); n, nerve; 'J retina; sp, vertical slit in the retina; x, retinal_cells 
bordering this slit. From Korshelt and Heider after Patten. . 

3. Acone eyes.-In the acone eyes there is a 
group of elongate, transparent cone cells but the 
latter do not secrete any kind of cone whether 
crystalline or liquid. Eyes of this kind are ·found 
in the Dermaptera, Hemiptera, certain of the Dip
tera Nematocera, and in the Staphylinidre, His
teridre, Silphidre, Coccinellidre and Curculionidre 
among Coleoptera. 

4. Exocone eyes.-The name exocone is here 

On the left side the pigment is 
seen in a condition adapted for 
night vision and on the right side 
for day vision. ,1 filamentous 
prolongation connecting retinula 
with crystalline cone. Other t 
lettering as in Fig. 72. 

applied to that type of eye in which the crystal
line cone is replaced by a cone of extracellular, cuticular origin which 
appears as a deep ingrowth from the inner aspect of the corneal facet, 
in front of the unmodified cone cells. Eyes of this type are found in 
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the Dermestidre, Elateridre, Byrrhidre and Malacodermata (Kirchoffer). 
THE DEVELOPMENT OF EYES. The structure of compound eyes and 

ocelli is best appreciated after taking into account the essential facts of 
their development (Figs. 74 to 77). 

In the case of an ocellus development commences with the formation 
of a hypodermal pit. The cells bordering the edges of the pit become 
differentiated into the corneagen layer and vitreous cells: the deeper 

1 

B 

FIG. 75.-Two LATER STAGES IN TBE DEVELOPMENT OF THE 
FIFTH OCELLUS OF AN AOILIUS LARVA. 

i, pigmented jris; m, middle inverted layer of the eye; other lettering as in Fig. 
74. From Korshelt and Heider after Patten. 

cells, forming the 
bottom of the pit, 
become grouped in 
such a manner as to 
produce the retinulre, 
their inner ends giv
ing -off nerve fibres 
which unite to form 
the optic nerve. In 
the simple type of 
ocellus, exhibited in 
the larva of Dytiscus 
(Fig. 67), the mouth 
of the pit is still per
ceptible beneath the 
lens. In the larva 
of Acilius Patten 
has shown that the 
marginal cells of the 
pit grow inwards, 
and meet over the 
deeper parts, thus 
producing a two
layered ocellus. In 
the larva of Hydro
philus a more com
pIe x three-layered 
condition is arrived 
at by a fold of the 
hypodermis on one 
side of the pit (Fig. 
76). 

Each omma ti
dium of the com
pound eye com
mences as a pillar of 
thickened, elongated, 
hypodermal cells, the 
pillars being separ

ated by undifferentiated tissues (Fig. 77). The cells of the pillars become 
differentiated into an outer series yielding the facets, crystalline cones and 
primary pigment cells, and an inner series producing the retinulre. The 
hypodermis between the ommatidial pillars becomes transformed into the 
secondary pigment cells. (Vide Johansen, 1893). 

THE RELATIONS OF COMPOUND EYES TO OCELLI.-It is well known that 
very similar types of eye occur in distantly related animals, and that nearly 
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allied species frequently differ in the 
fundamental structure of their visual 
organs. Even very different types 
of eye may occur in the same 
animal. In considering the relations 
of compound eyes to ocelli in insects 
the above facts, therefore, need to 
be borne in mind. 

The lateral ocelli of many Col
lembola, and of larval Lepidoptera, 
are comparable individually with a 
single ommatidium of the compound 
eye. In these instances the ocelli 
represent a few disseminated omma
tidia or, in other words, they are 
rudiments of compound eyes. With 
the dorsal ocelli, and the lateral 
ocelli of a similar character, the case 
is very different. In organs of this 
kind there is a single lens in front 
of a larger or smaller number of re
tinulre. In the .compound eye there 
is a number of separate lenses or 
facets each associated with a single 
retinula. 

Attempts have been made to de

.A 

.B ? ' 

r 

rive the compound eye from an organ FIG. 76.-Two STAGES IN THE DEVELOPMENT 

composed of a group of ocelli of this OF AN OCELLUS OF A LARVAL HYDRO-

latter type. This method of origin PllILUS. 

is upheld by Korschelt and Heider d, lens; h, hypodermis; I, corneagen layer; m, middle 
layer of optic rudiment; n, nerve; 0, aperture of optic 

h 1 . b d p a invagination; r, retinal layer; rb, rods. From Korshelt 
W ose conc uSlOns are ase u on and Heider after Patten. I 
comparative study of the eyes of . 
Myriapods. The eye of Scolopendra consists of a few typical ocelli, each 

with a cuticular lens: in Litha
bilts and JUlliS there are 30-40, 
or more, similar ocelli on either 

FIG. 77 .-STAGE IN THE DEVELOPMENT OF THE 
COMPOUND EYE OF THE PUPA OF SATURN/A 

PERNYI SHOWING OMMATIDIAL PILLARS. 
After Bugnion and Popoff. 

side. In Scutigera a kind of com
pound eye is present which is 
formed of 200, or more, closely 
compacted ocelli. The latter are 
considerably modified by mutual 
compression until they have 
assumed somewhat the character 
of ommatidia, the retinulre associ
ated with each ocellus being 
greatly reduced in number. This 
type of eye is regarded by Rosen
stadt as intermediate between 
ocelli and true compound eyes. 

Grenacher regards ocelli and 
compound eyes as " sisters" de
rived from an ancestral type of 
visual organ, resembling an 
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ommatidium of the acone type of the Tipulidre. The compound eye is 
derived through an increase in the number of these simple eyes and their 
close aggregation; the ocellus is derived through the multiplication of the 
retinulre with a corresponding increase in the size of the lens. 

Insects alone afford no clue to the problem and speculations, confined 
within the limits of that class, lead only to the conclusion that if the two 
types of organs have a common origin that origin must be sought for else
where. 

C. THE PHYSIOLOGY OF VISION 
The eyes of insects, when completely developed, are divisible into two 

regions which are structurally and physiologically different. In the typical 
ocellus the corneal lens and vitreous cells constitute the dioptric portion 
of the eye, while the retinulre along with their rhabdoms form the retina 
or percipient portion. In the compound eye the dioptric portion is com
posed of the corneal facets and the underlying layer of crystalline cones: 
the percipient portion is similarly composed of the retinulce and their 
rhabdoms. The retina in insects is only comparable with the rod and 
cone layer of the retina of the vertebrate eye. 

VISION BY MEANS OF OCELLI. The . dorsal ocelli are constructed upon 
a plan more "nearly resembling that of the human eye than the Arthropod 
compound eye. Since there is no power of accommodation in the dioptric 
layer, and the lens is strongly biconvex, vision is limited to the perception 
of very near objects. The small number of visual elements implies an 
image of a crude or indefinite kind, and this image is an inverted one. The 
experiments of Plateau and others have shown that caterpillars, for example, 
do not perceive objects at a distance greater than I Dr 2 cm.: spiders, with 
their highly developed ocelli, have little power of appreciating the shapes 
of the objects which they see. Forel and Lubbock believe that the ocelli 
of the social Hymenoptera are used by those insects when in the darkness 
or subdued light of their nests. In a few words it may be said that experi
mental evidence' indicates that ocelli are used to distinguish between light 
and darkness, and are capable of conveying a coarse image of very near 
objects only. 

VISION BY MEANS OF COMPOUND EYEs.-The principal theory accounting 
for vision by means of compound eyes is the well-known mosaic theory 
formulated by Muller in I826. This explanation with certain modifications 
based on the work of Exner and others, is generally accepted to-day. MUl
ler's views are best understood by regarding the compound eye as being 
built up of an immense number of minute, elongate, transparent tubes 
arranged with their long axes parallel to one another. Let each tube be 
coated externally with a dark pigment, so that it is optically isolated 
from its fellows, and the only rays of light which will traverse the tubes, 
from end to end, are those parallel with the long axes: oblique rays will 
impinge on the walls of the tubes and become absorbed by the pigment 
(Fig. 78). In the compound eye each ommatidium will only convey to 
the retinula: rays coming from a very small portion of the whole jlield of 
vision, and only those travelling in the direction of its axis. The impression 
received through such an eye would be a single mosaic picture, formed 
by the same number of points of light as there are ommatidia, each point 
of light corresponding in colour and density to the corresponding part of 
the object viewed. 

It is now generally recognized that compound eyes are specially adapted 
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for perceiving the movement of objects. The movements of even a very 
small object in the field of vision would be immediately registered on the 
mosaic picture received on the retina, which would become suddenly altered 
in one or more of its components. The extent of the alteration would 
depend upon the size and distance of the object, and the number of omma
tidia affected. Such movement would be quickly impressed upon the 
brain of the insect and the latter would respond accordingly. It is often 
possible to approach an insect so gradually that the change of position 
passes unnoticed. An object as large as a human 
being affects all the ommatidia equally and simul
taneously and, since it is moving very slowly, the 
change of position only causes slight changes in the 
character of the image as a whole. A sudden slight 
movement of any part of the body is often suffi
cient to cause the insect's immediate departure, 
owing to the fact that it abruptly affects a series 
of ommatidia in succession. 

The distinctness of vision depends partly upon 
the number and size of the ommatidia. An image 
formed by a vast number of minute ommatidia will 
be sharper and more detailed than one formed by a 
smaller number of larger elements. It further 
depends upon the amount and distribution of the 
pigment surrounding each ommatidium, which 
determine the degree of isolation of the light pass
ing through the latter. Since compound eyes 
generally possess no focussing mechanism, insects 
cannot perceive form beyond a few feet away, 
although perception of movement extends to a 
much greater distance. The closer an object is to 
the eyes the greater will be the number of omma
tidia employed to produce the impression, and 
consequently the sharper the vision. 

In eyes adapted solely for diurnal vision the 
retinulre are in contact with the apices of the crys
talline cones (Fig. 78). A dense layer of pigment 
surrounds the cones and only rays of light issuing 
from the apices of the latter reach the rhabdoms. 
An image formed in this kind of eye is termed an 
apposition image because it is built up of apposed 
points of light; it is a true mosaic in the sense of 
Muller. According to Exner the -image produced 
is an inverted one but apparently this is not always 
the case since Eltringham (I9I9) has observed an 
erect image in the eucone eye of a butterfly. 

m 

1- d. f 
FIG. 78.-DIAGRAM REPRE

SENTING VISION WITH 
AN EYE GIVING AN 
ApPOSITION IMAGE. 

The only rays of light from an 
object ace which will reach the 
retinuJre are those parallel to the 
long axes of the ommatidia (e.g. 
ab, cd, efl. All oblique rays 
impinge on the sides of the cones 
where they are absorbed by the 
pigment. en, corneal lens; c,e, 
crystalline cone; T, retinula; 
pg, pigment; m, fenestrated 
membrane. This Fig. and Fig. 
79 are based on Exner. 

In eyes of many nocturnal and crepuscular insects the rhabdoms are 
not in contact with the apices of the cones, the two elements being separated 
by a space filled with transparent tissue. The ommatidia in this kind of 
_eye are consequently greatly elongated (Fig. 79). The pigment is capable 
of forward or backward migration according to the amount of light avail
able. At night time it moves forward and freely exposes a large portion 
of the cone apices with the result that rays of light entering adjacent 
ommatidia, traverse the space already alluded to and reach the same retinula. 
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FIG. 79.-DIAGRAM REPRE
SENTING VISION WITH 

AN EYE GIVING A 
SUPERPOSITION IMAGE. 

Each retinula receives not 
only an image from rays entering 
its own facet, but also those froln 
peripheral oblique rays from 
neighbouring facets. Lettering 
as in Fig. 7~. 

THE SENSE ORGANS 

In this type of eye there is an overlapping of points 
oJ light and the image thus formed is termed by 
Exner a superposition image, which is an erect one. 
It is evident that in an eye of this description a 
limited amount of light will produce a better image 
than in an eye giving an apposed image where 
much of the light is absorbed by the pigment. The 
eyes of nocturnal insects are adapted, therefore, to 
perceive the general forms and the movements of 
objects when (here is very little light available. 
Owing to the overlapping previously explained the 
image is a continuous one and not a true mosaic. 
Many insects with eyes giving superposition images 
are adapted to make the most of varying degrees 
of light. In the presence of an increased amount 
of light the pigment moves backwards, like a dark 
sleeve cutting off more and more of the peripheral 
rays and, in this manner, the luminosity of the 
image is decreased without reducing its clearness. 
By fixing and sectioning the eye of an insect which 
had been kept for a time in the light, and com
paring it with the eye of another individual of the 
same species which had been confined in the dark, 
Exner was able to definitely prove that correspond
ing changes in the distribution of the pigment take 
place. 

In night-flying insects there is a structure 
termed the tapetum which reflects the light that 
has entered the eyes causing the latter to shine in 
the dark, when they assume the appearance of 
golden or ruby globes. In eyes of this kind the 
retinular elements are impregnated with a special 
colouring substance (erythropsin, zanthopsin) and 
the spaces between the retinulre are densely packed 
with fine, longitudinal trachere filled with air (Fig. 
80). It is probable that the effect of the faint 
nocturnal light is intensified owing to the light pass
ing through the retinulre a second time, when it is 
reflected from the glistening trachere of the tape
tum (vide Bugnion and Popoff, I9I4). 

The divided eyes of certain insects have been 
alluded to on a previous page. Su<~h eyes consist 
of an upper portion composed of large facets, which 
are adapted to give a superimposed image, and a 
lower portion composed of smaller facets giving an 
apposed image. The upper part of such an eye is 
probably used to perceive variations in the inten

sity of light from above produced by clouds, moving enemies, etc .. , with
out there being any necessity to perceive definite form. The lower part of 
the divided eye is clearly adapted for more acute vision, and to receive the 
more exact impressions produced by the objects over which the insect may 
be flying or resting. In some cases possibly the larger facets may also 
function for night vision, and the small facets for day vision. 
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A large number of experiments have been performed which lend strong 

support to the conclusion that insects can distinguish the differences of 
frequency in light waves which are called colours. The experiments of 
Forel, Lubbock and others have provided evidence indicating that certain 

insects, especially bees, have a memory for 
colour. Thus Fore!, after feeding a bee on 
honey deposited on blue paper, observed the 
same insect afterwards seeking and examin
ing all the pieces of blue paper in various 
parts of a room. Lubbock has shown that 
ants are remarkably sensitive to the ultra-
violet rays. Seitz attracted males of Antho
caris charlonia by constructing coloured paper 
models of the females, and the extent of the 

tr attraction rlepended upon the accuracy of the 
colouring ; those models. Nuttall has shown 
that mosquitoes have a marked tendency to 
settle on a dark blue surface, and Lloyd 

A (Bull. Ent. Res. 1921) has demonstrated that 
Aleyrodes vaporariorum is powerfully attracted 
to a yellow colour. 

FIG. So.-A. RETINULlE OF THE 
EYE OF DElLEPHILA EUPIIORBUE, 

SHOWING GROUPS OF FIN E 
LONGITUDINAL T R A C H E lE. 
Il. TRANSVERSE SECTION OF 
A GROUP OF RETlNULlE OF 
THE EYE OF PHLOGOPHORA 

JJIETWf;LOSA, SHOWING THE 
INTERSPACES PACKED WITH 

4. The Chordotonal or Auditory 
Organs 

It is well known that many insects are 
capable of sound production, and the posses
sion of organs for this purpose indicates the 

n 

FIG. Sr.-DIAGRAM OF THE Two TYPES OF SCOLOPHORES. 

A, integumental; D, subintegumental. c, cuticle; h, hypodermis; cc, cap 
cell; s,"'scolopale; SC, sensory cell; fb, fibrillar binding tissue; n, nerve. 

TRACHElE. probability that they also possess some 
ni~~ a~~c~~~dff.r, retinul",. After Bug- mechanism for sound perception. Structures 

t that are believed to fulfil the latter function 
exist in a number of msects, even in their larval stages, and are known as 
chordotonal or auditory organs. They consist typically of spindle-shaped 
bundles of sensillre, or scolophores, whose distal extremities are usually 
attached to the integument: less frequently they are without this attach
ment and end free in the body-cavity. The two types may be distin-

G.T.E.-6 • 
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guished respectively as the integumental scolophores and the subintegumental 
scolophores (Fig. 81). 

In the most completely developed chordotonal organs the sensory parts 
are covered over by a special thin area of the integument, which forms an 

---cen 

---ek 

----ecn 

I 

---sen 

external vibratory membrane or tym;banum 
and, for this reason, they are often termed 
tympanal organs. 

The Structure of an Auditory Sen
silla.-An auditory or chordotonal sensilla 
consists of a nerve end-organ or scolophore, en
closing a hollow peg-like structure or scolopale 

IT 

(vide Schwabe 
1906). A scolo
phore (Fig. 82) 
is composed of 
a bipolar nerve 
end-cell, con
tinuous proxi
mally with a 
fibre of the 
chordotonal 
nerve. This 
sensory cell is 
drawn out dis
tally in t 0 a 
slender prolon
gation, which is 
enclosed by an 
envelope cell and 
a cap cell. The 
s colo pal e is 
formed within 
the envelope 
cell and its 
cavity com
municates bas
ally with a 
vacuole fi 11 e d 
with a watery 
fluid. Viewed 
in transverse 

FIG. 82.-1. A SCOLOPHORE OF THE INTEGUMENTAL TYPE FROM A 
LONGICORN LARVA. 

II. APICAL PORTION OF A SCOLOPHORE, MORE HIGHLY MAGNIFIED, 
TOGETHER WITH TRANSVERSE SECTIONS. 

After Hess, Ann. Ent. Soc. Am. 10. 

section the wall 
of the scolopale 
is composed of 
a number of 
ribs: inthe 
simple type of 

af, axial fibre j CC, cap cell; cen, nucleus of cap cell; ec, envelope cell and its nucleus ecnj h d 1 
ek, end knob; 1t, nerve fibre; s, scolopale; SC t nerve end-cell and its nucleus sen; ti, terminal C or otona or-
ligament; v, vacuole. gans studied by 
Hess (1917) there are seven of these ribs at either end of the scolopale, each 
of which is divided in the central portion so that there hre fourteen ribs in 
this part. The distal end of the scolopale is almost always thickened to 
form the end-knob. The entire scolopale is bathed by a fluid medium in 
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which .it is free to vibrate. The cap cell appears to be a modified hypo
dermal cell and, in a scolophore of the integumental type, it forms a 
greatly elongated strand which serves to attach the sensilla to the body
wall. An axial fibre, or a group of neuro-fibrils, from the chordotonal nerve 
traverses the whole length of the sensory cell and scolopale to join the end
knob of the latter. 

The Simpler Type of Chordotonal Organs.-The scolophores 
rarely exist as single sensili::e, usually two or more are disposed closely 
together in a chordotonal organ. Those studied by Hess in Cerambycid 
larvre are individually compose~ of four scolophores. Each organ is in 
the form of a: minute ligament which is attached fo the integument at 
one extremity by the elongated cap-cells, alluded to previously, and at 
the other extremity by a short strand of connective tissue. The latter 
forms t.he fibrillar binding substance of Schwabe, and is prolonged over 
the scolophores so as to ensheath them. 

Graber (1882-83), who laid the founda
tion of existing knowledge of the chordo
tonal organs, found them in all the larger 
orders of insects. They are not always 
located in the salfle region of the body, their 
positions often varying in different groups. 
In ants, for example, they are commonly 
found in the tibire, but Janet has discovered 
a number of less conspicuous organs of a 
similar nature, in various parts of the body, 
numbering eight pairs- in all. Chordotonal 
organs also occur on the tibire in certain 
termites and Perlids, and in the tarsi in 
some Coleoptera. 

In addition to adult insects chordotonal 
organs have been observed in many larvre 

tu 

I 
including those of Dytiscus, Melolontha, and FIG. 83.-RIGHT HALF OF 8TH 

the Cerambycidre among Coleoptera: Taba- BODy-SEGMENT OF THE LARVA 

nus, Chaoborus, Chironomus and Syrphus OF CHAOBORUS. 

D· . C P pL· cg, cs, chordotonal organ and its termina among Iptera: In ar oca sa among epI- prolongation cst; c/, basal ligament; en, 
doptera and N ematus among Hymenoptera. chordotonal nerve; tb, tactile set",; g, gang-

lion of ventral nerve cord. After Graber. 
As a rule there is a pair of these organs in -
most of the abdominal segments and they are innervated from the ganglia 
of the ventral nerve cord (Fig. 83); in Dytiscus and M elolontha they are 
located in the tarsi. 

The Tympanal Organs.-Highly specialized auditory organs are 
found in the Acridiidre on either side of the first abdominal segment (vide 
Graber, 1882; Schwabe, 1906). They are easily recognized by the presence 
of a tense, external vibrating membrane or tympanum, which is surrounded 
by a horny ring (Figs. 84, 85). A group of numerous scolophores, forming 
a swelling known as Muller's organ, is applied to the inner surface of each 
tympanum, and forms the termination of the auditory nerve which arises 
from the metathoracic ganglion. Two horny processes and a delicate 
pyriform vesicle, which is filled with a clear fluid, are intimately associated 
with Muller's organ; they probably serve to transmit the tympanal 
vibrations to the sensillre. The first abdominal spiracle is located near 
the anterior margin of the tympanum, and it gives off an air-sac which is 
applied to the under surface of that membrane: two other air-sacs take 
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their origin in the second abdominal segment, from the ventral t~acheal 
trunk of their 
side, and lie in
ternal to and in 
close con t act 
with the air
sac first men
tioned. 

In the 

FIG. 8.t.-LATERAL VIEW OF A LOCUST WITH WINGS AND LEGS REMOVED 
SHOWING TYMPANUM t. 

Locustidre and 
Gryllidre there 
is often a pair 
of tympanal 
organs near the 

After Carpenter. 

proximal extremity of the 
tibia of each fore-leg (Fig. 
86) In many genera these 
structures are easily observ
able but, in certain others, 
each organ is concealed by 
an integumental fold and 
comes to lie in a cavity: 
the latter communicates 
with the exterior by means 
of a slit-like opening. 

These organs attain great 
complexity of structure and 
most of what is known con
cerning them is due to the 
researches of Graber (r876), 
von Adelung (r892) and 
Schwabe. In Detictts verrtt
civorus the tympanal organs 
are of the concealed type 
(Figs. 87 and 88). The 
trachea supplying the leg is 
greatly modified and, on 

A B 
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FIG. 8S.-TYMPANUM OF A LOCUST (CALOPTENUS) 

VIEWED FROM WITHIN. 

T, tympanum with its border TR; hi, pyriform vesicle j 0', tt, horn· 
like processes; ga, Milller's organ; n, auditory nerve; 5t, spiracle; 
]';f, tensor muscle of tympanum. After Graber. 

FIG. 86.-LEFT FORE-TIBIA OF GRYLLUS 

DOJIESTIOUS SEEN FROM THE OUTSIDE 
SHOWING TYMPANUM ty. 

entering the tibia, it becomes inflated 
and divides into an anteriQr and a 
posterior branch, which reunite below 
the auditory organ. Each trachea is 
closely applied to the tympanum of its 
side, which' thus has air on both its 
aspects: the open air on the outer 
surface, and the air of the trachea on 
its inner surface: It is noteworthy 
that these trachere communicate with 
the exterior by a special orifice on 
either side, in close proximity to 
the prothoracic spiracle, and these 

B. PORTION OF FORE-TIBIA OF LOCUSl'A 

YIRIDlSS1JIA, FRONTAL VIEW. 

In, membrane covering tympanum; ap, aperture orifices are only present in species with 
into tympanal chamber. 

tympanal organs. In a transverse 
section of the tibia (Fig. 88) it will be observed that the two trachere occupy 
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FIG. 87.-LONGlTUDlNAL SECTION OF THE FORE-TIBIA OF DSTlCUS. 

c, crista acustica with its suppprting bands band b1 ; iv, intcnnecliatc organ; Ie, Ii, outer and inner aspects of tibia; 
U, nerve cells; ng, subgenual brarkh of crural nerve; nt, tympanal nerve; s, scolopal<e; ,st, supra-tympanal organ; t, 
main trachea; te, ti, outer ilIld inner tympana. Redrawn from Schwabe, Zoologica, 1906. 

the area between the tympana. There is an extensive outer chamber in 
the leg (above the trache:oe as seen in the figure) and a corr~sponding inner 



86 THE SENSE ORGANS 

chamber below. The outer chamber contains the supra-tympanal organ 
together with leucocytes and adipose cells. The supra:tympanal organ is 
placed a short distance above the tympana, and is composed of a number 

FIG. 88.-TRANSVERSE SECTION OF THE FORE

TIBIA OF DETWUS PASSING THROUGH 
THE CRISTA ACUSTICA (c). 

a, anterior blood space; I, fat· body ; m, muscles j n, 
tarsal nerve; ni 

J tibial nerve; t, trachere; te, tIc l , inner 
and outer tympanic cavities; ti, te, inner and outer tym
pana. Redrawn from Schwabe. 

of scolophores of the integumental 
type, whose cap cells are attached 
to the integument of the leg" Im
mediately below this organ, on its 
outer side, there is a smaller sen
sory structure which is termed the 
intermediate organ: it is composed 
of· scolophores of the subintegu
mental type. On the outer face of 
the anterior trachea is a third chor
dotonal organ-the crista acustica 
(organ of Siebold). It is an elongated 
ridge or crest composed of a large 
number of scolophores of the sub
integumental type, which gradually 
decrease in size towards the distal 
extremity of the tibia. There are 
two principal nerves in the tibia
the tibial nerve and the tympanal 
nerv:e,-both . arising from the pro
thoracic ganglion. The supra-tym
panal organ is supplied by a branch 
from each of those nerves, while the 

two remaining organs are innervated by the tympanal nerve. 
Tympanal organs are described by Hagemann (I9IO) in Corixa and 

its allies on either side of 
the mesothorax, in close 
relation with the second 
pair of spiracles. 

Johnston's Organ.
The organ which has re
ceived this name was first 
recognized in I855 by 
Christopher Johnston and 
has since been observed in 
representatives of most of 
the larger orders of in
sects (vide Child I894: 
Berlese I909). It is lo
cated within the second 
antennal jbint, and pre
sents a certain amount of 
variation in form and FIG. 89.-LONGITUDINAL SECTION OF THE BASE OF THE 

ANTENNA OF A MALE MOSQUITO (OHAOBORUS) SHOWING 
degree of development in JOHNSTON'S ORGAN. 

different insects, and in s, scapa; p, pedicel; cp, conjunctival plate and its process pc; C, base 

h f th of clavola; Nv, antennary nerve j n, nerve to clavola j m, antennal muscles. 
t e two sexes 0 e After Child, 1894. 

same species. The organ 
attains its greatest complexity among male Culicidre and Chironomidre : 
it is also tolerably well developed in such diverse insects as Calliphora, 
Vespa, and Satyrus. Viewed in section it is composed of a variable but 
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considerable number of sensillre, which usually surround the antennal 
sensory nerve where it passes through the particular joint (Fig. 89). The 
sensillre only differ slightly from those of the chordotonal organs and also 
contain scolopalre. Their distal extremities are attached to a process of 
the conjunctival plate, between the 2nd and 3rd joints of the antenna, 
and their proximal ends are continuous with fibres of the antennary nerve. 
It has been shown experimentally by Mayer (1874) that the whorls of 
setre, on the 3rd and following antennal joints, are caused to vibrate by 
different notes, being most affected when at right angles to the direction 
from which the sound came. It is believed that vibrations of the antennal 
setre are transmitted to the conjunctival plate, and thence to the sensill::e, 
and that insects possessing these organs are able to appreciate sounds 
produced by ~heir own species. 

The Physiology of the Chordotonal Organs.-In the simpler types 
of chordotonal organs, and in the supra-tympanal organs already de
scribed, it is believed that sound waves impinge on the overlying body
wall, and the stimulus is transmitted to the scolopalre which respond to 
a corresponding degree, since they are free to vibrate in the fluid surround
ing them. Probably, by altering the tension of these ligament-like organs, 
they can be " tuned up " as it were, to appreciate a considerable range of 
vibrations. In the case of the tympanal organs it will be observed, from 
the preceding account, that the tympanal membrane is maintained in a 
condition of equilibrium by means of air-pressure exerted on both sides 
of it, the -closely connected trachea acting very much like the Eustachian 
,tube in the human ear. Sound waves impinging on the tympanum cause 
the latter to vibrate, and these vibrations appear to be transmitted to 
the nerve concerned by one of two methods. Since the scolophores in 
the crista acustica are turned away from the tympanum, the vibrations 
have either to act on the air in the trachere, or on the fluid in the anterior 
chamber of the leg, in the first instance, and indirectly affect the, scolo
phores: in the Acridiidre the tympanal vibrations appear to be pirectly 
transmitted to the scolophores. 

5. Other Sense Organs, Including Those of Unknown 
Function 

In addition to the various kinds of sensillre described in this chapter 
there is a widely distributed type variously known as the campaniform 
sensiUm, sense domes or olfactory pores 
(Fig. 90). Each consists of a thin, 
and commonly bell-shaped, cuticular 
structure overlying a large pore-canal: 
it may either project from the general 
surface of the integument, or be deeply 
enclosed in a cavity of the latter. In 
sectional view it is seen to be traversed 
by a nerve fibre which terminates at 
the apex of the bell-shaped covering. 
Unlike the chemical ~ensillre previously 

A 

• c/ h 8 

FIG. gO.-CAMPANIFORM SENSILLlE. 

c 

dealt with, no, gland cells are pre- A, of an ant. After Janet. B, of a hive bee. After 
McIndoo. p, pore; C, cuticle; n, nerve-ending. 

sent in association with these struc-
tures, and their function is not understood. 

The campaniform sensillre were discovered by Hicks (1857) and have 



88 THE SENSE ORGANS 

been restudied by many later workers including Berlese, Vogel (19II), 
Janet (1904), and McIndoo (1914). They are widely distributed over the 
insect body and its appendages. In the hive bee, for example, they occur 
on the mouth-parts, the bases of the wings,' the legs, and on the sting: 
in Diptera they are also found on the halteres. McIndoo differs from 
previous investigators in describing the nerve termination as entering a 
pore at the apex of the sensilla, with the result that its cytoplasm comes 
into direct contact with the air. Both from their histology, and the results 
of certain experiments, he concludes that they are adapted to receive 
olfactory stimuli, and terms them the olfactory pores. 

The halteres of Diptera are richly endowed with groups of sensillre 
and are regarded by some investigators as static organs which enable those 
insects to co-ordinate their movements during flight. Much difference of 
opinion exists, however, and other observers ascribe to them a chordotonal 
function. 

The elaborate structure known as Graber's organ, found in Tabanid 
larvre, is evidently adapted to receive sensory impressions of some kind, 
but its function is wholly problematical. 

On either side of the first abdominal segment, in many Lepidoptera, 
there is a peculiar sense organ which is well exhibited for example in Plusia 
gamma. Its structure has ·been investigated by Deegener (1909) and by 
Forbes (1916) who regard it as an organ for sound perception (vide also 
Lepidoptera) . 

In the winged forms of PhyUoxera Stauffacher (1903) has described 
what appears to be a true static organ, which is located at the base of each 
fore-wing, between the pro- and mesothorax. It consists of a small vesicle, 
enclosing a central body or statolith, together with nervous connections. 

Among other sense organs are the postantennal organs 01 Collembola, 
and the pseudocelli distributed over various parts of the body in certain 
of the latter insects and in the Protura. Nothing definite is known con
cerning their functions. 
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THE SOUND- AND LIGHT-PRODUCING ORGANS 

I N addition to the organs of special sense there are certain other organs 
of relation that are very different in character since they are adapted 
for the production and not for the reception of stimuli. These are the 

sound- and light-producing organs. 

The Sound-Producing Organs 
No insect possesses a true voice but. sounds of different kinds and inten

sity are produced by a number of species scattered through all the great 
groups. In many cases the property of sound-production is confined to 
the males: the females, however, are not invariably dumb and some 
possess the same faculty but in a lesser degree. On the other hand, sexual 
differences of this kind are frequently wanting and the sound-producing 
organs exhibit no appreciable differences in the two sexes. The significance 
of the sounds that are produced is not always easy to infer and, in some 
cases, it does not appear to be subject to any teleological explanation. In 
many insects they are undoubtedly concerned with the attraction of the 
sexes for mating, and in others they serve to communicate some kind of 
intelligence such as recognition, danger, etc., to other members of a species. 

The methods by which sounds are produced may be classified under 
the following headings. 

(a) By the tapping of some part of the body against an external object. 
(b) By the friction of one part of the body against another part. 
(c) By the vibration of the wings. 
(d) By the vibration of a special membrane exerted by muscular action. 
(e) By vibrations of uncertain origin. 

A. SOUNDS PRODUCED BY THE TAPPING OF SOME PART OF THE 
BODY AGAINST AN EXTERNAL OBJECT 

The best known example of sounds produced by this method is afforded 
by beetles of the family Ptinidre; more particularly those of the genus 
Anobi1t11t. The latter insects burrow into old furniture and woodwork 
where they make ticking or tapping sounds that are believed to be of the 
nature of a sex call. The sound is produced by an insect striking the lower 
part of the front of the head against the surface upon which it is resting. 

The soldiers of some termites (Termes spp.) similarly exhibit the habit 
of striking the floor of their habitation by means of the head thereby pro
ducing a clearly audible sound. In the highest stage of its development 
a large number of the soldiers may hammer in rhythmic unison. There 
appears every reason to believe that this practice is a warning signal serv
ing to communicate the existence of danger to other members of the 
community. 

90 
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B. SOUNDS PRODUCED BY THE FRICTION OF ONE PART OF THE 
BODY AGAINST ANOTHER PART 

By far the greater number and variety of the sounds emitted by insects 
are produced by this method, the actual parts concerned with the sound 
production being known as stridulating organs. Practically every external 
part of the body which is subjected to friction on an adjoining part has 
given rise to a stridulating organ in one or other insect. 

Stridulating organs are possessed by representatives of several orders 
of insects, particularly the Orthoptera, Coleoptera, and Hemiptera, but it 
is in the first mentioned order that they are best known. In many species 
of the families. Acridiidre, Locustidre, and Gryllidre the males are capable 
of vigorous stridulation: outside these three families very few other Orthop
tera stridulate and the faculty is rarely present in the females. Among the 
Acridiidre (vide p. 232). the sounds are produced by one of two methods. 
Either the upper surface of the costal margin of the hind wing works against 
the lower~surface of the fore-wing or, more usually, the inner aspect of each 
femur bears a series 'of pegs which are worked against the outer surface of 
the corresponding fore-wing (Fig. 91). In the Locustidre and Gryllidre 
(vide pp. 234 and 235) the sound is produced by friction between two 
modified areas of the 
fore-wings. 

Among Coleoptera 
there is a great variety 
of stridulating organs 
which, so far as they 
we.re known at the Q ,Q.,.,Q.,. 
time, were very fully , " c., ,,' ... 
discussed by Darwin FIG. 9I.-HIND-FEMUR OF AN ACRIDIID. 

in the "Descen t of a, row of pegs, three of which are shown greatly enlarged. 

Man"; more recently . 
they have been investigated by Gahan (1900). As a general rule 6ne part 
of each stridulating organ is developed as a file-like area and the other as a 
scraper consisting of a point or a series of points which is rasped across it. 
These organs are generally pres en t in both sexes and equally developed in each, 
probably serving for mutual sexual calling. The Bostrichid genus Phanopate 
is exceptional among insects in that the stridulating apparatus is confined 
to the female. In Heliopathes on the other hand the female is devoid of 
stridulating organs, and in species of Oryctes the strire are coarser and more 
regular in the male than in the female. The remarks of Darwin on stridula
tion in Coleoptera may be quoted verbatim. "In the case of the Helio
pathes and Oryctes there can hardly be a doubt that the males stridulate 
in order to call or to excite the females; but with most beetles the stridula
tion apparently serves both sexes as a mutual call. Beetles stridulate 
under various emotions, in the same manner as birds use their voices for 
many purposes besides singing to their mates. The great Chiasognathus 
stridulates in anger or defiance; many species do the same from distress 
or fear, if held so that they cannot escape; by striking the hollow stems 
of trees in the Canflry Islands, Messrs. Woolaston and Crotch were able 
to discover the, presence of beetles belonging to the genus Acalles by their 
stridulation. Lastly, the male Ateuchus stridulates to encourage the 
female in her work, and from distress when she is removed." 

The larvre of certain of the Lamellicornia (vide SchiOdte 1861-81) 



92 _', THE SOUND- AND LIGHT-PRODUCING ORGANS 

are endowed with stridulating organs on the legs or on the mouth-parts: 
they live in concealed situations and the significance of their sound-produc
ing apparatus has never been adequately explained. 

Among Hemiptera there is similarly a great diversity of stridulating 
organs more particularly in the Heteroptera. Both sexes frequently 
possess the power of sound production, but in Corixa the mechanism is 
less perfectly developed in the female. With the exception of certain 
leaf-hoppers organs of this kind are generally wanting among Homoptera. 

Several Lepidoptera are known to be capable of stridulation. Accord
ing to Hampson (I892) in certain Agaristidce the male has a corrugated 
area beneath the costa of the fore-wing, and the wing-membrane is dilated 
in. that region apparently to act as a resonator. It is suggested that the 
clicking sound which is emitted is produced by the ridged areas on the 
fore-wings passing over spines on the tarsi during flight. Certain species 
of Angeronia (both sexes) have long been known to make a similar clicking 
sound, and Hampson has described a stridulating apparatus at the base 
of the fore-wing. The same author (Froc. Ent. Soc. I894, p. xiii) mentions 
that the males of Cidaria dotata and other species possess a row of spines 
on a specialized area of the fore-wing which would presumably work against 
the costa of the hind-wing. A slight rustling, or hissing noise is produced 

FIG. 92.-STRIDULATING ORGAN OF MYRMlCA UEV1NOD1S 

IN MEDIAN SECTION. 

p, edge of post-petiole forming a " scraper" j 5, stridulatory surface 
on first gastric segment; i, intersegmental membrane. After Janet. 

by several of the common 
European species of Vanessa 
(Swinton, Ent. Month. Mag. 
I877: Ins. Life I) and a 
more audible "squeaking" 
sound by Halias prasinana 
(Swinton, I877). For sound 
production in Acherontia 
vide Lepidoptera. 

In the Hymenoptera 
stridulating organs are com
mon among certain ants and 
vary in structure in different 

species, and in the castes of the same species (Fig. 92). The organ consists 
of a file and scraper on the mid-dorsal region of the integument, at the 
base of the first gastric segment where the preceding segment overlaps. In 
Mutilla europcea both sexes have the power of stridulation, and the organ 
is very similar in its position and structure to that found in ants. 

C. SOUNDS PRODUCED BY THE VIBRATION OF THE WINGS 

Certain insects make a humming or buzzing sound when flying which 
is brought about by the vibration of the wings. Sounds of this description 
are particularly audible in such large insects as Melolontha, Geotrupes and 
Bombus. They are not, however, to be confused with other and higher 
pitched sounds, which may be made at the same time by a different method. 
Lubbock mentions that from the note produced the rapidity of the vibration 
can be calculated. Thus, the house-fly, which produces the sound of F 
vibrates its wings 335 times a second; and in the bee, which makes a sound 
of A, the vibrations are at the rate of 440 in a second. Marey has succeeded 
in confirming these numbers graphically by fixing an insect so that the 
extremity of the wing just touched a revolving cylinder. Each stroke of 
the wing caused a perceptible mark and he thus showed that a house-fly, 



THE SOUND-PRODUCING ORGANS 93 

fClr example, made 330 strokes in a second which agrees very closely with 
the number inferred from the note produced. Bellesme, however, con
cludes that sounds corresponding to vibrations of this frequency are 
produced by extremely rapid changes in the contour of the thorax and 
are maintained after removal of the wings (vide also p. 94). By attaching 
a style to the tergal part of the thorax he obtained a record of these vibra
tions which corresponded in frequency to those required to produce the 
sound that was experienced. 

D. SOUNDS PRODUCED BY THE VIBRATION OF A SPECIAL 
MEMBRANE EXERTED BY MUSCULAR ACTION 

Among the Cicadidce there is found one of the most complex kinds of 
sound-producing organs known. These structures are met with in the 
males, the females being either silent or only possessing rudiments of the 
apparatus. The great volume of sound emitted by the cic~das marks them 
out as being the noisiest representatives of the Insecta. 

The apparatus, and 
'the sounds produced 
by it, have been studied 
by many observers, but 
the basis of our know
ledge of the structure 
and mode of working 
of the mechanism will 
be found in the very 
full and accurate de
sGription of Reaumur 
(Hist. des Ins. V. 1740). 
His observations were 
confirmed and extended 
by Solier and later by 
Carlet (1887). 

The organs in ques
tion comprise a pair of 
shell-like drums or tim
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FIG. 93.-S0UND-PRODUCING ApPARATUS OF A CICADA WITH 
THE OPERCULUM OF ONE SIDE REMOVED. 

c, ventral cavity; Jm, folded membrane; Ie, lateral cavity; m, mirror; 0, 
operculum, that of the other side removed; P, base of leg; S, spiracle; t, 
timbal. After Carlet, Ann. Sci. Nat. 1887. 

bals situated at the base of the abdomen. These drums vibrate by the 
action of powerful muscles, and the sound can be variously modified by 
the so-called mirrors or sounding boards. In Cicada septendecim the true 
sound organs are freely exposed, but in many other cicadas the drums are 
covered by overlapping. plates or opercula. 

In the more perfect form of the apparatus, which is exhibited for example 
in Cicada plebeia, the account given by Carlet may be followed (Fig. 93). 
In this species the opercula are a pair of large plates which are backward 
extensions of the metasternellum, and situated on the ventral side of the 
body, where they overlap the base of l the abdomen. On removing an 
operculum a pair of cavities containing the external parts of the sound
producing apparatus is disclosed. The larger of these cavities is ventral, 
and the smaller is lateral in position. Their walls contain three specialized 
areas of membrane which are known respectively as the timbal or tympanum, 
the/aIded membrane and the mirror. The timbal is a crisp, plaited membrane 
surrounded by a chitinous :ring; it forms part of the inner wall of the 
lateral cavity, and is somewhat shell-like in appearance with its convex 
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. surface bulging outwards. The folded membrane is in the anterior wall 
of the ventral cavity, while the mirror is a tense, mica-like membrane in 
the posterior wall of that cavity. In close association with the whole 
apparatus there is an extensive air-chamber which opens to the exterior 
by means of the third pair of spiracles. The sound is produced by the 
rapid in and out movement of the timbal, which is brought about by a 
powerful muscle. The latter arises from the mesofurca and is attached 
to the inner face of the timbal. When the muscle contracts the timbal 
is pulled inwards: on the relaxation of the muscle the timbal regains its 
former position in virtue of the elasticity of its chitinous ring. This method 
of sound production has been compared to the pushing in and out of the 
bottom of a tin vessel, which makes a cracking sound. The folded mem
brane and mirror are sounding boards which intensify and modify the 
vibrations of the timbal; their removal reduces the volume of the sound, 
while the destruction of the timbal of both sides of the body renders the 
insect silent. The sound can also be modified by the operculum which 
is capable of being slightly elevated, but its main function is protective. 

E. SOUNDS PRODUCED BY VIBRATIONS OF UNCERTAIN ORIGIN 
In certain insects, particularly Diptera, sounds are produced in a manner 

different from those already referred to. The actual method of sound
production in these cases has given rise to much discussion, and the evidence 
that is available is of a conflicting nature. Many entomologists are familiar 
with the" highly pitched singing note that is emitted by various flies, par
ticularly in sOme species of Syrphida:, both when hovering and when at 
rest. Somewhat similar notes are produced by several Coleoptera and 
by Hymenoptera. According to Landois (1867) the sound is caused by 
the vibration either of a series of lamella:, or a tongue-like fold, projecting 
into the lumen of the trachea close to certain of the spiracles. These 
structures are membranous infoldings of the tracheal intima which are 
believed to be set in vibration by the forcible passage of air through the 
spiracles, thus producing a highly pitched note. Landois states that if 
the head, wings, legs and abdomen of a Calliphora be removed, so that the 
thorax is left with no vibratory parts other than the halteres, the highly 
pitched note is maintained. If the thoracic spiracles be closed with gum 
or wax the sound ceases. Lowne has described peculiar tympanic chambers 
immediately behind the insertions of the wings in Calliphora and in close 
association with the corresponding spiracles. He concludes that the 
emission of sounds in this insect is due to the expulsion of air through the 
thoracic spiracles, and the vibration of a membrane in the tympanic organ. 
He also mentions that the whole thorax vibrates distinctly when the insect 
is held between the finger and thumb. Bellesme (Camp. Rend. 87, 1878) 
notes that in Diptera and Hymenoptera the highly pitched sounds continue 
after removal of the wings and the stoppage of the spiracles. He considers 
that they are due to very rapid changes in the form of the thorax-in 
fact a kind of thoracic vibration-due to contractions of the wing muscles. 
J. Perez (Camp. Rend. 87, 1878) from a study of certain Diptera also finds 
that the sounds continue when the spiracles are artificially closed, and 
attributes them to vibrations of the wing bases against certain closely 
associated sclerites. The fact that different observers have not always 
used the same species of insect in their experiments may explain some of 
the discrepancies in the results obtained, but the subject is clearly one 
in need of renewed investigation. 
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The Light:Producing or Photogenic Organs 
Certain insects are self-luminous owing to the possession of special 

photogenic organs: some other insects owe their luminous properties to 
the presence of light-producing bacteria, or on account of having ingested 
luminous food. 

True luminous insects are almost confined to the order Coleoptera and 
more particularly to various genera of Cantharidre (Lampyrinre) notably 
Lampyris, Luciola, Phosphcenus, Photurtts, Photimts, Phengodes and others. 
The Elaterid genera Pyrophorus (the "cucujos") and Photophorus are 
also luminous and the same remark applies to several species of the 
Garabid Physodera and to Buprestis ocellata. Outside the Coleoptera, 
the larva of the Mycetophilid Bolitophila luminosa has photogenic 
powers. A small number of other irisects are also luminous but are not 
known to possess special organs for the purpose, and in many cases 
the light i:; probably associated with the presence of bacteria. Examples 
of this kind include Lipura noctiluca, a few Ephemeroptera, the" lantern 
fly " (Fulgora) together with certain larval Diptera and Lepidoptera. 

In the Cantharidre, previously mentioned, the luminosity is known in 
some species to extend to all the developmental stages, and is a character 
of their plasma. In the egg the luminous substance is diffused, but in 
the post-embryonic phases it is localized in the photogenic organs. The 
latter are usually situated on the ventral aspect near the apex of the 
abdomen, except in Phengodes where they are distributed along the sides 
of the body. In Lampyris 
noctiluca the female is 
apterous and larviform 
(and also in Phengodes) 
yielding a bright light, 
while the male is winged 
and has a feebler photo
genic capacity. In Luciola 
italica both sexes are 
winged and luminous and 
the same condition is 
found in the Elateridre. 
In the latter the chief 
photogenic organs are situ
ated on the dorsal aspect 
of the thorax. It is gener
ally believed that the light 
in the above _instances 
serves to ensure the meet
ing of the sexes, but its 
significance in the earlier 
stages is not understood. 

The luminous organs, 

FIG. 94.-LuMINOUS ORGAN OF PHOTINUS. 

C, cuticle; cp, tracheal capillarjes ;:H, hypodermis; N, nerve; P, photo .. 
gen layer; T, trachea:!; U, reflector layer. After Williams, 1916. 

in all stages of the species concerned, exhibit the same essential structure. 
They consist of an outer or photogen layer and an inner or reflector layer 
(Fig. 94). Trachere and nerves penetrate both layers but are more highly 
developed in the outer stratum. Each organ is covered by the general 
cuticle of the body which is more translucent than elsewhere. The photogen 
layer is transparent and its cells are grouped into lobules which are associ-
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ated with the larger tracheal branches·; the smaller·vessels from the latter 
terminate in end-cells with tracheoles. The exact distribution of the 
trachea:: varies in different species, but in all cases the arrangement is 
such as to provide a very abundant oxygen supply. The reflector layer is 
composed of cells containing numerous urate crystals; they have a milky 
appearance and act as a background scattering the incident light and pre· 
venting its dispersal internally. 

Much discussion has taken place with regard to the morphological 
origin of the photogenic organs. Dubois and others maintain that they 
are derived from the hypodermis, but Vogel and Williams, who have both· 
studied the development of these organs, state that they are derived from 
the fat-body. In the larva of Bolitophila they are exceptional in being 
formed from modified portions of the Malpighian tubes. 

The phenomenon of light-production in the animal and vegetable kingdoms is 
one of luminescence, the light emission being stimulated by some means other than 
heat. The ter:m phosphorescent organs has often been applied to the luminous organs 
of insects and other animals, but the light produced is in no sense a phosphorescence 
since it is independent of the previous illuminatioh of the organism. The light is 
eIflitted as the result pf the oxidation of a compound luciferin in the presence of an 
enzyme-like substance luciferase. This reaction takes place within the cells of the 
luminous organ and is dependent upon oxygen and water for its consummation. The 
amount of heat generated during the reaction has been studied by Harvey who 
prepared luciferin and luciferase extracts from the Ostracod Cypridina. As the result 
of his experiments he found that if any rise of temperature occurs during the 
luminescence, which results from the mixing of these two substances, it is certainly less 
than '001° C. ; or, I gram luciferin liberates less than 10 calories during the luminescence 
accompanying oxidation. The physical nature of animal light is not in any way 
different from light of ordinary sources except in intensity and spectral effect. It 
is visible light containing no infra-red or ultra-violet radiation, or rays which are 
capable of penetrating opaque objects. It is not polarized as prqduced but is 
polarizable by a Nichol prism: it will cause fluorescence and phosphorescence of 
substances and affect a photographic plate (vide Harvey, 1920). 
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THE DIGESTIVE SYSTEM AND ITS APPENDAGES 

T HE alimentary canal is a tube of very variable length; in some 
cases it is about equal to that of the body, while in others its length 
is greatly increased and it assumes a convoluted course. The 

shortest and simplest type is found in many larvre, notably those of the. 
Lepidoptera, Hymenoptera, and Diptera-Nematocera; in the Apterygota, 
Dermaptera, certain Orthoptera, etc., this condition is maintained through
out life. In nymphal and adult Homoptera, and in the larval Diptera 
Cyclorrhapha, it attains its greatest length and number of convolutions 
and is often several times (onger than the whole insect. As a general rule, 
it may be said that the greatest length of digestive canal is to be found 
in those insects which feed upon juices, rather than upon the more solid 
tissues of animals and .plants.- - Exceptions, however, are found in the larval 
Hymenoptera, whose aliment is entirely of a fluid nature, and whose diges
tive canal is a straight, simple tube. Morphologically the alimentary 
canal is divisible 
into three primary 
regions according 
to their method 
of embryonic 
origin (Fig. 95). 
The fore-intestine 
arises as an an
terior ectodermal 
in vagina tion 
(stomodceum) : the 
hind-intestine as a 

m 

FIG. 95.-DIAGRAM OF THE DIGESTIVE SYSTEM OF AN 'INSECT. 

The ectodermal parts are represented by heavy linos and the endodermal parts by broken 
lines. 

m, mouth; oe, <Esophagus; c, crop; g, gizzarq; ec, enteric cceca; mg, mid-intestine; 
mt, l\1alpighian tubes; hi, hind-intestine j r, rectum j a, anus. 

similar posterior invagination (proctodreum) ; and the mid-intestine, which 
ultimately connects the two, develops as an endodermal sac (mesenteron). 
These differences in embryonic origin result in marked histological differ
ences in the structure of the mid-intestine, as compared with either of 
the other regions. Both the fore- and hind-intestine, being invaginations 
of the body-wall, resemble the latter in their essential histology, and are 
lined with chitin. 

(a) The Fore-Intestine 
The following layers, passing from within outwards, are generally 

recognizable in the walls of the fore-intestine (Fig. 96, A). I. The intima 
or innermost lining, which takes the form of a chitinous layer directly 
continuous with th~ cuticle of the body-wall. 2. The epithelial layer 
continuous wit~ the hypodermis and, like the latter, chitogenous in func
tion: it is often extremely thin and may take the form of a syncytium. 
3. The basement membrane bounding the outer surface of the epithelium. 
4. The longitudinal muscles. 5. The circular 1Jutscles. 6. The peritoneal 
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98 -~ THE DIGESTIVE SYSTEM AND ITS APPENDAGES 

membrane which consists of apparently structureless connective tissue and 
is often difficult to detect. The fore-intestine is divisible"into the following 
regions :-

The pharynx. The term pharynx is given to the region immediately 
behind the mouth, between the latter opening and the resophagus. In 
biting insects the mouth is bounded by the labrum above, the labium 
below and by the mandibles and maxilla! on either side. In sucking insects 

P'm \/ A. 
em 

c. 

a true mouth is absent, the actual 
entrance into the digestive system 
being situated at the apex of the 
organ of suction. The pharynx is 
best developed in the latter type of 
insects, and is provided with an 
elaborate musculature, many of 
whose fibres pass outwards to be 
attached to the wall of the head. 
By means of these muscles it func
tions as a pumping organ, which 
serves to imbibe the liquid food 
through the' proboscis and convey 
it backward into the resophagus. 

The msophagus is a simple, 
straight tube passing from the hin
der region of the head into the fore 
part of the thorax. It is very vari
able in length and the inner walls 
are longitudinally folded. 

The crop is present in many in
sects and is a dilatation of the 
hinder portion of the resophagus. 
It is extremely variable in form, and 
functions as a food reservoir; its 
walls are thin and the muscular coat 

FIG. g6.-A. LONGITUDINAL SECTION OF THE weakly developed. In Periplaneta, 
WALL OF THE (ESOPHAGUS OF A TERMITE. and most Orthoptera (Fig. 97) it is 

c, chitinous intima; ,p, cellular layer; bm, basement very capacious and constitutes the 
membr~ne; 1m, longitudinal muscles; em, circular do.; . . f h f . . 
pm, pentoneal membrane. majOr portIon 0 t e ore-IntestIne. 
n. LONGITUDINAL SECTION OF THE WALL OF 

THE MID-INTESTINE OF A TERMITE IN 
THE SECRETORY PHASE. 

e, enteric epithelium; nc, group of regenerative cells' 
other lettering as in A. ' 

C. TRANSVERSE SECTION OF THE WALL OF 
THE MID-INTESTINE OF BLA1'TA IN THE 
RESTING PHASE. 

C, crypt; h, striated hem. 

In a few insects it is developed as 
a lateral dilatation of one side of 
the resophagus as in Gryllotalpa, 
certain of Isoptera and the larva! 
of Myrmeleon and the CurcuZionidce. 
Among various sucking insects this 
dilatation becomes greatly pro
nounced and connected with the 

resophagus by means of a slender tube. The organ is then known as the 
food-reservoir or "sucking stomach," but the latter expression is mis
leading and incorrect. A food-reservoir is present in most Diptera (Fig. 
98) and also in the larva! of some of the Cyclorrhapha and in the higher 
Lepidoptera (Fig. 99). 

The proventriculus or gizzard (Fig. 100) is situated behind the crop and 
is principally developed in mandibulate insects which feed upon hard 
substances; among the Orthoptera it ,is a very highly specialized organ 
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(Fig. 97). It is also found in many carnivorous and wood-boring Coleop
tera, the Mecoptera, Odonta, Isoptera and various Hymenoptera; it is 
reduced to the condition of a valve in the honey bee and most of the Diptera. 
The dominant feature in its structure is the great development of the 
chitinous lining into prominent denticles, and the increased thickness of 
its muscles. At the point of junction of the fore- and mid-intestine, there 
is present in many insects 
a cardiac or cesophageal 
valve. This structure is 
formed by the wall of the 
fore-intestine being pro
longed into the cavity of 
the stomach as an inner 
tube, which then becomes 
reflected upon itself and 
passes forwards to unite 
with th~ stomach-wall 
(Fig. ror). It exhibits 
varying degrees of com
plexity among different 
insects and, in certain 
Dipterous Jarv<Ce, a blood 
sinus is present between 
its outer and inner walls 
(Imms, Joum. Hyg. r907, 
30r). 

(b) The Mid-Intes
tine 

This region is termed 
the stomach or mid-gut 
and its shape and capa
city vary exceedingly. In 
some cases it is sac-like, 
in others it is coiled and 
tubular like an intestine, 
or it may be divided into 
two well-defined regions 
as in many Cyclorrhapha 
(Fig. 98). Histologically 
the wall of the stomach ex
hibits the following struc
ture (Fig. 96). Internally 
it is lined by a stratum 

. ' 

oe , 

A 

FIG. 97.-A. ALIMENTARY CANAL OF PERIPLANETA AMER-

JOANA. B. ALIMENTARY CANAL OF NE"IOBIUS 

SYLVESTRIS (GRYLLIDJE). 

oe, <esophagus; c, crop; g, gjzzard; te, enteric cceca; tn, Malpighian 
tubes; mi, mid-intestine; hi, hind-intestine; T, rectum; rp, rectal papil. 
Ire. After Bordas, Ann. Sci. Nat., 8th ser., 5. 

of enteric epithelium the outer ends of whose cells rest upon a basement 
membrane: the latter is followed by an inner layer of circular muscles 
and an ,outer layen of longitudinal muscles. The outermost coat of the 
stomach is thiu peritoneal membrane. Both muscle layers are composed 
of striated fibres and their positions are the reverse to what obtains in the 
fore-intestine. The structure of the enteric epithelium requires more 
detailed mention. Its cells are usually clearly demarcated and during 
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the non-secretory phase their inner or free margin is bounded by the so
called striated hem. The appearance of the latter, in many cases, appears 
to be due to minute pore canals while in others closely set cilia-like processes 
are described (vide Vignon, r90r). In the active or secretory pha,se the 
cells give off granular protrusions, which extend into the lumen of the 
stomach, where they either become disconnected or rupture, thereby dis-

p 

u- d f 

FIG, 98.-ALIMENTARY CANAL OF A MUSCID 
FLY (CALLIPHORA). 

oe, resophagus i P, proventriculus; v, ventriculus; df, 
duct of food-reservoir f; p.i, proximal intestlne; ffll' Mal
pighian tubes which unite to form a common stem (m) on 
either side; hi, hind intestine; 1', rectum; rp, reclal papillre ; 
a, anus. Adapted from Lowne. -

FIG. 99.-DIGESTIVE SYSTEM OF 
SPHINX LlGU8TRl (IMAGO). 

ex, resophagus; s.g, salivary gland j 
j, food-reservoir; m. mid-intestine; 
mt, Malpighian tubes; hi, hind intestine; 
C, ccecum; 1', rectum. A/tel' Newport. 

charging their secretory contents. The epithelial layer is generally folded 
to a greater or lesser degree and, beneath the crypts of the folds, or between 
the epithelial cells, are islands of small cells which are centres of regeneration 
replacing those which are no longer functional. As a general rule the 
enteric epithelium exhibits no special differentiation of its cells in con
formity with the dual function of secretion and absorption, each cell being 
capable of performing both acts during its physiological phases (Steudel, 
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1913). In a few insects, however, notably in 
Ptychoptera, van Gehuchten (1'890) states that 
the absorptive cells are very large and located 
in a definite region between two areas occu
pied by secretory cells. I t is frequently found 
that the stomach is lined by a membranous 
tube which, for th~ most part, is not in con
tact with its epithelium (Fig. 101).' This tube 
is the peritrophic membrane of Balbiani; it is 
quite colourless and, on account of its resist
ance to the action of alkalies, it is inferred to 
be of a chitinous nature. The seat of its 
origin has ~iven rise to much discussion, but 
the results of recent research indicate that it is 
continuously secreted by a band of deeply 
staining gland-like cells situated at the point 
of junction of the fore- and mid-intestine (vide 
Gehuchten 1890, Vignon 1901, Bordas and 
others). 

FIG. Ioo.-TRANSVERSE SEC-

TION OF THE WALL OF THE 

GIZZARD OF LOCUSTID (DETI-
A membranous tube surrounding the ingested 

food is present in the Thysanura, Orthoptera, many 
Neuroptera and Coleoptera, certain Hymenoptera, 
in larval Lepidoptera and many larval Diptera. On 
the other hand, Schneider states that it is wanting 

GUS ALB/FRONS. 

c, chitinous lining; d, teeth; e, epithel
ium; em, circular muscles; 1m, longi
tudinal muscles; p, peritoneal membrane. 
After Bordas. 

FIG. IOI.-CARDIA OF A DIPTEROUS LARVA 

(NEMATOCERA) WITH THE ADJACENT REGION 
OF THE MID-INTESTINE, SEEN IN LONGI-
TUDINAL SECTION. I 

oe, <Esophagus; c, chitip.ous intima; m, muscles; u, point 
of union of fore-intestine with mid-intestine; glz, zone of 
columnar gland cells which secrete the peritrophic membrane 
pm; ee, en terie ccecum. 1 

in the Hemiptera, adult Lepidoptera, 
many carnivorous Coleoptera and in 
many Hymenoptera. 

In the hive-bee (Snodgrass), the 
larva of .lEschna (Voinov) and certain 
other insects a peritrophic membrane 
is described as being formed by the 
delamination of the inner or free 
margin of the cells lining t,he mid
intestine. It is evident that in these 
instances it is a non-chitinized struc
ture quite different from the usual type 
of peritrophic membrane described 
above. 

In many insects the surface 
area of the stomach is increased 
by the development of sac-like 
diverticula,-the enteric or gastric 
cceca (Fig. 97). These organs are 
usually situated at the U!sopha
geal end of the stomach and are 
very variable in number. In cer
tain dipterous larv;:e and in the 
Gryllid;:e and Locustid;:e two large 
cceca are present; in Periplaneta 
and larval Culicid;:e there are 
eight, while in the larva of Oryctes 
nasicornis they are more numer
ous and are disposed in an an
terior, a median, and a posterior 

annular series. Among various predaceous Coleoptera they are repre-
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sented by numerous villiforrn processes, and in some orders (e.g. Collem
bola, Lepidoptera) c~ca are generally wanting. 

In the larvre of certain groups of insects the stomach is a closed sac, 
the passage being closed between the mid- and hind-intestine. In these 
instances the food is always of a fluid nature and there is but little solid 
residuum. This condition is prevalent in the majority of the larvre of the 
Hymenoptera Apocrita, and in those of the Neuroptera Plannipennia, of 
Glossina, and of Diptera Pupipara. 

(c) The Hind-Intestine 
This region consists of the same layers as the fore-intestine except 

that its circular muscles are developed to a varying degree both inside 
and outside the layer of longitudinal muscles. The commencement of 
the hind-intestine is marked by the insertion of the Malpighian tubes (vide 
p. I30) which are likewise of ectodermal origin. In most insects three 
well marked regions are recognizable. These are :-the small intestine or 
iletfm, the large intestine or colon and the rectum. The chitinous lining 
of the ileum and colon is often thrown into folds and provided with hair
like or spinous projections: among certain Lamellicorn larvre the latter 
are highly developed and assume an arborescent form. The ileum may 
be very long as in Dytiscus and Necrophorus, short as in many other insects, 
or it may be undifferentiated from the colon, as in many Orthoptera 
and Hemiptera. Among Lepidoptera, certain Coleoptera, etc., a hollow 
outgrowth or crecum arises from the colon: it is sac-like in Sphinx ligustyi 
(Fig. 99) and many other Lepidoptera, while in Dytiscus it takes the form 
of a tube nearly equal to the abdomen .in length. The rectum is a more 
or less globular -or pyriform chamber, generally provided with a variable 
number of inwardly projecting papillre or "rectal glands." The latter 
are six in number in Orthoptera and Neuroptera, very numerous in Lepidop
ter-a but are absent in many insects, particularly in their larvre. They 
are generally formed of columnar epithelium invested by the usual layer 
of cuticle, and are sometimes well supplied with trachere. Nothing definite 
is known relative to their functions. 

(d) Physiology of the Digestive System 
In a typical biting insect the food, on entering the buccal cavity, is 

subjected to the action of the salivary secretion which is neutral or alkaline 
in character, and has the property of converting starchy matter into assimil
able glucose. When a crop is present this action largely takes place in 
that chamber and, according to Plateau and Jousset de Bellesme, the 
glucose may be absorbed directly through its walls. As a general rule, 
however, the stomach is the principal seat of absorption of the soluble 
products of digestion. The gizzard for many years was considered to 
be a triturating organ but the researches of Plateau and others indicate 
that it is mainly a straining mechanism which only admits the food into 
the stomach when it is in a suitable condition: so long as it is closed it 
allows of the amylolytic and inverting action of the saliva to complete its' 
work. The secretion of the stomach is usually alkaline but its reactions 
vary in different regions. In most insects it is not comparable with the 
gastric juice of vertebrates but rather resembles the pancreatic secretion. 
In general it acts upon albuminoid and sometimes starchy substances, 
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and also breaks up fats into fatty acids and glycerine. Its proteolytic 
action is due to trypsin which transforms albumens into peptones with 
the formati~n of tryptophane and tyrosin (Biedermann). As already 
mentioned, the transformation of starchy substances into glucose takes 
place mainly in the fore-intestine but, in certain cases, it has been shown 
to take place in the stomach also. Since the food in many insects is separ
ated from the enteric epithelium by the intervention of the peritrophic 
membrane, the latter probably has a dialyzing function allowing of the 
outward passage of peptones and other prepared products of digestion 
and, at the same time, permitting of the diffusion of the digestive secretions 
in the opposite direction to mingle with the food. The principal function 
of the hind-intestine is that of conveying the residual products of digestion 
and material excreted by the Malpighian tubes to the exterior. 

Specialized types of digestion.-In the digestive canal of wood-feeding Coleoptera 
an enzyme, xylanase, has been detected which has the property of hydrolising xylan 
(Seilliere). In other cases symbiotic microorganisms have been found to play an 
important part in digestion. Portier (19II) has investigated an apparent instance of 
symbiosis in the case of the larva of Nonagria which lives within the stems of Typha 
devouring the pith. In the digestive tube of this larva are found great numbers of 
motile conidia of a fungus (Isaria) which exist among the devoured vegetable fragments. 
The conidia are always accompanied by a micrococcus which secretes an enzyme 
capable of dissolving cellulose. Portier states that the conidia develop and multiply 
at the expense of the dissolved cellulose and eventually penetrate the walls of the 
gut, escaping into the blood. Most of them are there attacked by phagocytes and 
tr~nsformed into products which serve to nourish the tissues of the host. The 
abundant fauna of flagellates found in the hind-intestine of wood-feeding termites 
very possibly. is also symbiotic, and it has been shown that the wood particles are 
absorbed by the Protozoa. Buscalioni and Comes (1910) claim to have established 
that they elaborate from the wood, sugars and glycogen which serve to nourish their 
host. 

External digestion has been observed in diverse orders of insects; in some cases 
it is of a preliminary nature only, while in others, the essential processes of digestion 
appear to take place outside the body. In the Hemiptera the saliva is injected into 
the tissues of the plant and the enzymes which it contains act upon starch ~lHugnion). 
The larva of Cossus discharges a secretion of the mandibular glands which softens the 
wood upon which it subsequently feeds and thereby admits of its mastication. Fabre 
(Souv. Ent. 10· Ser.) states that the larva of Lucilia caJsar discharges its digestive 
secretion over the carrion which serves as its food. By means of a ferment analogous 
to pepsin the protein matter is liquefied and subsequently imbibed. This explanation, 
however, is disputed by Guyenot (1907) who states that the digestive secretion exhibits 
no such properties and that the functions ascribed to it by Fabre are in reality performed 
by a symbiotic Micrococcus, which is abundant in the food reservoir. In the larVa! 
of the Dytiscida! Portier (19II) observes that their jaws pierce the tissues of the 
prey; the latter is paralysed by the secretion of the glands of the cesophagus which 
enters through the perforate mandibles. The insect then injects the secretion of the 
stomach which is rich in zymases, and digestion of the tissues of the prey takes place 
in situ. The Dytiscus proceeds to imbibe its prepared meal, afterwards making 
further injections, the process being repeated until the tissues are consumed. The 
method of feeding in the larVa! of the Planipennia is very similar, and probably 
external digestion takes place in these cases also. 
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THE RESPIRATORY SYSTEM 

I N the vast majority of insects respiration takes place by means of inter
nal air-tubes known as trachecc. The latter ramify through the organs 
of the body and the appendages, the finest branches being termed 

tracheoles. The air enters the trachere through paired and usually lateral 
openings termed spiracles (or stigmata), which are segmentally arranged 
along the thorax and abdomen. More rarely the spiracles are closed or 
wanting, respiration in such cases being cutaneous. In the immature 
stages of most aquatic insects special respiratory organs known as gills 
(or branchim) are present, and these mayor may not co-exist with open 
spiracles. The respiratory organs of insects are always derived from the 
ectoderm: the trachere are developed as tubular invaginations of that 
layer and the gills arise as hollow outgrowths. Histologically, both types 
of organ are composeq, of a layer of cuticle, the hypodermis and usually 
a basement membrane, all of which are directly continuous with similar 
layers forming the general body-wall. 

The Spiracles 
Number and Position of the SpiracIes.-The spiracles are, morpho

logically, the mouths of the ectodermal invaginations which give rise to 
the tracheal system. They are normally placed on the pleura of the fQ.oracic 
and abdominal segments, but their exact position is very variable. In 
the abdomen of most insects they are seen to lie in the soft membrane 
between the terga and sterna. From this position the spiracles may bme 
to be situated either forward or backward in relation to their segments. 
In many insects, particularly on the thorax, the spiracles assume an inter
segmental position, being situated just in front of each of the segments 
to which they properly belong: or, they may be no longer situated on the 
pleura but come to lie on the terga, near the side margins of the latter, as 
is seen in the abdominal spiracles of Apis and Musca. The whole question 
of the primitive situation of the spiracles, and the secondary positions 
assumed by these organs, is one needing investigation. 

In the developing embryo the spiracles appear as a series of invagina
tions lying to the outer side of the rudiments of the appendages. Twelve 
evident pairs of spiracles are present in the embryo of Leptinotarsa, being 
situated on each of the thoracic and the first nine abdominal segments. 
In the embryos of most insects, however, the pro thoracic pair is wanting 
and frequently the pair on the 9th abdominal segment is likewise absent. 
It is noteworthy that although I2 pairs of spiracles are not present in the 
post-embryonic stages of anyone insect, nevertheless, if the spiracle-bear
ing segments in different orders be taken collectively, they are I2 in number. 
The maximum number of spiracles recorded in any adult insect is II pairs 
which are present in ] apyx solifugus: in this species they are located on 
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the first 10 postcephalic segments and there is a supernumerary pair on 
the metathorax (Fig. 102). According to Silvestri II pairs of spiracles 
are also present in Evalljapyx. No other insects, whether they be larva! 
or imagines, retain more than 10 pairs of spiracles (2 thoracic and 8 abdom
inal) which is the prevalent number in the adults of most orders. Among 

the principal exceptions are the Anopleura which 
have I thoracic and 6 abdominal pairs: the Thy
sanoptera usually have 1 or 2 pairs of ~horacic and 
2 pairs of abdominal spiracles; in the Hemiptera 
Sternorhyncha their number is very variable and is 
reduced to 2 pairs in many Coccida!. Among Cole
optera, the Lamellicornia and Rhynchophora have 
from 1 to 3 of the hindmost abdominal spiracles 
wanting or non-functional. The Diptera usually 
exhibit a reduction in the number of abdominal 
spiracles and, among the Athericera, a sexual differ
ence is evident in this respect, the females often 
having 5 pairs and the males 6 or 7 pairs. The 
Lepidoptera usually have 9 pairs of spiracles and 
many of the Hymenoptera 10 pairs: this number 
is exhibited, for example, in ants. Among the para
sitic Hymenoptera reduction is frequently evident 
and in the Chalcidoidea, there are commonly only 
3 pairs which are situated on the thorax, propo
deum and 8th abdominal segment, respectively. 

Among adult winged insects there is no in
dubitable instance of pro-thoracic spiracles being 
present. Those often regarded as belonging to this 

FIG. I02. - TRACHEAL segment pertain in all probability to the meso-
SYSTEM OF jAPYX. thorax, having undergone a secondary forward 

t l , t2 , ta, thoracic segments; 1-4, 
thoracic spiracles; 5, II, abo 
dominal spirac1es. After Grassi, 
1887. 

migration. 
Although functional spiracles are present on the head 

in the Symphyla, they are not found in that position in 
any ihsect. According to Nelson a pair of evanescent spiracles is present on the 
second maxillary segment in the embryo of the honey bee. Several observers have 
claimed that from 2 to 5 pairs of cephalic spiracles are represented by the invagina
tions which give rise to the apodemes forming the tentorium. The balance of evi
dence, however, is against this homology, since a pair of tentorial invaginations 
coexist with the spiracles on the second maxillary segment in the embryo bee, and 
apodemes are present along with spiracles in the thorax of most insects. 

Structure of the Spiracles.-The term spiracle is held to include not 
only the external opening, and the annular sclerite or peritreme which 
surrounds it, but also the atrium or vestibule into which the opening leads, 
together with the closing apparatus. The latter consists of one or more 
muscles with associated chitinous parts. The atrium is a specialized 
region of the trachea leading from the spiracular opening: it lacks henidia 
and its walls are variously sculptured or are provided with hairs, trabecula! 
and similar chitinous outgrowths. Closely connected with the spiracles 
are frequently peristigmatic glands which secrete an oily or other material 
preventing the wetting of those organs. The structure of the spiracles 
presents an enormous range of variety among different groups of insects: 
it is also usually different in the thoracic and abdominal spiracles of the 
same insect and may be greatly modified in different instars. It will, 
therefore, be readily appreciated that their classification is a !]latter of 
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much difficulty. Krancher (1881) divided spiracles into two main groups, 
viz., those without lips and those provided with lips. Under the latter 
category are included a number of subdivisions based upon various struc
tural points. Mammen (1912) c1assified spiracles into four groups founded 
upon the number and relations of the muscles connected with the closing 
apparatus: his wQrk, however, deals almost entirely with Hemiptera. 

The most generalized type of spiracle is devoid of lips and closing appara-

FIG. I03.-SPIRACLE AND OCCLUDING ApPARATUS OF TRICHODECTES, SEMIDIAGRAMMATIC. 

A, ppen; B, closed. After Harrison, Parasitology, 1915. 

tus and is little more than a simple crypt as in Sminthuyus. No special 
chamber or atrium is developed and the spiracle opens directly into the 
trachece. 

In most Hemiptera, more especially in the abdomen, the spiracles 
are simple apertures surrounded by a peritreme. A well developed atrium 
is present and between the latter and the trachea is the closing apparatus. 
This type of spiracle is also found in the Anopleura, Aphaniptera and in 
other insects (Fig. 103). 

FIG. l04.-FIRST THORACIC SPIRACLE (LEFT) OF PERIPLANETA SEEN FROM THE OUTSIDE. 

V. valve; I, setose lining of valve more highl~ magnified. The occlusor muscle is shown and the arrow indicates 
the direction of air entering the spiracle. After IIliall and Denny. 

In Periplaneta the thoracic spiracles each have a slit-like opening which 
is guarded by a bi-lobed valve or lip (Fig. 104). The spiracle is closed 
by an occlusor muscle which arises from the integument and is inserted 
into the lip. The abdominal spiracles are permanently open and each 
spiracle leads into an atrium which communicates with the adjoining 
trachea by means of a slit-like opening (Fig. 105). On one side of the 
opening is a chitinous bar or bow and on the other side a pouch~like diver-
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ticulum: the latter gives attachment to the occlusor muscle which is 
inserted into the bow. The contraction of this muscle closes the opening 
previously alluded to, ana. an antagonist muscle arises from the supporting 
plate of the spiracle and is also inserted into the bow (Miall and Denny). 

In the spiracles of lepidopterous larvre the lips are fringed with repeatedly 
branched processes, whose finest divisions often require a high magnification 
for their detection, thus forming a most efficient guarding mechanism to 
the tracheal system. At the inner end of the atrium is the closing apparatus, 
The latter consists of a chitinous bow, which partly encircles the trachea, 
while on the opposite side of the latter is a chitinous band; a closing lever 

A B 

c D 

FIG. I05.-FIRST ABDOMINAL SPIRACLE (LEFT) OF 
PERIPLAlo'ETA. 

A, external view; B, side view; C, internal view, aperture open j 
D, internal view, aperture closed. The bow is shaded in all the figures; 
the aperture into the trachea is shown at I. After ~liall and Denny. 

of trabeculre (Fig. 108). 

or rod is closely connected 
with the band. The occlusor 
muscle is attached at one 
end to the bow and at the 
other to the lever: when the 
muscle contracts the lever 
presses the band against the 
bow, thus Q closing the en
trance into the trachea. The 
latter is opened partly by 
means of the elasticity of 
the chitinous parts which 
regain their former position, 
and partly by the aid of 
an antagonist muscle or an 
elastic fibre (Fig. 106). 

In the larvre of Melo
lontha and other of the 
Lamellicornia (Boas, Z ool. 
Anz. 1893: Meinert 1895) 
the spiracles are circular: 
each consists of a crescentic 
sieve-plate and a projecting 
tegumentary fold or bulla 
which is almost completely 
surrounded by it (Fig. 107). 
The true opening is a curved 
slit situated near the margin 
of the bulla and running 
concentrically with it. The 
sieve plate consists of an 
outer pore membrane sup
ported beneath by a layer 

In larvre of the Elateridre, Cleridre, Nitidulidre and other Coleoptera 
are bi/orous spiracles. Each has two contiguous openings which are more 
or less slit-like and separated by a partition wall. Each opening communi
cates either by means of a tubular passage with a common atrium, or opens 
directly into the trachea (Fig. 107). Other types of spiracles in larval 
Coleoptera are described by Steinke (1919)-

In the immature stages of Diptera the spiracles are devoid of lips (vide 
de Meijere 1895,1902). In the third-stage larvre of the higher Cyclorrhapha 
the posterior spiracles consist of a pair of chitinous plates. Each plate 
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FIG. I06.-SPIRACLE OF A LEPIDOPTEROUS LARVA (SPIlINGID£). 

A J seen from the outside showing fringed processes of the lipe; B, seen from the inside, lips omitted; C sectional 
view. a spiracular aperture' at, atrium; b, bow; bd, band; c, cuticle; cl. elastic fibre which opens spiracle; : entrance 
into trachea; h, hypodermis; I, lever; p, peritreme j prJ fringed processes of lips j w, wall of atrium j t, trachea. 

is surrounded by a peritreme and bears as a rule three openings which 
may be pyriform (Mtlscina) or in the form of straight slits (Calliphora) 
or sinuous slits (Musca). Each opening is traversed by a number of fine 

chitinous rods presenting the appearance of a 
grating, and all three openings communicate 
with a common atrium. Just internal! to the 
openings there is a system of branched chiti
nous trabeculre which form, along with the 

a'--

FIG. 107.-1. BIFOROUS SPIR
ACLE OF A CLERID LARVA. 
After Boving and Champlain. 
II. ABDOMINAL SPIRACLE OF 
THE LARVA OF MELOLONTHA 

grating pre
viously alluded 
to, an efficient 
barrier to the 
en trance of 
foreign par
ticles. The 
walls of the 
atrium are also 
lined with a 

FIG. 108.-LONGITUDINAL SECTION 
OF A SPIRACLE OF THE LARVA 
OF MELOLONTHA. 

fi b r 0 u s ret i-at, atrium: other lettering as in Fig. 107. 

culum. The 
anterior spiracles each consists of a variable 
number of digitate processes whose apices are 

VULGARIS. 
a, spiracular opening; b, bulla; s, perforated by openings. Each opening com

sieve plate. The arrow is directed municates with a small atrium and the atria 
anteriorly. 

of each spiracle all join with the main 
tracheal trunk of their side. Since both anterior and posterior spiracles 
change in form at each instar the spiracles of the previous in?tar atrophy. 
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B 
FIG. I09,-LONGITUDINAL SECTIONS 

OF THE LAST ABDOMINAL SPIRACLE 
OF AN ANT. 

A, open; B, closed; 0, spil'acular opening; 
a.c., anterior chamber; b, occluding' chamber; 
f. closing muscle and p mobile insertion of same; 
h, thickened portion of trachea; i, fixed insertion 
of closing muscle; tn, flexible membrane; 0, 
spiracular opening; ou, opening muscle; ou l , 

~xe? insertion of same; tf, trachea. After Janeh 
I90 2. 

The new larval or pupal spiracle anses 
as an outgrowth of the atrium which 
eventually meets the skin. The old 
atrium shrivels, only persisting as a stig
matic cord, and all that remains of the 
original spiracle is seen in the stigmatic 
scar or cicatrix (Fig. IIO) which is found 

FIG. IIO.-SPIRACLES OF LARVAL DIPTERA. 

I, anterior spiracle of ttfusca domestica; 2, posterior spiracle 
of Calliphora erythrocephala; 3, posterior spitacle of A[usca 
domestica ; A, vertical section through spiracle of Calliplwra; chit
inouspartsonly'sliown; a, atrium j c, cicatrix; p, peritreme; s, 
spiracular sli t. 

in close connection with the functional 
spiracle, In the. larvce of (Estrus, Hypo
derma and other of the CEstridce instead 
of three openings to each spiracle there 
are multiple pores. In Glossina there are 
about 500 of these pores to a side which 
form the sculpturing on a pair of poly
pneustic lobes (Newstead, 1918). Each 
pore is connected by means of a tubular 

continuation with large tracheal trunks within the lobes. A similar 
arrangement obtains in the larva of Hippobosca except that the pores are 
much less numerous, while in Melophagus there are only four to each lobe. 

The Trachere and Tracheoles 
The trachece are elastic tubes and when filled with air present a silvery 

appearance. The innermost lining of a trachea is a layer of chitin known 
as the intima (endotrachea) which is directly continuous with the cuticle 
of the body-wall and is cast off at each ecdysis. When examined micro
scopically a trachea presents a very characteristic striated appearance 
which is due to the fact that the intima is specially thickened at regular 
intervals to form closely arranged thread-like ridges which project into 
the lumen (Fig. III). These bands or thickenings are known as ttenidia 
and, as a general rule, they_ pass round the trachea in a spiral manner 
although their continuity is frequently interrupted: in other cases they 
form independent rings. The function of the tcenidia is to keep the trachece 
distended and thereby allow of the free passage of air. If a trachea be 
teased out the intima will tear between the tcenidia and the latter will 
uncoil after the fashion of an unwound wire. In some insects several 
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trenidia exist side by side and in teased preparations a ribbon-like band 
uncoils which is {ormed of several parallel thickenings. Trenidia are absent, 
as a rule, from the large trachere close to the spiracles, the intima in such 
positions presenting a tesselated or other type of thickening. In some 
insects (Zaitha, Lampyris, Luciola, etc.) cuticular 
piliform processes arise from the trenidia and 
project into the cavity of the trachea (vide 
Stokes, 1893). 

An epithelial layer (ectotrachea) lies outside 
the intima and is composed of pavement cells 

c with relatively large nuclei. The larger trachere 
of some insects are faintly coloured with reddish
brown or violet pigment which is lodged in the 
cells of the epithelial layer. A delicate base
ment membrane forms the outermost coat of the 
trachere. FIG. 1!J.-PORTION OF A 

The ultimate branches of the tracheal system TRACHEA STAINED WITH 
IRON-ALUM H.'EMATOXY-

are termed tracheoles. These are extremely deli- LIN. (Highly magnified.) 
cate intracellular canaliculi less than I !1 in dia- e, epithelial layer (ectotrachea): 

meter and are always devoid of trenidia. As a ~;.,~~~i~~u:. intima (endotrachea) with 

rule they unite with their fellows to form a 
capillary reticulum whose minute structure has received diverse interpre
tations. It has been shown by Holmgren (1895) and others that the .finer 
tracheal branches terminate in end cells or transition cells of a more or 

FIG. II2.-TRACHEAL END-CELL AND TRACHEOLES FROM 
THE SILK GLAND OF THE LARVA OF PHALEltA BllCE

PHALA (LEPIDOPTERA). 

e, end cell; c, tracheoles; t, trachea. After Holmgren, Festschr. Lilje
borg, 1896. 

less stellate form (Fig. 
IIZ). Each tracheal 
branch is connected 
within a cell of tl].is type 
with several tracheoles 
which pass to the cells of 
the particular tissue with 
which they are I associ
ated. The tracheoles 
penetrate within the cells 
of the salivary glands of 
Lepidoptera and Trichop
tera : they also pass 
deeply into the ganglia of 
the nervous system, they 
enter between the fibres 
of the muscles and are 
found over the digestive 
system, Malpighian tubes 
and reproductive organs. 
In the fat-body of the 
larva of Gastrophilus equi 
the tracheoles lie wholly 
within the cytoplasm of 
exceptionally large tra

cheal cells of a special type (Prenant, 1900) containing hremoglobin (Fig. II3). 
The general arrangement and distribution of the trachere in the body 

of an insect presents important differences among various groups but, 
so far, no systematic study of the subject has been made. The researches 
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of Fuller (1919) show that among the Isoptera the respiratory system of 
a. newly-hatched termite consists of a framework of comparatively few 
SImple trachece from which a multitude of dichotomizing, arborescent, and 
other trachece gradually develop and this statement holds good for the 
majority of insects. The specialization of the respiratory system, Fuller 

FIG. II3.-TRACHEAL 
CELLS FROM THE 
FAT-BODY OF A GAS

TROPIlILUS LARVA. 

;t,...... ~'.J. 

\ 

tV'" " 
FIG. II4.-TRACHEAL 

SYSTEM OF CAMPO-

DEJ.. 

r, 2 and 3. SPIRACLES. 
After Grassi, 1887. 

FIG. II5.-DIAGRAMMATIC REPRESENTATION OF THE 
TRACHEAL SYSTEM OF A NEWLY HATCHED NYMPH OF 
TERMES NJ.'l'J.LENSIS AND OTHER SPECIES. 

On the left as seen from above, on the right witb the dorsal longitudinal trunk 
pusbed aside. After Fuller, Ann. Natal. Mus., '9'9. 

adds, is one of reduction, the nascent system of the more specialized ter
mites being less extensive than that of the more generalized members. 
The work of Fuller will serve as a basis for similar ontogenetic and com
parative studies in the absence of which no general conclusions are possible. 

Each spiracle communicates with a short inwardly directed spiracular 
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trachea which divides within its segment into branches passing to the 
various organs. In Machilis and Campodea Grassi (1887) has shown that 
the trachea! associated with each spiracle form, in themselves, an indepen
dent system which has no anastomoses with the trachea! from neighbouring 
spiracles (Fig. 1I4). In Japyx solifugus each spiracular trachea divides 
into an anterior and a posterior branch: since the anterior branch from 
one spiracle unites with the posterior branch from the spiracle in front 
a lateral spiracular trunk is formed on each side of the body. In Nicoletia 
and Lepismina these longitudinal trunks are also evident, but in addition 

FIG. II6.-TRACHEAL SYSTEM OF PERIPLANETA. 

A, with the ventral integument and viscera- removed showing dorsal trachem j B, with dorsal integument and 
viscera removed showing ventral trache",. After Miall and Denny. 

there is a series of ventral, metameric, transverse commissures which unite 
the former trunks, thus combining the trachea! of the two sides of the 
body into a single system. This condition is the normal one in many 
larVa! but in the imagines of the more generalized orders secondary longi
tudinal trunks are usually developed. Of these the most constant are 
the dorsal longitudinal trunks which are connected with tl:Ie corresponding 
spiracular trunks by means of segmentally arranged palisade trachea! 
(Fig. lIS). In Periplaneta, certain of the Isoptera and other insects, a 
pair of ventral longitudinal trunks connect the segmental transverse 
commissures (Fig. 1I6). 

G.T.E.-8 
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The dorsal longitudinal trunks give off segmental branches which pass 
to the heart and dorsal musculature. Visceral branches, which supply 
the digestive canal and reproductive organs, take their origin from the 
palisade trachece or directly from the spiracular trachece. The nerve cord 
and ventral musculature are supplied by branches derived from the ventral 
transverse commissures. The trachece supplying the legs arise from the 
spiracular (or, in Odonata, the dorsal) longitudinal trunks in the thoracic 
region, and the basal trachece of the developing wings usually take their 
origin in close association with those of the leg trachece of the meso- and 
meta-thorax (vide Comstock, 1918). The head and mouth-parts are prin
cipally supplied by branches derived from the main longitudinal trunks. 

The Air-Sacs 
In many winged insects the trachece are dilated in various parts of 

the body to form thin-walled vesicles 
or air-sacs. For the most part they 
are extremely delicate in structure and 
usually lack tcenidia which ordinarily 
keep a tracheal tube open. The air
sacs are consequently distensible and, 
when inflated, are easily seen as glis
tening white vesicles. When collapsed 
and empty they are generall}~ exceed
ingly difficult to detect. In Melolontha, 
for example, the air-sacs are dilata
tions of the secondary trachece and are 
relatively small in size but exceedingly 
numerous. In M elanoplus there are a 
pair of large thoracic air-sacs and five 
pairs in the abdomen which are like
wise dilatations of the secondary 
trachece: there are also manv smaller 
vesicles among the muscles. "The air
sacs attain their greatest development 
in Volucella, 111usca and other of the 
Cyclorrhapha and in APis and Bombus 
among Hymenoptera (Fig. II7). In 
these instances the abdominal air-sacs 

FIG. 1I7-TRACHEAL SYSTEM OF WORKER 
BEE SEEN FROIl1 ABOVE. attain very large dimensions and are 

(One pair of Abdominal air~sacs- removed and 
transverse ventral commissures of abdomen not 
shown). The air-sacs (Tra. Sc.) are indicated in arabic 
numerals: sp, spiracles. After Snodgrass, U.S. Bur. 
Entom. Tech. Ser. No. 18. 

dilatations of the main longitudinal 
tracheal trunks. Air-sacs are also 
met with among Lepidoptera and 
Odonata. 

It has been maintained by the earlier writers that the air-sacs lessen 
the. specific gravity of the body during flight since when distended they 

~ ~\iglrrty increase the volume of the body. The temperature of the air 
within the sacs is very little above that of the atmosphere outside and 
consequently the loss of weight due to inflation is negligible. It is, further- , 
more, counteracted by the slightly increased volume of the insect occasion
ing a proportionally greater resistance to the atmosphere during flight. 
The presence of air-sacs, on the other hand, allows of an increased supply 
of oxygen in the respiratory system and thus affords a greater breathing 
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capacity. Insects with well-developed air-sacs are commonly swift of flight 
and their great muscular activity when on the wing demands an abundant 
air-supply in relation to the increased rapidity of respiration. A system 
of rapidly-filled storage reservoirs in close association with the muscles and 
other organs of the body would appear to meet this physiological demand. 

In the marine Coleopteron .lEpus a single pair of abdominal air-sacs is present. 
These vesicles function as storage reservoirs which retain a supply of air during the 
time the insect is submerged (Miall). 

In the aqua tic larva of Chaoborus the main longitudinal tracheal trunks are strongly 
dilated into two pairs of sacs, one pair being located in the thorax and the other in 
the 7th abdominal segment. According to Franckenberg (1915) these vesicles are 
filled with oxygen (I) and function as hydrostatic organs. The insect adapts itself 
very rapidly to changes of pressure, requiring only a few minutes to adjust to an 
increase of two or three atmospheres. 

The Gills or Branchire 
Gills are special respiratory organs situated at localized positions on 

the body and are present in the immature stages of many aquatic insects. 
They are outgrowths of 
the integument or, in 
some cases, of the walls of 
the rectum and being in 
free communication with 
the general body-cavity 
they contain blood. The 
cuticle investing these 
organs is extremely thin 
and allows of the inward 
passage of oxygen by 
means of diffusion. Two 
types of gills are recog
nizable' viz., tracheal gills 
and blood-gills (Fig. IIS). 

1 

Tracheal Gills are 
filiform or more or less 
lamellate organs which 
are well supplied with 
trachece and tracheoles. 
They are present in the 
majority of aquatic larvce 
and in some aquatic pupce. J 
In many cas~ they are FIG. IIS.-GILLS OF AQUATIC INSECTS. 

the only organs of respi - I, Nymph of Chlceon showing tracheal gills of left side; 2, 7th tracheal 

t · b t' others (lar gill of Chlceon more highly magnified; 3, tracheal gill of a Phryganea ra IOn u In - larva; 4, tracheal gill of a larva of Nymphula stratiolala; 5, hind extremity 

val Culicidce for exampl.e) ~~l: t:r~'a 6~fjo~~i;,:r~:':~~1:~0~i~t~ala~~.~o~fggl~z!:') aod ventral blood 

they are accessory III -

function and co-exist with open spiracles. Tracheal gills are usually ff~r~ 
on the abdomen: they are less frequently present on the thorax, an~ are 
only very rarely found on the head (Jolia and Oligoneuria among Ephe. 
meroptera). In a few instances the gills of the larvre persist throughout 
life in the imago: they are best exhibited in Pteronarcys whose imagines 
possess thirteen pairs of gill-tufts on the ventral surface of the thoracic and 
first two abdominal segments. Tracheal gills similarly persist in other 
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Plecoptera and in Hydropsyche among Trichoptera but, as a rule, they are 
retained in a more or less shrivelled condition. 

In the Ephemeroptera tracheal gills are usually borne on the first seven abdominal 
segments and may be either lamellate or filamentous in character. When lamellate 
each gill may consist of a simple leaf-like expansion (Chlawn) or the lamell~ may form 
a cover which protects a tuft of filamentous gills beneath (Heptagenia). In Canis 
the upper lamell<e of the 2nd pair of gills form opercula which conceal and protect 
the gills behind. In Prosopistoma the gills are entirely hidden within a special branchial 
chamber. 

In the Plecoptera primitive abdominal gills occur in the Eustheniid<e, but in the 
nymphs of other forms they are replaced by secondary tufts of filaments which are 
variable in position. . 

Tracheal gills are universally present in the nymphs of Gdonata. In the Anisoptera 
they are in the form of an elaborate system of folds of the wall of the rectum, the 
latter chamber being modified to form what is termed the branchial basket. In most 
of the Zygoptera there are three external caudal gills and no rectal gills; in a few rare 
cases lateral filamentous abdominal gills are also present. 

Among Neuroptera gills are present in the larv<e of tlie Sialoidea and in Sisyra 
among the Plannipennia. They consist of seven or eight pairs of filaments, usually 
jointed, borne segmentally on the abdomen. 

Filamentous abdominal gills are present in the majority of larval Trichoptera and 
frequently persist in the pup<e of those insects. In some genera although the larv<e 
are gill-less the pup<e are provided with well developed branchial organs. 

Among Lepidoptera tracheal gills have long been known in the larva of N)'mphula 
(Paraponyx) stratiolata; they consist of a series of delicate filaments arising from the 
sides of the trunk segments. 

Among coleopterous larv<e tracheal gills are filamentous in character and are only 
present in a few of the families. In Pelobius they are ventral and are located near the 
bases of each of the pairs of legs and on the first three abclominal segments. In the 
Gyrinid<e there are 10 pairs of hair-fringed lateral abdominal gills; somewhat similar 
organs are also found in Hydrocharis and Berosus among the Hydrophilid<e. In 
Cnemidotus they take the form of numerous elongate jointed filaments which arise 
from the dorsal surface of the thorax and abdomen. in Psephenus there are five 
pairs of tufted ventral abdominal gills and in Psephenoides there is a single retractile 
tuft of anal gills. 

Among dipterous larv<e there are four lamellate anal gills in the Culicid<e; in 
Phal(lcrocera the tracheal gills are in the form of numerous elongate filamentous 
processes which arise from almost all parts of the body segments; in Simul'ium and 
Eristalis rectal gills are present. 

Blood-gills are commonly tubular or digitiform and are sometimes 
eversible. They derive their name from the fact that they contain blood 
but not as a rule trachece, although occasional tracheoles may be present. 
In some instances there is little real distinction between these organs and 
tracheal gills. Blood-gills are of infrequent occurrence and are not ex
clusively confined to aquatic insects. They are found among many larval 
Trichoptera which have 4 to 6 finger-like tubes at the anal extremity. 
Among Diptera they are well developed in the larvce of Chironom1ts, some 
species of which bear two pairs of ventral blood-gills on the penultimate 
segment, and a group of four shorter anal gills. Small anal blood-gills 
are also met with among aquatic Tipulid larvce and, according to Pantel, 
in larvce of several genera of Tachinidce. The ventral eversible sacs of 
the Thysanura are probably also of the nature of blood-gills. 

Types of Respiratory System 
Three morphological types of respiratory system are recognized among 

insects (vide Palmen, 1877). 
(I) The Holopneustic Respi.ratory System. In this type, which 

is the primitive one, all the spiracles are open: they are borne on the 



TYPES OF RESPIRATORY SYSTEM II7 

meso- and metathorax and usually on the first seven or eight abdomirial 
segments. The holopneristic condition is the prevalent one in the imagines 
of a.lmost all orders of insects, also in the greater number of the nymphs 
and in certain larvre (Aculeate Hymenoptera, Lycinre among Coleoptera). 

(2) The Hemipneustic Respiratory System. This type is derived 
from the holopneustic condition by the closure of one or more pairs of 
spiracles and is the prevalent one among larvre. The following terms are 
in use which indicate the distribution of the spiracles. 

Peripneustic.-Spiracles in a row along each side of the body. In typical examples 
the prothoracic and abdominal spiracles are open, those of the wing-bearing segments 
being closed. This condition is found in the larvce of the orders Neuroptera, Mecoptera, 
Lepidoptera, of many Hymenoptera Symphyta, and of many Coleoptera; among 
Diptera it is prevalent only in the families Bibionidce, Mycetophilid<e and Cecidomyid<e. 

Amphipneustic.-Only the prothoracic and the posterior abdominal spiracles are 
open. This type is the usual one among larval Diptera. 

Propneustic.-Only the prothoracic spiracles are open. A comparatively rare 
condition exhibited for example in the pup<e of the Culicidce. 

Metapneustic.-Only the last pair of abdominal spiracles are open. The prevalent 
type in larval Culicidce and Tipulidce and in Hypoderma among the CEstrid.n; also 
found in the first larval instar of most Cyclorrhapha and in the aquatic larvce of certain 
Coleoptera (Dytiscidce, Hydrophilidce, etc.). 

In addition to the foregoing there are certain anomalous types which 
do not obviously fall under any of the above categories. In Campodea, 
for example, there are only three pairs of spiracles which are located on 
the thorax, while in certain of the Protura and many Coccidre the number 
is reduced to two pairs which are similarly thoracic in position. Among 
the Thysanoptera there are one or two pairs of thoracic spiracles and a pair 
on the first and eighth abdominal segments. In Smiltthurus there is only 
a single pair of spiracles which is located on the cervical region. Since 
there are no closed spiracles in any of these instances they are all to be 
regarded as specialized examples of the holopneustic type. 

(3) The Apneustic Respiratory System.-In this type of respiratory 
system oxygenation of the tissues is effected by osmosis either through 
the general integument, which in such cases is thin and membranous, or 
by means of gills. The spiracles are either closed or totally wanting. 
Respiration through the general surface of the integument takes place 
throughout life in almost all Collembola and among certain of the Protura. 
It also occurs in the larva of the Dipteron Chaoborus and in the early instars 
of endoparasitic hymenopterous larvre. Respiration by means of gills 
prevails among the immature stages of many aquatic insects. 

Although the tracheal system is well developed in most apneustic 
insects, it is greatly reduced in larval Chironomidre and totally absent in 
almost all Collembola ·and in the family Acerentomidre among Protura. 

The Stigmatic Cords 
In many hemipneustic and apneustic insect larvre the spiracular branches 

are in the condition of delicate strands or stigmatic cords. Th~y pass from 
the lateral longitudinal trunks to points on the cuticle where spiracles if 
present would be located or where their scar-like vestiges occur. The 
existence of these cords affords support to the conclusion that the closed 
or partially closed tracheal system is a derivative from an ancestral holo
pneustic condition. Stigmatic cords have been detected in larvre of most 
orders of insects. 
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Physiology of Respiration 
The intake of oxygen and the output of carbon dioxide are two closely 

associated processes which together constitute respiration. So far as is 
known it is only within living cells that 0 is consumed and CO 2 formed. 
In vertebrates the 0 is conveyed to the tissues by means of the hremoglobin 
of the blood, but in the vast majority of insects the greater part of the 
o is directly supplied to the organs of the body by means of t?e tracheal 
system. The blood in these animals is generall~ of secor:dary I:n'portan~e 
in respiration, and some investigators have demed that It partlcIpates In 
the process at all. 

In holo- and hemi-pneustic inse,cts the air enters the tracheal system 
by way of the spiracles and is _peri.odically ch~n&"ed by muscular mov~ments 
and by diffusion. After each InSpIratory act, It IS belIeved that the spIracles 

FIG. 1I9.-PROFILE OF BLATTA ORIENTALIS. 

are momen
tarily closed 
and the first 
result of the 
expiratory con-

l traction is to 
force the air 
enclosed in the 
trachere into 
the smallest 

The black surface represents the expiratory contour, the thin line the inspiratory contour. 
The arrows show the direction of the expiratory movement. Afler Plateau j reduced from 
a magic-lantern projection. 

branches of the 
latter. Th e 
spiracles the n 

open and the remainder of the respiratory movement is expended in 
driving CO 2 from the trachere. Most of what is known concerning the 
respiratory movements of insects is due to Rathke (r860), Plateau (r884) 
and Langendorf (r883). The two last-mentioned observers, by means of 
lantern projections on a screen, studied the enlarged silhouettes of the 
insects under investigation (Fig. IIg). By this method the changes of 
contour due to inspiration and expiration were observed and traced upon 
the screen so as to give two superposed figures. The principal facts con
cerning the respiratory movements of an insect at rest, as determined by 
this method, may be summarized as follows. 

(I) The respiratory movements of insects are located in the abdomen and, in 
most cases, the thoracic segments do not participate. Blatta orientalis, however, is 
an exception in this respect. 

(2) The movements consist of an alternate contraction and recovery of the figure 
of the abdomen in two dimensions, viz., vertical and horizontal. During expiration 
both diameters are reduced while during inspiration they revert to their previous 
condition. The vertical expiratory contraction is the most marked and in Periplaneta 
amounts to ith of the depth of the abdomen (between segments 2 and 3). Changes in 
the length of the abdomen involving protrusion and subsequent retraction of the 
segments are rare in insects as a class, but are characteristic of aculeate Hymenoptera. 

(3) The nqture of the respiratory movements depends upon the formation of the 
abdominal segments. In Coleoptera the sterna yield but little while the terga are 
mobile; in Periplaneta the sterna are slightly raised during expiration. When the 
terga overlap the sterna and conceal the pleural membrane, the two shields approach 
and recede alternately, the sterna being the more mobile. This type of movement 
is exhibited in Odonata, acrydian Orthoptera, aculeate Hymenoptera and Diptera. 
When the pleural membrane is freely exposed the terga and sterna approach and 
recede alternately, the pleural region becoming at the same time depressed and then 
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returning to its original figure. This type is prevalent among Locustidre, Neuroptera, 
Trichoptera and Lepidoptera. 

(4) In most insects the expiratory movement only is active and is effected by the 
contraction of certain of the abdominal muscles; inspiration is usually passive, it 
is slower than expiration and effected by the elasticity of the body-wall. 

(5) The frequency of the respiratory movements depends upon temperature and 
the muscular activity of the insect. 

The respiratory movements are wholly reflex and, in insects whose 
nervous system is not highly concentrated, they persist for a while in the 
completely detached abdomen. Each ganglion of the ventral chaIn is 
a respiratory centre for its segment. 

The interchange of gases in the smaller trachere and the tracheoles 
is explainable upon the theory of diffusion. Krogh (I920) has developed 
a formula which enables the rate of diffusion of oxygen into a tracheal 
system of given dimensions to be calculated for various differences of 
oxygen tension at the outer and inner ends of the system. This experi
menter finds that, in the larva of Dytiscus, two-thirds of the total volume 
of the whole tracheal system is composed of large trachere which an~ ven
tilated by mechanical movements; in the remaining trachere of small 
calibre diffusion alone occurs. 

The respiratory exchange varies in different stages of life, and rises 
wi.th inc:r;easing temperature as has been shown by Battelli and Stern 
(I9I3). Among Diptera, for example, it is lowest in the pupre and higher 
in the imagines than in the larvre : above a temperature of 45° C. it begins 
to show a decrease. According to Biitschli a cockroach at a temperature 
of 32° C. expires I7 times more CO 2 than at a temperature of 3°. Muscular 
mova.'nents also exercise a great influence upon respiration. Newport 
(I836) found that an example of Bombtts terrestris, when in a state of violent 
activity evolved in one hour at 60° F. 27 times the volume of CO 2 than 
when in a state of complete rest, at nearly the same temperature (59° F.). 

The means by which CO 2 is eliminated from the system is a difficult 
subject concerning which little is definitely known. The results of ,tecent 
investigations indicate that it escapes partly by passage through the trachere 
and Eartly by diffusion through the integument. The latter is stated to 
be permeable to gases (Dewitz, I890: Muttkowski, I920) and the outward 
passage of CO 2 is from a region of considerable tension (in the blood) into 
the atmosphere where the tension of CO 2 is practically zero. It has also 
been suggested, but not so far proved, that the calcium carbonate present 
in the Malpighian tubes and fat-body is produced by the neutralization 
of a certain amount of the CO 2 in the blood. 

In aquatic insects, with a closed tracheal system, the principle involved 
in the respiratory exchange is the diffusion of gases in solution through 
an intervening membrane. In most cases the membrane concerned is 
the thin integumentary covering of the gills or, where the latter organs 
are wanting, the diffusion takes place through the general body-wall. In 
water with normal oxygenation the 0 content of the tracheal air is 
lower than that of the water, whereas the CO 2 content is the same as 
or a little higher than that of the surrounding water. The 0 dissolved 
in the water passes by diffusion through the part of the integument 
concerned and enters the trachere in the gaseous state. Here it is 
circulated, partly by body movements and partly by diffusion, into the 
tracheoles from which it passes again into solution in the protoplasm 
of the tissues and in the blood. As the internal oxygen is constantly being 
used up in respiration there is a continuous diffusion from the region of 



r20 THE RESPIRATORY SYSTEM 

highe~ partia~ pressure (in the water) to the r:~ifrp of lowe.r partial pre.s
sure (Ill the Insect) and the gases tend to eqmh15rate. In Insects deVOId 
of a tracheal system, or where the latter is only very feebly developed, 
the oxygen diffuses directly into the blood which conveys it to the various 
organs. In apneustic parasitic larvc:e which live bathed in the blood of 
their host, the only available source of oxygen is that contained in the latter. 
Since the host breathes atmospheric oxygen its blood would contain a 
higher percentage of oxygen than that of the parasite, and the same prin
ciple of diffusion from a region of higher partial pressure (maintained in 
the blood of the host) to one of lower partial pressure (in the blood of the 
parasite) would hold good. It is noteworthy that the cuticle of these 
parasites has an extreme tenuity, and there is frequently a subcutaneous 
reticulum of fine trachec:e which is in accordance with this type of cutaneous 
respiration. In many of the Apterygota, which are terrestrial organisms, 
the cuticle is also but little chitinized and a tracheal system is totally 
wanting. In these cases oxygen is believed to diffuse through the general 
surface of the body and to be taken up by the blood which acts as the 
sole distributing agent. The evolution of CO 2 has been investigated by 
Wallengren (r9r5) in the case of dragon-fly nymphs, who states that CO 2 

given off by the tissues is dissolved in the blood, and only a small proportion 
of it enters the trachec:e: the remainder diffuses from the blood through 
the gills and the general integument. 

The available evidence, therefore, indicates that the blood of insects, 
in addition to its recognized function of transporting nutrient and metabolic 
products, aids the tracheal system in the distribution of oxygen to the 
tissues and in the removal of CO 2 , It assumes its greatest importance 
in this respect in apneustic insects, and in cases where the tracheal system 
is either wanting or degenerate the blood is the sole medium for trans
portation of these gases. Certain larval Chironomidc:e, known as " blood 
worms," are exceptional in that hc:emoglobin is present in solution in the 
blood plasma: it also occurs in the specialized tracheal cells of Gastro
pMlus larvc:e and in the Notonectid Buenoa (Hungerford, Can. Ent. 54). 
In other insects the existence of a respiratory protein has not so far 
been demonstrated. 
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A
MONG insects the circulatory system is largely an open one, there 
being only a single closed organ or dorsal vessel. The greater 
part of the circulation of the blood takes place in the cavities 

of the body and its appendages, the blood occupying the spaces not appro
priated by the internal organs. The larger of these spaces may be enclosed 
by special membranes and form definite sinuses. With the exception of 
the aorta-like anterior prolongation of the dorsal vessel, which usually 
divides into terminal branches, there are as a rule no definite veins or 
arteries such as are found in many Arthropoda. In the appendages and 
wing-veins, however, the blood flows in ingoing and outgoing streams along 
defined channels analogous to blood-vessels. In the larva of Chlmon the 
hindmost chamber of the heart gives off three caudal a:r;teries which enter 
the respective tail appendages. 

The organs and tissues belonging to the circulatory system are separ
ately dealt with below. 

The Diaphragms and Sinuses.-When the diaphragms are com
pletely developed the general body-cavity or hremocrele is divided into 
three sinuses by means of two fibro-muscular septa (Fig. 120). The dorsal 
diaphragm is the principal septum and the one most generally prevalent. 
It extends across the abdominal cavity above the alimentary canal and 
the blood-space, thus enclosed, is known as the dorsal Of pericardiaZ sinus. 
The latter is situated beneath the abdominal terga and within it is located 
the heart. The ventral diaphragm stretches across the abdominal cavity 
just above the ganglia of the ventral nerve cord, and the space limited 
by it is the ventral or perineural sinus. Between the dorsal and ventral 
sinuses is the large central cavity or visceral sinus containing the principal 
internal organs. 

Pairs of alary muscles, composed of striated fibres, arise from the terga 
and spread out fanwise over the surface of the dorsal diaphragm. The 
fibres of one alary muscle meet, beneath the heart, those of the correspond
ing muscle of the opposite side of the body. In some insects, including 
the Collembola, dipterous larvre, and Anopleura, the alary muscles are 
attached to the walls of the heart (Fig. 122). These muscles vary in num
ber, largely according to the number of chambers present in the heart. 
In Periplaneta, for example, there are 12 pairs of alary muscles (Fig. 121) 

in the hive bee 4 pairs, in HtBmatopinus 3 pairs and in the larva of Chirono
?nus 2 pairs. 

The Dorsal Vessel.-The dorsal vessel extends from near the caudal 
extremity of the body, through the thorax, and terminates in the head. 
It is situated along the median dorsal line just beneath the integument 
and is protected by the dorsal diaphragm below. Morphologically it is 
a continuous tube, usually closed posteriorly, and always open at its cephalic 

122 
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extremity. It is divisible in two regions, viz., the heart or pumping organ 
and a conducting vessel or aorta. 

The heart is maintained in position within the pericardial sinus by 
means of suspensory filaments attached to the abdominal terga and fre
quently to the dorsal diaphragm also. It is generally divided by successive 
constrictions into a series of chambers but, in some insects, it is an un con
stricted tube, and its segmentation is only evidenced by the presence of 
paired ostia (described below). In the most primitive condition there 
is a chamber for each thoracic segment, and for each segment of the 
abdomen, excepting the last. Among most insects, however, the heart is 
restricted to the abdomen and is variously shortened from both extremities 

FIG. I20.-SCHEMATIC TRANSVERSE SECTION OF THE THORAX OF PERJPLANETA SHOWING THE 
DIAPHRAGMS AND SINUSES. 

The plain arrows indicate the course of the circulation towards the head and the dotted arrows signify transverse currents 
more or less parallel with the plane of the paper. h, dorsal vessel; d, pericardia} diaphragm; p.s., pericardial sinus; «, 
(Esophagus; v.s, visceral sinus; dvm, dorso·ventral muscles; t, lateral tracheal trunk; ttl leg trachea; d2J ventral dia
phragm; pn.s, peri-neural sinus j nc, nerve cord; n, nerve to leg. The cavity of the leg is divided into an anterior sinus 
a and a posterior sinus p either by muscles or by a membrane m; in the femur the trachea and nerve are attached to the 
membrane; CX, coxa; tb, tibia and tarsus. Adapted from Brocher, Ann. Soc. Ent. Fr. 1922. 

with the result t.hat the chambers are fewer in number than the abdominal 
segments. In Periplaneta (Fig. 121) the heart is exhibited in an exception
ally primitive condition and is composed of thirteen chambers: in Japyx 
there are ten chambers, in Lucanus cervus seven, among aculeate Hymen
optera there are five, and in Musca three: in a few insects the heart is 
reduced to only one chamber. Histologically the heart is composed of a 
single layer of cells with large nuclei, and striated muscle fibrillce are differ
entiated within the cytoplasm. The cellular layer is bounded both exter
nally and internally by a delicate membranous tunic. The blood enters the 
heart through lateral inlets or ostia, a pair of which is situated at each constric
tion betweeri adjacent chambers. The wall of the heart is reflected inwards 
and forwards at each ostium to form an auricular valve, which precludes the 
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return flow of the blood into the dorsal sinus. In many insects each pair 
of auricular valves also functions as a ventricular valve, which prevents the . l backward flow of the blood in the heart itself 

a. (Fig. 125). In the larva of .lEschna the ventri
cular valves are separately developed and situ-

"T' - ated some distance in front of each pair of 

) C ostia. 
_ The aorta is the anterior prolongation of the 

T~' I / dorsal vessel and it functions as the principal 
( artery of the body. Its junction with the heart is 

A, I "--- frequently marked by the presence of aortic ==> valves. The aorta extends forwards through the 
~ c_ thorax to terminate in the head near the brain. 

----------< In some insects its anterior extremity is an open 

FIG. I2I.-DoRSAL VESSEL 
WITH ALARY MUSCLES OF 
PERIPLANETA SEEN VEN

TRALLY. 

a, aorta; T 2 • T 3 , A l , alary muscles 
attached to the terga of the 2nd and 
3rd thoracic and 1St abdominal seg
ments; tT, tracheal arches. After 
Miall and Denny. 

funnel-like mouth but, more usually, it divides 
into two or more cephalic arteries, each of which 
may subdivide into smaller vessels. 

Accessory Pulsatory Organs.-In addition 
to the heart accessory pulsatory organs have 
been described in many insects. They are sac
like structures, situated in various regions of the 
body, and pulsate independently of the heart. 
Brocher (1919) has observed thoracic pulsatile 
organs in Protoparce and Dytiscus where they 
are present just beneath the meso- and meta
thoracic terga. In Protoparce the mesotergal 
pulsatile organ is well developed and is directly 
connected with a special diverticulum from the 
loop of the aorta (Fig. I23): the metathoracic 
organ, on the other hand, is very small. In 

Dytiscus the reverse obtains, the metathoracic organ being the best 
developed. Among Hemiptera special pulsatile organs are present in the 
legs: in Periplaneta and other insects, including Lepidoptera, there is a 
pulsatile vesicle at the base of each antenna. 

FIG. 122.-TRANSVERSE SECTION OF THE HEART OF A TACHINID LARVA. 

be, blood corpuscles; w, wall of heart; n, nucleus; am, alary muscle; pc, pericarclial nephrocyte; t, trachea. After 
Pantel, La Cellule, 1898. 

The Blood.-The blood (or hremolymph) of insects is contained in 
the general body-cavity, where it freely bathes the various internall organs 
and also enters the appendages and the tubular cavities of the wing-veins. 
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It consists of a liquid substance or plasma containing a number of small 
amceboid, nucleated, colourless corpuscles known as le1tcocytes or amcebocytes 
which vary in diameter between about '006 mm. and '027 mm. 

The plasma may be either colourless or pale yellow, green, reddish, 
etc., owing to certain dissolved pigmentary substances which combine 
with the proteids present. In theolarvce of some species of Chironomu~ 
the plasma is r!,!d owing to the occurrence of hcemoglobin. Among leaf
eating lepidopterous larvce, Poulton and others have shown that the yellow 
and green pigments of the blood are derived from the food, and absorbed 
without undergoing fundamental changes. When in contact with the air 
the blood frequently darkens. This change is due to two causes :-(1) 
the oxidation of the albuminoid substances present and (2) the precipitation 
of greenish-black granules of uranidine which is produced at the moment 
the blood leaves the insect (Cuenot). Clotting is also a frequent pheno
menon, the clot involving both the leucocytes and uranidine granules. 

/ 
o 

FIG. 123.-SECTION THROUGH THE THORAX AND BASE OF THE ABDOMEN OF PIWTOPARCE 

CONVOLVULI SHOWING THE CIRCULATORY SYSTEM (DIAGRAMMATIC). 

a, branch of aorta to mesothoracic pulsatile organ d; b,e, loop of aorta; e and k, air-sacs; I, heart; g, alary muscle; 
h, gut; i, ventral nerve cord; j, mesotergal muscles; 1, scutellum; m, metatergum and its pulsatile organ m1 ; H, 1St 
abdomina\ tegum; 0, ventral diagram; P, blood space; f, mesophragma; S, spiracle. Adapted from Brocher, Arch. Zool. 
EXP·19 19. 

The more recent researches have shown that marked differences exist in 
the blood of the two sexes. Thus Steche (Zeits. indukt. Abstamm. u. Vererb. 
8, 1912) observed that the plasma of male larvce of Lymantria' dispar is 
yellowish and that of the female green. Also, when the plasma of the 
two sexes is brought together a precipitin is formed. These experiments 
have been extended by Geyer (Zeits. wiss. Zool. 105, 1913) who noted a 
similar precipitin reaction in other insects, including cases where no colour 
differences occur in the plasma of the two sexes. " 

The le1tcocytes exist in several forms and four types of these cells are 
recognized by Hollande (19II) as being present in most insects (Fig. 124). 
These are-(I) Prolbucocytes or young leucocytes which divide by mitosis 
and give rise to the other types of leucocytes. (2) Phagocytes or cells 
capable of ingesting other tissues and microorganisms: such cells have 
a hyaline protoplasm; (3) Granular leucocytes whose protoplasm is charged 
with granules exhibiting acidophile or basophile reactions: these cells 
frequently function as phagocytes. (4) rEnocytoids, rounded or spherical 
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cells which do not exhibit phagocytosis: their protoplasm is homogeneous 
and markedly acidophile. Hollande's classification of the leucocytes differs 
from that of Cuenot (I895) who regards (2) and (3) as stages in the evolu
tion of a single type of cell. In addition to the foregoing elements there 
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may be specialleucocytes charged 
with fat (Heteroptera) or wax 
(Orthezia and many Aphididre). 
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FIG. 124.-BLOOD CORPUSCLES HIGHLY MAG
NIFIED. 

a, wax cell of APhis chrysanthemi; b, cenocytoid from larva 
of Psylliodes napi; c, phagocyte of Zyg"m" trifolii. After 
Hollande, Arch. Zool. Exp. '9I1. 

The principal function of the 
blood is the transportation of the 
nutritive products of digestion to 
the various organs of the body . 
I ts role in respiration in most in
sects is secondary owing to the 
highly developed tracheal system 
which conveys oxygen to all 
parts of the organism. (For the 
respiratory function of the blood 
vide p. I20.) • 

Certain insects exhibit the property of reflex-bleeding or, in other words, 
they have the power of ejecting blood from the femoro-tibial and other 
articulations of the body. They usually feign death at the time, and the 
blood which exudes may possess toxic, caustic or other properties which 
it is believed render such insects distasteful to their enemies. Reflex
bleeding is particularly evident in Melije, Cantharis and other Coleoptera, 
also in certain Hemiptera and Orthoptera, while many Aphididre discharge 
blood through their cornicles. 

The Circulation of the Blood.-The heart is the principal pulsatory 
organ, and it undergoes rhythmical contractions . 
which are brought about by fhe muscle fibrillre A ) 
situated in its walls. When the heart is com-
posed of several chambers the latter pulsate, one ip \.___ 
after the other, with the result that a peristaltic • '\ 
wave of contraction passes from the caudal ex
tremity forwards. At the moment of diastole, 
in a given chamber, the blood enters through 
the ostia from the pericardial sinus, but the 
ventricular valve is closed. During systole, this 
valve is open, and the blood flows into the 
chamber in front: at the same time the ostia are 
closed, and the return of the blood into the peri
cardial sinus is thus precluded (Fig. 125). On 
being propelled forwards, the blood passes out 
at the anterior end of the dorsal vessel, and 
enters the cavity of the head: from there it 

B 
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flows into the visceral and perineural sinuses. FIG. I25.-VALVES OF THE 

According to Brocher, the dorsal pulsatory organs HEART. 

bring about the circulation of the blood in the 
legs, wing-veins and among the muscles of the 
thorax. In Protoparce convolvuli he regards the 

A, B, C, chambers of the heart; 
AB, at the moment of systole; 
BC, at the moment of diastole. p, 
interventricular passage; 0, ostium. 

mesotergal pulsatile organs as being more important than the heart 
in pumping the blood. By means of the up and down movements of 
the diaphragms its further circulation is provided for, and the blood 
ultimately returns to the pericardial sinus. It either enters through the 
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fenestrre in the dorsal diaphragm or, if these perforations are wanting, it 
flows into the pericardial sinus at the hinder extremity of the body, 
where the dorsal diaphragm is incomplete. The contractions of the body 
muscles during respiration are also of considerable importance in aiding 
the flow of the blood. The blood circulates in the veins of the expanding 
wings of newly emerged insects, and it is largely by means of the pressure 
which it exerts that these organs attain their full extension. The veins 
of the fully formed wings have been shown by Moseley (1871) and Brocher 
(1916, 1919, 1920) to function as blood channels since a definite circulation 
is maintained through them. 

The frequency of the pUlsations of the heart varies not only in different 
insects, but also in different stages in the ontogeny of the same species. 
In Sphinx ligustri, for example, Newport found that the average number 
of pulsations in a larva before the 1st ecdysis is 82-83 per minute, before 
the 2nd ecdysis 89, but before each succeeding ecdysis it gradually dimin
ishes to 39 in the final larval instar: the force of the circulation intensifies 
as the number of pulsations diminish. During the quiescent period! prior 
to each ecdysis, the number of beats averages 30. In the pupa it falls 
to 22, and subsequently to 10 or 12, ultimately almost ceasing during 
hibernation. When the imago is in repose the pulsations number 41-50 
and in flight II9-I39. A decrease in temperature' has a marked effect 
in reducing the frequency of the heart beats. Dogiel (1877) has found 
that in the larva of Chaoborus many poisons, when acting feebly, accelerate 
the pulsations, but when allowed to act energetically a retardation is 
exhibited. Such drugs as muscarine, curare and strychnine have no 
appreciable influence. 

Special Organs and Tissues Associated 
with the Blood.-The following organs and 
tissues are regarded as performing important 
functions in connection with the blood. It 
must be pointed out, however, that their true 
physiological significance is still obscure and 
very divergent views are held. 

THE CO~PORA ALLATA.-These are a pair of 
small ovoid whitish bodies lying behind the 
supra-U!sophageal ganglion, in close relation 
with the sympathetic nervous system (Fig. 
54). In some cases they have been mis
taken for a pair of posterior sympathetic 
ganglia but, histologically, they differ from 
nervous tissues and have rather the features of 
glandular organs (Fig; I26). According to 
Janet (I899) they develop as a pair of ectoder
mal invaginations of the mandibular segment. 
Physiologically, they are to be regarded as 
ductless glands which secrete certain substances 
(hormones ?) into the blood. Corpora allata are 

FIG. I26.-TRANSVERSE SEC
TION OF A CORPUS ALLATUM 
OF A PHASMID (BAOILLUS 

ROSSI) SHOWING CONCENTRIC 
LAMELLlE WITH EPITHELIAL 
COVERING. 

found in all orders of insects (vide N abert, n, nerve; t, trachea. After Heymons, 
Sitz. A cad. wiss. Berlin, 1899. 

I9I3). 
THE <ENOCYTES.-The term U!nocytes is given to certain usually 

very large cells, which are commonly grouped in metamerically arranged 
clusters in the pleural region of the abdomen or, occasionally, they may 
extend over the sterna (vide Wheeler, I892). They are probably universal 
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in all orders of the Pterygota and are ectodermal in origin, being derived 
from segmental groups of cells situated just behind the primary invagina
tions which give rise to the abdominal spiracles (Fig. I28). Among nymphal 

and larval insects the ceno
cytes may retain their original 
connection with the hypoder
mis, or they may migrate into 
the superficial layer of the fat
body, or come to lie in close 
association with certain of the 
branches of the trache~ (Fig: 

FIG. 127.-CLUSTER OF CENOCYTES FROM A NEARLY 
MATURE PHRYGANEID LARVA. 

0, renocytes; t, trachea; tt, small tracheal branches; h, tracheal 
hypodermis. 

I27). Among larval Culicid~ 
and Chironomid~ there are 
regularly two kinds of these 
cells-the large and small ceno
cytes. In adult insects the 
cenocytes often differ consider
ably from those of the im
mature stages of the same 
species. In the imagines of 

Xiphidium and Blatta they lose their original metameric arrangement and 
exhibit a more scattered distribution: in ants the cenocytes attain an 
enormously greater size in the larva than in 
the imago (Perez). 

Histologically, an cenocyte is characterized 
by the large oval or rounded nucleus, an 
abundant cytoplasm, and an external limiting 
membrane. CEnocytes are variable in colour 
and often have the light yellow appearance of 
certain wines, a fact which suggested their 
name. The views held with regard to the 
functions of these cells are extremely conflict
ing, but it appears probable that they elabor
ate and discharge into the blood some 
physiologically important secretion. Glaser 
(I9I2) concludes from a series of experiments 
that in larv~ of Zeuzera they secrete enzymes 
which oxidize reserve food material stored up 
as fat. 

THE PHAGOCYTIC OR SPLENIC ORGANs.-In 

Forficula, and some Orthoptera and Thysa
nura, Kowalevsky (I894) recognized certain 
bilateral groups of cells placed either just 
below the pericardial cells on either side (Forfi
cula) or on the concave side of the dorsal 

o 

diaphragm (Caloptenus). These cells exhibit FIG. I28.-A NEARLY MATURE 

a marked amceboid character and are believed EMBRYO OF X/PH/DIUlII. 

to give rise to fresh leucocytes. I t appears 
that they also have the property of taking 
up and storing particles of indian ink and 

0, renocyte cluster; a, appendage of 
1St abdominal segment; s, style; c, 
cercus. This and .. Fig. 127 after Wheeler. 
Psyche, 1892. 

other colouring matter when injected in suspension into the body cavity. 
In this respect they differ from nephrocytes which only deal with material 
in solution. 
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THE EXCRETORY ORGANS AND FAT-BODY 

T HE principal excretory organs are the Malpighian tubes, and an 
accessory excretory function is performed by the- nephrocytes, 
fat-body, and labial glands (in Thysanura). 

The Malpighian Tubes (Fig. 129).-First discovered by the Italian 
anatomist Malpighi, these organs are almost universally present among 
insects. They are long, slender, blind tubes lying in the hcemoccel where 
they are freely bathed by the blood. They open at t~ir proximal extremi-

FIG. 129.-MALPIGHIAN TUBES. 

A, Melolontha VUlgaris. B, portion with diverticula more highly magnified. C, Galleria mellonella. D, Titnarcha fenc~ 
bricosa. E, Calliphora (larva). h, hind intestine. A-D after Veneziani, Redia, 1904. 

ties into the commencement of the hind intestine, near the junction with 
the mid-gut. Distally, they are usually free but in some insects, particu
larly Coleoptera, their blind ends are closely attached to the-walls of the' 
colon or rectum without, however, opening into those c~ambers (vide 
Woods, 1916). The exterior of the Malpighian tubes is richly supplied 
with a reticulum of fine trachece whose larger branches serve to maintain 
these organs in position. The number of Malpighian tubes is very variable 
but tolerably constant within the limits of most of the orders (vide Vene
ziani, 1905). These vessels usually occur in twos, or multiples of two, 
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and their primitive number according to Wheeler (1893) is six. It is only 
very exceptionally that more than six are present in the embryo and·they , 
are often reduced to four. Specialization either by addition or reduction 
is frequent: their number may -exceed 100 while, on the other hand, it 
is often less than six. The typical number of these vessels present in the 
various orders is given below. 

Anopleura, Thysanoptera, Hemiptera, Diptera and Aphaniptera 4. 
Psocoptera, Coleoptera 4-6. lsoptera 2-8. Thysanwa 4-16. 
Mecoptera, Trichoptera and Lepidoptera 6. Neuroptera 6-8. Dermaptera 8-20. 

Ephemeroptera 40. Plecoptera 50-60.. Odonata 50-70. Orthoptera 30"-120. 

Hymenoptera, 6-20 in ants and over 100 in many Aculeata. 

The Coccida: and larval parasitic Hymenoptera are exceptional in 
having only two Malpighian tubes and the Culicida: have the unusual 
number of five. In certain of the Thysanura, the Protura, and Stepsiptera 
these vessels are doubtfully represented by papilla:: in the Collembola, 
J apyx, and the Aphidida: they are wanting altogether. Although the 
Malpighian vessels are usually simple tubes they are sometimes arborescent, 
as in Galleria mellonella, or they may give off short closely-packed diver
ticula as in Melolontha (Fig. 129). Very frequently the tubes unite in pairs 
and they may open into a common ampulla or bladder, which discharges 
into the hind intestine. When very numerous the Malpighian tubes may 
be grouped in bunches, each bunch discharging by a separate duct or 
ureter: in the Gryllidce all the tubes converge to open into a common ureter 
of considerable length. Not infrequently the Malpighian tubes exhibit 
morphological and physiological differences. Thus, in H altica and Donacia 
four of the tubes discharge into a common ampulla while the remaining 
two shorter vessels have isolated insertions. In the larva of Myriatropa 
the two posterior tubes are filiform while the distal portions of the anterior 
pair are· of even greater diameter than the intestine and contain CaCO a 

. which is absent in the other vessels. 
When viewed in transverse section a Malpighian tube is seen/ to be 

composed of a ring of about three to eight large and variably-shaped epi
thelial cells with prominent nuclei. His
tologically these cells bear marked resem
blances to those of the convoluted tubules 
of the vertebrate kidney. Where each 
cell borders the cavity of the tube its 
margin exhibits a striated or ciliated 
appearance which is due to the presence 
of pore canals. Towards the outside of 
each cell the protoplas_m exhibits distal 
stria: which have been regarded as 
minute canaliculi (Fig. 130). The epi

o 

FIG. I30.-DIAGRAM OF THE STRUC

TURE OF A MALPIGHIAN TUBE 

ACCORDING TO VENEZIANI. 

thelial cells rest externally upon a deli- st~~t~~S~~;~st. membrane; 1.0., inner and outer 

cate basement membrane and outside 
the latter is a peritoneal coat, which in some cases contains muscle fibres 
(Sinety), and in the larva: of Cerambyx and Melolontha both muscle and 
elastic fibres (Veneziani). . 

Functionally, the Malpighian tubes are concerned with the removal 
of the waste products of metabolism from the blood. These substances 
accumulate in the epithelial cells of the vessels and are discharged into 
the central cavities, thence they pass into the intestine and are evacuated 
through the anus. The waste products stated to be eliminated by the 
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Malpighian tubes are extremely varied and include uric acid and urates 
of soda, lime, and ammonia: also urea, oxalate and carbonate of lime, 
carbonate of soda, phosphate of lime, and leucine. The discharge of these 
products from the Malpighian tubes is facilitated by the vermiform move
ments sometimes seen in the latter, which are due to the contraction of 
the muscle fibres previously alluded to. As <l; rule the Malpighian tubes 
are coloured yellow or brown: according to Veneziani the pigment is 
very similar to urochrome and is named by him entomurochrome. 

Caltium carbonate is known to occur in the Malpighian tubes oll many 
saprophagous and phytophagous larvce of the Diptera and also in certain 
larval Cerambycidre. It is usually present in the form of small granules, 
but, in the Agromyzidre, it formS' calcospherites which also occur in special 
cells of the fat-body. Among Diptera, before pupation, the lime is dissolved 
in the blood and is excreted through the newly formed pupal cuticle into 
the ecdysial fluid. When the latter is absorbed the lime remains as a 
deposit on the inner surface of the puparium (Keilin, I92I). Among the 
Cerambycidre the lime is utilized in the formation of an operculum which 

closes the pupal cell. 
In the Carabid Lebia scapularis (Silvestri, I905) 

and the Neuroptera Planipennia (Anthony, I902) 
the Ma1pighian tubes secrete.the silk used in con
structing the cocoons, discharging it through the 
anus. 

The Nephrocytes (Fig. I32).-The nephro
cytes consist of certain localized groups of cells, 
often binucleate, which have the property of storing 
up substances of an excretory nature (Fig. I3I). 
They occur in two principal groups: (I) the dorsal 
or pericardial nephrocytes and (2) the ventral 
nephrocytes. The dorsal nephrocytes are com

FIG. I3I.-THREE VEN-
T R A L NEPHROCYTES monly termed the pericardial cells, which consist of 
FROM THE LARVA OF two chains of cells arranged in a linear series one 
MELANOC'HELIA RIPARJA, on either side of the heart in the pericardial sinus. 
HIGHLY MAGNIFIED. 

After Keilin, Parasitology, I9 I 7. Such cells are present in the immature stages 
and adults of most insects, but in Pediculus they 

are represented by disseminated cell aggregates linked with the faUbody 
(Keilin and Nuttall). The ventral nephrocytes principally occur in Dip
terous larvre where they constitute the" garland-like cell-chain" of Weis
mann. In these insects they usually form a chain of cells which is suspended 
in the body-cavity below the fore-intestine and attached by its two extremi
ties to the salivary glands. 

The generally accepted opinion is that the nephrocytes are excretory 
in function. Hollande (I9I6), however, disputes this view and maintains 
that the pericardial nephrocytes absorb albuminoid substances of aliment
ary origin and render them assimilable. The excretory function of the 
nephrocytes is suggested by the fact that they have the property of taking 
up and storing ammonia-carmine and other dyes in solution when the 
latter are artificially introduced either directly by injection into the body
cavity or indirectly through the alimentary canal. Further information 
regarding the nephrocytes will be found in the writings of Kowalevsky 
(I886, I889), Bruntz (I903), Cuenot (I896), Keilin (I9I7) and Keilin 
and Nuttall (I92I). 

The labial glands of the Thysanura discharge by means of an excretory 
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duct which opens at the base of the labium. 
these organs consist of a saccule which 
eliminates ammonia-carmine and a 
labyrinth which similarly deals with 
indigo-carmine when these subsfances 
are injected into the body-cavity. 

The excretory function of the fat
body is discussed in the next section. 

The Fat-Body 
The fat-body is composed of irregu

lar masses or lobes of rounded or poly
hedral cells which are usually vacuo
lated and contain inclusions of various 
kinds. In many insects the fat-body 
is built up of tightly compacted cells: 
in others it is a more or less laminate 
tissue with numerous lacunre, or it 
may take the form of loose strands. 
In colour it may be either white, 
yellow, orange or greenish. This tis
sue is derived from the mesoderm by 
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According to Bruntz (1908) 
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a differentiation of the walls of the FIG. 13Z.-DISSECTION OF THE ANTERIOR 

coelomic cavities and it consequently REGION OF THE LARVA OF PHAONlA 
CINCTA (ANTHOMYIDlE), SHOWING THE 

has a primitive metameric disposition. PERICARDIAL NEPHROCYTES p, AND 

With the breaking down of the em- THE VENTRAL NEPHROCYTES V. 

bryonic coelom, and the development II, III, 2nd and 3rd thoracic segments. 1-4, 

f . h I th f t b d f th abdominal segments; c, cerebral ganglion; d, dorsal o a remocoe, e a - 0 y orms e vessel; nc, ventral ganglionic centre; ll', <:esophagus; 
irregular boundaries of the permanent pv, proventriculus; s, salivary gland; sd, salivary 

duct. Adapted from Keilin, Parasitology, 1917. 
body-cavity. In many insects it is I 
possible to distinguish an outer or parietal layer, beneath the body-wall, 

I 
n 

-a. 

-Pf 

FIG. I33.-SCHEMATIC TRANSVERSE 
SECTION OF AN INSECT LARVA 
SHOWING DISTRIBUTION OF THE 

FAT-BODY. 

and an inner or visceral layer, which sur
rounds <!-nd enters between the various 
organs (Fig. I33). In some larvre the 
parietal layer is interrupted at each seg
ment and thus retains a segmental 
arrangement: the visceral layer, on the 
other hand, forms a continuous sheet 
passing from one segment to another. 
The fat-body alters very much in its 
histological structure during the life of 
an insect. In the earlier instars its 
nuclei are rounded or oval (Fig. I34, 3) 
but they often later alter in character, 
becoming stellate or ribband-like (Fig. 
I34, 2 and 4). In many cases the cellular 
structure is no longer evident and the 

a, alimentary canal; d, dorsal vessel; n, ven· fat-body has the appearance of a syn<;y
~t~~t~t~~~~rd; pj, dj, proximal and distal layers ti urn (Fig. I 34, I) . 

The physiological processes associated 
with the fat-body are obscure. The latter is everywhere in direct com
munication with the blood, from which it receives and stores up the 
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nutrient products of digestion, over and above those necessary to main
tain the normal life of the organism. The most gooerally present sub
stance is fat which accumulates in the form" of globules in the vacuoles of 
the cells. Among other products are albuminoid granules which are com
monly found in holometabolous insects. Waste material in the form of 
urates is also deposited in the fat-body and when present in considerable 

FIG. 134.-FAT-BODY OF VARIOUS INSECTS. 

I, Adult Termite (soldier); 2, Adult larva of Cal-il'oa limaclna. 3, 
Young larva of Formica rufa. 4, Adult larva of same. c, urate CDn~ 
cretions; n, nucleus; 'ltC, urate cells; v, vacuoles filled with fat glob~ 
ules. Nos. 3 and 4 adapted from perez, Bull. Sci. Fr. et Belg., 37. 

quantity it imparts a green
ish appearance to that tissue. 
In some insects the urates 
are found in the ordinary 
adipose cells, in others they 
are located in special urate 
cells (Orthoptera, Hymen
optera). Berlese has shown 
that in many larva! the 
urates tend to accumulate in 
the parietal fat-body while 
the visceral fat-body stores 
up more especially albumi
noid substances. As a rule 
the fat-body is most de
veloped in larvce, and the 
stores of nutrient material 
which accumulate in its cells 
are liberated during histo
genesis. The reserves con
tained in the fat-body of 
adult insects are drawn upon 
during the reproductive pro
cesses: towards the end of 
the life of the organism the 
fat-body is greatly shrunken 

and reduced. Insects which 
whose stores of nutriment are 
period. 

hibernate possess a copious fat-body 
gradually absorbed during the quiescent 

The presence of urates indicates that the fat-body performs an important 
part in excretion and any excess of waste substances not dealt with by the 
usual excretory orga,ns accumulates in its cells. In the Collembola, which 
have no Malpighian tubes, the fat-body becomes loaded with concretions 
of urates which increase in size and number with the age of the organism. 
In insects with complete metamorphosis, the urates, accumulated in the 
fat-body during the larval and pupal stages, are discharged through the 
alimentary canal at the time of emergence of the imago, and form the 
greater part of the meconium. In the Muscidce, where the Malpighian 
tubes undergo re-formation in the pupa, their function is undertaken by 
the fat-body which becomes, temporarily, the principal organ of excretion 
(Marchal, Perez). 

The integument also performs a function similar to that of the fat-bOdy 
as a storage tissue for waste products, particularly in Lepidoptera, and 
Hopkins has shown that uric acid and its derivatives are responsible for 
the white and yellow coloration of the wings of the Pieridre (vide also 
P·9)· 
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THE GLANDS OR ORGANS OF SECRETION 

T HE glands of insects are composed of one or more cells which secrete 
a substance, or substances, to be used in or eliminated from t~e 
body. The essential elements of a gland are the epithelial cells 

which have the property of selecting from the blood those constituents 
which serve to build up the secretion. 

The most elementary types of glands are either unicellular or" if pluri

FIG. I35.-SECTION OF THE INTEGUMENT OF THE 

LARVA OF ULA MAOROPTERA MG. (TIPULIDlE) 
SHOWING UNICELLULAR HYPODERMAL GLAND 
(A). 

After Keilin, Arch. Zool. Exp., '913. 

cellular, they are little more than 
simple aggregations of single 
units (Figs. 135, 136). Glands of 
this type are distributed in the 
integument of various parts of the 
body, and their secretions are 
discharged either directly to the 
exterior, or by means of separate 
ducteoles. In the larger or " or
ganized " glands the secretory 
cells are disposed in the form of 
an epithelium bounding a tube, 
pit, or a more complex cavity. 

The secretion is discharged into the latter, and flows out through an effer· 
ent passage or duct, which opens on to the part of the body concerned by 
an aperture or pore. Such 
glands occupy very defi
nite positions and are 
often of complex struc
ture. According to their 
general form they may be 
either tubular or saccular 
and, when the central 
cavity, or the duct, is 
branched or divided the 
gland is said to be com
pound. There are conse
quentlycompound tubular 
and compound saccular 
(or racemose) glands. The 
secretory cells line the 
subdivisions of a tQbular 
gland and the ultimate 

FIG. 136.-SECTION OF THE INTEGUMENT OF THE LARVA 
OF GNOPHOMYIA TRIPUDIANS BERG., SHOWING SIMPLE 

PLURICELLUAR GLAND. 

After Keilin, 1913. 

saccules, or acini, of a saccular gland. These glands are developed as in
volutions of the surface upon which they open and their epithelium is con
tinuous with that of this surface. In the majority of cases the glands are 
derived from the integument and are of ectodermal origin: the glandular 
cells of the mid-intestine, however, are formed from the endoderm, and 
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certain glands associated with the reproductive system 
derived from the mesoderm. 

137 

are stated to be 

Histologically a gland is.composed of a 
layer of secretory epithelial cells which are 
provided with large and sometimes branched 
nuclei. Externally these cells are bounded 
by a membrana propria of connective tis
sue: internally they usually secrete a chiti
nous lining. In some cases the secretion of 
each gland cell is discharged through a 
minute intracellular ducteole which com
municates with the lumen of the gland 
(Fig. 137). 

The principal types of glands are dealt 
with under the following headings. 

Wax Glands (Fig. 138).-Glands which 
secrete wax are mote especially character
istic of Homoptera where they are uni- or 
pluricellular structures distributed in vari
ous parts of the integument. They are 
particularly evident in the Coccidce among 
which insects they retain their simple char
acter. The wax is secreted in the form of a 
powdery covering, as a clothing of threads, 
or as thin. lamellce. Chinese white wax, 
which was formerly a commercial product, 

a 

e 

FIG. 138.-WAX GLANDS. 

a, Section of a portion of a wax plate of a worker hive bee with 
gland cells (after Dreyling). b, Surface view of a wax plate of Eriosoma 
lanigera (apierous vi vip. female). c, Section of a wax cell of the same 
showing wax chamber w (after Baker). d, Surface view of a portion of 
a wax plate o_f Phromnia marginella. e, Wax cells of the latter seen 
in section. After Bugnion and Popoff. 

" 
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FIG. I37.~SE M I-DIAGRAMMATIC 
SECTION OF AN ACINUS OF THE 
PYGIDIAL GLAND OF A CARABID 

(Pl'EROSTlOHUS). 

c, chitinous lining; d, lumen of duct; dt, 
ducteole; e, epithelial lining of duct and e 
of acinus; ge, gland cells; mp, membrana 
propria; s, striated zone. Based on Dierckx l 

La Cellule, 16. 

is secreted by the Coccid 
Ericerus pe-la. Wax glands 
are also frequent among 
Aphididce and, in Erisoma 
lanigera, the wax is exuded 
both in a powdery and a 
filamentous condition. In 
the latter case it is dis
charged through plates com
posed of a ring or an aggre
gation of several large cells, 
each cell containing a cen
tral excavation, or wax 
chamber, within which the 
secretion accumulates (Fig. 
138c). In the Fulgorid 
Phromnia marginella Bug
nion and Popoff (1907) have 
shown that the dense cloth
ing of waxy filaments which 
covers the nymphs is secre
ted by groups of unicellular 
glands composed of greatly 
elongated hypodermal cells 
(Fig. 138e). Overlying 
each group of cells is a 

chitinous plate studded with small pores which are the openings of the 
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separate gland cells. The larvre of some Coccinellid<'e and of a species of 
Selandria (Tenthredinidre) are invested with a mass of flocculent material 
believed to be of wax. The wax glands of the hive bee are alluded to under 
Hymenoptera (vide Dreyling, 1903-05). 

Lac Glands.-Lac is secreted by certain Coccidre and, in particular, 
by Tachardia lacea, Gascardia madagascarensis and by some species of 
Coccus. The first mentioned insect yields the lac of commerce, which is 
a resinous substance produced in large quantities by the female ini3ect as 
a protective covering. The lac is a product of gland cells distributed in 
the integument. Chemically it consists very largely of resin together with 
colouring matter, wax, proteids and small amounts of other substances. 
It is noteworthy that Tachardia lacca flourishes best on trees containing 
gums or resins, or which are rich in certain kinds of latex, and the food
plant influences the colour and quantity of the lac produced (vide Imms 
and Chatterjee, 1915). 

Exuvial Glands.-In some insects there are specially enlarged hypo
dermal cells which secrete a fluid that facili
tates the process of ecdysis (vide p. 182), such 
cells being known as exuvial glands. In the 
larva of Bombyx mori Verson and Bisson de
scribe 15 pairs of unicellular glands of this 
kind of whieh there are two pairs in each 
thoracic segment, a pair on each abdominal 
segment from the 1st to the 7th, and two pairs 
on the 8th segment. In addition to other 
lepidopterous larvre Plotnikov (1904) has found 
exuvial glands in larval Coleoptera, Tenth
redinidre and Chrysopidre: they have also been 
described by Philiptschenko (1907) in Collem
bola. 

Glands Associated with the Cutkular 
Appendages.-Under this category are vari

FIG. I39.-SECTION OF THE ous glands associated with specialized setre or 
INTEGUMENT AND A GLANDU- scales and their secretions exhibit urticating, 
LAR SETA OF THE LARVA OF 11' dh . . 
ARGTIA GAIA. a unng, or a eSlve propertIes. 

C, cuticle; ge, gland cell; It, hypoder- The urticating setre of many lepidopterous 
mis ; s, seta; Ie, trichogenous cell. larvre are often grouped together on tubercles 
After Holmgren, En!. Tidsk., T896. 

or processes of the body-wall. Each seta is 
commonly provided with a unicellular gland at its base, in addition to the 
usual trichogenous cell (Fig. 139) : in some species (e.g. Lagoa crispata) there 
is a group of gland cells associated with each seta. The setre are sharp 
and brittle and their cavities are filled with an urticating secretion. When 
a lar~a is handled such setre are readily fractured, and their contained 
secretion often produces a cutaneous irritation, not unlike that caused by 
nettles. 

On the wings of many male Lepidoptera there are peculiarly shaped 
scales known as androconia which are either distributed among the ordinary 
scales, or located in restricted patches. The characteristic odours of cer
tain male butterflies appear to be produced by gland cells situated at the 
bases of the androconia, the latter functioning as organs for the outlet 
and dissemination of the secretion. The odours are believed to be of an 
alluring nature attractive to the opposite sex. Groups of odoriferous 
gland cells are often present in various other situations where they are 
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associated with tufts of setre or scales (Illig, I902). Thus, in the males 
of Hepialtts hectus (Fig. 140) the hind tibire are curiously swollen and 
bear patches of long clavate or cylindrical scales whose bases are connected 
with large gland cells (Deegener, 1902). In other male Lepidoptera they 
are either present at the base of the abdomen (Acherontia atropos, Sphinx 
ligustri, etc.) or at the apex of that region (Danainre). Freiling (I909) 
has described odoriferous scales on the wings of both sexes of A dopcea 
lineola and Acipitilia pentadactyla: tufts of specialized scales or hairs 
in association with the geniJalia in the females of Gonepteryx rhamni, Stilpno
tia salicis and Thaumatopcea pinivora: and lateral saccules between the 
8th and 9th abdominal segments in Bombyx mori (female). 

Adhesive secretions are associated with the tenent hairs of Collembola, 
and the hairs clothing the ventral aspect of the tarsi, pulvilli, and empodia 
of many insects (Figs. I9, I and 21), which enable them to walk up vertical 
surfaces, and on the undersides of various objects (vide Dewitz, 1884, 
1885). 

The aromatic secretions of various symphiline Coleoptera, living,in the 
nests of ants or termites, are produced by dermal glands situated at the 
bases of tufts of hairs located in various regions of the integument. 

ct 
FIG. 14o.-TRANSVERSE SECTION OF THlf DISTAL 

PART OF THE HIND TIBIA OF !HEPIALUS 

HEOTUS (MALE). 

h, blood space; c, cuticle; et, connective-tissne sheath; 
ge, gland cells; h, hypodermis; tl, central, n 1 , peripheral 
nuclei of gland cell; s, scent scale .. After Deegener, 1902. 

General Segmental Glands. 
- In some larval insects meta
meric cutaneous glands are pre
sent on all or most of the seg
ments of the thorax and abdomen 
(Figs. I35, I36). Among Tipulidre 
they are well exhibited in the 
larva of Gnophomyia where there 
is a dorsal and ventral pair of 
simple saccular glands in each 
trunk segment: in several other 
genera these glands are simple cell 
aggregates whose secretion is 
discharged by means of intracel
lular ductules through a common 
pore (vide Reilin, 1913). In 
the larva of Ocypus olens Georgevitsch (I898) has described a pair of 
branched tubular glands in the head, and in each trunk segment, above 
the spiracles. A pair of dorsal glands is present in each segment of 
the larva of Melasoma populi (Berlese) and Telephorus lit1tratus (Payne) : 
segmental glands also occur in certain larval Tenthredinidre. The 
function of these organs is obscure. In Tipulid larvre living in dry 
dead wood, they probably serve to keep the integument moist: in 
those living in mud, etc., they serve to protect the organism against 
asphyxiation when submerged. In coleopterous larvre, and those of the 
Tenthredinidre, they are stated to render the insects distasteful to their 
enemies. 

Mandibular Glands.-Glands opening near the articulations of the 
mandibles are present in most lepidopterous larvre, and in some species 
they are of large size (Fig. 14I): they function as salivary glands, the 
true salivary glands being devoted to the secretion of silk. In the larva 
of Sciara they attain a great development and extend nearly the whole 
length of the body. Mandibular glands are also present in the hive bee 
and other adult Hymenoptera. 
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Maxillary Glands.-Glands belonging to the maxillary segment are 
sometimes present. They are found for example in Collembola, Protura, 
in the larvce of Neuroptera Planipennia and of certain Trichoptera. 

Labial Glands.-These organs are commonly known as salivary 
glands which are paired structures, generally situ
ated in the thorax, on either side of the fore-in
testine. Their ducts combine to form a median 
salivary duct which opens on the labium, usually 
near the base of the hypopharynx. In many in
sects the ducts of the salivary glands pOSSeSS 

tcenidia in their chitinous lining, and bear a close 
'resemblance to trachece. Although these glands 
appear to be often wanting in Coleoptera, they are 
present in the majority of insects and assume a 
great variety of form and structure. Among 
Orthoptera they are commonly very large and 
composed of a number of lobes, each lobe consisting 
of groups of glandular acini: a salivary reservoir is 
also present in relation with each gland (Fig. 142). 
In Hemiptera the salivary glands are differentiated 
to form two or three pairs, all of which discharge 
into the median salivary duct. In adult Lepidop
tera the salivary glands form filamentous tubes. 
Among the majority of Diptera they are likewise 
tubular organs which, in the Muscidce, may con

FIG. 14I.-RIGHT MAN-
DIBULAR GLAND (g) OF siderably exceed the total length of the body. 
THE LARVA OF ACHEE- Among Hymenoptera salivary glands are extremely 
ONTIA ATROPOS, well developed and assume great complexity. In 

m, mandible and its adductor h h' f 
muscle a; 0, external aperture t e lve bee the true salivary glands consist 0 

%!t~a'}~ol,~~~:~ordas, Ann, Sci. two pairs of racemose organs, one pair being cephalic 
and the other thoracic in position, and their four 

ducts unite to form a common canal. Under the category of salivary 
glands are also included the lateral and ventral pharyngeal glands and 
two pairs of mandibular glands found in this same insect. 

Com para tively 
little is known 
relative to the 
functions of the 
salivary glands. 
In some insects 
they have the 
property of con
verting starchy 
matter into 
assimilable glu
cose. In many 
blood-sucking in
sects the saliva 
possesses poison-
0us or irritant 

FIG. 142.-RIGHT SALIVARY GLAND AND RESER
VOIR OF PERIPLANETA. The arrow marks the 
opening of the common salivary duct on 
the hypopharynx. 

After ~liall and Denny. 

properties and, in some Diptera, Cornwall and Patton (1914) have detected 
a powerful anticoagulin. The exact means by which the frequent local 
irritation of the skin of the host is produced is still in doubt. In certain 
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Capsidce Smith (I920) has shown that the saliva has a violently toxic 
action upon plant tissues. 

Silk Glands.-In lepidopterous and trichopterous larvce the labial 
glands are transformed into organs for producing the silk utilized in the 
formation of the larval shelters and cocoons. The silk glands are cylin
drical tubular organ~ of exceedingly variable length with characteristically 
branched nuclei (Fig. I43). The formation of silk has attracted the atten
tion of a number of workers whose conclusions are summarized by Tanaka 
(I9II). The silk is secreted in the form of a filament composed of fibroin, 
which is coated with a glutinous substance, sericin, formed by the trans
formation of the outer layer of the fibroin when the latter is oxidized and 
combined ·with molecules of water. In the larvce of the Carabid Lebia 
scapularis, and of the Neuroptera Planipennia, silk is produced as a secre-
tion of the Malpighian tubes: among Embiop- . 
tera it is secreted by dermal glands situated 
in the anterior tarsi. 

The Frontal Gland.- This is a median 
unpaired gland, peculiar to termites, and situ
ated beneath the dorsal integument of the 
head, where it frequently opens by means of 
a frontal pore. 

Thoracic Glands.-Dorsal thoracic glands 
are represented by the osmeteria of larval 
Papilionidce, which are eversible repugnatorial 
organs, and the metanotal gland of the male 
CEcanthus which has an alluring function 
attractive to the female. Ventral thoracic 
glands are exemplified by the prothoracic 
glands of various lepidopterous larvce, the 
odoriferous sternal glands of many Heterop
tera, and Gilson's glands of larval Trichoptera. 
These and other thoracic glands are further 
alluded to in the chapters dealing with the 

B 

A 
orders concerned. FIG. 143.-SECTlONS OF SILK 

Abdominal Glands.-Under the category GLAND OF THE LARVA OF 

of abdominal glands are the repugnatorial BOJfBYX MORI. 

f . A h d A, lbngitudinal; B, radial. h, base-glands 0 many Insects. mong t e Blatti ce ment membrane; i, chitinous intima; 

they are frequently pouch-like invaginations ~rO~aF~ls~~laf~~t~e:~nched nucleus. 

of either the sterna or terga. In the 
nymphs of many Heteroptera they open on to the terga of the anterior 
segments, and in Cimex they are present in the adult. Among Coleoptera, 
pygidial glands whieh open near the anus are frequent, particularly 
in the Adephaga. They are often of complex structure and their secre
tion has pungent or corrosive properties. Among lepidopterous larvce 
eversible repugnatorial glands are present on the 6th and 7th segments 
in the Lymantriidce and permanently everted lateral segmental glands 
occur in the Megalopygidce. Dorsal eversible glands are present in many 
larval Lyccenidce and yield a secretion attractive to ants. 

Glands Associated with the Reproductive System-These include 
the colleterial glands of the female and the accessory glands of the male 
(vide p. I43). 

Poison Glands.-These organs are peculiar to Hymenoptera, where 
they are associated with the ovipositor or sting. 
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Literature on the Glands 

The literature on the glands of insects is very extensive and only a relatively 
small number of the references are quoted below. Further literature is given under 
the various orders of insects and more extensive bibliographies will be found in the 
textbooks of Packard, Berlese, and Schroder. 

BLANC, 1899.-.E:tude sur la secretion de Ii soie et la structure du brin et 
de la bave dans Ie Bomby% mori. Lyon. BORDAS.-Numerous Papers on the 
Salivary, Poison and other Glands from 1893 onwards. BUGNION and POPOFF, 
1907.-Les glandes cirieres de Flata margineUa. Bull. Soc. Vaud. 43. CORNWALL 
and PATTON, 1914.-Some observations on the Salivary Secretion of the commoner 
Blood-sucking Insects and Ticks. Ind. Journ. Med. Res., 2. DAHL, 1885.-Die 
Fussdriise der Insekten. Arch. micro Anat. 25 (also Dewitz, Ibid. 26). DEEGENER, 
1902.-Das Duftorgan von Hepialus hectns L. Zeits. wiss. Zool. 71. DEWITZ, 1884, 
1885.-Vide p. 39. DREYLING, 1903, 1904.-Uber die wachsbereitenden Organe der 
Bonigbiene. Zool. Anz. 26, 27. -- 1905.-Die wachsbereitenden Organe bei den 
geselliglebenden Bienen. Zool. Jahrb. Anat. 22. FREILING, 1909.-Duftorgane der 
weiblichen Schmetterlinge. Zeits. wiss. Zool. 92. GEORGEVITSCH, 1898.-Die 
Segmentaldriisen von Ocypus. Zool. Anz. 21. GILSON, 1890, 1893.-·Rec:herches 
sur les cellules secretantes. La Cellule, 6, 10. HOFER, 1887.-Untersuchungen tiber 
den Bau der Speicheldrtisen ... von Blatta. Nov. Act. Kais. Leop. A cad. 51. 

HOLMGREN, 1896.-Die haarbildenden Bautdriisen bei Raupen. Ent. Tidsk. 17. 
ILLIG, 1902.-Duftorgane der mannlichen Schmetterlinge. Zoologica. 37. J'ANET, 
1898:-Systeme glandulaire tegumentaire de la Myrmica rubra. Paris. KElLIN, 
1913.-Sur diverses glandes des larves de Dipteres. Arch. Zool. Exp. 52. KLEMEN
SIEWICZ, .l882.-Zur naheren Kenntnis der Hautdrtisen bei den Raupen und bei 
J1,falachius. Verh. zoo. bot. Ges. Wien. 32. MARSHALL, W. S. and VORHIES, 
1906.-Cyological Studies on the Spinning Glands of Platyphyla% designatus, Walker. 
Illtern.l\fonat. Anat. u. Phys. 23. MATHESON and RUGGLES, 1907.-The Structure 
of the Silk Glands of Apanteles glomeratus L. Amer. Nat. 41. OETTINGER, 1906.
Uber die Drusentaschen am Abdomen von Periplaneta orientalis und Phyllodromia 
germanica. Zool. Anz. 30. PHI!rIPTSCHENKO, 1907.-Videp. 129. PLOTNIKOV, 
1904.-Dber die Bautung und tiber einige Elemente der Baut bei den Insekten. Zeits. 
wiss. Zool. 76. SIMMERMACHER, 1884.-Untersuchungen tiber Baftapparate an 
Tarsalgleidern von Insekten. Zeits. wiss. Zool. 40. TANAKA; 1911.-Studies on the 
Anatomy and Physiology of the Silk-producing Insects. Journ. Call. Sci. Tohoku. 
Univ. 4. VERSON and BISSON, I891.-Cellule glandulari ipostigmatiche nel 
Bombyx mori. Bull. Ent. Ital. 23. 
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T HE form and structure of the reproductive organs present a very 
wide range of variation in different insects. In their embryonic 
condition they are at first essentially simil?T in the male and 

female, becoming differentiated later in development. Among the more 
primitive orders (Fig. 144) d.uch of this similarity is still evident but an 
increasing divergence in structure becomes noticeable in the higher groups. 
The paired gonoducts, leafling from the ovaries or testes as the case may 
be, are of mesodermal origin and in a few insects they 
open directly to the exterior by separate apertures. 
This archaic condition is exhibited among Ephe
meroptera as well as in the immature Lepisma and 
in the males of the earwig Labidltra: in the latter 
insect the cedeagus (vide p. 146) is also double. In 
other Dermaptera one gonoduct atrophies or only a 
rudiment of it persists. Among the vast majority of 
insects the gonoducts do not open directly to the 
exterior but join a median passage formed as a chitin
lined invagination of the ventral body-wall. In the 
Thysanura, Plecoptera and Odonata this passage is 
little more than a deep cup-like pit: in most other 
orders it becomes extended inwards in the form of a 
tube and in this manner the vagina in the female and 
ejaculatory duct in the male are developed. Accord
ing to Palmen (1884), and also Nussbaum, the azygos 
condition of the ectodermal passage results from the 
fusion of two originally paired rudiments: Heymons, 
on the other hand, disputes this view and states that it 
ow~s its origin to a median unpaired invagination. 

'Z 
A B 

FIG. 144.-Gf>NADS OF 
A YOUNG LEPISJIA 

(MESODERMAL POR

TIONS ONL~. 
A, "female; B, male. The 

numerals refer to the ab
dominal segments. Adapted 
from Grassi, r887. 

The genital aperture is usually situated on the 8th or 9th abdominal 
sternum or between the 8th and 9th or 9th and loth sterna: its segmental 
position, however, frequently differs in the two sexes of the same species 
and in different orders. 

The sexual organs, and their homologies in the male and female, may 
be tabulated as below. 

MALE REPRODUCTIVE ORGANS 

I. Paired testes composed of follicles 
(testicular tubes) 

2. Paired vasa deferentia 
3. Vesiculce seminales 
4. Median ejaculatory duct 
5. Accessory glands : 

(a) Mesadenia 
(b) Ectadenia 

6. -_ 

7. Genitalia 

143 

FEMALE ~REPRODUCTIVE ORGANS 

Paired ovaries composed of ovarioles 
(ovarian tubes) 

Paired oviducts 
Egg-calyces 
Median vagina 
Accessory glands : 
(a)-
(b) Colleterial glands 

Spermatheca 
Bursa copulatrix 
Ovipositor 
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The sexes of insects' are normally always separate; on the other hand 
gynandromorphism (Fig. I45) or the presence in one sex of characters 
belonging to the other, sometimes occurs. These abnormal individuals are 
known in a number of the orders and several thousands have been recorded 
among Lepidoptera alone. In the latter order examples have long been 
familiar which eXhibit on one side of the body all the characters, shape, 

size and colour of one sex and on the Mher 
side those of the opposite sex. Later it ]became 
recognized that, besides the halved gynandro
morphs, other kinds also occur. From those 
insects which show an almost complete halv
ing of external characters, transition all forms 
lead to those which exhibit a mosaic arrange
ment where the male and female characters are 
almost evenly balanced: in other mosaic types 
the features of one· or other sex greatly pre
dominate. Their classification by means of ex-

FIG. I45.-GYNANDROMORPH OF 
B UPALIS PINIARIA: RIGHT 
SIDE MALE, LEFT SIDE 
FEMALE. 

After Dziurzynski, Berlin Ent. Zeits. ternal characters only is unsatisfactory, but un-
19 12 . 

fortunately one based upon internal structure is 
hampered by the small number of dissections carried out. Cockayne 
(1915) divides gynandromorphs into the following three classes. (I) Genetic 
hermaphrodites in which the gonads of both sexes are present. (2) Primary 
somatic hermaphrodites which possess the gonad or gonads of one sex only 
but parts of the secondary sexual apparatus, internal or external, of both 
sexes are present. (3) Secondary somatic hermaphrodites which possess 
the gonad or gonads of one sex and the secondary sexual apparatus of that 
sex: secondary sexual characters of both sexes are present in the antenn<e, 
wings or other parts. The majority of gynandromorphs come under 
category 2, relatively few in I or 3, but all three types are described in 
Pediculus by Keilin and Nuttall (19I9): For a discussion of the origin 
of gynandromorphs vide Morgan .and Bridges (19I9) and Goldschmidt 
(192 3). 

1. The Male Reproductive Organs (Figs I46-148) 
The Testes.-The testes in most Apterygota closely resemble the 

ovaries in form and size but in the majority of insects they are much smaller 
than the organs of the female of the same species. They are variably 
situated in relation to the alimentary canal and in some cases they lie 
above the latter, in others they are placed at the sides of the gut or wholly 
ventral to it. The testes are maintained in position by the surrounding 
fat-body and trache<e and, unlike the ovaries, there are no suspensory 
filaments or the latter are only very slightly developed. As a general rule, 
each testis is a more or less ovoid body composed of a variable number of 
follicles or lobes which also present almost innumerable variations in form 
and arrangement among different insects. In Lepisma there are three 
or four bi-lobed follicles which exhibit a segmental disposition but in most 
Apterygota each testis is a simple sac or greatly enlarged follicle. Among 
Neuroptera and Diptera the testes are small and unifollicular: in Pediculus 
and Phthirius they are bifollicular, and in the Orthoptera the follicles 
are exceedingly numerous. They may be short and globular as in Peri
planeta and Tetrix, or elongate and tubular as in illdipoda. In the Anopleura, 
also in M elolontha and certain other Coleoptera, each follicle is connected 
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with the vas deferens by a slender tube or vas efferens. In many insects 
the peritoneal investment of the fol-
licles is developed to the extent of 
enveloping the testis as a whole in a 
common coat or scrotum which is 
frequently pigmented. Among the T, ' 

majority of Lepidoptera, also in Gryllo
talpa and certain Hymenoptera, the 
testes are in close contact along the 
median line and are enclosed in a 
single scrotum. 

The Structure of a Testicular 
Follicle.-The testicular follicles are 
lined with a layer of epithelium, whose 
cells rest externally upon a basement 
membrane, outside of which there is a 
peritoneal coat of connective tissue. FIG. 146.-MALE REPRODUCTIVE- ORGANS 

Each follicle is divided into a series of OF PERIPLANEl'A, VENTRAL VIEW. . 

zones characterized by the presence of Ts, testis; VD, vas deferens; ". U, accessory 
the sex cells in differ en t stages' of g~~~~.; DE, ejaculatory duct. After Miall and 

development, corresponding to the 
successive generations of these cells. These zones are as follows-

FIG. 147.-MALE REPRODUCTIVE ORGANS OF FOR-

FIOULA A URIOULARIA, 

t, testis; vd, vas deferens; vs, vesicula seminalis; ed, ejaculatory 
duct; a, redeagus. 

(r) The germarium is the 
region containing the pri
mordial germ cells or sper
matogonia which undergo 
multiplication. 

(2) The zone of growth is 
where the spermatogonia 
increase in size and develop 
into spermatocytes lof the 
first and second orders. 

(3) The zone of division and 
reduction where the sperma
tocytes undergo mitosis and 
give rise to spermatids. 

(4) The zone of transfor
mation where the spermatids 
become transformed into 
spermatozoa. 

In addition to the sex 
cells there are found in 
Lepidoptera, and some other 
insects, certain large ele
ments known as Verson's 
cells. The function of these 
cells has received -diverse 
in terpreta tions, some 
authorities regarding them 
as contributing to the nutri
tion of the germ cells. 

The Genital Ducts.-The vasa deferentia are the paired canals leading 
from the testes and are wholly mesodermal in origin. They vary greatly 

G.T.E.-IO 
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in length and, in the majority of in
sects, each vas deferens becomes en
larged along its course to form a sac 
or vesicula seminalis in which the sper
matozoa congregate: in some of the 
Diptera the vasa deferentia open into a 
common vesicula seminalis. Histolo
gically the vas deferens consists of an 
outer peritoneal coat, a middle coat of 
muscle fibres, and an inner cpat of epi

FIG. 148.-MALE REPRODUCTIVE ORGANS. I, TENEBRIO 

OBSOURUS, after Bordas, 1900. II, SPHECOJJES 

FUSCIPENNIS, after Bordas, 1895. III, CALLIPIlORA, 

after Lowne. 

thelial cells. Posteriorly, 
the vasa deferentia unite 
to form a short common 
canal which is continuous 
with a median ectodermal 
tube or ejaculatory duct. 
The latter is provided 
with a powerful muscular 
coat consisting of an outer 
layer of circular fibres and 
an inner layer of longi
tudinal fibres. Within the 
muscle layers is a stratum 
of epithelial cells which 
secrete a chitinous lining 
to the lumen of the ejacu
latory duct. a, mdeagus j ed, ejaculatory duct; es, ejaculatory sac; i, fat cells j ga 

gonapophyses; g, accessory gland; ge, do., ectadenes; gm, do., mesadenes; 
t, testis; vd, vas deferens; vs, vesicula seminalis. 

The .lEdeagus.·-The 
terminal section of the 

ejaculatory duct is enclosed in a 
finger-like evagination of the ven
tral body-wall which forms the 
male intromittent organ or cedea
gus (often incorrectly termed the 
penis). The structure of the 
a:deagus (Fig. 149) has been 
chiefly studied by Sharp and Muir 
in Coleoptera where it is developed 
as a medium tubular evagination 
of the membrane between the 9th 
and loth sterna. It is divisible 
into a proximal portion (tegmen), 
which unites it to the abdomen, 
and .a distal portion (median lobe) 
which corre~ponds to a penis. 
The latter region is telescoped or 
retracted within the proximal 
portion when at rest. Both por
tions are usually strengthened 
with chitinous sclerites. The 
region of the a:deagus, which 
completely enters the vagina of 
the female during coitus, is the 

B 

FIG. 149.-DIAGRAM OF THE lEDEAGUS OF A 
BEETLE. 

A, extended, B, retracted. a, anus; e, ejaculatory duct; 
mi, medjan lobe; tg, tegmen; s, jnternal sac; 8S-IOS, sterna; 
8t-IOt, terga~ Based on Sharp and Muir, 1912. 
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enlarged terminal p.:>rtion of the ejaculatory duct (internal sac), which 
becomes everted in the process (Fig. A). At its apex is situated the 
genital aperture and around the latter there is frequently an armature 
of denticles and papillce. 

The Accessory Glands.-From one to three pairs of accessory glands 
are usually present in relation with the genital ducts (vide Escherich r894 : 
Blatter r897). They are tubular or sac-like in form, but very little informa
tion exists with regard to their functions. In most cases their secretions 
mix with the spermatozoa and in some insects they are directly concerned 
with the formation of the spermatophores. According to Beauregard 
the gecretion of the 3rd pair of accessory glands in Lytta vesicatoria is ex
tremely rich in cantharidin. Escherich divides the accessory glands into 
two categories: (r) mesadenia, or those derived from the mesoderm, and 
formed as evaginations of the vasa deferentia: and (2) ectadenia, or those 
of ectod~rmal origin, and formed as evaginations of the ejaculatory duct 
(Fig. r48). This classification may be adopted as a convenient one, but 
due reservation needs to be made on account of the paucity of knowledge 
concerning the development of these organs. Escherich's observations 
relate to Coleoptera and among these insects ectadenia are generally present. 
In the Adephaga they constitute the only pair of accessory glands while 
among the Polyphaga one or more pairs of mesadenia are also present. 
Among Orthoptera the accessory glands are very greatly developed, forming 
dense bunches of tubuli which, in Periplaneta, form the" mushroom-shaped 
gland" of Huxley. The accessory glands are wanting in some insects, 
including the Apterygota, and Musca, Taban_us, etc., among Diptera. 

2. The Female Reproductive Organs (Figs. 150-152) 

The Ovaries.-The ovaries are typically more or less compact bodies 
lying in the body-cavity of the abdomen on either side of the alimentary 
canal. Each organ is composed of / 
a variahle number of separate egg
tubes or ovarioles which open into 
the oviduct. The primitive number 
of ovarioles composing an ovary is 
uncertain and probably does not 
exceed eight, the latter number 
being retained in Periplaneta, for 
example, among Orthoptera. In 
some Thysanura (Japyx, Campodea 
and Lepisma) there are 5-7 ovarioles 
on each side -which cipen one be
hind the other in metameric succes
sion into an elongate oviduct. In 
other insects this metameric disposi
tion has become lost owing to the 
shortening of the oviducts. Special
ization either by the reduction or FIG. I50.-FEMALE REPRODUCTIVE ORGANS 

. f h . I . OF PERIPLANETA. the multiplicatIon 0 t e ovano es IS 

extremely frequent. In insects which 
produce a small number of rela

Od, oviduct; q;, colleterial gland. After ~liall and 
Denny. 

tively large eggs such as the viviparous Diptera Glossina and Termitoxenia 
there is a single ovariole to each ovary. In certain of the Aphididce, in 
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the sexual female there is a single ovary with one ovariole, the other ovary 
having atrophied. Two ovarioles are present in each ovary of Melophagus, 
Hippobosca, and certain Coleoptera and Hymenoptera: among Lepidop

FIG. I5I.-FEMALE REPRODUCTIVE ORGANS OF 
> FORFIOULA AURlOULARlA. 

od, oviduct; OV, ovarioles ; V, vaglna; s, spermatheca. 

wanting and the ovaries are more or 
less sac-like without any serial arrange
ment of the developing eggs. Such 
ovaries are well exhibited among Col
lembola. In Chironomus, Anopheles 
and some Braconidre (APhidius) al
though there is an evident differentia
tion into follicles ovarioles are wanting: 
this is a secondary and highly modified 
condition (vide Henneguy). 

The Ovarioles .-A typical ova
rio Ie is an elongate tube in which the 
developing eggs are disposed one be
hind the other in a single chain, the 
oldest oocytes. being situated nearest 
the union with the oviduct. The wall 
of an ovariole is a delicate transparent 
membrane: its inner coat is a layer 
of epithelium whose cells rest upon a 
basement membrane or tunica propria: 
outside the latter is a peritoneal coat of 
connective tissue which, in many insects, 
contains a reticulum of muscle fibres. 

Three zones or regions are recog
nizable in an ovariole (Fig. r53)-(r) 
The terminal filament. This is the 
slender thread-like apical prolongation 

tera there are commonly four. 
Examples of specialization by 
multiplication are much more fre
quent. Thus in Calliphora and 
Hypoderma there are roo or more 
ovarioles to an ovary; in some 
ants there are over 200; in 
Meloe they are even more 1l11mer
ous while the maximum number 
is attained in the Isoptera where· 
among species of Termes it ex
ceeds 2,400. In a few apparently 
anomalous instances oyarioles are 

FIG. 152.-FEMALEREPRODUCTIVE SYSTEM 
OF ANTIIONOMUS PO~lORUJf. 

C, egg·ca1yx; m, vaginal muscle and chitinous rod t ; 
0, ovariole; pc, bursa copulatrix; r, rectum; TS, 
receptaculum seminis and gland gr. After Henneguy, 
"Les Insectes." 

of the peritoneal layer. The filaments of the ovarioles of one ovary com
bine to form a common thread which unites with that from the ovary of 
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the opposite side to form a median ligament. The latter aids in maintaining 
the ovaries in position and is attached either to the body-wall, the fat
body or to the pericardial diaphragm. In some insects the ovarian ligament 
is wanting and the filaments end free in the body-cavity. (2) The germar
~1{m. This forms the apex of an ovariole, below the terminal filament, 

-0 __ 0 

FIG. I53.-SCHEMATIC FIGURES OF THREE TYPES OF OVARIOLES. 

A. panoist~c. B. polytrophic. C, acrotrophic. I. terminal filament; g, germarium; 0, oocytes; 0' mature oocyte 
with chorion; n, nutritive cells; n', remains of same; w, wall of ovariole; fe, follicular epitheliwn; c, cord joining 
nutritive cells with oocyte. 

and consists of a mass of cells from which are differentiated the primordial 
germ cells and, in many insects, the nutritive cells also. (3) The vitellarium. 
The vitellarium constitutes the major portion of an ovariole and contains 
the developing eggs and the nutritive cells when present. The epithelial 
layer of the wall of the vitellarium grows inwards in such a manner as to 
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enclose each oocyte in a definite sac or follicle. The cells of the follicle 
secrete the chorion of the egg and in some cases serve to nourish the oocytes. 
Three principal types of ovarioles are recognized and are based upon the 
presence or absence of nutritive (or vitellogenous) cells and on the location 
of these cells when present (Fig. I53). 

(a) The panoistic type.-Nutritive cells are wanting. This type of ovariole is 
primitive and is found in Japyx, the Orthoptera, Isoptera, Odonata and Aphaniptera. 

(b) The polytrophic type.-Nutritive cells are present and alternate with the 
oocytes. In many cases (Neuroptera, Coleoptera-Adephaga and Hymenoptera) the 
nutritive cells are grouped together so as to lie in chambers, each chamber being 
separated from that containing an oocyte by a well-marked constriction; in others 
(Lepidoptera, Diptera) these constrictions are wanting. 

(c) The acrotrophic type.-Nutritive cells are present and situated at the apices 
of the ovarioles (Coleoptera-Polyphaga and Hemiptera). In certain Heteroptera 
the nutritive cells are connected with the oocytes by means of protoplasmic cords. 

Types (b) and (c) are often grouped as one type-meroistic, which is characterized 
by the presence of nutritive cells. 

The Genital Ducts.-The oviducts are th~ paired canals leading from 
the ovaries and are derived from the mesoderm of the hinder extremities 
of the embryonic gonads: in some insects each oviduct is distendled to 
form a pouch or egg-calyx for storing the eggs. The two oviducts combine 
to form a common oviduct and the latter is continuous posteriorly with a 
somewhat wider passage or vagina: in many insects however there is no 
external distinction between the two regions but the vagina differs morpho
logically in that it is an invagination of the body wall. In certain vivi
parous insects (Glossina, Melophagus, etc.) the vagina is greatly enlarged 
to form a chamber or uterus for the reception of the developing larva. 
Structurally the oviducts and vagina are composed of an epithelial layer 
whose cells secrete an inner lining: in the case of the vagina the lining 
is composed of chitin and is continuous with the cuticle of the body wall. 
The epithelial layer rests upon a basement membrane and outside the 
latter is a coat of powerful,. and mainly circular muscle fibres. 

The Spermatheca (receptacult6m seminis).-This is a pouch or sac 
for the reception and storage of the spermatozoa. It varies greatly in 
form and usually opens by a duct (often reduced to a mere neck) into the 
dorsal wall of the vagina or into the bursa copulatrix. In most insects 
pairing only takes place once and, since the maturition of the eggs may 
extend over a prolonged period, the provision of a spermatheca allows 
for their fertilization from time to time. Although commonly ovoid or 
spherical in form, in some cases (certain Coleoptera) it is tubular, or even 
branched as in Paederus. As a rule the spermatheca is a single organ but 
in Blaps, Phlebotomus and Dacus there are two spermathecre and in Culex, 
the Tabanidre and most Calypterre three. Since it is derived from the 
ectoderm the spermatheca is lined with chitin which is sometimes dlarkly 
or brightly coloured. A stratum of columnar epithelium rests upon a 
basement membrane which is followed by a muscular coat. In some cases 
glandular cells are present in the wall of the spermatheca and in others a 
special spermathecal gland opens into the duct of the spermatheca, or near 
the aperture of the latter into the vagina. 

The Colleterial Glands .-One or two pairs of accessory glands are 
present in most insects and open into the distal portion of the vagina. 
These are variously known as colleterial or sebific glands and are very 
large and important organs in many of the Orthoptera. In these insects 
they provide the material for the formation of the ootheca: in Chironomus 



THE SEX CELLS 

they secrete a mucus-like substance whiCh forms the gelatinous investment 
of the eggs, and in other cases they simply provide a cement-like secretion 
which serves to fasten the eggs down to the substratum upon which they 
are laid. The poison glands of Hymenoptera belong morphologically to 
the same category as the colleterial glands. 

The·Bursa C9Pulatrix.-The organ to which this name has been 
applied exists in several morphologically different forms. It is adapted 
to receive the penis and associated parts during copulation, the spermatozoa 
being discharged into it before entering the spermatheca. In Periplaneta 
the bursa is formed by the invagination of the body wall around the genital 
aperture and consequently receives the latter anteriorly. In Odonata 
the oviduct opens directly into a chamber which has been termed the 
bursa and also functions as a spermatheca. In the honey-bee the enlarged 
posterior region of the vagina is known by the same name. In M elanoplus 
and the Lepidoptera the bursa has a distinct external opening separate 
from that of the vagina. In the first mentioned instance there is no con
nection between the two and the eggs, as they are extruded, pass ,il-cross 
the opening of the bursa where they are fertilized. Among Lepidoptera 
a fine canal connects the bursa with the vagina. In Coleoptera the bursa 
is a pouch-like outgrowth of the vagina and in some species it receives 
the duct of the spermatheca. . 

3. The Sex Cells 
The Spermatozoa.-The spermatozoa of insects exhibit the same 

essential structure that obtains with few exceptions in similar cells through
out the animal kingdom. A spermatozoon consists of a head largely 
made up of chromatin, a middle piece and a vibratile tail of variable and 
often complex structure (vide Ballowitz, 1890). 

In some insects (Gryllidre, Locustidre, Odonata and certain Lepidoptera) 
the spermatozoa are transferred to the genital passage of the feIP.ale in 
a common mass enclosed in a definite envelope, the whole being known 
as a spermatophore. In Gryllus campestris the spermatophore is a complex 
body about 4 mm.long, bearing crochets which ensure its retention within 
the female. 

The Eggs.-When the egg of an insect is mature its protoplasm con
tains abundant yolk or vitellus which serves to nourish the developing 
embryo. This material is composed of globules of fat and protein which 
largely conceal the nucleus or germinal vesicle. The egg is invested by a 
delicate homog"eneous vitelline membrane derived from the peripheral proto
plasm of the cell. Outside this covering a hardened shell or chorion is 
secreted by the .follicular epithelium. The chorion is generally composed 
of. two laminre, an exochorion and an endocnori?n, which are united by 
minute trabeculre. In many endoparasitic Hymenoptera the chorion is 
thin and membranous, and capable of stretching to a considerable degree 
with the growth of the contained embryo. Among many viviparous insects 
it is either rudimentary Qr wanting. The chemical nature of the chorion 
has been investigated by Verson with reference to the eggs of Bombyx 
mori. Unlike chitill it contains sulphur and upwards of 17 pe~ cent. of 
nitrogen: at a temperature of 45° C. it dissolves in a few hours in a 3 per 
cent. solution of ROH. 

In the greater number of insects the chorion exhibits some 'form of 
external sculpture: very commonly it is marked out into hexagonal areas 
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which correspond with the overlying follicular cells. In the Lepidoptera 
the eggs of many species are conspicuously ribbed and in some Ephemerop
tera they areocovered with fine processes resembling pile. The form assumed 
by the eggs pres~nts innumerable variations (Fig. 154): one of the com
monest types is the elongate-ovoid and slightly curved egg prevalent among 
Orthoptera, and in many Diptera and aculeate Hymenoptera. Among 
Lepidoptera the eggs may be almost spherical, cake-like or somewhat 
cylindrical and flattened at one end: in many parasitic Hymenoptera 
there is a tubular prolongation or pedicel. In some insects an operculum 
is formed as a special differentiation of the chorion at the anterior extremity. 
This structure is uplifted at the time of eclosion of the contained insect 
and is well seen in the Embioptera, Cimex and other Heteroptera., and 
in the Anopleura. In the ffistridce, the eggs are provided with 11anges 

A 
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l] 

B 

~E 
FIG. IS4.-EGGS OF VJ\RIOUS INSECTS. 

A butterfly, Polygonia interrogationis; B, "[usea ciomestica; C, chalcid, Bruclwphagus funebris; D, PapiNo t,iolus ; 
E midge, Dasyneura tri/olii; F, hemipteron, Triphleps insidiosus; G, hemipteron, Pod'isus maculivenlris; H, Drosophila 
ampelophil". Greatly magnified. After Folsom, 1923. 

which enable them to grasp the hairs of the host upon which they are 
laid. 

Owing to the impenetrable nature of the chorion, and the fact that 
the latter is formed before the egg is fertilized, some provision is necessary 
to enable the spermatozoa to gain admittance. One or more spedalized 
pores or canals known as micropyles are present for this purpose, and are 
usually situated at the anterior or cephalic pole of the egg. In Phyllodromia 
there are numerous micro pyles which are comparatively simple, oblique, 
wide-mouthed canals. Among Lepidoptera the micropylar area is in the 
form of an elaborate sculptured plate. In Nepa cinerea it is provided 
with stalk-like processes, and in other Heteroptera it assumes a remarkable 

. complexity of structure the significance of which is quite Qbscure. 

4. Types of Reproduction 
Ordinarily reproduction among insects is dependent upon the meeting 

of the two sexes and the fertilization of the ovum by the spermatozoon. 
Most insects are oviparous or, in other words, they lay eggs which hatch 
after deposition. Exceptions to the above generalizations, however, are 
somewhat numerous and are separately d~alt with below. 
. Viviparity.-A certain number of insects produce either larvce' or 

nymphs instead of laying eggs and are said to be viviparous (vid~ Holm
gren 1904: Keilin 1916). Viviparity is due to the fact that the eggs 
are. retained within the body until the end of embryonic life and the con
tained insect has emerged. It is found in scattered instances among 
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. the Orthoptera, Dermaptera, Ephemeroptera, Lepidoptera and Coleoptera: 
in the Aphididre and a number of the Diptera it is a regular feature. In 
the latter order of insects almost every transition is exhibited between 
species which lay a large number of small eggs from which the larvre hatch 
before or just at the time of oviposition (many Tachinidre), and such highly 
specialized forms as Glossina and the Pupipara. In the two latter instances 
only a small number. of eggs are produced and each larva passes its life in 
the uterus of the female where it is nourished by a special secretion. After 
extrusi0n it changes almost immediately into a pupa. 

Among the Aphididre' viviparity is accompanied by parthenogenesis 
and in a few other insects it is associated with predogenesis. 

Parthenogenesis.-Parthenogenesis, or reproduction without the act 
of fertilization, exhibits a multiplicity of phases among insects that 
is unequalled in any other class of the animal kingdom (vide Doncaster 
I9I4, I920). In some species it is a comparatively rare phenomenon and 
only occurs sporadically. In others it is a constant and normal method 
of reproduction, or it may be cyclic alternating with sexual reproduction. 
It is convenient, therefore, to classify parthenogenesis under three headings. 

J. SPORADlc.-Certain species of insects exhibit an occasional tendency 
to reproduce parthenogenetically although males are of regular occurrence. 
Such cases have been more frequently observed among Lepidoptera than 
in other orders and are more prevalent in some species than in others. 
Instances of this kind are well known in Bombyx mori, Lymantria dispar, 
Lasiocampa quercus and Smerinthus populi. Both males and females 
may be produced from the unfertilized eggs. 

2. CONSTANT.-In most insects which reproduce parthenogenetically 
the process is either a constant one or takes place with such frequency 
that it is to be regarded as a normal phenomenon of the species concerned. 
In the social Hymenoptera males are regularly produced from the unfer
tilized eggs and females from those which are fertilized. This same fact 
has also been observed, but very little investigated, among the P'trasitic 
groups of that same order, notably in a number of genera of Chalcidoidea. 
In other cases males are either unknown, or very infrequent, and repro
duction is consequently always or nearly always parthenogenetic. Examples 
of this kind are frequent among the Tenthredinidre. Other cases are 
met with in the Cynipid Rhodites rOS(8; in the Chalcids Aphelinus my til
aspidis and Isosoma gmndis; and in certain Phasmidre, Coccidre, Aley
rodidre, Psychidre and in several of the Thysanoptera. The Tenthredinidre, 
it may be mentioned, are remarkable in that among their members are 
found species that produce males only, females only, or both males and 
females by means of virgin eggs. Among the Aleyrodidre the unfertilized 
females usually give rise only to males but in Aleyrodes vaporariorum there 
appear to be two races, the virgin females of one giving rise to males and 
of the other to females (Williams, I917) : the fertilized females produce 
members of both sexes. 

3. CycLIc.-In other cases one or more agamic generations ~lternate 
with a sexual generation. This peculiarity is exhibited among the Cynipidre, 
and the Aphididce. In the former group the individuals of the two genera
tions may be morphologically very different and produce very dissimilar 
galls. The spring generation consists of females which give rise to the 
summer generation comprising individuals of both sexes. Among the 
Aphididce there is a regular sequence of parthenogenetic generations, accom
panied by viviparity, in which females only are produced. Later in the 
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year sexuales appear and the fertilized females lay eggs which hibernate 
and give rise to the asexual cycle of the following year. 

Predogenesis.-In a few instances larvce or pupee are capable of par
thenogenetic reproduction and this process, which involves the production 
of young by the immature organism, is termed pcedogenesis. The best 
known instance of the phenomenon occurs in the Cecidomyiid }lid iastor 
where it was first observed by Wagner in r862. His remarkable discovery 
has been since confirmed by a number of observers, the most recent being 
Kahle (I908) and Hegner (I914). The female fly contains only 4 or 5 
very large eggs which attain nearly the full length of the abdomen. Each 
egg develops into a correspondingly large transparent larva which produces 
predogenetically from about 7 to 30 daughter larvre of similar characters 
to the parent. After devouring much of the tissues of the latter, the larvre 
eat their way to the exterior and reproduce by a similar method on their 
own account. After the process has gone on for several generations of 
larvre pupation takes place and male or female flies are produced. The 
latter, after fertilization, give rise to the predogenetic cycle over again. 
In Miastor americana Felt, the ovaries lie on either side of the body of the 
larva in the loth or lIth segment: each ovary contains typically 32 oocytes 

Q 
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and is enclosed in a thin cellular envelope: as 
some of the oocytes fail to develop, usually 
5-17 embryos are found in an individual larva 
(Hegner). 

Pupal predogenesis occurs in the Chirono
mid Tanytarsus where it was discovered by 
Grimm in I870, whose observations have been 
extended by Za vrel. The pu pre, and also the 
imagines very shortly after emergence, are 
capable of producing eggs from which larvre 
duly emerge. Predogenesis is also recorded by 

FIG. 155.-DEVELOPING EGG 
OF AOFJ.\'/ASPIS PUSO/COLLIS. Barber in larVa! of the beetle MicromaUhus. 

a, adventitiQus coat; e, embryo; Polyembryony.-Polyembryony is met 
~{a;~gKta~~~o(l[(,S~~~I:)."cJ(>llS n. AJler with among insects in certain parasitic families 

of Hymenoptera. Its presence has only been 
detected in a few instances, but the phenomenon is likely to prove much com
moner than has hitherto been supposed and a wide field awaits investigation. 
Polyembryony consists in the production of two or more embryos from 
a single egg by gemmation. The best known examples of the phenomenon 
are found among the Chalcid family Encyrtidce in species which parasitize 
the eggs of Lepidoptera. Marchal (I904) and Silvestri (1907) have investi
gated the process in Ageniaspis (Encyrtus) fuscicollis, a parasite of species 
of Hyponomeuta: Silvestri (1906) has also investigated the development 
of Litomastix truncatellus, a similar poly embryonic parasite of Plusia gamma, 
and Leiby (I923) has studied Copidosoma gelechiaJ whose host is a small 
moth-Gnorimoschema salinaris. In these cases the parasitized eggs duly 
hatch into larvre and the Chalcid eggs within their bodies commence to 
develop about the same time. Each egg becomes differentiated into a 
central embryonic mass surrounded by a protoplasmic sheath or tropham
nion which serves to nourish the former (Fig. 155). The whole becomes 
covered by an adventitious coat derived from certain cells of the host. 
The embryonic mass undergoes repeated gemmation until it becomes 
divided into a series of masses which may number IOO or more, each giving 
rise to a separate embryo (Fig. I56). A certain number of the embryos 



CASTHATION ISS 
may become abortive but the remainder develOp into larval parasites. 
The latter ultimately pupate and develop either into females or males, 
according to whether the original egg was fertilized or not. I t is noteworthy 
that a single host 
may support 
several eggs each 
undergoing gem
rna tion, an d 
G i a r d records 
n ear 1 y 3,000 
examples of Lito
mastix truncatel
lus emerging 
from a single 
larva of Plusia. 
Among the Proc
totrypoidea Mar
chal (I904) has 
investigated 
polyembryony in 
Polygnotus minzt
tus, whose em
bryos to the 
number of 10 or 
12 are found in 
the stomach of 

FIG. IS6.-Two POLYEMBRYONIC CHAINS EACH DERIVED FROM A 
SINGLE EGG OF AGENIASPIS FUSOlOOLLIS AND CONTAINED IN THE 

SAME HOST. 

One of the chains is viewed by reflected light and the other is represented in outline 
only. After Marchal, Arch. Zoot. Exp., I904. 

the Cecidomyiid Mayetiola destructor. Among the Vespoidea polyembryony 
is recorded in the Dryinid Aphelopus theliClJ, which lays its eggs in the 
nymphs of the Membracid Thelia bimaculata (vide Kornhauser, 19I9). 
Each egg develops into about 50 larvre which escape from their host and 
pupate in the ground. 

5. Castration 
Castration in the broad sense implies any process which interferes with 

or inhibits the production of ripe ova or spermatozoa in the gonads of 
an organism (vide Wheeler 1910). 

Surgical Castration.-By this term is meant the sudden and com
plete extirpation of the gonads by artificial means. The experiment has 
been carried out by several observers and the insects successfully operated 
upon were lepidopterous larvre in the 3rd or later instars and crickets in 
the late nymphal period. The individuals on reaching the adult condition 
did not exhibit any deviations from the normal with regard to their instincts, 
and the development of their secondary sexual characters was in no way 
impaired by the absence of the gonads. In other cases, where the original 
operation was followed by the implantation of the gonads of the opposite 
sex, the secondary sexual characters of the original sex remained unaltered, 
even though they had not developed at the time of the operation. 

The above experiments, however, do not preclude the possibility that 
the gonads influence the development of the secondary sexual characters 
at a stage earlier than those in which the experiments were able to be 
accomplished. 

Physiological Castration.-Under this category are included certain 
forms of inhibition of the development of the gonads, leading to functional 
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disability, brought about by an insufficient supply of nutriment. The 
best examp~es are met with among the social Hymenoptera where the 
majority of the female larv.re of a colony become workers and, owing to 
their inadequate nutrition, their ovaries remain in a very rudimentary 
state. This condition may be maintained throughout the adult life of 
the workers. If, on the other hand, the trophic status of the colony becomes 
highly favourable, or if the queen dies, one or more of the mature workers 
may functionally replace the latter, their ovaries undergoing active growth and 
producing fertile eggs owing, it is believed, to the influence of a special diet. 

Parasitic Castration.-The influence of parasites in suppressing the 
reproductive function of their hosts was first adequately recognized by 
Giard. The hosts also undergo certain correlated structural changes and 
may assume characters of the opposite sex. The parasitization by Stylops 
of bees of the genus A ndrena results in the female bees becoming sterile, 
and also involves the atrophy of the pollen-collecting apparatus, and 
the acquisition of the clypeal coloration of the male. In the males the 
changes that occur are less pronounced features. TheeMembracidl Thelia 
when parasitized by a species of Aphelopus exhibits marked alterations 
(Kornhauser, 19I9). The gonads in both sexes usually degenerate, and 
often disappear, while the genitalia suffer reduction. The males take on 
female characters as regards pigmentation and the shape and texture of 
the abdominal segments. Other examples of parasitic castration occur 
in species of Typhlocyba when infested by Aphelopus or by the Pipunculid 
fly Chalarus. Although the genitalia may become reduced as the result, 
there is no tendency of any parts to partake of characters belonging to 

~ the opposite sex. The parasitic nematode .sphcerularia has long been 
known to cause sterility in the hibernating queens of Bombus. 
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Part II 

DEVELOPMENT AND METAMORPHOSIS 
Oviposition or egg-l<'tying takes place among insects in diverse ways: 

the eggs are often protected in some manner or other, and are generally 
deposited in situations expressly adapted for the immediate needs of the 
subsequent offspring. In some cases the female simply drops the eggs 
at random while flying low, as happens for example in a few Lepidoptera 
whose larvre feed on grasses or their roots. In very numerous instances 
they are laid singly, or in clusters, on the leaves of the future larval food
plants (Heteroptera, Lepidoptera, certain Coleoptera): or they may be 
superficially inserted into plant tissues· (Locustidre, many Homoptera). 
When inserted more deeply excrescences (galls) of the plant may arise 
(Tenthredinidre, Cynipidre). In the Chrysopidre they are laid at the apices 
of stiff pedicels made of a hardened secretion. In certain cases the eggs 
may be glued to some surface, in others they are laid beneath a web or a 
cottony covering. There are again insects which enclose their eggs either 
singly (Phasmidre) or collectively (Mantidre, Blattidre) in a firm capsule 
or ootheca. Many aquatic species surround the eggs with a gelatinous 
secretion which swells in water forming a jelly-like spawn (Trichoptera, 
Chironomus). A considerable number of insects lay their eggs benea,th the 
soil (Gryllidre, many Coleoptera). Parasitic species oviposit on or within 
the bodies of the hosts which support their future offspring (Tachinidre, 
parasitic Hymenoptera) : when the host is a vertebrate, the eggs are often 
fastened to the hair or feathers (Anopleura, (Estridre). 

Embryonic development may take place entirely after oviposition, or 
partly while the eggs are still within the parental body, or the whole phase 
may be passed within the latter (in viviparous species). Almost every 
transition between these conditions may be found, notably among the 
higher Diptera. The duration of the egg state (after oviposition) is very 
variable. In some of the Sarcophagidre it is only momentary, the larva 
emerging immediately: in Musca domestica it lasts about 8-12 hours, 
according to temperature. At -the other extreme are certain Lepidoptera 
which pass about nine months in the egg, and among the Phasmidre this 
stage may last nearly two years. 

In discussing fhe development of insects the subject falls naturally 
into two divisions: (a) embryology and (b) post-embryonic development. 
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EMBRYOLOGY 

I N the· eggs of most insects there is a distinction between the anterior 
and posterior poles which bears a definite relation to the position of 
the future embryo. . The eggs are located in the ovarioles in such a 

position that the cephalic pole of each is directed towards the head of 
the parent: also, the dorsal and ventral aspects of the egg correspond 

with those of the parent and of the future 
embryo (H.p.llez, 1886). This relationship be
comes less evident in the more spherical eggs 
but there is every reason to believe that it 
holds good. 

The contents of the egg are made up of two 
portions, namely, protoplasm, and deutoplasm 
or yolk. The protoplasm forms a reticulum 
which pervades the substance of the egg and 
also forms a bounding layer, or periplasm, 
which lies just beneath the vitelline mem
brane, and completely surrounds the egg (Fig. 
157). The detltoplasnt is contained within the 
meshes of the protoplasm and consists of 
vitelline spheres and generally globules of fat: 
small refringent vitelline bodies are present 
within the vitelline spheres. In addition fo 
these constituents many eggs contain minute 
greenish bodies known as Blochmann's cor
puscles, which are independent organisms cap
able of cultivation in artificial media. 

In the unfertilized egg the germinal vesicle, 
or nucleus, is situated in the central part of 
the yolk, enclosed in an island of protoplasm. 
During the maturation process the germinal 
vesicle migrates towards the periphery of the 
egg where it undergoes division and the polar 
bodies are formed (Fig. 157). After fertiliza
tion the zygote nucleus passes inwards and 

FIG. 157.-LONGITUDINAL SEC- there commences to divide into daughter 
TION OF THE EGG OF MUSCA nuclei. 
IN STKGE OF FERTILIZATION. 

ch, chorion; d, dorsal, v, ventral side; 
dh, vitelline membrane; do, yolk j g, 
gelatinous cap over micropyle (m); 
k, periplasm; p, male and female pronu
clei; f, polar bodies. From Korscheldt 
and Heider after Henking and Blochmann. 

Cleavage and Blastoderm Formation. 
-The products of the division of the zygote 
nucleus are the cleavage nuclei, each of which 
becomes enveloped by a stellate mass of pro
toplasm. When a considerable number of 

cleavage cells have been formed, the majority migrate to the periphery 
of the egg, where they become merged with the periplasm (Fig. 158). In 
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THE BLASTODERM I59 
this manner they form a continuous cellular 
layer or blastoderm surrounding the yolk 
(Fig. r59). At a slightly later stage the blas
toderm consists of a layer of columnar cells 
(ventral plate) on the ventral side of the egg 
and a flattened epithelial stratum over the 
remainder (Fig. r60). 

Those of the cleavage cells which remain 
in the yolk form the primary yolk cells, 

a 

FIG. IS8.-LoNGiTUDINAL SECTION 
OF THE EGG OF {;LYTRA L&VlUS

(}ULA.. 24 :H()TTnc:: OL;o, 
The cleava~e .cells (c) are Sl-~n migrating V &. ---

towards the perIphery of the e"g. p, peri· 

-d& 
plasm; y, -volk spheres. After' LeeailIon. 

a 

WH"~~""TV"'&7-::J FIG. I60.-MEDIAN LONGITUDINAL SECTION OF THE 
EGG OF CLYTRA. L&VIUSCULA AT THE TIME OF 
DIFFERENTIATION OF THE ECTODERM. 

dh, dorsal blastoderm; vb ventral blastoderm. Other lettering as 
in Fig., 159. After LeeaiIlon. 

FIG. IS9.-MEDIAN LONGITUDINAL 
SECTION OF THE EGG OF CLl"TRA 

L&J'1 USC ULA AT THE TIME OF 
COMPLETION OF SEGMENTATION. 

a, anterior pole; b, blastoderm; g, genital cells; 
y, yolk spheres; ye, yolk cells. After LeeailIon. 

which become augmented by secondary 
yolk cells derived by the immigration of 
cells from the blastoderm. In some cases 
it appears that the yolk cells are only 
derived from the latter source. Among 
several orders of insects, notably Orthop
tera, Lepidoptera and Coleoptera the 
yolk undergoes secondary cleavage, be
coming thereby divided into polyhedral 
masses each of which contains one or 
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more yolk nuclei (Fig. 164). The function of the yolk cells is to liquefy 
the yolk and bring about its assimilation. 

In a few insects the cleavage is total rather than peripheral as described above. 
This feature is exhibited among Collembola (e.g. Anurida) and certain of the endopara
sitic Hymenoptera. In the former example the cleavage is slightly unequal and 

subsequently becomes peri
pheral: this condition is 
probably ancestral to the 
usual type found among 
insects. Among the para
sitic Hymenoptera the 
cleavage is total and com
plete which has probably 
been secondarily acquired 

I in relation to the almost 
rrlp entire absence of yolk. 

FIG. r6r.-TRANSVERSE SECTION OF THE GERM-BAND OF 
CLYTRA Lh>VIUSaULA AT THE TIME OF FORMATION OF THE 
GASTRAL GROOVE (g). 

lp, lateral plate; mp, median plate. After Lecaillon. 

Formation of the 
Germ Band . . _ The 
germ band makes its 
first appearance as the 

ventral plate already alluded to. The extent of the germ band depends 
upon the amount of yolk present. When very abundant the germ band 
occupies a relatively small area: with eggs poor in yolk_ as in Diptera 
the germ band extends along the whole ventral surface, ana, its two 
extremities nearly meet 
on the dorsal aspect of 
the egg. 

A pair of longitudi
nal folds appears on 
either side of the 
median line of the ven
tral plate which thus 
cut off a middle plate 
and two lateral plates 
(Fig. 161). In most 
insects (e.g. Hydro
philus, Musca, Donacia, 
etc.) a groove-like in
vagination (g as t r a 1 
groove) extends the 
whole length of the 
middle plate, repre
senting a modified pro
cess of gastrulation, 
while the actual mouth 
of the groove is the 
homologue of an elon
gate blastopore. The 
lateral folds grow over 

os 

(Meso) 

FIG. r62.-TRANSVERSE SECTION OF EGG OF THE HONEY 
BEE. 

MP, middle plate; LP, lateral plate j Am, amnion; D5J dorsal strip of 
blastoderm. After Nelson, 1915. 

the middle plate and the groove becomes converted into a tube: or, the 
overgrowth may take place in such a way that the cavity of the groove is 
wholly, or partially, obliterated. The tubular cavity, when present (as in 
Hydrophilus), is evanescent and is the counterpart of the archenteron of 
other animals. In some insects (e.g. Apis, Pieris, Gastroidea, etc.) the 
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middle plate remains flat, and is overgrown by the lateral folds, with
out any invagination being formed (Fig. 162). In either event, the meet
ing of the lateral folds results in the production of a two-layered germ 
band. The lateral plates give rise to the ectoderm, and the inner layer 
(formed from the middle plate) is 
the rudiment of the future meso
derm. In a third type the inner 
layer results from a simple prolife
ration of the ectoderm along the 
median line of the ventral plate 
(Apterygota and Orthoptera) and 
may, or may not, be accompanied 
by the formation of a gastral 
groove. 

A 

B 
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FIG. r63.-A, TRANSVERSE SECTION OF THE 
GERM-BAND OF CLYTRA AT THE TIME OF 

FORMATION OF THE AMNIOTIC FOLDS. 

B, AT THE TIME OF FUSION OF THE AMNIOTIC 
FOLDS. . 

The Embryonic Envelopes 
and Blastokinesis.-It is charac
teristic of insects that the germ band 
does not remain freely exposed on 
the surface of the yolk but becomes 
covered by amniotic folds arising 
from its edges. These folds grow 
towards one another, usually meet
ing and fusing, with the result that 
they enclose a space or amniotic 
cavity containing the germ-band 
(Fig. 163). It will be observed 
from reference to Fl·g. 163 that the a, amnion; ac, amniotic cavity; e, ectoderm; i, inner 

layer (mesoderm); 5, serosa. Based on Lecaillon. 

germ-band becomes covered by a 
double cellular envelope composed of the amnion and serosa. The amnion 
or inner envelope is continuous with the margins of the germ-band, while 
the serosa is an extension of the undifferentiated blastoderm covpring the 
surface of the yolk, and forms the outer envelope to protect the develop

/ 
Q 

I 
e 

FIG. r64.-TRANSVERSE SECTION OF THE GERM
BAND OF CLYTRA AT THE TIME OF ApPEARA~CE 
OF THE NEUROBLASTS (n) AND CCELOMIC CAVITIES 

(c). 
Other lettering as in Fig. 162. After Lecaillon. 

ing embryo. 
The formation of the em

bryonic envelopes presents 
many variations which are 
dependent upon whether the 
germ-band is invaginated into 
the yolk, simply immersed in 
the latter, or lies wholly super
ficially to the yolk. 

Insects with an invaginated 
germ-band are exemplified by 
certain of the Thysanura, the 
Odonata and many Hemiptera 
and Orthoptera. In Lepisma 
the germ-band becomes seg
mented at the same time as it 

is being bodily sunk into the yolk, and the invagination, or amniotic cavity, 
remains permanently open by means of the amniotic pore (Fig. 165). The 
yolk is almost entirely covered by the serosa which is characterized by its 
large and widely spaced-apart nuclei. The inner walls of the cavity consist 
of ordinary flattened cells with normal nuclei and constitute the amnion: 

G.T.E.-II 
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At a later stage the embryo becomes completely everted and superficial 
in position. In Machilis the embryo is very similarly invaginated, but 
the front half of the egg exhibits the characteristic serosa cells, while the 
hinder half remains covered by cells with ordinary nuclei which represent 
the amnion. In the dragonfly Calopteryx the germ-band gradually sinks, 
at its hinder extremity, into the yolk and the space thus formed is th~ 
amniotic cavity (Fig. 166). As the germ-band sinks deeper, a portion of 
the undifferentiated blastoderm is drawn in with it, and forms the amnion. 
The part of the blastoderm not drawn into the cavity, but remaining around 
the yolk, constitutes the serosa. The invagination of the germ-band, 
or embryo as it now may be termed, proceeds in such a manner that its 
ventral surface comes to lie towards the dorsal aspect of the egg, and its 
posterior extremity is directed towards the anterior pole. The cephalic 
portion of the embryo remains in its superficial position for a while, but 
it subsequently becomes enyeloped by ventral folds of the amnion. The 
latter meet, completely enclosing the embryo, and at their point of union 
the amnion fuses with the serosa. Except just at the latter position, the 

-up 

FIG. I6S.-DIAGR AM 
OF THE EMBRYO AND 
EMBRYONIC MEM
BRANES IN LEP/SMA 

ACCORDING TO HEY-
MONS. 

a, amnion; ac, amniotic 
cavity j ap, amniotic pore; 
c, chorion; e, embryo; 
5, serosa. 

two embryonic envelopes are separated by yolk. 
When the process is complete the original position of 
the whole embryo is reversed, and it will be observed 
that the dorsal and side walls of the amniotic 'cavity 
are formed by the amnion while the ventral wall is 
formed by the embryo itself. At a later stage the 
embryo undergoes further changes in position during 
which great alterations take place in the amnion and 
serosa. The latter contracts and thickens, drawing 
all the yolk towards the anterior pole. The increase 
of pressure that is consequent, together with the 
growth' of the embryo, causes the amnion to rupture 
at the point of its fusion with the serosa. As the 
latter goes on contracting, the head of the embryo 
protrudes through the split and, turning round, be
comes directed towards the anterior pole of the egg. 
The rest of the embryo follows in due course, and 

it eventually comes to lie in its original ventral position. These move
ments of the embryo are termed blastokinesis. To recapitulate, the germ
ba~d always arises on the ventral surface of the yolk, and it moVes through 
an arc until its position is completely reversed on the dorsal surface. Here 
it rests for a while, and again passes through the same arc to its original 
ventral position. Blastokinesis is characteristic of the Exopterygota 
whose eggs are rich in yolk, and the germ-band is invaginated therein: 
in eggs poorer in yolk the process is usually less marked or wanting (vide 
Wheeler, 1893: Henneguy: Heymons, 1895). 

In the superficial type of germ-band the embryo retains its ventral 
position and blastokinesis is usually wanting. The embryonic envelopes 
are formed as overfolds of the germ-band arising from the edges of the 
latter at its anterior and posterior extremities: the cephalic and caudal 
folds are generally connected later by side folds. When the folds come 
into apposition their intervening walls fuse, and two continuous embryonic 
membranes are formed which enclose an amniotic cavity on the ventral 
a~pect of' the embryo .. This type of germ-band is well exhibited, for 
example, in Diptera Orthorrhapha and'among Hymenoptera. 

In Lepidoptera and the Tenthredinidre the envel9pe~ dl;velop in a 'similar 
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manner, but the germ band subsequently sinks bodily into the yolk and 
the latter enters between the amnion and serosa. In this manner the 
immersed type of germ band is produced. 

Among Coleoptera (Hydrophilus, Gastroidea, Melasoma) the development 
is intermediate between that of Calopteryx, with a completely invaginated 
germ-band, and the wholly superficial type. The posterior extremity of 
the germ-band becomes invaginated after the manner already described 
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FIG. I66.-STAGES IN THE EMBRYONIC DEVELOPMENT OF C"LOPTERY x. 

Lateral view, ventral surface to the right. A, Formation of ventral plate. B-D, Invagination of embryo in yolk. 
E-G, Formation of apE~ndages. H-K, Rupture of anmion and reversion of embryo. ab, atdomcn; ac, amniotic 
cavity j am, amnion; as, union of amnion and. serosa; at, antenna; h, lateral border of ventral plate; bI, blastcderm; 
bPJ blastopore; c, cap or pedicel; ch, chorion; el, cepbalic lobe; emb, embryo; jg, stomodreum; hd, head; kg, procto
damm; I.-la, legs; Ihr, labrum; md, mandible; mx, first maxilla; mX2, labium; se, serosa; tiP, ventral plate; yk, 
yolk. From Tillyard, Biology of Dragonflies, aft.r Brandt. 

for Calopteryx, bending round dorsally and becoming immersed in the 
yolk. Both anterior and posterior amniotic folds develop and fuse in the 
usual manner, thus enclosing the embryonic area. Finally the posterior 
extremity becomes drawn Qut of the yolk and regains its superficial position. 
This migration of the germ-band is to be regarded as a vestige of the process 
of blastokinesis, and the type of development is probably derived from 
ancestors in which the whole germ-band was invaginated. As Korschelt 
and Heider suggest, it is likely that the invaginated germ-band is the 
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primitive one, while the superficial type, which IS wholly overgrown by 
amniotic folds, is a secondary condition. With the acquisition of the 
latter blastokinesis becomes no longer evident. 

In the Locustidre a third envelope or indusium appears as a disc-like 
thickening of the blastoderm, just in front of the future head (Fig. 167). 
It develops into a membrane which pushes its way between the serosa 
and the yolk, finally becoming an inner envelope next the yolk and only 
separated from the embryo by the amnion. This structure itself forms 
a second membrane or outer indusium and the two membranes cover the 
whole surface of the egg except at the poles: they subsequently shrink 
and disappear with the growth of the embryo. The precephalic organ 
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FIG. I67.-FIGURES ILLUSTRATING THE MOVEMENTS AND ENVELOPES OF THE EMBRYO OF 
XIPHIDIUM 

A, after closure of amnioscrosal folds; the broken line shows the path of migration of the embryo. 
B, embryo on dorsal surface. 
C, shortening of embryo. 

a, amnion; c, chorion; g, germ band; i, indusium; ii, outer indusium; i 2• inner indusium; i2c, cuticle and i 2s, granular 
secretion of inner indusium. After Wheeler, ]ourn. lUorph., 3. 

of Collembola, which has a similar mode of initial development, has been 
homologized with a degenerate indusium (vide Wheeler, 1893). 

In addition to the foregoing there are certain anomalous types. An amnion and 
serosa are totally wanting in Anurida and other Collembola, and are vestigeal in the 
higher Diptera. -In Apis there is a single envelope homologous with a serosa (Nelson). 
In many.parasitic Hymenoptera the egg is surrounded by a single envelope known as 
the trophamnion. It is composed of a small number of large cells with prominent 
nuclei and may persist up to the time of the eclosion of the larva. In any event it 
breaks down and, in some cases, its cells afterwards occur free in the blood of the host. 
Its method of development differs in various species: in Litomastix and the Platy
gasteridre it is formed from the polar bodies (Silvestri, 1906, 1921) or at the commence
ment of cleavage (Marchal, 1906). In Litomastix a second membrane, formed by 
delamination of the blastoderm, is present (Silvestri). 

Formation of the Embryo.-At an early stage III development the 
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germ-band becomes divided by means of transverse furrows into a series 
of segments and, in this condition, it may be referred to as the embryo 
(Figs. 168-170). The segmentation may even occur contemporaneously 
with the formation of the gastral groove, as in Hydrophilus and Chalicodoma, 
but as a rule it does not become apparent until after the separation of the 
inner germ layer. The embryo is at first divisible into a proto cephalic 
or primary head region, and a protocormic or primary trunk region. The 
protocephalic region is conspicuous on account of its large lateral lobes, 
which give rise to the proto cerebral or ocular segment. The latter bears 
no appendages, but exhibits a median and sometimes more or less bilobed 
swelling, the future labrum. The second primary head segment is the deuto
cerebral or antennary segment which bears a pair of outgrowths representing 
the future antennre. The third segment is the tritocerebral or intercalary 
segment: in some cases it bears a pair of evanescent rudimentary append-

FIG. r68.-THREE STAGES IN THE SEGMENTATION OF THE GERM-BAND OF A LEAF-BEETLE 
(MELA80oVA). 

a'a", abdominal segments i af, amniotic fold; bl, blastopore j k'-k"', gnathal segments i kl, head-lobe; t'-t''', thoracic 
segments. From Korschelt and Heider, afler Graber. 

ages (Fig. 171, A) homologous with the Crustacean 2nd antennre and in 
Campodea vestiges of them are retained in the adult (Uzel). Immediately 
behind the l;!-"h;-'lJll • ~ ., pit-like invagination of the ectoderm which is the 
beginning..;' ,.-. 'tomodreum. The first three of the primary trunk 
segments' ~IJ. ,.::ombine with the protocephalic region to form 
the futur, . of the segments are those which bear the developing 
rudiments . subf.1dibles and 1st and 2nd maxillre. The maxillary 
segment ahGRAW 'e b median protuberance which gives rise to the hypo
pharynx aYO A""., ~ ('nlJrida and Campodea, a pair of small protuberances 
situated n('::~:,%! . ...'median line are the rudiments of the future superlinguce 
(Fig. 171, } . ~ The appendages of the 2nd maxillce ultimately fuse to form 
the labium. The next three protocormic segments bear the rudiments 
of the future three pairs of thoracic legs and eventually form the thorax, 
while the remaining segments constitute the abdomen. In most insect 
embryos the latter region consists of ten segments, together with a terminal 
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region or telson. The telson bears a median invagination which is the 
beginning of the proctodreum. There is good reason to believe, however, 
that the primitive number of abdominal segments was r2; this number 

18 

having been recognized by Heymons in the 
embryos of Dermaptera, Orthoptera and 
Odonata, and by Nelson in that of the hive 
bee. All the abdominal segments, except
ing the telson, may carry a pair of embry
onic appendages and, in some orders, the 
first pair is frequently much more pro
nounced than those on the remaining seg
ments and later may take on a peculiar 
structure. According to Wheeler (r889a) 
this pair of appendages was possibly glan
dular in function and formerly had an 
important significance. In the Apterygota 
one or more pairs of the abdominal appen
dages persist throughout adult life: among 
other inse,cts they remain as the abdominal 
feet of larval Tenthredinidre and Lepidop
tera, and as gills in the larvre and nymphs 
of certain aquatic groups. As a rule, how
ever, all traces of abdominal appendages 
disappear on 
hatching, with the 
exception of the 
last pair which is 
retained in many 
orders as the cerci. 
It is still a dis

FIG. 169.-EMBRYO OF LEPTINO- puted point as to 
TAlISA. 

I, labrum; 2, stomockeum; 3-5, brain 
segments; 6-8, segments of optic ganglion; 
9-II, segments. of optic plate; 12-16, ten
torial invaginations, etc.; 17, 18, first and 
Jast spiracles j [9, tritocerebral commissure; 
20, neuromeres j 21, middle-cord thickenings; 
22, antenna; 23, mandible; 24, maxilla; 
25, labium; 26-28, Jegs; 29, rudiments of 
Malhighian tubes; 30, proctodreum. After 
Wheeler, jotlTn. MorPh. 3. 

whether the gona
pophyses are to 
be regarded as 
true appendages 
or not. According 
to Wheeler they 
are directly de

rived from the embryonic appendages of their 
segments: Heymons, on the other hand, re
gards them as non-appendicular out-growths 
(vide p. 43). 

Dorsal Closure of the Embryo and 
Degeneration of the Embryonic Envelopes.

9-

As the embryo develops it grows round the FIG. 170.-EM~RYO OF SILK 

yolk and the dorsal or non-embryonic portion WOil:M. 

of the blastoderm becomes more and more re- I, labruIIl; 2-5, head·appendages; 
6-8, legs; 9, ro, first and last abdoIIl' 

stricted. The final closure and the fate of the inal appendage,; II, spiracles; 12, 
neural furrow; 13, openinl~ of silk 

embryonic membranes, exhibit important differ- glandonlabiuIIl. AfterToyama,Bull. 
.. h' hI' Agric. Coil. Tokyo,s. ences among vanous Insects w IC are c assI-

fied by Korschelt and Heider into four main types. 
I. INVOLUTION THROUGH THE FORMATION OF A DORSAL AMNIOSEROSAL 

SAc.-This process occurs in the more generalized orders of Pterygota 
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but exhibits various modifications. The two envelopes rupture and, 
with the upward growth of the embryo, their contracted remains become 

B 

p 

carried on to the 
dorsal side of the 
yolk. Here they sink 
into the latter, form
ing a tu bular sac 
known as the dorsal 
organ. Ultimately 
the dorsal organ un
dergoes dissolution 
and the embryonic 
ectoderm completes 
the dorsal closure. 
In Hydrophilus the 
two flaps formed by 
the rupture of the 
amnion and serosa 
become carried to 

FIG. I7I.-CEPHALIC REGION OF EMBRYO OF A NURIDA SHOWING 
DEVELOPING ApPENDAGES. 

A, at an early stage; B, later: a, antenna j I, oral fold; h, hypopharynx; 
1, labrum; Ie, leg; m, mandible; m', maxilla, m H

, labium; p, maxill.ary palp j 
5, superlingua; t, trito-cerebral appendage. After Folsom, Bull. Mus. Zool. 
Harvard, 36 (redrawn). 

the upper side of the yolk, with a 
dorsal serosa between them. The 

small contracted area of the original 
flaps then overgrow the latter until 
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FIG. 172.-DIAGRAMS ILLUSTRATING THE DORSAL CLOSURE OF 
THE EMBRYO AND THE FATE OF THE EMBRYONIC MEMBRANES. 
A, B, GENERAL. C-E, HYDROPHILUS. F-H, (EOANTIIU8. 

a, amnion; d, dorsal organ; e, embryo; S, serosa; y, yolk. Based on Ayers, 
Graber and Kowalevsky. 

their edges unite. 
By this means a 
tubular dorsal organ 
is formed, which 
sinks into the yolk 
and becomes en
closed by the de
veloping mesenteron, 
while the embryonic 
ectoderm c0}Dpletes 
the dorsal closure 
(Fig. 172, A-E). In 
CEcanthus the con
tracted serosa alone 
forms the dorsal 
organ, the amnion 
persisting, for a 
while, as a covering 
of the yolk (Fig. 172, 
A, B, F-H) . 

2. INVOLUTION OF 

THE AMNION WITH 

THE RETENTION OF 

THE SEROSA. - In 
Leptinotarsa and 
other of the Chryso
melidre, the amnion 
ruptures ventrally 
and grows round the 

yolk so as to enclose it dorsally, becoming at the same time separated 
from the serosa. With the upward growth of the embryo the amnion 
becomes compressed into a small dorsal tract-the dorsal organ. The 
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latter disintegrates in the yolk with the dorsal closure of the embryo. 
The serosa persists, until a late stage, as a complete membrane applied to 
the inner aspect of the chorion (Fig. 173, A-C). 

3. INVOLUTION OF THE SEROSA WITH RETENTION OF THE AMNION.- In 
Chironomtts the serosa alone ruptures and contracts to form the dorsal 
organ, which becomes absorbed into the yolk. The amnion afterwards 
grows over this area, so as to entirely enclose the egg, and persists until 
the time of hatching (Fig. 173, D-F). 

4. RETENTION OF BOTH THE AMNION AND SERosA.-In Lepidoptera 
and Tenthredinidre the amnion ultimately grows entirely round the yolk 
and becomes separated from the serosa. The egg is now enclosed by two 
complete envelopes up to the time of hatching, when they are ruptured. 
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FIG. 173.-DIAGRAMS ILLUSTRATING THE DORSAL CLOSURE OF THE 
EMBRYO AND THE FATE OF THE EMBRYONIC MEMBRANES IN 
A-C, LEPTINOTARSA: D-F, CHIRONOllUS: G, H, LEPI
DOPTERA. 

Based on Wheeler, Graber and Tkhonllroff. 

In Lepidoptera a 
quantity of yolk 
is retained be
tween these two 
envelopes, which 
serves as the first 
food of the young 
larva (Fig. 173, 
G, H). 

The Meso
d er m.- The 
whole of the inner 
layer, or that part 
of it which does 
not participate in 
endoderm forma
tion, gives rise to 
the mesoderm. 
The latter becomes 
arranged into two 
longitudinal 
bands, connected 
acrOss the median 
line by a single 
layer of cells. 
These bands come 
to be constricted 
transversely, and 
consequently the 

mesoderm is divided into segments which correspond with those of the 
ectoderm previously alluded to (p. r65). These divisions are the mesob/asHc 
somites and, sooner or later, a pair of cavities or ccx/om sacs appears in each 
(Figs. 164, 174). In their completely developed condition there is a pair of 
ccelom sacs for each segment of the germ-band, excepting the protocerebral 
and last abdominal segments. In the majority of insects they are less fully de
veloped while, in the Muscidre, Graber states that the mesoblastic somites 
remain solid throughout: in Apis Nelson finds that the. ccelom sacs on either 
side of the body are confluent, thus fonning a pair' of longitudinal tubes. 
The outer or somatic layer of the mesoblastic somites gives rise to the 
body muscles, dorsal diaphragm, and pericardial cells: from the inner 
or splanchnic layer the visceral muscles, genital ridges, and the greater 
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part of the fat-body are produced. At the upper angles, where the somatic 
and splanchnic layers meet, are peculiar cells termed cardioblasts (Fig. 178) 
which take part in the formation of the heart. The middle layer of meso
derm, which unites the somites of the' 
two sides of the body, appears in some 
insects to dissociate and form blood 
cells. The mesoderm of the protocere
bral segment produces the musculature 
of the stomodreum, and a similar mass 
at the posterior end of the embryo 
provides the proctodreal musculature. 

The Endoderm.-The origin of 
the endoderm is a much disputed 
problem of insect embryology and its 
method of development is, further
more, subject to modification in differ
ent insects (vide Nelson, 1915). In 
most cases it appears as two widely 
separated masses of cells which are 
applied to the blind ends of the stomo-
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dreum and proctodreum respectively / 
(Fig. 175). These masses become ,</ / 
U-shaped, and the arms of each U 71 
elongate and grow so that the two FIG. I74.-DIAGRAMMATIC SAGITTAL SEC

masses are joined by a pair of cell- TION (A LITTLE TO ONE SIDE OF THE 
MEDIAN LINE) OF THE EMBRYO OF 

strands. These latter grow together DONA CIA CRASSIPES SHOWING CGlLOM 

in the median line, and also extend SACS. 

laterally, so as to eventually extend 1-4, cephalic appendages; 5-15, abdominal seg· 
ments; a, ccelomic sac of intercalary segment; b, 

round the yolk and form a complete c",lom sacs of thoracic segments; c, coelom sacs of 
abdomen; am, amnion; s, serosa; g, genital cells. 

tube which constitutes the mesenteron, Adapted from Hirschler, Zeits. wiss. Zool. 19"9. . 

Or primitive mid-intestine. Some ob- / 
servers, including Hirschler, maintain that a middle section of endoderm 
is also formed between the two original masses. 

a 

FIG. I75.-DIAGRAM SHOWING ENDODERM FORMA
TION IN LEPTINOTARSA ACCORDING TO WHEELER. 

The sections on the right are taken across the germ-band where 
the lines bear similar lettering. e, ectoderm; en, endoderm; 
g, gastral groove; tn, mesoderm. 

A large number of com
petent eml:>ryologists state that 
the endoderm is derived from 
the inner layer. This view is 
held for example by Kowalev
sky and Escherich for Calli
phora, by Wheeler for Phyllo
dromia and Leptinotarsa, by 
Heider for Hydrophilus, by 
Grassi, Petrunkewitsch, and 
Nelson for APis and by Hir
schIer for Donacia. Another 
group of embryologists hold 
that the two masses of cells 
are derived by cell-prolifera
tion taking place at the blind 
ends of the stomodreum and 

proctodreum. I ts natural consequence is that the mesenteron is of ecto
dermal origin. This view was upheld by Ganin, Witlaczil and Voeltzkow, 
but its chief modern supporters are Lecaillon (for Coleoptera) and Heymons 
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(for Orthoptera and Dermaptera). According to Heymons the functional 
mesenteron of the Pterygota is of recent origin, and the original endoderm 
is now represented by yolk cells which are to be regarded as representing 
a vestigial mesenteron. This view- has received support from Heymons' 
discovery of the formation of the mesenteron from yolk cells in Lepisma 
and Campodea, and from Claypole's discovery of the same method of for
mation in Anurida. Tschuproff also states that in Odonata it is formed 
partly from the ectodermal invaginations, and partly from the yolk cells
the latter building up the middle section only. The view that the ectoderm 
produces the mesenteron in insects is completely at variance with what is 
known from a study of other classes of the animal kingdom. Definite proof 
is still needed to demonstrate that the cells around the blind ends of the 
stomodreum and proctodreum are actually derived from those invagina
tions, and not from cells of the inner layer which have become intimately 
associated with them at a very early stage. It is also noteworthy that 
Nusbaum and Fulinski reinvestigated endoderm formation in Phyllodromia 
and Gryllotalpa, which were studied by Heymons, and came to the con
clusion that it is derived from the inner layer. 

The Alimentary Canal.-The alimentary canal is formed in three 
sections. The anterior section or stomodceum is constituted by an ecto
dermal invagination at the anterior extremity of the germ band, while 
the posterior section or proctodceum is formed somewhat later by a similar 
invagination of the telson (Fig. 169). The middle section or mesenteron 
develops as a sac (previously described) which is situated between the 
blind extremities of these two ingrowths. The establishment of a thorough 
passage, from the mouth to the anus, is brought about by the absorption 
of the intervening walls where they are apposed to one another. The 
Malpighian tubes develop as paired outgrowths of the proctodreum, at 
a stage when the latter is little more than a funnel-like depression (Fig. 
169). At first they often open directly on to the external surface of the 
embryo, but become carried inwards with further growth. Two or three 
pairs make their appearance and, in cases where a larger number is present 
the additional tubes arise as diverticula of the primary formations. 

The Nervous System.- The beginnings of the central nervous 
system appear as a pair of longitudinal neural ridges of the ectoderm of the 
germ-band, about the time when the latter becomes segmented. They com
mence at the sides of the stomodreum, and continue backwards until they 
unite behind the proctodreum. These ridges are separated by a median 
furrow-the primitive or neural groove (170, 177). A chain of cells forming 
the median cord is separated from the ectoderm lining the neural groove. 
The ectoderm cells forming the neural ridges become segregated into two 
layers,-an outer thin layer of dermatoblasts which forms the ventral body
wall and an inner layer of neuroblasts which forms the nervous tissue (Fig. 
164). When the embryonic appendages commence 'to appear the neural 
ridges become segmented into definite swellings at the bases of the former, 
and each pair of these swellings constitutes a neuromere. The intra
segmental portions of the median cord and neural ridges give rise to the 
definitive ganglia, while the intersegmental portions of the ridges form the 
connectives. 

In the cephalic region the neural ridges expand into broad procephalic 
lobes, forming the future supra-resophageal ganglion, and they become 
divided into three neuromeres corresponding with the three primary cephalic 
segments. These neuromeres are known respectively as the proto-, deuto-
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and tritocerebrum (vide also p. 55): since the first two lie in front of the 
stomod;:eum, they are pre-oral in position, while the tritocerebrum is post
oral since the commissure uniting its two halves (ganglia) passes below 
the stomod;:eum. The optic lobes differ in their method of formation in 
different insects: thus in Orthoptera they are derived from neuroblasts 
and in Hymenoptera as infoldings of the superficial ectoderm. 

The neuromeres of the first ,three protocormic segments fuse to form 
the sub-cesophageal ganglion, while the remaining neuromeres constitute 
the ganglia of the ventral nerve cord. These latter are nine to eleven 
in number and subsequently undergo varying degrees of fusion in different 
insects. 

The frontal ganglion and the ;emainder of the stomatogastric system 
develop as invaginations of the dorsal ectoderm of the stomod;:eum. 

The Tracheal System.,_Shortly after the appearance of the neuro
meres the trache;:e appear as ectodermal invaginations lying just outside 
the bases of the appendages (Figs. 169, 179). As a rule, eleven pairs are 
developed, and they occur on the last two thoracic and first nine abdominal 
segments. In Leptinotarsa Wheeler has found indistinct invaginations 
also on the loth and lIth abdominal segments: in Apis there are no 
invaginations beyond the 8th abdominal segment. Each invagination gives 
rise to a T-shaped horizontal outgrowth, which extends longitudinally until 
it meets and fuses with those of the segment in front and behind, thus 
forming the main longitudinal trunks. The mouths of the original invagina
tions contract and form the spiracles. In APis there is also a pair of 
invaginations on the 1st maxillary segment which form the anterior prolong
ations of the main tracheal trunks and sub~equently close. 

, The Salivary Glands.-These appear as a pair of ectodermal ingrowths 
of the 2nd maxillary segment (Fig. 170). As they increase in depth their 
apertures approximate, and become drawn into the mouth where they 
finally open by a 
median pore. Car
riere (1890) regards 
the salivary glands 
as modified trache;:e, 
and their original in
vaginations as repre
senting the missing 
spiracles of the pro-
thoracic segment 
which have migrated 
forwards. 

The Body-wall. 
-The body-wall is 
directly derived from 
the superficial ecto
derm, and the essen
tial parts of the 
organs of special 
sense are formed 
from the same layer. 

The Bod y
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FIG. I76.-TRANSVERSE SECTIONS OF DORSAL REGION OF 4TH 

TRUNK SEGMENT OF -LATE EMBRYO OF HIVE BEE X 600. 

Cbl, cardioblasts; DDph, dorsal diaphragm; DLMcl, dorsal longitudinal muscles; 
Hyp, hypodermis; IF, fat-body; MInt, mid-intestine and its muscles MclEnt. 
After Nelson, 1915. 

cavity and Dorsal Vesse1.-The permanent body-cavity commences as 
a space-the epineural sinus-which is mainly produced by the separa-
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tion of the yolk from the embryo, over the region of the ventral nerve 
cord (Fig. 177). The process of separation extends laterally, and the 
walls of the ccelom sacs are stated to break through in such a manner 
that their cavities become confluent, both with one another and with 
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FIG. 177.-TRANSVERSE SECTION OF THE ABDOMEN OF 
THE EMBRYO OF PSYLLODROMJA GERJfANJOA. 

For lettering, vide Fig. 179. 

the epineural sinus. The 
common cavity thus 
formed extends upwards 
along with the mesoderm, 
on either side, until the 
formation of the body
cavity is completed. The 
upward migration of the 
mesoderm carries the car
dioblasts with it: the 
latter subsequently meet 
along the dorsal line of 
the embryo, and arrange 
themselves in the form of 
a tube, which is the rudi
ment of the heart. A 

single layer of cells unites the cardioblasts to the somatic mesoderm on 
either side, and eventually gives rise to the dorsal diaphragm (Figs. 176, 
178). The aorta is formed by the union in the mid-dorsal line of the 
two ccelom sacs of the tritocerebral segment (Donacia), or of the deuto
cerebral segment (Forficula, 
APis) : by its backward exteIl
sion the developing aorta 
comes to unite with the heart. 

The Reproductive 
System.-The primitive germ 
cells in some insects, including 
Donacia, Chironomus and Mia
stor, are derived from special 
(I pole cells" situated at the 
posterior end of the egg. In 
some cases these have been 
traced from a single original 
cell, distinguishable at an early 
stage of the cleavage (vide 
Hegner, 1914). Among other 
insects the primitive germ cells 
are believed to be derived from 
the mesoderm, but it is prob
able that they are likewise seg
regated at a very early stage, 
only are not capable of being 
definitely identified until later. 
In any event they migrate to 
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FIG. 178.-TRANSVERSE SECTION OF THE ABDOMEN 
OF THE EMBRYO OF PllYLLODROJIIA GERMANle..t 

WHERE THE GERM-BAND IS BEGINNING TO GROW 
AROUND THE YOLK. 

For lettering, vide Fig. 179. 

the splanchnic mesoblast, coming to lie in the walls of the ccelom sacs-,
in the case of Phyllodromia in those of the 2nd to 7th abdominal segments. 
The germ cells become surrounded by mesoderm, which forms the genital 
ridges, and the latter fuse into a cell-strand lying on each side of the dorsal 
wall of the ccelom. The primitive germ cells give rise to the sex cells, 
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while the enveloping mesoderm produces all other parts of the gonads 
and their primitive ducts. At an early stage a sheet of cells, the filament 
plate, is differentiated, and connects the apex of the genital rudiment with 

-f 

FIG. 179.- TRANSVERSE SECTION OF THE 
ABDOMEN OF THE EMBRYO OF PHYLLO

DROMIA GERJJJANJCi AFTER THE YOLK HAS 
BECOME ENCLOSED BY THE GERM-BAND. 

c, cmlom; d, dorsal diaphragm; e, endoderm; es, epi
neural sinus; I, filament plate; Ib, fat-body; g, genital 
cells; gdr rudiment of genital duct; h, heart; 1m, ven
tral longitudinal muscles; n, rudiment of nerve-cord; 
ng, neural groove; p, cardioblasts ; s, somatic mesoderm; 
51, splanchnic do.: sp, spiracle. This and Figs. 177, 178 
afler Heymans (with different lettering). 

180). In the Blattidc:e and in Gryl
Ius the primitive sexual openings in 
the female are those on the 7th seg
ment, and .in the male they are 
those on the loth segment. In each 
sex traces of an original herma
phroditism may be exhibited in the 
retention 01 vestiges of a condition 
of the gonoducts which belongs to 
the opposite sex. In Forficula the 

the heart rudiment of the same side 
of the body. With the migration 
of the heart rudiments towards the 
mid-dorsal line, the genital rudi
ments follow. Their primitive meta
merism becomes lost, and it is only 
in later embryonic stages that 
sexual differences can be recognized. 
In the female the filament plate 
divides into eight strands or ter
minal threads, and these are con
nected with eight divisions of the 
ovary which represent the ovarioles. 
The undivided basal portion of the 
genital rudiment gives rise to the 
efferent duct of its side. The studies 
of Wheeler and Heymons on Orthop
tera and Dermaptera show that the 
gonoducts of the two sexes are 
homodynamous rather than homo
logous structures, and each duct 
exhibits a primitive metamerism 
with original openings on the 7th 
and loth abdominal segments (Fig. 
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openings of both sexes are on the FIG. ISo.-DEVELOPMENT OF GENITAL DUCTS 
OF EMBRYO PERIPLANETA. loth segment, with vestiges of a 

former opening on the 7th segment 
in the female. 

Except in rare instances (vide p. 

F, female. M, male. I J 7, 10, abdominal segments: OV, 
ovary; Test., testis'; T 7, T 101 terminal ampullro j 
ovd, oviduct; vd/, vas deferens. From Henneguy, after 
Heymans. 

143), the paired mesodermal ducts acquire connection with a median ecto
dermal invagination. The latter forms the ejaculatory duct in the male, 
and the vagina and uterus in the female together with their appendices. 
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Sequence of the Developmental Stages.-Data concerning the 

rate/ of development, and the time taken to arrive at the principal stages, 
are given in great detail by Heider for Hydrophilus and by Nelson lor 
Apis. Since the data for Hydrophilus concern a more generalized type 
they are quoted here. Heider divides the developmental period into 
three phases, occupying altogether II days, and the most important facts 
may be summarized as follows. 

1ST PHASE 

1St Day. Blastoderm completely formed. 
2nd Day. Metamerization of the germ band; formation of amniotic folds, pro

cephalic lobes, and middle plate. 
3rd Day. Appearance of neural groove and antennce; closure of amniotic folds. 

2ND PHASE 

4th Day. Appearance of buccal and trunk appendages together with the stomo
dceum, which is ,followed by the proctodceum; appearance of tracheal 
invaginations. 

5th Day. Elongation of appendages; mouths of tracheal in vagi nations reduced 
to rounded orifices representing the spiracles. 

7th Day. Elongation of neural groove; embryonic membranes rupture, exposing 
the embryo. 

During this phase the separation of the endoderm from the mesoderm 
takes place and the rudimehts of the mid-intestine are formed: the meso
blastic somites and body-cavity appear, and yolk cleavage occurs. 

3RD PHASE 

, End of 7th Day. Appearance of dorsal organ. 
8th Day.-Dorsal organ completely formed. 
gth Day. Pigme,ntation of the eyes. 

10th Day. Eyes more pigmented; main tracheal trunks visible. 
11th Day. Embryo becomes strongly pigmented and exhibits movements beneath 

the chorion. 
12th Day. Eclosion of the larva. 

This phase is one of histological differentiation and no new permanent 
organs are developed. 
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POSTEMBRYONIC DEVELOPMENT 

A. Metamorphosis 

ECLOSION from the Egg.-The process of hatching or eclosion 
from the egg varies greatly in different groups. Some insects (e.g. 
caterpillars) simply eat their way through the embryonic membranes 

and chorion, while others rupture the chorion by body movements. In 
the Odonata a peculiar pulsating organ, or cepholic heart, exerts pressure 
against the egg shell and forces up a caplike operculum, thereby providing 
for the exit of the insect. Among Orthoptera the· cervical ampulla performs 
a similar function, which is aided by convulsive movements of the body. 
Many insects have special hatching spines or egg-bursters. In Leptinotarsa 
there are three pairs of these spines on the body (Wheeler) : in Aphaniptera 
there is a single spine on the head, and in the Pentatomidce aT-shaped 
cephalic denticle. Hatching spines are also present in other orders but 
have not received much attention. 

Instar and Stadium.-Every insect during its growth sheds its skin 
one or more times, this process being known as a moult or ecdysis, the 
cast skin being termed the exuvice. The intervals between the ecdyses 
are known as stages or stadia, and the form assumed by an insect during 
a particular stadium is termed an instar. When an insect issues from the 
egg it is said to be in its first instar: at the end of this stadium the first 
ecdysis occurs and the insect then assumes its second instar, and so on. 
The final instar is the fully mature form which is known as the adult 
or imago. 

Metamorphosis.-One of the most characteristic features of insects 
is the fact that they are almost always hatched in a condition morphologic
ally different from that assumed in the imago. . In order to reach the latter 
instar they consequently have to pass through changes of form which are 
collectively termed metamorphosis. 

Some insects emerge from the egg in a form resembling the imago and, 
therefore, pass through no metamorphosis: such insects are described 
as Ametabola. The Apterygota are usually regarded as being ametabolous, 
but in some cases a slight metamorphosis is present. Ametabolous forms 
also occur among apterous representatives of the Pterygota, whose trans
formations have become reduced to such a degree of insignificance that 
they no longer merit the term metamorphosis. Such forms have conse
quently acquired a secondary ametabolous growth and examples of this 
kind are found in the Phasmidce, Anopleura, in the workers of the Isoptera 
and in female Embioptera. 

The majority of insects pass through a metamorphosis and, in contra
distinction to the primitively ametabolous species, are termed M etabola. 
In the strict zoological sense the immature forms of animals which undergo 
metamorphosis are called larvce. Among insects it is customary and 
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convenient to distinguish two types of immature individuals, viz., nymphs 
and larvce. 

A nymph may be defined as a young insect which quits the egg in a 
relatively advanced stage of morphological development, and mainly 
differs from the imago in that the wings and genitalia are only present in 

g 
FIG. I8r.-METAMORPHOSIS OF A CAPSID (PLESIOUOIliS RUGICOLLIS). 

a, egg; b-J, nymphal instars (wing·rudiments minute in d, larger in e and f) X 20; g, imago X 8. From Carpenter, 
after Petherbridge and Husain. 

an incompletely developed condition. The mouth-parts exhibit the same 
general type of construction as in the adult, while the compound eyes 
suffer no arrestation of development and are functional. The growth 
from the nymph to the imago is a simple one and is unaccompanied by a 
pupal instar. 

A larva may be defined as a young insect which quits the egg in an 
G.T.E.-I2 
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early stage of morphological development, and differs fundamentally in 
form from the adult. The mouth-parts usually differ greatly in construc
tion from those of the adult and compound eyes, with scarcely any excep
tions, are either wanting or non-functionaL The growth from the larva 
to the imago is by means of a complex metamorphosis accompanied by a 
pupal instar. 

Types of Metamorphosis.-The orders of insects exhibiting meta
morphosis are often 
di vided into two 
main groups: (r) 
Heterometabola and 
(2) Holometabola. 

1. H E T E ROM E
TABOLA.-This term 
is applied to mem
bers of the lower 
orders (or Exoptery
gota: p. 202) which 
pass through a simple 

B metamorphosis often 
FIG. 182.-METAMORPHOSIS OF EPHEMERA. described as direct or 

A, male imago. B, nymph. From Comstock after Needham. incomplete. A pupal 
stage is wanting, and 

the immature insects are referred to as nymphs. 
The Heterometabola are separated into two divisions as follows: 

(a) Paurometabola (Fig. 181). In a number of orders the young resemble the 
adults in general form and mode of life. Postembryonic development is one of 
gradual growth, unaccompanied by any striking morphological changes, and the 
distinctive feature of this type of metamorphosis is the acquisition of wings. The 
exopterygote orders other than the 
Plecoptera, Odonata and Ephemeroptera 
conform to this type. 

(b) Hemimetabola (Fig. 182). In the 
three last mentioned orders the young 
differ from the adults in the presence of 
provisional organs. Since they live in 
water, while the imagines are aerial, their 
differences are of an adaptive nature and 
principally concern the respiratory sys
tem. The morphological changes which 
take place are greater than in the Pauro
metabola, and consequently the transi
tion from the nymph to the imago is 
more profound. Nymphs of the Hemi
metabola are termed" naiads" by Com
stock in order to distinguish them from FIG. 183.-METAMORPHOSIS OF A WEEVIL 
those of the Paurometabola. (TRJOHOBAR1S TR1NOTATA). 

2. HOLOMETABOLA:-This term 

a, imago; b, larva; c, pupa. After Chittenden, U.S. 
Dept. Agric. Ent. Bull., 33 (n.s.). 

is given to members of the higher orders (or Endopterygota, p. 202) 

which pass through a complex metamorphosis: the young are larv<e 
and the imago is preceded by a pupal instar (Fig. r83). Such a type 
of metamorphosis is often referred to as indirect or complete. 

Types of Insect Larvre.-In discussing the larval forms of insects 
it is nece!:sary, in the first instance, to consider the progressive development 
of metamerism in the embryo. As a rule segmentation commences at 
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the anterior extremity, and extends backwards, although there are modifica
tions and exceptions to this sequence. Berlese (1913) recognizes three 
successive embryonic phases in the development of insects, these phases 
being based primarily upon the condition of the 
metamerism, viz., protopod, polypod, and oligopod 
(Fig. 184). 

In the protopod phase metamerism is incom
plete, the abdomen being imperfectly differenti
a.ted and, if segmented, its metameres have not 
as yet acquired appendages. The digestive and 
nervoU$. systems are in a rudimentary condition 
and the t.tacheal invaginations are undeveloped. 

A B o 

FIG. I84.-EMBRYONIC 
PHASES. 

In the pQlypod phase the abdomen has 
acquired its complete segmentation and full 
number of appendag~s. The internal organs are 
further differentiated and tracheal invaginations 
are formed A, protopod. B, polypod. C, 

. oligopod. After Bedese; Redia, 9. 

In the oligopod phase the-embryo has reached 
an advanced condition: the thoracic limbs' have increased in size, and 
the evanescent abdominal appen<lages have disappeared. At the end of 

FIG. I85.-CAMPODEI
FORM (OLIGOPOD) 
LARVA OF A STA
PHYLINlD (PHILON

THUS NITiDUS). 

After SchiOdte. 

this phase th~ nymphs of insects with incomplete 
metamorphosis issue from the egg. 

In general, ins~t larva:! represent an arrestation 
in one or other of th.ese phases when eclosion from 
the egg takes place. Larvce, therefore, generally 
issue from the egg at an, earlier ontogenetic stage 
than nymphs. 

The following types of larvce may be recognized. 
1. The CAMPODEIFORM (orthy~anuriform) LARVA.

The Thysanura are undoubtedly the most primitive 
representatives of the Insecta. The larvce Jbf many 
insects are hatched in a form bearing a general resem
blance to the adults of Campodea and other members 
of its order. Such larvce are regarded as being 
primitive and as representing a Thysanuran stage in 
the species to which they belong. The campodeiform 
larva is active, with a more or less flattened body, 
and a markedly chitinized integument (Fig. 185). 
Well developed biting mouth-parts, antennre, legs, 
and cerci are present. In conformity with an active 
life, eyes and other organs of special sense are evi
dent. This type of larva, unlike ~he Thysanura, 
never bears the lateral abdominal appendages so char
acteristic of the latter order. Berlese regards it as an 
insect hatched in the oligopod phase and it conse
quently represents a post-Thysanuran stage in onto
geny. Nymphs closely resemble campodeiform larVa:! 
but represent a more advanced condition of the 
oligopod phase, having, for example, compound eyes 
and often dorsal ocelli. The campodeiform larva is 

met with in its most primitive condition in the Adephaga, Staphylinidce 
and in the first instar of Mantispa, the Meloidce and Strepsiptera. 

2. The ERUCIFORM LARvA.-In this type the body is usually cylindrical 
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and fleshy with a somewhat weakly chitinized integument. Such larvre 
are less active than the preceding type: the antennre and tho];'acic legs 
are reduced, and there are no cerci. Unlike the campodeiform larva, 
paired appendages are present on the abdomen (Fig. I86). The eruciform 
larva is probably derived from the polypod phase and consequently 'repre-

sents an earlier ontogenetic stage 
than the campodeiform larva. 
Examples are found in the " cater
pillars" of the Lepidoptera and 
Tenthredinidre, and in larval 

FIG. 186.-ERUCIFORM (POLYPOD) LARVA Mecoptera. 
OF PIERIS BRASSICdJ. It is convenient also to include 

under the term eruciform a large 
number of other larval types. These, as the result of passing an inactive 
existence amidst an ample supply of food, exhibit various degrees of 
degeneration, affecting more especially the organs of locomotion and special 
sense. Owing to a concealed and protected life such larvre have a mem
branous or only slightly chitinized integument. The various types of 
larvre which come under this category are not necessarily derived from 
the same embryonic phase. 

Among Coleoptera the eruciform larva may still retain its thoracic 
limbs or the latter may be absent, as for example among Rhynchophora 
(Fig. 183). Unlike the eruciform lepidopterous larva, abdominal append
ages are always wanting and the polypod phase is passed through in the 
egg. This type of larva is evidently derived by degeneration from the 
campodeiform and is connected with the latter by many intennediate 
forms. This conclusion is supported by the fact that in members of the 
Meloidre and Rhipiphoridre with hypermetamorphosis (p. 181) the campodei
form first instar is followed by the eruciform. Also the apodous type of 
larva may, as in the Bruchidre, be preceded by leg-bearing stages and even 
in the Curculionidre the last rudiments of thoracic limbs are retained as 
sensory protuberances in Phytonomus (Perez, I9II). 

Among the Hymenoptera Aculeata the eruciform larva is always apod
ous. Since the polypod phase in these insects is passed through in the 
egg the larva is hatched subsequently and, according to Berlese, in a condi
tion intervening between the polypod and oligopod phases. Instead of 
the thoracic appendages persisting they are resorbed along with those of 
the abdomen. 

Among Diptera the larvre are likewise apodous and eruciform. They 
exhibit, however, many grades of degeneration between the active Culicid 
type of larva, with well developed head and sensory organs, and the so-called 
acephalous " maggot" type of the Cyclorrhapha. Keilin has shown that 
transformed vestiges of thoracic limbs persist among dipterous larvre as 
sensory papillre and it is therefore probable that the larvre of this order, 
similar to those of Coleoptera, issue from the egg somewhere about the 
oligopod phase. 

3. INTERMEDIATE TYPEs.-Among Coleoptera there exist numerous 
larval types, some of which retain the armoured integument and reduced 
facies of the campodeifbrm larva (many Diversicornia and Heteromera). 
Others exhibit a marked approach to the eruciform type with soft fleshy 
bodies and membranous integument (Lamellicornia). These features are 
of an adaptive significance and have been developed in accordance with 
the mode of life of the groups concerned. 
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4. PRIMARY LARViE OF PARASITIC HYMENOPTERA.-Certain of the 
endoparasitic hymenopterous larvce develop from eggs containing little or 
no yolk and are compelled, as it were, to emerge while still in an early 
embryonic phase. Thus in the Platygasteridce and 
in Eucoila the larvce are hatched in the protopod 
phase. In the cyc1opoid larva of Platygaster evi
dent rudiments of thoracic limbs are present, 
but the abdomen is as yet imperfectly segmented. 
The food canal is blind and there are no nervous, 
circulatory or respiratory systems (Fig. 187). In 
Eucoila the protopod phase is also well preserved 
with.prominent thoracic but no abdominal append
ages. In Polyneura and Teleas the primary larvce 
are likewise hatched in a condition which in other 
groups of insects is passed through in the egg. 
These primary larvce also exhibit prominent adap
tive features in relation with an intra-hcemoccelic 
life but, in their subsequent instars, they always 
assume the usual form and characters common to 
all older larvce of the Aculeata. 

Hypermetamorph"O'sis.-When an insect in 
its development passes through two or more 
markedly different larval instars it is said to under
go hypermetamorphosis (Fig. 188). This phenome
non is accompanied as a rule by a marked change 
in larval life. In the majority of instances of 

FIG. 187.-FIRST LAR
VAL INS,TAR (PROTO
POD) OF PLATYGASTER. 

After Ganin. 

hypermetamorphosis the first larval instar is campodeiform. During this 
stage it seeks out its future pabulum and having discovered it undergoes, 

E 

FIG. 188.-HYPERMETA~IORPHOSIS OF EPIOAUTA. 

A, triungulin; B, caraboid second ins tar ; C, ultimate form of second ins tar ; D, coarctate larva; E, pupa; 
F, imago. All refer to E. vittata except E, which is cinerea (F nat. size, others enlarged). From Folsom's Entomology 
afler Riley. 

in its subsequent instars, morphological transformations which adapt it to 
the changed mode of life. 

Since various examples of hypermetamorphosis are described under 
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the several families concerned they need not be discussed here, and only 
the principal instances are enumerated below. 

NEUROPTERA. M antispa. 
COLEOPTERA. Carabidre (Lebia scapularis). Staphylinidre (Aleochara 
spp.) Meloidre. Rhipiphoridre. 

STREPSIPTERA. . All species. 
DlPTERA. Bombyliidre. Cyrtidre. Nemestrinidre. Some Tachinidre. 
HYMENOPTERA. In all the chief groups of Parasitica. 
HEMIPTERA. Coccidre-M argarodes and allies. 
Ecdysis.-The more or less rigid integument is ill adapted for accom

modating itself to the increase in size of an insect th'at is consequent upon 
growth, and is therefore periodically shed. During each act of ecdysis 
not only the general cuticle investing the body and its appendages is cast 
off, but also the chitinous lining or intima of the trachere, fore- and hind
intestine, glands, etc. All these parts together with hairs, scales, and 
similar structures, are renewed by the hypodermal cells underlying them. 
The demands of growth, however, are insufficient to provide an entire 
explanation of the significance of ecdysis. It has been suggested that 
the formation of chitin is, in itself, an act of excretion and that ecdysis 
provides a means for the removal of waste products from the blood. The 
formation of the new cuticle may, therefore, provide an outlet for the elimina-
tion of further material of a similar nature. • 

The actual process of ecdysis has been described by Trouvelot (I867), 
Tower (I906) and others. Prior to this crisis the hypodermis secretes a 
thin lamella over its entire surface beneath the old cuticle. This new 
layer or epidermis rapidly thickens forming hairs, scales, and other cuticular 
structures ·which replace the old. These parts lie compressed beneath 
the original cuticle and very probably exercise a function in loosening 
the old skin. Verhoeff contends that many of the spinous processes of 
certain pupre serve a more important function in loosening the old larval 
skin than in aiding pupal locomotion. When the new epidermis is fully 
formed, the exuvial glands (vide p. I38) secrete a moulting fluid which 
facilitates the separation of the old and new layers of cuticle. The old 
skin becomes completely detached from the new and eventually ruptures
usually along the back of the head and thorax. The anterior extremity 
of the insect is protruded through the fracture thus formed, and the exuvire 
is worked backwards towards the caudal end of the body where it is cast 
off. The moulting fluid corrodes and softens the old skin rendering it more 
flexible. When first cast off it is possible to extend the old skin to its 
former length, but the moulting fluid which bathes it quickly hardens and 
the skin soon becomes rigid. In cases where the cuticle is of extreme 
tenuity, as in parasitic hymenopterous larvre, the shrivelled skin often 
remains around the hindmost segments of the body: several of the super
posed exuvire are sometimes observable in this condition, and are recogniz
able by the remains of the head-capsules of previous instars. 

After ecdysis the epidermis hardens, rapidly deepening in colour, \\-bile 
the new dermis becomes formed ben"eath it. 

A very wide range of variation is exhibited with regard to the number of 
ecdyses undergone by different insects. Thus according to Grassi there is 
only a single fragmentary ecdysis in Campodea and] apyx, while the may-fly 
ChlaJon was found by Lubbock to moult twenty-three times. Almost every 
transitional condition is met with between these two extremes, but, as a 
general rule, the number of ecdyses is five or six. In the Diptera Cyclorrhapha 
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and Neuroptera Planipennia, two ecdyses only are very constant while 
among Lepidoptera the number is extremely variable: in some species 
it may be as high as nine and in others as low as three. It may also vary 
within the limits of a single species as in Arctia caia. The factors deter
mining the number of ecdyses need investigation and it is at present impos
sible to judge how far they are phylogenetic in significance, and how far 
they 'are an expression of internal physiological processes in the species 

concerned. 
Some insects undergo ecdysis almost immediately after leaving the egg. 

The CQllembola are stated to be exceptional in that ecdyses occur after 
attaining sexual maturity and the Ephemeroptera alone exhibit the 
unusual feature of an ecdysis taking~place after the insect has acquired 
functional wings. With these exceptions ecdysis is confined to the pre
imaginal instars. 

Dyar's Law.-Dyar (1890) has shown from observations on the larval instars of 
twenty-eight species of Lepidoptera that the head-width follows a regular geometrical 
progression in successive instars. Since the head is not subject to growth during a 
stadium it is possible, by means of accurate measurements, to determine whether an 
ecdysis has been overlooked or not during life-history studies. In the example 
bel~w the observed and calculated head-widths in mm. in the seven larval instars of 
Halisidota harrisii Walsh are given. By dividing each observed number in the series 
by the one which precedes it a ratio of increase in each instar is found; the average 
of these ratios for the example given is 1'44. 

Calculated Widths 
Width observed in 1st instar 
Calculated width in 2nd 

3rd 
" 4th 
" 5th 

6th 
,,7th 

Observed Widths 

·4 ,4 
( ·4 x 1'44) = ·57 .6 .6 
( ·57 x 1'44) .82 ·9 
( .S2 x 1'44) = I.IS 1'4 1·3 
(I.IS x 1'44) = 1.69 1.6 1·7 
(1.69 x 1'44) = 2,43 2·3 2.6 
(2-43 x 1'44) = 3'49 3·5 3.6 

It will be noted that the approximation of the observed to the calculated'measure
ments is sufficiently close to preclude the probability of an ecdysis having been 
overlooked. 

Growth.-The larval and nymphal periods are pre-eminently ones of 
growth. The rapidity with which this process takes place, and the great 
increase in size that accompanies it, are particularly evident in many 
holometabolous .insects. Growth, however, is interrupted at each ecdysis, 
and just before that process occurs an appreciable fall in weight takes 
place. A comparison of the weight of a mature larva with that at the 
time of eclosion from. the egg has been made in several species. Thus, 
Trouvelot found that the silkworm Telea polyphemus when fully grown 
is 4,140 times its original weight. In the larva of the bee A nthophora retusa 
the corresponding increase is 1,020 times (Newport) ; in the larva of Cossus 
cossus, which lives for three years, it is 72,000 times (Lyonnet); in Sphinx 
ligustri 9,976 times (Newport) ; in the silkworm Bombyx mori the increase 
varies according to racial and other factors between about 9,100 times and 
10,500 times. 

The most complete data available concerning growth is in the case of the mulberry 
silkworm (vide Rep. Imp. Sericult. Inst. Tokyo, 1910). On hatching 100 larv<e 
were found to weigh '°38 grm., and their subsequent growth, given in tabular form, 
is as follows. (The figures are per 100 larv<e.) 
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Live-weight at maxi-I Increase of live weight Average Increase in length ove 
Instar. mum point of growth. over that of newly that of newly hatched 

hatched larval. length. larval. 

grm. times cm. times 
1St ·54 12'75 '575 1·9° 
2nd 2·65 68'31 1.152 3.80 
3rd 14.88 343.28 2'°48 7'36 
4th 80.22 1818.22 4.279 14.12 
5th 356 '44 9126 .21 7.222 23.80 

The relation of the weight of 100 larvce to the quantity of food eaten' and digested 
is as follows (average of three races) :-

Weight of Digested 
Instar. No. of days Weight at end Dry weight of Weight of digested food per 

in ins tar. of ins tar. food eaten. excreta. food. 100 grm. 
of food. 

d. h. grm.' grm. grm. grm, grm. 
1st 6. I .52 ·3° .15 .15 50 .25 
2nd 5· 3 2.67 1,32 ·59 .72 54·73 
3rd 5. 6 12'78 6·53 3.69 2.80 42 .91 
4th 7· I 56 .86 29'47 18,96 10·5° 34.60 
5th 7.10 256 .64 19°'36 129'41 60.27 31'78 

Totals 3°·21 - 227·99 153·53 74'46 32 ,74 

According to Hiratsuka (1920) the data vary according to the sex of the larvce. 
The amount of fresh leaves consumed by 100 larvce (both sexes) in the 1St instar was 
found to be 1 '48 grm. and in the 5th instar the same number of male larvce consumed 
986'33 grm. and of female larvce II82.20 grm. The greatest activity in tissue-building 
is in the 1St instar: at this period the live-weight increases threefold in 24 hours, 
but afterwards the rate of growth gradually falls as age advances. 

FIG. 189. - EXARATE 
OR FREE PUPA OF A 
HYMENOPTERON 

(ICHNEUMONIDlE) : 
LATERAL VIEW. 

The Pupa.-The name" pupa" signifies "baby" 
and was given by Linnceus to the chrysalis of Lepi
doptera on account of its resemblance to an infant 
which has been swathed or wrapped up as is customary 
among certain peoples. The term pupa is now used 
with reference to the resting inactive ins tar in all holo
metabolous insects. During this stage the insect is 
incapable of feeding and is quiescent. It is to be 
regarded as an acquired transitional phase during 
which the larval body and its internal organs are 
remodelled to the extent necessary to adapt them to 
the requirements of the future imago. Although nor
mally motionless, many pupce possess a limited capa
city for locomotion which becomes evident towards 
the end of the stadium, when it facilitates the emer
gence of the perfect insect. 

Three types of pupce are generally recognized. 
(r) THE EXARATE OR FREE PUPA (Fig. rBg).-In 

this type the wings and legs are free from any 
secondary attachment to the body and such pupce 
exhibit a greater capacity for movement than other 
types. Exarate pupce are characteristic of all the 
lower Endopterygota, including the N europtera, 

Mecoptera, Coleoptera, Trichoptera, and the Micropterygidce among Lepi
doptera: they are also found throughout the Hymenoptera. 
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(2) THE OBTECT PUPA (Fig. 190).-In this type the wings and legs are 
firmly soldered down to the body by the moulting fluid after the final 
larval ecdysis. Obtected pup.e are characteristic of Lepidoptera and 

are also found in the Diptera Orthorrhapha, and in 
the Staphylinid.e and Coccinellid.e among Coleoptera. 

(3) THE COARCTATE PUPA (Fig. 
191).-In the Diptera Cyclorrhapha 
the last larval skin is retained as a 
covering to the pupa, becoming 
hardened and completely separated 
from the insect which it encloses. 
This pupal covering or capsule is 
known as the puparium, and pupre 
protected in this manner are termed 
coarctate. As a rule puparia are 
cylindrical or barrel-shaped and 
they betray no q,.utward indication 
of the developing insect within. 

Mention has been previously 
made of the locomotory capacity of 
pupre. Among some N europtera in
cluding Raphidia, Hemerobius and 
Chrysopa the pupre regain consider
able activity before the final ecdysis 

FIG. I 91 .-COARC
TATE PUPA OF A 
DIPTERON (AN

THOMYIDAE) : 

DORSAL VIEW. 

FIG. 190.- 0 B T E C T and are able to crawl about. Those 
PUPA OF A LEPIDOP- of certain of the Trichoptera exhibit adaptive modifi
TV

ERON 
(NOVCTUIDlE) : cations' which enable them to swim to the surface of 

ENTRAL lEW. • 
the water to allow of the eXIt of the imagines. In 

the Culicidre and certain Chironomidre the pupre are active throughout the 
instar, and are capable of vigorous swimming by means of caudal ,move
ments. Movements of a less pronounced character are exhibited by' many 
pupre which occur in the soil, in wood or in stems. In cases of tliis kind 
they are commonly armed with spines or denticles which facilitate their 
movements towards the exterior, 
when the time for the emergence of 
the imagines approaches. 

The Prepupa.-The existence 
of an ins tar between the last larval 
and the pupal stadia is sometimes 
overlooked. Near the end of the A /1-----\ 

larval period the insect prepares 
itself for transformation into the 
pupa, usually constructing a cocoon, 
cell, or other form of protection. A 
brief period of quiescence then fol-

FIG. 192.-ExTERNAL CHANGES DURING 
lows which marks the prepupal PREPUPAL AND PUPAL INSTARS OF FOR;J(]UA 

instar (Fig. 192). At this period RUFA, 

the wings and appendages be.come A,prepupa; B,Ch~f~~i~:O!e~~~,;'~'O~~pa; 1,larvalskin. 

everted from their sacs, and he for 
the first time outside the body, where they are found beneath the old 
larval cuticle which still persists. The thorax becomes modified and 
other changes in the general form of the insect are assumed .. In Hymen
optera, for example, it is at this period that the first abdommal segment 
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becomes amalgamated with the thorax. The old larval skin is ultimately 
cast off and after a short interval the more lengthy resting stadium of the 
pupa is entered upon. The prepupa represents a greatly abbreviated 
instar during which an ecdysis has bees suppressed. 

Pupal Protection.-During transformation into the pupa and through- , 
out the latter instar insects are particularly vulnerable. Since at these 
periods they are provided with exceedingly limited powers of movement 
and no means of defence, special methods of protection are necessary. 
Most pup::e are concealed in one way or another from their enemies, and 
also from such adverse influences as excess' of moisture, sudden marked 
variations of temperature, shock and other mechanical disturbance. Pro
vision against such, influences is usually made by the larva in its last instar. 
Many lepidopterous and coleopterous larvre burrow beneath the ground and 
there construct earthen cells in which to pupate. The larger number 
of insects, however, construct cocoons which are special envelopes formed 
either of silk alone, or of extraneous material bound together by means 
of threads of that substance. Thus many wood-boring larvre utilize chips, 
larvre which transform in the groun~ select earth particles: many Arctiad 
larvre use their body-hairs and Trichoptera use pebbles, vegetable frag
ments, etc., their larval cases functioning as cocoons. In these instances 
the substances are held together by means of a warp of silk and worked 
up to form cocoons. A large number of other insects, including some of 
the Neuroptera and Trichoptera, many Lepidoptera and Hymenoptera 
and the Aphaniptera, utilize silk alone in forming their cocoons. Great 
variations exist in the colour and nature of the silk and in the texture and 
form of the completed cocoons. The densest and most perfect types of 
cocoon are found in the Saturniadre, while the other extreme is met with 
in the Papilionina, where the pupa may be suspended by its caudal extremity, 
which is hooked on to a small pad of silk representing the last vestige of 
a cocoon. Exposed pup::e of this type are commonly protectively coloured. 
Among the Tenthredinidre cocoons of a parchment-like or shell-like con
sistency are frequent: in some cases the outer cocoon encloses an inner 
one of more delicate texture. 

In the Diptera Cyclorrhapha a cocoon, with very rare exceptions, is 
wanting, and the hard puparium forms the sole protection to the pupa. 
A cocoon is also wanting in the Chalcidoidea. 

Emergence from the Cocoon.-Many insects upon issuing from the 
pupa leave the case or cuticle of the latter behind, and gnaw their way 
through the wall of the cocoon by means of their mandibles. This is the 
prevalent mode of exit among Coleoptera and Hymenoptera. In other 
cases the pupa is provided with mandibles which perform this same func
tion, as happens among the Neuroptera and Trichoptera and Micropteryx. 
In other examples the pupa ruptures the cocoon by means of a special 
cocoon-breaker which takes the form of a spine or spines on the head, 
or at the bases of the fore-wings: or the cocoon may. be softened by a 
secretion exuded from the mouth of the imago. These and other methods 
of emergence are further dealt with under the order Lepidoptera. 

Eclosion of the Imago.-As the time for the eclosion of the imago 
approaches the pupa noticeably darkens in colour. In some of the more 
transparent pupre of the Papilionina the colours of the imago are distinctly 
observable a short period before its emergence. When the time for the 
latter arrives, the contained insect, by means of convulsive movements 
of its legs and body, succeeds in rupturing the pupal cuticle. A longitu-
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dinal fracture occurs down the back of the thorax, and there are often 
other fractures in the region of the legs and elsewhere. The insect with~ 
draws its ap
pendages from 
within those of 
the pupa and 
emerges co m
pletely formed 
except for the 
wings. Itcrawls 
up the nearest 
available sup
port and there 
rests in such a 
position t hat 
the folded 
miniature wings 
are inclined 
down wards. 
By the influx of 
blood from the 
body, and pres
sure exerted 
upon that fluid 
by muscular 
action, the com
plete expansion 
of the wings is 
rapidly ac-
q uired (Fig. 
193). During this prelimin
ary phase drops of liquid 
(the meconium) are dis
charged from the anus: 
they represent the waste 
products of pupal meta
bolism, and in Lepidoptera 
are coloured with residual 
pigmentary matter which 
has not been utilized. A 
short period elapses after 
eclosion before the insect is 
able to make its trial flight. 
The time of emergence varies 
greatly in different species. 
In some Lepidoptera, for 
example, it occurs in early 
morning and in others to
wards evening: at such 
times they may sometimes 
be observed resting upon tree trunks, etc., awaiting their normal hours of 
activity. Among certain aquatic insects the imago is able to take to the 
wing almost immediately after eclosion. 
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Origin of the Pupal Instar.-The pupal instar is to be regarded as a 
prolongation of the shorter period of inaction which frequently at companies 
each ecdysis. Among the Isoptera one of these quiescent phases becomes 
a pronounced feature in the ontogeny of many of the species. Thus, in 
several species of Termes Bugnion has observed that the workers and 
soldiers pass through a period of hypnosis lasting seven or eight days, 
during which the transformation into the final instar is accomplished. 
While the insect is in this condition. its head is downwardly flexed upon 
the thorax, while its antennre and legs are directed backwards along the 
ventral surface. The quiescent phase is even more pronounced in Rhino
termes taurus (Fig. 194) and prefigures, as it were, the primitive type of 
exarate pupa. A similar phase has been noted during the final trans
formation into the winged form in other termites. The incipient pupa 
of the Thysanoptera is a definite and more lengthy resting phase which 
likewise precedes the appearance of the imago. 

In the above instances, however, the wing-rudiments remain exter
nally to the body throughout their growth. It is consequently evident 
that a further evolutionary stage has to be passed through, before the 

FIG. I94.-':QUIESCENT 
NYMPHAL PHASE OF 
A TERMITE (RIlINO

TERMES). 

conditions of wing-growth which precede the true pupa 
of the Endopterygota are arrived at. Among the 
latter insects the wing-rudiments sink within the body 
from the beginning, and their outward appearance is 
postponed until after the last larval instar. A near 
approach to the endopterygote condition is afforded 
by the Aleyrodidre and the males of the Coccidre. 
An Aleyrodid, in its last larval instar, settles down 
upon a leaf and ceases to feed, while the cuticle 
separates from the body without actually being cast 
off. The wings are derived from internal buds which 
become everJ:ed and the insect, at this stage, is a 
quiescent nymph or rudimentary pupa which is pro
tected by the persistent larval cuticle. The latter 
eventually dehisces to allow of the eclosion of the 
imago. In the males of the Coccidre rudimentary 

After Holmgren, Zool. 1 d I . Th . 
Jahrb. Syst., 23. prepupa an pupa lllstars are present. e wmgs, 

however, develop externally, but the adult limbs are 
new formations derived from imaginal buds. Some further observations on 
this subject are given under the families concerned. 

The endopterygote condition is derived from the sinking in of the 
wing-buds with the result that their outward appearance becomes more 
and more delayed. The prepupal instar is to be regarded as a survival 
from exopterygote ancestors and it is noteworthy that occasional atavistic 
larVa! are found among Endopterygota (e.g. in Tenebrio molitor, etc.) in 
that they bear external wing-buds. 

On a previous page it has been pointed out that insect larvre are often 
hatched in an earlier stage of development than nymphs. In the former the 
imaginal wing-buds are internal and in the latter they are external. The 
nymphal period corresponds to the pupal stadium of the higher insects, the 
obvious difference being that the nymph is active and seeks its food while 
the pupa is quiescent and does not feed. If this comparison be correct 
it follows that several instars and ecdyses have been eliminated from the 
ontogeny during the pupal stadium, and that the latter consequently 
represents an example of abbreviation of development. 
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B. The Development of the Imago 
The culminating feature of metamorphosis is the formation of the 

imago. The characteristic distinctions between hetero- and holometabolous 
insects with regard to the manner of development of the perfect insect 
have already been pointed out. In the Heterometabola it is accomplished 
through a gradual series of external and internal changes and alterations 
of form, which may be traced back to simple growth during the nymphal 
instars. In the Holometabola the transformation from the larva to the 
imago is accomplished through the intercalation of a quiescent or pupal 
instar. Since the latter method of development involves complicated 
ontogenetic changes a more detailed con
sideration is necessary. These changes 
may be discussed under two headings
(r) the development of the external form 
of the imago and (2) the development of 
the internal organs. 

1. The Development of the Exter
nal Form of the Imago.-The forma
tion of the body and its appendages 
becomes evident in the larval period and 
attains completion during the pupa. The 
principal agents in the process are certain 
masses of formative cells variously known 
as imaginal buds, imaginal discs or histo
blasts (Fig. r95). They arise as slight 
folds or thickenings of the hypodermis, 
and their cells exhibit the potentiality of 
embryonic tissue. On the inner aspect of 
the imaginal buds are found loose cell 
accumulations often referred to as mesen
chyme. The origin of these cells has 
been much disputed, and it is believed 
by most authorities that they are derivecL 
from the embryonic mesoderm: by 
others it is maintained that they are 
formed by the delamination of the ecto
derm of the imaginal buds. 

The usual time of appearance of the 
imaginal buds is during the larval 
stadia, but in the higher Diptera they 
are already evident in the late embryo. 

FIG. 195,-FULLY GROWN LARVA OF 
PIERIS DISSECTED FROM ABOVE 
SHOWING IMAGINAL BUDS. 

b, brain; m, mid~intestine j Sl prothoracic 
spiracle; s", 1St abdominal spiracle; sg, silk 
gland; I, protboracic bud; II and III, buds of 
fore- and hind-wings. From Folsom's Entomology, 
after Gonin. 

These structures are present for each part of the body, including the appen
dages of the head, the wings, legs, genitalia, and the hypodermis of the 
abdomen. They usually appear as 'evaginations from previously developed 
hypodermal pockets. The entrance to the pocket narrows or closes up, 
and the space surrounding the imaginal bud is the peripodial cavity, whose 
wall is known as the peripodial membrane: the latter is continuous with 
the general hypodermis (Fig. 29). As the imaginal buds develop the 
peripodial cavities enlarge accordingly and the peripodial membrane be
comes attenuated. The mouths of the cavities eventually open and the 
buds commence to protrude: with the assumption of the prepupal instar 
the latter are completely everted and appear outside the body. A more 
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detailed account with respect to Hfe development of the wing buds is given 
on p. 32. 

The imaginal buds are exhibited in a· relatively simple conditiQu in 
the larva of Anopheles. Those of the head appendages appear at th~ 
bases of the existing larval organs which they are destined to replace, 

FIG. 196.-IMAGINAL BUDS OF THE LARVA OF 
CnORTOPHILA IJRASSJ(!,fi) SHOWING THE FILA

JIIENTOUS PEDlCELS CONNECTING THEM WITH 
THE HYPODERMIS. 

D1-Da, leg buds; d1-da, cutaneous sensory organs (vestiges 
of larval legs); x, wing bud; y, bud of haltere; C, brain; N, 
ventral nerve centre. x 36. On the left,-imaginal bud D 
ot the fore·leg with its pedicel p. x 75. After Keilin, 19'5. 

and llie imaginal head is formed 
within that of the larva. The 
largest buds are those of the an
tenme, and, of the buds of the 
mouth-parts, the most conspicu
ous are those of the future 
labrum, maxillary palpi and 
labium. In the thorax two pairs 
of imaginal buds are present on 
each segment-a dorsal pair and 
a ventral pair. The dorsal im
aginal buds give rise to the pupal 
respiratory horns, the wings and 
the halteres in their respective 
segments. Each pair of ventral 
buds forms the legs of its seg
men t. In the abdomen there is 
a conspicuous pair of dorsal buds 
at the anal extremity which forms 
the pupal caudal lamellce. 

The researches of Weismann 
(I864-66), Kowalevsky (I887), 
van Rees (I888), Pratt (I900), 
Vaney (I902) and others have 
shown that the imaginal buds 
attain increasing complexity in 
the passage from the lower to the 

higher members of the Diptera. In the Cyclorrhapha they are deeply 
sunk into the body, and it is often difficult to trace their connections with 
the hypodermis owing to the peripodial membrane being reduced in each 
case to a greatly attenuated cord (Fig. 196). In Melophagus the buds, 
although superficial in position, become disconnected from the hypodermis 
(Fig. 197). 

The most complex feature is exhibited 
in the imaginal buds of the head: the 
development of the latter is associated with 
the position of the- cerebral ganglion in the 
larva, and the fact that the larval head is 
no longer able to accommodate the develop-
ing head of the imago. In Chironomus FIG. 197.-THoRACIC BUD OF 

Miall and Hammond (I892) have shown MELOPHAGUS. 

that the cerebral ganglion lies in the larval After_Pratt, Proc. Basion Soc. Nat. Hist., 
19oo. 

prothorax, and the imaginal head is formed 
in relation with the former centre. In a larva about half an inch long, 
the hypodermis becomes infolded along two nearly longitudinal lines, cor
responding to the margins of the larval clypeus. The imaginal buds of 
the compound eyes and antennce arise from the inner extremities of these 
cephalic folds and are thus far removed from the surface. The folds 
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gradually extend backwards into the pro thorax until the imaginal buds 
referred to become closely related to the cerebral ganglion. The posterior 
prolongation of the folds is accompanied by the formation of a transverse 
fold which runs back from the junc
tion of the larval head and prothorax 
(Figs. 198 and 199). During the change 
to the pupa the parts of the,head, thus 
formed in the larva, assume their final 
exterior position by a process of ever
sion, with the result that the now 
evaginated folds form the wall of the 
imaginal head and carry the eyes and 
antennre with them. 

In Calliphora, according to Weis-

f 

. a. 

dVt 

mann and Van Rees (Fig. zoo), the FIG. I98.-TRANSVERSE SECTION THROUGH 

head becomes invaginated during the THE JUNCTION OF THE HEAD AND 

later embryonic period into the region PROTHORAX OF A CHIRONOl1(US LARVA 

h· h fbll SHOWING INVAGINATlONS FOR IMAGINAL 
W IC ows it, and its outwardly HEAD. 

visible portion is reduced in the larva c, larval cuticle; f, longitudinal fold; a, antenna of 
to a small apical papilla. The in- imago; dv, dorsal vessel; as, msophagus. After 

Miall and Hammond. 
vaginated part of the head forms the 
so-called larval" pharynx" and the true mouth opens into the posterior 
end of this pouch. A pair of cephalic buds extend as diverticula from 

FIG. I99.-FoRMATION OF IMAGINAL HEAD IN LARVA OF CIlIRO.VO;J/US. 

A, The new epidermis thrown into folds, which have been cut away in places. B, The same parts in horizontal section; 
le, larval cuticle; t./, transverse fold; t.p, upper wall of ditto; ep, epidermis; In, cut edge of new epidermis; ant, larval 
antenna; a.n, nerve to ditto; antI, antenna of fly; l.l, longitudinal fold; 0, eye of fly; on, optic nerve; a.nl , root of 
antennary nerve; br, brain; as cesophagus j b, enlarged second joint (bulb) of antenna of fly; s, S, SlJ blood-spaces. 
~fter Miall and Hammond. 

the so-called pharynx to the cerebral ganglion (which is located in the meta
thorax), and the imaginal eyes and antennre develop from the inner wall 
of each sac. During the pupal stage the cerebral ganglion and cephalic 
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buds move forwards until the former come to lie in the prothorax. At 
the same time the openings of the buds into the" pharynx" widen, and 
ultimately both the pharynx and its diverticula become confluent, form
ing a single sac or cephalic vesicle (Fig. zoo c). The latter is finally everted 
through the mouth of the pharynx, and becomes turned inside out to form 
the completed imaginal head very much as in Chironomus (Fig. zoo D). 
In the embryo of Melophagus Pratt states that the cephalic buds, which 
ultimately form the adult head, develop as pai.red dorsal and unpaired 
ventral thickenings which later on become invaginated. The dorsal pair 
corresponds to the cephalic buds of Calliphora: they are destined to form 
the dorsal and lateral portion of the imaginal head together with the com

A 

L, 

c D 

FIG. 2oO":-DEVELOPMENT OF IMAGINAL BUDS IN 
THE MUSGIDd!:. 

A, larva; B-D, pupa; 1-3, thoracic segments; 11-131 leg buds; 
ph, "pharynx"; 0, cesophagus; b, brain; cv, cephalic vesicle; 
v, ventral nerve centre; d, diverticulum of pharynx; m, mouth; 
a, antennal bud; ob, optic bud; p, proboscis rudiment. Based 
on Korschelt and Heider after Kowalevsky and Van Rees. 

pound eyes. The ventral 
cephalic bud has no coun ter-

. part in Calliphora: it forms the 
floor of the imaginal head to
gether with the proboscis. In
volution of the embryonic head 
takes place as in Calliphora 
and the cephalic buds become 
drawn into the secondary 
" pharynx" thus developed 
(Fig. 201 A and B). Owing to 
the early fusion of the dorsal 
buds the cavities of the latter 
open into the pharynx by a 
common connection, but they 
retain their paired formation 
posteriorly (Fig. 201 C and D). 
Finally the dorsal and ventral 
diverticula combine to form 
the cephalic vesicle, which 
subsequently becomes evagi
nated. 

The hypodermis of the 
adult thorax is formed by cell
proliferation of the peripqdial 
membrane of the imaginal buds 
of that region. The new tissue 
gradually extends over an in
creasing area, replacing the 
larval hypodermis which un

dergoes disintegration. Areas of new hypodermis, originating from differ
ent imaginal buds, become confluent, and an entirely new cell-layer is thus 
built up. The hypodermis of the adult abdomen is similarly formed from 
four imaginal buds in each of the first eight segments. These buds differ 
from those previously described in that they arise as simple thickenings of 
the larval hypodermis, without any .folding taking place. The genitali.a 
arise from pairs of typical imaginal buds in the ventral wall of the two 
penultimate abdominal segments. 

The essential features of the development of the external form of the 
body in other orders proceeds very much after the manner described in 
Diptera. The imaginal buds, however, are not deeply insunk as in the 
Muscidc:e, and the complex process which gives rise to the cephalic vesicle 
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does not take place. Furthermore, the buds which form the pupal respir
atory horns and caudal lamellce in Anopheles are unrepresented. 

2. Development of the Internal Organs.-The great differences in 
the manner of life of the larva and the imago render many of the larval 
organ.s unadapted to perform their functions in the perfect insect, and 
the necessity for reconstruction consequently arises. The changes involved 
take place during the late larval and pupal stadia and, although an insect 
at this ·period is outwardly quiescent, it is in reality often the seat of 
intense physiological activity. The extent of the inner transformations varies, 
not only in different groups of holometabolous insects, but also with regard 
to individual organs and tissues. Certain parts, including the dorsal vessel, 
central nervous system, and genital organs, are little affected, and pursue 
an uninterrupted course of 
differentiation. On the other 
hand, the hypodermis, diges
tive system, muscles, and 
salivary glands are pro
foundly changed. Tho s e 
larval organs which submit 
to the greatest alteration 
un d erg 0 dissolution and 
complete destruction, this 
breaking down of the tissues 
being known as histolysis. 
The latter process is gener
ally preceded, and after
wards accompanied, by the 
generation of new tissues 
which is termed histogenesis. 
The essential feature of 
histogenesis is the multipli
cation of localized groups of 
cells which withstand the 
histolytic changes. The s e 
cells are the imaginal buds 
of the internal organs: un
like those of the appendages 
they do not develop as hypo
dermal folds. It is by means 
of their extension and differ
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FIG. :lOT.-DEVELOPMENT OF THE CEPHALIC BUDS IN 

],lELOPHAaus (ECTODERMAL PARTS DOTTED, EN

DODERMAL PARTS LINED)., 

A, longitudinal section of an embryo when the dorsal buds become 
invaginated. B, later stage when the'buds are drawn into the pharynx. 
C, transverse section of an embryo at stage B. D, do., taken further 
posteriorly. h, brain; d, dorsal cephalic bud; l21 bud of 2nd leg; 
m, mesenteron j n, nerve cord; 0, median opening of dorsal buds; 
a, oosophagus; PI pharynx; S, stomodamm; v, ventral cephalic bud. 
Adapted from Pratt, 1900. 

entiation that the parts conceinedare rebuilt to serve the needs of the imago. 
Various theories have been advanced to account for the physiological pro
cesses by which histolysis is accomplished. Kowalevsky (I887), relying upon 
the researches of Metschnikoff, on the function of leucocytes in the destruc
tion of the tail muscles of Amphibia, demonstrated that in the Muscidce the 
blood corpuscles (phagocytes) are the active agents that break down and 
digest the larval organs. Kowalevsky's conclusions were largely confirmed 
by Van Rees (I888), and a number of subsequent workers, including Perez, 
Mercier, Poyarkoff, and others, have described phagocytosis in different 
.insects. In blood drawn from a pupal insect, such as Calliphora, there 
are found large numbers of " granular spheres" (Kornchenkugeln), 20-35 u 
in diameter. These bodies are phagocytes distended with inclusions of 
the tissues which they have attacked (Fig. 202). The expression" Korn-

G.T.E.-I3 
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chenkugeln" is prevalent in most works dealing with the internal meta
morphoses of insects, but was originally applied only to leucocytes distended 
with muscle debris. Their presence affords the strongest evidence that 
phagocytosis is taking place. Other authorities, including Anglas (1900) 
and Berlese (1900-01), see in the phagocytes a different role. According 
to Anglas their function is the secretion of enzymes which bring about 
tissue-dissolution by a kind of extra-cellular digestion which he terms 
lyocytosis. Berlese has studied histolysis of the muscles in a number of 
insects and finds that the phagocytes are very active in engulfing frag
ments of tissue, but, on the other hand, they manifest no digestive capacity, 
but merely act as transporters of such material to parts of the body where 
it is required. Bataillon (1893) maintains that histolysis is the result of 
asphyxiation which is brought about by the lowering of the respiratory 
i.ctivity and the accumulation of CO2 : according to him organs which 

are no longer 
functional de
generate as the 
result. 
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A number 
of histologists, 
including Kara
waiew, Terre, 
Kellogg, Vaney, 
and Henneguy, 
in addition to 
those already 
mentioned, up
hold the theory 
of degenera
tion. They 
claim that too 
exclusive a role 

FIG. 202.-PHAGOCYTOSIS OF MUSCLE IN CALLIPHORA. has been as-
I-IV, stages in the immigration of phagocytes into a muscle. V, a phagocyte \\ithln a cribed to the 

muscle j the nucleus of the latter has been ingested by the phagocyte. VI, diverse phases 
of the granular spheres. I, phagocytes; m, sarcolemma; N, muscle nucleus; n, do. within phagocytes, and 
a phagocyte; Z, sarcolytes or muscle fragments; t, other t,ssue engulfed by phagocyte; th tIl 
r, phagocyte which has almost digested its inclusions. After C. Perez. a arva or-

. g an s' undergo 
preliminary chemical dissolution before becoming the prey of those cells. In 
some cases this process is the only one concerned, in others the phagocytes 
subsequently intervene. In the NematoceranHolor1tsia, for example, Kel
logg (1901) was unable to detect any evidence of phagocytosis, and be
lieved that. tissue dissolution takes place without its agency. In the 
specialized larva of Blepharocera, also one of the Nematocera, where the 
changes involved are more profound, phagocytosis was predominant. Vaney 
(1902) similarly found no phagocytosis in Simulium and Chironomus. Other 
observers have been unable to find evidence of it in Lepidoptera and 
Coleoptera. In such cases lyocytosis, or some analogous process, is believed 
to intervene. 

The extensive researches of Perez on ants (1902) and Calliphora (1910) 
leave little doubt as to the importance of phagocytosis in those insects, 
and that it attains its maximum activitv in the Muscidre. He finds no 
evidence of preliminary tissue degeneration and holds that phagocytosis 
is an all-important process where extensive histolysis is concerned. In 
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cases where it is wanting the changes are mainly of an histogenic nature. 
Perez's conclusions find support in the work of Poyarkoff (1910) on meta
morphosis in the beetle Galerucella. 
Unlike most other workers, he was able 
to show that phagocytosis in Coleop
tera plays an extremely active part in 
the destruction of organs which under
go marked transformation. 

In brief, it may be said that phago
cytosis is well established where the 
changes are great and histolysis in
tense. It does not, however, appear 
to be an invariable attribute of meta
morphosis and, in certain cases, tissue
dissolution by lyocytosis or other 
process presumably obtains. Unfor
tunately knowledge of the inner meta
morphoses is less complete in more 
generalized holometabolous orders, 
where apparently phagocytosis is less 

frequent, 
than in the 
Diptera. 
The changes 

undergone 
by various 
organs and 
tissues d u r

FIG. 203.-MEDIAN LONGITUDINAL SEC
TION AT THE JUNCTION OF FORE- AND 
MID-INTESTINE OF FORM/OJ. RUFJ.. 

i, annular imaginal bud of fore-intestine. After 
C. Perez. 

ing histolysis and histogenesis may now be 
alluded to. Generalizations are often particularly 
difficult to arrive at for the reason that pifferent 
investigators are frequently in complete disagree
ment in their interpretations of the same phe
nomena. The principal facts, with special refer-

.,_ ence to Diptera, may be summarized as follows. 

I 

d 
FIG. 204.-ALIMENTARY 

CANAL AND SALIVARY 
GLANDS (sg) OF A MUSCID 
LARVA SHOWING IMAGINAL 
BUDS. 

a, of fore-intestine; h, of mid· 
intestine; c, of hind-intestine; d, 
of rectum; e, of salivary glands. 
After Kowalevsky. 

DIGESTIVE SYSTEM. (Figs. 203 and 204.) In 
most insects phagocytosis plays an unimportant 
part in the metamorphosis of the alimentary 
canal. Since the old lining epithelium is sloughed 
off into the lumen of the gut, and does not un
dergo dissolution in the hremocrele, phagocytic 
intervention is evidently less necessary. The 
fore-intestine is regenerated by th~ proliferation 
of a group of cells forming an annular imaginal 
bud in the cardiac valve, at the junction of the 
original ectoderm and endoderm. The transfor
mation of the hind intestine is undergone in a 
very similar manner from an annular regenera
tive centre near the insertions of the Malpi
gIl ian tubes: there are also other imaginal buds 
associated with the rectum. The mid-intestine 

is rebuilt by the proliferation of islets of cells situated between the 
bases of existing epithelial cells. In each part of the gut the original 
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larval epithelium is sloughed off during- the process of its replacement, 

FIG. 205.-METAMORPHOSIS OF A MUSCLE OF 

CALLIPHORA (SEMI-DIAGRAMMATIC). 

A, larval stage; m, myoblast. B, commencement of meta
morphosIs; c, mitosis of myoblasts; dm, multiple division of 
larval nuclei; Nd, degenerating nucleus. After c. Perez. 

sub-hypodermal muscles of the abdo
men, are new formations derived 
from the mesenchyme of imaginal 
buds. 'Between these two extremes 
are numerous transitions: certain 
of the abdominal muscles pass into 
those of the imago with but little 
alteration: other muscles are re
built by the agency of myoblasts 
to a variable degree. The wing
muscles, for example, are formed 
by myoblasts to such an extent, 
around three pairs of larval meso
-thoracic muscles, as almost to 
amount to new growths. The im
portance of the role of myoblasts in 
muscle-building varies proportion
ately as the imaginal muscle departs 
functionally from the larval muscle 
from which it is derived. During 
these changes, the portion of a lar

The MALPIGHIAN TUBES in the 
Muscidre pass without actual 
atrophy into those of the imago, 
but their cells lose differentiation, 
becoming subsequently reformed. 
In Hymenoptera the original 
tubes are destroyed and replaced 
by new formations. In Galer1t
cella there are small replacement 
cells, very much as in the mid
gut, which give rise to the lining 
epithelium of the imaginal organs, 
while the remains of the larval 
cells are removed by phagocytosis. 

SOMATIC MUSCLES. The fate 
of the muscles varies, not only in 
different insects, but also with 
regard to different muscles in the 
same insect. In Calliphora all the 
more specialized of the larval 
muscles are destroyed by ph ago
cytes. On the other hand, the 
more specialized of the imaginal 
muscles, including those of the legs 
and geni talia and the transverse 

.n. E. 

val muscle which persists becomes FIG. 206.-METAMORPHOSIS OF A MUSCLE 

a homogeneous mass and the myo- OF CALLIPHORA (LATER STAGES). 

blasts, which are derived from the 
imaginal buds of the hypodermis, 
congregate around and penetrate it, 

C, direct division, in chains, of imaginal nuclei; I, fusion 
of myoblasts with differentiated muscle. D, cleavage into 
separate fibres. E, final stage of imaginal muscle fibre. 
After C. Perez. 

thereby building up the composite imaginal muscle (Figs. 205, 206). 



According to 
Berlese the leuco
cytes engulf! frag
ments 0 f m usc I e 
fibres or sarcolytes 
forming the" granu
lar spheres." This 
material is trans
ported to parts of 
the body which it 
serves to nourish. 
There are also other 
m usc I e -fragments 
containing n u cl e i 
which he terms 
caryolytes. The latter 
are not engulfed by 
leucocytes, and Ber
lese traces from them 
the origin of the im
aginal muscles and 
fat-body. The whole 
process of the phago
cytosis has been re
investigated wit h 
great thoroughness 
by Perez, who has 
shown that Berlese's 
sarcolytes and caI)"o-
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FIG. 207.-0RIGIN OF IMAGINAL FAT-BODY. 

a, b, in the head and thorax; c-e, in the abdomen in close relation with the imaginal 
amocytes; s, granular spheres; OJ cenocytes; i, initial cells of imaginal fat-body; 
f-h, destruction of remaining larval fat· body in the imago by phagocytes p. After 
c. Perez. 

lytes are simply muscle fragments (in the one 
case without nuclei and the other with) which 
are undergoing phagocytosis. 

FAT-BODY. (Fig. 207.) According to 
Berlese the larval fat-cells function as 
trophocytes, which play an important part 
in the accumulation and transformation 
of albuminoid reserve material, which is 
utilized in tissue-building during histo
genesis. New fat cells, according to him, 
are derived from caryolytes as already 
mentioned. In Calliphora Perez finds 
that certain of the trophocytes are de
stroyed by phagocytes during the pupal 
stadium while others persist until after 
eclosion of the imago, when they are 
ultimately eliminated in a similar man
ner. In ants the destruction of the fat
body is much more extensive in the male 
than in the female. Among most insects 
the larval fat-body becomes transformed 
into that of the imago, its albuminoid 
reserves being then converted into fat. In 
Calliphora, Perez finds that the imaginal 
fat-body is a new formation derived from 
embryonic or mesenchymatous cells situ
ated just beneath the hypodermis. 

FIG. 208.-I-hsrOLYSIS OF LARVAL 
SALIVARY GLANDS AND SILK GLANDS. 

_These glands degenerate and are usually 
destroyed by phagocytosis (Fig. 208). The 

SILl{ GLAND OF FORJflCA IIUFAI. 

After C. Perez. 
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imaginal glands are built up by a pair of annular buds situated at the 
junction of each gland with its duct (Fig. 204). In Galerucella Poyarkoff 
states that the new glands are formed as invaginations at the bases of 
the maxiIlre. 

TRACHEAL SYSTEM. The trachere undergo a varying amount of refor- . 
mation in different insects. In Calliphora many of the larval trachere 
disappear, their matrix layer being destroyed by phagocyf.es. The forma
tion of the imaginal trachere is due in great part to the proliferation of 
regenerative centres distributed along the course of the main trunks. 

HYPODERMIS. The formation of the hypodermis has already been 
alluded to, and the final destruction of the larval layer is accomplished 
by phagocytosis. 
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Part III 

THE ORDERS OF INSECTS 

THE CLASSIFICATION OF INSECTS 

T HE classification of insects has passed through many changes and 
most of the systems proposed have been founded upon characters 
afforded by the mouth-parts, wings and metamorphoses. With the 

growth of detailed knowledge an increasing number of orders has come to be 
recognized, some of the most recent writers admitting more than five times as 
many orders as were known to Linmeus. It will serve no useful purpose 
to detail the various systems of classification that have been advanced, 
since almost every authority has adopted a scheme different from those 
of his predecessors. Handlirsch (r908) has provided an admirable historical 
resume of the subject and consequently only those classifications, which 
are the direct forerunners of the systems wrrent to-day, need be enumer
ated. 

The foundation of the modern classification of insects dates from Brauer 
(r885) who based his system upon: (r) The presence or absence of wings. 
(2) The mouth-parts and their changes in ontogeny. (3) Metamorphosis. 
(4) The number of Malpighian tubes. (5) The nature of the wings, the 
thoracic segments and certain other features. He recognised the fundamental 
division of the Insecta into the two sub-classes Apterygogenea and /Pterygo
genea-members of the former being primitively apterous and those of the 
latter winged or, in some cases, secondarily apterous. Brauer also did 
much towards dividing the old assemblage Neuroptera into separate 
sections each of ordinal value. His classification is as follows: 

I. Apterygogenea 
I. Synaptera (= Collemboia + Thysanura). 

II. Pterygogenea. 

2. Dermaptera \ 
3. Ephemeridce (= Ephemeroptera) 
4. OdonatCf 
5· Plecoptera HOMOMORPHA 
6. Orthoptera genuina (= Orthoptera + Embioptera) I 
7. Corrodentia ( = Isoptera + Psocoptera + Mallophaga) 
8. Thysanoptera 
9'. Rhynchota ( = Hemiptera) 

10. Neuroptera 
II. Panorpatce (= Mecoptera) 
12. Trichoptera 
13. Lepidoptera 
14. Diptera 
15. Siphonaptera (= Aphaniptera) 
16. Coleoptera 
17. Hymenoptera 

lTEROMORPHA 

I 
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In 1899 Sharp established a system, partly modelled upon that of 
Brauer, and introduced the terms Exopterygota and Endopterygota in 
order to discriminate between those orders in which the wings develop out
side the body, and those in which they remain internal until pupation. He 
further introduced the term Anapterygota to include those apterous orders 
which have presumably become secondarily wingless. This step, however, 
has the disadvantage of bringing together distantly related groups. In 
1904 Shipley adopted Sharp's classification almost in its entirety, but 
proposed certain new ordinal names with the double object of doing away 
:with the use of family designations for ordinal purposes, and for the purpose 
of introducing a system in which the suffix "ptera" is extended to all 
orders. The classifications of Sharp and Shipley may, therefore, be tabu
lated together. 

I. Collembola. 
2. Thysanura. 

Sharp r. Apterygota. Shipley 
I. Aptera (= Thysanura). 
2. Apontoptera (= Collembola 

II. Anapterygot~. 

3. Mallophaga. 3. Lipoptera (= Mallophaga). 
4- Anopleura (= Siphunculata). 4. Ellipoptera (=Siphunculata). 
5. Siphonaptera (= Aphaniptera). 5. Aphaniptera. 

nr. Exopterygota. 
6. Grthoptera (= Orthoptera + Dermaptera). 6. Grthoptera. 
7. Perlidm (= Plecoptera). 7. Pleeoptera. 
8. Psoeidm (= Psocoptera). 8. 'psoeoptera. 
9. Termitidm (= Isoptera). 9. Isoptera. 

10. Embiidm (= Emhioptera). 10. Embioptera. 
II. Ephemeridm (= Ephemeroptera). II. Ephemeroptera. 
12. Gdonata. 12. Paraneuroptera (= Odonata). 
13. Thysanoptera. 13. Thysanoptera. 
14. Hemiptera. 14. Hemiptera. 

IV. Endopterygota. 
15. Neuroptera (= Neuroptera + Mecop- 15. Neuroptera. 

tera). 16. Meeaptera. 
16. Triehoptera. 17. Triehoptera. 
17. Lepidoptera. 18. Lepidoptera. 
18. Coleoptera. 19. Coleoptera. 
19. Strepsiptera. 20. Strepsiptera. 
20. Diptera. 21. Diptera. 
21. Hymenoptera. 22. Hymenoptera. 

In 1904 Borner proposed a system which recognized the same orders 
as Shipley (although not necessarily under the same names) with the ex
ception that he adopted a threefold division of the Apterygota and revived 
the ordinal name Corrodentia for the Psocoptera and Mallophaga. Borner's 
classification may be summarized as follows. 
r. APTERYGOT A. 

I. Thysanura (= Ectognatha). 2. Diplura (= Entognatha). 3. Collembola. 

II. PTERYGOTA. 
A. HEMIMETABOLA. 

4. Gdonata. 5· Agnatha (= Ephemeroptera). 6. Dermaptera. 7. Pleeop
tera. 8. Isoptera. 9. Orthoptera. 10. Corrodentia (= Psocoptera + 
Mallophaga). II. Thysanoptera. 12. Rhynchota (= Hemiptera). 13. 
Siphunculata. 

B. HOLOMETABOLA. 

14. Mecaptera. 15· Diptera. 16. Suetoria (= Aphaniptera). 17. Hymenop
tera. 18. Neuroptera. 19, Triehoptera. 20, Lepidoptera, 21. Coleoptera. 
72. Strepsiptera, . '. 
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In I908 Handlirsch published a revolutionary system which no longer 
retained the Insecta as a primary division of the Arthropoda, and involved 
their dissolution into four classes comprising no less than 34 separate orders. 
The main features of his system, which is based upon recent and fossil forms, 
are as given below_ 

Class I. Pterygogenea (= Insecta - Apterygota). 

Sub-class I. ORTHOPTEROIDEA. 

I. Orthoptera (= Saltatoria). 2. Phasmoidea (= Phasmid::e). 3. Diploglossata 
(= Hemimerid::e). 4. Dermaptera. 5. Thysanoptera. 

Sub-class II. BLATTlEFORMIA. • 

6. Mantoidea (= Mantid::e). 7. Blattoidea (= Blattid;:e). 8. Isoptera. g. Corro
dentia (= Psocoptera). 10. Mallophaga. I I. Siphuneulata. 

Sub-class III. HYMENOPTEROIDEA. 

12. Hymenoptera. 
Sub-class IV. COLEOPTEROIDEA. 

13. Coleoptera. 14. Strepsiptera. 
Sub-class V. EMBIDARIA. 

15. Embioidea (= Embioptera). 
Sub-class VI. LIBELLULOIDEA. 

16. Odonata. 
Sub-class VII. EPHEMEROIDEA. 

17. Pleetoptera (= Ephemeroptera). 
Sub-class VIII. PERLOIDEA. 

18. Perlaria (= Plecoptera). 
Sub-class IX. NEUROPTEROIDEA. 

Ig. Megaloptera (= Sialoidea). 20. Raphidioidea. 21. Neuroptera (= Plani 
pennia). 

Sub-class X. PANORPOIDEA. 

22. Panorpatce (= Mecoptera). 23. Phryganoidea (= Trichoptera). 24. Lepi· 
doptera. 25. Diptera. 26. Suetoria (= Aphaniptera). 

Sub-class XI. HEMIPTEROIDEA. 

27. Hemiptera (= Heteroptera). 28. Homoptera. 

Class II. Collembola. 
2g. Arthropleona. 30. Symphypleona. 

Class III. Campodeoidea. 
31. Dieellura (Japygid<e). 32. Rhabdura 0== Projapygid;:e + Campodcid<e). 

Class IV. Thysanura. 
33. Machiloidea (= Machilid;:e). 34. Lepismatoidea (= Lepismid;:e). 

The classification of Handlirsch has not found wide acceptance. It is, 
however, adopted by Brues and Melander (I9I5) who add to it the more 
recently discov~red orders Zoraptera and Protura and, at the same time, 
elevate the family Grylloblattidre to ordinal rank, thus recognizing alto
gether 37 ord~rs. 

CLASSIFICATION ADOPTED IN THE PRESENT 
TEXT-BOOK. 

Sub-class 1. APTERYGOTA 

Apterous insects, the wingless condition being primitive, with slight 
or no metamorphosis. One or more pairs of abdominal appendages present 
other than genitalia and cerci. 

Order I. THYSANURA. 

2. PROTURA. 

3. COLLEMBOLA. 
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Sub-class II. PTERYGOTA 
Winged insects which are sometimes secondarily apterous. Metamor

phosis very varied, rarely slight or wanting. No abdominal appendages 
present other than genitalia and cerci. 

Division 1. EXOPTERYGOTA (=Heterometabola) 
Insects passing through a simple and sometimes slight metamorphosis, 

veW rarely accompanied by a pupal instar. The wings develop externally 
and the larvre are generalized nymphs. 

Order 4. ORTHOPTERA. 

5. DERMAPTERA. 

6. PLECOPTERA. 

7. ISOPTERA. 

8& EMBlOPTERA. 

9· PSOCOPTERA. 

10. ANOPLEURA. 

II. EPHEMEROPTERA. 

12. ODONATA. "" 
13· THYSANOPTERA. 

14: HEMIPTERA. 

Division II. ENDOPTERYGOTA (=Holometabola) 
Insects passing through a complex metamorphosis always accompanied 

by a pupal instar. The wings develop internally and the larvre are usually 
specialized. 

Order 15· NEUROPTERA. 

16. MECOPTERA. 

17· TRICHqPTlj:RA. 
IS. LEPIDOPTERA. 

19· COLEOPTERA. 

20. STREPSIPTERA. 

21. HYMENOPTERA. 

22. DIPTERA. 

23· APHANIPTERA. 

The ordinal name Anopleura is here given to include the Mallophaga 
and Siphunculata which are now generally admitted to be closely related. 
The inclusion of the Anopleura and Aphaniptera among the Pterygota is 
based upon the probability that their apterous conditi?n is secondary, and 
has been acquired for so extended a period that all traces of alary rudiments 
have been eliminated from their ontogeny. It is noteworthy, moreover, 
that the absen:ce of wings is by no means an unknown phenomenon in those 
orders to which the Anopleura and Aphaniptera are most nearly related. 

The Exopterygota are connected with the Endopterygota by the hemip
terous families Aleyrodidre and Coccidre, both of which exhibit clear indica
tions of a pupal stage: an incipient pupa can also be recognized among the 
Thysanoptera. 
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SUB-CLASS APTERYGOTA 

T HE Apterygota are universally distributed but, owing to their small 
size and concealed habits, probably the majority of the world's 
species have so far escaped discovery. About I,ZOO species are 

known: without exception they are wingless insects and there is every reason 
to believe that this apterolls condition is of a primitive and not a secondary 
origin. As a rule they retain the superlingure in a more generalized condition. 
than other insects, and the presence of abdominal appendages is a very 
characteristic feature. Metamorphosis is always of a very slight and grad
ual nature or is more often absent. It is principally by a comparative study 
of the members of this sub-class that it is possible to trace the origin, evolu
tion, and affinities of the Insecta as a whole. For a bibliography and 
general discussion of the ,Apterygota, reference should be made to a 
paper by Crampton (r9r6). 

Order I. THYSANURA (Bristle-tails) 
MOUTH-PARTS ECTOGNATHOUS OR ENTOGNATHOUS, ADAPTED FOR BITING. 

ANTENN.lE MANY - JOINTED. COMPOUND EYES PRESENT OR ABSENT. 

ABDOMEN II-SEGMENTED, WITH A VARIABLE NUMBER OF STYLIFORM LATERAL 

APPENDAGES, AND BEARING AT ITS APEX EITHER (r) A PAIR OF MANY

JOINTED CERCI WITH OR WITHOUT A MEDIAN CERCIFORM PROCESS; OR 

(z), MORE RARELY, A PAIR OF UNJOINTED FORCEPS. TRACHEAL SYSTEM 

PRESENT: MALPIGHIAN TUBES PRESENT OR ABSENT. METAMO-kPHOSIS 

SLIGHT OR WANTING. 

This order includes the most primitive of all insects and.is very widely 
distributed ;;about a dozen species have been found in the British Isles. 
Its members are ancient survivals of a formerly more extensive group and 
persist to-day largely owing to a concealed life in the soil, in rotting wood, 
under stones, or in the leaf-deposits of forest floors; a considerable number 
also live in the nests of ants and termites. Unlike many Collembola they 
are not usually found among living herbage. The" silver fish," Lepisma 
saccharina (Fig. 209), occurs in buildings in Europe and North America, 
where it is destructive t6paper, book~bindings, etc., and Thermobia domestica 
Pack. frequents the warmth afforded by bakehouses and kitchens. Petrobi1tS 
maritimus (Fig. 2IO) inhabits rocky places on the British coasts, close to the 
edge of the sea. Although the order includes a number of minute forms, the 
majority of species attain a larger size than is found in the Collembola, and 
HeteroJapyx soulei, for example, measures about 50 mm. long. Most 
species are brownish, grey, or white in colour, and th_(:! scaled forms exhibit 
a metallic sheen. . 

External Anatomy.-In the Machilidre and many Lepismidre the 
body is clothed with scales, but in the remaining families these structures 
are usually wanting. The antennre are long and filiform, often consisting of 
30 or more joints. Compound eyes are well developed in the Machilidre, 
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where they are approximated or contiguous dorsally: in the Lepismidoe 
they are considerably reduced, and among the Entotrophi they are wanting. 
Ocelli are generally absent, but in the Machilidre median and paired organs of 
this nature are evident: they are curiously V'ariable in form, and are regarded 
by Grassi as being intermediate in structure between simple and compound 
eyes. The head often exhibits the epicranial suture and in Campodea 
(Fig. 2II) there is also a transverse occipital suture; both the labrum and 

FIG. 20C).-LEPIS.1U SACCHARIN,I FIG. 2 IO.-PETROBlUS (lVIACHILIS) AlAR/TIJJ1 us 
(MAGNIFIED) BRITAIN. (magnified). BRITAIN. 

After Lubbock. After LUbbock. 

clypeus are well developed. The mouth-parts are normal and exserted 
in the Ectognatha: in the Entognatha they are sunk within the head 
as in the Protura and Collembola. In Petrobius, which is selected as an 
example of the Ectognatha, the mouth-parts are of the most primitive 
type found among insects (Fig. 9). The mandibles are elongated, 2-

jointed, pointed organs, and are each provided with a well-defined pro
jecting molar area. In their general features they closely resemble those 
of certain of the higher Crustacea. The superlingure are exceptionally 
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well developed: each organ is' attached by membrane to the base of the 
hypopharynx, and exhibits differentiation into two lobes together with a 
vestigeal palp-like appendage. The maxillce are 
composed of the typical sclerites and their palpi 
are 7-jointed. In the labium the mentum and 
submentum are broad plates, the prementum is 
paired, and the palpi are 3-jointed. Paired glossce 
and paraglossce are present and both of these 
structures are longitudinally subdivided into two 
lobes. In Lepisma the mandibles are each com
posed of a single sclerite, and in the labium the 
glossce and paraglossce are single organs on either 
side. In the Entognatha the mouth-parts are less 
primitive to the extent that they resemble those of 
the Collembola more closely than the same organs 
in the Ectognatha. The mandibles are unjointed 
and toothed at their apices: in Campodea, and 
Anajapyx each bears, near its extremity, a small 
plate-like appendage or "lacinia mobilis." The 

superlinguce in all 
cases are simple 
undivided plates. 
The m a xiII a r y 
lobes are paired, 
but the maxillary 
palpi are very 
short in J apyx, 

d . l' FIG. 21 I.-CAMPODEA (x 
an vestIgea III circa IS). BRITAIN. 

Campodea. The After Lubbock. 

labium is much 
reduced: the ligula usually consi~ts of a 
pair of small gJossce and broader bristle
bearing lobes, or paraglossce. In some 
cases, as- in J apyx sylvestris Carp. the 
ligula consists of a single pair of lob<;:s. 
In the latter genus the labial palpi. are 

B small, I-jointed structures; in Campodea 
and A najapyx they are vestigeal and in 
Parajapyx they are totally atrophied. 

The legs exhibit variation in the num
ber of tarsal joints; they are usually 
3-jointed in the Machilidce, 3 or 4-jointed 
in the Lepismidce and single-jointed in 
the Entognatha. In all cases the tarsal 
claws are paired. In the Machilidce (Fig. 
212) the coxce of the 2nd and 3rd pairs 

FIG. 2I2.-PETROBIUS J[ARITHlUS. of legs bear a small pair of movable un-
BRITAIN. jointed styli (exopodites). 

A, hind margin of 5th abdominal segment The abdomen is composed of II seg-
showing vesicles v and styli s. B, left leg of 3rd ments: l'n the Ectognatha the lIth ter
pair; cJ coxa j 5, stylus; sc, subcoxa. 

gum is prolonged"'into a median cerci
form appendage, and in the Entognatha its counterpart is seen in the small 
suranal plate. The abdominal sterna (Fig. 212) carry a variable number of 
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pairs of styli similar to those found on the two hind pairs of coxre in the 
Machilidre. In the latter family a pair is present in relation with each 
sternum from 2-9 inclusive: in the Projapygidre and ]apygidre on 1-7, in 
Campadea on 2-7 and in the Lepismidre on 7-9 or 8-9. In Campadea there 
is also a pair of larger appendages in relation with the 1st sternum. In 
addition to styli most Thysanura carry segmentally arranged protrusible 
vesicles (Fig. 212) : the latter are placed in close association with the styli 
but are situated rather nearer the mid-ventral line of the body. These 
vesicles are capable of being extended by means of blood-pressure, and can 
be withdrawn into their segment by the aid of special muscles. Their func
tion is obscure but they may, as Oudemans and Haase have suggested, 
serve a respiratory purpose. In M achilis and Petrabius tIiere are two pairs 

of vesicles in relation with each sternum from the 
2nd to the 5th and a single pair on the 1st, 6th, 
and 7th sterna. In Prcemachilis there is a single 
pair in relation with sterna I to 7 ; in Campodea 
and Anajapyx in relation with 2 to 7; in Japyx 
they are confined to the 2nd sternum and in Pra
japyx and Lepisma they are wanting. 

The genitalia attain their fullest development 
in the Ectognatha and consist of one or two pairs 
of gonapophyses. In the male there is a definite 
redeagus of simple form and the gonapophyses 
are usually imperfectly jointed. In Petrabius 
there is a single pair of these appendages which 
is borne on the 9th sternum: in Machilis and 
PrtEmachilis paired gonapophyses are present in 
relation with the 8th and 9th sterna respectively. 
In the female the ovipositor is usually well de
veloped, often long, and consists of two pairs of 
many-jointed appendages carried on the same 
sterna as the corresponding organs of the male. 
Among the Entognatha the genitalia are rudi
mentary or wanting in both sexes. 

The abdomen is usually terminated by a pair 
of slender cerci which may consist of 50 or more 
joints: on the other hand, in the Projapygidre 

FIG. 213.-HETEROJAPX SP. (Fig. 216) they are short and stout with less than 
AUSTRALIA. (x 3.) a dozen joints. In the] apygidre, cerci are re-

placed by unjointed forceps (Fig. 213). In the 
Ectognatha there is, in addition, a median jointed, cerciform process 
which often exceeds the whole body in length: morphologically this struc
ture is to be regarded as a prolongation of the nth tergum and is, 
therefore, not a true appendage. 

Internal Anatomy.-The alimentary canal (Fig. 214) is a simple straight 
tube, except in Lepisma where the hind intestine presents a single con
volution. The proportions of the three divisions of the gut vary greatly 
in different genera. Thus in Anajapyx the cesophagus is of great length, 
and extends into the 4th segment of the abdomen, while the stomach 
is greatly reduced. There is a large gizzard in Lepisma and in this genus, 
and in Machilis, enteric cceca are present. Salivary glands appear to be 
universally present, but the Malpighian tubes are inconstant. In the 
Ectognatha the latter organs are well developed and number 12 to 20 
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in the Machilida!, and 4 to 8 in the Lepismida!. In Campodea and Anajapyx 
the Malpighian tubes are represented. by papillre-about 16 in the former 
case and 6 in the latter: in japyx these organs are totally wanting. The 
nervous system (vide Hilton, Ann. Ent. Soc. Am. 1917) is exhibiled in its 
most generalized condition in the Machilida! where there are 3 thoracic 
and 8 abdominal ganglia, and the longitudinal connectives retain their 
double nature throughout the length of the ventral nerve cord (Fig. S7A). 
There are similarly 8 abdominal ganglia in the Lepismidce and j apyx, 
while in Campodea and Anajapyx the 7th and 8th ganglia are united 
into a common centre. The tracheal system exhibits important differences 
in the several families. In the Machilidce there are 9 pairs of spiracles : 
the 1st pair is located between the pro- and mesothorax, the 2nd pair 
is placed near the hinder border of tre meso thorax, and the remaining 
pairs are placed on the 2nd to 8th abdo-
minal segments. The trachece associated 
with each spiracle remain unconnected with 
those of adjacent segments. In the Lepis
midce there are 10 pairs of spiracles which 
belong to the 2nd and 3rd thoracic and the 
first 8 abdominal segments. In this family 
the tracheal system is relatively highly de
veloped; there is a common longitudinal 
tracheal trunk passing down either side of 
the body, and there is a transverse trunk in 
each segment uniting the trachece of oppo
site sides. Campodea (Fig. II4) exhibits a 
very inferior development of the tracheal 
system: there are 3 pairs of spiracles which 
are thoracic in position, and the trachea! 
associated with each spiracle remain isolated 
and distinct. In j apyx solifugus (Fig. 102) 
there are II pairs of spiracles of which 4 
are thoracic, and 7 are abdominal. The 
1st, 2nd and 4th pairs correspond with the 

c 
--c, 

3 pairs of thoracic spiracles in Campodea: FIG. 214·-ALIMENTARY CANAL OF 

the 3rd pair is situated on the meta- _PETROBIUS. 
re, resophagus; c, large creca; CJ , smaller 

thorax in advance of the 4th pair. A do.; m, mid·intestine; mt, MaJpighian tubes; 

longitudinal trachea unites the trachece on " rectum. A/ter Oudemans. 

either side of the body into a single sys-
tem, but there is only a single delicate transverse commissure which is 
situated near the junction of the 9th and loth abdominal segments. In 
j. t"sabellc:e there are 9 pairs of spiracles; those homologous with the 2nd 
and 4th pairs in j. solifugus being unrepresented. In Projapyx there 
are 10 pairs-3 thoracic and 7 abdominal: in Anajapyx there are 9 
pairs of which the 1st and 2nd correspond with the 1st and 3rd in ] apyx 
solifttgus. 

The dorsal vessel is notable on account of the forward extension of the 
heart into the mesothorax: in ] apyx the heart is composed of ten 
chambers. According to Grassi, alary muscles are wanting but delicate 
structures of this nature are described by Oudemans in Petrobius. A 
pair of posterior glands, possibly of a repugnatorial nature, opens at the 
apices of the cerci in the Projapygidce and are homologous with similar 
glands in the Symphyla and Diplopoda. 
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The reprodttctive organs (Fig. 215) exhibit important morphological 
differences in the five families. As regards the female organs, there is a 
single pair of polytrophic ovarioles in Campodea while in other members 
of the order they are panoistic. In ] apyx there are seven metamerically 
arranged ovarioles on either side: in Petrobius th~re is a similar number of 
ovarioles but their segmental disposition is no longer evident: in Lepisma 
there are five ovarioles to a side and there is likewise no segmental arrange
ment: in knajapyx the segmental arrangement is maintained but the 
number of ovarioles to a side is reduced to two: In all cases the vagina 
is practically non-existent, and the two oviducts only combine just before 

A B 

opening by means of a com
mon genital aperture on the 
8th sternum. The male
organs in Campodea consist 
of a single large testis, and 
a very short vas deferens on 
either side. In A najapyx 
each testis consists of two 
lobes which closely resemble 
the two ovarioles of the 
ovary: in Lepisma there are 
three double lobes, segment
ally arranged, to each testis, 
and in Petrobius there are 
three single. lobes which dis
charge close together near 
the apex of the vas deferens. 
In the latter genus each vas 
deferens is double through
out the greater part of its 
course, the two canals thus 
formed being united by a 
series of five transverse con
necting tubes. In both 
] apyx and Lepisma the vasa 
deferentia are convoluted 
and of considerable length. 
A ductus ejaculatorius, wh,m 

FIG. 215.-REPRODUCTIVE ORGANS OF PETROBJUS. present, is always short and 
VENTRAL SIDE. opens on the :::edeagus. 

A, male; D, female. I, 1St thoracic segment; 13, loth abdominal 
do.; t, testis; ve, Vas efferens; vd, vas deferens; e, ejaculatory duct ; 
s, blind sac; ae, redeagus; ov, ovariole; od, oviduct; g, genitalia. 
Adapted from Oudemans. 

Post - Embryonic 
Growth. - Post-embryonic 
development has been prin

cipally observed in the Machilidre and has been studied by Heymons 
(Sitz. Ges. natttrf. Freunde, Berlin I906, p. 253) and by Verhoeff (Zool. Anz. 
38, p. 524)' There appear to be at least six instars, including the adult, 
and in the first two the young insects are devoid of scales, the genitalia 
are as yet undeveloped, q_nd there are no styli on the thoracic coxre. In 
the third instar scales are evident and small coxal styli are present. In the 
fourth instar the gonapophyses are apparent, though short, and in the 
female their jointed character does not develop until later. Other changes 
are evident in the mouth-parts, and the completed details of their structure 
are not assumed until after the final ecdysis. The changes undergone are 
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less profound than those of the Orthoptera, but their simplicity is largely 
correlated with the absence of wings. 

Literature.-Most of what is known concerning the structure of the 
Thysanura is to be found in the writings 
of a few authors. The most comprehen
sive work is that of Grassi (1887). For 
the Machilidre vide Oudemans (1888) ; for 
the Lepismidre, Escherich (1905) ; for the 
Projapygidre, Silvestri (1905) and the 
]apygidre, Verhoeff (1904). 

Classification.-The order is divi- . 
sible into two sub-orders and five families 
as follows: 

Sub-order I. ECTOGNA THA 

Mouth-parts exserted, normal. Abdo
men terminated by a median caudal 
filament and paired cerci. Malpighian 
tubes well developed. 

FAM. 1. MACHILID.lE .-COMPOUND EYES 

LARGE, OCELLI PRESENT. ABDOMINAL SEGMENTS 

1-7 WITH EXSERTILE VESICLES: STYLI usu
ALLY PRESENT ON THORACIC COXlE AND ON 

ABDOMINAL SEGMENTS 2-9. Petrobius, Maehi
lis, Prcemachilis, etc. 

FAM.2. LEPISMID.tE.-COMPOUND EYES 

SMALL, OCELLI ABSENT. ABDOMEN USUALLY 

WITH EXSERTILE VESICLES: STYLI ABSENT 

FROM THORACIC COXlE AND USUALLY PRESENT 

ON ABDOMINAL SEGMENTS 7-9, OR 8-9. Lepis
ma, Aerotelsa, Nicoletia, etc. 

Sub-order II. ENTOGNATHA 
FIG. 216.-ANAJAPYX VdSlOULOSUS 

.(magnified) ITALY. 

Mouth-parts sunk within the head. After Silvestri, '905· 

Abdomen terminated by paired cerci or 
forceps, median filament wanting. Malpighian tubes greatly reduced or 
absent. 

FAM. 3. CAMPODEID.lE.-FIRST ABDOMINAL SEGMENT WITHOUT STYLI: 

ABDOMEN TERMINATED BY CERCI WHICH ARE IMPERFORATE APICALLY. Campodea, 
Lepidocampa, etc. 

FAM. 4. PROJAPGID.lE.-STYLI PRESENT ON FIRST ABDOMINAL SEGMENT: 

ABDOMEN TERMINATEI! BY CERCI WHICH ARE PERFORATE APICALLY. Projapyx, 
Anajapyx. 

FAM. 5. JAPYGID.tE.-STYLI PRESENT ON FIRST ABDOMINAL SEGMENT: 

ABDOMEN TERMINATED BY FORCEPS. Japyx, Heterojapyx, etc . 
• (For references to Literature on Thysanura vide p. 219.) 

G.T.E.-14 



Order 2. PROTURA (Myrientomata) 

M INUTE INSECTS WITH ENTOGNATHOUS PIERCING MOUTH-PARTS: 

ANTENNA': AND COMPOUND EYES WANTING. ABDOMEN 12-SEG

MENTED; FIRST THREE SEGMENTS EACH WITH A PAIR OF SMALL 

APPENDAGES. TRACHEAL SYSTEM pnESENT OR ABSENT. MALPIGHIAN TUBES 

REPRESENTED BY PAPILLA':. META-

MORPHOSIS SLIGHT, CHIEFLY EVIDENT 

AS AN INCREASE IN NUMBER OF THE 

ABDOMINAL SEGMENTS. 

The Protura are minute whitish 
organisms-the largest species scarcely 
attain 2 mm. in length, and the 
majority are usually much smaller. 
They are widely distributed and occur 
in England and other European coun
tries, in India and in the United States. 
Owing to their very small size Pro
tura are easily overlooked, but they 
are not rare in certain types of moist 
soil, in peat and in turf: they have 
also been met with under stones and 
beneath bark. The order was first 
recognized by Silvestri in 1907, from 
Italy, and has since been very fully 
studied by Berlese (1909) whose mono
graph is accompanied by a wealth of 
anatomical detail. Owing to the ab
sence of antennre, the Protura have 
the habit of walking with the fore-legs 
held upwards in front of the head, 
these appendages probably function
ing as tactile organs. 

External Anatomy (vide Prell 
1913).-The head is pyriform, narrow
ing anteriorly. There are no visual 
organs but on either side there are 
a pair of minute structures termed 
by Berlese pseudocelli which are per-

A B haps homologous with the post-anten-
FIG. 217.-AoERENTOJfON DODEROI (highly nal organs of Collembola (vide p. 214). 

magnified}. EUROPE. The labrum is in the form of a pointed 
A, dorsal; E, ventral; S, styli. After Silvestri, 'g07. projection, while the mandibles and 

maxilla! are withdrawn into the head 
(Fig. 218). The former appendages are stylet-like and adapted for pierc
ing. The maxillre are divided into an outer and an inner lobe, and the 
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palpi are 3- or 4-jointed: either the inner or both lobes are modified into 
piercing organs. The labium is composed of a basal sclerite and a pair of 
pointed glossce, but there appear 
to be no structures clearly homo
logous with paraglossce: the labial 
palpi are short and 2- or 3-jointed 
(Fig. 2Ig). No organs compar
able with superlinguce are de
scribed by Berlese. The thorax 
is clearly defined with the first 
segment considerably reduced: 
the legs are long with I-jointed 
tarsi, each of which is terminated 
by a single claw. The abdomen 
is very long and slender: in the 
newly hatched insect it is g-seg
mented and, during post-embryo
nic development, three more 
segments are added by intercalary 
growth between the last two 
segments. This anamorphosis, or 
increase in the number of seg
ments after emergence from the 
egg, is aa Diplopod and Chilopod 
character. The first three abdo-

'-:: 

FIG. 218.-AoERENTULU8 TiARNEU8. VENTRAL 
VIEW OF HEAD SHOWING RIGHT MAXILLA, 
LEFT LbBE OF LABIUM (Gli) AND TENTORIUM 
(T). 

Cd, carda j Gl, galea; Gn, gena; L, labrum j ie, lacinia ; 
Li, basal sclerite of labium; ~IJ apex of mandible j PI, labial 
palp; Pm, maxillary palp; st, stipes; TgL', tubules of maxillary 
gland. After Berlese. Redia, 'g09. 

minal segments each carry a paIr of 
small appendages (Fig. 217): in the 
Eosentomidce they are 2-jointed, the 
second joint being reduced and provided 
with a protrusible vesicle. In the Aceren
tomidce only the first pair is 2-jointed : 
the others consist of a single minute 
joint. Cerci are absent in the order, and 
the name Protura is derived from the 
simple telson-like 12th segment. 

.. ,': 

FIG. 2Ig.-AoEREYTULU8 OONFiNUS 

Internal Anatomy (Fig. 22o).-The 
alimentary canal is a simple straight tube 
and its most extensive region is the large 
cylindrical stomach. Two pairs of maxil-

M, right mandible; M
" 

left maxilla; Cd, lary glands and a pair of labial (salivary) 
cardo; st, stipes; PI, palp; Gl, galea; 11121 I d Th MI' h' b 
lacinia. After Berlese. Redia, '909. - g an s are present. e a pIg Ian tu es 

are represented by six uni- or bi-cellular 
papillce disposed in two groups of three. The nervous system consists of 
the brain; with fused infra-resophageal and prothoracic ganglia, while 
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there are separate ganglia in the remaining thoracic and the first six abdom
inal segments. The connectives throughout are double. The terminal 
ganglion is larger than those preceding and there is a supplementary gang
lion on each pedal nerve at the bases of the legs. In those forms possessing 

FIG. 220.-AoERE.YTULUS CO.VR1NUS, FEMALE: GENERAL ANATOMY. 

br, brain; g, germarium; gl, abdominal gland; h, hind intestine; m, mid-intestine; mt, excretory papillre; nc, nerve 
cord; od, oviduct joe, fore-intestine; 00, oocytes j av, mature ovum. Adapted from Berlese. Redia, 1909. 

a tracheal system ·(Fig. 22I) the latter communicates with the exterior by 
means of two pairs of spiracles-one pair on the mesothorax and the other 
pair on the metathorax. There is no communication between the trachere 
associated with the spiracles of one side or of opposite sides of the body. 

FIG. 22I.-TRACHEAL SyS-
TEM OF EOSENTOMON 

(much retracted). 

The reproductive system in the female consists of 
a pair of panoistic ovaries and oviducts; the 
latter combine to form a short vagina which 
opens by a median pore between the nth and 
I2th abdominal segments. Each ovary extends, 
when mature, from the metathorax into the 9th 
abdominal segment and is homologous with a 
single panoistic ovariole in other insects. The 
germarium is situated in the reflexed apex of the 
ovary and from it is derived a single chain of 
egg-cells. In the male the testes are a pair of 
elongate sacs which are united anteriorly about 
the level of the mesothorax. The vasa deferentia 
are closely coiled tubes which enter the redeagus 
separately: the latter organ is protruded be
tween the nth and I2th segments. The ger
marium is apical and the remainder of the testes 
contains spermatozoa in various stages of de
velopment. The circulatory system is· of a 
peculiar nature: there is no pulsatory dorsal 
vessel but its position is occupied by a longi
tudinal trough-like filament termed by Berlese 
the pericardial cord. 

irc, cephalic trachea; trl, thoracic Affinities.-The systematic position of the 
do. ; tra, abdominal do. After P b d db' 1 d . 
nerlese. Redia, '909. rotura cannot e regar e as emg sett e and IS, 

at present, largely a matter of opinion. Berlese 
and Comstock maintain that they form a class of their own-the Myriento
mata. On the other hand, Silvestri and Borner place them among the 
Insecta. The mouth-parts are insect an in character and are not unlike 
those of suctorial forms among Collembola. The differentiated thorax and 
three pairs of legs are also insectan features, together with the reduction 
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of the abdominal appendages. Those who maintain the view that the 
Protura represent a class of their own, base their conclusions mainly upon 
anamorphosis, the absence of antennre, and the position of the genital 
aperture. It is noteworthy that the absence of antennre is probably a 
secondary feature, and these organs are reduced to the condition of minute 
papillre in many insect larvre. The number of abdominal segments, further
more, agrees with the primitive number found in embryo insects, and the 
most important non-insectan character is the occurrence of anamorphosis. -

Classification.-The order is divided by Berlese into two families as 
follows :-

FAM. 1. ACERENTOMIDIE.-SECOND AND THIRD ABDOMINAL APPENDAGES 

I-JOINTED. TRACHEAL SYSTEM ABSENT. Acerentomon and Acerelltuius. 
FAM. II .. EOSENTOMIDJE.-SECOND AND THIRD ABDOMINAL APPENDAGES 

2-JOINTED. TRACHElE PRESENT. Eosentomon (including Protapteron). 
(For references to Literature on Protura vide p. 219.) 



Order 3. COLLEMBOLA (Spring-tails) 

M
OUTH-PARTs ENTOGNATHOUS, PRINCIPALLY ADAPTED FOR BITING: 

ANTENNlE USUALLY 4-JOINTED, COMPOUND EYES ABSENT. ABDO

MEN 6-SEGMENTED, USUALLY WITH 3 PAIRS OF APPENDAGES, i.e. 
AN ADHESIVE VENTRAL TUBE ON SEGMENT I, A MINUTE HAMULA ON III, 
AND A FORKED SPRINGING ORGAN ON IV. THEY RARELY POSSESS A TRACHEAL 

SYSTEM AND THERE ARE NO MALPIGHIAN TUBES. METAMORPHOSIS ABSENT. 

Collembola are small insects rarely exceeding 5 mm. in length, and 
occur in almost all situations. They are found in the soil, in decaying 
vegetable matter, among herbage, under bark of trees, etc. A few species 
frequent the nests of ants and termites, others occur on the surface of 
fresh water and several are littoral or marine: Anurida maritima, for 
example, is daily submerged by each tide. The only condition which 
seems essential for their welfare is a certain amount of moisture, for they 
are rare in very dry situations. The order is world-wide and is remarkable 
for the extensive distribution of many of its genera and species. Isotoma, 
for example, is known from both polar regions, and is distributed through
out Europe and many parts of N. America. It has been recorded from 
Argentina, Sumatra, the Sandwich Isles, Azores, etc. Among individual 
species, Sminthurus hortensis occurs in Europe, N. America, Tierra de 
Fuego and Japan, while Achorutes armatus has an even wider range. 

Collembola vary very much in coloration. Many are of a uniform 
dull blue-black, as in Anurida: others are green or yellowish with irregular 
patches of a darker colour: a few species are banded, some are all white, 
one or two are bright red, while metallic forms are not infrequent. In 
habits they are saprophagous or phytophagous. 

External Anatomy (Figs. 222-226).-ln the greater number of species 
the body is clothed with hairs but some genera, notably Tomocerus and 
Lepidocyrtus, are scaled. The hairs vary in shape, often on different 
regions of the body: they may be simple and tapering, clavate, flattened 
and partially resembling scales, or plumose. The antennre vary greatly 
in length and the distal joints may be secondarily annulated. They are 
typically 4-jointed: the maximum number of six joints is found in 
Orchesella. In the Neelidre the antennre may be shorter than the head, 
while in some of the Entomobryidre they are much longer than the whole 
body. Sensory organs of varied types are usually present on the last 
two joints and take the form of cones, rods, pits or papillce. A variable 
number of ocelli are generally present on either side of the head behind 
the antennre: there are never more than eight to a side and often much 
fewer. In some Collembola they are absent as in Onychiurus (Lipura) 
and Cyphoderus. Immediately behind the antennre there is a very 
characteristic structure known as the post-antennal organ. The latter 
assumes a great variety of forms among different genera, being simple 
and ring-like in Isotoma, in the form of a rosette in A nurida , while in 
Onychiurus it attains considerable co~plexity of structure. It is evidently 
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a sensory organ from the fact that it has a special nerve-supply, and the 
thinness of its cuticular investment suggests its capability for receiving 
external stimuli, possibly of an olfactory nature. The mouth-parts (vide 
Folsom, 1899) are deeply withdrawn into the head and are greatly elongated, 
which allows of their freedom of movement when they are protruded. 

FIG. 222.-STRUCTURAL DETAILS OF COLLEMBOLA. 

A, Axelsonia. PtPigment surrounding eyes; v, ventral tube; h, hamula; m, mahubrium ; 
d, left dens and mucro me. Adapted from Carpenter. B, Tomocerus; h. hamula; c, corpus; 
r, ramus. After Willem, 1900. 

Their deeply
seated position 
is a secondary 
acquisition and 
has been 
brought about 
in the following 
manner. In 
the embryo, the 
sides of the 
h e a d develop 
from a pair of 
lateral evagina
tions 0 f the 
germ b.and. 
These evaginations eventually fuse with the developing fundaments of the 
labrum and labium and, in this way, form a kind Qf enclosing box which, by 
further growth, comes to surround the remaining mouth-parts. The mouth
cavity is roofed over by the labrum and clypeus, both these sclerites being 

exhibited, for example, 
,;,J _-7~ in Anurida. The man-

/ /. dibles (Fig. 223) are 

·FIG. 223.-MoUTH-PARTS OF OROOESELLA, DORSAL VIEW. 

c, cardo; g, galea j h, hypopharynx and its pedicels hI j 1, lacinia; 19, liga .. 
ment j lm, labium; m, right mandible; p, maxillary palp j PI, palpifer; 5, 
stipes; 51, superlingua. Partly after Folsom. 

slender organs usually 
with toothed extremi
ties. The maxillre each 
consist of a q>mplex 
apical p 0 r t i.6 nor 
" head" which pos
sibly represents a laci
nia. In some species a 
digit-like palpifer is 
present: it carries a 
vestigeal palp and the 
galea. The cardo and 
stipes are variable in 
form and sometimes 
rod-like. The super
lingure are well de
veloped lamellate struc
t u res overlying the 
hypopharynx: as a 
rule they are un
divided but in Isotoma 

palustris they are bilobed. The hypopharynx is provided with a pair of 
elongate pedicels which articulate proximally with the cardines of the 
maxillre. The labium is very much reduced and, although it exhibits 
evidences of a paired structure, neither glossa nor paraglossre are separately 
developed. Labial palpi have been detected in the early embryo but as a 
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rule they subsequently atrophy. In Neanura and its allies the mouth
parts are specialized for sucking and piercing: the labrum and labium 
together form a conical tube enclosing the rest of the mouth-parts, the 
latter being modified into stylets. The thorax, in the more generalized 
forms, consists of three very similar segments but in the Entombryidre 
the prothorax is greatly reduced, and its tergum is undeveloped. In the 
Symphypleona the thorax becomes intimately fused with the abdomen 
and its segmentation is, to a large extent, obsolete. The legs have no 
true tarsal joints and the tibire generally terminate in a pair of elaws, an 
upper and a lower, but the latter may be vestigeal or wanting. The 
abdomen is composed of six segments only: in this respect Collembola 
differ from all other insects and, at no stage in development, are there 
known to be more than that number present. In some of the Arthro
.pleona the 4th and 5th, or 4th to 6th segments undergo fusion, while in 
the Symphypleona the first four segments are almost entirely undifferen
tiated. On the ventral aspect of the first segment, in all Collembola, 
there is a bilobed structure known as the ventral tube (vide Hoffmann, 
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FIG. 224.-ANURIDA MARITIMA. 

A, dorsal. D, ventral; a, anus; g, genital pore 
v, ventral tube; vg, ventral groove, C, D, E, trans
verse sections of ventral groove in regions of the 
head, prothorax and metathorax respectively. F, 
eyes and post· antenna! organ, right side. 

Zool. Anz. 1904). It is formed by the 
union of the first pair of embryonic 
abdominal appendages, and consists of 
a basal column containing a pair of 
protrusible vesicles. The latter are 
commonly in the form of shallow sacs 
but in some genera they are long and 
tubular. The cavity of the ventral 
tube freely communicates with that of 
the body and contains blood: the 
vesicles are everted by means of blood 
pressure, while they are withdrawn by 
the contraction of special muscles. 
Many divergent opinions have been 
expressed with respect to the function 
of the ventral tube, and the view 
which has received the widest support 
is the one which regards it as an 

adhesive organ, enabling the inse<;t to walk over smooth or steep sur
faces. In this connection it is noteworthy that the surface of the 
vesicles is moistened by the secretion of cephalic glands which is dis
charged into the commencement of the ventral groove (Fig. 224). The 
latter is a cuticular channel passing down the middle ventral line of the 
body: it arises from a point just behind the labium and terminates on the 
anterior aspect of the ventral tube. Many Collembola retain a minute 
pair of appendages on the 3rd abdominal segment. They are fused 
proximally to form a basal piece or corpus, while their distal portions 
remain free and are termed the rami. The organ thus formed is variously 
known as the retinacul1tm or hamula, and it serves to retain the furcula 
in position, when the latter is stowed away under the abdomen while not 
in use. The majority of Collembola carry a pair of partially fused appen
dages in relation with the 4th abdominal segment. They constitute the 
furcula, or springing organ, which enables the insect to take sudden leaps 
into the air-hence the name of " spring-tails" which is commonly applied 
to the members of this order. When released from the hamula, the 
extensor muscles of the furcula contract, and the latter organ is forcibly 
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pulle~ downwards and backwards so as to strike the ground and propel 
the Insect a relatively long distance into the air. The common basal 
piece of the fur
cula is termed 
the manubrium 
which carries a 
pair of distal 
arms or dentes: 
each dens car-. . 
nes a very van-
ably sh aped 
claw-like p r 0-

cess or mucro. 
The fu rcula 
varies greatly 
in d ev e 10 p
ment; in Ento
mobrya, for 
example, it ex
tends, when. at 

C oo 
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rest, to beyond FIG. 225.-STRUCTURAL DETAILS OF COLLEMBOLA. 

the v en t r a I a, Podura, claw of left leg; b, left mucro; c, [solama, eyes and postantennal organ; d, 

tube ,. l'n Ac1zo- left mucro; e, Lepidocyrtus, claws of left leg; f, Onych",rus, right postantennal organ; g, 
f, Sminth"rides, left mucro. Adapted from Folsom. 

rIdes it is often , 
very short, while in Neanura and Anurida it is wanting. The sexes are 
similar in Collembola, there being no genitalia: the genital aperture is 
placed near the hind margin of the 5th sternum, while the anus is located 

on the 6th sternum. 
Internal Anatomy (Fig. 227).-The 

alimentary canal is a simple straight tube, 
passing from the mouth to the anu~ with
out presenting any convolutions. The 
greater portion is formed by the exten
sive mid-int"estine and the latter, in 
Neelus, is subdivided into four subequal 
chambers. With the exception of sali
vary glands, there are no appendages of 
the alimentary canal. The central ner
vous system is considerably specialized 
and consists of the cerebral ganglia and 
a ventral nerve-cord composed of four 
ganglionic centres-the sub-resophageal 
and three thoracic ganglia, which are 
united by double connectives. There are 

FIG. 226.-COLLEMBOLA, SYMPHY- no separate abdominal ganglia, the nerve 
PLEONA (magnified). centres of that region having fused with 

A, Sminlh"rides aquaticus. Afler Willem. B, the metathoracic ganglion. In the Smin
Neelides folsomi. After Caroli. 

thuridce the ventral ganglia are closely 
merged together, there being no intervening connectives. The heart, in the 
more generalized forms, consists of a series of six chambers with paired 
lateral ostia and alary muscles at each of the constrictions. Anteriorly, the 
heart is prolonged into the aorta and in A nurida the latter vessel surrounds 
the fore-intestine in the form of a cylinder which opens in the head 
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beneath the cerebral ganglia. There are no Malpighian tubes and excretion 
is chiefly performed by the fat-body. The latter contains numerous 
concretions which, according to Will em (1900), are composed of urate of 
soda. These concretions increase in size with the age of the individual 
and are not eliminated from the insect. It is noteworthy that an analo
gous method of excretion is met with in the renal vesicles of Ascidians. 
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In addition to 
the fat-body, 
the epithelium 
of the stomach 
performs an 
excretory func
t ion. Folsom 
and Welles 
(Stud. Un i v. 
Illinois 2, 1906) 

FIG. 227·-AcHORUTES VIATIOUS, LONGITUDINAL SECTION. h h 
I 

. . . ave sown 
a, anus; b, brain; j, furcula; g genital pore; gd, gonoduct ~ h, hamu a; z" mId-Intestine; th th 'd 

H, nerve cord' v dorsal vessel; 'I)t, ventral tube. After Wlllem, I9DO. ate m} -
gut cells con

tain concretions of a similar nature to those found in the fat-body. These 
congregate in the inner halves of the cells, which divide off from the 
remainder, and are periodically disch3;rged into the stomach cavity. They 
are removed from the body during each ecdysis, and a regeneration of 
the epithelium takes place. 

Respiration in the majority of Collembola is cutaneous but in Smin
thurus, Sminthurides and Actaletes trachere are 
present (Fig. 228). They are best developed 
in the first mentioned genus where there is a 
single pair of simple spiracular openings be
tween the head and prothorax. Tracheal 
branches are distributed to the head, legs and 
abdomen, but no anastomosis takes place be
tween the trachere of opposite sides of the body. 

The reproductive system 'is of an extremely 
simple nature: the gonads consist of a pair 
of large sacs, their ducts are extremely sl}ort 
and they unite to form the vagina or ejacu
latory canal as the case may be. The ovaries 
contain groups of vitellogenous cells and de
veloping eggs but there is no arrangement into 
ovarioles, and the testes are filled with dense 
masses of developing spermatozoa. Unlike 
other insects, the germarium in both the 
ovaries and testes is lateral and not apical FIG. 228.-SAfINTHURUS Fuseus. 

TRACHEAL SYSTEM. in position. Accessory organs are usually 
wanting in both sexes. 

Post-Embryonic Growth.-The eggs of 

h, head; s, spiracle. 
19OO. 

After Willem, 

Collembola are smooth and spherical, usually cream-coloured, and are 
deposited in small groups. The newly-hatched insects are white excepting 
fOr an area of dark pigment surrounding the ocelli. Several ecdyses are 
passed through before full growth is attained, but the changes involve no 
important differences between the young and the adult insects. They 
chiefly consist of an increase in size and in pigmentation, and a further 
differentiation of the joints of the antennre and furcula. 
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Literature on Collembola.-Faunistic and taxonomic writings on the. 

order are numerous: these, along with the morphological literature have 
been listed up to I906 (vide Imms). A general monograph on these insects 
needs to be written as the treatise of Lubbock (I873) is now out of date. 
Among the more important taxonomic works, useful to students of the 
British species, those of Schott (I893) and Linnaniemi (I907) may be 
mentioned, together with the papers by Carpenter and Evans (Proc. Roy. 
Phys. Soc. Edinburgh, 1900) and Collinge and Shoebotham (Journ. Econ. 
Biol. 1909). The chief work on the structure of Collembola is that of 
Willem (I900) while the detailed anatomy of Anurida has been investigated 
by Fernald (1890) and Imms (I906) and that of Tomocerus (Macrototna) 
by Sommer (1885). The classification of the order is due to Borner (I913) 
and a useful synopsis of the system elaborated by this author is given 
by Shoebotham (Ann. Mag. Nat. Hist. (8), 19, 19I7). 

Classification.-The following classification is based upon that of 
Borner except that the older, and well defined, subdivision of the Arthro
pleona into two families is adopted. 

Sub-order I. ARTHROPLEONA 
Body more or less cylindrical and elongate: segmentation of abdomen well 

defined or, rarely, with 5th and 6th or 4th to 6th segments partially fused. 
FAM. 1. PODURIDJE.____":PROTHORA;1\: WELL DEVELOPED WITH A DEFINITE 

TERGUM. CUTICLE USUALLY GRANULATED. Podura, Achorutes, Anurida, Onychiurus, 
etc. 

FAM. 2. ENTOMOBRYIDJE.-PROTHORAX GREATLY REDUCED AND WITHOUT 
A TERGUM. CUTICLE NOT GRANULATED. Entomobrya, Tomocerus, Isotoma, Actaletes, 
Cyphodents, etc. 

Sub-order II. SYMPHYPLEONA 
Abdomen subglobular, segmentation obliterated or vestigeal. 
FAM. 3. NEELIDJE.-ANTENNlE STOUT, NOT LONGER THAN HEAD: THORAX 

VERY LARGE. Neelus, Megalothorax, Neelides. I 
FAM. 4. SMINTHURIDJE.-ANTENNlE MORE SLENDER, LONGER THAN HEAD: 

THORAX NOT EXCEPTIONALLY LARGE. Sminthurus, Sminthurides: etc. 

Literature on the Apterygota 
BERLESE, 1909.-Monografia dei Myrientomata. Redia, 6. BORNER, 1913.

Die Familien der Collembolen. Zool. Anz. 41. CRAMPTON', 1916.-The Orders 
and Relat'ionships of Apterygotan Insects. J ourn. N. Y. Ent. Soc. 24. ESCHERICH, 
1905.-Das System der Lepismatiden. Zoologica, 43. FERNALD, 1890.-The Rela
tionships of Arthropods. Johns Hopkins Univ. Studies, 4. FOLSOM, 1899.-The 
Anat. and Physio!. of the Mouth-parts of Orchesella cincta. Bull. Mus. Compo Zool. 
Harvard, 35. GRASSI, 1887.-Anat. Compo dei Tisanuri e Consid. gen. sull' 
organizzazione degli Insetti.- Aft. Acad. d. Lincd (4),4. HAASE, 1889.-Vide p. 44. 
IMMS, 1906.-Anurida, L'pool. Marine Bioi. Mem. 13. LINNANIEMI 1907-12.-Die 
Apterygoten-Fauna Finlands. Acta. Sci. Faun. Fl. Fennica. 40. LUBBOCK,1873.
Monograph of the Collembola and Thysanura. London. OUDEMANS, 1888.-Beit. 
zur Kenntnis der Thysanura und Collembola. Bijd. tot Dierk 16. (Trans. of Dutch 
paper of 1887). PHILIPTSCHENKO, 1907.-Anatom. Studien uber Collembola. 
Zeits. wiss .. Zool. 85. PRELL, 1913.-Die Chitinskelett von Eosentomon. Zoologica, 
64. SCHOTT, 1893.-Zur Systematik und Verbreitung pal<eartischer Collembola. 
Kongl. Svenska Vet.-Akad. Handl. 25. SILVESTRI, 1907.-Descrizione di novo 
genere di Insetti Apterigoti, rappresentanti di un novo Ordine. Boll. Lab. Zool. 
Portici. I. -- 1905.-Nuova Contrib. alla Conoscenza dell' Anajapyx vesiculosus. 
Ann. Scuola d'Agric., Portici, 6. SOMMER, 1885.-Ueber Macrotoma plumbea. 
Zeits. wiss. Zool. 41. VERHOEFF, 1904.-Zur Vergleich. Morph. und Syst. der 
]apygiden. Arch. Naturg. I. WILLEM, 1900.-Recherches sur les Collemboles et 
Thysanoures. Mem. Sav. Etr. Acad. Roy. Belg. 58. 



SUB·CLASS PTERYGOTA 

Order 4. ORTHOPTERA (Cockroaches, Stick Insects, 
Grasshoppers, etc.) 

I NsECTs WITH TYPICAL BITING MOUTH-PARTS: SUPERLINGUJE VEs1IGEAL 

OR ABSENT: LIGULA 4-LOBED. VENATION OF A GENERALIZED TYPE, 
OFTEN WITH ARCHEDICTYON AND SUPERNUMERARY VEINS. FORE-WINGS 

ELONGATE AND NARROW, MODIFIED INTO SOMEWHAT HARDENED T~GMINA : 

HIND-WINGS MEMBRANOUS, AND MORE DELICATE, WITH AN EXTENSIVE ANAL 

AREA: APTEROUS AND BRACHYPTEROUS FORMS COMMON. ABDOMEN USUALLY 

WITH JOINTED CERCI OF SHORT OR MODERATE LENGTH: AN OVIPOSITOR 
GENERALLY PRESENT. METAMORPHOSIS SLIGHT OR WANTING. 

The Orthoptera form an order of more especially terrestrial insects and 
many possess greatly developed powers of running or leaping. Except in 

·certain Acridiidre, flight is not one of their striking characteristics, and 
alary organs are often abortive or totally wanting. It is noteworthy that the 
numerous flightless species are not restricted to any particular division of 
the order. but occur in all the families. Among the exceptional Orthoptera. 
perhaps the most interesting are the few which have adopted aquatic habits. 
They include several species of Blattidre and Acridiidre and one of the 
Gryllidre, but these insects do not exhibit any very striking modifications 
in accordance with their mode of life. In the case of the Blattidre (vide 
Shelford, Zoologist. 1907) they are able to undergo voluntary submergence. 
and rest with the apex of the abdomen in communication with the air, but 
are not in any way structurally different from terrestrial species. The 
aquatic Acridiidre belong to the Tetriginre (Scelimena) and these insects 
have the hind tibire and tarsi dilated for swimming .. They readily take 
to the water and are good divers (Green, En!. Month. Mag. 1902). The 
aquatic Gryllid Hydropedeticus (MiaU and Gilson. Trans. Ent. Soc. 1902) 
is extremely active and skates on the surface of streams in Fiji. 

Orthoptera are insects of comparatively large size-very small species 
are infrequent, while some members of the order are among the largest of 
existing insects. The number of recorded species is approximately 12,000 
and about 500 inhabit Europe. In Britain there are only thirty-one indigen
ous forms, while eight others are immigrants, which have become naturalized 
and regularly breed here. In addition to these, there are a number of 
casual species which have not secured a permanent footing in our islands. 

External Anatomy.-The general structure of Blatta is described in 
the work by Miall and Denny (r886) and either this genus or Periplaneta 
is extensively used in zoological laboratories as the introductory type 
exemplifying insect morphology. Since the Blattidre are the most general
ized of the Orthoptera, a study of a typical member of that family forms 
an adequate basis for a more extended acquaintance with the order. 

The head, excepting for variations in size and form, exhibits a remarkable 
uniformity of general organization. The Y-shaped epicranial s'uture is well 
seen, for example, in Blatta (Fig. 4) and Gryllus: in Mantis and Tetrix, on the 
other hand, the anterior arms are reduced and evanescent. The compound 

220 
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eyes attain their greatest size in the Mantidre, while in the Blattidre they 
are markedly reniform: they are usually surrounded by narrow band-like 
ocular sclerites which are well exhibited in Blatta, Mantis and Melanoplus. 
The typical number of ocelli is three, but these organs are frequently want
ing in the Locustidre and Phasmidre, while they are very variable in the 
Blattidre 'and Gryllidre. Among the Blattidre, they are best developed in 
the winged forms, and exhibit a tendency to disappear in species in which 
the wings are abbreviated or absent. In Blatta there is no median ocellus, 
and the lateral ocelli are represented by a pair of pale-coloured areas, often 
referred to as fenestrre. In Mantis the ocelli are distinctly larger in the 
males than in the females. The frons is always well developed, and the 
fronto-clypeal suture rarely wanting: both clypeus and labrum are large. 
The antenna are typically long, setaceous appendages composed of many 
joints: in the Acridiidre, however, they are shorter than the body, and 
may be more or less clubbed or ensiform, while in the males of some Mantidre 
they are pectinated. Band-like antennal sclerites are to be seen in many 
members of the order. The mouth-parts (Figs. 8 and 229) have been 
studied in detail by Bugnion (1920), Mangan 
(1908) and Yuasa (1920). The mandibles do not 
call for any detailed mention, they frequently 
articulate with the head through the interven
tion of a small basal sclerite on either side-the 
trochantin of the mandible; a prostheca is present 
in Blatta and Periplaneta but is not of common 
occurrence. The maxilla are of the generalized 
type already described (p. 17). The galea is 
2-jointed, a subgalea is generally present, and 
the cardo is divided into two sclerites: the 
maxillary palpi are uniformly 5-jointed. The 
labium is characteristically primitive, and the 
palpi are 3-jointed: the prementum generally FIG. 229.-LABIUlvl OF MEL
exhibits clear evidences of its paired origin, and ANOPLUS DIFFiRENTJALIR, 

VENTRAL ASPECT. 
each division carries a glossa and paraglossa. In 
certain Acridiidre (M elanoplusJ the glossre are 
exceptional on account of their extreme reduc
tion (Fig. 229). The hypopharynx is large and 

pg, paraglo$sa; go~ glossa; p, 
palpiger j ~J mentum; sm, sub
mentum. After Yuasa, Journ. jl,Iorph. 
33· 

well developed, and small lateral chitinizations are present which have been 
regarded as vestigeal superlingure. The cervicum is characterized by three 
pairs of cervical sclerites (Fig. I7). The most striking feature in the thorax 
is the large shield-like pronotum which also extensively overlaps the pleura 
on either side. In certain of the Acridiidre the pronotum is divided by 
means of transverse sulci into four areas: the latter, however, are evi
dently not homologous with the tergites of the remaining thoracic seg
ments which are developed in conformity with the requirements of flight. 
The meso- and meta- thorax are very much alike, and often structurally 
identical: according to Snodgrass, the postnotum is wanting from both 
those segments. The legs (Figs. I9 and 20) differ very much in character 
among the different families, and their modifications are referred to under 
the latter. In a broad sense Orthoptera are divisible into those which run 
or walk (Cursoria) and those which leap (SaItatoria). In the first men
tioned division the three pairs of legs are very similar and the tarsi are 
5-jointed. In the Saltatoria the hind-legs often attain a great length with 
the femora swollen proximally: the tarsal joints vary in number and are 
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always fewer than five. Among other features, the broad flattened coxce 
of the Blattid~, and the presence of a meron in relation with the middle 
and hind pairs, may be mentioned: the prehensile. fore-legs of the 
Mantid~, and the highly specialized fossorial anterior limbs of the Gryl

FIG. 230.-BLATTA ORIENTA LIS, SLIGHTLY EN
LARGED. 

lotalpin~ are also noteworthy. 
The anterior pair of wings are 

usually referred to as tegmina: 
they are somewhat hardened and 
parchment-like in consistency, a 
feature which enables them to 
serve as shields for the more 
delicate membranous hind-wings. 
The latter are characterized by 
the great development of the anal 
area which may occupy the major 
portion of the wing. When at 
rest, the left tegmen usually 
slightly overlaps the right one, 
and the wings are folded in a 
longitudinal manner beneath 
them. The degree of develop
ment of the alary organs presents 
many variations throughout the 
order. As a rule, the tegmina are 

elongate and relatively narrow, but they may be reduced to mere scales 
as in many Phasmid~. In other cases, both pairs of wings may be so 
reduced as to be useless for flight, as, for example, in tbe female of Blatta 
orientalis (Fig. 230). In some 
genera the bases of the teg
mina only persist as stridula
tory areas and there are, 
furthermore, a large number of 
species entirely devoid of alary 
organs. The development of 
the wing veins merits much 
fuller investigation than has 
hitherto been accorded to it. 
In some Blattid~ the wing 
trache~ clearly approach very 
closely to the primitive hypo
thetical type since the basal 
transverse trachea is not de
veloped. According to Com
stock and Needham the costal 
trachea is wanting or vesti
geal: Sc is well developed and 
both it and R often give off 
many supernumerary branches 
towards the anterior margin of 

FIG. 23I.-RIGHT WINGS OF PERIPLANETA AUSTRAL

ASIoE. 

Adapted from Handlirsch. 

the wing. This development of accessory veins is characteristic of the order, 
and a large number are present to give support to the extensive anal area 
of the hind-wing. The venation (Figs. 231, 232) as a whole is of a gener
alized type and, with the exception of C, all the primary veins are repre-
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sented: a common feature is the frequent reduction of Rs and M. Although 
well developed cross-veins are present, the spaces between the veins are 
frequently occupied by an irregular network, which is a survival of the 
primordial arch edict yon. 

The abdomen consists of ten evident segments which are represented 
by their terga, while vestiges of an eleventh segment are to be found in 
the suranal and podical plates. On the ventral aspect, the first sternum 
is wanting or much reduced; sterna 2 to 9 are to be observed in the males, 
and the roth sternum is vestigeal or absent in the adults of both sexes. 
In the females of Blatta the last visible sternum is the 7th, and the 
8th and 9th sterna are telescoped into it to form the genital pouch. 
A more primitive condition is exhibited in Gryllotalpa where the genital 
pouch is not developed: in this insect the 8th and 9th sterna are externally 
visible, the last mentioned plate being represented by a pair of small 
shields. In the males, the 9th sternum bears a pair of anal styli: the 
latter organs are present in the nymphs of both sexes but in Blatta, for 
example, they disappear in the female after the fifth ecdysis. 

Cerci are generally 
present and vary 
greatly among differ
ent families. These 
organs are long and 
8-jointed in Gryllo
blatta; short and r6-
jointed in Blatta; very 
long and unjointed in 
the Gryllidre and re
duced to small pro
cesses in the Acridiidre. 
An exserted oviposi
tor is well developed 
in Grylloblatta (Fig. 
234) which in this re
spect is unique among 
the Cursoria: it is 
also present in almost 

Rs 

FIG. 232.-RIGHT WINGS OF SOBISPOOEROA. 

Adapted from Handlirsch after Brongniart. 

all Saltatoria. In the Blattidre, Mantidre, and Phasmidre it has undergone 
great reduction and is not evident without dissection. When completely 
developed the ovipositor consists of three pairs of gonapophyses of which 
the outer pair forms the long blades in Grylloblatta and the Locustidre; the 
middle, or inner, pair is composed of slender processes, which fit in grooves 
situated on the first or lower pair of gonapophyses (Fig. 38). In Acridium 
all the parts are very short and the inner gonapophyses minute: in Blatta 
there are similarly three pairs of reduced genitalia, which are concealed in 
the genital pouch. 

One of the most characteristic features of the Saltatoria are the stridu
latory organs and, with very few exceptions, it is the males alone which are 
capable of sound production. These organs are of two principal types: (a) 
the alary and (b) the femoro-alary. The first type is seen in the Gryllidre 
and Locustidre. In Gryllus each tegmen bears a rasping organ or file and 
a hardened area or scraper, the file of the one tegmen working against the 
scraper of the other. In the Locustidre on the other hand this two-fold 
or ambidextrous arrangement is no longer maintained. The file is only 
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functional on the left tegmen and the scraper on the right one. In the 
Acridiid subfamily CEdopodime stridulation is produced by the friction 
of the upper surface of the costal margin of the wings against the lower 
surface vi the thickened veins on the tegmina. Femoro-alary stridulatory 
organs are characteristic of the remainder of the Acridiidre. Sound is pro
duced by rubbing the inner aspect of the hind femora, upon each of which 
there is a row of projecting pegs, against the thickened basal area of the 
radius of each tegmen. Auditory 'organs (vide p. 84) are present in all 
sound-producing species. Whatever the type may be, each organ consists 
of a thin cuticular membrane, or tympanum, whose vibrations are trans
mitted to the sensory centres by means of scolopalre, which are connected 
with the nerve endings. In the Acridiidre the auditory organs are highly 
specialized, and their tympanal portions are seen one on either side of the 
first abdominal segment. In the Locustidre and Gryllidre these organs 
are different in type and consist of a pair of tympana situated near the 
proximal end of each fore-tibia. In many genera these tympana are freely 
exposed but, in some cases, they are largely cQncealed. In the latter event 
each is covered by an integumental fold, so that it comes to lie in a cavity, 
which only communicates with the exterior by means of an elongate slit
like opening. 

Internal Anatomy.-The principal features of the digestive system (Figs. 
97, 100) are the presence or absence of convolutions and of enteric coeca, the 
number and disposition of the Malpighian tubes, and the form and internal 
structure of the gizzard. As a general rule the oesophagus expands into a 
capacious crop, which is succeeded by an elaborately developed gizzard. The 
mid-intestine is variable in length and frequently convoluted: except in the 
Phasmidce, there are two to eight enteric coeca. The Malpighian tubes 
are numerous (circa 30-120) and filiform, and in the hind intestine there 
are six rectal papillre. Salivary glands are, in general, well developed and 
lobulated (Fig. 142), each lobe consisting of groups of glandular acini (vide 
Hofer, 1887) : salivary reservoirs are also present in the majority of species. 
The detailed structure of the digestive system has been very fully inves
tigated by Bordas (1898) in a number of species and its characteristics in 
different families are as follows. 

Phasmidm.-Alimentary canal without any convolutions, the gizzard atrophied 
and no enteric cceca. The anterior portion of the mid-intestine with thick circular 
muscle bands: the posterior region with numerous superficial glandular papillre 
and drawn out terminally into filaments. Malpighian tubes grouped in bundles 
opening at the summits of tubercles. 

Blattidm.-Alimentary canal long and sinuous, the crop voluminous and the gizzard 
provided with a powerful masticatory armature. Eight tubular enteric cceca; 
Malpighian tubes arranged in six groups (Fig. 97). 

Mantidm.-Alimentary canal either straight or sinuous, the crop well developed, 
and the gizzard rudimentary. Eight tubular enteric cceca and voluminous salivary 
glands. 

Acridiidm.-Alimentary canal straight, the crop large and the gizzard wanting 
or vestigeal. The mid-intestine longitudinally plaited; six enteric cceca each provided 
with a short posterior diverticulum. Malpighian tubes disposed in bundles and 
salivary glands rudimentary. 

Locustidm.-The alimentary canal long and convoluted, the crop well developed, 
the gizzard voluminous and provided with a very powerful internal armature of teeth 
disposed in six ridges. Two sac-like enteric cceca embracing the gizzard laterally. 
l\Ialpighian tubes capillary, opening in groups at the summits of small papillre. 

Gryllidm.-The alimentary canal long and convoluted: the crop and gizzard large, 
the latter with a strong chitinous armature. The enteric cceca as in Locustidre: 
Malpighian tubes arranged in a single bundle discharging into the extremity of a 
common duct or ureter (Fig. 97). 
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The nervous system is of a generalized character and in addition to the 
cephalic centres there are three thoracic and five or six abdominal ganglia. 
Gryllotalpa in exceptional, and according to Newport, in addition to those 
of the thorax, there are only four ganglia in the abdomen. The longitudinal 
connectives are double throughout the length of the ventral cord: they 
are usually widely separated in the thorax and closely approximated, 
although distinct, in the abdomen. The brain has been studied by Packard 
in Melanoplus and its histology has been investigated by Newton (Q .j.M.S. 
1879) in Blatta and by Viallanes (1888) in the Acridiidre. This organ exhi
bits a greater structural simplicity in the last mentioned family than in 
either the Blattidre or Gryllidre. In the two latter families the mushroom 
bodies are better developed and, in the Blattidre, the calyces are double 
and relatively complex. The sympathetic system is well developed in 
Orthoptera and has been investigated by Hofer (1887). The tracheal system 
(Fig. rr6) communicates with the exterior by means of ten pairs of spiracles, 
the first two being thoracic and the remainder abdominal in position. In 
certain of the Acridiidre there is a highly-developed system of air-sacs 
which exhibit a segmental disposition: one very large pair is situated in 
the prothorax and there are five pairs of abdominal sacs. In addition to 
these principal vesicles, which are superficial in position, a large number of 
smaller sacs are distributed among the muscles (Packard). The circulatory 
system has been described by Miall and Denny in Blatta. The heart (Fig. 121) 
consists of thirteen chambers, which correspond with each of the thoracic and 
ten abdominal segments: there are twelve pairs of alary muscles and these 
are inserted into the pericardial diaphragm. The female reproductive system 
of Periplaneta (vide Bordas, 1909) consists of a pair of ovaries each composed 
of eight panoistic ovarioles (Fig. ISO). The two oviducts combine to form a 
common vagina which opens into the genital pouch (vide p. 223) by a median 
pore on the 8th sternum. A pair of branched collet erial glands open into 
the vagina on its ventral aspect. The left gland is larger than the right 
one and se'cretes a quant~ty of carbonate of lime: the right gland ~ecretes 
a viscid substance and the products of the two glands are utilized in the 
formation of the ootheca. The spermatheca consists of two vesicles of 
unequal size opening on the 9th sternum, which forms the dorsal wall of 
the genital pouch. Among other Orthoptera there is a considerable varia
tion in the number of ovarioles: thus in Acrida turrita there are 16 to each 
ovary and in the Locustidre they are very numerous. The colleterial glands 
attain their greatest development in the Blattidre and Mantidre, which pro
duce highly developed oothecre. In the last mentiQned family there are two 
pairs of these glands and in the Gryllidre they are represented by mucous 
glands. Among the Locustidre and Acridiidre colleterial glands are want
ing: in the former group there is a tubular diverticulum (" boyau" of 
Fenard) of the vagina, and in the Acridiidre a somewhat similar outgrowth 
arises from the apex of each oviduct. In these cases the diverticula provide 
a mucilaginous secretion which is applied to the eggs and in the Acridiidre 
it unites them into a common mass. A spermatheca is of general occurrence 
among Orthoptera but is exceedingly variable in character. In Blatella 
germanica it consists of two pairs of sacs while among the Locustidre it is 
a single organ. The seminal duct, moreover, may be exceedingly short as 
in Blatta, long as in Gryllotalpa, or complexly coiled as in many Acridiidre. 

The male reproductive organs of Periplaneta (Fig. 146) are described by 
Miall and Denny. The testes lie in the 5th and 6th abdominal segments and 
each consists of 30-40 rounded vesicles which are arranged in longitudinal 

G.T.E.-IS 
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series along the apical portion of the vas deferens. The vasa deferentia dis
charge into the vesiculre seminales which are sac-like enlargements at the 
anteri9r extremity of the ejaculatory duct. They are concealed by the greatly 
developed accessory glands; the latter consist of two series of tubules aris
ing from the walls of the vesiculre and from the an terior portion of the ej acula
tory duct. Collectively, the accessory glands form a large compact mass which 
was termed by Huxley" the mushroom-shaped gland." Situated beneath 
the ejaculatory duct there is an unpaired gland (conglobate gland of Miall 
and Denny) which opens separately upon a forked sclerite forming part 
of the genitalia. According to Bordas it is an odoriferous gland of defen
sive function, which secretes a volatile alkaline fluid and is comparable 
with the pygidial glands of Coleoptera. Among other Orthoptera there is 
great variation in the form and structure of the testes; accessory glands 
are generally present, and vesiculre seminales are of two types. In Gryllus 
campestris and {Ecanthtts the latter organs are formed as convoluted enlarge
ments of the vasa deferentia, while in the Mantidre and in GryUotalpa they 
are ccecal outgrowths which open directly into the ejaculatory duct. For 
more detailed information with regard to the reproductive organs in both 
sexes of Orthoptera reference should be made to the paper of Fenard (1896). 

In addition to the glands associated with the alimentary canal and 
reproductive system there are, in many Blattidre, repugnatorial glands 
which are situated beneath the abdominal terga. In Blatta orientalis they 
take the form of two pouch-like invaginations of the body-wall b::.tween 
the 5th and 6th terga in both sexes. In Blattella germanica these glands 
are extensive in the male and reach far into the body-space, while they 
are wanting in the female (Minchin, Q.J.M.S. 1888; Zool. Anz. 1890). 
A sternal gland opening between the 6th and 7th sterna is also present in 
B. orientalis (Harrison, Q.J.M.S. 1906). Mandibtdar glands have been 
found by Bordas in the Mantidre and dorsal prothoracic glands occur in the 
latter family and in the Phasmidre. In the males of {Ecanthus there is a 
large metanotal gland which is indicated externally by a deep depression on 
the metatergum. According to Fulton (1915) the gland opens to the 
exterior by means of two pairs of pores. The latter are connected with 
much branched tubuli which extend back into the abdominal cavity. The 
function of this evidently important organ is not fully understood, but 
it is believed to be an alluring gland whose secretion is attractive to the 
female during copulation. 

Post-embryonic Growth.-The eggs of Orthoptera are more or less 
cylindrical and in the Blattidre and Mantidre they are deposited in 
oothecre: in the Phasmidre each egg is enclosed in a separate seed-like cap
sule (Fig. 233). Among the Acridiidre, although there is no true ootheca, a 
secretion of the colleterial glands is poured out which hardens around the eggs, 
uniting the latter into a single compact mass. Among many Orthoptera, 
notably in the Mantidre, Acridiidre and in {Ecanthus the young insect sheds· 
a membranous covering shortly after emergence from the egg. The insect 
frees itself from this investment by convulsive movements of the body 
aided by pressure exerted by the cervical ampulla described below. This 
covering has frequently been regarded as the amnion but, in so far as the 
Mantidre are concerned, Williams and Buxton (1916) have shown that it is 
a true nymphal cuticle, separately enveloping the antennre and limbs; and 
that the shedding of it constitutes the first ecdysis. An amnion, on the 
other hand, encloses the insect as a whole in the form of a sac and does not 
envelop the appendages separately. In Blatta an ecdysis is also stated to 
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occur shortly after emergence but this feature is difficult to observe owing 
to the readiness with which the nymphs devour their exuvire. The number 
of ecdyses which occur during the life of an Orthopteron is subject to great 
variation, not only in different families but also among the individuals of a 
single species. Five ecdyses are recorded for example in (Ecanthlts and 
Melanopllts, six in Blatta and from three to twelve in the Mantidre. In 
many Orthoptera the soft cervical membrane plays an important part 
during ecdysis: it is capable of being distended, by the influx of blood, into 
a swollen dorsal ampulla which protrudes immediately behind the head. 
According to Herculais (Bull. Soc. Ent. Fr. 1890) in Staltronotus a turgid 
condition is maintained by the accumulation of air in the crop which lies 
beneath the ampulla and, by means of the pressure thus exerted, the insect 
is able to rupture the old cuticle. This observer also mentions that the 
cervical ampulla plays an important part in the escape of the insects from 
the capsule which encloses the eggs. Six or seven young insects combine 
their efforts and force 
open the lid of the cap
sule by means of their 
ampullre, and thereby 
effect their exit. 

In the apterous 
members of the order 
post-embryonic growth 
consists merely of an 
increase in size, and in 
the further differentia
tion of the appendages 
and genital segments: 
in other words meta
morphosis is absent 
and the -Jloung closely 
resemble their parents. 
In the winged forms a 
slight but gradual 
metamorphosis is evi
dent, and the Fudi
ments of alary organs 
are usually evident in 

m 

FIG. 233.-00THEClE. A, MAN1'lS. E, BLATTA OR/ENTALl5 

(AFTER MIALL AND DENNY). C, CAllAllSlllS ~IOROSllS 
(AFTER LING ROTH). D, PIIYLLlll}I ORllRlFOLlUM, 111, 

MICROPYLE (AFTER HENNEGUY). ALL ENLARGED. 

the third instar. In Melanoplus and (Ecanthus, which pass through six 
nymphal instars, the wing rudiments appear as slight extensions of the 
meso- and meta-nota in the second instar, becoming clearly evident after 
the subsequent ecdysis. The position assumed by the wings in the salta
torial Orthoptera during their nymphal instars is different from that found 
in the adults. In the immature forms the wings have undergone torsion 
with the result that their surfaces and margins are inverted and in posi
tions which are the opposite to those assumed in the perfect insects. 

Literature on Orthoptera.-The most important monographs on the 
European members of the order are those of Brunner von Wattenwyl (1882) 
and Tumpel (1907-08). The first mentioned authority (1893) .has also 
published a comprehensive work on most of the families and genera, and 
Kirby (1904-10) has catalogued the species of the world. Burr (1910) has 
written a short synopsis of the species of western Europe, Chopard has 
monographed the French species, and the British forms have recently been 
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the subject of a vol:ume by Lucas (r92o). The best general summa.ry of 
our knowledge of the Orthoptera is given by Sharp (Ins. pt. r) : a good 
deal of information will also be found in the work of Blatchley (1920). 
Among other contributions those of Miall 'and Denny (r886) on the 
cockroach and Packard (r875) on the Rocky Mountain locust may be 
mentioned. Among writings devoted to special families those of Brunner 
and Redtenbacher (1906-08) on the Phasmidre; Westwood (1889) on the 
Mantidi:e; the contributions to " Genera Insectorum " by Shelford on the 
Blattidre, and by Caudell, Bolivar and others on the Acridiidre and 
Locustidre, are important. 

Classification.-The original name applied to the order by De Geer 
was Dennaptera and this was subsequently replaced by the term Orthoptera 
which is due to Oliver. There is a tendency among modern students to 
divide the Orthoptera into several distinct orders restricting the original 
name to the saltatorial forms only. This course appears scarcely to be 
warranted and is largely due to differences of opinion with reference to 
characters which are to 'be regarded as of ordinal value. In the present 
work eight families are recognized which may be identified with the aid of 
the following synopsis: 

I (8) .-Legs usually of approximately equal size, the hind-
femora not adapted for leaping; tarsi 5-jointed. 
Sound-producing organs absent. Ovipositor almost Cursoria 
always concealed. 

2 (3) .-Apterous; ovipositor exserted, cerci long. GRYLLOBLATTIDlE 

3 (2).-Winged or apterous; ovipositor concealed and often 
rudimentary, cerci short. 

4 (5).-Pronotum large and shield-like; cox::e very broad, 
protecting lower surface of body. 

5 (4)·-Not as in 4· 
6 (7).-Fore-Iegs highly modified for raptorial purposes; pro

thorax generally very long. Eyes large, ocelli 3. 
Cerci jointed. 

7 (6).-Fore-Iegs normal; mesothorax very long. Eyes small, 
ocelli usually absent. Cerci unjointed. 

8' (1).-Legs of unequal size, the hind-femora enlarged for 
leaping; tarsi with fewer than five joints. Sound 
producing organs present. Ovipositor generally 
exserted. 

9 (IO).-Antenn::e shorter than body; tarsi usually 3-jointed. 
Stridulatory organs on tegmina and hind-femora; 
auditory organs at base of abdomen. Ovipositor short. 

10 (g).-Antenn::e filiform, often longer than body; tarsi usually 
3- or 4-jointed. Stridulatory organs on tegmina 
only: auditory organs on fore-tibi::e. Ovipositor long. 

II (12).-Tarsi 4-jointed, ovipositor ensiform. 

12 (Il).-Tarsi 3-jointed (rarely 1- or 2- jointed or wanting), ovi
positor usually cylindrical and acicular. 

13 (14).-Ovipositor acicular, hind-femora enlarged. 

14 (13).-Ovipositor concealed, hind-femora scarcely enlarged, 
• fore-legs strongly fossorial. 

(p. 228) 

BLATTIDlE 

(p. 229) 

MANTIDlE 

(p. 230 ) 

PHASMIDlE. 

(p. 23 1 ) 

Saltatoria 

ACRIDIIDA!. 

(p. 23 2 ) 

LOCUSTIDA!. 

(p. 234) 

Most GRYLLIDlE 

(p. 235) 
GRYLLIDlE part 

(p. 236) 

FAM. GRYLLOBLATTIDlE.-This family is represented by a single species 
(Grylloblatta campodeiformis Walk.) , of apterous thysanuriform insect from Alberta, 
Canada, and from California. In Canada it is a mountain form living among 
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stones of a talus-slope at an altitude of about 6,500 ft. Structurally it is a very 
generalized type combining certain Gryllid and Blattid features with those found 
in the Derniaptera, Isoptera and Plecoptera. The eyes are small and there are no 
ocelli; the antenn;:e are long and filiform and the tarsi are 5-jointed. The females 
possess an exserted sword-like ovipositor similar to that found in the Locustid;:e 
and differ thereby from all other cursorial Orthoptera: combined with this feature 
is the presence of long 8-jointed cerci (Fig. 234). For further information on this 
family reference should be made to papers by Walker (1914, 1919). 

FAM. BLATTIDLE. (Cockroaches).-The Blattid;:e are eminently tropical 
insects and, although abundantly represented in individuals, the number of species 
inhabiting temperate zones is relatively small. Most of what is known concerning 
these insects has been derived from a study of certain forms which have become 
naturalized in various parts of the world. They are readily transported in the holds 
of ships from one country to another, and afterwards become disseminated through 
merchandise. Blattid;:e are very swift runners, and 
the legs are all very much alike: their large broad 
coxre cover the ventral surfacp of the thorax and 
the base of the abdomen. Tl1e head, when in re
pose, is reflexed beneath the thorax; the antenn;:e 
are very long, filiform, and often consist of nearly 
one hundred joints. The eyes are large and reni
form, a pair of ocelli are usually present in the winged 
forms; when the alary organs are abbreviated or 
wanting, ocelli are often represented by pale spots 
(fenestrre). The pronotum is large and brnad, often 
concealing the head: the meso- and meta-thorax 
are smaller and sub-equal in size. The tegmina and 
wings exhibit many variations in length compared 
with that .of the abdomen: in some genera (Blat
tella and Periplaneta) they completely cover the 
latter region while in others (males of Blatta) they 
leave the distal portion of the abdomen exposed 
(Fig. 230). Very frequently the alary organs are 
abbreviated in the female, as in Blatta, or absent as 
in Potyphaga and its allies. When fully developed, 
the wings are characterized by the great develop
ment of the anal area which in repose is folded longi
tudinally like a fan, and often comprises more than 
half of the wing. The abdomen carries a pair of 
jointed cerci and there are generally also anal styli 
in the males. Although cockroaches are usually of 
a testaceous or dark mahogany hue there are'tropi
cal species which exhibit both elegance of form and 
beauty of coloration. 

The domesticated species are omnivorous and, 
although they exhibit a partiality for sweetened or 
starchy matter of various kinds, they are known to 
feed upon a great variety of substances including 
provisions, paper, clothing, books, shoes, etc., and 
also dead insects. As a rule they injure and soil 
far more of diff~rent substances than: they consume. 

FIG. 234.
GRYLLOBLATTA, FEMALE. 

After Walker, Can. Ent. 1914. 

Comparatively little is known with rega.rd to the natural food of the indigenous 
species of different countries: Brunner considered that it consists largely of dead 
animal matter. About 1,200 species of cockroaches are known and they occur 
naturally under dead leaves, moss, refuse, and on flowers and bushes, In Great 
Britain there are two indigenous species belonging to the genus Ectobius, which 
live out of doors among the undergrowth of woods or on the seashore. There are 
also five naturalized aliens of cosmopolitan range: these regularly breed in Britain 
although not under natural conditions. In addition to the foregoing, about twenty 
species have occurred casually (vide Lucas, 1920). Of the naturalized or do.mesticated 
species there are two which frequent buildings, viz. the common or oriental cockroach 
Blatta orientalis and the rarer German cockroach Blattella germanica. Occasionally 
three other species are found in warehouses or hothouses, viz. Periplaneta americana, 
P. australasice and Leucophcea surinamensis. 

The eggs of Blattid;:e are commonly laid in horny purse-like oothec;:e (Fig. 233) : these 
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capsules are very similar in structure but vary in size and shape, and in the number 
of eggs they contain, in different species: in Blatta orientalis there are sixteen eggs to a 
capsule and in Blattella germanica they average about forty. The ootheca is divided 
longitudinally by a membranous partition into two chambers. Within each of the 
latter there is a row of cylindrical pockets and a single egg is lodged in each pocket. 
The ootheca is formed in the genital pouch of the female and the eggs descend singly 
from alternate ovaries: the pouch is increased by additions to its substance and its 
first formed portion soon begins to protrude from the body. When the full number 
of eggs have entered it, the ootheca is closed and, after being carried about for a 
variable time projecting from the body of the female, it is deposited in some suitable 
crevice. In some species the ootheca is reduced to a thin transparent investment, 
and it may be retained within the brood pouch of the female, the latter being vivi
parous: in other instances an ootheca is not constructed at all. In normal conditions, 
when the nymphs are ready to emerge, the ootheca splits along its dorsal edge, the 
two halves extend apart and the young struggle out. In Blatta orientalis there are 
said to be six, or possibly seven, ecdyses and the whole period occupied in 
development from the egg to the adult is reputed to be lengthy, but little is definitely 
known. Blattella germanica, on the other hand, completes its development in con
sider a bly less than a year. 

FAM. MANTIDlE (Praying Insects).-This extensive family is composed of 
exclusively carnivorous species and occurs in all parts of the world, excepting the 
cooler regions. Its members are easily recognized by the peculiar form of the front 
legs, which are adapted for seizing and retaining the animals which form their prey. 

FIG. 235.-MANTIS EEL/GIOBA, MALE. S. EUROPE. 

Each fore-coxa is much elongated, and the femur be' ,rs, on the ventral aspect, a 
groove which is armed along its two edges with a series of spines. The tibia 
is adapted to close in this groove after the manner of the blade of a pocket-knife, its 
sharp toothed edge serving to firmly retain the prey, the teeth fitting in between those 
of the femur (Fig. 235). Armed in this way, the mantis often sits motionless for long 
periods at a time, with the head upraised upon the elongate and sub-erect prothorax. 
The powerful raptorial fore-legs are raised together in front, their pincers being 
partially opened to seize any suitable prey that ventures within range. This curious 
attitude, which suggests one of supplication, has earned for its possessors the name 
of" praying insects." Many legends and superstitions are associated with the species 
Mantis religiosa : the ancient Greeks endowed it with supernatural powers: some of the 
Moslem peoples maintain that it prays with its face turned towards Mecca: in other 
countries it is regarded as a saint, mendicant or soothsayer and in Andalusia it is known 
as " Santa Teresa." Notwithstanding these attributes, mantids are veritable tigers 
of the insect world, and feed voraciously" upon flies, grasshoppers, caterpillars, etc. 
They are very pugnacious, the larger forms often devouring the smaller, and females 
the males. Some of the large S. American species have been recorded as even 
attacking small birds, lizards and frogs. Mantids are extremely variable in form, 
and are assimilated in a remarkable manner to their surroundings more especially, 
it would appear, in order to deceive their prey rather than to protect themselves. 
The green colour of the typical mantis serves this purpose admirably: those that 
simulate flowers have the advantage of attracting flower-haunting insects within 
their reach. Certain tropical species possess foliaceous expansions on the prothorax 
and limbs, while Pyrgomantis is so attenuated as to resemble a Phasmid. 

The head in the Mantid;:e is extremely mobile and is connected with the prothorax 
by means of a slender neck. The eyes are very large: in some forms they assume 
curious shapes, and may be elongate and horn-like. There are three ocelli and these 
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organs ar.e rarely wanting. The prothorax is almost always longer than any other 
trunk segment, and may even eX,ceed in length the whole of the after-body. Both the 
middle and hind pairs of legs are slender and weakly developed, the insects moving in 
a slow and ungainly manner. The tegmina frequently have very much the appearance 
of foliage, particularly in the females, but the alary organs in the latter sex are but 
little adapted for flight. The abdomen is terminated by short jointed cerci, an 
exserted ovipositor is wanting, and there is a pair of anal styli in the male. 

The eggs of Mantidce are laid in oothecce (Fig. 233) which are attached to twigs, 
bark, walls and other objects. Each female makes four or five of these cases and their 
type of construction varies in different species. In the Indian Gongylus, for example, 
Williams (Trans. Ent. Soc. 1904) states that the ootheca consists of an outer covering 
formed of a more or less frothy secretion which hardens into a firm spongy substance. 
vVithin this envelope is a layer of about forty egg-
chambers arranged four abreast: they are construct~d 
of a viscid material which very rapidly hardens to tne 
consistency of horn. In the Chinese Hierodula saussurii 
Kershaw (Psyche, 1910) mentions that the oothecce are 
about an inch long, and the egg-chambers number 
about twenty-four, arranged in two longitudinal rows. 
An air space is left between the layer of eggs and the 
outer covering, and the latter is composed of overlap
ping strips of extremely hard, tough material. Other 
types of oothecce are described by Shelford (Trans. Ent. 
Soc. 1909) and by Williams and Buxton (Ibid. 1916). It 
wvuld appear that the eggs of Mantidce are admirably 
protected by these cases, but the latter are ineffective 
in warding off the attacks of insect enemies, judging 
hom the frequency with which parasitic Hymenoptera 
are bred out from them. It is possible, however, that 
they serve to protect the eggs from birds and lizards. 
After emergence, the youngmantids have been observed 
to hang suspended frbm their oothecGe by means of silken 
threads. The latter are secreted by a pair of papillGe 
on the loth sternum but after the first ecdysis silk is 
no longer produced (Williams and Buxton). The num
ber of ecdyses passed through is not constant and from 
accounts given by different observers it varies between 
three and twelve. The whole life-cycle occupies about 
a year. More than a dozen species occur in western 
Europe, of which the most familiar is Mantis religiosa. 
This insect ranges as far north as central France and has 
been introduced by means of nursery stock' into N. 
America where it has become locally established. 

FAM. PHASMIDLE (Stick Insects, Leaf Insects).
These insects are among the most curiously modified of 
all Orthoptera. Some of the linear forms attain a 
length of nine and even thirteen inches (33 em.) and 
are the longest, although by no means the bulkiest, of 
living insects. Many closely simulate sticks or grass 
stems and when at rest, or feigning death, they are 
among the most. difficult of all ins-ects to detect in 
the field (Fig. 236). Others (Phyllince) have broad 
lamina-like bodies with membranous expansions to 

FIG. 236.-CARAUSIUS 

MOROSUS, NAT. SIZE. 

After Ling Roth. 

the legs and closely resemble leaves both in form and coloration. A certain num
ber of species are invested with spiny outgrowths and some resemble pieces of 
lichen-covered bark. As a rule the plant,like appearance is most developed in the 
female. Phasmids have a characteristically elongate meso-thorax, the pro-thorax 
is small, and the three pairs of legs differ little from one another. The cerci are 
short and single-jointed, styli are wanting and the short ovipositor is concealed by 
the subgenital plate. The tegmina are generally small, often scalelike, or wanting 
even in cases where the wings are well developed. In many species there are no alary 
organs at all. The sexes are frequently very dissimilar, the male being small, rather 
active and winged, and the female large, sluggish, and apterous. All the species are 
vegetable feeders and extremely voracious, although they are rarely sufficiently 
abundant to cause appreciable injury to economic plants. They are essentially 
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denizens of tropical and subtropical.countries and over 700 species are known. Two 
genera are European while Bacillus gallicus is the only species which ranges as far north 
as central France. The number of eggs laid by these insects is commonly stated to 
be very small, but it is noteworthy that Ling Roth found the average number laid 
by Carausius morosus was 480 with a maximum of 712, the period of oviposition 
extending over about 225 days. The eggs are dropped from the plants upon which 
the insects are resting and the incubation period is a lengthy one: in some species 
they may remain on the ground for nearly two years before hatching. Each egg is 
enclosed in a separate hard capsule, and the latter is provided with an operculum 
which allows of the exit of the young insect. These capsules are variously and often 
very remarkably sculptured, and bear an extremely close resemblance to seeds (Fig. 
233). The biology of the family has been studied by Sinety (1901) and the growth 
and habits of Carausius rnorosus have been investigated in great detail by Ling Roth 
(Trans. Ent. Soc. 1917) and Talbot (Ibid. 1920). Post-embryonic growth is slow, 
and the life-cycle in the above-mentioned species occupies more than a year and a 
half from the time the eggs are laid. In the apterous forms the morphological 
changes during growth are slight and metamorphosis is almost non-existent. The 
number of ecdyses passed through is extremely variable, often among individuals of 
a single species; thus in C. rnorosus Ling Roth records six ecdyses, Sinety five or six, 
and Talbot three, or rarely four. Parthenogenesis is of frequent occurrence among 

Phasmids and in some species males are exceedingly 
rare. 

The Phyllin<e include the leaf-insects which are 
almost entirely confined to the moister parts of the 
Oriental region and more especially to the islands of 
the Indian ocean. Their biology has been lESS thor
oughly studied than in other Phasmids and has been 
principally observed in Phylliurn crurtjoliuIn by Joly 
(1871) and others. The sexes differ very remarkably; 
the males have small tegmina, well developed wings, 
and relatively narrow bodies. In the female the teg
mina are extensive leaf-like expansions, the wings are 
vestigial, and the body very much expanded (Fig. 237). 

FAM. ACRIDIIDJE (Locusts and Short-horned 
Grasshoppers).-The Acridiid<e are composed, of the 
common grasshoppers of the country-side, together with 
the various species of migratory locusts and a number 
of other more highly specialized forms. The antenn<e, 
with few exceptions, are much shorter than the body 
and are either filiform, clubbed or ensiform. The 

FIG. 237.-PHYLLIUM OR URI- stridulatory apparatus is usually formed by a ridge of 
POLJUM, HALF NATURAL SIZE. about eighty to ninety peg-like points aloI1g the inner 

Oriental region. aspect of the hind femora, which are rubbed against 
the hardened veins (radius) of the closed tegmina, 

thus causing the latter to vibrate and produce a low buzzing sound (Fig. 91). The 
males stridulate by day and when at rest, but the females are noiseless: rudimentary 
organs of a similar kind are found, however, in the females of Stenobothrus. Members 
of the CEdipodin<e are exceptional in that the males stridulate while on the wing, 
producing their notes by the friction of the upper surface of the costa of the wings, 
and the under surface of the thickened veins of the tegmina. A crackling sound 
results which has been compared to that of burning stubble. The auditory organs 
are located one 'on each side of the basal segment of the abdomen. The ovipositor 
is not conspicuous and its valves are short and curved (Fig. 238). By means of the 
latter organs the female excavates a hole in the ground or more rarely in decaying 
wood. The eggs are then deposited until they form a mass of 30-100 or more and, 
during the process, a glutinous fluid is diE charged around them which hardens to 
form a water-proof protection, corresponding to the more perfect oothec<e of the 
Cursoria (Fig. 240). Several of these masses are usually deposited by each female 
and the oviposition period in Caloptenus extends, according to Riley, over a period 
of two months. There appear to be five to eight ecdyses in the life of a species and. 
commonly one or two generations in the year. These insects are voracious devourers 
of vegetation during both their young and adult stages. 

The Acridiid<e are divided into nine sub-families of which the Tetrigin<e and Truxa
lin<e are alone represented in the British Isles, their members forming a large part of 
our meagre fauna of Orthoptera. The Tetrigin<e or " grouse locust~ .. are of a uniform 
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small size and brownish colour, with a remarkably developed pronotum which is pro
duced far back over the bcdy (Fig. 238). They are represented in the British Isles by 
two species of Tetrix, of which T. bipunctatus is one of the commonest grasshoppers. 
In many exotic species of the group the pronotal extension assumes varied and extra
ordinary forms recalling similar developments' in the Membracidre. The Truxalinre 
include the common field grasshoppers and are distributed throughout the globe: the 
British fauna contains nine species. The CEdipodinre or band-winged locusts are 
more or less brightly 
coloured insects, often with 
blue, yellow or red wings 
crossed by a characteristic 
black fascia. The tegmina, 
however, are sombrely 
coloured and when closed 
the insect harmonizes very 

,closely with its environ
ment. The genus Locusta 
L. (Pachtylus Fieb.) in
cludes one of the chief 
migratory locusts of the 
Old. World. According to 
Uvarov (Bull. Ent. Res. 
1921) it comprises only 

FIG. 238.-TETRIX BIPUNOTA1'US X 5. C, cercus, e, tegmen; 
av, ovipositor; p, pronotum; t, lateral lobe; w, wing. 

two species, L. migratoria and L. pardalina. Both species exist in two phases-a 
destructive migratory one and a solitary harmless one. In the case of the first men
tioned species its migratory phase under tropical conditions is the form migratorioides 
but in the palrearctic region it is represented by the form migratoria which is inter
mediate in characters between the former and the solitary form danica. This fact 
is explained by the absence of tropical heat and moisture in its palrearctic breeding 
grounds. The latter are located in the vast reed-beds in the deltas of the rivers flow-

ing into the Cas
pian and Aral 
Seas and Lake 
Balkash. The 
effect of the con
ditions in this 
region is such that 
the s w a! min g 
phase does not 
reach the extreme 
differentiation re
presented by 
migratorioides but 
stops, half-way as 
it were, at migra
toria. When the 
increase of this 
locust is at its 
highest large 
swarms are 
formed 0 w in g 
partly to the gre
garious instincts 
exhibited in this 

FIG. 239.-A TYPICAL MIGRATORY LOCUST, SOHISTOOEROA PEREGRINA. phase. Migration 
Reproduced by" permission of the Trustees of the British Museum. from the breeding 

ground follows, 
but the causes are not fully understocd. The locusts are not driven by hunger, 
since they do not feed much at that period but exist at the expense of their fat
bodies. The cessation of flight is stated to be due to internal physiological causes, 
including the maturition of the gonads, and is not connected with the discovery of 
suitable breeding grounds. The resulting progeny develops into the danica phase 
which, although non-gregarious, aids in the distribution of the species. Given 
favourable localities this phase gives rise, in its turn, to the migratory one. 

L. migratoria in its migratory phase is rare in western Europe but extends eastwards 
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to the Phillipines. In its solitary phase it ranges from Belgium to Japan and New 
Zealand: occasional stragglers have occurred in England while it is common in 
S. Europe. Locltsta (Locustina) pardalina is peCuliar to S. Africa, but its biology has 
been less fully studied and its permanent breeding-grounds have not been located. 

The Acridiime are easily recognizable on account of the presence of a distinct 
spine on the prosternum between the anterior legs. Besides including most of the 
larger short-horned grasshoppers, almost all the destructive migratory grasshoppers 
or locusts are comprised in this sub-family, but they only constitute a small proportion 
of its species. Locusts are well known to migrate in vast swarms; one which passed 

FIG. 24o.-LocUSTS IN THE ACT OF OVIPOSITION. 
After Riley. 

over the Red Sea in 1889 was 
estimated to be 2,000 square 
miles in extent. I,)uring infesta
tions in Cyprus official reports 
state that in 1881 1,300 tons of 
the eggs of locusts were col
lected and destroyed in that 
island. When an extensive 
swarm alights over a territory 
its members frequently convert, 
in a few hours, what were green 
and prosperous areas into deso
late tracts of bare stems. One 
of the best known species is 
Schistocerca peregrina (Fig. 239) 
which causes great damage in 
northern Africa and extends 
into Persia, Afghanistan and 
northern India. It is probably 
to be identified with the locust 
of the plagues of Egypt quoted 

in the Book of Exodus. In 1869 it reached England in considerable numbers but has 
not occurred since. The Bombay locust (Cyrtacanthacris succincta) is apparently 
confined to India where it is occasionally a major pest (vide Lefroy, Mem. Agric. 
Dept. India, Ent. I). A number of species of locusts occur in N. America, the widest 
spread being Melanoplus femur-rubrmn: among others the Rocky Mountain locust 
M. spretus and the large Schislocerca americana may be mentioned. In the Prairie 
Provinces of Western Canada there have been locust infestations at 'intervals of 
about fifteen years which usually last two or more seasons. Of late years the two 
most destructive species have been IVIelanoplus atlanis and Camnula pellucida, the 
latter insect being a member 
of the CEdipodime. 

FAM. LOCUSTIDJE 
(Tettigoniidae: Long-horned 
Grasshoppers).-The name of 
this family is unfortunate, 
and is only retained in virtue 
of its long usage, since the 
genus Locusta L. belongs to 
the Acridiidal. The Locus
tidal, therefore, are held to 
include, not locusts, but FIG. 24I.-A LONG-HORNED GRASSHOPPER NEOCOXO-

those insects commonly CEPHALUS PALUSTRIS. 

termed Katydids, green or After Blatchley. 

long - horned grasshoppers, 
cave and camel crickets, etc. The antennal are filiform, 30- or more jointed, and 
often extend, when reflexed, far beyond the apex of the abdomen. The teg
mina slope obliquely downwards, and are usually membranous and of delicate 
structure. When closed, the left one usually overlaps the right, and they are 
generally slightly shorter than the wings (Fig. 241). Apterous forms, however, are 
common and include some of the largest of the species. The stridulating organ in 
the male is found at the base of the overlapping anal area of the left tegmen. It 
generally consists of a more or less rounded zone, bounded by a strongly curved vein, 
and crossed by a second vein which is thickened and bears a row of denticles. On 
the right tegmen there is a smooth transparent area of tense membrane, which is 
rasped by the denticles just referred to, and acts as a resonator when the tegmina 
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are in motion. The bright green Katydids (Phaneropterince) are the most notorious 
stridulators, their loud nocturnal notes sometimes resembling the syllables " Katy 
did, she did." In some groups wings are absent and the tegmina are reduced to the 
sound producing portions only: this is seen for example in the Ephippigerince and 
Callimenince where, it may be added, the females also 
stridulate. A pair of auditory organs are situated on each 
fore-tibia near the proximal extremity of the latter (Fig. 
86). The winged Locustidce are predominantly green and 
live amidst herbage, particularly bushes and trees. The 
wingless forms occur in caves or hollow trees, or beneath 
stones and logs, and are chiefly grey or brown in colour. 
Some of the apterous forms, however, are agile climbers 
and reach the tree-tops. The eggs of Locustidce are not 
enclosed in oothecce, and the ovipositor frequently attains 
a great length, even exceeding that of the body (Fig. 38). 
In some cases it is used for depositing the eggs in the 
earth, but usually they are laid in plant-tissues of various 
kinds, often in neat longitudinal rows. Five or six ecdyses 
are prevalent and the members of this family are less 
predominantly herbivorous than the Acridiidce: some 
forms (Sagince) are notably carnivorous while others appear 
to be omnivorous. 

The Locustidce are divided into fifteen sub-families and FIG. 242. (EOANTHUS 

five, including nine species, extend into the British Isles. NIGRIC'ORNIS. A, egg 
The largest of the latter species is Phasgonura ~Locusta) punctures in stem of 
viridissima which occurs in the southern half of England raspberry. E, longi-
where it attracts attention from its strident notes. Pholi- tudinal section. C, egg, 
doptera griseoaptera has vestigial wings, and its range in magnified. D, projec

tion of egg-cap. E, 
England is very similar to that of the former insect. egg cap. 

FAM. GRYLLIDJE (Crickets).-This family is directly AfierFulton, N.Y. Agric. Exp. 
related to the preceding one, and its members similarly Sta. Tech. Bull. 42. 
possess long filiform antennce, and usually an exserted 
ovipositor: they likewise stridulate by means of the friction of the tegmina and possess 
tibial auditory organs (Fig. 86). On the other hand, they resemble the Acridiidce in 
having 3-jointed tarsi. The tegmina are folded flat over the abdomen but are bent 
abruptly downwards along the sides and, contrary to the usual rule among OrthQptera, 

. the right tegmen usually overlies the left. 

FIG. 243"-GRYLLUS DOJJIESTICUS, 

After Sharp, Camb. Nat. Hist. 

MALE. 

The stridulating apparatus, as teen in 
Gryllus, occupies a .larger area of the 
tegmina than in the Locustidce:" each 
tegmen bears a file and a hardened area, 
or scraper, against which the file of the 
other tegmen works. There is also a 
vibratory area or tympanum on both 
tegmina. During stridulation the teg
mina are elevated to an angle of about 
forty-five degrees with the abdomen and 
are moved backwards and forwards later
ally, so as to produce friction between 
the files and scrapers. This movement 
throws the tympana in vibration so as 
to cause an audible sound. The sound
producing powers of the Gryllidce are 
well exemplified in the house cricket: 
Brachytrypes megacephalus is stated to 
make a noise so penetrating that it can 
be heard at the distance of a mile. The 
auditory organs "differ from those of the 
Locustidce in that those of the pair on 
each fore-leg differ from one another, the 

outer organ being larger than the inner one. Many crickets are entirely devoid of 
tegmina and wings: in Trigonidiutn the tegmina are arched and horny, and impart 
to these insects the appearance of Coleoptera. The ovipositor is slender and cylin
drical, being more or less acicular, there is a pair of exceptionally long unjointed 
cerci and generally short anal styli. 
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The eggs of most species are laid singly in the ground: a few of the subterranean 
forms deposit them in masses in underground chambers, while some illcanthinre place 
them in a single uniform row in the pith of twigs (Fig. 242). There are five ecdyses in 
the latter sub-family but among other Gryllidre the number is stated to be higher. 
Crickets are, for the most part, omnivorous and frequent hot dry places, or live in 
holes or burrows, under logs among dead leaves, etc., while the illcanthin<e occur on 
trees and bushes. Out of the seven sub-families into which GryUidre are divided only 
two occur in Britain. The Gryllin<e include the typical crickets of which there are 
three British species, viz. the ground cricket N emobius sylvestris, the field cricket 
Gryllus campestris and the house cricket G. domesticus (Fig. 243). The Gryllotalpin;::e 

FIG. 244.--GRYLLOTALPA GRYLLOTALPA, WITH EGGS AND 
NYMPHS. 

A Iter Curtis. 

FIG. 245.-MYRMECOPHILA 

ACERVORUM, FEMALE, X 5. 
A/ter Chopard, " Faune de France." 

comprise the mole crickets which are atypical in many respects: they are subter
ranean in habit and seldom seen. The fore-legs are greatly inflated and highly modi
fied for fossorial purposes, the compound eyes are much reduced and there is no 
visible ovipositor. Gryllotalpa gryllotalpa L. (vulgaris Latr.) is the only European 
species and is rarely met with in Britain (Fig. 244). The Myrmecophilinre (vide 
Schimmer, J909) are very small subspherical apterous crickets that live in association 
with ants and occur in Europe, Asia and America (Fig. 245). Mogoplistus and its 
allies are covered with minute scales and are often regarded as a separate sub-family. 
The illcanthinre (vide Fulton, 1915) are a large group of pale-coloured tree crickets 
and the Tridactylinre include the sand or pygmy mole crickets. In the latter insects 
the tegmina bear no stridulatory organs, auditory organs are likewise wanting and 
the fore and middle tarsi are 2-jointed and the hind pair I-jointed or wanting. 
The only European species, Tridactylus variegatus, is widely distributed and extends 
into Asia. The Eneopterinre include the larger brown bush crickets mostly found in 
the Old World. 
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'Order 5. DERMAPTERA (Earwigs) 

ELONG,AfE INSECTS WITH TYPICAL BITING MOUTH-PARTS: SUPERLINGUJE 

DISTlNCT: LIGULA 2-LOBED. FORE-WINGS MODIFIED INTO VERY 

SH<;?iRT LEATHERY TEGMINA DEVOID OF VEINS: HIND-WINGS SEMI

CIRCULAR, 'MEMBRANOUS, WITH THE VEINS HIGHLY MODIFIED AND DISPOSED 

RADIALLY. 'APTEROUS FORMS COMMON. TARSI 3-JOINTED. CERCI UN

JOINTED AN,I) ALMOST ALWAYS MODIFIED INTO HORNY FORCEPS: AN 

OVIPOSITOR USUALLY ABSENT. METAMORPHOSIS SLIGHT OR WANTING. 

The general form and appearance of these insects are well exemplified 
in the common" earwig," Forfic1tla auricularia (Fig. 246) which is abund
ant throughout Europe: it also occurs in other parts of the Palcearctic 

FIG. 246-FoRFICULA A URICULARJA, 

MALE WITH RIGHT WING EXTENDED. 

After ChopardJ "Faune de France." 

region and has been introduced into N. 
America. About 500 species of the order 
are known and, for the most part, they 
exhibit no very marked variations in 
form or structure. In habits they are 
mostly nocturnal and many tropical 
species are attracted to a light. During 
the day they hide away in the soil, under 
bark and stones, or among herbage, etc. 
Excepting Labia minor, the European 
species rarely take to the wing and, not
withstanding the well-developed wings of 
the common earwig, the latter insect has 
only on very rare occasions been noted 
to use them. The majority of species 
are probably omnivorous but more 
especially incline to animal food. In 
captivity Labidura riparia will readily 
devour flies and other insects in pre
ference to vegetable food. Forjicuia 
auricularia is frequently destructive to 

flower petals and tender foliage: it is, however, an unsettled point whether 
it is normally carnivorous, but the species is known to devour both living 
and dead insects (Brindley, Proc. Camb. Phil. Soc. 1918). The term 
"earwig" possibly took its origin from the fact that these insects have 
been known to use the human ear for purposes of concealment: on the 
other hand it has been suggested that the word is a corruption of " ear
wing" in allusion to the form of the hind-wings. The function of their 
most characteristic organs-the forceps-is wrapped in a certain amount 
of obscurity. They have been reputed to use these appendages for 
opening and folding up the wings: on several occasions they have been 
known to impale their prey with them, but in all probability they are 
principally brought into use as organs of offence and defence. 'When alarmed, 
or molested, the extremity of the abdomen is often upraised and the forceps 

238 
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widely openec!_ in a threatening manner. The most interesting feature in 
the biology of earwigs is the parental care that is exercised for the eggs 
and young. This trait was first observed by De Geer in I758 and others 
after him have recorded the same facts. The eggs are deposited in the soil 
in a group, and the female rests over them very much like a hen and her: 
chickens. The newly hatched young also remain around and beneath 
their parent, who exhibits evident care for them until they are able to look 
after themselves. If the eggs be removed, and distributed among soil 
contained in a box, De Geer states that in a few days they are all collected 
together again and the female seated over them. 

External Anatomy.-Among the more noteworthy structural features 
is the broad horizontal head, frequently with a distinct Y -shaped epicranial 
suture. The antennre consist of from IO to about 50 joints, the eyes are 
circular and there are no ocelli. In Arixenia the eyes are vestigial, and 
they are atrophied in Hemimerus. The mandibles are broad and strong 
p.nd almost always carry two apical teeth. The maxillre closely resemble 
those of the Orthoptera while the labium differs in the ligula, which cQnsists 
of a single pair of lobes (fig. I2). The homologies of the latter are uncer
tain but, in view of the tendency to atrophy exhibited by the glossre in 
the Acridiidre, it is possible that these parts have totally disappeared in 
the Dermaptera, and the lobes that remain would therefore be interpreted 
as the paraglossre. The hypop:b4trynx is well developed, and the super
lingure are represented by a pair of relatively large lobes recalling those of 
the Thysanura Entognatha. The cervicum is supported by tergal, pleural, 
and sternal sclerites. According to Snodgrass the thorax presents features 
which approximate more closely to those found in Coleoptera than in 
Orthoptera. The pronotum is a large and more or less quadrangular shielq. : 
a postnotum is wanting from the mesonotum, but is present in the meta
notum although fused with the first abdominal tergum. Tegmina and 
wings are absent in Anisolabis, the Brachylabini and in Arixenia and 
Hemimerus, while the wings vary greatly in development in otheri'mem
bers of the order. The tegmina are short, truncated structures devoid 
of veins, and'meet along the median line, thus resembling the elytra of the 
Staphylinidre. The large semicircular wings are almost entirely composed 
of the greatly extended anal area: the pre-anal portion of the wing is 
chitinized and contains two reduced longitudinal veins (R and Cu). The 
greater part of the wing is supported by a series of secondarily developed 
radially disposed branches. The wings are folded longitudinally in a 
fan-like manner, accompanied by two folds in a transverse direction and, 
in this way, they are stowed beneath the small tegmina. The legs do not 
call for special mention,~ and the tarsi are 3-jointed in all cases. 

The abdomen is n-segmented; the Ist tergum is fused with the meta
thorax and the nth is represented by the small pygidium. In the females 
of the Forficulidre and Hemimeridre the 8th and 9th terga are greatly 
reduced and invisible without dissection. In the Arixenidre, on the other 
hand, the nymphal or ancestral condition is maintained in that both sexes 
have the full complement of terga, with only very slight reduction of the 
8th and 9th shields in the female. The ISt sternum is always wanting, 
while sterna 2 to 9 in the male and 2 to 7 in the female are clearly visible. 
The 9th sternum in the male largely overlies the Ioth, the latter being 
represented in both sexes by a pair of plates at the base of the cerci. In 
the female the 7th sternum completely conceals the 8th and <)th (Fig. 247). 
According to Berlese a vestigial nth sternum is present in both sexes and 
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takes the form of a minute divided plate close to the anus. In all the 

FIG. 247.-FoIlFICULA, TERMINAL ABDOMINAL SEG
MENTS. 

A, female (ventral). B, female (dorsal). C, male (ventral). s, 
sterna; t, terga. 

F orficulidre the cerci are 
modified into unjointed for
ceps. The latter' present 
great diversity of form 
among different species, and 
are often variable within the 
limits of a single species as 
in F orficula aur£cularia 
(Bateson & Brindley, Proc. 
Zool. Soc. 1892). In the 
females of almost all earwigs 
they are shorter than in the 
males, being as a rule 
straight and unarmed. In 
H emimerus the cerci are 
represented by hairy un
jointed styliform append

ages. The cerci of Arixenia resemble those of Hemimerus, except that they 
are bowed inwards in the male, and bear a closer resem-
blance to the forceps of true earwigs. 

Internal Anatomy.-The alimeniary canal (Fig. 248) 
is of a very uniform structure throughout the order. The 
resophagus leads into the crop which is followed by a 
smalL globular gizzard. The mid-intestine has no enteric 
creca and is slightly coiled posteriorly, but in Arixenia 
it forms nearly two complete coils. The Malpighian 
tubes vary from eight or ten to about twenty, and are 
grouped in bundles. In Forficula Bordas states there 
are eight or ten tubes grouped in two bundles, while 
Jordan mentions four bundles containing 5, 3, 4, 4 tubes 
respectively. The hind-intestine presents a partial or, 
in Arixenia, a complete convolution, and there are six 
rectal papillre. The nervous system (Fig. 50) appears to 
be very constant and, in addition to the two cephalic 
centres, there are three thoracic and six abdominal 
ganglia. The tracheal system communicates with the 
exterior by means of ten pairs of spiracles as in Orthop
tera. The female reproductive organs (Fig. 151) are divi
sible into two types. In Forficula' there are three rows 
of numerous, very short, polytrophic ovarioles, dis
tributed at regular intervals along the greater part of 
the length of each oviduct. In Labidura riparia, Arixe
nia and Hemimerus the ovarioles are much fewer, and 
are disposed in a single series. In Labidura there are 
five elongate ovarioles: in Hemimerus there are eight 
(Jordan) or 10-12 (Heymons) while in Arixenia there are 
fewer (Jordan). In the two last mentioned genera the 
ovarioles are very short, each containing a single egg, 
and viviparous reproduction occurs. According to Hey
mons (1912) a maternal placenta is present in Hemi

.-; .~ 

FIG. 248.-FollFI

aULA, ALIMENT
ARY CANAL. 

C, crop; g, gizzard; 
m, mid-intestine; mt, 
Malpighian tubes; " 
rectal papiJlal. 

merus and envelops the embryo. At the anterior extremity of the latter 
the placenta forms a large cell-mass and, lying beneath it, is a fretal 
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placenta which is developed as a proliferation of the amnion and serosa 
in that region. The whole placental organ, thus formed, is in direct con
nection with the body of the embryo, by means of a diverticulum of the 
head-cavity, known as the cephalic vesicle. The embryos, to the num
ber of about six at a time, are nourished in situ within their respective 
ovarioles, until they develop into young insects and ready for birth. 
The male reproductive organs (Fig. 147) exhibif considerable differences 
among various genera. In Forficula and Anisolabis the testes each consist 
of a pair of elongate closely apposed follicles: .in Hemimerus the follicles 
are likewise paired, but are filiform and tightly coiled: in Arixenia the 
testes are compact and globular, each consisting of sixteen short follicles. 
The vasa defetentia are very slender, and in Anisolabis and Hemimerus 
they dilate posteriorly to form vesicul<e seminales: the latter open, in 
Hemimerus, into a small vesicle which communicates with the base of the 
penis. The ejaculatory duct is stated to be 
wholly mesodermal in origin and, in Labidura, 
Meinert has shown that this canal is paired. 
It opens externally by double apertures and 
<edeagi, whereas in other members of the order 
one ejaculatory duct atrophies, although a 
rudi1ent of it may apparently persist in a 
few cases. 

Life-History and Post-e m b r yon i c 
Growth.-The eggs of Dermaptera are pale 
coloured, being whitish in Forficula, and ellip
tical with smooth surfaces. F. auricularia in 
Europe lays, according to Brindley, an average 
of 23 eggs: in America Jones (Bull. 566 U.S. 
Dept. Agric.) places the number as high as 50-
90. The eggs have been found during winter 
or early spring, and in England Chapman men-
~tion~ that six ecdyses are passed through, 
while in America Jones records four. The 
adult condition is assumed during the sum
mer, and there appears to be a single genera
tion in the year. The young nymphs resemble FIG. 249.-FollFICULA. NEWLY-

their parents in general form, except that the HATCHED NYMPH, X 15. 

forceps are simple and more or less styliform 
(Fig. 249). In Diplatys, the forceps are preceded by jointed cerci in the 
nymphal stages.. According to Green, in D. gerstceckeri nymphs 2'5 mm. 
long bear 14-jointed cerci which are equal in length to the body. During 
subsequent instars the- number of joints increases up to 45, and the cerci 
attain a length nearly double that of the body. In the pre-imaginal instar 
they become abruptly curtailed to a single joint, within which the future 
forceps can be made out. In almost all other earwigs ,the forceps are 
not preceded by cerci, and no trace of jointing in these organs has been 
detected in the few embryos that have been examined. 

Classification.-The Dermaptera have been monographed by Burr 
(19II) and general information on the order is given in the earlier work 
(1910) of that authority. There are three families as follows. 

FAM. FORFICULIDlE.-With the exception of.two genera, the whole of the 
species of the order are included in this family which comprises those insects commonly 
known as" earwigs." They are winged or apterous with well-developed eyes, and the 
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cerci assume the condition of horny forceps recalling those of the Thysanuran Japyx. 
Reproduction is oviparous and the family is represented in the British Isles by 
seven species (Lucas, 1920). 

FAM. ARIXENIIDLE.-This small group is constituted by the genus Arixenia 
with two species, viz. A. esau Jord. from Sarawak and A. jacobsoni Burr from Java. 
(Fig. 250). The first mentioned species was found in the breast-pouch of the bat 
Cheiromeles torquatus: the second species has been met with in large numbers on 
guano in a cave much resorted to by bats. Arixenia is apterous and viviparous, the 
eyes are greatly reduced, and the mandibles are strongly flattened with their inner 
edges rounded and clothed with bristles. The cere[ are feebly chitinized and hairy: 
they are unjointed and somewhat bowed, which gives them the appearance of in
cipient forceps. For further information on the genus vide Jordan (lg09A), Burr 
and Jordan (1913). 

FAM. HEMIMERIDLE.-This family is composed of the single genus Hemimerus, 

FIG. 250.-ARIXENIA JAOOBSoNI, MALE. FIG. 25I.-HE.IIIAIERUS TALPOllJES. 

AfLer Burr, Ent. Month. Mag., 1912. Ad;lpted from Hansen. 

of which H. talpoides Walk. (Fig. 251) lives as an ectoparasite of the rat Cricetomys 
gambianus in Sierra Leone, and is believed to feed upon the epidermal products 
of its host. H. hanseni Shp. from Cameroons and Uganda is often regarded as 
constituting a second species. Hemimerus is apterous and viviparous. devoid of eyes, 
and the cerci are feebly chitinized, unjointed, hairy appendages which resemble those 
of the Gryllid<e. The structure of this remarkable insect has been investigated by 
Hansen (1894), Jordan (lg09) and Heymons (1912): it is an annectant form con
necting the Dermaptera with the Orthoptera. 

Literature on Dermaptera 
BORMANS AND KRAUSS, 1900.-Forficulid<e and Hemimerid<e. In" Das 

Tierreich," II. BURR, 1910.-Dermaptera in " Fauna of India." London. --
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Arixenia Burr, a suborder of Dermaptera. Trans. 2nd Entom. Congr. HANSEN, 
1894.-0n the Structure and Habits of Hemimerus talpoides. Ent. Tidskr. HEYMONS, 
1912.-Dber den Genitalapparat und die Entwicklung von Hemimerus talpoides. Zool. 
I ahrb. 15, Supp!. 2. JORDAN, 1909.-Notes on the Anatomy of Hemimerus talpoides. 
Nov. Zool. 6. -- 1909A.-Description of a new kind of Apterous Earwig, apparently 
parasitic on a bat. Ibid. Vide also Bordas (18g8), Blatchley (1920), Chopard 
(1922), Lucas (1920) and Fenard (1896) under Orthoptera. 



Order 6. PLECOPTERA (Perlaria: Stone Flies) 

SOFT-BODIED INSECTS OF MODERATE TO RATHER LARGE SIZE WITH 

ELONGATE, SETACEOUS ANTENN.E. MOUTH-PARTS WEAK, OF THE 

BITING TYPE: MANDIBLES NORMAL. OR VESTIGIAL, LIGULA 4-
LOBED. WINGS MEMBRANOUS, HELD FLAT OVER THE BACK IN REPOSE, 

HIND PAIR USUALLY THE LARGER, WITH WELL-DEVELOPED ANAL LOBES. 

VENATION VARIABLE, OFTEN CONSIDERABLY SPECIALIZED: VEIN M 2-

BRANCHED. TARSI 3-JOINTED. ABDOMEN USUALLY TERMINATED BY LONG 

MULTI-ARTICULATE CERCI: OVIPOSITOR WANTING. METAMORPHOSIS HEMIMET

ABOLOUS: NYMPHS AQUATIC, CAMPODEIFORM, WITH THE ANTENNAE AND 

USUALLY THE CERCI ELONGATE: TUFTED TRACHEAL GILLS, WHICH ARE 

VARIABLE IN POSITION , COMMONLY PRESENT. 

The Plecoptera are a small order, whose members are of considerable 
interest on account of the many archaic features in their structure, and 
the aquatic habits of their nymphs. The imagines have the same general 
characters as those of the Orthoptera, but the mouth-parts are weaker, 
there is never more than a slight difference in texture between the fore
and hind- wings, and the coxa: are small. They are poor fliers, and do 
not wander far from water. Their habitation is the margins of streams 
and lakes, particularly in hilly districts: they are commonly found resting 
upon stones, tree-trunks or palings near the water's edge, while the green 
forms frequent herbage. The larger species are well known to anglers as 
a bait for trout. The nymphs are exclusively aquatic, living ;beneath 
stones in clear water, particularly in streams with stony beds, and places 
where there are waterfalls, or where the water is otherwise well aerated. 
They do not live in stagnant pools or polluted streams.. Very little is 
known concerning the feeding habits of the imagines and, in certain cases, 
they apparently do not feed at all. 

About thirty species of the order have been recognized in the British 
Isles, but no general work dealing with these forms is available. Among 
various scattered notes and descriptions, relating to British species, the most 
important are those of Morton (Trans. Ent. Soc. r894, r896: Ent. Month. 
Mag. 38,43): the work of Klapalek (r909) is also useful. 

External Anatom:y.-The antenna: are long and setaceous, with a large 
number of small joints. Compound eyes are well developed, and there 
are three (more rarely two) ocelli. The mouth-parts (Fig. 252), although 
completely formed, are usually weak structures: the mandibles are normally 
developed in the greater number of species, but in the Pteronarcida: and 
Perlida: they are in the form of vestigeal flexible lamella:. The maxilla: 
consist of the typical sclerites and their palpi are 5-jointed. In the labium, 
the mentum is large, the prementum is sometimes divided, and both 
glossa: and paraglossa: are evident: the labial palpi are 3-jointed. The 
whole of the after-body is somewhat flattened, none of the parts are 
strongly chitinized, and much shrivelling takes place in dried specimens. 
The thorax has been studied more particularly in Capnia and Leuctra, 
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and exhibits a very primitive condition of its sclerites. The pro thorax 
is large and mobile, while the meso- and meta-thorax are subequal segments, 
exhibiting the primary four-fold division into tergites. The thoracic 
sterna have the full complement of sternites, excepting that the post-ster-

FIG. 252.-PERLA ftIAXHIA. 

I, frontal view of head j P, ocelli, H, labrum. 2, mandible; 3, maxilla; F, 
gaJea, G, lacinia. 4, labium; F, paraglossa, G, glossa, L, prementum. 5, 
tarsus. After Silvestri. 

nellum is a. bsen t 
from themetathorax. 
An additional sclerite 
of uncertain homo
logy is present be
tween the sternellum 
and post-sternellum 
in Capnia: by some 
authorities it is re
garded as indicating 
a five-fold primary 
division of the tho
racic sternum. N ew
port (1851) described 
in Pteronarcys a pair 
of openings between 
the legs on each of 
the thoracic sterna, 
these apertures being 
the mouths of the 
invaginations form
ing the furcce of 

those segments. The wings are membranous: the hind-wings are almost 
always considerably larger than the anterior pair, and a coupling-apparatus 
is not developed. The anal lobe is folded fanwise against the body when 
in repose. The tracheation in the nymphs has been 
studied in several genera :-it closely resembles the 
hypothetical type in the absence of the transverse 
basal trachea (Fig. 254). The fully developed wings 
exhibit great instability of the subordinate veins, and 
individuals are frequently unlike with respect to the 
wing venation of the two sides of the body. In some 
species, Perla maxima for example, both macropterous 
and micropterous males occur, the latter forms being 
prevalent in the more northern latitudes. Nemoura 
glacialis, Isogenus nubecula, and other species simi
larly exhibit this phenomenon, the wings in the males 
often being so short as to be useless for flight. The 
most archaic type of venation is found in the 
Eustheniidce (Fig. 255) : in this family the archedic
tyon is present over all parts of the wings, Rs exhibits 
three or more branches, and there is a large fan-like 

FIG. 253.-PERLA ftlAX-

anal lobe to the hind-wings carrying a number of anal HiA, natural size. 

veins. Various transitional genera (Fig. 256) lead to 
more specialized types such as Capnopsis. In the 

After Pictet. 

latter genus the archedictyon has disappeared, Rs is 2-branched in the 
fore-wing, and unbranched in the hind-wing, while the latter has lost the 
anal lobe and vein I A. 

The abdomen is composed of ten evident segments, together with 
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vestiges of an lIth segment. An ovipositor is absent in the female, and 
anal styli are likewise wanting in the male. Cerci are characteristic of 
the order, and are usually long multi-articulate appendages of a primitive 
type: in the Nemouridce, however, they are small single-jointed structures. 

FIG. 254.-NE.MOURA, WINGS OF A NYMPH. 

Afler Comstock and Needham. 

Internal Anatomy.-The internal anatomy has been investigated by 
Pidet (1841-42), Newport (1851), Imhof (1881) Schcenemund (1912) and 
others. The cesophagus is exceedingly long and, in Pteronarcyi, extends 
into the 4th abdominal segment: the gizzard is wanting or rudimentary, 
and the mid-gut is 
small. In Perla 
there are ten an
terior enteric cceca, 
the lateral pair being 
the largest. The 
hind intestine is 
short and the Mal
pighian tubes vary. 
between about 
twenty and sixty. A 
pair of salivary 
glands is present. 
Both the supra- and 
i n f r a- cesophageal 
ganglia are small: in 
Pteronarcys there are 
three thoracic and 

FIG. 255.-Sl'ENOPERLA PRASINA, NEW ZEALAND, WINGS. 

After Tillyard, 1923. 

eight abdominal ganglia, but in Perla certain of the latter have under
gone coalescence, with the result that there are only six evident ganglia 
in the abdomen. The reproductive organs are peculiar in that the gonad 
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of either side is joined transversely with its fellow, the two forming 
an arch-like organ, consisting of a number of ovarioles, or ovoid testi
cular follicles, as the case may be. At the point of union of the 
sexual ducts there may be a pair of tubular vesiculre seminales in the 

FIG. 256.-NEMOURA, vVlNGS. 

After Comstock, "Wings of Insects." 

male, and a large sac-like spermatheca in the female. The tracheal 
system opens to the exterior by two pairs of thoracic and eight pairs 6f 
abdominal spiracles. 
. Oviposition and Post-Embryonic Growth.-Plecoptera are notable 

on account of the very large number of eggs laid by a single individual, 
which, in some cases, attains 1,500 to 2,000. Few direct observations 

of the act of oviposition are available, but it appears 
in several species that the eggs are dropped on the 
surface of the water, and distributed by the current 
before' they reach the bottom. Miall states that the 
eggs of Perla are black: they project from the abdo
men, being loosely held together by a transparent 
skin, and are deposited in the water. According to 
McLachlan (Ent. M onth. Mag. 1865) the females of 
Leuctra carry their eggs on their backs, extruding 
them from the upturned apex of the body and, at 
the same time, pushing them forwards towards the 
thorax. 

The nymphs (vide Pictet, 1841-42; Klapalek, 
1909; Schcenemund, 1912) resemble the adults very 
closely in their general .form but, unlike the Orthop
tera, metamorphosis is of the hemimetabolous type. 

FIG. 257·-PEiRLA SP., Apart from the absence of fully developed wings, the 
NYMPH. 

characters which differentiate the nymphs from the 
t, tracheal gills. 

adults are adaptive in nature, fitting them for an 
exclusively aquatic existence. Plecopterous nymphs are characterized by 
their long multi-articulate antennre, and their similarly elongate cerci 
(Fig. 257): in some cases (e.g. Nemouridre), however, the latter appendages 
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are in the form of minute single-jointed structures. The head may carry 
both ocelli and compound eyes: the legs are long, laterally fringed with 
natatory hairs, and terminated by paired claws. The tracheal system is 
apneustic, and respiration is either cutaneous or branchial. The nymphs 
are active swimmers, preying upon various small forms of aquatic life. 
including Ephemerid nymphs, larval Chironomids, etc. The most primitive 
type of nymph is found in the Eustheniidce: here there are five or six 
pairs of lateral abdominal appendages which function as gills (Tillyard). 
In other families the nymphs breathe by means of secondary tufts of 
tracheal gills. In Perla bipunctata, for example, six pairs of the latter 
are carried near the bases of the legs and at the junction of adjacent seg
ments on the ventral aspect of the thorax; there is also a gill-tuft near 

_ the base of each cercus. The branchice, however, are very variable in 
position: in the Leptoperlidre they are only developed around the anus 
and in species of Nemoura, for example, they assume the form of lamellate 
outgrowths on the prosternum. Plecoptera are also remarkable from the 
fact that the branchice may persist in a somewhat shrivelled, non-functional 
condition in the imagines. Thus, Newport showed many years ago that 
'in the adult Pteronarcys branchice are present on each of the thoracic 
segments, and at-the base of the abdomen: they are also evident in other 
genera although often very inconspicuous. 

Classification.-The most primitive families occur in the southern 
hemisphere, the Eustheniidce, for example, being confined to the Australian 
region and Chili, while only the more specialized families are found north
wards into the holarctic region. Those marked * in the table below are 
represented in the British Isles. 

Key to the families of Plecoptera based upon the classification of Tillyard 
(1921, 1923). 

I (2).-Anallobe of hind-wing with archedictyon,margin entire. 
Eusthenia, Stenoperla. EUSTHEN}lDlE 

2 (I) .-Anal lobe of hind-wing, without archedictyon, margin 
incised at apex of Cu 2 • 

3 (4)·-AI)-terior cOXa! closely approximated: mandibles vesti
gial: archedictyon present except: on anal lobe. 
Pteronarcys. . PTERONARCIDlE 

4 (3).-Anterior cox;:e widely separated. 
S (6).~Mandibles vestigial: clypeus and labrum hidden 

beneath a frontal shelf: 3rd tarsal joint longer than 
1st + 2nd. Perla, Chloroperla. *PERLIDlE 

6 (s).-Mandibles, clypeus, and labrum normal: 3rd tarsal 
joint. not longer than 1St + 2nd. 

7 (8) .-With more than six anal veins in hind-wing. A ustro-
perla, _ _Tasmanoperla. AUSTROPERLIDlE 

8 (7).-With six or fewer anal veins in hind-wing. 
9 (Io).-No true anastomosis joining main veins from R to CU l 

near middle of wings: distal cross veins present. 
Leptoperla, Gripopteryx. LEPTOPERLIDlE 

10 (9).-A true anastomosis joining main veins from R to CU l 
near middle of wings: distal cross veins usually 
absent. 

II (I2).-Cerci I-jointed, vestigial. Tamiopteryx, Nemoura, 
Leuctra. *NEMOURIDlE 

12 (II).-Cerci long, multi-articulate. Capnia. *CAPNIIDlE 
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Order 7. ISOPTERA (Termites ~r white ants) 

SOCIAL AND POLYMORPHIC SPECIES LIVING IN LARGE COMMUNITIES 

COMPOSED OF WINGED AND APTEROUS REPRODUCTIVE FORMS TO

GETHER WITH NUMEROUS APTEROUS, STERILE, SOLDIERS AND WORKERS. 

MOUTH-PARTS OF THE TYPICAL BITING TYPE: LIGULA 4-LOBED. WINGS VERY 

SIMILAR, ELONGATE AND MEMBRANOUS, SUPERPOSED FLAT OVER THE BACK 

WHEN AT REST AND CAPABLE OF BEING SHED BY MEANS OF BASAL FRACTURES: 

ANTERIOR VEINS STRONGLY CHITINIZED, REGULAR CROSS-VEINS WANT

ING AND AN ARCHEDICTYON OFTEN PRESENT. TARSI ALMOST ALWAYS 

4-JOINTED. CERCI SHORT OR VERY SHORT: GENITALIA WANTING OR RUDI

MENTARY IN BOTH SEXES. METAMORPHOSIS SLIGHT OR ABSENT. 

The Isoptera are usually known as termites or "white ants"; the 
latter expression, however, is unfortunate since these insects are very 
distantly related to the true ants or Formicoidea. Their invariable habit 
of living in densely populated societies, along with their pale coloration, 
has given rise to the popular expression of " white ants," but the use of 
the word termites is preferable to the latter, being convenient and not open 
to objection. Different as the termites are from the true ants, the two 
groups offer certain striking analogies of habits and structure. Their 
remarkable social life and the presence of specialized wingless individuals, 
known as soldiers and workers, are cases in point. 

Termites abound throughout the tropics of the. world and also occur 
in most warm temperate countries. Fully goo species have been de'scribed 
and, of these, the vast majority occur south of the holarctic region. Only 
two species, Calotermes flavicollis and Leucotermes lucifugus, are common 
in Europe, but these do not extend their range into the British Isles. 

A termite community includes several castes or types of individuals 
which live in habitations, or termitaria, of extremely varied kinds. The 
castes are five in number, and are divisible into reproductive and sterile 
forms consisting of individuals of both sexes. The reproductive. castes 
comprise (a) completely chitinized macropterous or fully-winged forms 
whose mission in life is the formation of new colonies (Fig. 258): (b) slightly 
chitinized brachypterous forms: and (c) slightly chitinized apterous forms 
(Fig. 271). IIi addition to the foregoing, a termite colony usually con
tains a royal pair-the queen and king: these are commonly deaJated 
individuals of the fully-winged caste and are the original founders of the 
colony (Fig. 270). The sterile castes consist of (a) soldiers and (b) workers 
which are apterous males and females adapted for special non-reproductive 
functions~ Every colony also contains numerous immature individuals of 
different ages pertaining to most of, or in some cases all, the above five 
castes. Besides the legitimate occupants of a termite habitation, there 
are to be found symbionts and inquilines belonging not only to other 
orders of insects but also to different classes of arthropods. It is evident, 
therefore, that the study of termite associations involves problems of the 
widest biological significance and, it may be added, an extensive field 
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for research awaits those investigators who may be located in favoured 
countries. 

External Anatomy.-The cuticle in termites is thin and flexible and, 

FIG. 258.-A WINGED TERMITE (A RCHOIERMOPSIS), MALE. 

in the apterous castes, only that of the head is at all hard while the covering 
of the abdomen is frequently of the nature of a delicate translucent mem
brane. The aerial winged forms are more completely chitinized than any 

other caste; as a rule, the cuticle is more 
darkly coloured in species which either for
age in daylight, or inhabit wood above 
ground than in subterranean forms. The 
head in the reproductive castes and workers 
is ovoid or rounded, while in the soldiers 
it is much larger and more often oblong or 
pyriform (Figs. 259, 260): in the latter 
caste it may exceed in size the whole of the 
rest of the body. The median and V
shaped epicranial sutures are frequently 
evident although extremely variable in 
their degree of development. Compound 
eyes are universally present in the macrop
terous forms, but suffer reduction to a 
greater or lesser extent in the other repro
ductive castes. They may be present in 
all castes of species which live or forage 
above ground, and are hence more exposed 
to daylight, but when present in the sol
diers and workers they almost invariably 
exhibit degeneration. Ocelli are frequently 
present but do not occur unless accom
panied by compound eyes: the median un

FIG. 259.-A SOLDIER TERMITE paired ocellus is wanting. The anjennce are 
(A ROHOl'ERMOPSIS) MALE. moniliform and arise from shallow fOSSa! 

el, clypeus; e, eye; em, epimeron; 
I, labrum. 

situated immediately above the base of ' 
each mandible. The number of joints 

varies from about 9 or 10 to over 30, being greatest in some of the more 
primitive genera; it also varies according to the caste and age of the 
individual and is highest in the macropterous forms. After emergence from 
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the egg, the antenna increases in length by means of the intercalation of 
new joints, through the growth and subdivision of the third joint, and 
those joints directly derived from it. The labrum is well developed and 
largely overlies the bases of the mandibles. It is extremely variable in 
form (Fig. 260) and is hinged. to the clypeus. The latter sclerite is divisible 
into a chitinized post-clypeus, which is firmly fused with the frons, and a 
more membranous distal portion or ante-clypeus. 

The mouth-parts (Figs. 260, 26r) closely resemble those of the Orthop
tera in their general features. The mandibles in the reproductive forms 
and workers are very similar and present few striking deviations in form. 
In the soldiers, on the other hand, they are exceedingly variable in differ
ent genera, often attaining a great size (Fig. 260), accompanied by curious 
anomalies of 
shape: among the 
n a s ute soldiers, 
however, they are 
v est i g i a 1 and 
minute. The 
maxilla: only differ 
in points of detail 
throughout the 
order. The galea 
is hood-like and 
commonly 2-

jointed: the la
cinia is strongly 
chitinized, and 
powerfully 
toothed distally, 
becoming more or 
less laminate 
basally, and is 
armed with stout 
setre along its 
inner margin: 
the palpi in all 
cases are 5-
j 0 i n te d. The 
labium possesses a 
large basal plate 

FIG. z60.-HEADS OF SOLDIERS OF AFRICAN TERMITES. 

I, 2, Mirotermes. 3, Hamitermes. 4, 5. Eutermes. 6, Pericaprilermes. 7, Micro~ 
termes. 8, C"bitermes; g, frontal gland. After various figures by Silvestri, Boll. Lab. 
Zool. Portici, 9. 

which may be termed the gulamentum, the latter representing the combined 
submentum and gula. The mentum is membranous, and only slightly 
differentiated, while the prementum is well developed. The latter region 
exhibits more or less evident traces of a paired origin and carries both 
glossre and paraglossre. The hypopharynx is always large and is very 
similar to that of the Orthoptera; superlingua: are wanting, unless a pair 
of minute chitinized sclerites are to be regarded as their counterparts. 

In the cervicum there are two pairs of large and conspicuous lateral 
cervical sclerites, those of a pair being placed at right angles to one another: 
vestigial dorsal and ventral sclerites are also sometimes present. 

In the thorax the terga are well developed: the pronotum is the most 
distinct, its many variations in form affording generic characters. I t may 
be flattened and shield-like, heart-shaped, laterally lobed or very often 
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saddle-shaped. The meso- and meta-notum are of very nearly equal size 
and much less variable or pronounced in character. On the ventral sur
face, the sterna are membranous with their boundaries often difficult to 
distinguish. The prosternum is greatly reduced and definite shields are 
often wanting; in Archotermopsis it consists of two small triangular plates 
which are separated from one another in the median line. The mesosternum 
is the largest of the three sterna and is a variably shaped shield; articulat
ing with it posteriorly is a small rod-like mesosternellum. The metasternum 
is very wide and partially hidden from view by the bases of the middle pair 
of legs: a metasternellum is likewise present. In each segment the sides of 
the sternum are separately chitinized to form laterosternites which also 

A 

c3 m -

B 

c 

FIG. 26 I.-A RCIlOTERAIOPSlS. 

articulate with the episterna. The 
latter elements in the prothorax are 
strongly chitinized bands which pass 
upwards to articulate with the under 
surface of the pronotum on either side. 
In the meso- and meta-thorax the 
episterna are large, and in the. macrop
terous form reach the bases of the 
wings. The three pairs of legs are very 
similar: at their bases the epimera are 
well developed and the coxce very large 
and broad. In the middle and hind 
pairs a meron is marked off from the 

- -3
m rest of the coxa by means of a deep 

suture. The tibice are long and slen
der : among the most primitive genera 
they are armed with both terminal 
and lateral spines, but in the majority 
lateral spines are wanting. The tarsi 
are typically 4-jointed: the only ex
ceptions are Mastotermes which has 5 
complete joints. In Archotermopsis 
and its related genera, Termopsis and 
Hodotermopsis, the tarsi are .imper
fectly 5-jointed, the 2nd joint being 

A, maxilla of soldier. B, labium of macropterous reduced. In the winged imagines of 
form. C, labium of soldier; c, cardo; gm, gula· 
mentum; m, mentum; pm, prementum; s, stipes. M astotermes, and also of A rcltoter-

mopsis, and other Protermitidce, an 
empodium is present between the claws of the feet; in other families this 
structure is wanting. 

The wings (Figs. 262, 263) of termites are characterized by the essential 
similarity in size, form, and venation of the two pairs of those organs. 
The veins of the anterior portion of each wing are strongly chitinized, while 
those distributed over the remaining area are much less pronounced and ex
hibit indications of degeneration. This feature has probably resulted from 
the slight use to which the wings are subjected, more durable organs being 
unnecessary. There is a striking absence of regular cross-veins, and the 
wing-membrane is stiffened in many cases by the presence of an irregular 
slightly chitinized network between the veins. The veins distributed over 
the intermediate region of the wing are reduced to faint lines while, on the 
other hand, there is a large posterior group of accessory veins borne by the 
cubitus. The venation (vide Comstock; also Fuller 19I9) is primitive in 
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a few genera (Mastotermes, Archotermopsis, Termopsis), but in the remainder 
of the order specialization by reduction is evident, affecting more particu
larly the radial and median veins. In the fore-wing of Mastotermes, accorq.· 
ing to Comstock, there is no true costal vein: Sc is 2-branched, and R l- 5 are 
recognizable as separate branches. Both M and Cu are well developed, but 
there are no anal veins, their place being taken by several accessory branches 
of Cu. In the hind-wing Sc is unbranched, Rl is absent, and 1\1 arises from 

. the stem of RH5 . 

Three anal veins 
are present and 
support a well
developed a n a 1 
lobe (Fig. 282). 
The presence of 
the latter feature 
recalls the Blattid 
hind-wing and is 
a primitive char
acter found in no 
other termites. 
Archotermopsis 
and Termopsis 
exhibit the first 
stage in reduction, 

FIG. z6z.-FORE AND HIND WINGS OF A RCHOTERMOPSIS. 

R 2 + 3• being undivided in the fore-wing, and the anal lobe in the hind-wing 
being vestigiaL In Leucotermes, and the higher Isoptera, the costal margin 
is greatly thickened through the fusion of certain of the anterior veins, 
R is represented by a single stem, possibly R4H• M usually retains one or 
more branches, and the remainder of the wing is occupied by the accessory 
branches of Cu. One of the most striking features of the termite wing is 
the presence of the basal or humeral suture which is a line of weakness 

along which the fracture and shed
ding of the wings takes place. The 
stump of the wing, or that .portion 
which lies between the humeral 
suture and the thorax, persists 
throughout life and is commonly 
termed the scale. This property of 
casting the wings is not entirely 
confined to the Isoptera. In the 
Blattid Panesthia the wings are torn 
off in a somewhat irregular manner 
in a certain. proportion of indivi
duals; in the Zoraptera (vide p. 
284) they are likewise shed but the 

FIG. z63.-FORE AND HIND WINGS OF 
EUTERMES SP. 

fracture is more regular although no basal suture is developed. 
The abdomen is lo-segmented, the full number of terga being present. 

The first sternum is atrophied and the sternal plates differ markedly in 
the two sexes of the reproductive forms. In the males of many termites 
all the sterna are entire: in certain of the higher forms (Eutermes), however, 
the 9th sternum is divided. In the females the 7th sternum is greatly 
enlarged forming the subgenital plate which overlies the succeeding sterna. 
The terminal segment of the abdomen carries a pair of short cerci which 
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are present III all castes. In Archotermopsis they are composed of 6-8 
joints, in Mastotermes and Termopsis of 5 joints, 
Hodotermopsis 3-6 joints, while among the Meta

00. 

termitidre they are, for the most part, reduced to 
the condition of I- or 2-jointed tubercles. On 
the hind border of the gth sternum a pair of 
small, unjointed anal styles are frequently pre
sent. -They occur in both sexes of the soldiers 
and workers and in the nymphs of all castes: in 
the reproductive forms, with rare exceptions, 
they are present in the males only. External 
sexual differentiation is clearly evident in the 
soldiers and workers of M astotermes, Archoter
mopsis, and a few other primitive forms. In 
the two first mentioned genera there is a similar 
differentiation of the terminal ventral plates as 
in the sexes of the reproductive forms. A 
reduced ovipositor of the Blattid type is present 
in Mastotermes. 

FIG. z64.-ARCHOTERMOPSIS, 

ALIMENTARY CANAL OF 

SOLDIER. 

a:', resophagus; c, crop; ee, enteric
creca; m, mid-intestine; tnt, Mal
pighian tubes; h, hind-intestine; 
r, rectum. 

Internal Anatomy.-The digestive canal 
(Figs. 264, 265) is a coiled tube of moderate 
length and exhibits comparatively few important 
variations in structure. 
The mouth leads into an 
elongate asophagus of 

narrow calibre which expands distally to form the 
crop. The latter organ is seldom capacious and 
frequently is only slightly emphasized. It is fol
lowed by the gizzard, provided with an armature of 
chitinous denticles: this organ is simple and ring
like in certain of the more primitive forms, becom
ing more pronounced among other termites. Be
yond the gizzard the fore-intestine protrudes into 
the cavity of the stomach forming a large aso
phageal valve. The stomach is tubular, of uniform 
calibre throughout and often completely encircles 
the hind-intestine. At the junction of the stomach 
with the latter region are the M alpighian tubes; 
these are variable in number, 8 being usually pre
sent in the Protermitidre and Mesotermitidre, and 
from 2 to 4 in the Metatermitidre. In Archoter
mopsis five enteric caca arise as outgrowths from 
the anterior end of the stomach; in Capritermes 
Holmgren (IgOg) mentions a pair of large berry-like 
glands arising near the origin of the Malpighian 
tubes. At its commencement, the hind-intestine is 

FIG. z65.-TER.MES OEY-

a short narrow tube (or ileum), often separated by LONIOUS, ALIMENTARY 

means of a valve from the colon. The latter region CANAL OF SOLDIER. 
g, gizzard; sd, salivary duct 

is usually an extensive chamber which, in the wood- with gland sg and reservoir sr.· 

f d· ., f tl d' t d d . t Other lettering as in Fig. 264. ee Ing termItes, IS requen y IS en e OWIng 0 Aflet Bugnion, Rec. Suisse Zool., 

the presence of large numbers of Protozoa. The "9"· 
rectum is a narrow tube 'of very variable length and terminates in an ovoid 
or spherical chamber opening to the exterior by means of the anus. 
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SaHvary glands are well developed and racemose in character; each 

gland is provided with a salivary reservoir. The ducts, both from the 
glands and their reservoirs, eventually unite to form a common salivary 
canal opening at the base of the hypopharynx. Bugnion (19II) states 
that in the soldiers of Te'rmes ceylonicus Wasm. the salivary glands are 
very large and secrete a viscous milky fluid probably defensive in function. 

The circulatory system has been very little investigated; the heart con
sists as a rule of 8-ro chambers and is prolonged anteriorly as the aorta 
which communicates with the cephalic blood space just behind the brain. 

The fat-body is more extensively developed in the reproductive forms 
than in the soldiers or workers. Feytaud (1912) states that in the kings 
and queens this tissue undergoes a complete change several years after 
swarming. Migratory cells (" leucocytes ") 'enter it in large numbers and 
undergo division, gradu~lly building up a new fat-body at the expense of 
the old. In the course of its development the new tissue often assumes a 
regular columnar form which is lost when it becomes actively functional. 

The nervous system presents no c 

notable variations, excepting differences 0 l ' 

in the degree, of development of the 
brain and eyes in the reproductive and tv 

sterile castes. In the ventral nerve 
cord there are three thoracic and six 
abdominal ganglia. The sympathetic 
system is well developed and closely 
resembles that of the Orthoptera. 

The frontal gland .(Fig. 266) is a 
very characteristic termite organ and 
is. formed by a differentiation of a 
group of hypodermal cells in the 
median line of the frons. It may be 
present in all castes but usually 
attains its greatest development in the 
soldiers (vide Holmgren, 1909; Fey

FIG. 266.-RETIOULOTER~IES lUGIFUGUS, 

SECTION OF FRONTAL GLAND OF MA

CROPTEROUS FORM. 

taud, 1912; Thompson, 1916 and c, cuticle of head; t, frontal gland; h, hypodermis; 

1917). In l
'tS c'ompletely developed t,/chitinous lining of gland; n, brain; 0, frontal 

pore; w, cesophagus. After Feytaud. 

condition it is a sac-like gland which 
communicates with the exterior by means of the frontal pore. The latter 
opens in a shallow depression of the surface of the head where the chitin 
is pale-coloured and known as the fontanelle. The gland is, further
more, connected with the brain by a median fontanelle nerve. In Leuco
termes (Reticulotermes) the gland is well exhibited in an average degree 
of development. According to Feytaud in the macropterous caste of L. 
lucifugus it is a -spherical sac, which opens to the exterior, and is lined by a 
chitinous membrane; beneath the latter is a layer of elongate epithelial 
cells. In the soldiers its configuration is very similar, but the gland is 
somewhat larger, while in the workers it is rudimentary, being merely 
represented by a group of hypodermal cells and devoid of a frontal pore. 
Thompson has made a more detailed study of the organ in L. flavipes and 
states that in this species it is largest in the macropterous caste. It is 
present in the newly hatched nymphs, although barely recognizable, and 
undergoes differentiation as development proceeds. The gland attains 
its greatest development in the soldiers of Arrhinotermes and Coptotermes ; 
in these genera it is in the form of an extensive sac, reaching backwards to 
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the extremity of the abdomen (Fig. 275), and discharges a milky latex-like 
secretion through an enlarged frontal pore. In- the soldiers of M irotermes 
the gland opens at the apex of a prominent frontal tubercle, and in the 

FIG. 261. - A RUHOTERMOPSlS, 

REPRODUCTIVE ORGANS OF 
WINGED FEMALE. 

nasute soldiers of Eutermes the tubercle is pro
longed into an elongate rostrum, through 
which the duct of the gland passes. 

The nature and function of the secretion of the 
frontal gland is problematical: iri some cases it ap
pears to have defensive significance while in others 
the gland is so little developed as to appear to be 
non-functional. Thompson suggests that the frontal 
gland arose phylogenetically from the original median 
ocellus which is now wanting in termites. This view 
is based upon the position and the structural resem
blances of the frontal gland and lateral ocelli, upon 
the presence of the fontanelle nerve in the same 
frontal section in which the lateral ocellar nerves 
enter the brain, and upon the resemblance of the 
cells of the gland in developing nymphs to visual 
cells. Facts enumerated by Holmgren bearing upon 
the morphology of the frontal gland and the phylo
geny of termites, are also regarded by Thompson 
as lending support to this view. 

The sexual organs attain their complete 
functional development in the reproductive 
castes. In the soldiers and workers they are 
almost always aborted to a greater ori less 
degree. Exceptions are met with, however, in 
A rchotermopsis whose soldiers have fully 
developed sexual organs, which are evidently 
capable of functional activity, and Heath 
records members of this caste in Termopsis 

ov, ovary; od, oviduct; eg, colleterial producing fertile eggs. Almost every gr~de 
gland.; 5, spermatheca. 

in degeneration of the sexual organs can be 
traced among the soldiers of various genera, until the culminating point is 
reached in Eutermes monoceros Koen. where, according to Bugnion (1909), 
no traces of these organs are to be found. In the reproductive castes (Fig. 

t'VIII VVII 

FIG. 268.-ARUHOTERMOPSIS, DIAGRAMMATIC 
SECTION OF THE APEX OF THE ABDOMEN 

OF A FEMALE SOLDIER. 

lvii-x, tcrga j 57-510, sterna; a, anus; eg, opening of 
colleterial glands; sp, spermatheca; od, oviduct. 

t. 

FIG. 269.-ARcHOTERMOPSIS, REPRODUCTIVE 
ORGANS OF WINGED MALE. 

t, testis j v.s., vesicula seminalis j vd, vas deferens; 
ej, ejaculatory duct. 

269), the testes are simple and consist of a variable number of short digitate 
lobes (usually about 8-10) situated in or near the 8th abdominal segment. 
The vasa deferentia are a pair of short tubes which converge and unite to 
form a muscular ejaculatory duct. At the point of union there is a pair of 
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vesiculce seminales, each consisting of a group of small tubuli. Accounts 
are conflicting with regard to the nature of the spermatozoa and further 
investigation is needed. According to Grassi and Sandias (1897) the sper
matozoa in Calotermes flam'collis are non-motile and devoid of the usual tail. 
In ArcllOtermopsis, however, they do not offer any exceptional features and 
the latter appendage is present. In the female (Fig. 267), each ovary con
sists of an extremely variable number of panoistic ovarioles (30-45 in ArcllO
termopsis) which open separately into the oviduct. The two oviducts 
communicate by means of a common aperture with the genital pouch 
whose floor is formed by the enlarged 7th sternum (Fig. 268). The dorsal 
wall of th.e pouch receives the apertures of the spermatheca and the com
mon duct of the colleterial glands. The latter organs consist of a large 
number of elongate and much convoluted tubuli, whose function has not 
been ascertained. 

The Castes of Termites' 
It has been previously mentioned that termites live together in large 

communities composed of polymorphic individuals. The latter are divisible 
into three castes of reproductive forms and 'two of sterile forms (Vide Grassi 
and Sandias, 1897: Snyder, 1920). 

The Reproductive Castes consist Of-(I) The MACROPTEROUS FORMS 

(Fig. 258). The mem
bers of this caste are 
the winged imagines of 
most authors and the 
"adults of the first 
form" of Thompson 
(1917). They are to be 
regarded as the ances
tral caste among ter
mites from which the 
other forms, both fer
tile and sterile, have 
been derived. The two 
pairs of large mem
branous wings, nearly 
equal in size, afford the 
character upon which 
the name Isoptera is 
based. The body iv 
these individuals is well 
chitinized and often 
darkly coloured, com
pound eyes are fully de
veloped, and there are 

FIG. 27o.-RETlUUL01·EIIJIES FLAVlPES. DEALATED QUEEN 

(I) AND KING (2) OF MACROPTEROUS FORM. 

After Banks and Snyder, U.S. Nat. Mus. Bull. lOS. 

frequently paired ocelli. The caste is adapted for a brief aerial life and its 
members are concerned with the foundation of new colonies. The brain 
is large, the frontal gland when present is relatively well developed, and 
the sexual organs attain a greater size than in any other caste. (2) The 
BRACHYPTEROUS FORMS (" adults of the second form," Thompson). The 
members of this caste live a subterranean life, the body is much less chitinized 
than in the macropterous form, and is straw-coloured or greyish white. 

G.T.E.-17 
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Growth of the wings is inhibited, these organs remaining in a more or less 
nymphal condition and in the form of short scale-like vestiges, but usually 
with a distinct venation (Fig. 27I). The compound eyes are smaller and less 
strongly pigmented than in the previously mentioned caste: the brain, frontal 
gland, and sexual organs are also somewhat reduced in size. The function 
of the brachypterous forms is not fully understood, and the question whether 
they are merely useful to the individual colony in maintaining its numerical 
strength, or are of importance to the species in founding new colonies, needs 
investigation. (3) The APTEROUS FORMS (" adults of the third form," 

·t;:·-\~;>:.'.:.):~:~,~1·() 

.. ~~'::.: :;~;,>'!~;:,;.:h,~:·~·}H 2 

FIG. 271.-1, RETICULOTEIWES FU VIPES, APTEROUS QUEEN. 
2, R. VIRGINIOUS, BRACHYPTEROUS QUEEN. 

After Banks and Snyder loco cit. 

apterous forms are present and exercise their full 
are not understood. 

Thompson). T his 
caste is a compara
tively rare one and 
does not appear to 
have been met with 
in the higher ter
mit e s, i.e. - the 
Metatermitid<e. Its 
members are subter
ranean in habits, 
there is an almost 
complete absence of 
coloration in the 
cuticle, the com
pound eyes are 
vestigial and there 
is a complete ab
sence of wings (Fig. 
27I). The caste 
has been studied in 
detail in Leucotermes 
(Reticulotermes) and 
Prothinotermes by 
Thompson and Sny
der (I920) who point 
out that although it 
bears a close resem
blance to the 
workers of these ter
mites it may be dis
tinguished by certain 
definite characters. 
The con d i ti 0 n s 
under which the 

reproductive capacity 

According to Grassi and Sandias (I896-97) the brachypterous and 
apterous forms are" substitute" or "complementary" neoteinic castes, 
which functionally replace the macropterous fonns in cases of necessity, 
and under certain conditions. The gonads mature earlier in these castes 
than in the macropterous forms and this fact, together with their general 
nymphal appearance, has led the Italian observers to regard them as 
immature forms. They maintain that the latter could be induced, at the 
will of the colony by extrinsic means, to undergo precocious sexual develop-
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ment. The pale coloration and weak chitinization, together with the 
reduction of the visual organs, are features correlated with subterranean 
or concealed habits and are not necessarily associated with immaturity. 
Furthermore, adult brachypterous and apterous forms are well known in 
certain other orders of insects, while the usual absence of anal styli, in the 
females of these two castes, suggests the probability that the latter are 
composed of adult rather than of neoteinic individuals. 

The reproductive castes exhibit a remarkable postmetamorphic growth 
which is initiated as a response to the stimulus exercised by the developing 
sexual organs after coitus has been effected. The fertilized females, or queens, 
of the more primitive genera betray this postmetamorphic growth only to a 
very slight degree: on the other hand, in the Metatermidre they attain rela
tively enormous dimensions (Fig. 280). These gigantic queen termites often 
<-ttain a length of 5 to 9 cm. or more: they have attracted the wonder 
of generations of naturalists, and the appetite of the savage who has prized 
them as a food delicacy. Although queens may be developed from all 
three reproductive castes, they attain the largest dimensions when derived 
from the macropterous form. Such queens are easily recognizable on account 
of the persistent bases of the cast-off wings (Fig. 270). The increase in size 
only directly affects the abdomen, the head and thorax remaining unchanged 
in appearance, forming a mere appendix to the greatly distended hind
body. The vast size of the latter is mainly due to the increased development 
of the ovaries and fat-body. The postmetamorphic growth does not affect 
the size of the external sclerites but, on the other hand, the intersegmental 
membranes develop to such a degree that they constitute almost the whole 
abdominal covering, leaving the original tergal and sternal plates as small 
islands of chitin. 

The changes undergone during postmetamorphic growth have been 
studied' by Feytaud (1912) and Bugnion (1912): the chief features of the 
process may be summarized as follows. The wing-muscles, which occupy 
the greater part of the thoracic cavity, degenerate and are broken' down, 
partly by phagocytic action. The original fat-body, as mentioned earlier 
in the present chapter, undergoes complete transformation, being replaced 
by a new tissue. Certain changes supervene in the digestive system in 
conformity with an alteration in diet. The queen no longer partakes of 
ligneous or other hard matter but is nourished upon saliva or, in the fungus
growing sp~cies, upon fungal hyphre in combination with that secretion. 
The jaw-muscles in consequence become reduced in size and power: the 
stomach undergoes correlated changes, both structural and functional, 
the Malpighian tubes increase in length, while the hind-intestine suffers 
marked curtailment. The volume of the blood-tissue is greatly increased, 
while the nervous system and dorsal vessel undergo elongation in conformity 
with the general extension of the abdomen. The most striking changes are 
exhibited in the reproductive system which monopolizes, as it were, the 
greater part of the abdomen and converts the queen into one vast, inert, 
egg-laying mechanism. The changes involved are those of size and, in its 
general morphology, the reproductive system of the queen does not differ 
from that of the same individual when in the winged stage: in Termes 
redemanni Bugnion mentions that one ovary alone consisted of the enormous 
number of 2,420 ovarioles. 

The Sterile Castes (Figs. 259, 272) are divisible into workers and soldiers. 
These are apterous individuals in which the sexual organs are arrested in 
their development or atrophy, and are consequently non-functional. 
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(r) The WORKERS are numerically the most important members of the 
termite community. They are usually pale coloured with the integument 
but little chitinized, and they bear a closer resemblance to the nymphs 
than to the adult members of other castes. Except in the primitive genus 
M astotermes, external sexual characters are usually absent. The head 
of the worker is directed downwards, it is relatively wider than in the 
reproductive castes, but never attains the dimensions found among the 
soldiers. Compound eyes are usually absent, but in certain species they 
are present in a vestigial condition; tolerably well developed faceted eyes 
occur in the workers of Hodotermes, which are active above ground during 
daylight. The mandibles resemble those of the reproductive castes but 
they are more powerful and adapted for gnawing wood and other vegetable 
tissue. In the configuration of the thorax the workers resemble the soldiers 
rather than the imagines. On the whole, distinctive characters are but 
little emphasized among the workers of the various species and, for this 

reason, it is usually 
a matter of great 
difficulty, or an im
possibility, to deter
mine their specific 
identity unless mem
bers of other castes 
are taken with them 
at the same time. 

Not infrequently 
the workers are 
dimorphic, b e i n g 
divi~ible into major 
and minor forms. In 
such cases the head 
and mandibles, and 
often the body, of 
the major workers 
are distinctly larger 
than those of the 

2 minor individuals. 
FIG. 272.-PRORlIlNOTERJIES SIMPLEX. I, worker; 2, soldier. In some species, how-

After Banks and Snyder, U.S. Nat. Mus. Bull. I08. ever, it is impossible 
sharply to separate 

the workers into these two classes owing to the occurrence of numerous 
intermediate forms. Dimorphism among workers occurs, for example, 
in Termes (Macrotermes) estherce Desn., Odontotermes obeslts (Ramb.), O. 
redemanni Wasm., O. homi Wasm. and in many species of the genus 
Elttermes. 

Although taking no part in reproduction, and seldom any part in the 
defence of the community to which they belong, practically all other 
duties devolve upon the members of this caste. They exhibit marked 
care for the eggs and young and, in times of danger, may remove them to 
situations which afford greater safety. They also feed ar\d tend the queens, 
forage for food, often at a distance from the nest and, in'The fungus-growing 
species, attend to the cultivation of these lowly forms of vegetation which' 
they plant in special chambers. In the case of lignicolous species, the 
workers excavate tha galleries and tunnels which serve for the nest; in the 
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mound-building forms they construct the termitarium,' and repair any 
injuries sustained by the latter. Owing to their gnawing propensities the 
workers have earned for termites their unenviable reputation as destroyers 
of crops, woodwork and other materials serving the convenience of man. 
There is no true worker caste in Archotermopsis, its functions being 
performed by the nymphs of the soldiers and sexual forms. The 
worker caste is likewise absent in Termopsis and a few other primitive 
genera. 

The SOLDIERS are the most specialized members of the termite com
munity and appear to be wanting only in the genus Anoplotermes. They 
may be readily recognized by the great size and strong chitinization of the 
head. The mandibles also attain much larger dimensions than in other 
castes, and frequently assume striking or almost grotesque forms (Fig. 
260). Two well-defined types of soldiers can be distinguished-(a) the 
mandibulate type with large and powerful jaws but no frontal rostrum; 
(b) the nasute type (Fig. '273) in which there is a median frontal rostrum 
but the jaws are small or vestigial. Sol
diers conforming to either of these types 
may frequently be separated into major and 
minor forms as in the workers, and often in 
the same species. In other instances tri
morphism obtains, large, intermediate, and 
small soldiers occurring within the limits of 
a single species. In certain other cases, 
however, the soldiers are extremely variable 
and, although separable into large and small 
forms, the two extremes are connected by 
numerous individuals of intermediate sizes. I 

.. '\.s in the workers, the soldiers consist of 
both males and females but, except in those 
of M astoiermes, A rchotermopsis and certain 
species of Calotermes, external secondary 
sexual characters are slight, and the sex 
of the individual can be best ascertained \ 

FIG. 273.-EuTERJIES (JOSTARI(JENSIS 
from an examination of the gonads. Toler- NASUTE SOLDIER. 

ably well developed faceted eyes occur in After Banks and Snyder, loc cit. 

the soldiers of Hodotermes, and vestigial 
eyes are found in those of Archotermopsis, Calotermes and other genera, but 
more often than not visual organs are totally wanting: a pair of reduced 
ocelli may also be present. The antenn::e usually consist of one or several 
joints less than in the reproductive castes. 

Although numerous modifications are exhibited in the form of the 
head and mandibles among soldiers of various species, comparatively few 
of these differences can be interpreted as being special adaptations to 
particular functions. The soldiers are mainly concerned with the defence 
of the colony which they protect by seizing or repelling any intruders. 
Means of defence are afforded, in many cases, by the great size and power 
of the mandibles: in others it resides in the capacity of the individual for 
ejecting a repellent fluid. When disturbed the mandibulate soldiers may 
often be observed to assume threatening attitudes with the jaws out
stretched, and they will usually seize any object presented to them. Ants 
are among the bitterest enemies of termites, and the soldiers of the more 
courageous termites not infrequently seize them, and eject them when 
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attempting 
specIes are 

to enter the nest. The highly specialized soldiers of some 
apparently of little service to the community. Those of 

Capritermes, for example, with 
their curiously twisted mandibles, 
are ill adapted for performing any 
utilitarian function. Any defen
sive role which such termites may 
possess would appear to be solely 
expressed in their general aggres
sive appearance and power of 
assuming threatening attitudes. 
In several species with 'exception
ally large heads the soldiers are 
stated to block up gaps in the 
walls of the nests, while the work
ers are undertaking repairs. 

In the second method of 
defence, referred to above, a 
viscid secretion is emitted through 
the frontal pore, situated in the 

FIG, 274,-COP1'OTRR.MES OEYLON10US, HEAD OF 

SOLDIER SHOWING FRONTAL PORE. 

After Bugnion. 

anterior region of the head (Fig. 274). 
The possessors of this type of defensive 
capacity have as a rule small or vesti
gial mandibles, or the latter are ill
adapted for their usual function. In 
Coptotermes, a profuse white secretion is 
produced by an extensive gland occupy
ing the greater part of the thoracic and 
abdominal cavities (Fig. 275). According 
to Holmgren a similar capacious gland is 
present in Rhinotermes taurus. In the 
nasute soldiers of Eutermes (Fig. 273) and 
other genera, the repellent secretion is 
the product of a retort-shaped glandular 
sac, situated in the head. A clear thick 
liquid is ej ected through its duct which 
traverses the rostrum and opens at the 
apex of the latter. The soldiers of 
Eutermes, notwithstanding their small 
size, are usually not lacking in courage. 
When the nest is injured in any way, 
they issue through the broken parts in 
large numbers, and stand on guard while 
the workers are busily engaged in execut

FIG. 275.-COPTOTERJJ1ES CEYLON10US, 

MEDIAN LONGITUDINAL SECTION OF 

SOLDIER. 

I, frontal pore; 2, 3, frontal gland; 4, hind 
intestine; 5, mid·intestine; 6, 7, 8, thoracic 
ganglia; 9, resophagus; IO, sub·re,·ophageal 
ganglion; II, mentum; 12, labrum. After 
Bugnion. 

ing repairs. Globules of secretion may often be se~n at the apex of the 
rostrum of the soldiers and this protective fluid appears to have a very 
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salutary effect upon any enemies. Haviland (I8g8) observed that the sol
diers may be seen to eject a small quantity of the fluid on the antennre of 
their foes: ants, he remarks, are rendered hors de combat by this means. In 
E. triodice Hill mentions that the secretion is ejected as a fine jet which has 
the appearance of a silken thread waving from the tip of the rostrum. 

The Habitations of Termites 
The simplest kind of termite habitation is found in the wood-feeding 

species, which usually lack the 
worker caste, and include the 
most primitive members of the 
order. A rchotermopsis and T er-
1'lwpsis, for example, live in moist 
decaying trunks and logs of coni
fers. The abodes of such termites 
consist of nothing more than a 
series of galleries, excavated in 
the wood, without any external 
manifestation of their presence 
(Fig. 276). Other genera such as 
111 asiotermes, C alotermes, N eotermes 
and Cryptotermes include species 
which bore into dry wood, often 
selecting posts and other struc
tures, or furniture in buildings, as 
the seat of their habitations. 
Calotermes militaris and C. greeni 
are destructive to tea in Ceylon 
where they burrow in the stems 
of the bushes. Rhinotermes, 
Leucotermes (Reticulotermes) and 
Coptotermes live in the ground 
and infest wood indirectly through 
the soil. They are exceedingly 
lllJunous to any woodwork of 
buildings in contact with the 
ground. They also frequently 
issue above ground in order to 
obtain access to woodwork in 
their vicinity. With this object 
in view they construct covered 
passage-ways of earth, or frecal 
matter, which enable them to 
work concealed from the light 
and from sundry enemies and, at 
the same time, surrounded by the 

\ 

FIG. 276.-PORTION OF LOG OF CEIJRUS IJEO

IJARA SHOWING GALLERIES OF AnOHOPTER-

AfOPSIS. X t. 

requisite humidity. They are able, by means of these tubular commum
cations, to pass from their underground chambers and reach the upper 
storeys of buildings or ascend lofty trees. 

In other cases very extensive structures known as termitaria (Figs. 
277, 278) are constructed, particularly by the African and Australian 
species of Metatermitidre. These termite mounds are built of earth 
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excavated in making subterranean chambers and were perhaps originally 
only a convenient method of disposing of this material. The outer walls 
and passages, and the royal cells of these habitations, are composed of 
earth particles cemented together to form a hard brick-like substance. 
The agglutinating fluid appears to consist either of saliva, or of the latter 
together with proctodceal matter. The inner galleries, where the brood 
is contained, are of a softer consistency, and arc composed of woody 
or other comminuted material which has passed through the alimentary 
canal. Some of the most remarkable of all termitaria are the lofty 

FIG. 277.-SECTION OF A TERMITARIUM OF TER,lIES REDB.flI.ilNNI, CEYLON. 

After Bugnion. 

steeple-like structures constructed by E utermes triodice in Northern 
Australia. They are stated to exceed in size those of any known ter
mite, and one recorded by Hill measured 20 feet high with a basal 
diameter of I2 feet. The greater bulk of the earth and sand used in their 
formation is collected on the surface, and not mined from below. The 
interior of such a termitarium presents a maze of i.rregular chambers 
and passages, and its walls are so resistant that it is difficult to make any 
impression upon them even with a sharp pick. The" compass" or " meri
dional" termite (Hamitermes meridianalis) is widely distributed in Aus-
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tralia. The habitations of this species may attain a height of 8 to 12 feet, 
and are flattened from side to side in such a manner that the broad sides 
face east and west, and the narrow 
ends north and south. It has been 
suggested that the reason for their 
being built according to this plan is in 
order to secure the maximum of desic
cation, and to allow for the repairs, 
which are made during the wet season, 
being dried and hardened as speedily 
as possible. 

Other species of termites live in the 
ground, without constructing termi
taria above the surface, or -only form
ing small mound-like structures (Fig. 
279). Many termites which exhibit 
this habit are exceedingly injurious to 
the roots of grass, field crops, and 
other vegetation. Although the type 
of habitation may be very constant 
for a particular genus or species, in 
other cases considerable variation ob
tains. Odontotermes, for example, in
cludes both mound builders and sub
terranean forms, and the two habits 
may be exhibited in the same species as 
in the common Indian termite O. obesus. 

FIG. 278.-LARGE TERMITARIUM 

EU'1'ERMES '1'1I10nUE, AUSTRALIA. 

OF 

After Hill, Froc. Linn. Soc. N.S. W., I9IS. 

Certain species of Euiermes construct gigantic termitaria of the type already 
referred to, while others form arboreal habitations often more or less spheri-

FIG. 27<J.-Vcrtical section of a nest of T,l11res baifu5 (5. Africa) and per'fc I '-c, ,}lnwin If' "r1J~ted by term.iteswith 
clay: small surface mounds and descendmg shafts: great cavity and supplementary caVIties filled with fungus ganjen' 
queen-cell attached to wall of cavity (left side) and radiating galleries. x }';' After Fnller, Ann. NatalllIus. 3. ' 

cal in form. The material used in constructing the latter appears to be 
comminuted wood, and the nest is composed of an outer envelope enclosing 
a comb-like mass of internal chambers. Such habitations bear a super-
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ficial resemblance to the carton nests of arboreal Vespidre. In many cases 
they are connected by means of covered passage-ways with subterranean 
abodes. 

The role of subterranean termites has been compared by Drummond 
(" Tropical Africa ") with that of earthworms. By means of their under
ground activities they keep the soil in constant circulation, rendering it 
permeable to air and moisture. Also the frecal matter of these insects 
serves to enrich the soil very much after the manner of the "casts" of 
earthworms. In many parts of the tropics there is scarcely a cubic yard 
of soil that is free from the burrows of these insects, and the number of 
individuals of the latter present defies all calculation. 

The Termite Community and its Biology 
The various castes which make up a termite community have already 

been described. In a typical colony of any of the higher termites the life of 

FIG. Z80.-SECTION OF ROYAL CELL WITH QUEEN OF TERAIES TRLVSVAALE-V,,;IS, X i. ON THE 

RIGHT CHAMBERS WITH FUNGUS GARDENS. 

After Sjostedt. 

the community is dominated by the royal pair which consist of a dealated 
male and female. They are confined to a special royal cell which is usually 
deeply hidden in the recesses of the termitarium. The royal couple remain 
monogamous; the queen attains relatively ~normous dimensions (Fig. 280) 
and she is fertilized at intervals by the king. Among the most primi
tive termites there may be a number of these royal forms present: they 
are not necessarily located in permanent cells, and the queens do not exhibit 
the same great increase in bulk. It was formerly believed that if the 
original queen were destroyed the community would ultimately die out. 
This conclusion, has been dispelled by the discovery of the brachypterous 
and apterous reproductive castes. Either one or both of the latter may 
be represented among the offspring of the original royal couple, and they 
eventually develop into new royalties which continue the population of 
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the colony in cases of necessity. They are, moreover, polygamous, several 
kings being associated with a number of queens. Since it is evident that 
individuals representing two or three reproductive castes may coexist in 
the same community, the question arises as to the conditions under 
which these several castes may becol11e functional. The macropterous 
forms, as will be referred to later, take to the wing and leave the habitation. 
There is no conclusive evidence, however, that the brachypterous or apterous 
reproductive castes regularly leave the colony to found new societies of 
their own and, in the presence of the original queen, they appear superfluous. 
It has been previously mentioned that Grassi and Sandias regard them as 
neoteinic fonrts, which are held in reserve so ·as to be brought into repro
ductive activity when occasion demands: Fritz Miiller (1873) compared 
them with the cleistogamic flowers of certain plants. It has already been 
pointed out that the evidence for considering these two castes as being 
composed of neoteinic forms is not established, and that they are to be 
regarded as true adults. If the latter contention be correct, there appears 
to be nothing to prevent them from reproducing on their own account 
even when the original royal couple is present. It is, therefore, reasonable 
to conclude that they perform the double function of extending the colony, 
or of founding separate branch colonies, while the original queen is still 
functional, and of replacing the latter when her normal period of life expires, 
or she is destroyed by some fortuitous occurrence. It is not clear, how
ever, why members of brachypter::ms and, more rarely, the apterous repro
ductive castes, should be present in such numerical strength as they are 
frequently met with. It seems probable that, owing to their lower fecundity, 
as compared with the original queen, a considerable number of such forms 
is necessary in order to maintain the colony up to its normal population. 
Once the original queen has died out it is believed that the macroptetous 
caste can no longer be produced, and consequently colonies headed by 
brachypterolls or apterous royalties are accounted for. Grassi and Sandias, 
for example, mention colonies of Leucotermes lucifugus in Sicily whiyh were 
entirely maintained by brachypterous queens. 

It will be convenient at this stage to consider the habits of the macrop
terous caste. So long as the original queen is in functional activity indi
viduals of the former caste are produced. At certain times, varying with 
geographical location and season, the fully winged forms are brought 
forth in large numbers as annual occurrences. These individuals become 
impelled to leave the parental colony by some unknown instinct and, 
when the critical hour arrives, they depart on their colonizing flight and 
are said to be "swarming." Atmospheric conditions are an important 
factor influencing the a~tual time of issue: thus, in the more arid regions, 
the flight takes place during the rainy season, or after casual showers, when 
the moisture content of the atmosphere is favourable. Prior to the flight, 
the workers make exit holes when necessary in the walls of the termitarium, 
and numerous members of this caste, along with soldiers, congregate around 
and often just outside these apertures while swarming is in progress. The 
latter may be either diurnal or nocturnal according to the species, those 
that swarm by night being strongly attracted to lights. Termites are 
weak fliers and, unless aided by the wind, these swarms do not travel any 
great distance. They have for their object the perpetuation and further 
diffusion of the species which is enabled, in this manner, to found new 
colonies away from the immediate proximity of the old. As a rule a number 
of colonies of a species swarm about the same time: the members of a 
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swarm comprise individuals of both sexes which may either pair with each 
other or intercross with those of neighbouring swarms. Notwithstanding 
the vast numbers of termites composing these swarms, enormous mortality 
occurs' during and after the flight, very few individuals surviving to fulfil 
their destiny: birds, lizards and small mammals devour the greater number. 
The survivors sooner or later alight or fall on the ground and cast their 
wings. The loss of these organs is clearly an advantage to the race, since 
they, have served their function and their retention would prove,a useless 
encumbrance. The sexes segregate into pairs and after an interval of 
courtship mating takes place. The latter may occur either before (Fuller, 
1915) or after dealation: in Leucotermes flavipes it is not fulfilled, according 
to Snyder, until about one week after swarming. Both sexes par
ticipate in the early operations of forming a habitation which consist in 
the excavation of a small burrow or gallery, termed the nuptial chamber. 
The first-laid eggs are few in number, and are tended by the young parent 
royalties. Most of the early broods develop into workers, the latter caste 
being the most necessary for the building up of the incipient colony. In 
Leucotermes lucifugus Feytaud states that the first workers become func
tional about seven months after the swarming, and that no soldiers are 
present in the initial broods. The newly hatched nymphs are fed by their 
parents on prepared food and the wood-feeding species, for example, do 
not resort to a ligneous diet until later in their development. As the growth 
of the colony proceeds, and more eggs are produced, the duty of tending 
the brood is assumed by the workers, who also enlarge the habitation and 
generally make provision for the growing community. During the first 
season members of the reproductive castes are usually not produced. The 
queen gradually grows in size, and is subjected to constant care and feeding 
by the workers. She no longer partakes of her original ligneous or other 
food, but receives a prepared diet from the workers: mastication -becomes 
no longer necessary and the jaw muscles degenerate. With her increase 
in size, there is a corresponding increase in the number of eggs produced. 
In established colonies of the higher termites the queens are capable of 
laying some millions of eggs apiece during their lifetime. Thus Fuller 
observed that a queen of Termes badius is capable of laying 4,000 eggs in 
24 hours. From a dissection of a queen of T. redemanni Bugnion esti
mated that the two ovaries contained 48,00'0 eggs at the time of examina
tion. Under more or less uniform tropical conditions a single queen is 
probably capable of producing, at her period of maximum fecundity, at 
least a million eggs in the year. Much higher estimates are given by some 
authorities but the figures need confirmation. The duration of life for 
the queen is extremely difficult to estimate, but probably six to nine years 
is an approximately accurate statement. 

The food of termites consists primarily of wood and other vegetable 
tissue. These insects also consume proctodceal matter ejected by their 
fellows and, by this means, the younger nymphs of the wood-feeding species 
first become infected with Protozoa derived from the fceces of the older 
members of the community. Exuvice and the bodies of dead termites 
are also devoured. The nymphs at first only receive saliva; later on they 
are fed with stomodceal or proctodceal food until they are able to eat the 
staple vegetable diet. 

The habit of foraging outside the nest occurs in various species of Meta
termidce, and is also found in Hodotermes among the Protermitidce. The 
workers and soldiers of species of this genus possess well developed com-



THE TERMITE COMMUNITY 269 
pound eyes, and exhibit the unusual habit of foraging above ground during 
daylight. Sorties are made from the nest for the purpose of collecting 
grass, pine needles, etc., which are cut into sh9rt,lengths, and carried to 
the mouth of the burrow. Here the material is either taken directly within, 
or allowed to accumulate to form a mound whose contents are subsequently 
removed into the nest. Among the Metatermitidre the foraging habits 
of Termes latericus and Eutermes trinervius in S. Africa are described by 
Fuller (1915). In the former species there are special cells or granaries 
within the nest, and lengths of green grass, together with large quantities 
of seeds are collected. E. triodia:, in Australia, stores dried grass in cham
bers which are situated in the walls of the termitarium from the ground 
to the summit. Bugnion (1914) describes the habits of the "black ter
mite" (E. monoceros) of Ceylon. Long dense files of workers of this species 
set out about sunset, with the soldiers aligned up on guard on either side 
of the procession. The object of these expeditions is to gather fragments 
of lichens which serve to nourish the young. Having found a suitable 
tree, they remain the whole night gathering provender, and return the 
following morning. Bugnion calculated, by means of photographs, that 
there are, on an average, 1,000 termites to each metre of the moving column 
and, if the army marched out for five hours, 
moving at the rate of a metre per minute, 
about 300,000 termites would be involved in 
the procession. 

The habitations of many of the higher 
termites, particularly species of the genus 

. Termes and its allies, contain what are com
monly termed" fungus gardens." These beds 
are composed of a spongy dark reddish-brown 
coral-like "comb" which is constructed by 
the workers of comminuted vegetable matter 
forming the excreta (Figs'. 279-281). The 
chambers containing the fungus gardens are 
located near the centre of the nest, often in 

FIG. 28 I.-FUNGUS BED OF 
Ono.VTOTERMES, INDIA: THE 
SMALL WHITE 'FUNGAL 
SPHERES ARE SEEN CROWING 
ON THE SUBSTRATUM. X 2. 

close proximity to the royal cell, or in c·ommunication with the latter. 
Fungal hyphre grow upon the substratum formed by the comb and pro
duce small white" spheres" which form the nutriment of the royal pair 
and young nymphs. The fungal chambers also serve as nurseries for the 
eggs and young brood; Bugnion (1914) states that in species observed by 
him in Ceylon the young nymphs may be observed grazing on the fungus 
beds after the manner of miniature sheep! 

According to'Petch the" spheres" prodUli:ed by the fungi are composed of branching 
hyphre bearing either spherical or oval cells. The oval cells germinate readily, but 
it has not been possible to reproduce the original" spheres" from them. On a normal 
comb just removed from the nest the only fungi evident are the" spheres" and their 
mycelia. If the comb be placed beneath a bell-jar a Xylaria regularly grows from it 
in about two days: it also grows from deserted combs after rain. When the combs 
are getting old, and falling out of use, an agaracine fungus develops upon them: 
various names have been assigned to it and it is regarded by Petch as a species of 
Volvaria. It has not been possible to germinate the spores of the latter or prove 
experimentally that the" spheres" are a phase in the growth of the Valvaria. Other 
fungi also develop upon the comb when the latter is removed from the influence of 
the termites, and it is believed that these insects weed out such extraneous fungi when 
they appear in the nest. There is a considerable literature on the fungus-growing 
habits of termites and the reader is referred to the works of Petch (1')06) and 
Escherich (1909) for more detailed information. 
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In addition to the normal occupants of a termite habitation, there is 
also a very extensive termitophilous fauna consisting of various insects, 
and other arthropods, which are represented in almost every community 
by one or more species. The relations between these guests and their 
hosts are, so far as is known, very similar to those described later on 
between myrmecophilous species and ants. The termitophilous forms 
similarly include true guests or symphiles, indifferently tolerated, guests 
or synceketes, and synechthrans which are scavengers or predators. The 
-largest number of termitophilous insects belong to the Coleo,ptera. The 
Carabidre are principally represented by the larvre of Orthogonius: the 
Staphylinidre include such genera as Corotoca, Spirachtha, Termitobia, 
Termitomimus, Doryloxenus, etc., while the Pselaphidre, Scarabreidre, 
Tenebrionidre and other families have sundry representatives. Among 
the ])iptera are certain remarkable Phoridre including Termitoxenia, Ter
mitomyia and Ptochomyia: included in this same order are the equally 
remarkable Psychodid Termitomastus, and several genera of larval An
thomyid;e. The Thysanura include a large number of termitophilous 
forms, there are also a few Collembola of similar habits, several larval 
Tineids and, among the Hemiptera, the anomalous genus Termitaphis. 
In addition to insects the list includes Acarina, Diplopoda and Chilopoda. 
The literature on termitophilous arthropods is extensive and is principally 
comprised in numerous papers by Wasmann (1894 onwards) and Silvestri 
(1903, 1905, 1914-1920): Termite mounds also afford shelter to lizards, 
snakes and scorpions, while certain birds are even known to nest in them. 

It is noteworthy that more than one species of termite may inhabit 
the same habitation and that a kind of social symbiosis exists in conse
quence. Thus Anoplotermes, which has no soldiers, is usually associated 
with species of other genera. In S. America five_species of termites, belong
ing to as many different genera, are recorded by Holm'gren as sharing a 
habitation of Termes dirus, while no less than eight different species are 
mentioned by Escherich as living amicably with Termes chaquimayensis. 
Certain members of the genus Eutermes particularly exhibit this habit of 
guest species. Termites and ants have often been recorded as inhabiting 
the same log, or other object, where they may occupy contiguous galleries 
or even intermingle. Under ordinary circumstances the relations between 
the two kinds of insects are friendly, unless the nest be disturbed, when 
the ants soon attack and carry off the termites. 

Origin of Polymorphism 
, The ongm of caste in termites has been productive of much discus

sion, while the problem as to how the characters of the sterile soldiers 
and 'workers secure representation in the germ cells of the species has 
been an outstanding difficulty to students of heredity. The theories which 
attempt to account for the origin of caste in these insects may be briefly 
summarized under two headings, viz. theories of extrinsic and intrinsic 
causes. 

1. The Theory of Extrinsic Causes.-The principal upholders of this 
theory are Grassi and Sandias (1897). These observers believe that 
nutrition and method of feeding are of paramount importance. In the 
termites studied by them the newly hatched nymphs are externally alike 
but, when they attain a length of 2 mm. or over, they become separable 
into large and small headed forms. The large headed forms develop into 
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soldiers and, in LeuGotermes, into workers also: the small headed forms 
develop into the macropterous caste or, as in Calotermes, the head may 
increase in size and such individuals develop into workers. Gra1?si and 
Sandias conclude that the development into soldiers and workers, on the 
one hand, and into macropterous forms on the other, is due to the relative 
amounts of salivary food received from the nymphs which feed them 
during the early phase of development. Young destined to produce 
macropterous forms continue to be fed with saliva for a much longer period 
than those whicb will ultimately develop into soldiers and workers. Grassi 
and Sandias maintain that the early appearance of intestinal Protozoa, 
and their constant presence in great abundance in the two latter castes, 
are associated with the smaller amount of saliva received. It is also implied 
by them that the Protozoa exercise an inhibitory effect upon the develop
ment of the gonads. They further maintain that, by means of selective 
feeding, nymphs already far advanced towards becoming macropterous 
adults can be diverted, as it were, and develop into soldiers. Others 
may be converted into neoteinic forms and thus assume a precocious 
sexual maturity. 

Among other biologists Silvestri (I902, I903) maintains that food is 
the determining factor in caste production but acts indirectly since the 
germ plasm is also involved. Desneux (I904) believes that the cause of 
the differentiation of the young nymphs is the particular diet which they 
receive. Escherich (1909) believes that food is of paramount importance 
in caste differentiation but he assumes, with Weismann, that it does not 
exert a direct influence but provides the stimulus which releases, as it were, 
the potentialities of the different castes, these potentialities being present 
in the egg cells. Holmgren (I909) seeks to explain polymorphism on the 
basis of his exudation theory. According to him the newly hatched nymphs 
are alike in appearance but from the commencement some may receive 
a little more food and produce rather more exudation than others. These 
latter nymphs are consequently more frequently licked and attended by 
the workers and finally develop into sexual forms. Those nymphs which 
produce less exudation, and receive at first less food, are subjected to 
less care from the workers and develop into the sterile castes. Holmgren's 
theory, however, h'as received little support and the existence of exudatory 
tissue has no direct influence on caste production. 

Intestinal Protozoa and their Significance. Living within the hind-intestine of many 
termites is an abundant Protozoan fauna. If a small drop of the brown turbid 
contents of the gut be examined by the microscope, it is seen to be composed almost 
entirely of vast numbers of Protozoa, actively traversing the field of vision in all 
directions. They consist principally of FJagellates, belonging more especially to the 
peculiar order Hypermastigina (Trichonymphidea), which is almost exclusively 
confined to the Isoptera. These Protozoa were first observed in termites by Lespes 
in 1856, and since that time many genera and species have been discovered (vide 
Imms, 1919). The inter-relationships of these organisms with their hosts have given 
rise to much discussion. Several authorities regard them as being parasites; thus 
Grassi and Sandias, in their studies on Italian termites, maintain that the relative 
abundance of the Protozoa is in inverse proportion to the degree of development of 
the gonads of the hosts. According to these observers Protozoa abound in the hind
gut of the soldiers and workers (with aborted gonads), but are rare or totally absent 
in the reproductive castes. According to Brunelli (1905) in queens of Calotermes 
flavicollis and Leucotermes lucifugus, infested with Protozoa, there is a correlated 
destruction of the oocytes-a kind of indirect" castration parasitaire ": this conclu
sion, however, is disputed by Feytaud (1912). The researches of Bugnion, the present 
writer and others do not support the views of Grassi and Sandias. It is found that the 
presence of Protozoa is correlated with a ligneous diet on the part of their hosts. The 
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former do not occur in the young nymphs, kings or queens which are fed with, a special 
diet provided by the workers or older nymphs. In the soldiers and worker-like 
forms of Archotermopsis which possess fully developed gonads, a rich Protozoan fauna 
is always present in the hind-intestine. Feytaud also mentions having found abundant 
Protozoa in the macropterous caste of L. luci/ugus nearing sexual maturity, and they 
are also frequent in the same caste of Archotermopsis. There does not appear, there
fore, to be any correlation between the presence of Protozoa and the condition of the 
sexual organs. Buscalioni and Comes (1910) regard the Protozoa as being symbionts 
rather than parasites. By their action in breaking down ligneous matter the Protozoa 
provide nutritive material capable of absorption by their hosts. Certain species, 
however (those of Dinenympha for example), attach themselves to the walls of the 
intestine and are probably parasitic. The symbiotic theory is also held by Bugnion 
and by the present writer, but is not accepted by Grassi and Foa (I9II) who mention 
an experiment which was conducted with Calotermes. Pieces of wood containing this 
termite were enclosed in small boxes and kept at a temperature of 35° C. The Protozoa 
died, sometimes all, and individual Calotermes entirely deprived of these organisms, 
lived in full activity for several months. This experiment, however, does not indicate 
more than the fact that the termites can exist without Protozoa for a considerable 
period. Whether it is possible to rear the wood-feeding species from the egg to the 
adult without the intervention of Protozoa, is a difficult experiment which has not 
so far been attempted. 

The Theory of Intrinsic Causes.-Bugnion (1912A and 1913) appears 
to be the first modern observer to bring forward evidence suggesting that 
caste differentiation occurs during embryonic life and is independent of 
the effects of any dietary regime. He ascertained that the nasute soldier 
of Eutermes lacustris is already clearly separable from nymphs of other 
castes at the time it issues from the egg, the distinguishing features being 
the presence of a frontal process and a relatively large frontal gland. 
Thompson (1917) found that in Leltcotermes flavipes, and (1919) in a number 
of other termites the newly hatched young, although externally all alike, 
are differentiated by internal characters into two types. (a) Reproduc
tive castes with large brain, large sexual organs and usually a dense opaque 
body: and (b) sterile castes with small brain, small sexual organs and 
usually a clear transparent body. In L. flavipes the nymphs of the 
reproductive castes, on attaining a length of r'3-r'4 mm. become further 
differentiated into two kinds which eventually give rise to the macrop
terous and brachypterous forms respectively. The ontogeny of nymphs 
which develop into the apterous reproductive caste has not been followed. 
The nymphs of the sterile castes become separable into future soldiers 
and workers at a later stage in their ontogeny, i.e. : when the body-length 
reaches 3'75 mm. 

In the light of the foregoing remarks there is no conclusive evidence 
that any particular kind of nutrition, or the absence thereof, is capable 
of producing such fundamental changes as are involved in caste differen
tiation. It has also been mentioned on an earlier page that an abortive 
condition of the sexual organs is not an invariable attribute of the soldier 
and that caste production is not in any way related to the presence of 
intestinal Protozoa. It is evident also that too much stress has been laid 
on the apparent similarity of the young of almost all termites when newly 
emerged from the egg. This fact has given rise to the belief that caste 
differentiation takes place during post-embryonic growth when its presence 
first becomes obvious. It is necessary, therefore, to look to some intrinsic' 
cause or causes to account for the phenomenon. In seeking to explain 
polymorphism by means of intrinsic factors the question arises as to whether 
the cytology and development of the germ cells would yield important 
evidence but, up to the present, this field remains unexplored. The 
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phylogenetic origin of termite castes appears to be explainable on the basis 
of the mutation theory, i.e. : that the castes are secondary and have arisen 
as inheritable variations of some stage in the ontogeny of the macrop
terous form, or original winged imago (vide Imms, 1919, Thompson and 
Snyder, 1919, Snyder, 1920). In the case of the brachypterous and apterous 
reproductive forms the mutations have been solely regressive-there has 
been a loss of characters. In the worker and soldier such characters as 
fertility and the presence of wings have become lost but, on the other 
hand, progressive mutations have also occurred which are evidenced in 
the soldier caste in the greatly increased size of the head, mandibles and 
often of the frontal gland, as well as in the development of the rostrum 
in the nasute forms. The various castes might be interpreted as grada
tions in a series of mutations comparable with those discovered in 
Drosophila by Morgan and his school. The present writer (Imms, 1919) 
has suggested that possibly the various factors, whose presence or absence 
determines each caste, may be looked upon as a large number of allelo
morphs, whose inheritance may take place along Mendelian liQes. In 
the germ cells of the.macropterous forms segregation would take place 
in such a manner that certain of the ova and spermatozoa would be 
potentially different from their fellows, and their union would result in 
the production of different castes of individuals. 

At the present time there is very little exact information available 
with regard to the constitution of the progeny of the three reproductive 
castes. So far as is known the queens of the macropterous form are the 
parents of all the remaining castes. According to Snyder (1920), both 
field observations and breeding experiments seem to indicate that the 
brachypterous and possibly the apterous forms produce, in addition to 
soldiers and workers, their own fertile types and never the macropterous 
form. 

In extremely rare cases the so-called sterile castes may be capable of 
reproduction. In Archotermopsis, evidence based upon the moyphology 
of the sexual organs of the soldiers suggests that, in this primitive type, 
fertility has not been lost. Heath (1903) records three egg-laying soldiers 
in the closely related Termopsis but, beyond referring to the progeny 
as " the young, and the nymphs and the workers," gives no further details. 
Intermediate forms are of rare occurrence but soldiers with vestigial 
wings, for example, are recorded in Tennopsis and Calotermes: possibly 
these and other anomalous forms are to be regarded as reversions towards 
the ancestral caste. 

Metamorphosis 
It has been pointed out that the newly hatched nymphs, although 

apparently all alike, are already differentiated by internal characters into 
reproductive and worker-soldier types. At a later stage in development 
they become separable into their individual castes. In the case of the 
workers there is very little external change of any description during 
postembryonic growth, and they are consequently ametabolous. In both 
the mandibulate and nasute castes of soldiers metamorphosis is indicated 
by very considerable external and internal changes, which more particularly 
affect the head and mandibles. The macropterous reproductive caste 
exhibits the usual paurometabolous growth which is also present, although 
to a much lesser degree, in the brachypterous caste. The apterous repro-

G.T.E.-I8 
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ductive caste passes through no changes sufficiently marked to be regarJed 
as metamorphosis. 

Development is slow, particularly in the reproductive members of the 
community whose period of growth may occupy two years (Snyder). 
According to Grassi and Sandias there are four ecdyses present in the 
development of the sterile castes, and five in the case of the reproductive 
forms. This statement has been repeated in many works, but it is not 
possible to say to what extent it is generally applicable. Prior to the last 
ecdysis, anal styli are present in both sexes, irrespective of their caste, 
but after the final moult these organs are usually lost in the females of 
the reproductive forms. 

In their development termites pass through resting or quiescent phases 
during ecdysis (Snyder, 1913). These phases are to be regarded as pro
longations of the periods of inactivity which accompany each ordinary 
moult. Such a resting condition is most evident (I) during the ecdysis 
when apparently undifferentiated nymphs transform into those of the 

soldier type and (2) 
during the final ecdysis 
which is followed by 
the adult instar. The 
quiescent condition is 
more strongly pro
nounced in some genera 
than others and, where 
this phase is very much 
in evidence, the insect 
lies upon its side; with 
the head flexed upon 
the ventral aspect of 
the thorax, while the 
limbs and other parts 
remain immobile. The 
transition between an 

FIG. 282. MASTOTERMES DARJVINIENSIS, insect in this condition 
MALE, RIGHT WINGS EXTENDED. during its final ecdysis, 

After Froggatt. and a pupa of the 
Neuroptera, for 

example, is a comparatively slight one, and the differences are mainly 
those of degree. The quiescent phase in termites evidently fulfils the 
same functions as a pupa, since all the more important changes, both 
external and internal, occur while it lasts. Its duration varies from a 
few hours up to several days, the shorter period being prevalent in cases 
where the resting phase is only slightly pronounced. The ontogeny of ter
mites, therefore, affords to some extent a connecting link between the 
paurometabolous and holometabolous types of development. 

Classification 
Among recent systems of classification those of Desneux (19°4), 

Silvestri (1909) and Holmgren (19II) are notable. That .of the first 
mentioned authority comprises three sub-families-the Mastotermitince, 
Calotermitince and Termitime which together constitute the single family 
Termitidce. In the classification of Silvestri the Mastotermitime are 
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elevated to family rank while Desneux' 
are united to form the family Termitidre. 
into four families as enumerated below. 
order vide Hegh (I922). 

second and third sub-families 
Holmgren divides the termites 

For a general textbook on the 

A. Tarsi s-jointed in all castes: hind-wings with a well developed 
anal lobe. 

FAM. I. MASTOTERMITIDJE.-Includes the single genus Mastotermes from 
northern Australia (Fig. 282}. 

B. Tarsi 4-jointed, or rarely imperfectly s-jointed, in all castes: hind
wings without an anal lobe. 

FAM.II. PROTERMITID.JE.-FONTANELLE WANTING IN ALL CASTES. MACROP
TEROUS PORM WITH THE WING MEMBRANE RETICULATED AND AN EM PODIUM OFTEN 
PRESENT BETWEEN THE CLAWS. SOLDIER WITH THE PRONOTUM USUALLY FLAT, EYES 
PRESENT. WORKER WITH THE PRONOTUM FLAT (SADDLE-SHAPED IN HODOTERMES), 
EYES PRESENT, ANAL STYLI ALMOST ALWAYS PRESENT. Representative genera: 
Archotermopsis (Desn.) Termopsis Heer, Hodotermopsis Holmg., Hodotermes Hag., 
Calotermes Hag. 

FAM. III. MESOTERMITID.JE.-FONTANELLE PRESENT IN ALL CASTES. 
MACROPTEROUS FORM WITH THE WING MEMBRANE OFTEN RETICULATED, ANTERIOR 
WING SCALES LARGE, EMPODIA ABSENT: FRONTAL GLAND WELL DEVELOPED (WITH 
SOME EXCEPTIONS). SOLDIER WITH THE PRONOTUM FLAT, ANAL STYLI USUALLY 
PRESENT, EYES OFTEN WANTING: FRONTAL GLAND ALMOST ALWAYS PRESENT. WORKER 
WITH THE PRONOTUM FLAT (SADDLE-SHAPED IN RHINOTERMITINlE), ANAL STYLI OFTEN 
PRESENT. Representative genera: Leucotermes Silv. (including Reticulotermes) , 
Psammotermes Desn., Coptotermes Wasm., Termitogeton (Desn.), Rhinotermes Hag., 
Serritermes Wasm. 

F AM. IV. META TERMITID.JE .-FONTANELLE PRESENT IN ALL CASTES. 
MACROPTEROUS FORM WITH THE WING MEMBRANE NEVER STRONGLY RETICULATED, 
ANTERIOR WING SCALES SMALL, NO EMPODIA: FRONTAL GLAND RUDIMENTARY. SOLDIER 
WITH THE PRONOTUM SADDLE-SHAPED, ANAL STYLI PRESENT ONLY IN THE LOWER 
FORMS. FRONTAL GLAND PRESENT. WORKER WITH THE PRONOTUM SADDLE-SHAPED, 
ANAL STYLI USUALLY ABSENT. Representative genera: Acanthotermes Sjost., Termes 
(L.) Holmg., Odontotermes Holmg., Microteymes Wasm., Armitermes Wasm., Eutermes 
Mull., Anoplotermes Mull., Hamitermes Silv., Mirotermes (Silv.), Capritermes Wasm. 
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Order 8. EMBIOPTERA 

SOLITARY OR GREGARIOUS INSECTS LIVING IN SILKEN TUNNELS. MOUTH
PARTS ADAPTED FOR BITING, LIGULA 4-LOBED. TARSI 3-JOINTED; 
1St JOINT OF ANTERIOR PAIR GREATLY INFLATED. BOTH PAIRS OF 

WINGS A'pKE: VEINS BUT LITTLE PRONOUNCED, R GREATLY THICKENED, 
REMAINING VEINS OFTEN REDUCED OR VESTIGIAL. CERCI 2-JOINTED, GENER
ALLY ASYMMETRICAL IN THE MALE. FEMALES APTEROUS AND LARVIFORM. 
METAMORPHOSIS GRADUAL IN THE MALE, ABSENT IN THE FEMALE. 

The Embioptera are a small group of fragile insects with a soft,thin 
cuticle and weak powers of flight. All are sombre coloured, being either 
brown or yellowish brown, with smoky wings. In 
their habits these insects generally avoid day
light, living beneath stones, or under bark, etc. 
The females are much more rarely met with than 
males, the latter not infrequently being attracted 
to a light. Sexual dimorphism is a marked char
acteristic of the order, the males being winged 

FIG. 283. EMBIA AIAJOR, MALE. INDIA. 

Tg9, 9th tergum; IgIO, right and left plates of loth tergum; bi, basal joint 
of left cercus. From ~lmmsJ 1913. 

FIG. 284. E;JIBIA MAJOR, 

FEMALE. 

From ImmsJ 1913. 

and the females apterous (Figs. 283, 284). In several species, notably Embia 
texana (Melander, 1903), both winged and wingless males are present. 

The most striking feature in the biology of the Embioptera is their habit 
of constructing silken tunnels in which they live (vide Imms,I9I3). When 
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disturbed in these retreats they are able to run backwards or forwards 
with equal agility. Embia major is gregarious and upwards of twenty 
individuals may be found associated together. This species constructs a 
nest composed of a series of superimposed silken tunnels communicating 

usually with one or two subterranean chambers (Fig. 
285). In addition to forming a retreat, it is probable 
that these tunnels sub serve other functions-they 
appear to be adapted for protection against predaceous 
insects which would become entangled in the threads 
should they attempt to enter them. Grassi and Sandias 
consider that they serve to protect the body from an 
excessive loss of moisture and to retain about the occu
pants an atmosphere not too dry. During the construc
tion of the tunnels the fore-legs are in constant activity, 
crossing and recrossing one another repeatedly. The 
faculty of weaving the tunnels is possessed equally by 
both sexes and also by the nymphs. Newly hatched 
nymphs, when removed from the proximity of the parent 
female, were observed to weave fine tunnels on their own 
account. The method of production of the silk has 
given rise to discussion. On the plantar surface of the 
1st and 2nd tarsal joints of the fore-legs are a number 

FIG. 285. EollBlA f h 11 b' 1 h' h . h b 
TEXANA, FEMALE 0 0 ow nst es w IC communIcate, eac y means 
IN SILKEN TUN- of a fine duct, with a small glandular chamber. The 

chambers are situated on the lower area of the enlarged 
After Melander. BioI. 

Bull., 1902. 1st tarsal joint; each is bounded by a single layer of 

NEL. 

epithelium which encloses a central space filled with a 
viscid secretion (Fig. 286). In Embia texana Melander estimates that 
about 75-80 chambers are present in the whole joint. Since a fine thread 
is emitted from each bristle a number are available simultaneously, which 
accounts for the 
rapidity wit h 
which these in
sects we ave 
the i r tunnels 
(M e I ander, 
1903: Rimsky
Korsakow, 
1905). Ender
lein (1912), 
however, dis
putes this ex
plana tion of 
silk production 
and maintains FIG. 286. EMBlA TEXANA, SECTION OF PORTION OF 1ST TARSAL JOINT. 

that the glossre SHOWING SILK GLANDS. 

function as a a, spinning bnstle; b, duct of silk gla~d; c, d, ampullae at bases of ducts. After Melander 

spinneret which 
. Bwl. BuU., 1902. 

receives the ducts of spinning glands. 
Very little information exists with reference to the feeding habits of these 

insects. Both sexes of Embia have been reared from the egg upol) vegetable 
food, but it is likely that the males are normally more or less carni,:"orous, 
and their mandibles differ markedly in form from those of the OppOSIte sex., 
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The eggs are elongate-cylindrical with a conspicuous operculum at one 

pole. They are laid in small groups along the course of the silken tunnels 
of the nests, and the females exhibit parental care for their offspring after 
the manner so well known in Dermaptera. 

Embioptera are tropicopolitan but extend their range into the warmer 
temperate zones. They occur in all zoo-geographical regions including 
Australia, and species are also found in Madagascar, New Zealand, Ceylon 
and various. smaller islands. Three species, comprised in as many genera, 
are European and are found in countries bordering on the southern littoral 
of that continent. It is noteworthy that Oligotoma MicllCeli MacLach. 
has been found in a London orchid house where it had become temporarily 
established. O. Saundersi Westw. is stated to be so abundant on Ascension 
1. as to become injurious. 

External Anatomy.-The head in the Embioptera is always rather 
small and projects in a line-with the body: the epicranial suture is wanting 
and there are no ocelli. The compound eyes are reniform in the males 
and rather smaller in the 
females. The antenn~ are 
filiform, shorter than the 
body, and composed of 15-
32 joints. -

The mouth-parts (Fig. 
287) are typically Orthop
teran in character: both 
the labrum and clypeus are 
well developed, and the 
mandibles differ consider
ably in the two sexes. 
Those of the male are much 
more slender and have fewer 
t.eeth than in the female. 
The maxillary palpi are 5-
jointed, the galea is mem
branous and the lacinia FIG. 287. EJ.IBIA MAJOR. 

chitinized and provided with A, left mandible of female. B, do. of male. C, right maxilla, c 

Pair of apical teeth Both cardo; 5, stipes; la, lacinia; ga, galea. D, labium (ventral), g, para-a . glossa' I, glossa; pg, palpiger; mI, prementum; m2, mentum. 
cardines and stipites are well ' 
developed. In the labium the ligula consists of a pair of rather fleshy 
paragloss~ and, between the latter, lie the very small pointed gloss~: 
the labial palpi are 3-jointed. The hypopharynx is large and its dorsal 
surface is covered with minute pectinate scales. 

The prothoia:x is narrower than the head, and a deep transverse sulcus 
cuts off the anterior portion of the pronotum from the remainder. The 
meso- and meta-thorax are sub-equal in size and broader than long in the 
male, but elongate and narrower in the female. The fore-legs are stout, 
the middle pair are reduced in size, and the hind pair resemble those of 
leaping insects owing to their swollen femora. The tarsi are always three 
jointed: the first joint of the anterior pair is inflated at all stages of life 
and in both sexes. 

The two pairs of wings (Fig. 283) are almost identical in size and shape and 
only differ in unimportant details with regard to the venation-a similarity 
which finds a parallel among the Isoptera. The wing membrane is smoky 
in colour, with narrow hyaline areas running in a longitudinal manner 
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between the principal veins, giving the wings a very characteristic appear
ance. After the last ecdysis the newly expanded wings are clear and 
subsequently assume the fuscous coloration, the hyaline areas remaining 
unmodified. The surface of the wings is clothed with microtrichia, together 
with macrotrichia distributed along and between the veins. The radial 
vein is always greatly thickened, thus serving to strengthen the anterior 
portion of the wing; the remaining veins are ·for the most part weakly 
defined, exhibiting reduction and degeneration (Fig. 288). The venation 
is seen in its most generalized condition in Donaconethis, but even in this 
genus reduction is evident, as Rs is only 3-branched and M is ,represented 
by a single fork. In the Oligotomidce the venation is greatly reduced and 
markedly degenerate: R4+5 is represented by a mere spur, M has practic

Cu, 

B 

ally disappeared and Cu is 
unbranched. Traces of a 
former more complete vena
tion are evident as sli~ht 
thickenings of the wmg 
membrane. 

The abdomen is com
posed of ro evident terga: 
in the females, and the 
immature forms of both 
sexes, the roth tergum is 
entire but in the adult males 
it is divided into a pair of 
asymmetrical plates. One 
or both of these plates is 
drawn out into a horny pro
cess of variable .form. In 
Clothoda (S. America) the 
roth tergum of the male is 
entire and symmetrical as 
in the female. A pair of 
2-jointed cerci are present 
at the apex of the abdomen 
and, as a general rule, the 
left cercus in the male is 
modified basally and the pair 

B, is asymmetrical in con
sequence. In C lot lz 0 d a, 
however, the cerci are un

modified, and these organs exhibit also only slight asymmetry in the 
Oligotomidce. Each cercus is borne upon a basal plate, and these plates 
are universally present in the females and immature forms of both 
sexes. Among the males they have disappeared in certain of the. more 
specialized forms. Morphologically they are probably to be regarded as 
vestiges of an lIth segment. Ten sterna are present, although this nUill-
ber is not always evident and, in the Oligotomidce, the rst sternum in the 
female is largely aborted. In the immature forms of both sexes, and 
the females, the roth sternum is divided into two symmetrical plates. 
In the males the 9th sternum is a composite plate apparently formed by 
the fusion of the 9th and roth sterna, and is usually asymmetrical in form. 
The female genital aperture is placed on the hind border of the 8th sternum, 

FIG. 288. RIGHT WINGS OF A, EMBIA lIIAJOR; 

OLlG01'OllIA LATREILLE!. 

aI, pI, anterior and posterior radial lines. 
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the latter functioning as the subgenitai plate. In the male the composite 
9th sternum is the subgenital plate. 

Internal Anatomy.-The internal organization of the Embioptera 
needs fuller investigation as its general features are mainly known from 
fragmentary accounts by Grassi and Sandias (1897-98) and Melander 
(1903). It is evident, however, from the descriptions of these observers 
that it is a generalized type. The alimentary canal is an almost straight 
tube from the mouth to the anus. The mouth leads into a small buccal 
cavity which is lined with backwardly directed denticles. This is succeeded 
by a narrow pharynx, and the remainder of the fore-intestine consists of 
a large dilated oesophagus and crop. The mid-intestine is a long tubular 
chamber which narrows somewhat posteriorly. The hind-intestine consists 
of a slightly coiled ileum, a very short colon and a dilated rectum, the latter 
being provided with six cushion-like rectal papillce. M alpighian tu,bes 
are variable in number: in adult individuals there are about 20-24 of 
these organs. A pair of large salivary glands and reservoirs are pres en t 
in the thorax, and their ducts unite anteriorly to form a common,canal 
which opens on the floor of the mouth. The nerVOltS 
system consists of a rather small supra-oesophageal 
ganglion, a sub-oesophageal ganglion, and a chain of 
three thoracic and seven abdominal ganglia, which 
are united throughout by double connectives: the 
visceral system is also well developed. The tracheal 
system communicates with the exterior by means of 
ten pairs of spiracles which belong to the meso- and 
meta-thorax, and first eight abdominal segments re
spectively. The trachece anastomose by longitudinal 
and transverse branches. The reprodttctive organs 
exhibit indications of a primitive segmental arrang~
ment recalling that found in certain of the Thysanura. 
Each ovary consists of five (panoistic?) ovarioles 
which open at intervals along the course of the ovi
duct: there is a short vagina which receives the 
aperture of a large spermatheca. There are similarly 
five testes on either side, which are disposed succes
sively along the course of the vas deferens. The 

FIG. z8g. E~IIBIA 
MAJOR, NEWLY

HATCHED NYMPH. 

From Imms, 1913. 

latter tube dilates posteriorly to form a vesicula seminalis and ultimately 
unites with its fellow to form a common ejaculatory duct: two pairs of 
accessory glands are also present. 

Post-embryonic Growth (Fig. 289).-Metamorphosis is wanting in 
the females and comparatively slight in the case of the males. The newly 
hatched young of both- sexes do -not differ in any important characters 
from the female parent and, in individuals of the latter sex, the whole 
postembryonic development is one of simple growth, unaccompanied 
by structural change. In the males, the nymphs do not differ from 
the newly hatched young until the appearance of the wing-buds, when 
the thorax also undergoes correlated changes. The characteristic asym
metry of the terminal abdominal segments is only assumed with the final 
ecdysis. 

Classification.-About 60 species. of Embioptera have been described 
and of these about 42 have been based upon an acquaintance with one 
sex only, almost always the male. Among recent authorities both Krauss 
(r9II) and Enderlein (1912) have monographed the order but these two 
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writers differ radically with regard to classification and synonomy. The 
system of Enderlein is followed below: 

FAM. 1. EMBIIDlE.-R4+5 BIFURCATE, EITHER IN BOTH WINGS OR ONLY IN 

THE HIND PAIR. CERCI IN MALE EITHER SYMMETRICAL OR WITH THE LEFT ONE 
MODIFIED: loth TERGUM ENTIRE IN BOTH SEXES OR, MORE USUALLY, DIVIDED INTO 

TWO ASYMMETRICAL PLATES IN THE MALE: 1St ABDOMINAL STERNUM PRESENT IN 
THE FEMALE. Clothoda, Embia, Rhagadochir, etc. 

FAM. II. OLIGOTOMIDlE.-RH5 VESTIGIAL IN BOTH WINGS. CERCI IN 

MALE BUT LITTLE MODIFIED, ALMOST SYMMETRICAL: 'Ioth TERGUM IN MALE DIVIDED 

INTO TWO PLATES WHICH ARE PRODUCED INTO A PAIR OF ASYMMETRICAL PROCESSES: 

1St ABDOMINAL STERNUM VESTIGIAL IN FEMALE. Oligotoma. 
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:l\1orph. und Systematik der Embiiden, etc. Acta Acad. Leop. Carol. Halle, 82. 



Order 9. PSOCOPTERA (Booklice and their allies) 

W INGED OR APTEROUS INSECTS OF SMALL OR MINUTE SIZE, WITH 

RATHER LONG 9- OR MORE JOINTED ANTENNiE: Y-SHAPED EPI

CRANIAL SUTURE PRESENT: MOUTH-PARTS OF THE BITING TYPE. 

THORACIC SEGMENTS CLEARLY DEFINED: WINGS MEMBRANOUS, ANTERIOR 

PAIR THE LARGER WITH EXTENSIVE PTEROSTIGMATA. VENATION SPECIALIZED 

BY REDUCTION, CROSS-VEINS SELDOM PRESENT. TARSI 2- OR 3- JOINTED. 

CERCI VERY SHORT OR ATROPHIED: OVIPOSITOR ABSENT. METAMORPHOSIS 

GRADUAL OR WANTING. 
The Psocoptera as defined above include the Zoraptera and Psocida 

which have been regarded as separate 
orders. The affinities of the Zorap
tera are evidently near to the Psocida 
and, as regards the venation, closely 
approach that of the genus Archips
OC1tS (vide Crampton, 1922). 

Sub-order I. Zoraptera.-INSECTS 

WITH MONILIFORM 9-JOINTED AN

TENNiE. MAXILLiE NORMAL, LABIAL 

PALPI 3-JOINTED. WINGS, WHEN PRE

SENT, CAPABLE OF. BEING SHED BY 

MEANS OF BASAL FRACTURES: PRO
THORAX WELL DEVELOPED: TARSI 

2-JOINTED. CERCI VERY SHORT, 1-

JOINTED. 

The first Zoraptera were described 
by Silvestri in 1913, among insects 
obtain,ed from W. Africa, Ceylon and 
Java. More recently, Caudell has 
brought to light additional species 
from Texas, Florida and Bolivia. The 
known species belong to the genus 
Zorotypus which constitutes the family 
Zorotypidcc: they are minute insects, 
less than 3 mm. long, and the alate 
forms have a wing-expanse of about 
7 mm. They occur under bark in 
decaying wood, humus, etc.; the two 
N. American representatives are gener- FIG. 290. ZOROTYPUS QU1NEENS1S, AFRICA. 

ally found near the galleries of ter- After Silvestri, Boll. Lab. Zool. POTtici, 1913. 

mites, but not usually living with 
those insects. The oriental and ethiopian species are known from apter-· 
ous individuals only, but those from N. America are represented by 
winged and apterous forms in each instance. A third form, termed the 
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apterous unchitinized adult, is recognized by Caudell, but it does not appear 
to differ from the ordinary apterous chitinized form in any morphological 
characters. 

The mouth-parts of the Zoraptera are of a generalized type (Fig. 
:29:2). The mandibles ate more or less quadrangular and adapted for 

mastication: the maxillce do not call for 
special mention and their palpi are 5-
jointed: the labium is characterized by 
the completely divided prementum, and 
3-jointed palpi. The winged individuals 
possess compound eyes and ocelli, but 
both types of visual organs are wanting 
in the apterous forms. The wings are 
capable of being shed as in termites, 
but the fractures are not very definitely 

FIG. 291. ZOROl'YPUS S.YYIJERJ, RIGHT located, nevertheless they are situated 
WINGS. 

near the bases of the veins. The wing-pt, pterostigma. 
stumps persist in dealated individuals 

as in termites. The venation (Fig. 291) is greatly specialized by reduction 
and according to Crampton (1922) it approaches that of the Psocida. 
The abdomen is lo-segmented and genitalia are wanting in the female.: 
in the male, genitalia are described by Crampton in Z. hubbardi. There 
are ten pairs of spiracles, two being thoracic and the remainder abdominal 
in position. The internal structure of Z. ceylonicus has been partially 
investigated by Silvestri (1913). The digestive system is characterized 
by the large crop which extends 
backwards to about the 5th ab
dominal segment; the stomach is an 
ovoid obliquely disposed sac, and 
the hind-intestine is convoluted. 
According to Silvestri there are 
probably six Malpighian tubes. The 
nervous system is highly specialized, 
there being three thoracic and only 
two abdominal ganglia, the first of 
the latter being located in the 

FIG. 292. ZOROTYPUS OUINEENSIS, MAXILLA 

AND LABIUM. 

thorax. The testes are ovoid paired c, carda; s, stipes; g, galea; I, lacinia ; p, premcntum ; 
m, mentum. After Silvestri, 1913. 

bodies commllllicating by slender 
vasa deferentia with an ejaculatory duct: the female organs are so far 
undescribed. 

From a general consideratjon of the structure of both winged and 
apterous forms, and from the fact that a colonial life is known to take 
place it appears possible, from the analogy of the Isoptera, that the differ
ences in the imagines are those of caste. There is no evidence, however, 
relative to the occurrence of castes of sterile individuals, but at the present 
time next to nothing is known concerning the economy of these insects, 
In their affinities they appear to have relationships with the Isoptera, 
on the one hand, and, as already stated, with the Plecoptera and Psocida 
on the other. 

Literature on Zoraptera 
CAUDELL, 1920 .-Zoraptera not an apterous Order. Proc. Ent. Soc. Washington 

22. CRAMPTON, 1920.-Some anatomic<ll details of the remarkable winged Zorap-
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teron, Zorotypus hubbardi Caudell, with notes on its Relationships. Ibid., 22. 

1922.-Evidences of Relationship indicated by the venation of the Fore-Wings of 
certain insects, with special reference to the Hemiptera-Homoptera. Psyche, 29. 

SILVESTRI, 1913.-Descrizione di un nuovo ordine di Insetti. Boll. Lab. Zool. 
Portici. 7. 

Sub-order 2. Psocida. (Copeognatha: Booklice and their allies).
INSECTS WITH LONG FILIFORM ANTENN.£, OF II- TO ABOUT 50 JOINTS. 

MAXILLA SINGLE-LOBED ENSHEATHING AN ELONGATE ROD: LABIAL PALPI 

MUCH REDUCED. PROTHORAX GENERALLY SMALL: TARSI 2- OR 3- JOINTED. 

CERCI WANTING. 

The Psocida are small or minute insects with rather soft, stout 
bodies and, in many cases, with delicate membranous wings. Individuals 
or generations of the winged species sometimes occur with the alary organs 
rudim~ntary; in other cases the micropterous condition appears to be an 
attribute of the female, and there are further species in which the possession 
of rudimentary wings is a constant feature in both sexes. Am(;:mg the 
Atropidce most of the species never possess any traces of wings. Several 
of the latter insects are familiar to the non-entomological observer and 
are common among accumulations of books and papers, in uninhabited 
and other apartments, being known' as booklice or dustlice. They feed 
upon the paste of book-bindings, on paper, fragments of animal and decaying 
vegetable matter. Flour, meal and other cereal products are also fre
quently resorted to while, at times, collections of insects, and other dried 
natural history specimens, suffer from depredations by Psocids. These 
insects sometimes occur in houses in such numbers as to constitute a pest, 
and are usually introduced in the stuffing of mattresses etc. They are 
also often abundant among straw and chaff in barns. The majority of 
Psocids, including the alate species, occur out of doors and are to be met 
with on tree-trunks, under bark, on weathered palings and walls, in birds' 
nests, etc., and often in situations where there are growths of lichen or moss: 
others .are found among vegetation. They live on fragments of ahimal or 
vegetable matter, particularly on fungi and lichens: some species pass 
their whole lives among fungi of various,kinds. Ccecilius jlavidus (vide 
Scott, Journ. Bd. Agric. 14, 1907) frequents the branches of larch and 
other" trees, often those affected with canker. The insects carry large 
numbers of fungus spores about their bodies and, according to Scott, they 
act as agents for disseII}inating disease. Many Psocids live gregariously 
and clusters of individuals, of various ages, are sometimes met with on 
bark, each colony being covered by a canopy of fine silken threads. The 
winged forms are curiously reluctant to take to flight. At times, how
ever, they fly in considerable numbers and drift through the air after the 
manner of winged aphids. They have occasionally been recorded as occur
ring in buildings in large swarms, the commonest species concerned being 
Pterodela pedicu,zaria L. 

External Anatomy.-The head (Fig. 293) is large and very mobile, 
with the epicranial sutures more or less distinct. The compound eyes are 
markedly convex and protrude from the surface of the head: in Troctes they 
are vestigial and reduced to two small groups of ommatidia. Three ocelli 
are present in the winged species but these organs are wanting in the apter
ous forms. The labrtMn is well developed and attached to the anteclypeus : 
the postclypeus (prefrons of some authors) is a conspicuous sclerite often 
presenting an inflated appearance. The antennce are long and filiform: 
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they are frequently 13-jointed, but the number of joints may be as low as 
eleven or as high as fifty. The mouth-parts (Fig. 294) have been investigated 
by Burgess (1878) and Ribaga (1900). The mandibles are relatively large 
and strong, each with a broad striated molar area and a denticulated cut
ting edge. The maxt"Uce and labium are considerably modified and, in 

FIG. 293. FRONTAL VIEW OF THE HEAD 

OF A PsoeID. 

the absence of developmental evi
dence, the homologies of certain of 
their parts are largely conjectural. 
In the maxilla, the galea is a large 
fleshy 2-jointed lobe borne by a 
reduced stipes and there is a 4-
jointed palpus. The most charac
teristic organ is the so-called 
" lacinia" (styliform appendage of 
Ribaga) which is represented on 
either side by a hard elongate rod, 
slightly bifurcated at its free ex
tremity, and ensheathed by the 
galea. It has no articulation of any 
kind with the body of the maxilla, 

la:romfro;!~. m;~diiil~~t.elyPCus. CI, ante·elypeus. L, and this fact, together with certain 
. peculiarities of its muscular connec-

tions, has led some writers to regard it as an independent structure, not 
homologous with any portion of a typical maxilla. Functionally, it is 
probably used as a kind of pick for rasping off fragments of bark and 
other plant-tissue. In the labium, the mentum is oblong, the prementum 
is divided and the ligula car- . 
ries a pair of membranous para
glossre. The inner lobes or glossre 
are represented by a pair of 
mipute structures forming the ex
ternal conduit of the spinning 
glands. The labial palpi are re
duced to the condition of single 

-or, rarely, 2-jointed lobes. The 
hypopharynx is well developed 
and its complex structure has 
received diverse explanations. On 
the ventral aspect it bears a pair 
of chitinized plates-the so-called 

\ 

~s 
" lingual glands," but these parts 
appear to have no glandular struc
tures associated with them. On 
its dorso-lateral aspect, the hypo-' 
pharynx bears a pair of delicate 
10 bes or superlinguce. In the floor 
of the pharynx there is a peculiar 
cesophageal sclerite homologous 

FIG. 294. A, ventral view of the head of a 
Psocid. B, right mandible (ventral). C, 
left mandible (dorsal). 

g, galea; I, rod; os, rosopbageal sclerite; P, Jabja.] paJp j 
Pi, pal pifer ; pg, paraglossa; pm, pnm£nttlID; s. stires; 
x, superlingua. 

with a similar structure in Mallophaga. 
The thorax is characterized by the great reduction of the prothorax in 

the winged species, where it is largely concealed between the head and 
mesothorax. In the apterous forms the prothorax is larger, while the 
tergites of the meso- and meta-thorax are united into a continuous shield. 
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The wings (Fig. 295) are membranous with prominent although reduced 
venation: the anterior pair is considerably the larger and the wings, 
when not in use, are steeply inclined in a roof-like manner over the 
body, with the hind margins uppermost. In some species the wings are 
conspicuously marbled and these organs together with the body and append
ages may bear scales of varied form not unlike those of Lepidoptera. The 
venation is discussed in detail by Enderlein (1903) and Tillyard (1923) : 
a pterostigma is present on the fore-wing, and there is a reduction in the 
branches of the principal veins: Sc is unbranched, Rand M are each norm
ally 3-branched and there is a fusion of the main stems of M and Cu. In 
the hind-wing reduction is carried still further, M being represented as a rule 
by a single branch. In Psocus, and other genera, the wings are effectively 
braced on account of the somewhat tortuous courses of the veins, and there 
is a striking absence of cross veins. The latter exist, however, in certain 
members of the order. 

The abdomen is Io-segmented but the sternum of the first segment 
has atrophied. There are no cerci and the male genitalia are only'slightly 
developed and not prominent. 

According to Ribaga there are 
three pairs of large thoracic 
spiracles and a pair on each of 
the first six abdominal segments. 

Internal Anatomy. - Much 
of what is known concerning the 
internal anatomy of the Psocida 
is due to Ribaga. In the diges
tive system the cesophagus is 
elongate and extends into the 
abdomen, the stomach is sharply 
curved and U-shaped and leads 
into a very short unconvoluted 
hind-intestine: the Malpighian 
tubes are .four in number. Two 
pairs of elongate tubular glands 

Rs 

M, 

j 

FIG. 295. RIGHT WINGS OF A PSOCID. 

pt. pterostigma (Venational lettering based upon Tillyard. 
1923). 

are described by Bertkau and by Ribaga: the former investigator also 
mentions a pair of spheroidal glands but their existence is not confirmed 
by Ribaga. Both pairs of tubular glands extend into the abdomen, and 
their ducts converge in the head to open along the middle line of the 
labium. The shorter pair of these organs are regarded by Ribaga as 
spinning glands and the longer pair, which have a somewhat different 
histological structure,. are regarded by him as being salivary glands. The 
spinning glands provide silken threads which form the webs often associated 
with colonies of these insects. The nervous system is highly concentrated: 
in addition to the brain and subc:esophageal ganglion there are only three 
other ganglionic centres. The first of these belongs to the prothorax, the 
meso- and meta-thoracic ganglia are fused into a common centre, and 
the single abdominal ganglion has shifted forwards so as to lie partly in 
the thorax. The connectives are extremely short but are double through
out their course. A pair of large abdominal nerves extend to the posterior 
extremity of the body. The female reproductive organs are of an extremely 
simple type: each ovary consists of four or five polytrophic ovarioles, the 
oviducts are very short and a small globular spermatheca opens into the 
dorsal aspect of the vagina. A peculiar type of accessory gland was des-
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cribed by Nitsche in Clothilla many years ago: it contains from one to 
four small sacs each opening by a narrow canal into a common duct. The 
male reproductive organs consist of a pair of simple ovoid testes which are 
connected with short vasa deferentia. In Trichopsocus the latter open 
into a complex copulatory sac divided into two chambers which are enclosed 
in a common muscular coat. One of these chambers receives the sper

.~ 
-;9\ 

FIG. 296. PSJIll'SOGU8 PIl.EOP1'EllUS. I, portion 
of leaf with eggs beneath silken threads; 
2, young nymph; 3, imago. 

After Silvestri. 

matozoa while the other appar
ently has a secretory function of 
some kind. The two chambers 
communicate by means of a 
single aperture with the base of 
the copulatory organ. In Atropos 
there is a pair of elongate vesi
culce seminales which are coiled 
in a compact manner: in the 
first-mentioned genus small acces.
sory glands are also present. 

Post-embryonic Growth.
The development of Psocida after 
eclosion from the egg has not been 
followed in detail (Fig. 296) . The 
changes involved are evidently 
slight and the young nymphs 
closely resemble their parents. 
The eggs of some species have 
been observed to be laid in small 
groups on bark or leaves and are 
protected by a delicate meshwork 
of silken threads. The number of 
generations in a year has not 
been ascertained. 

Classification. - About 300 

species of Psocida ar~ described 
and of these less than forty have 
been recognized in Britain. A 

general work on the British forms is greatly needed and little has been 
added to what is known concerning them since M'Lachlan's paper (1867). 
The order may be divided as follows, but its taxonomy needs much fuller 
investigation. 

Superfam. 1. Trimera.-TARsI 3-JOINTED. This division includes both winged 
and apterous forms. In Atropos (Clothilla) wing-rudiments are present on the meso
thorax only, while Troctes is' entirely apterous. The most familiar species is Troctes 
divinatorius, which is common among collections of books, etc. The power of pro
ducing a ticking noise has long been attributed to this species which has ear.ned the 
name of the" death watch." It is difficult, however, to understand how so small 
and soft-bodied an animal can produce a sound audible to man, such sound being 
more often due to Anobiid beetles. Atropos pulsilatoria occurs in similar situations 
and is known as the" lesser death watch." Included in this division of the Psocida 
are the families Troctidm, Atropidm, Lepidopsocidro, l\Iesopsocidm, Myopsocidro, 
Psoquillidm and Amphientomidre. 

Superfam. II. Dimera.-TARSI 2-JOINTED. Many of the common winged mem
bers of the sub-order are included in this division, which comprises the three families 
Creciliidm, Psocidw and Thyrsophoridm. 
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Order 10. ANOPLEURA (Biting Lice and Sucking Lice) 

SMALL FLATTENED APTEROUS INSECTS LIVING AS ECTOPARASITES OF 

BIRDS AND MAMMALS. ANTENNJE SHORT, 3- TO S-JOINTED: EYES 

REDUCED OR ATROPHIED, OCELLI WANTING. MOUTH-PARTS HIGHLY 
MODIFIED AND ADAPTED EITHER FOR BITING OR PIERCING. THORACIC 

SEGMENTS MORE OR LESS FUSED. LEGS SHORT, TARSI 1- OR 2-JOINTED, 

FEET ADAPTED FOR CLINGING TO THE HOST. ABDOMEN WITHOUT CERCI. 

METAMORpHOSIS WANTING. 

The Anopleura live continuously in all their stages on warm-blooded 
animals, cementing their eggs to the hair or feathers (or clothing in man). 
They are divided into two naturally demarcated sub-orders-the Mallophaga 
and Siphunculata, the former being more especially parasites of birds 
while the latter are exclusively found on mammals. These two groups are 
commonly regarded as separate orders but the trend of modern research 
clearly indicates that they are sufficiently closely related to merit their 
union into one order. This essential fact is recognized, for example, by 
Harrison and by Nuttall, who adopt the name Anopleura of Leach for the 
order thus constituted, and revive Meinert's term Siphunculata for the 
Anopleura of most writers. Several authorities including Enderlein (1904) 
have placed the Siphunculata among the Hemiptera, mainly on account 
of their piercing mouth-parts. Too much stress, however, has been laid 
upon this one feature to the exclusion of other characters. The Mallophaga 
and Anopleura have so many morphological features in common that it is 
scarcely probable that such characters have arisen independently in the 
two groups. Mjoberg (I9IO) and Harrison (1916A) have presented a de
tailed comparison of the two suborders, organ for organ, and contributed 
much towards placing their intimate phylogenetic relationships on a sound 
basis. The Mallophaga and Siphunculata are treated separately below. 

Sub-order 1. MALLOPHAGA (Lipoptera: Biting lice or bird lice) 

INSECTS LIVING AS ECTOPARASITES MAINLY OF BIRDS, LESS FREQUENTLY 
OF MAMMALS. EYES REDUCED. MOUTH-PARTS OF A MODIFIED BITING 

TYPE: MAXILLARY PALPI 4-JOINTED OR WANTING: LIGULA UNDIVIDED 
OR 2-LOBED, LABIAL PALPI RUDIMENTARY, PROTHORAX EVIDENT, FREE: 

MESO- AND META-THORAX OFTEN IMPERFECTLY SEPARATED: TARSI 1- OR 

2-JOINTED, TERMINATED BY SINGLE OR PAIRED CLAWS. THORACIC SPIRACLES 

VENTRAL. 

The Mallophaga are very small or small (-S to 6 mm. long), flat-bodied, 
active insects entirely adapted for an ectoparasitic life. The majority 
of the species infest birds and a smaller number occur on mammals. Unlike 
the Siphunculata, Mallophaga never directly suck blood but live on frag
ments of feathers, hair, and other epidermal products. Their food con
sequently consists of dry and nearly or quite dead cuticular substances, 
which they bite off by means of their strong sharp-edged mandibles. They 
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do not, however, neglect casual opportunities of imbibing blood as, for 
instance, when a bird is shot. 

When birds are badly infested with Mallophaga bare areas of the skin 
often appear where the feathers have been eaten through, or fallen out. 
The greatest amount of injury entailed by the hosts apparently does not 
come from the feeding habits of these insects, but from irritation of the 
skin, caused by the scratching action of the claws of the feet, during the 
migrations of .the lice over the body. When a single bird is infested by 
some hundreds of these parasites, as is frequently the case, it becomes so 
irritated that it takes little food OF rest, grows weakly and thin, and is less 
able to resist disease. The dust-baths taken by poultry and many wild 
birds are chiefly to rid themselves of Mallophaga. 

Kellogg, who is the principal authority on the sub-order, states that 
when a bird is shot, the Mallophaga on it die from two hours to two or 
three days afterw!lrds: in rare cases living lice are found on the drying 
bird-skin after one week. 
On such a: likely place as an 
ocean rock, from which he 
had just scared away hun
dreds of perching sea-birds, 
no Mallophaga could be 
found. Migration therefore 
probably takes place while 
the bodies of the hosts are 
in contact. The whole exist
ence of these insects is 
passed upon the body of the 
bird or mammal, the tem
perature of which is rela
tively constant. Their life
histories are very simple. 
The small elongate eggs are 
glued separately to the 
feather or hair, as the case 
may be, and from them the 
nymphs very soon hatch. 
The young closely resemble 

A B 

FIG. 297. MALLOPHAGA OF DOMESTIC FOWL. 

A, Lipeurus caponis L. After Denny. B, Menopon pallid"", 
Nitz. Afler Bishop and Wood, U.S. Farmer's Bull., Bal. 

their parents except in size, and to some degree in markings, and they 
partake of the same kind of food. They moult several times and in a few 
weeks attain maturity. Both Kellogg and Harrison have commented on the 
very remarkable corre.spondence which exists between certain of the species
groups of these insects coming from definite host-groups. Thus, the 
Mallophagan parasites of hawks, ducks, pigeons or shore-birds constitute 
well-defined groups, the distribution of whic:l;l is confined to, in most cases, 
a single host-order. Kellogg comes to the conclusion that the near relation
ship of hosts, in cases of parasitic species under circumstances eliminating 
the possibility of migration from one host-species to another, is due to the 
persistence of the parasitic species unchanged from the time of the common 
ancestor of the two or more, now distinct but closely allied, species or even 
genera of birds. Owing to their uniformity of food and habit, and the 
absence of apparently any marked struggle for existence, the stimulus to a 
rapid differentiation among Mallophaga is wanting. 

It has been suggested that these insects might possibly prove of some 
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aid in bird-phylogeny. Thus Harrison (Parasitology, 1915) finds that 
Aptericola, which i~ a normal parasite of the ratite bird Apteryx, is at most 
only a sub-genus of Rallicola which is a universal parasite of rails. The 
Mallophaga of the remaining Ratitre have nothing in common with those 
of Apteryx. The inference which he draws from these conclusions is that 
Apteryx is more closely related to the Ralli than to any other living birds. 
The possibility of this relationship has been independently foreshadowed 
by such authorities on avian morphology as Ftirbinger and Gadow .• 

The most notorious member of the order is the common chicken-louse 
Menopon pallidttm. Ducks are infested by several species, among which 
a common form is Philopterus dentatus. Pigeons are almost always infested 
by an elongate and very slender louse, Lipettrus baculus. The species living 
on domestic mammals belong to the genus Trichodectes: thus the dog is 
often infested by T. canis and cats by T. s1tbrostratus. Horses and donkeys 

FIG. 298. TRACHEAL SYSTEM OF 

MYlIS1DEd CUCULAlllS. 

After Harrison, Parasitology, 8. 

harbour several species while T. bovis 
. troubles cattle all over the world. Com

paratively few species of Trichodectes have 
been recorded from wild mammals but 
they have been found on such dissimilar 
animals as bears, porcupines, beavers and 
deer. 

External Anatomy.-The body is 
usually very much flattened dorso-ven
trally with the integument well chitinized. 
Over the abdomen the tergal, pleural, and 
sternal regions are separated by very dis
tinct areas of membrane. The head' is 
large and horizontal, and situated closely 
upon the proth-orax. The antennce differ 
very markedly in the two sub-orders: in 
the Amblycera they are generally capitate, 
and concealed in deep fossre, while among 
the Ischnocera they are filiform and ex
serted. The mouth-parts (Snodgrass, 1896 ; 
1905) are of the biting type with large 
dentate mandibles, which differ in their 
insertion in the two sub-orders (Fig. 299). 
Among the Amblycera they lie parallel 
with the ventral surface of the head, so that 

each condyle is ventral and the ginglymus dorsal. In the Ischnocera each 
mandible is inserted more or less at right angles with the head, the condyle 
being posterior and the ginglymus anterior. The maxillce are single-lobed 
and lack differentiation into the usual sclerites: they are, furthermore, 
attached to the lateral margins of the labium and, for this reason, their palpi 
were formerly regarded as belonging to that region. In certain genera ·a 
pair of minute forked rods have been described, but are very fragile and 
easily overlooked. They are evidently homologous with similar, but more 
prominent, organs which are characteristic of the Psocida. The maxillary 
palpi are 4-jointe21 in the Amblycera and wanting in the Ischnocera. The 
labium is composed, basally, of a submentum and mentum; the palpi are 
reduced to smalllobes, and the ligula is either entire or represented by a 
pair of fleshy processes, probably homologous with paraglossre. One of 
the most characteristic buccal organs is the (Esophageal sclerite (vide 
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Cummings, 1913) which is a greatly developed thickening of the chitinous 
lining of the anterior part of the resophagus. The body of it is shiel<;l
shaped or oval with a pair of antero-lateral arms. A complex type of 
hypopharynx is present and associated with it, in most genera, is a pair of 
ovoid plates with 
rod-like stalks. 
The ovoid plates 
have often been 
termed lingual 
glands, but direct 
evidence of their 
possessing any 
glandular struc
ture is not forth
coming. They 
closely resemble 
the corresponding 
parts in the 
Psocoptera, and 
are regarded by 

~\;.:,. _- _. 

A . 

FIG. 299. MOUTH-PARTS OF 1'vIALLOPHAGA. A, mandibles. n, 
maxilla (LamlObothrimn). C, labium and maxilhe (Ancistrona). 

I, maxillary lobe; m, mentum; P, maxillary palp; 5, stipes. Adapted from Snodgrass 
,899, '90 5. 

Enderlein (1903) as being superlingme. A curious trachea-like structure 
arises from the resophageal sclerite and divides into two branches, one 
branch uniting with each of the plates previously alluded to. 

In the thorax, the meso- and metanota are frequently united, but among 

FIG. 300. A, digestive system of Eurymetopus 
taurus. 

gl1 salivary glands; g2, supplementary glands. 

E, male reproductive organs of Physosto
mum diffus!t11!. 

t, testis; v, vesicula seminaIis. After Snodgrass, Oems. 
Papers Calif. Acad. Sci., ,899. 

the Amblycera a sutural line 
separates the tWQ segments. The 
legs are very similar throughout 
the order and the tarsi commonly 
bear a pair of claws, but in Tricho
dectes and Gyropus, which infest 
mammals, the claws are sipgle. 

The number of abdominal seg
ments in the adult is upually nine, 
5llthough ten may be present dur
ing post-embryonic development. 
The genital opening in both sexes 
is situated within a chamber 
formed by the invaginated body
wall. Genitalia are wanting in 
the female but, in the male, the 
:edeagus is often an organ of com
plex structure, and the genitalia 
are formed as chitinizations of its 
walls (vide Snodgrass, 1899). 

Internal Anatomy.-A 
general description of the internal 
organs is given by Snodgrass 
(1899). The alimentary canal (Fig. 

300A) is either an almost straight tube, or slightly convoluted, but always 
comparatively short. It is characterized by the well-developed crop, the 
large mid-intestine, and short simple hind-intestine. A pair" of large 
enteric creca extend as outgrowths of the stomach on either side of the 
crop. There are four Malpighian tubes and a whorl of six prominent 
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rectal papillre. Among the Amblycera, the crop is a simple expansion 
of the resophagus: in the Ischnocera it is greatly developed, and is 

. either connected with the gut by means of a narrow duct-like tube, .as 

. in Trichodectes, or assumes a more or less fusiform shape, and extends 
into the body-cavity to one side of the alimentary canal. Salivary glands 
are well developed and consist of two pairs, or of one pair of glands 
and a pair of reservoirs. In either case, they are situated alongside the 
fore intestine, and the two pairs of ducts unite to form a common canal 
opening into the floor of the pharynx. Among the Ischnocera there is also 
a pair of supplementary glands whose ducts open one on either side into the 
resophagus at the mouth of the duct of .the crop, or directly into the latter 
organ. The nervous system is highly specialized: in Eurymetopus taurus 
the brain is laterally expanded in such a manner as to be U-shaped, the 
subresophageal ganglion is exceptionally large, and is united with the 
thoracic chain by means of short thick connectives. The thoracic ganglia 
are three in number and connectives are wanting: there are no ganglia in 
the abdomen, the latter region being innervated ,from the metathoracic gang
lion. The tracheal system (vide Harrison, 1915) is disposed in two main trunks, 
opening to the exterior by means of seven pairs of spiracles (Fig. 298) : of the 
latter, the first pair is prothoracic, and the remainder are abdominal and 
situated typically on segments 3 to 8 or, more rarely, on segments 2 to 7. 
In Trimenopon and Gliricola there are five pairs of abdominal spiracles 
located on segments 3 to 7. The heart (vide Fulmek, Zool. Anz. 29) is 
situated in the 7th and 8th or 8th segment of the abdomen. It is an 
extremely short chamber provided with 2 or 3 pairs of ostia, and is continued 
forwards as the aorta: the latter is swollen into a bulbus arteriosus at its 
junction with the heart. The female reproductive organs consist of a pair 
of ovaries, each organ being usually composed of five panoistic ovarioles: 
in the Amblycera there is a tendency to reduction, and the ovarioles may 
be restricted to three. The common oviduct leads into a vagina and the 
latter opens behind the 7th sternum. In Eurymetopus a globular accessory 
glana and a spermatheca communicate with the vagina, but both organs 
are wanting, for example, in Menopon. With regard to the male repro
ductive organs (Fig. 300B) , the testes are composed of three (Amblycera) or 
two (Ischnocera) ovoid or pyriform follicles, which are quite separate from 
one another. Those of a side communicate with the corresponding vas 
deferens, and the two latter canals frequently discharge into the vesicula 
seminalis. This organ is compact and bilobed, often large, and is con
tinuous distally with a tortuous ejaculatory duct. 

Classificafion.-About 1,700 species of Mallophaga are known, and 
for their taxonomy reference should be made to the important works of 
Piaget (1880) and Kellogg (1908). Harrison (1916) has contributed a 
revised list of the genera and species of the world, and the British species 
have been monographed in the now antiquated volume of Denny (1842). 
Descriptions of the more important species affecting domestic animals will 
be found in textbooks of parasitology, notably those of Raillet, Neumann, 
Neveu-Lemaire and others. 

The Mallophaga fall into two well-defined superfamilies and four 
principal families. 

Superfamily I. Amblycera.-ANTENNlE CAPITATE, 4-]OINTED, CONCEALED. 

MANDIBLES HORIZONTAL. MAXILLARY PALPI 4-]OINTED. MESO- AND META-THORAX 

WITH A SUTURAL LINE USUALLY VISIBLE. 
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(I)-Tarsi single-clawed; infe~ting mammals. Gyropus. GYROPIDlE 
(2)-Tarsi with paired claws; infesting birds (with a few 

exceptions). Menopon (Fig. 297B), Trinoton. LIOTHEIDlE 
Superfamily II. Ischnocera.-ANTENN.iE FILIFORM, 3 to 5-JOINTED, EXPOSED. 

MANDIBLES VERTICAL. MAXILLARY PALPI WANTING. JI1ESO- AND META-THORAX 
USUALLY FUSED. 
(3)-Antenme 5-jointed; tarsi with paired claws; infesting 

birds. Docophorus, Lipeurus (Fig. 207A), Goniodes. PHILOPTERIDlE 
(4)-Antennw 3-jointed; tarsi single-clawed; infesting 

mammals. Trichodectes. TRICHODECTIDJE 

Sub-order II. SIPHUNCULAT A (Anopleura of most writers: 
Sucking Lice.) 

INSECTS LIVING AS ECTOPARASITES OF MAMMALS. EYES REDUCED OR 

ABSENT. MOUTH-PARTS HIGHLY MODIFIED FOR PIERCING AND SUCKING, 

RETRACTED WITHIN THE HEAD WHEN NOT IN USE. THORACIC SEGMENTS 

FUSED: TARSI I-JOINTED, CLAWS SINGLE. THORACIC SPIRACLES DORSAL. 

The insects included in this sub-order are exclusively blood-sucking 
ectoparasites of mammals and somewhere about 
120 species have been described. Of these, two 
species infest man and about a dozen occur on 
domestic animals: the remainder have been 
taken from a wide range of mammals including 
monkeys, rabbits, mice, seals, elephants, etc. 
There is no doubt that the greater number of 
species are, as yet, undescribed and only a be
ginning has so far been made in the study of 
these insects. 

Kellogg (Science, 1913, p. 601) has discussed 
the close physiological relationships between 
certain of these parasites and the specific blood 
characters of their hosts. Work by means of pre
cipitin tests, and the study of the crystallizable 
proteins (hremoglobin), has emphasized the simi
larity of the blood in closely related mammals, 
and its dissimilarity in the more distantly related 
species. The conclusions derived from these lines 
of investigation are supported by the very definite 
host-relations of these parasites. 

FIG. 30r. BODY LOUSE 
(PEDICULUS DUMA-NUS), 

FEMALE, MAGNIFIED. 

The best known species of Siphunculata is Pediculus h11manus L., the com
mon louse of man (Fig. 301). It infests people living under unhygienic con
ditions and who, through neglect or force of circumstances, go for a number 
of days without any change of clothing. This insect exists in at least two 
races which were formerly regarded as separate species; they are P. humanus 
capitis de G., the head louse, and P. humanus corporis de G. (vestimenti 
Nitz.) , the body louse. Of the two races, typical examples of capitis are 
the smaller and darker, the antennre are thicker and the divisions between 
the abdominal segments more strongly marked. This race occurs on the 
head, laying its eggs on the hajr. The race corporis is typically composed 
of larger individuals, which are paler than capitis, with the antennre more 
slender, and the divisions between the abdominal segments less pronounced. 
I t occurs more especially among the folds and seams of underclothing, 
passing to the skin when it desires to feed: the eggs are either laid in the 
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clothing or attached to the body hair. The two races interbreed :freely 
under experimental conditions and are known to be fertile through several 
generations. Furthermore, when the race capitis is reared under conditions 
suited to corporis it loses its distinctive morphological characters and, after 
four or more generations, acquires those of the latter race. There is reason 
to believe that capitis is the more primitive race and that corporis is derived 
from it in adaptation to the acquisition of clothing by its host. 

The louse lays up to about 300 eggs, which are usually deposited at the 
rate of 8 to 12 daily. Each egg is fastened to a hair or fibre, by means of a 
cementing substance, and the young insect emerges by pushing open an 
operculum at the anterior pole. It appears that, with the natural body
heat of the host, when there is no change of clothing next the skin, the 
incubation period is about a week. Three ecdyses occur during the life of 
the insect, and development is one of simple growth, unaccompanied by 
any changes sufficiently pronounced to constitute metamorphosis. The 
length of the life-cycle is dependent upon temperature, facilities for feeding, 
etc.: probably on an average about seven weeks intervene between the 
time of hatching and the death of the adult insect. 

Pediculus humanus is concerned with the transmission of more human 
diseases than any other insect. Typhus fever is the most virulent of these 
maladies and its causative organism is carried bY' both races of the louse. 
If the insect imbibes blood from a typhus patient, in 7 to II days afterwards, 
it is capable of transmitting the disease to another human being by means 
of punctures of the skin made by the mouth-parts. Subsequent research 
has demonstrated that the excreta of infected lice may also cause infection, 
through abrasions of the skin, and the crushed bodies of lice may transmit 
the disease in a similar manner. During the European War, 1914-19, the 
complaint known as trench fever occurred in practically all the chief areas 
of fighting, and it has been proved to be transmitted indirectly by this 
insect. The malady is chiefly spread by the excreta of the louse which 
contain large numbers of the causative agent. The disease appears to be 
usually contracted by the excreta of the insect infecting abrasions of the 
skin, but a healthy human being may even contract the complaint should 
the dried excreta come in contact with the eye membranes, while clothes, 
etc., are being shaken. Relapsing fever can also be conveyed to man by 
the louse and, should an example of the latter containing the spirochcete 
of this disease in a particular phase of development, be crushed upon the 
skin, which is commonly excoriated by the self-inflicted scratches of the 
individual harbouring lice, that individual can in this manner become 
infected. This disease, similarly to trench fever, is not known to be directly 
transmitted by the punctures of infected lice. During the last ten years 
the literature on Pediculus humanus has assumed extensive proportions. 
For a general account of its biology and relation to disease, vide Lloyd 
(1918) and the papers of Nuttall (1917, 1917A, 1917B, 1919), also recent 
works on medical entomology. So far as known the genus comprises this 
species only, which is confined to man and certain monkeys and apes. 
P. schaffi Fahren., from the chimpanzee, and other reputed species, are 
probably to be regarded as races of P. humanus. 

The only other genus of Siphunculata infesting man is Phthirius, whose 
single species P. pubis Leach is commonly known as the crao louse. This 
insect is usually confined to the pubic and peri-anal region and is not known 
to serve as the vector of any infective disease. The eggs resemble those of 
Pediculus in their general features and method of attachment to the body~ 
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hairs. According to Nuttall (1918) the eggs hatch in sittt in six to eight 
days, the insects pass through three ecdyses, and the total life-cycle from 
the time the eggs are laid until the adults are mature and ready for oviposi
tion is 22 to 27 days. 

Among other genera of the sub-order one of the most prevalent is 
Hcematopinus which is mostly parasitic upon ungulates: H. suis (Fig. 30S) 
is the well-known hog louse which occurs on domestic and wild pigs in 
many parts of the world (vide Florence, 1921): H. tuberculatus is found on 
the buffalo in E. Europe and the orient, and H. eurysternus occurs on 
domestic cattle and may, at times, prove a pest. Species of PolYPlax find 
their hosts among the Muridce, and P. spinulosus transmits Trypanosoma 
lewisi from rat to rat. Echinopthirius, and its allies, exclusively infest 
marine mammals (seals, sea-lions and walruses), and the anomalous genus 
H cematomyzus occurs only on elephants. 

External Anatomy.-The body of a louse is dorso-ventrally flattened 
and only the abdomen is distinctly segmented. The head is more or less 

irS. 

FIG. 302. DIAGRAMMATIC LONGITUDINAL SECTION OF THE HEAD OF PEDWULUS. 

h, brain; bl, buccal funnel; ds, dorsal stylet; h, rostrum; ld, left, ramus of dorsal stylet; ldv-, lvv, left dor~al and 
ventral rami of ventral stylet; oe, oosophagus; p, pharynx; pt, pharyngeal tube; 5, stylet sac; st, sac tube; vs, ventral 
stylet. Adapted from Peacock, Parasitology, II. 

conical and pointed and, in Hcematomyzus, it is prolonged anteriorly into 
a kind of tube, which carries the mouth at its apex. The antennce are 
short and 3- to s-jointed : in Pediculus and Phthiritts they are 3-jointed in 
the first instar, but afterwards become s-jointed, and in Pedicinus they are 
3-jointed throughout life. The eyes are reduced and often aborted but are 
relatively well developed in Pediettlus. 

The mouth-parts (Fig. 302) are extremely difficul'et to investigate owing to 
their minute size and delicacy of structure: they are highly modified for 
piercing and sucking, and little is definitely known with respect to the homo
logies of the various parts. They have been described by Enderlein (1904), 
Pawlowsky (1906), Peacock (1918), and others, but the various accounts 
contain many discrepancies. The description of the mouth-parts of 
Pediculus given by the last-mentioned author is largely followed in the 
present work. In the resting condition the mouth-parts are entirely 
retracted within the head and it is necessary, therefore, to refer to certain 
features of the internal anatomy. If a transverse section be taken across 
the head, in front of the insertions of the antennce, two separate canals are 
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seen in the middle line, one above the other. The upper canal is the fore
intestine and the lower one is the stylet-sac. The fore-intestine, in this 
region, is termed by Peacock the buccal funnel: it opens to the exterior 
at the apex of a very short rostrum which carries a series of denticles. When 
at rest the latter lie within the cavity of the rostrum, but they can be rotated 
outwards, so as to become external, when used to transfix the host during 
feeding. The buccal funnel leads into the pharynx which is composed of 
two successive chambers, the second one communicating with the cesophagus. 
The stylet-sac is a ventral diverticulum, arising anteriorly from the floor of 
the buccal funnel, and extending to the hinder region of the head. The 
mouth of the sac is prolonged forwards into the buccal funnel by means of 
the sac tube, which is a trough composed of a pair of half tubes, which are 
opposed to one another along their ventral edges. A pair of slender struc
tures each likewise in the form of a half tube, arises from the floor of the 
first chamber of the pharynx. They fit closely together so as to form an 
afferent pharyngeal tube: anteriorly the latter is embraced by the sac-tube 
already referred to. The stylets, or stabbers, are two in number, one being 
situated above the other within the stylet-sac ~ anteriorly they rest in the 
sac tube, below the pharyngeal tube. The dorsal stylet is paired; the halves 
are in close contact along the greater part of their length, but diverge where 

d.5 if.s. 

they are basally attached to the blind 
end of the stylet-sac. The ventral 
stylet is stated by Peacock to be com
posed of two superposed elements, 
each of which is basally attached to 
the stylet-sac by a pair of diverging 
arms. The salivary duct runs just be
neath the dorsal stylet (Fig. 303). 
When the-- insect desires to feed its 
method of action is probably, in brief, 

FIG. 303. TRANSVERSE SECTION OF THE as follows. The rostrum is everted 
BUCCAL FUNNEL OF PEDIOULUS. and the denticles maintain hold on the 

b, arch of buccal funnel; ds, dorsal stylet (with 
salivary duct just beneath); p, pharyngeal tube; 
5, sac tube; vS J ventral stylet. Adapted from Pea
cock, loCo c,,:t. 

skin of the host. Special muscles 
come into play, which draw the buc
cal funnel and pharynx forward, with 

the result that the pharyngeal tube and sac tube come into contact with 
the skin. The action of protractor muscles, associated with the stylets, 
brings the latter structures into action, and they perforate the skin: at 
the same time saliva enters the puncture. The pharyngeal tube is inserted 
into the wound and, by means of the pumping action of the pharyngeal 
muscles, blood from the host is sucked up. 

The mouth-parts of these insects are so highly modified that any attempt 
to determine their homologies is beset with difficulties. According to 
Cholodkowsky the embryonic mandibles and maxillre disappe,ar and the 
piercing apparatus is formed from an invaginated labium. 

The thorax is relatively small and only imperfectly segmented. The 
legs are strongly develQped in accordance with a mode of life which requires 
appendages adapted for maintaining a firm hold on the host. The tarsi 
are single jointed, and each is terminated by a powerful claw. 

The abdomen is g-segmented: the terga and sterna are, as a rule, thinly 
chitinized, while the pleura are strongly developed and deeply pigmented. 
A copulatory organ is well developed in the male, and in the female there is 
a pair of short gonopods which are used during oviposition for grasping the 
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hair and directing the alignment of the eggs. Cerci are wanting in both sexes. 
Internal Anatomy (Fig. 304) .-Most of what is known concerning the 

internal anatomy is relative to Pediculus and Hcematopintts. The anterior 
portion of the fore-intestine has already been referred to, and the reso
phagus passes directly to the stomach, both crop and gizzard being un
developed. The stomach is a large chamber which narrows posteriorly, 
and occupies tlie greater portion of the abdominal cavity: in Pediculus a 
pair of large enteric creca is present anteriorly. The hind intestine pre
sents no convolutions and receives four Malpighian tubes, and the rec
tum is provided with a whorl of six chitinized rectal papillce. There are 
two pairs of salivary glands which are situated in the thorax: one pair 
is elongate and tubular, the other being compact and reniform: their 
ducts apparently com
bine to form the sali
vary canal already 
mentioned in relation 
to the mouth-parts. A 
pair of glands, known 
as Pawlowsky's glands, 
open into the stylet 
sac and their secretion 
possibly serves to lubri
cate the stylets. The 
tracheal system exhibits 
a general agreement 
with the simpler Mallo
phagan type (Harrison, 
1915): there are usu
ally seven pairs of 
spiracles, the thoracic 
pair being dorsal, and 
the abdominal spiracles 
open on segments 3 to 
8. The female repro
ductive organs consist 
of five polytrophic 
ovarioles to each ovary 
and there is also a pair 
of accessory glands but 
no receptaculum 
semi:n.is. The male re

mi 

c od 

FIG. 304. PEDIOULUS. A, digestive system. n, male and C, 
female reproductive organs. 

ag, accessory gland; ed, ejaculatory duct; hi, hind-intestine; mi, mid
intestine; od, oviduct; oe, resophagus; OV, ovary; sg, salivary glands and 
ducts sd; I, testis; vd, vas deferens; vs, vesicula seminal is. Adapted from 
Patton and Cragg. 

productive organs are composed of a pair of compact bilobed testes and the 
slender vasa deferentia either open into a pair of tubular vesiculce seminales 
(Pedic.ulus) or discharge separately from the latter into the ejaculatory duct 
(Phthirius). In Pediculus copulation takes place at frequent intervals and 
this fact is probably related to the absence of a receptaculum in the 
female and presence of well developed vesiculce seminales in the male: 
according to Bacot one male may fertilize 10 to 18 females. The nervous 
system is highly concentrated, the thoracic and abdominal ganglia being 
fused ilJ.to a common mass. 

Classification.-The Siphunculata are divided into four families as 
given below. A catalogue of the species and host list up to 1916 is 
given by Ferris, and the British species are enumerated by Denny 
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(I842) and more recently by Grimshaw (Scot. Nat. I9I7). The number 
of species affecting our indigenous mammals is rather more than a 
score. 

I (2).-Head prolonged into a long narrow tube; tibi;c 
without a process opposing the claw. Hcema-

. tomyzus. HlEMATOMYZIDlE 
2 (I).-Head not prolonged as in I; tibia:; with a process 

FIG. 305.' FEMALE 
HOG LOUSE (H.E
.IlA70PINUS HUIS). 

opposing the claw. 
3 (6).-Body flattened; spiracles 

on meso thorax and 
abdominal segments· 
3-S. 

A 

FIG. 306. 
of leg. 

HJE.lIATOPINUS SUIS. A, extremity 
E, egg attached to a bristle. 

l, tarsus; tb, tibia; prJ process of tibia; p, tibial pad. 

4 (5).-Pigmented eyes present; head not retracted into 
thorax. Pediculus, Phthirius, Pedicinus. PEDICULIDlE 

5 (4).-Eyes vestigial or absent; head retracted into 
thorax. Hcematopimls, Linognathus, Polyplax. HlEMATOPINIDlE 

6 (3).-Body thick and stout; spiracles on meso- and 
meta-thorax and abdominal segments 2-S. Echi-
nopthirius. ECHINOPTHIRIIDlE 
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Order II. EPHEMEROPTERA (Plectoptera: May-flies) 

SOFT-BODIED INSECTS WITH SHOR! SETACEOUS ANTENNJE AND VESTIGIAL 

MOUTH-PARTS DERIVED FROM THE BITING TYPE. WINGS MEMBRANOUS, 

HELD. VERTICALLY UPWARDS WHEN AT REST; THE HIND PAIR CON

SIDERABL Y REDUCED; "INTERCALARY" VEINS AND NUMEROUS CROSS-VEINS 

PRESENT. ABDOMEN TERMINATED BY VERY LONG CERCI EITHER WITH OR 

WITHOUT A SIMILAR MEDIAN CAUDAL PROLONG~TION. THE IMAGINES 

UNDERGO ECDYSIS BEFORE SEXUAL MATURITY. METAMORPHOSIS HEMI

METABOLOUS: NYMPHS AQUATIC, CAMPODEIFORM, USUALLY WITH LONG 

CERCI AND A MEDIAN CAUDAL FILAMENT: LAMELLATE OR PLUMOSE, META-

MERIC, TRACHEAL GILLS PRESENT. 

Existing may-flies are the remnants of a former extensive order. They 
are familiar insects on the margins of lakes, streams and rivers, and the 
association cif their name with the Ephemerides of Grecian mythology 
expresses their brief life above water which, in certain species, lasts but a 
few hours. In their nymphal stages, on the other hand, they are at least as 
long-lived as most insects and, in some cases, this period is believed to 
occupy three year~: 

When a may-fly is about to emerge the nymph floats to the surface of 
the water: a fissure then appears in the dorsal cuticle, and the winged 
insect issues, and flies away in the course of a few seconds. At this stage 
the winged form is known as the sub-imago, and it differs from the mature 
imago in several features. In their general form the two stages are alike, 
the wings are fully expanded-and spiracular respiration is established. The 
sub-imago may be recognized by its duller appearance, and by its somewhat 
translucent wings which are usually margined by prominent fringes of hairs. 
The passage from the sub-imago to the imago is marked by an ecdysis which 
is unique, among insects: the sub-imago casts a delicate pellicle from its 
whole body, including the wings, and then issues as a fully formed imago. 
In the latter condition the insect presents a shiny appearance and has 
assumed its full coloration, the wings become transparent, while the eyes 
and legs attain their complete development. Among certain of the short
lived species the sub-imaginal pellicle is partially, or completely persistent 
in one or other sex. The males of Oligoneuria, for example, retain this 
covering on 'the wings, while the females of Palingenia and Campsurus do 
not appear to shed any part of it at all (Eaton). The sub-imaginal stage is 
of variable duration and there is, furthermore, some correspondence between 
the time spent 'in this stage and the duration of life of the imago. Thus, 
the change into the imago may occur only a few minutes after the sub-imago 
has emerged from the nymphal cuticle. II' such cases, the life of the imago 
is a fugitive one, death taking place the same evening or early the following 
morning. In other cases the sub-imago may exist for 24 hours, or more, 
leading an inactive existence resting in the shade. The resulting imago 
in instances of this kind may live from one to several days. The short-lived 
species are mostly night fliers: species of Palingenia. Oligoneuria, EPhemera, 
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Hexagenia and Gcenis have been observed to issue about sundown in vast 
swarms. Such a phenomenon is frequent on the borders of the Swiss lakes, 

FIG. 307. EPHEMERA VULGATA. 

where the may-flies sometimes appear 
in hundreds of thousands, and are 
attracted in large numbers to the arc 
lamps near the waterside. Certain of 
the more conspicuous species, especi
ally the males, exercise familiar 
" dances" in the air: when carrying 
out these evolutions a vertical up and 
down motion results, a fluttering swift 
ascent being followed by a passive 
leisurely fall many times repeated. 

May-flies are eagerly devoured by 
fishes and most of the" duns," " spin
ners " and several of the" drakes," of 
the fly-fisher, are made up to represent 
various spe-cies of Ephemera (Fig. 307), 
and are used at times when the species 
of the latter are on the wing. 

Probably between 400 and 500 
species of Ephemeroptera are described 
but only the European and N.American 
representatives are at all adequately 
known. About 40 species occur in 
Britain and a synopsis of these forms 
is provided by Eaton (r888). The 
latter authority (Eaton, r883-87) has 
written a monograph on the world's 

(Reproduced by permission of the Trustees of the species and recognizes a single family
British Museum.) 

the Ephemeridre. This work is still the 
standard treatise on the order and contains much general information. 

External Anatomy.-The head (Fig. 
308) is free with the antennre short, and 
composed of two basal joints, surmounted 
by a multi-articulate setaceous filament. 
The compound eyes are largest in the 
males and, in some genera, the upper 
portion of each has larger facets than the 
lower. In Clllman the upper divisions are 
mounted upon pillar-like outgrowths of 
the head. Between the compound eyes 
there are three ocelli. The mouth-parts 
are degenerate: degeneration begins in 
the late nymph, it is externally complete 
in the s}lb-imago and complete in the 
imago. Individual parts do not under
go equal degrees of atrophy and the 
various genera differ very much in this 

FIG. 308. EPlIEMERA. I, head viewed 
from above. 2, maxill;:e and labium. 
3, apex of tibia with tarsus. 

respect. Mandibles are vestigia~ or want- m!'tur:;,~xi~ad~pfed l;;;:~ ;si~:esl;fmentum; M, 

ing and the maxillre, though greatly 
reduced, usually retain their palpi: in Ephemera the labium is represented 
by the mentum and a pair of distf-l lobes with small palpi. In some 
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genera the mouth-parts have atrophied to the extent that they are scarcely 
recognizable. The often repeated statement that may-flies have no mouth
parts is not literally correct for all species, but they appear always to exist 
in such a weak or atrophied condition as to preclude the taking of any food. 

The thorax is principally characterized by the great size and pre
dominance of its middle segment, the pro- and meta-thorax both being 
small and comparatively insignificant. The wings are markedly triangular, 
and of fragile texture, durable organs not being required. As a rule they 
are largest in the female: the hind-wings are always small or minute and, 
in some genera (i.e. C{Enis, Chlceon) , they are completely atrophied. The 
fore-wings are longitudinally corrugated but are not folded, except in 
cases when the female is ovipositing below the water surface. The corruga
tion is correlated with the presence of so-called" intercalary II (accessory) 
veins and each vein, whether normal 0 or intercalary, either follows the 
crest of a ridge, when it is termed a convex vein, or the bottom of a furrow 
when it is known as a concave vein. The intercalary veins are a very 
characteristic feature: they appear to be branches which have lost their 
basal connections with the remaining veins but are united with the latter 
by a greatly developed system of cross veirls. Our knowledge of the vena
tion is still very incomplete: the interpretations of Comstock and Needham 
and the subsequent studies of Morgan have recently been modified by the 
work of Tillyard (I923), to which the reader is referred. The legs are 
exceedingly inconstant and are not used for walking. The tarsal joints 
vary from one to five: in the males the fore-legs are generally very 
elongate and, in some cases, the middle and hind pairs are vestigial. 

The abdomen is evidently Io-segmented, with a reduced tergum belonging 
to the lIth segment. In the male there is a pair of usually 3-jointed clasping 
organs and, between the latter, two separate and distinct cedeagi. In the 
female there is no ovipositor, and the two oviducts open by separate aper-

. tures. A pair of exceedingly elongate multi-articulate cerci are present in 
both sexes and very commonly the lIth tergum· is prolonged juto a 
median process of similar form. . 

Internal Anatomy.-The most characteristic feature with respect to 
the internal organs is the modification of the alimentary canal for aerostatic 
purposes (Fritze, r888. Sternfeld,1907). This region no longer functions 
as the digestive tract, but has assumed an entirely new role, and has under
gone certain structural changes in consequence. In the nymph the 
resophagus is wide, but in the imago it becomes an extremely narrow tube 
and there is a complicated apparatus of dilator muscles which appears to 
regulate the air-content of the gut. Air is taken in or expelled through 
the mouth, and the sto~ach is moq.ified into a kind of storage balloon: its 
epithelium is no .longer secretory, but is converted into one of the pavement 
type, and the muscular coat has disappeared. The Malpighian tubes 
number about 40, and the first portion of the hind-intestine is modified to 
form a complex valve which precludes the escape of air from the stomach. 
In these short-li,;;ed insects it appears therefore to be more important that 
their specific gravity should be lessened, in order to facilitate the mating 
flight, rather than that they should take food, and live for a longer period. 
The sexual organs of may-flies are remarkable for their primitive nature. 
There are no accessory glands, and the gonoducts retain their paired nature 
in both sexes, each duct opening to the exterior separately. In the male 
the testes are ovoid sacs, and the two vasa deferentia each communicate 
with a separate penis of its side. Each ovary is composed of a large number 
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of small ovarioles, disposed along a common tube which is continued 
posteriorly as the oviduct. Copulation is stated to be a momentary process 
and takes place in the air. The respiratory system is well developed and 
opens to the exterior by ten pairs of spiracles, two pairs being thoracic 
and eight pairs abdominal in position. 

Oviposition and Post-embryonic Deve]opment.-None of the 
smaller orders of insects present so many variations of form and structure 
with regard to their eggs as are exhibited among the Ephemeroptera. These 
variations do not appear to be generically characteristic, since the eggs 
of very closely allied species may be completely dissimilar in all their 
features. The differences involve variations in colour, and chorionic sculp
turing in the presence or absence of the micropylar apparatus; and in the 
form and occurrence of special anchoring filaments. A few examples in 
illustration of these facts may be cited from a paper by A. H. Morgan (1913). 
The egg of Heptagenia interpunctata is provided at each pole with a skein of 
fine yellow threads, which unravel in the water and serve to anchor it by 
becoming entangled with foreign objects. The ~g of Ephemerella excrucians 
is white and slightly dumb-bell-shaped, with a strongly sculptured chorion, 
but with no anchoring filaments or micropylar apparatus. That of E. rotunda 
is yellowish and oval, with a smooth chorion, and a prominent mushroom
shaped micropylar apparatus: there are four anchoring filaments each be
ing terminated by a knob-like structure. The ovoid eggs of Ecdyurus are 
provided with numerous short coiled filaments: after they have been in the 
water a little while each coil unwinds with a sudden spring, when it is seen 
to be terminated by a minute viscid button-li~e cap. The number of eggs 
laid by different species varies from several hundred up to about 4,000. 
Eaton mentions that some ef the short-lived species discharge their eggs 
en masse as a pair of clusters which are laid on the water: these soon dis
integrate and the eggs become scattered over-the river-bed. The longer 
lived species lay them in smaller numbers at a time, either alighting on the 
surface for the purpose ot descending beneath the water and depositing 
their eggs under stones, etc.; the insects float up again and flyaway to 
repeat the process, or die without reappearing. According to Heymons 
the eggs of Ephemera vulgata hatch in 10-II days at 20-25° C. In many 
species they require a much longer period for their development which may 
extend to several months: in Chlceon dipterttm reproduction is viviparous 
(vide Causard, Compo Rend. Ac. Sci. 123). 

The nymphs have been described and figured in many species, notably 
by Pictet (1843), Vayssiere (1882), Eaton (1883-8), Lestage (1917-1920), 
Needham, Morgan and others, but detailed life-history studies are almost 
wanting. There is reason to believe that the number of ecdyses is very 
high, 23 being recorded by Lubbock (1863-66) in Chlceon dipterum, but the 
observations were not commenced from the earliest stage. May-fly nymphs 
are essentially herbivorous, feeding upon fragments of the tissues of the 
higher plants, algre, etc.; certain forms, however, are believed to be car
nivorous but are exceptional. They frequent a great variety of aquatic 
situations: many live in concealment in the banks, some burrow in mud, 
while others hide beneath stones in lakes, streams, and rivers. Certain 
genera occur among water plants and are active swimmers, still others live 
in swift currents or near waterfalls, and there are some species which reside 
among decaying vegetation at the bottoms of ponds or ditches. This wide 
range of habitat is accompanied by an equal diversity of adaptive modifi
cations and it is in the Ephemeroptera that the most complete types of the 
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latter are met with among aquatic insects. The general shape of the body 
is very variable, but all are campodeiform with evident antennre, and usually 
elongate multi-articulate cerci. Both compound eyes and ocelli are well 
developed, and most species possess seven pairs of plate-like or filamentous 
abdominal tracheal gills which are capable of independent movement by 
special muscles. The nymphs of Ephemera and Hexagenia burrow in mud 
or in the banks of streams; they have elongate bodies with strong fossarial 
legs. The first pair of gills is vestigial, and the remainder are biramous, 
consisting of a pair 
of lamellre fringed 
with long filaments 
which are penetrated. 
by tracheoles. When 
necessary the gills 
are carried reflexed 
upon the back, being 
protected thereby 
from abrasion. In 
Iron, Epeo1'lts, and 
Heptagenia (Fig. 309) 
the body and ?-ppen
dages are flattened, 
and the nymphs of 
these gene ra are 
adapted for clmging 
to rocks in rapidly 
flowing water. The 
gills are laminate C 
and each is provided 
with a basal tuft of 
branchial .filaments. 
Clllmon and Sil
phurus have seven 
pairs of simple lam-
e1lre which project 
from the sides of the 
body: the three 
caudal filaments are 
fringed with setre 
and function as a 
kind of tail. They 
are active swimming 
nymphs living 
among water plants, 

, a 

, 
a 

FIG. 309. NVMPHI\.L INSTI\.RS OF HEPTAGENJA. A, third instar 
X 16. a, abdominal appendage (gil1-rudiment); a1, do. of later instar 
x 45. E, seventh Instar, anterior region with wing-rudi
ments w; X 12; b, abdominal gill. C, eighth instar with 
prominent wing-rudiments (on the right), X 4. c, abdominal 
gill. From Carpenter after Vayssierc. 

etc. In Ccenis and -Tricorytltus the nymphs live in an environment of 
mud and sand; there are six pairs of gills and the upper lamellre of the 
first pair form opercula concealing the gills behind. The branchial chamber 
thus formed is guarded by fringes of setre which preclude the entrance 
of mud or sand particles, held in suspension by the inhalent current. In 
Oligoneuria six pairs of dorsal gills are present on segments 2' to 7: each 
gill consists of small, thick, scale-like, non-respiratory lamina with a bunch 
.of gill-filaments at its base. A pair of similar ventral gills occurs on the 
first segment and a tuft of gill filaments at the base of each maxillary 

G.T.E.-20 
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palpus. Prospisto11la (vide Vayssiere r890) has a most highly modified 
nymph which uses its body as a kind of sucker, attaching itself by this 
means to stones in flowing water; it can also swim rapidly by means of its 
fan-like caudal filaments (Fig. 3II). In this genus there are five pairs of 
gills located in a branchial chamber. The latter is roofed over by a carapace 

B 

c 
A 
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PIG. 310. MOUTH-PARTS OF HEPTAGENIA (NYMPH). 

A, mandible; m, molar area. E, hypopharynx (h) and superlinguro (s/) ; 
C, maxilla: fn, mala; c, carda; $, stipes; D, labium; p, palp; g, glossa; pg, 
paraglossa. After Vayssiere, Ann. Sci. Nat. Zool., 13. 

through a median opening. 

formed by the greatly 
developed pro- and 
meso-thoracic t erg a, 
which are fused with 
the sheaths of the an
terior wings. The side 
walls of the chamber 
are formed by the pos
t e rio r wing-sheaths, 
and the floor by the 
combined terga of the 
meta thorax and first 
six abdominal s e g -
ments. Water enters 
this very perfect type 
of branchial chamber 
by a pair of lateral 
apertures and the ex
halent stream passes 

The morphology of may-fly nymphs has been studied in detail by 
Vayssiere '(r882) and certain of their more important anatomical features 
may be enumerated. Gills are commonly undeveloped in the newly
hatched nymphs: in Ephemera Heymons states 
that they arise as integumental outgrowths about 
the fourth day. Their usually flattened form, 
dorsal position and the fact that they are traversed 
by trachere have led some observers to homologize 
them with wings. The researches of Heymons (r896), 
Zimmermann (Zeits. wiss. Zool. 34, 1880) and of 
Durken (Ibid. 87, 1907) into their development and 
musculature, indicate that they are serially homo
logous with legs and are, therefore, to be regarded as 
abdominal appendages which have become adapted 
for respiratory needs. The groups of gill-filaments 
associated with the lamellate gills in many genera 
may also be present: as outgrowths of other appen
dages including the legs and maxillre. 

The mouth-parts are very completely formed 
(Fig. 3ro). The mandibles are strikingly like those FIG. P~~;~PJ;;:;:~H OF 

of the Machilidre and of certain Crustacea; their 0, exhalant aperture Qf bran

bases are similarly elongate, and there is a median chial chamber. After Vayssiere, 
lac. cit. 

projecting molar area, which is only wanting in the 
few forms which are presumably predaceous. Each maxilla has a single 
lobe, or mala, and a 2 to 4-jointed palp. The labial palpi are generally 3-
jointed, and the ligula is conspicuously 4-lobed. The hypopharynx is very 
prominent and there is a pair of exceedingly well-developed superlingure. 

The digestive system is characterized by the great size of the stomach 
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and the large number of Malpighian tubes: the latter organs differ greatly 
in character among various genera. They may either open directly into 
the hind-intestine, or combine in groups, each group discharging into a 
separate pyriform sac which, in its turn, communicates with the intestine. 
The circulatory system is very well developed and easily observed. The 
dorsal vessel consists of one chamber for each abdominal segment and in 
the metathorax it is continued forwards as the aorta. In Chlmon it gives 
off a definite vessel into each of the caudal filaments and the terminal 
chamber acts as a pumping organ driving the blood into these organs: 
here it escapes by means of orifices in the walls of the vessels, and flows 
into the cavity of each filament, probably absorbing oxygen from the 
surrounding water. 

The nervous system presents varying degrees of fusion with respect 
to the ganglia of the ventral chain. The brain is small but, correlated 
with the presence of compound eyes, the optic nerves and ganglia are well 
developed. In Tricorythus there are three thoracic and seven abdominal 
ganglia; in Oniscigaster the abdominal ganglia are reduced to six and the 
last two centres are closely united. In Prosopistoma the ganglia are fused 
into a common' thoracic-abdominal centre; the latter genus, it may be 
added, is highly specialized in other directions also (Vayssiere, 1890). 
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Order 12. ODONATA (Paraneuroptera; Dragonflies) 

PREDACEOUS INSECTS WITH BITING MOUTH-PARTS AND TWO EQUAL OR 

SUB-EQUAL PAIRS OF ELONGATE, MEMBRANOUS WINGS: EACH WING 

WITH A COMPLEX RETICULATION OF SMALL CROSS-VEINS AND USD,ALLY 

A CONSPICUOUS STIGMA. EYES VERY LARGE AND PROMINENT; ANTENNlE 

VERY SHORT AND FILIFORM. ABDOMEN ELONGATE, OFTEN EXTREMELY 

SLENDER: MALE ACCESSORY GENITAL ARMATURE DEVELOPED ON 2ND AND 

3RD ABDOMINAL STERNA. NYMPHS AQUATIC, POUROMETABOLOUS: LABIUM 

MODIFIED INTO A PREHENSILE ORGAN: RESPIRATION BY MEANS OF RECTAL 
OR CAUDAL GILLS. 

Rather fewer than 2,500 species of these elegant insects have been 

FIG. 312. AN ANISOPTERlD DRAGONFLY (CORIJULE

GASTER ANNULA1'US) MALE. Britain. 

described, and they are in
cluded in about 430 genera. 
They attain their great
est abundance in the neo
tropical region and, with the 
exception of Japan, no part 
of the palrearctic zone con
tains an abundant or striking 
dragonfly fauna. Although 
entIrely aquatic in their early 
stages, the imagines are by 
no means confined to the 
proximity of water, and the 
females of many groups sel
dom fly over such situations 
except for pairing or ovi
position. They are essen
tially sun-loving insects but 
exceptions occur in some 
oriental species, which are 
only known to fly at night. 
Many are exceedingly swift 
on the wing and, according 
to Tillyard, A ustrophlebia can 
fly at a speed of nearly 60 

miles per hour: other species, particularly those of Calapteryx and Agrion, 
possess feeble powers of flight and may be caught with the greatest ease. 
Although no existing member of the order can compare in size with the 
Upper Carboniferous Meganeura, whicb has a wing expanse of over two 
feet, the females of M egalaprepus ccerulatus Drury measure about 190 mm. 
(7t in.) from wing to wing. 

Probably nowhere have Odonata attracted so much attention as in 
Japan, where representations of these insects in art, and allusions thereto 
in literature, are very numerous: many of the species were recognized 
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individually by the populace and known by vernacular names long before 
entomologists began to study them. Comparatively little. information 
exists as to the food of different species of these insects. It is captured 
on the wing and held by the 
prehensile legs while being de
voured. Most orders of winged 
insects ate preyed upon, includ
ing other Odonata, Hymenop
tera and Coleoptera (vide Cam
pion, Ann. Mag. Nat. Hist. 
1914; Poulton Trans. Ent. Soc., 
1906). Tillyard has recorded 
species preying upon Culicidce 
towards dusk, and Fraser states 
that the latter insects are cap
tured by certain night-flying 
Odonata. Although the great 
majority of the order seldom 
travel far from their r.estricted 
haunts, c~rtain species possess 
strong migratory instincts, more 
especially the European Libel
lula quadrimaculata. G rea t 
swarms of the latter insect have 
frequently been recorded and FIG. 313. El'IOPIlLEBIA SUPERSTES, FEMALE. Japan. 
they sometimes travel many Adapted from De Selys with the wing-venation after Munz. 

miles out to sea. Hemicordulia 
tau has been noted by Tillyard occasionally to swarm in a like manner in 
Australia. 

Odonata are noted for the beauty and brilliancy of their coloration 
and no order equals them in the wopderful 
development of body colours. In addition 
to pigmentary and structural colours, a 
whitish or bluish pruinescence is often pre
sent, especially in the males. It appears to 
be correlated with the maturation of the 
gonads and is exuded through fine cuticular 
pores, appearing as a kind of "bloom" as 

/ on certain fruits. Since it is of the nature 
of an exuded supra-cuticular pigmentation 
it is easily removed by rubbing and wear. 
In tre female it is much less frequent and 
develops at a later period in life. 

Among dragonflies a bicolorous pattern is 
the most primitive, unicolorous forms being 
a later development. Many unicolorous 

FIG·3 I4· A ZYGOPTERID DRAGON- I h b' I f I d I 
. FLY (AoRlO.Y PUELLA), MALE. rna es ave ICO orous ema es, an new y 
Britain. emerged members of the former sex often 

exhibi t traces of an original bicolorous 
marking for a shorter or longer period. Among the tribe Agrionini the 
females are often dimorphic, and one or other colour form may closely 
resemble the male. In the common Ischnura elegans, for example, the pre
dominating or normal colour form of the female is extremely like that of the 
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male: the rarer or "heteromorphic" females are conspicuously marked 
with orange, which is wanting in the normal form. Most Odonata possess 
hyaline wings but there are, however, certain groups which have conspicu
ously coloured alary organs. Thus among species of Calopteryx the males 
have metallic blue or green wings. In the Australian and E. Indian 
Rhynocypha the metallic coloration reaches its maximum and consists of 
a combination of glistening reds, mauves, purples, bronzes and greens 
utterly baffling description (Tillyard). In Rhyothemis the wings are also 
exquisitely coloured with metallic green, purple or bronze. 

Odonata are represented in the British Isles by 42 species (vide Lucas, 
I900) while there are several others whose inclusion in the fauna is open 
to doubt. The best general work on the order is that of Tillyard (I9I7) 
which has been invaluable in preparing the present chapter: the work of 
Ris (I909) on the German species should also be consulted. 

The Imago 
External Anatomy.-The form of the Hl!1i:D (Fig. 3I5) in dragonflies 

A 
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has become modified in correlation with the 
'great development of the eyes. The latter, 
in many Anisoptera, meet mid-dorsally and 
compose "by far the largest part of the 
cephalic region: in the Zygoptera the eyes 
are much smaller and button-like, but their 
range of vision is increased by the trans
versely elongated head. The antennce are 
always very short and inconspicuous: they 
are composed of 3 to 7 joints, the latter 
number being usual, and have poorly de
veloped sense organs. Experiments in am
putating one or both antennce have been 
made by Tillyard who finds that the insects 
suffer no inconvenience by their removal, 
and fly with the usual facility. The reduc
tion in the development of these organs is 
correlated with the increased power of the 

FIG. 315. HEAD OF A, ANI SOP-
TERA : B, ZYGOPTERA. compound eyes. The mouth-parts (Fig. 3I6) 

a, antenna; el" post-clypeus; d" ante- are entirely of the biting and masticatory 
clypeus; t, frons; g, gena; I, labrum; type. The mandibles are stout with exceed
lm, labium; m. mandible; v, vertex. 

ingly powerful teeth, and the Ist maxillce 
each carry a lobe-like unjointed palpus and a dentate mala. The morpho
logy of the labium has given rise to considerable controversy. On referring 
to Fig. 316 it will be seen that the mentum is expanded by the develop
ment of side-pieces or squamce and each squama carries the lateral lobe 
of its side. The inner border of each lobe terminates in an end hook and 
slightly external to the latter is a small movable hook. The mentum car
ries a single distal lobe or ligula which is often medianly cleft. In the 
Libellulidce the movable hook is wanting, the end hook and median lobe 
are vestigial, while the two lateral lobes are greatly developed. 

The head is exceptionally mobile and attached to an exceedingly small 
slender neck region which is supported on either side by four cervical 
sclerites. 

The prothorax, though greatly reduced, remams a distinct segment 
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while the meso- and meta-thorax are intimately fused together. The two 
latter segments are peculiarly modified in conformity with the require
ments of the legs and wings (Fig. 317). The legs have shifted their 
attachments an
teriorly and the 
sterna have 
migrated a Ion g 
with them. The 
wings, on the 
other hand, have 
moved posteriorly 
and the terga have 
shifted likewise. 
Although the 
sterna and terga 
of these segments 
are reduced their 
pleura are very 
greatly developed. 
The mesepisterna 
extend forwards 
and dorsalwards 
so as to meet in 
front of the meso
tergum to form 
the dQrsal carina: 
by this means the 
terga are pushed 
backwards and lie 

A 

FiG .. 316. 

I 
/ sq 

MOUTH-PARTS OF CORDULEGASTER ANNULATUS. 

A, left mandible. B, left maxilla (ventral); c, cardo ; s, stipes; 1n, mala; p, palp. 
C, Jabjum and h, hypopharynx; m, 5ubmentum; ffll' mentum; ml, medjan IDLe 
(ligula) ; II, lateral lobe (palp) with eh, end-hook and mh, movable hook; sq, squama 
(palpiger). 

between the wing bases. The metepimera on the contrary have grown 
downwards and backwards, usually fusing ventrally behind the ;netaster
num. In this way the sterna become pushed forwards and the legs come 

to lie close behind the mouth, 
being enabled· thereby readily 
to hold the prey. The legs 
are unfitted for walking but are 
of some value for climbing, 
and the tarsi are 3-jointed. 

The WINGS (Figs. 3IB and 
319) exhibit but slight diver
sity of form and size in the 
two pairs, while in the Agrio
nidre they are almost identical. 
The veinlets are developed to a 
remarkable degree and form a 

FIG. 317. LATERAL VIEW OF THORAX OF CALOP- complex reticulum, giving rise 
TERYX VIRGO. to a large number of often 

a" 1St abdominal segment; c, coxa; ca, dorsal rarjn3j em, 
epimeron; es. episternum (es2 and eSa are divided into supra- and minute cells. In a single wing 
infra- episternum) ; p, pronotum; 5, spiracle; t, trochanter (double) ; of N eurothe1nis according to 
w, wing. 

Tillyard there are over 3,000 
cells. A very characteristic feature is the stigma which is formed by a 
thickening of the wing membrane between C and R. This structure is 
greatly elongated in Petulura, almost square in Ischnura while in Calop-



3I2 ODONATA 

teryx it is either absent (in the male) or represented by a false stigma 
(in the female). With regard to the principal veins, C extends to the 
wing apex, Sc lies some distance below and terminates at the nodus, R 
and M are fused basally and also Cu and A. The distal end of Sc is 

A R 
I 
I 

/P /R 
__....-:::~~~~/ I --M, 

Bc 
1; 
Sc 
I , , 

// . 
/ / I R-t-M I ate 

CtLt-A 

I 
I I 

I /; M 
R 

n 
I 

/ / 
M / 

! 
CU.2 

,---M2 
IR 

5 

Fj(.l 

-M 
I 

! 
Ms 

FIG. 318. A, VENATION 0]7 AN ANISOPTERID DRAGONFLY (CHIEF FEATURES ONLY) ; B, OF 
A ZYGOPTERID DRAGONFLY. 

A 1, recurrent anal vein; ac, anal crossing; arc, arculus; b, bridge; AI s, Zygopterid £ector; tI, nodus; 0, oblique vein; 
p, pterostigma; q, quadrilateral; 5, super-triangle; t, triangle. 

united with C by a thickened cross vein which forms a well defined" joint" 
or nodus on the wing margin. Vein R is only branched in the Anisop~ 
tera; a branch doubtfully homologous with Rs leaves it at the nodus and, 
crossing Ml and M2 , passes to the apex of the wing: in the Zygoptera Rs is 

------?---- c 

c. M, __ ==~~~==~~~~.M2 
Rs 
MJ 

't-M • 

------------- ----- --------

FIG. 319. DIAGRAM OF THE NYMPHAL V.'ING-TRACHEATION (PROXI
MAL PORTION) OF AN ANISOPTERID DRAGONFLY, BASED ON 
NEEDHAM. 

A 1, recurrent anal vein; ac, anal crossing j arc, arcuh;s; b, bridbe; n Ilcdus; 0, 
obHque vein; s, super-triangle; I, triangle. ' 

replaced by a 
branch (Ms of 
Tillyard) which 
lies between M2 
and M 3 • The 
downwardly bent 
free portion of the 
main stem of M, 
together with the 
thickened cross
vein below it, form 
a characteristic 

. feature-the arcu
ZitS, which joins 
Cu. The discal 
cell is of great 
importance and, 

in the Zygoptera, it is often termed the quadrilateral, which is an area 
enclosed by M4 above, Cu below, the lower part of the arculu5 basally 
and a thickened cross-vein distally. In the Anisoptera this cell is sub-
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divided into the triangle and super-triangle. The former is a triangular 
area fornied by Cu basally and by two thickened cross-veins costally and 
distally: the super-triangle is the area from the arculus to the distal 
angle of the triangle. 

The ABDOMEN (Fig. 320) is always greatly elongate. in proportion to 
its breadth, and in extreme cases it is so attenuated as to be scarcely 
thicker than a stout bristle. Ten complete segments are evident, while 
according to Heymons vestiges of an lIth and of a I2th segment are also 
recognizable. The tergum of the lIth somite is represented by a median 
dorsal tubercle and its sternum by paired inferior tubercles. The I2th 
segment consists of three 
small processes immediately 
surrounding the anus :-a 
median dorsal lamina supra
analis and paired latero
ventral lamina infra-anales. 
I n the males of those Ani
soptera which have angu
lated hind-wings a pair of 
lateral outgrowths or auricles 
are present on the 2nd ter
gum (Fig. 320C): in some 
cases they occur in the 
females also but are reduced 
in size. In all Odonata a 
pair of supra-anal appen
dages arise from the IOth 
tcrgum: they are well de
veloped in the male but 
reduced or vestigial in the 
female. The males of the 
Anisoptera are also charac
terized by the presence of a 
median inferior anal appen
dage belonging to the lIth 
somite and situated above 
the anus. In the Zygoptera 
it is paired and situated 
below that aperture (Fig. 
320D). During pairing, in 
all Odonata, the female is 
grasped by means of the 
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FIG. 320. CORDULEGASTER. A, lateral view of male 
genitalia. 'B, ventral view of terminal abdominal 
segments of male. C, ventral view of male copu
latory apparatus. D, CALOPTERYX, dorsal view 
of male genitalia. E, lEsOIINA, lateral view of 
terminal abdominal segments of female with left 
parts of ovipositor slightly separated. 

a, auricle: ai, inferior; and as, superior anal appendages; aI, pI, 
anterior and posterior sternal laminre; ga, genital aperture; h, hi' 
hamulre; I, lamina supra-analis; Ii, lamina infra-analis; p, penis with 
PS, its sheath ~ pv, penis vesicule; s, sternum; t, tergum; t1, terebra; 
V, valve. 

anal appendages of the male, the superior pair establishing a firm grip 
in the region of the neck (among Anisoptera) or prothorax (among Zygop
tera) while the inferior appendage is pressed down upon the occiput. In 
the Zygoptera the inferior pair is usually too short to reach the head. 

The copulatory organs of the male (Fig. 320C) are quite unique in the 
animal kingdom, being developed from the 2nd and 3rd abdominal sterna, 
whereas the true genital aperture opens on the 9th segment. On the 2nd 
sternum is a depression or genital fossa in which the copulatory organs are 
lodged' and its walls are supported by a complex chitinous framework. The 
fossa communicates posteriorly with a small sac-the penis vesicle which 
is developed from the anterior portion of the 3rd sternum. The penis 
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arises from this vesicle and, in the Anisoptera, it forms a complex jointed 
organ provided with an orifice on its convex surface. In the Zygoptera 
its only communication is with the body cavity and there is no distal 
aperture. One or two pairs of claspers or hamuli are associated with the 
penis and serve to guide and retain the ovipositor in position during copula
tion. The posterior pair of hamuli is universal but the anterior pair is 
on~y met with it). the lEschnidre. Great variation of structure is exhibited 
by the genitalia in various genera and for detailed information reference 
should be made to the works of Selys-Longchamps and Hagen (1858) 
and Thompson (1908). Owing to the wide separation of the copulatory 
organs from the genital aperture, the spermatozoa have to be transferred 
to the penis vesicle, prior to copulation. In the female the external genitalia 
consist typically of three pairs of ventral processes or gonapophyses which 
constitute the ovip9sitor (Fig. 320E). Among the Zygoptera the anterior 
and median gonapophyses are slender structures often adapted for cutting: 
these together form the terebra. The lateral gonapophyses or valves are 
broad lamellate organs each terminating in a, hard pointed style which is 
probably tactile in function. Among the Arri'soptera various stages in re
duction of the ovipositor may be traced, which are correlated with different 
methods of oviposition. 

Internal Anatomy.-Most of the internal organs are greatly elongated 
in conformity with the length of the body in these insects. The alimentary 
canal is an unconvoluted tube throughout its course. The cesophagus is 
long and slender, expanding into a crop at the commencement of the 
abdomen. A rudimentary gizzard is present but its armature of denticles 
is either very weak or absent. The mid-intestine is the largest division of 
the gut and extends through the greater part of the abdomen: it is devoid 
of enteric cceca and is followed by a very short hind· intestine. Attached 
to the latter are from 50 to 70 Malpighian tubes which unite in groups 
of five or six, each group discharging into the gut by means of a common 
conduit of extremely small calibre. Six longitudinal rectal papillre are usually 
present. The nervous system is well developed and exhibits comparatively 
little concentration. The brain i~ transversely elongated and is charac
terized by the great development of the optic ganglia, which is in correla
tion with the large size of the eyes. The ventral nerve cord consists of 
three thoracic ganglia and seven evident ganglia (2nd to 8th) in the 
abdomen, the 1st abdominal ganglion being amalgamated with that of 
the metathorax. A well-developed sympathetic system is described by 
Brandt in Libellula. The circulatory system has not been studied in any 
detail but appears to be very similar to that of the nymph, with the excep
tion that a ventral blood sinus is present in the imago in close relation 
with the main nerve cord. The tracheal system consists of three pairs 
of principal longitudinal trunks which give off segmental branches. It 
communicates \yith the exterior by means of ten pairs of spiracles situated 
on the last two thoracic and the first eight abdominal segments. The 
male reproductive organs consist of a pair of very elongate testes extending, 
in .lEschna, from the 4th to the 8th abdominal segments: each organ is 
composed of a large number of spherical lobules in which the spermatozoa 
are developed. The vasa deferentia are rather short narrow tubes which 
enter a common duct just above the genital aperture. The common passage 
is dilated dorsally to form a conspicuous sperm-sac. The spermatozoa 
adhere in a radiating fashion forming rounded masses or sperm-capsules, 
each of the latter being apparently derived from a single lobule of the testis. 
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These capsules are somewhat mucilaginous externally and are adapted 
for transference from the ninth to the second segment, prior to copulation. 
The female reproductive organs are characterized by the great size and 
length of the ovaries which extend from the base of the abdomen down to 
the 7th segment. Each ovary is composed of a large number of longitud
inally arranged panoistic ovarioles. The two oviducts are very short and 
open into a large pouch-like spermatheca in the 8th segment. A pair of 
accessory. glands communicate by means of a common duct with the dorsal 
side of the spermatheca. 

Struc~ure and Biology of the Developmental Instars 
Oviposition in dragonflies may be either endophytic or exophytic. In 

the latter case the eggs are rounded and are either droppe~ freely into the 
water or attached superficially to aquatic plants. This method is the 
rule among the Anisoptera, with the exception of certain JEschnidre. In 
Sympetrum and Tetragoneuria the eggs are laid in gelatinous strings attached 
to submerged twigs. Endophytic oviposition is characteristic of the 
Zygoptera and the subfamilies JEschninre and Petalurinre of the JEschnidre 
(Tillyard). Dragonflies adopting this method have elongate eggs which 
they insert by means of slits cut by the ovipositor in the stems and leaves 
of plants or other objects, near or beneath the water. In some cases the 
female (alone, or accompanied by the male) descends below the water
surface for the purpose. 

Before the nymph emerges from the egg a peculiar pulsating organ or 
cephalic heart appears in the head of the developing insect. The pressure 
exerted by this vesicle is the immediate cause of hatching, since it forces 
open the lid-like anterior extremity of the egg. The newly hatched insect 
is known as the pro-nymph: at this stage it exhibiv> a more or less embryonic 
appearance, the whole body and appendages being invested by a delicate 
chitinous sheath. The pro-nymph is of extremely brief duration, ¥tsting 
but a few seconds in Anax (Tillyard) and for two or three minutes in Agrion 
(Balfour Browne). At this stage the pulsations of the cephalic heart 
increase in frequency and the pressure generated by this organ also serves 
to rupture the pro-nymphal sheath. The insect which emerges is in its 
second instar: it is now a free nymph fully equipped for its future life. 
The nymphs of the Odonata are campodeiform and may be divided into 
two main types-the Anisopterid and the Zygopterid. In the former the 
body is terminated by three usually small processes, viz.-a median appendix 
dorsalis and a pair of lateral cerci: when closed they form a pyramid 
which conceals the anus (Fig. 321:). Respiration takes place by means of 
concealed rectal trachear gills. 111 the Zygopterid type the three terminal 
processes are greatly developed to form caudal gills, and rectal tracheal 
gills are wanting (Fig. 322). The nymphs are exclusively aquatic, living in 
various situations in fresh water. Many live hidden in sand or mud, efc., 
and are homogeneously coloured without any pattern. Those which live 
on the river bottom or among weed exhibit a cryptic pattern which tends to 
conceal them from enemies and prey. Certain species cling to rocks and 
tend to simulate the colour of the surface which they frequent. Dragonfly 
nymphs are also able to change their general coloration in accordance 
with differences in their environment. Without exception all the species 
are predaceous, feeding upon various forms of aquatic life, the nature 
of the food depending upon the age of the nymphs. When advanced 
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in life they are particularly addicted to Ephemerid nymphs and Culicid 
larvre as well as nymphs of their own and other species of Odonata. The 
larger lEschnine nymphs will also attack tadpoles and occasionally small 
fish. The number of instars that intervene between the egg and the 

imago varies in different species and also 
among individuals of the same species. It 
ranges between about eleven and fifteen and 
the whole nymphal period may be passed 
through within a year as in most Zygoptera, 
or occupy two years as in /Eschna, or may 
even last from three to five years. The prin
cipal external changes involved during meta
morphosis include an increase in the size of 
the compound eyes, and during the last few 
instars ocelli become evident: the antennal 
joints increase in number, and the wing-rudi: 
ments undergo c;ertain changes with the result 
that the developttrg hind-wings overlap the an
terior pair: the wing-bearing segments increase 
in size, and changes are evident in the caudal 
gills among the Zygoptera. 

When the imago is approaching the time 
FIG. 32I. NYMPH OF BRA(.'lIY-

j'ROS PRA1'ENSE. X 1,6. for emergence the nymph ceases to feed and 
From a drawing by W. J. Lucas. appears tense and swollen. The thorax in 

particular becomes noticeably inflated and the 
wing-sheaths become sub-erect. The gills are no longer functional and at 
the same time the thoracic spiracles are brought into use, the nymph par
tially protruding itself from the water in order to breathe the atmosphere. 
When the internal chal1£es are complete the nymph climbs up 'Some suit
able object out of the water and fixes i~s claws 
so firmly in position that the exuvire remains 
tightly adherent to the support long after the 
imago has flown away. The nymph remains 
stationary and sooner or later the cuticle splits 
along the mid-dorsal line of the thorax, the 
fracture extending forwards to the head. The 
imago then withdraws its head and thorax 
through the opening, the legs and wings be
come freed, but the abdomen is not yet fully 
drawn' out from the exuvire. The insect usually 
hangs head downwards until the legs attain 
strength and freedom of movement. The with
drawal of the abdomen forms the final act, and 
the insect crawls away to rest until the wings FIG. 322 . NYMPH OF CALOr-

and abdomen are fully extended (Fig. 193). ,'ERYX SPLESDESS, x 1'25. 

A variable period elapses before the imaginal From a drawing by W. J. Lucas. 

colour pattern is fully acquired and teneral 
forms, or individuals which have not yet developed their mature colora
tion, are very commonly observable on the wing. 

The main difference between the head of the nymph and that of the 
imago is found in the labium. In the nymph this organ is modified for 
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prehensile purposes and is known as the mask (Fig. 324) from the fact that 
it conceals the other mouth-parts. The mentum 
and submentum are markedly lengthened, and 
there is great freedom of movement between the 
two parts. The ligula is undivided and represented 
by a median lobe which is fused with the mentum. 
The labial palpi are modified to form lateral lobes, 
each of which carries on its outer side a movable 
hook. The nymph utilizes its mask entirely for the 
capture of prey (Fig. 323). In a position of rest 
the submentum is reflexed between the bases of the 
legs with the mentum hinged upon it ventrally. 
When about to seize a victim the mask is thrown 
forward and extended with lightning rapidity and 
the prey impaled on the movable hooks. 
. The prothorax in the nymph is always longer 
than in the imago: in advanced nymphs the meso
and meta-thorax are closely fused. The legs are 
considerably longer than those of the imago and the 
femoro.:trochanteric articulation is modified to form 

FIG. 323. NYMPH OF 
ASAX HIPERATOR WITH 
MASK EXTENDED AND 

SEIZING PREY. X'8 

a breaking joint. By a sudden contraction of the L:C:~~ a drawing by W. J. 

trochanteric muscles the intervening membrane can 
be ruptured, and the limb discarded should it be seized by a predatory 

insect. Ten segments are clearly re
cognizable in the abdomen and accord
ing to Heymons (I904) the nth and 
12th segments are also present in a 
much reduced condition (Fig. 325). 
The eleventh segment is represented 

FlG.324.-MASKOFNYMPHOFCALOPTERYX. dorsally by the base of the dorsal 
SM, submentum; M, mentum; ML, median lobe; appendage (to be described below) and 

P, palp; MH, movable hook. its sternum by the bases of the! cerci. 
The. twelfth tergum persists as the 

lamina supra-analis and the laminre sub-anales 
represent the divided sternum of that segment. 
Three large appendages can be readily made out 
in the nymphs-a median dorsal appendage and 
two latero-ventral cerci: these structures form 
the caudal gills of the Zygoptera. From the 
fourth or fifth instar onwards a second set of 
appendages appears and gives rise to the 
imaginal genitalia. They consist, in both 
sexes, of a pair of small pointed structures 

--0 

FIG. 325.-DIAGRAM OF THE 
(the cercoids of Heymons) lying above the ANAL ApPENDAGES OF A 

cerci: the superior appendages of the male DRAGONFLY NYMPH VIEWED 

. d th 1 d f th f 1 FROM BEHIND WITH THE Imago an e ana appen ages 0 e ema e . MEDIAN DORSAL ApPENDAGE 

are derived from these organs. At the final (D) LIFTED UPWARDS. BASED 

metamorphosis the median dorsal appendage ON HEYMONS. 

is cast off, but in male Anisoptera a small 
basal process persists as the inferior append
age of the adult. The cerci disappear except 

C, cercus; C', cercoid; L, lamina 
supra-analis; LI, lamina infra-analis; 
5 1h lIth sternum j 1'10, T 111 loth and 
IIth terga. 

in males of the Zygoptera whose inferior appendages are developed within 
their bases. 
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The alimentary canal of the nymph (vide Sadones, r896) differs from 
that of the imago in several features. The gizzard, for example, is a very 
highly specialized organ provided with internal denticle-bearing longitud
inal ridges: the latter are either four or some multiple of four in number 
among different groups of the order. The mid-intestine is considerably 
shorter than in the imago, and the Malpighian tubes at first number only 

, three but gradually increase at each 

I 
D 

,H 
FIG. 326.-1. HIND-INTESTINE OF A 

NYMPH OF /ESOHNA SHOWING TRACHEAL 
SUPPLY. AFTER OUSTALET. II. DIA
GRAMMATIC TRANSVERSE SECTION OF 

THE RECTUM OF THE NYMPH OF 
A USTROGOMPHUS. ADAPTED FROM TILL-

YARD. 

eF, cross·fold; D, dorsal tracheal trunk; Ei 
primary efferent trachea; E2J secondary do.; LF, 
longitudinal fold; M, mid-intestine; MT, Malpighian 
tubes; R, rectum; V, visceral tracheal trl.lnk. 

instar until the full complement is 
acquired. The nervous system is 
more especially characterized by the 
presence of eight abdominal ganglia, 
the first centre in that series being 
quite distinct from the metathoracic 
ganglion although becoming fused with 
the latter in the imago. The circula
tory system has been studied by 
Zwarsin (I9II) in .lEschna. The heart 
consists of-eight chambers correspond
ing with the 2nd to 9th abdominal 
segments in which they lie: alary 
muscles are only present in relation 
with the two hindmost chambers. The 
respiratory system presents features 
of exceptional interest and has been 
investigated more particularly by 
Oustalet (r869), Sadones (r896) and 
Tillyard (r9r6). Spiracles are present 
on the meso- and meta-thorax but 
only the meso thoracic pair is well 
developed and is functional when the 
larva has occasion to leave the water. 
The meta thoracic and abdominal 
spiracles are small and usually non
functional. Special respiratory organs 
in the form of tracheal gills are pre
sent in the nymphs of all dragonflies. 
In the Anisoptera they take the form 
of rectal gills which form an elaborate 
and beautiful apparatus known as the 
branchial basket. In most Zygoptera 
the respiratory organs are caudal gills, 
while in a few rare cases lateral 
abdominal gills are also present. 
These three types are treated separ· 
ately below. 

(r) The BRANCHIAL BASKET.-This 
structure is formed by the expanded 

anterior two-thirds of the rectum, which assumes the form of a barrel-like 
chamber (Fig. 326). The gills are primarily developed as six longitUdinal folds 
of the rectal wall and are homologous with the six rectal papillre. They 
are covered with an extremely delicate cuticle and the underlying epithelial 
layer is modified to form a syncytial core which is penetrated by tracheoles. 
Water is alternately taken into the rectum and expelled and, in this manner, 
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the gills are kept aerated. The expulsion of the water, when forcible, 
also enables the nymph to propel itself forward by a series of jerks, which 
is its usual mode of progression. Six series of primary efferent trachece 
convey the oxygen, taken up by the gills from the water, to the main 
longitudinal trunks of the body. Each primary efferent trachea divides 
into two secondary efferents which give off a very large number of tracheoles 
to the gills. Each tracheole forms a complete loop within the gill, returning 
to the same secondary efferent from which it arose. The gill system may be 
either simplex or duplex in character (Fig. 327). In the simplex system there 
are six principal longitudinal gill folds supported right and left by a double 
series of cross folds. 1'he simplex system is divisible into two types, the 
undulate and the papillate. In the undulate type the free edge of each 
gill-fold is undulated or wavy in character. This is the primary type of 
gill which persists throughout life in the more archaic groups (Cordule
gasterince, Petalurime and in Austrogomphus). In most of the Gomphince 
all the gill folds are broken up into elongate filaments forming what is 
termed the papillate type. This specialization brings about greater r~spir-

FIG. 327.-PORTIONS OF THE FRESHLY-OPENED BRANCHIAL BASKET, TO SHOW FORM OF GILLS. 

A, undulate simplex; B, implicate; C, foliate; D, papillo-foliate; E, F,IameIIate_ After Tillyard, Biology of Dragonflies. 

atory efficiency since each filament is bathed on all sides by the water. 
The duplex system is a secondary development and differs in that the main 
longitudinal folds are either non-functional or wanting, the gills being 
entirely formed from the double series of cross-folds. Three main types 
in this system are recognizable and depend upon the form assumed by 
the gills. The i_mplicate type occurs in the tribe Brachytronini of the 
subfamily lEschnince. The gills resemble a series of obliquely placed concave 
tiles slightly overlapping one another. In the foliate type, which is found 
in the lEschnini, each gill is basally constricted and leaf-like in form. The 
lamellate type occurs in the family Libellulidre: the gills appear as fiat 
plates projecting into the cavity of the rectum and are attached by broad 
bases. For full details concerning the types of rectal gills and the differ
ences in their tracheal supply reference should be made to an important 
paper by Tillyard (1916). 

(2) The CAUDAL GILLs.-Nearly all Zygopterid nymphs possess three 
external tracheal gills at the hinder extremity (Fig. 322). The median gill is 
dorsal and is developed from the appendix dorsalis, while the two lateral 
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gills are derived from the cerci. In the young nymph the caudal gills are 
filamentous and hairy, but they soon acquire a triquetral form (i.e. triangular 
in cross-section).' The triquetral gill is retained throughout life in a few 
cases, as for example in the lateral gills of Calopteryx. In most instances 
it either becomes swollen (saccoid gill) or flattened (lamellate gill). 

The problem of respiration in Zygopterous nymphs is reviewed by 
Calvert (1915) and is in need of fuller investigation. The caudal gills are 
evidently not the only respiratory organs and the amputation of these 
appendages does not lead to the death of the animal. It would appear 
that the nymphs of this sub-order also use the rectum as an auxiliary respi
ratory chamber. The rectal papillre, however, have no special tracheal 
supply and presumably function as blood gills: the latter are not to be 
confused with the rectal tracheal gills of Anisoptera. The general body
surface, certain of the spiracles and, in rare cases, the lateral abdomi
nal gills (vide below) all contribute to satisfying the respiratory needs 
either in different stages or in different species of Zygoptera. 

(3) The LATERAL ABDOMINAL GILLS.-These occur on either side of 
the 2nd to 7th or 8th abdominal segments-in a few primitive genera of 
Calopterygidre. They are attached towards the ventral surface and are 
filamentous in form. Possibly they are to be regarded as persistent true 
abdominal appendages. 

Classification of Odonata 
The Odonata are separable into two main sub-orders and five families, 

all of which are represented in the British Isles. The Anisoptera are 
strongly built, swiftly flying insects and include the larger members of 
the order. The Zygoptera are weak, slender-bodied insects with a poor 
capacity for flight and are usually smaller insects. The following classi
fication is based upon that of Tillyard. 

Sub-order 1. ANISOPTERA 
Wings held open in repose: hind-wing always more or less broader 

near base than fore-wing. Eyes not separated by a space greater than 
their own diameter. Discal cell divided into triangle and super-triangle. 
Male with one inferior anal appendage. Nymphs with rectal tracheal gills. 

FAM. 1. JESCHNIDJE.-TRIANGLES VERY SIMILAR IN BOTH PAIRS OF WINGS, 

PLACED EQUALLY DISTANT FROM ARCULUS. ANTENODAL VEINLETS NOT PREDOMI

NANTLY COlNCIDENT IN COSTAL AND SUBCOSTAL SERIES. LABIUM WITH A LARGE 

MEDIAN LOBE NOT OVERLAPPED BY LATERAL LOBES WHICH HAVE A MOVABLE flOOK. 

Gomphus, Petalura, Coraulegaster, /Eschna, Anax. 
FAM.2. LIBELLULIDJE.-TRIANGLES DISSIMILAR IN THE TWO PAIRS OF WINGS, 

NOT EQUALLY DISTANT FROM ARCULUS. ANTENODAL VEINLETS PREDOMINANTLY co
INCIDENT IN COSTAL AND SUBCOSTAL SERIES. LABIUM WITH A SMALL MEDIAN LOBE 

OVERLAPPED BY LARGE LATERAL LOBES WHICH HAVE NO MOVABLE HOOK. Cordulia, 
Libel/ula, Sympetrum, Leucorrinia, Trithemis. 

Sub-order II. ZYGOPTERA 

Wings held closed over abdomen in repose: fore- and hind-wings closely 
alike with narrow bases. Eyes separated by a space greater than their 
dorsal diameter. Discal cell a simple quadrilateral. Male with two inferior 
anal appendages. Nymphs with caudal gills. 

FAM. 3. CALOPTERYGIDJE.-WINGS SELDOM DISTINCTLY PETIOLATE, GENER-
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ALLY COLOURED. ANTENODAL VEINLETS NUMEROUS: NODUS DISTANT FROM WING 
BASE: M, ARISES FROM MI+2 FAR PROXIMALLY TO NODUS. Calopteryx, Rhinocypha, 
Diphlebia. 

FAM. 4. LESTIDJE.-WINGS DISTINCTLY PETIOLATE, RARELY COLOURED. 
ANTENODAL VEIN LETS VARIABLE IN NUMBER: NODUS VARIABLE IN POSITION: 111. 

FUSED WITH M2 FOR SOME DISTANCE, LEAVING IT via AN OBLIQUE VEIN: VERY LITTLE 
ARRANGEMENT OF CROSS-VEINS IN TRANSVERSE SERIES. Lestes, Synlestes. 

FAM. 5. AGRIONIDJE.-WINGS DISTINCTLY PETIOLATE, RARELY COLOURED. 
ANTENODAL VEINLETS TWO: NODUS RARELY MORE THAN! OF WING LENGTH FROM 
WING BASE: M, GENERALLY ARISING AT SUBNODUS: CROSS-VEINS ARRANGED IN 
TRANSVERSE SERIES. Agrion, Platycnemis, Ischnura, Pyrrhosoma, Enallagma. 

Sub-order III. ANISOZYGOPTERA. 

This sub-order was established by Handlirsch for a group of Liassic 
Odonata which appear to have combined the characters of sub-orders I and 
II. At the present day it is only represented by the genus Epiophlebia 
(Fig. 3I3) which has been referred to the family Lestidre. The genus is 
known from a single species of imago from Japan and a species of nymph 
from India. The imago has the Zygopterid venation and the body-form 
of the Anisoptera, while the nymph has the general facies, labial mask and 
anal appendages of the latter sub-order (vide Tillyard, Rec. Ind. Mus. 22). 

Literature on Odonata 
A good bibliography of the order is given by Tillyard (1917) and only a selection 

of works is enumerated below. 

BALFOUR-BROWNE, 1909.-The Life-History of the Agrionid Dragonfly. Proc. 
Zool. Soc. CALVERT, 1911-15.-Studies in Costa Rican Odonata. I-VII. Ent. 
News. 22-26. HEYMONS, 1904.-Die Hinterleibesanhiinge der Libellen und ihrer 
Larven. Ann. Hofmus. Wien 19. LUCAS, 1900.-British Dragonflies. London. 
NEEDHAM, 1903.-A Genealogic Study of Dragon-fly Wing-Venation. Proc. U.S. 
Nat. Mus. 26. OUSTALET, 1869.-Note sur la Respiration chez les Nymphes des 
Libellules. Ann. Sci. Nat. Zool. ser. 5, II. RIS, 1909.-0donata in "S¥swasser
fauna Deutschlands." Jena. SADONES, 1896.-L'appareil digestif et respiration 
larva ire des Odonates. La Cellule, II. SELYS-LONGCHAMPS and HAGEN, 
1858.-l\Ionographie des Gomphines. Brussels. THOMPSON, O.S., 1908.-Append
ages of the second abdominal segment of male dragonflies. N. Y. State Mus. Bull. 
124. TILLY ARD, 1916.-0n the 'Rectal Breathing A ppara tus of Anisopterid Larva!. 
J ourn. Linn. Soc. Zool. 33. --1917.-The Biology of Dragonflies. Cambridge. 
--I922.-New Researches upon the Problem of Wing-Venation of Odonata. Ent. 
News, 33. ZAWARSIN, 1911-12.-Histologische Studien iiber Insekten. I. Das 
Herz der lEschnalarven. Zeit. wiss. Zool. 97. 2. Das sensibel Nervensystem der 
.£sclma-Iarva. Ibid. 100. 

G.T.E.-2I 



Order 13. THYSANOPTERA (Physopoda: Thrips) 

S
MALL OR MINUTE SLENDER-BODIED INSECTS WITH SHORT 6- TO 9-

JOINTED ANTENNJE AND ASYMMETRICAL PIERCING MOUTH-PARTS: 

MAXILLARY AND LABIAL PALPI PRESENT. PROTHORAX WELL DEVELOPED, 

FREE: TARSI I- OR 2-JOINTED, EACH WITH A TERMINAL PROTRUSIBLE VESICLE. 

WINGS WHEN PRESENT VERY NARROW WITH GREATLY REDUCED VENATION 

AND LONG MARGINAL SETJE. CERCI ABSENT. METAMORPHOSIS ACCOM

PANIED BY AN INCIPIENT PUPAL INSTAR. 

The insects comprised in this order are commonly known as It thrips." 
The majority vary in length from 7}O to ! of an inch, the smaller forms 
being by far the most prevalent. They are mostly yellow, yellowish
brown or black in colour and are found among all kinds of growing vegeta
tion, both on the flowers and about the foliage: others frequent moist 
decaying plant remains, particularly wood and fungi. Some species are 
predaceous, or at least occasionally so, and suck the body-fluids of aphids 
and small acari. When disturbed different species exhibit certain differ
ences of movement: some crawl in a leisurely fashion, others run quickly 
or leap, and a large number are able to fly but they often do not readily 
resort to this means of locomotion. Many exhibit the habit of curving 
the apex of the abdomen upwards and, in the case of winged individuals, 
this movement is generally preparatory to flight: it appears to be for the 
purpose of drawing the lateral comb-like setre of the abdomen through 
the marginal fringes of the wings. The latter organs when in repose are 
laid in a more or less parallel manner along the back. 

The vast majority of species derive their nutriment by penetrating 
the living tissues of plants by means of their piercing mouth-parts, and 
imbibing the sap. It is, therefore, not surprising that certain members 
of the order are recognized by economic entomologists as pests, especially 
the pear thrips (T ceniothrips inconsequens Uzel [pyri Dan.]), the onion 
thrips (Thrips tabaci), the grass thrips (Anaphothrips striatus), the green
house thrips (Heliothrips hcemorrhoidalis) and several others. In addition 
to the particular plants with which their names are associated, these, and 
other species, affect a wide range of hosts, and several are polyphagous. 
On the other hand, a number of species have so far only been obtained from 
single plant species. The primary injury to vegetation is caused by the 
extraction of the sap and, when severe, a whole crop may be ruined. The 
effects of the injuries are very variable in different cases; in apple blos
soms, for example, thrips have been known to prevent the formation of 
fruit, and Hewitt has found that when A. striatus feeds upon the spikelets 
of oats it produces sterility (vide Journ. Econ. Ent. 7). It is true, how
ever, that thrips play a part in the fertilizing of beet, and many other 
plants, but their value in this direction does not compensate for their 
injurious feeding habits. Some species, notably the corn thrips (Limo
thrips cerealizlm) , are well known to be capable of sustained flight and 

322 
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migration: in such i.nstances they fly in large numbers, particularly during 
sultry weather. 

Parthenogenesis is of frequent occurrence throughout the order, and 
in several species (H. lzcemorrlzoidalis, T. i1tconsequens, etc.) males are either 
unknown or extremely rare: in others the eggs are capable of developing 
parthenogenetically, although males are quite common. 

Only a few hundred species of the order have been described, and about 
one hundred have been found in the British Isles. The most important 
general works on the order are those of Uzel (1895) and Hinds (1902). 
For the British forms 
reference should be 
ma.de to the writings of 
Haliday (Ent. Month. 
Mag. 1836-37) and Bag
nall (Jaunt. Econ. Bioi. 
19II-13, and other 
papers). 

External Ana
tom y .- I nth e i r 
general structure the 
Thysanoptera are more 
closely related to the 
Hemiptera - Homoptera 
than to any other order 
of insects. The head 
is generally somewhat 
quadrangular in form 
with a pair of small 
but prominent com
pound eyes: the facets 
of the latter are rela
tively large and con
vex, assuming a 
rounded instead of the 
usual hexagonal form . 

2 

3 

. Three ocelli are com
monly present on the 
vertex. N early all the 
head sclerites are in
timately fused, almost 
all traces of sutures be- FIG. 32S.-THE PEAR THRIPS (T AiJNIOTHRIPS INCONSEQUENS 

UZEL: PYRI DAN). 
ing lost. The antenn<e 
are 6- to 9-jointed, and 
are inserted close to

I, Imago; 2, eggs; 3, first instar nymph; 4, fully-grown nymph; 5, 
pre-pupa; 6, pupa; 7, lateral view of head of imago. Reduced from Foster 
and Jones. U.S. Dept. Agric. null. 173. 

gether in a very forward position. The mouth-parts are adapted for piercing 
and suction, certain of the organs being modified as stylets which are en
closed in a short cone, or rostrum, projecting downwards from the ventral 
surface of the head (Fig. 329). The structure of the trophi has received 
attention from a number of investigators, including Garman (r896), Muir 
and Kershaw (19II), Borden (1915) and Peterson (1915). Their small size 
and asymmetrical form render them difficult to study and, consequently, a 
good deal of difference of opinion exists with regard to the homologies 
of the stylets. The mouth-cone is formed by the labrum and clypeus 
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above, and the labium below, while the actual piercing organs are pro
truded through the short tubular base thus formed. Among the Tere
brantia the mandibles of the two sides are totally unlike: the left organ 
is a strong chitinized stylet while the right one is reduced to a vestigial 
condition. The maxilla! consist of a pair of palpus-bearing plates with 
associated stylets. The plates may be either symmetrical or unlike and 
they form the side walls of the mouth-cone already alluded to. The palpi 
are composed of a variable number of joints which range from 2 to 8 among 
different genera. Each stylet consists of a small basal piece articulating 
with the palpus-bearing plate of its side, and a long piercing organ which 
is usuallv divided into a proximal and a distal element. The labium forms 

. fu hoo~-~ 

c. D. 

oc, 
'I 

FIG. 329.-HEAD AND MOUTH-PARTS OF THYSANOPTERA. 

A, Mandibles and maxilla> of Heliothrips (Terebrantia). B, Mandibles and maxilla> 
of Cephalothrips (Tubulifera). C, dorsal and D, lateral aspects of the head of Helio· 
thrips. a, base of antenna; c, clypeus; I, frons; I, labrum; 1m, left mandible; Ip, 
labial palp; ffl, mentum; mil submentum; mp, maxillary palp; mx, maxillary 
plate; OC, ocelli; pr, internal process of head; rm, right mandible; s, maxillary 
stylet; t, thorax. Adapted from Peterson. 

floor of the 
mouth-cone and is 
divisible into a 
mentum and sub
m e'n tum. The 
membranous apex 
of the mentum is 
more or less 
bilobed and car
ries a pair of short 
labial palpi which 
are 1- to 4-jointed. 
Among the Tubu
lifera certain dif
ferences in the 
mouth-parts a. r e 
noticeable. The 
unpaired stylet 
articulates wit h 
the palpus-bear
ing plate of its 
side; the two 
paired stylets are 
very long and 
have a c qui red 
separate, and more 
posterior, articu
lations with the 
head cap suI e. 
The s e features 

have led Muir and Kershaw to regard the unpaired stylet as the maxilla, 
and the paired sty lets as mandibles. Peterson, on the other hand, main
tains that their homologies are the same as in the Terebrantia, basing 
his conclusions upon comparative studies of nymphs and adults of the 
two sub-orders. The connection of the niandible with the palpus-bearing 
plate of its side he regards as being secondary, since it is not present in 
the nymphal stage. 

When a thrips feeds the apex of the mouth-cone is applied to the sur
face of the plant, and the stylets are driven into the tissues. The laceration 
of the latter causes a minute wound through which the sap escapes. The 
apex of the mouth-cone is applied to the puncture, and the juices of the 
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plant are pumped IIp into the gut by means of the action of the pharyngeal 
muscles. 

The prothorax is free and distinct, with a broad tergum, while the 
meso- and meta-thorax are compactly united. The legs are composed 
of the usual parts and only the tarsi present special features. The latter 
are 1- or z-jointed, and the claws may be either single or paired. A 
remarkable protrusible vesicle is associated with the extremity of the 
tarsus, and it is to the presence of this organ the alternative ordinal name 
Physopoda is due. When at rest, the vesicle is retracted and invisible, 
but when the insect is walking it appears to be exserted by means of blood 
pressure. These organs are present in both nymphs and imagines and 
they enable their possessors to walk upon almost any kind of surface. The 
wings are membranous, very narrow, and strap-shaped: they have very 
few or no veins, and only rarely possess cross-veins. They are fringed 
with long setre and some species bear spines along the veins or along the 
former courses of the latter. The wings of a side are interlocked by means 
of several hooked spines near the base of the hind-wing which engage a 
membranous fold on the anal area of the fore-wing. The imagines of many 
species exhibit striking variations in the degree of development of the 
wings. The adults of a single species (Chirothrips manicatus Hal.) may 
hav~ fully developed wings, reduced functionless wings, or be com
pletely apterous. In other species both sexes may be winged or one 
winged and the other apterous: one or both sexes may be brachypterous 
or both may be wingless. When brachypterolls forms occur among nor
mally winged individuals the phenomenon is especially evident towards 
autumn. 

The abdomen is elongate, tapering posteriorly, and is composed of ten 
segments. In the Terebrantia there is a conspicuous serrated ovipositor 
projecting from the ventral surface between the eighth and ninth abdominal 
segments, and formed by two pairs of gonapophyses. Among the Tubuli
fera an ovipositor is wanting and the terminal segment is tubular .. 

Internal Anatomy.-Most of what is known concerning the internal 
structure of Thysanoptera is due to Jordan (1888) and Uzel (1895). The 
digestive system is characterized by a chitinized sucking pharynx provided 
with radial muscles, an extensive mid-intestine and four Malpighian tubes. 
The mid-intestine forms the la~gest portion of the alimentary canal and 
is divided into a capacious anterior chamber followed by a tubular coiled 
posterior region. The hind intestine forms a straight passage to the anus. 
Two pairs of salivary glands are commonly present and are located in the 
thorax and abdomen (vide Peterson, 1915): their ducts unite to form a 
common canal opening ,at the apex of the mouth-cone. According to 
Uzel three pairs of salivary glands are found in the thorax of Trichothrips. 
The nervous system is highly concentrated: the brain is well developed, 
the sub-resophageal and pro thoracic ganglia are fused while the meso
and meta-thoracic ganglia remain separate. A median nerve cord passes 
down the abdomen, but the ganglia have shifted forward and are concen
trated into a single centre which is located in the first segment of that 
region. The circulatory organ consists of a very short contractile heart 
lying in the eighth abdominal segment and continued forwards as a long 
aorta. In the female reproductive organs the ovaries each consist of four 
short panoistic ovarioles: a receptaculum seminis is present together with 
small accessory glands. The male reprodttctive organs consist of a pair 
of fusiform testes which communicate by means of rather short vasa deferen-
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tia with an ejaculatory duct. The latter is somewhat swollen at its for
ward extremity, forming an ampulla-like enlargement. At this point it 
receives the ducts of one or two pairs of relatively large accessory glands 
which considerably exceed the testes in size. The tracheal system is well 
developed and usually opens to the exterior by means of three or four 
pairs of spiracles. One pair is located near the anterior angles of the 
mesothorax and there are also pairs on the lst and 8th abdominal seg
ments; a 4th pair is present in the Tubulifera and many of the Terebrantia, 
being situated on the metathorax just behind the attachment of the hind
wings. The family Urothripidce is exceptional in having eleven pairs of 
spiracles. 

Life-history and Metamorphoses (Fig. 328).-The eggs of the Tere
brantia are more or less reniform, while those of the Tubulifera are commonly 
elongate-oval. In the first-mentioned sub-order the female cuts a slit with 
her saw-like ovipositor, laying the eggs singly in the tissues of the host plant. 
The Tubulifera lay their eggs externally, either singly or in groups, upon 
leaves, stems, under bark, etc. The newly hatched nymphs resemble the 
imagines in their general facies and their methOcf of feeding is also similar. 
There are generally four instars before the adult condition is reached. After 
the second ecdysis the nymphs develop wing-pads and assume what is 
frequently termed the prepupal instar. As a rule they conceal themselves 
among debris or enter the ground prior to undergoing this change, but 
in Heliothrips hcemorrhoidalis the transformation takes place on the under
side of the leaves of the food plant. During the prepupal stage the insect 
often -manifests considerable activity. In the case of those species which 
transform in the soil the prepupa is quiescent but will crawl about when 
removed from its earthen cell. The prepupa may be distinguished from 
the next instar or pupa by the antennce remaining free and not being re
flected over the head and pronotum; the wing pads are shorter, the com
pound eyes are still small and ocelli are wanting. After a comparatively 
short period spent in this stage the insect undergoes its third ecdysis and 
transforms into a pupa. This instar is of a variable, and often lengthy, 
duration among different species. Unless disturbed the pupa remains 
quiescent, but upon being roused it is capable of slowly crawling about. 
It is to be regarded as a resting nymphal stage exhibiting a definite approach 
towards the true pupa of the Endopterygota. No nourishment is taken 
during the prepupal and pupal instars. The number of generations passed 
through in the year differs in various species; many, such as T ceniothrips 
inconsequens, are univoltine, while on the other hand Heliothrips fasciatus 
is known to have 7 to 9 generations in a season in the United States. 
Hibernation may take place either in the nymphal, pupal, or imaginal 
stage. 

Classification.-The Thysanoptera are divided by Bagnall (Ann. 
Mag. Nat. Rist. 19l2) into three sub-orders as given below. 

I (2).-Eleven pairs of spiracles, palpi I-jointed, hind COXOE most 
widely separated. (Urothripidm.) Polystigmata 

2 (I).-Not more than 4 pairs of spiracles, palpi 2- or more-jointed, 
middle COXOE most widely separated. 

3 (4) _-Ovipositor saw-like, apex of abdomen conical in female, bluntly 
rounded in male. (.lElothripidm, Thripidm.) Terebrantia 

4 (3)·--Ovipositor absent, apex of abdomen tubular in both sexes. 
(PhlCllothripidm, Idolothripidm.) Tubulifera 
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Order I4. HEMIPTERA (Rhynchota: Plant Bugs, etc.). 

T wo PAIRS OF WINGS USUALLY PRESENT; THE ANTERIOR PAIR MOST 

OFTEN OF HARDER CONSISTENCY THAN THE POSTERIOR PAIR, EITHER 

UNIFORMLY SO (HOMOPTERA) OR WITH THE APICAL PORTION MORE 

MEMBRANOUS THAN THE REMAINDER (HETEROPTERA). MOUTH-PARTS PIERC

ING AND SUCTORIAL, PALPI ATROPHIED; THE LABIUM IN THE FORM OF 

A DORSALLY GROOVED SHEATH RECEIVING TWO PAIRS OF BRISTLE-LIKE 

STYLETS. METAMORPHOSIS USUALLY GRADUAL, RARELY COMPLETE. 

The Hemiptera or Bugs are most easily recognized by the form of the 
mouth-parts. They are, without exception, ..£JJcking insects, and this 
habit, along with the general structure of the mouth-parts, is retained 
throughout life. The wings present a greater variation in structure than 
in any other order of insects, and for this reason no general definition is 
sufficiently comprehensive to include them all. 

As Sharp observes, probably no other order of insects is so directly 
concerned with the welfare of man on account of the 
vast amount 'Of direct, and indirect, injury its mem
bers entail to vegetation. Among the most destruc
tive species are the Cotton Stainers (Dysdercus) , 
the Chinch-bug (Bliss us leucopteyu,s), Coffee Blight 
(Helopeltis) , Leaf-hoppers_ (Jassidre and related 
families), White Flies (Aleyrodidre), Plant Lice 
(Aphididre), and the Scale Insects and Mealy Bugs 
(Coccidre). It is not only the exhaustion consequent 
upon the rapid draining of the sap of plants by the 
mouth-parts of Hemiptera that is so deleterious, 
but also the fact that the punctures left by these 

FIG. 330. - DYSDERCCS organs afford means of ingress for bacteria and 
CINGULA-TUB. fungi to the underlying tissues, where they quickly 

B:f/;!,; I:;>d~;~nt in Fauna of multiply. Furthermore, the pathogenic agents of 
« fire-bligh~" and "mosaic disease" are known 

to be transmitted from plant to plant by means of the piercing mouth
parts of certain of these insects. 

An all-important factor bearing upon the devastation entailed by 
Hemiptera is the extraordinarily rapid rate of reproduction found in many 
members of the sub-order Homoptera. The calculations of Reaumur and 
Huxley regarding the fecundity of parthenogenetic aphides are well known. 
Buckton, however, regards their conclusions as greatly underestimated, 
and showed that the progeny of a single aphid at the end of 300 days-if 
all the members survived-would be the 15th power of 210! With regard 
to leaf-hoppers Perkins, on the supposition that each hopper lays 50 eggs 
(and the sexes are about equal), calculates that if there are six generations 
in the year the undisturbed progeny of one female would amount, at the 
end of twelve months, to very little less than 500,000,000. 

Among certain Heteroptera a propensity for animal food has been 
328 
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acquired, particularly in the predaceous family Reduviidce and in most 
Cryptocerata. The Cimicidce, Polyctenidce, and the . Reduviid genus Tria
toma are active blood-suckers of mammals or birds, the habit being preva
len t in both sexes. 

Hemiptera afford many instances of resemblance to insects of their 
own and other orders. Certain of the ant-like forms are very remarkable; 
thus the Coreid Dulichius injlatus Kirby (brachypterous form) closely 
resembles and associates with the ant Polyrachis spiniger, and is furnished 
with pronotal and other spines, rather similar to those possessed by the 
ant. Another Coreid, Alydus calcaratus L., is often found in England in 
company with Formica rufa and other ants, which its nymph closely re
sembles. Further cases of resemblance to insects pertaining to other 
orders are met with in the Reduviidce. 

Aquatic Hemiptera afford excellent examples of the relation of struc
tural modifications to differences of environment, particularly with regard 
to locomotion and respiration (vide Bueno, I9I6). In the surface dwellers 
(Hydrometridce) the adaptations are less pronounced, the antennce, free 
and unconcealed, and the legs not highly modified. These insects are 
clothed with velvety pile to prevent wetting, and respiratory devices are 
but little complicated. Trhe Cryptocerata, on the other hand, have the 
antennre concealed, the long antennce of above-water forms obstructing 
the freedom oj motion of submerged insects. The legs are highly adapted 
for purposes of swimming and respiratory modifications are complex. 

External Anatomy 
The Head.-The head (vide Muir and Kershaw, I9II, I9IIA) is veryvari

able both in form and in the inclination of its longitudinal axis. In almost all 
cases the sclerites are compactly fused (Fig. 33I), only two principal dorsal 

/ 

FIG. 33I.-A AND C, DORSAL ASPECTS OF THE HEAD OF A REDUVIID AND A PENTATOMID 
RESPECTIVELY: D AND B, THE SAME VIEWED LATERALLY. 

a, base of antenna j c, clypeus; e, epipharynx j j, frontal process; g, gula j 1, labrum; IlJ labium (rostrum) ; fnX.S 
maxillary sclerite; 0Il compound eye; 02J ocellus; I, prothorax. 
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plates-the epicranium and clypeus-being recognizable owing to the 
fusion of the frons with the former. In Psyllidre however the frons is 
evident as a separate narrow sclerite carrying the median ocellus; the 
expression "frons" is frequently used in descriptive works dealing wit}1 
the Auchenorhyncha, although this region can only be regarded as a con
ventional area, not definitely marked off from the epicranium. The frons, 
clypeus, and labrum of many systematists are, in a number of families, 
the clypeus, labrum and epipharynx respectively. The lorre are two curved 
plates evident in leaf-hoppers between the clypeus and genre, and are 
lateral developments of the former. The labrum is rather variable in 
form and not always clearly separated from the epipharynx; the latter 
organ is narrow and acuminate. Ocelli are usually present and frequently 

FIG. 332.-VENTRAL ASPECT OF THE HEAD 
OF A CERCOPID WITH ADJACENT THORACIC 

SCLERITES (DOTTED). 

cl, clypcus; c1h lora; e, epjpharynx; I, labrum; 
InX.s, maxillary sc1erite; T, rostrum. 

two in number (Heteroptera, and 
most Auchenorhyncha); three are 
present in Cicadidre, and many 
Sternorhyncha. They are wanting 
in Pyrrocoridre, Cimicidre and species 
of TyjJhtocyba, etc. In addition to 
compound eyes, ocular tubercles or 
supplementary eyes are present in 
close relation to the former in Livia 
and many aphides. The antennre 
have few joints, frequently only four 
or five; their maximum number is 
attained in the Sternorhyncha, 
where 10 joints are found in Psyl
lids and 25 in the males of a few 
Coedds. 

The ·Mouth-parts (Fig. 333).
These organs in the different families 

are very alike in general structure, the similarity being correlated· with the 
uniform nature of the feeding habits throughout the order. They are ex
clusivelyadapted for piercing and suction, the mandibles and maxillre being 
modified to form slender bristle-like sty lets which rest in the grooved labium. 
The embryological studies of Heymons (1899), and Muir and Kershaw (t9II, 
1912), have demonstrated that the mandibles and maxillre develop quite 
normally from the first two pairs of post-oral embryonic appendages. 
They subsequently become sunk to some extent within the head, and 
enclosed at their bases in pockets whose lining is continuous with the general 
integument. Both pairs of stylets are hollow seta-like structures, capable 
of limited protrusion and retraction by means of muscular action. In 
many Homoptera the stylets are extremely long and, in some cases, greatly 
exceed the total length of the insect. In these instances they are capable 
of being looped or coiled upon themselves, and withdrawn into a backwardly 
directed pocket connected with the channel of the labium. This pocket 
in Coccidre (Fig. 36SA) is lined by thin membrane, and is situated between 
the central nervous system and the ventral body-wall. 

The mandibular stylets form the anterior (outer) pair and, although 
usually free, may be closely interlocked with the maxillre as in Lygus: 
at their apices they are usually serrated. The posterior (inner) pair of 
stylets constitute part of the maxillre: the embryonic rudiments of the 
latter become bi-segmented at an early stage, and the basal joint thus 
formed gives rise to the maxillary sclerite or plate, and the distal joint to 
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the maxillary stylet. The swollen basal portion, or maxillary sclerite, is 
probably to be regarded as the undifferentiated cardo and stipes, which 
subsequently became amalgamated with the head capsule, while the stylet 
itself is to be looked upon as the homologue of a maxillary lobe. Maxillary 
palpi are wanting, except as vestigial organs, which occur in certain Hydro
metridre, while in some Tingidre there are small processes which have been 
regarded as pertaining to the same category. Each maxillary stylet tapers 
to a fine point and is grooved along its inner aspect: the groove is divided 
into two parallel channels by means of a longitudinal ridge which traverses 
the length of stylet. Seen in cross section, the latter is shaped like a W, 
and the pair of stylets, by the approximation 
of their channels, form two extremely fine .. 
tubes. The dorsal one functions as the suc
tion canal and communicates with the pharyn
geal duct: the ventral tube is the ejection 
canal and receives the saliva discharged 
through the salivary duct. Within the head 
the maxillary stylets diverge towards their 
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bases, but externally they 
are closely interlocked, 
and appear as a single 
structure, as in A nasa 
(Tower), and Psylla 
(Grove); or the inter
locking arrangemen t is 
wanting and they are 
simply apposed to one 
another (Eriosoma). At 
the enlarged proximal 
ends of both pairs of 
sty lets are oval areas of 
glandular tissue known as 
the retort-shaped organs, 
whose function is prob
lematical. In man y 
Hemiptera the bases of 
the stylets are attached 
to the head-capsule by 
means of mandibular and 
maxillary levers. These 
latter are rods of chitin 

FIG. 333_-DIAGRAM OF THE MOUTH-PARTS AND ADJACENT 
REGION OF THE HEAD OF AN HEMIPTEROUS INSECT. 

On the left are transverse sections across the regions bearing corresponding 
lettering; the magnifications of these sections are not uniform. el, clypeus; 
ee, ejection canal with salivary duct; l, labrum; m, mandible; mx, maxilla; 
p, pharynx; pd, pharyngeal duct; 'J rostrum; sd, salivary ducts; sc, 
suction canal with pharyngeal duct. 

which extend outwards in a transverse direction, and afford attachment 
to certain of the stylet muscles; The stylets themselves are enclosed in 
a sheath (rostrum) formed almost entirely by the labium which is dor
sally grooved for their reception. At its base, however, the labial 
groove is wanting and in this region the sheath is roofed' over by the 
labrum. If the latter be raised with the point of a needle the stylets 
can be discerned beneath. Distally, the lips of the labial groove are 
approximated or fused to form a tube and, as the lumen of the latter is 
very small, the stylets fit tightly therein. In the majority of Hemiptera 
the labium is either 4-jointed (Pentatomidre, Capsidre, Lygreidre, etc.) or 
3-jointed (most Reduviidre, Cicadidre, Psyllidre and Aleyrodidre); in Coc
cidre it is always short and 1- or 2-jointed. Its apex is proviaed with sensory 
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set::e, and it performs no part in perforating the tissues of the plant-host. 
Labial palpi are almost always wanting; in certain families, however, 
they are stated to be present, but there is no unanimity of opinion. Hey
mons (I896) finds that they are present in the embryo but atrophied in 
the adult, and that the so-called palpi are secondary organs. Leon, on 
the other hand, observes that they are present in Nepa, Ranatra, and cer
tain Belostomatid::e. The hypopharynx is situated between the bases of 
the maxill::e, and is usually well chitinized though small and difficult to 
detect except in sections. It is pierced by the salivary duct and the latter 
passes forwards to open into the ejection canal; the dorsal wall of the 
hypopharynx forms a support to the floor of the pharyngeal duct (p. 337). 

While at rest the rostrum is concealed by being flexed beneath the body, 
with its apex directed backwards. When the insect is about to feed, the 
rostrum is extended from its position of repose and inclined downwards. 
In the great majority of Hemiptera the stylets are only slightly longer 
than the rostrum, and consequently some mechanism is necessary by means 
of which the latter becomes retracted to admit of the insertion of the stylets 
into the plant. In Aphidid::e, for example, tlrls is brought about by the 
proximal portion of the rostrum being withdrawn or telescoped into the 
body (Davidson). In LygliS, and other Heteroptera, the stylets are able 
to penetrate the tissues owing, it is stated, to the bending or looping of 
the rostrum about its basal hinge (Awati). In Coccid::e the rostrum is 
very short, and the stylets extremely long, and the mechanism by which 
the latter are inserted into the plant, and afterwards withdrawn ancllooped 
within the body, is difficult to conceive. 

The problem which requires solution is the method by which long, 
slender, pointed stylets c~m be forced to the requisite depth into the tissues 
of a plant. In those cases where the stylets are but little . longer than 
the rostrum it has been usually explained that the action of the protractor 
muscles, applied at the bases of the stylets, force the latter into the plant, 
and that they are guided by the labrum and the grooved labium in their 
course. In Psylla Grove (I9I9) contends that this explanation is wholly 
inadequate owing to the great length of the stylets and their permanently 
looped condition. This author suggests that, by means of blood-pressure, 
the apex of the labium becomes distended and consequently grips the 
stylets tightly after the manner of a pair of forceps. The projecting por
tions of the stylets would be forced a short distance into the plant tissues. 
This being accomplished, the internal pressure would be slackened, which 
would result in the grip being released, and the rostrum would become 
slightly shorter, so that its apex would have travelled a short distance 
upwards along the stylets. The pressure being renewed, the grip is re
established and the stylets forced in a step further and so on, until the 
required amount of penetration may be accomplished. 1 It is evident 
that the range of action of the protractor muscles is much less than the 
depth to which the stylets often penetrate, and that their action alone is 
inadequate to explain the process. With regard to the mechanism of 
suction we have to consider the ejection of the saliva into the plant, and 
the flow of sap along the suction canal into the pharyngeal duct of the 
insect. There is no complete continuity between the walls of the salivary 
and pharyngeal ducts and those of ejection and suction canals respectively. 
The two ducts, however, project into their respective canals sufficiently 

1 A similar mode of action has been previously described by Berlese for the stylets 
of Coccid<e. 
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far to allow for a regular flow of liquid,-in the one case putward and in 
the other inward. As a preliminary to piercing the plant tissu,e, the insect 
surveys the surface thereof by means of the apical setce of the rostrum. 
The actual piercing apparently takes place by means of the mandibles, 
the maxillce following closely afterwards. The saliva is forced down the 
ejection canal by means of the salivary pump, but the exact functions 
which it performs are difficult to ascertain. In several cases it is known 
to transform starch into sugar, but it certainly fulfils other uses. Thus, 
in some aphides the saliva also dissolves a passage for the stylets through 
the cell-walls and causes plasmolysis and dissolution of the cell-contents 
(Davidson). During the ascent of the sap in the minute suction canal 
capillarity, possibly aided by pressure exerted by the turgid plant-cells 
when pierced by the stylets, may be regarded as the preliminary process. 
This is followed by the active suction exerted by the divaricator muscles 
of the pharynx. The course of the stylets within the plant-tissues has 
been followed by Davidson in the case of Aphis rumicis. They pass inter
cellularly through the cortex, only occasionally perforating individual 
cells. On reaching the vascular bundles the cell-walls are punctured. and 
the cell-contents sucked out. In this species the phloem is the chief source 
of the food supply, although other tissues, including the cortex and the 
mesophyll of the leaf, may be resorted to in the case of plants heavily 
infested by this aphid. 

The Thorax.-The morphology of the hemipterous thorax has not 
been extensively investigated, but a comparison of a number of genera 
has been made by Taylor (I9I8) and a study of the sclerites of Anasa by 
Tower (I9I3). Among Heteroptera the pronotum is tolerably uniform 
in its characters: it is always large, rarely marked off into separate sclerites, 
and forms the greater part of the thorax when viewed from above. The 
mesonotum frequently exhibits a five-fold division, thus presenting the 
maximum number of sclerites. Of these the most prominent is the scutel
lum, which is always well developed: in certain Pentatomidce it ex/ends 
posteriorly to the extent of entirely covering the wings, and imparts to 
the insect an apterous appearance. The metanotum is very variable: 
it may be well developed, as in Anasa, or reduced to a small region con
cealed beneath the mesoscutellum. It is never conspicuous, and is covered 
by the un expanded wings. The sternites are, for the most part, fused 
with the respective pleura. 

Among Homoptera there is more diversity of structure, and Cicada 
may be regarded as fairly typical of the sub-order. The pronotum is 
almost always small and frequently collar-like, except in Membracidce 
where it assumes incredibly bizarre and grotesque forms and extends 
backwards over the abdomen. The meso thorax is the largest and most 
typical region, exhibiting the primary divisions into prescutum, scutum, 
scutellum and postscutellum. In the Fulgoroidea it bears well-developed 
tegulce, which are vestigial or absent in..these species with reduce"d wings. 
The metanotum is usually well developed, and in J assidce it is nearly as 
long as the mesonotum. " 

The Wings.-Among Heteroptera there is a marked difference in the 
consistency of the two pairs of wings, as is implied by the name of that 
sub-order. The fore-wings are termed hemelytra (hemi-elytra) and their 
proximal area is horny, resembling an elytron, only the smaller dista!. 
portion remaining membranous (Fig. 335). The hind-wings ~v,;ays 
membranous and, in repose, are folded beneath the hemelytm. 
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The hemelytra (Fig. 334) exhibit much diversity of structure and, for 
this reason, have been largely utilized for purposes of cl~ssification. The 
hardened basal portion is composed of two regions-the clavus or nar
rower area next to the scutellum (when the wings are closed), and the corium 
or remaining broader portion. In the families Ceratocombidce and Antho-
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coridce a narrow strip of the corium, bor
dering on the costa, is demarcated from the 
remainder, and is known as the embolium. 
In the Capsidce a triangular apical portion 
of the corium is separately difft::rentiated to 
form the cuneus. Among Tingidce the dif
ferentiation into comeus and membranous 
regions is less distinct. In some cases the 
membranous area is much reduced or wholly 
absorbed, but in the Henicocephalidce the 
hemelytra are entirely membranous. The 
two pairs of wings exhibit evident depar
tures from tbe--primitive venational type 
and the most generalized tracheation has 
been found in Pentatomidce (vide Comstock). 

Among Homoptera the fore-wings are of 
uniform texture (Fig. 336) and are fre
quently of harder consistency than the hind 

c, corium; CL, clavus; CU, cuneus; pair. Apterous forms are the rule in female 
E, cmbolium; ~/, membrane. 

Coccidce and Aphididce (sexuales), as well as 

FIG. 334.-DIAGRAMS OF THE HEM
ELYTRA OF-I, A LYGlEID; II, 11. 
CAPSID; III, AN ANTHOCORID. 

occurring in the agamic generations of the latter family; both apterous 
and alate males are sometimes present in both Aphididce and Coccidce. 
Although there is great diversity of venation which is dealt with under 
the different families, the pre-existent trachece have been extensively 
studied in the nymph, and it is thus possible to determine the homologies 
of the wing-veins. 

'The little-un
derstood pheno
menon of alary 
polymorphism is 
prevalent in dif
ferent families. 
That is to say, in 
the same species 
there may be two 
or more forms of 
alary organs 
which, further
more, may be cor
related with sex 
or may not. There 
are two we 11-

FIG. 335.-LEFT WINGS OF A COREID, VERLUS1A RHO,)IBEA X II. 

marked types of individuals,- the apterous and macropterous, sometimes 
with intermediates or brachypterous forms.' The phenomenon is evident, 
for example, in the Hydrometridce, Anthocoridce and Reduviidce among 
Heteroptera, and certain Fulgoroidea (Delphacidce) and Jassidce among 

·-li&lllQptera. It is particularly well seen in the British species of Liburnia. 
In Perli1zsiella there is much specific variation in this respect: thus P. 
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saccharicida ha-s macropterous males and polymorphic females, while in 
P. vitiensis and vastalrix both sexes are dimorphic. 

In certain African Reduviidre (Edocla Stall the males are winged and 
the females apterous and physogastric: in other species of the genus both 
sexes are alike and physogastric. In Paredocla Jeann. there are both 
winged and apterous males; the latter resemble the females, which are 
also apterous, and all forms are found together (Jeannel, Voy. Afriq. Orient., 
Hemiptera, 3, 1919). 

Many explanations have been advanced to account for alary poly
morphism (vide Kirkaldy, 1906). It has been variously correlated with 
climate, season, mimicry, capability for leaping or rapid locomotion, and 
mode of life, whether arboreal or otherwise. Thus, in Africa, J eannel states 
that most of the apterous and brachypterous genera of Reduviidre inhabit 
the hotter regions. In the European Pyrrhocoris apterus both pairs of 

FIG. 336.-RIGHT WINGS OF A CICADA. 

From Comstock, a/ler Comstock and Needham. (N.B.-Vein IA of ComstockO= Cu, of TiJlyard.) 

wings may be either normally developed, or reduced to merely the horny 
basal portions of the hemelytra, and the two forms vary very greatly both 
in local and seasonal occurrence. The phenomenon offers a wide field 
for research, particularly from the genetic point of view. 

The Abdomen.-In its least modified condition the abdomen often 
consists of eleven recognizable segments as in Cicada (Berlese) and several 
other genera of Homoptera (Heymons). As a general rule, however, sup
pression and reduction have taken place to a greater or less degree. Thus 
in Anasa Tower (1913) finds there are 9 segments in the male and 10 in 
the female. In Notonecta the 1st segment is greatly reduced, but segments 
2-II are evident: in Nepa and Ranatra the 1st tergum and the 1st and 2nd 
sterna are atrophied, but the remaining segments to the IIth are recogni_zed 
by Berlese. In Psyllidre Crawford also finds evidence of II original seg
ments; of these the 1st, 2nd and 3rd are either suppressed or much reduced. 
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Among Aphididce the number is difficult to determine and most observers 
conclude there are nine visible segments. 

Among Heteroptera a well-developed ovipositor is present in a few 
families, notably in the Nepidre and Notonectidre, where it consists of three 
pairs of gonapophyses. A valvular ovipositor is present in the Auchen
orhyncha but, for the most part, is reduced or wanting among the Stern
orhyncha. 

Sound-producing Organs are of frequent occurrence among Heterop
tera and may be grouped under five chief types. 

(I) The PRO STERNAL FURROW of many Reduviidce and Phymatidce 
studied by Handlirsch (1900). This furrow is cross-striated and stridu
lation is produced by the rugose apex of the rostrum working thereon; 
it is well seen in Reduvius personatus and Coranus subapterus. 

(2) The STRIGOSE VENTRAL AREAS of certain Pentatomidre (Scutel
lerince). According to Handlirsch these are found on either side of the 
median line of the 4th and 5th abdominal segments. On the inner side 
of the hind tibire are wart-like tubercles, each bearing a SUbapical tooth. 
When the insect bends the tibia against thMemur, and again extends 
it, the spinous tubercles pass across the strigose areas, thus enabling the 
insect by rapidly repeating the movements to produce an audible sound. 

(3) The PEDAL STRIDULATING ORGANS of Corixidre. The anterior tarsus 
bears a row of teeth and the anterior femur is provided with a stridulatory 
area consisting of rows of minute pegs. It appears that the tarsal" comb" 
of the left leg is drawn obliquely across the femur of the right leg and vice 
versa, and in this manner sound is produced (Kirkaldy, 1901); in the 
females the mechanism is much less highly developed. According to 
Handlirsch sound is produced by drawing the tarsal comb across the ridged 
clypeus. 

(4) COXAL STRIDULATORY ORGANS. In Ranatra Bueno (Can. Ent. 
1905) describes two opposing rasps, one on each coxa near the base with 
longitudinal striations, the other on the inner surface of the cephalic mar
gin of the lateral plate of the coxal cavity. The latter plate is excep
tionally thin and probably functions as a resonating organ. 

(5) The DORSAL STRIDULATORY ORGANS which are found in both sexes 
of Tessaratoma papillosa. The sound-producing organ consists of a striated 
surface or file situated one on either side of the dorsum of the abdomen 
close to the metathorax. On the under-surface of each wing, near the 
base, is a comb of strong teeth. The sclerite supporting the files is able 
to move backwards and forwards across the comb (Muir, 1907). Dorsal 
stridulating organs are also described in the Corixidce in addition to those 
mentioned under (3). 

Among Homoptera, the sound-producing organs of the Cicadidre are 
complex structures peculiar to the family, and situated one on either 
side of the ventral aspect of the base of the abdomen (vide p. 93). The 
remaining Auchenorhyncha are usually regarded as being silent, but Kirk
aldy (1907) states that several leaf-hoppers possess the power of stridu
lation. 

Spiracles.-According to Schi6dte 10 pairs of spiracles are normally 
present in Heteroptera, and this conclusion is confirmed by Handlirsch. 
They are present on the following segments; 1st pair, on the membrane 
between the pro- and meso-thorax, and only to be observed with difficulty: 
2nd pair, between the meso- and meta-thorax: 3rd pair, dorsal lying be
tweeI). the metanotum and 1St abdominal tergum, hidden by the wings: 
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4 th and. following pairs, on the ventral side of the pleural folds of the con
secutive abdominal segments. This general rule is subject to modification 
particularly in aquatic families. Thus in Nepa there are 10 pairs of open 
spiracles in the nymph, but in the adult most of these are either closed 
or non-functional. Maulik (1916) regards the first three pairs as being 
functional although closed; the only other functional pair is at the base 
of the respiratory siphon. The 4th, 5th and 9th pairs have atrophied and 
the 6th, 7th and 8th are highly modified sieve-like structures which are 
regarded by Doges, and also Baunacke (1912), as being modified into sen
soryorgans. The spiracles of Notonecta have been investigated by Brocher 
(1909), who states that there are 9 pairs. 

In the Auchenorhyncha there are 10 pairs of spiracles as a general 
rule, but among the Sternorhyncha there is a wide range of variation. 
In Aphididre there are usually 9 pairs, situated respectively on the pro
and meta-thorax and on the first 7 abdominal segments. Among Psyllidre 
Witlaczil (1885) finds 2 thoracic and 7 abdominal spiracles in the nymph 
of Trioza, while in the adult Psylla'mali Awati (1915) states there are 2 
thoracic and 3 abdominal pairs. In the Aleyrodidre the nymphs are 
closely applied to the leaf surface, and as the spiracles lie ventrally they 
are concealed. Air is conveyed thereto by means of special breathing 
folds of the integument. Two pairs of thoracic spiracles are present, 
-one pair between the anterior legs and the other pair between the pos
terior legs. Spiracles are also present behind the 2nd thoracic pair appar
ently on the 1st abdominal segment, and a 4th pair exists alongside the 
vasiform orifice. Vestigial spiracles are apparently found in some genera 
on other .of the abdominal segments. In the adult the distribution of the 
spiracles is very much the same as in the nymph. The respiratory 
system of both Psyllidre and Aleyrodidre, however, requires detailed inVEsti
gation. 

In the nymphs and females of the Coccidre there are commonly two 
pairs of spiracles on the ventral aspect of the thorax; abdominal spiracles 
are present, however, in certain groups (Ferris, Can. Ent. 1918). The 
primitive number of 2 thoracic and 8 abdominal pairs is found in Xylo
coccus (Oguma, 1919); in Orthezia (List, 1887) and Monophlebus (Savage) . 
there is one pair less on the abdomen. In I cerya purchasi the abdominal 
spiracles are reduced to 2 pairs, and in certain other species of that 
genus there are at least 3 pairs present (Ferris). 

Internal Anatomy 
The Alimentary Canal.-A true mouth is absent, and the actual 

entrance into the digestive system is the aperture of the suction canal, 
which is situated at the apex of tha maxillary stylets. Towards the base 
of the latter the suction canal communicates with the pharyngeal duct, 
which is the narrow continuation of the pharynx into the labral region. 
The pharynx proper is the principal organ of suction, and its dorsal wall 
is provided with powerful divaricator muscles. In the region of the epi
pharynx' there is, in most Hemiptera, a gustatory organ whose sensory 
cells communicate with the lumen of the pharyngeal duct through per
forations in a chitinous plate, which is a specialized development of the 
epipharyngeal membrane. The greater part of the digestive canal is 
highly modified in both sub-orders though in totally different directions. 
In Heteroptera the mid-gut is frequently divisible into four sharply differ-

G.T.E.-22 
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entiated tracts (Fig. 337): (I) An anterior sac-like chamber; (2) a tubular 
region; (3) an ovoid chamber smaller than the first; (4) a narrow tubular 
portion from which, in many families, numerous gastric cceca take their 
origin. In certain of the strictly predaceous groups these divisions are 
less evident, and the tubular 4th region is absent in those families which 
lack the gastric cceca. The hind 
intestine is very contracted and con
sists of a small bladder-like chamber, 
which receives the Malpighian tubes, 
and a very large rectal chamber, 
often much more extensive than the 
1st division of the mid-gut. The 
remarkable gastric cceca have been 

A B 
FIG. 337.-DIGESTIVE SYSTEM OF LYGAlIDAl. 

A, BLlSSUS LEuaOPTERUS. B, (EDANOALA DOR

SALIS (POSTERIOR PORTION ONLY). 

C, gastric cceca; i, ileum; tn l -1n,t, chambers of mid~ 
intestine j °mt, l\1alpighian tubes; re, oosopbagus; r, 
rectum. After Glasgow (reduced). 

studied by Glasgow (1914), and they 
present many variations in form, 
number and arrangement. In Blis
SttS lettcopterlts there are 10 finger
like cceca present, in Anasa tristis 
there are several hundreds in the 
form of closely compacted pockets, 
while in Dysdercus they are few in 
number (6 in the male and none in 
the female). The cceca are invari

hI 

A 
FIG. 338.-A, DIGESTIVE SYSTEM OF A 

MEMBRACID (TRIOENTRUS ALBOMAOULATUS). 

B, TRANSVERSE SECTION TAKEN JUST 
BELOW LINE OU IN A. 

a, anus; bm, basement membrane j C, crop; fe, filter 
chamber; hi, hind~intestine; m, mid-intestine j mt, Mal
pighian tubes; mu, muscles; oe, <Esophagus; OU, point of 
origin of MaJpighian tubes; r, rectum. Afler Kershaw. 

ably filled with bacteria and, furthermore, the association is hereditary, the 
organisms being present in the gut of the developing embryo. Their 
function appears to be that of inhibiting the growth of foreign bacteria, 
and so excluding the latter from the mid-gut. 

Among many Homoptera the cesophagus leads into a very capacious 
crop which occupies a large part of the abdominal cavity. The mid-gut 
is long and tubular and reflected on the crop in an ascending manner, 
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with the re~ult that its junction with the hind intestine comes to lie very 
far forwards alongside the cesophagus (Fig. 338): Owing to this dis
position, the insertions of the Malpighian tubes are likewise anteriorly 
situated, and these organs, together with the mid-gut and the hind-intestine, 
form a complex coil of tubes lying in the thorax (Kershaw, Psyche, 21). 
In the Membracid Tricentrus albomac1tlatus Kershaw (Ann. Soc. Ent. Beig. 
57) states that the basement membrane, and the external muscles of the 
crop and bf the base of the cesophagus, separate from the epithelial walls 
of those parts, and enclose the twisted knot formed by the above visceral 
complex. The result is that the latter comes to lie in a chamber bounded 
externally by the basement membrane. A similar arrangement of the vis
cera is found in Cercopidre (Licent, Bull. Soc. Ent. Fr. 19u), in Coccidre 
and other Homoptera. The chamber or cavity 
thus formed is termed by Berlese the filter 
chamber. This authority suggests that, owing 
to the large surface presented by the mid-gut, 
where it is applied to the wall of the cesopha
gus and crop, the excess of liquid in the food 
will pass directly by osmosis through the inter
vening walls to the mid-gut, and thence through 
the wall of the latter into the hind intestine. 
In this manner liquid is quickly eliminated, 
while solid matter passes by the usual course 
through the whole digestive system. 

In the Diaspine Coccids the mid-gut is a 
closed sac (Fig. 339), entirely disconnected 
from the hind intestine, and the digestive 
juices render the food-contents capable of pass
ing by osmosis into the main hremoccelic 
cavity. The waste substances therefrom are 
then taken up by the greatly enlarged Malpi
ghian tubes (Berlese). Childs (1914), although 
not disputing Berlese's views as to digestion in 
these insects, states that continuity with tl)e 
hind-intestine obtains by means of an ex
tremely short solid cord,' and that the usual 
condition observed by Berlese is due to its FIG. 339.-DIGESTIVE SYSTEM 
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section cutting. 
The prevalent number of M alpighian tubes 

in Heteroptera is 4, but in Belosto'ma there are 

19, ligament; oe, resophagus; -r, ros
trum; sg, salivary glands; 'tt, ureter. 
Other lettering as in Fig, 338. After 
Berlese, Riv. di Pat. Veg. 5. 

2 (Locy). Among Homoplera they are more variable; thus, in Membracidre 
there are 4 united proximally in pairs (Kershaw), and the same number is 
present in Cicada. Among Coccidre there are generally 2 tubes of very 
large calibre and but little convoluted, but in Icerya there are 3 (John
ston) and in Xylococcus 4 (Oguma). Among Aphididre Malpighian tubes 
are absent. 

Salivary Glands.-These organs exhibit a marked uniformity of 
structure among Heteroptera, and have been very fully investigated by 
Bugnion and Popoff (1908, 1910) and Faure-Fremiet (1910). The principal 
gland (Fig. 340) is ordinarily bi- or pluri-Iobed and situated in the thorax; 
the accessory gland is most often filiform. The main salivary duct arises . 
at the point of junction of the lobes of the principal gland and, in the same 
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region, it receives the long sinuous duct of the accessory gland of its side. 
The two main ducts of opposite sides converge to form a common canal 
opening into the salivary pttmp. In the zoophagous forms (Harpactor, 
Redttvitts personattts and the Cryptocerata) the accessory gland is thin-walled 
and modified to form a reservoir. In some forms (Nattcoris) the prin
cipal gland is very large and may extend into the abdomen. 

In Fttlgora there are three pairs of glands corresponding to the anterior 
and posterior lobes of the principal gland and the accessory gland of Heter
optera. In Cicada there are likewise three pairs of glands. Among aphides 
2 pairs of simple sac-like glands are located in the pro thorax in Eriosoma 
and Lachntts; in Phylloxera vastatrix and Chermes lapponictts 3 pairs 
have been described. Among Coccids the glands are bilobed in Lepido
saphes and XylococcttS; in Icerya each gland is reduced to 3 multinucleate 
spherical cells (Johnston). 

The salivary pttmp or "syringe" is a very characteristic structure 
in Hemiptera and is attached anteriorly to the hypopharynx. It is pro

P.G. 

FIG. 3.1o.-SALIVARY GLANDS OF A, LYG,fi]U8 

APUAN8: B, NOTONECTA JlIACULATA. 

SD, salivary duct; A G, accessory gland; PG, principal gland. 

vided with stout muscles and 
funet'i"ons as a force-pump, pro
pelling the saliva down the 
ej ection canal. 

Odoriferous G 1 and s.
Odoriferous or repugnatorial 
glands are characteristic of a 
large number of Heteroptera, 
and open to the exterior by 
means of a pair of ventral 
pores or slits situated near the 
coxa: of the hind-legs. Each 
opening is surrounded by an 
evaporating surface, which re
tains the secretion while it 
volatilizes and prevents its 
more extended diffusion: the 
surface of this area is usually 
finely rugose or granulated 
(SchiOdte). 

After Bugnion, 1908 (reduced). 
In Belostoma the glands 

form a pair of convoluted tubes and their odour is said to resemble that of 
ripe pears or bananas (Locy, I884): very similar glands have been found 
by Bordas in Gerris. In the nymphs the meta-thoracic glands are want
ing, their place being taken by dorsal abdominal glands which assume the 
form of small integumentary invaginations. 

Wax Glands.-These are prevalent in many Homoptera. They are 
usually unicellular and may occur either singly or in groups (vide p. I37). 
They are well exhibited in the oriental Phromnia marginella, where they 
are situated beneath series of chitinous plates on the dorsum of the abdomen: 
each plate is studded with pores which are the apertures of the wax glands. 
In various Aphidida: (Pemphigtts, Chermes, Eriosoma, Lachntts, etc.) the 
plates are segmentally arranged in longitudinal series. The product 
of the glands is commonly in the form of a powdery secretion, or of dense 
flocculent threads. 

The Nervous System exhibits a very uniform and complete degree 
of concentration. The abdominal ganglia are to a large extent fused 
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up with the thoracic, though the connectives persist as the main single 
or paired abdominal nerve which gives off lateral segmental branches. 
The most extensive studies are those of Brandt (1878) and the following 
grades of concentration in the ventral ganglia are recognizable. 

(I) Three ventral ganglia present (Lygams, Capsus, Notonecta, Aphrophora, etc.). 
The infra-resophageal and 1st thoracic ganglia are separate, while the abdominal 
ganglia are fused with those of the 2nd and 3rd thoracic segments to form a common 
centre. 

(2) Two ventral ganglia present (Aphidid<e). The first is the infra-resophageal 
ganglion, while the thoracic and abdominal ganglia are merged into a common centre. 
In the Nepid<e the prothoracic and infra-resophageal ganglia are apparently fused 
since the nerves supplying the first pair of legs issue from the latter centre. 

(3) A single ganglionic centre formed by the coalescence of all the ventral ganglia 
(Hydrometra and Coccid<e). 

The Dorsal Vessel has been very little investigated: a 5-chambered 
heart is present in Belostoma (Locy), but there is no definite dorsal vessel 
in Coccidre. Am 0 n g 
Aphididre it was first 
described by Witlaczil 
(1882), and Mordwilko 
(1895) refers to a cham
bered vessel in Trama. 
No trace, however, has 
been found in Phyllox
era (Dreyfus) or in the 
apterous viviparous 
female of Eriosoma 
(D a vidson) . 

I 
Pulsatile Organs 

occur in various aquatic 
genera. They are pre
sent in. each pair of legs 
and, owing to the opa
city of the integument, 
are best observed in FIG. 34I.-REPRODU.CTIVE ORGANS (RIGHT SIDE ONLY) 

OF CIMEX ROTUNDATUS. I Male; II Female. 
the nymphs. Brocher 
(1909A) has studied 
these organs among 

a, redeagus; a.g, accessory gland; a.l, accessory lobe of testis; ad, oviduct; 
OV, ovary; s, spermathec.;e; t, testis; vd, vas deferens. Adapted from Patton 
and Cragg. 

Cryptocerata: they are present at the base of the 1st tarsal joint of the 
anterior legs, and at the base of tibia in the other pairs. In Ranatra each 
organ consists of a pulsatile membrane lying longitudinally in the cavity 
of the limb; it serves to ensure the circulation of the blood in the extremi
ties. Pulsatile organs are also present in the tibire of Philcenus (Gahan) 
and in aphides (Richardson). 

Reproductive System (Figs. 341, 342).-Each ovary has a variable 
number of ovarioles which are composed of a small number of follicles 
(usually I to 4) .. In structure the ovarioles are commonly of the acro
trophic type, but their histology has not been extensively studied in this 
order: in certain Heteroptera protoplasmic cords connect the nutritive 
cells with the developing oocytes. In this sub-order the ovarioles are 
few in number, generally 4 to 7 (Belostoma and Ranatra 5, Triatoma 
and Cimex 7). Holmgren (Zool. Jahrb. Syst. 12) figures the reproductive 
system of certain Auchenorhyncha and the ovarioles varied in the examples 
studied from 3 in Eupteryx to 9 in Philcenus. Among Sternorhyncha 
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there are 8 or 9 very short ovarioles in Psylla mali (Awati), but in P. alni 
there are 40-50 (Witlaczil). In Coccidce they are numerous, each con
sisting of a single follicle arising from a wide oviduct; in I cerya (J ohn
ston, 1912) the oviducts are united anteriorly, forming a broad loop. In 
Aphididce the number of .ovarioles varies in individuals of the same species, 
and different phases of the life-cycle. Thus, in Phylloxera vastatrix, in 
the apterous parthenogenetic forms they vary from one or two to thirty 
according to conditions (Foa), each containing two follicles; in the alate 
females there are usually two, and in the sexuales of this species and also 
Eriosoma lanigera (Baker, 1915) there is a single unpaired unilocular ovariole. 
Spermathecce are very generally present among Hemiptera: in Triatoma 
they are small and paired, but there is usually a single dorsal or ventral 
organ, often of complex structure. Accessory glands, two or three in 
number and either tubular or globose, are of general occurrence, but are 
wanting in the Diaspine Coccidce (Berlese). 

In Cimex there is a small rounded body, known as the organ of Berlese, which 
is situated in the ventral region of the abdomen (vide Cragg, Ind. Journ. Med. Res. 
8, 1920). It is usually unpaired and lies on the right side:'its external opening being 

in close association with a small longitudinal 
incision on the 4th sternum. The organ f\lllC
tions as a copulatory pouch which receives the 
spermatozoa discharged during coition. After 
the latter process is accomplished the sperma
tozoa pass in large masses through the hiBmo
cool into the spermatheciB. The latter organs 
are stated to be unconnected with the common 
oviduct and it appears that the spermatozoa 
migrate from the spermatheciB through the 
walls of the paired oviduct in order to reach 
the eggs. It is probable that the excess sper
matozoa are utilized. by the female as nutri
ment during oviposition-a process which is 

F F R termed by Berlese "hypergamesis"; when 
IG. 342.- EMALE EPRODUCTIVE 
ORGANS. OF PHYLLOXERA V.4STATRIX. and by what means absorption occurs needs 
A, of winged agamic form: B, of sexual form. investigation. 

The male organs are so variable in 
CG, colleterial gland and teservoir R, ; G, ger
marium; GA, genital aperture; 0, ovum; OD, 
common oviduct; S, spermatheca; V, vagina. 
After Balbiani. 

form that a brief general description 
is very inadequate. It may be mentioned, however, that in Ranatra 
fusca each testis consists of six follicles enclosed in a scrotum, and the 
vas deferens on either side is enlarged to form a vesicula seminalis (Mar
shall and Severin, 1904). In Cicada orni the testes are ovoid with long, 
slender vasa deferentia; paired filiform accessory glands are present, to
gether with an unpaired vesicula seminalis, situated at the point of union' 
of the vasa deferentia (Dufour). In Coccidce the male organs are very 
simple:- the testes are in the form of ovoid sacs, either with or without a 
vesicula seminalis. 

The Pseudovitellus.-In most Homoptera there is, in the abdomen, 
a solid mass of cell-tissue known as the pseudovitellus. In Aphididce 
the appearance and distribu tion of this tissue depends upon the stage 
in development of the individual. It takes the form of small groups of 
large rounded conspicuous cells and is regarded by Witlaczil as being 
excretory in function; other authors ascribe to it a nutritive value. 
According to Sule (Sitz. Konig. Bohm. Ges. Wiss., Prag, 1910) and also Buch
ner (Arch. Protistenk. 1912) the organ coptains great numbers of symbiotic 
micr oorganisms which are harboured in cells known as mycetocytes. 
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The association is of a very definite character, the microorganisms profiting 
by the protection and nutrient matter which they receive, while they bene
fit the host as absorbers of waste products such as urates, or excess ·food 
materials. Buchner has also shown that a certain number of the organisms 
migrate to the eggs and are thus transmitted from one generation to 
another. 

Metamorphoses 

The eggs of Heteroptera (Fig. 343) exhibit great diversity of form, chorionic 
structure, and colouring (vide Heidemann, 19II). The various types are 
peculiarly constant for different families and, when further studied, will 
evidently afford characters of classificatory value. Many are adorned 
with delicate sculpturing and spines or filiform appendages. In several 
families (Pentatomidce, Coreidce, Reduviidce, Phyma
tidce, Cimicidce, etc.) there is a conspicuous oper
culum (Fig. 349), often of complex structure, which 
is usually liberated at the time of hatching. At 
the upper pole of the egg, notably among Pentato
midce, Tingidce, and Reduviidce, there is a circlet of 
peculiarly shaped chorionic processes disposed 
around the rim of the operculum. These were 
originally termed by Leuckart "seminal' cups" 
from the belief that they afforded a means by which 
the spermatozoa entered the egg: by certain more 
recent observers they are. regarded as a mechanism 
to ensure the access of air to the interior of the egg. 
Whether their function is micropylar or otherwise is 
unsettled in the absence of direct observation. A 
T-shaped denticle, or egg-burster, is present in the 
newly hatched nymphs' of Pentatomidce and 
Coreidce; it is cast during the first moult, before 
the insect completely issues from the egg, and is 
usually found adhering to the empty chorion. 

Among the Homoptera the eggs, as a general 
rule, are ovoid and of much simpler structure: in 
the Aleyrodidce and Psylla, however, they are often 
provided with a filamentous prolongation at one 
pole (p. 361). 

/ 
A 

FIG. 343.-EGGS OF 
HETEROPTERA. 

A, a Pentatomid, Euschislus 
(after Heidemann). E, Ranatra 
and C, Nepa (after Schouteden). 
op, operculwn; cp, chorionic 
processes j CPII one of the latter 
more en~arged. 

Postembryonic development in Hemiptera is gradual, but colour changes 
are often very marked. The most sharply pronounced modifications 
are concentrated in the last ecdysis from the final nymph to the imago. 
The external morphological changes during development involve the 
joints of the antennce and tarsi, the latter frequently not attaining their 
full number until the adult instar. The shape 'of the head and thoracic 
segments, more particularly the pronotum, undergo marked changes in 
different instars. Wing rudiments are small or scarcely distinguishable 
in the 3rd instar but are evident in the 4th. Among Heteroptera the 
usual number of instars (including the adult) is six; Dindymus sanguineus, 
however, is exceptional in passing through nine instars (Muir and Ker
shaw). 

In Homoptera the number of instars is subject to great variation; 
in Psylla and Empoasca there are six, in aphides five except in the apterous 
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Phylloxerinre, where there are four, and the latter number is recorded in 
Aleyrodes. The :qighest observed number is seven (in Cicada septendecim) 
and the lowest in Coccidre where, as a rule, there are three instars in the 
females, and four in the males. In the males of Coccidre the last instar 
but one is the pupa, and the same obtains in both sexes of Aleyrodidre. 

Classification 
The growth of detailed knowledge during the last 20 years has resulted 

in the recognition of an increasing number of families of Hemiptera, and 
scarcely any two authorities are in complete agreement with regard to the 
system of classification employed (vide Horvath, I9II). The only general 
catalogue of the Hemiptera of the world is that of Lethierry and Severin 
(I893-96) which, however, is incomplete and only comprises the Heter
optera (excluding Capsidre and Cryptocerata), but has been brought up 
to date by Bergroth (I9I3). An admirable classified and annotated guide 
to much of the more important taxonomic and faunistic literature is 
provided by Oshanin (I9I6), and is indispensable to all who require a 
detailed acquaintance with the order. The same author's catalogue of 
the palrearctic species (I906-IO) and his later list (I9I2) are also valuable. 
Van Duzee (I9I7) has catalogued the N. America forms giving very full 
synonomy. 

Sub-order I. HETEROPTERA 
Wings generally overlapping on the abdomen, the fore pair usually mem

branous apically. Base of rostrum usually not touching anterior coxre. 
Gular region chitinized. Pronotum large; tarsi usually 3-jointed. 
Metamorphosis incomplete. 

Series I. GYMNOCERATA 

Antennre conspicuous, freely movable in front of the head. 

Series II. CRYPTOCERATA 

Antennre concealed either on underside of head or in fovre beneath the 
head. Aquatic. 

Sub-order 2. HOMOPTERA 
A very diverse assemblage. Wings usually sloping over sides of body, the 
fore pair of uniform consistency throughout: apterous forms frequent. 
Base of rostrum extending between anterior coxre. Gular region mem
branous or wanting. Pronotum small; tarsi I- to 3-jointed. Metamor
phosis usually incomplete, sometimes complete in male, more rarely so in 
female. 

Series I. AUCHENORHYNCHA 

Antennre very short with a terminal arista; rostrum plainly arising from 
the head. Tarsi 3-jointed. Active forms, capable of free locomotion. 

Series II. STERNORHYNCHA 

Antennre well developed without conspicuous terminal arista, sometimes 
atrophied. Rostrum apparently arising between anterior coxre, or wanting. 
Talsi I or 2-jointed. Species often inactive, or incapable of locomotion 
(in the female). 
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Sub-order I. HETEROPTERA 

The classification of this sub-order has been discussed by Reuter (r9ro) 
who revised the various systems proposed and criticized the values of the 
characters utilized. In addition to this work the reader should also con
sult Schi6dte (r870), who lays great stress on the method of articulation 
of the hind coxre, and the tentative paper by Kirkaldy (r908). In view 
of the want of agreement in the classifications proposed by. recent authori
ties (Horvath for example recognizing no less than 46 families) we have 
followed the more antiquated scheme adopted by Distant (r902, Vol. I), 
which will be found applicable to the needs of the non-specialist. The 
time-honoured division of the Heteroptera into Gymnocerata and Crypto
cerata separates these two groups on obvious antennal characters and 
divides the truly aquatic forms from those which are either only surface 
dwellers or terrestrial in habit. It involves, however, the inclusion of the 
Nepidre in the Cryptocerata, whereas recent research indicates that their 
affinities lie near the Reduviidre. ' 

The standard work on the British Heteroptera is that of Saunders 
(r892) and their biology is very fully treated by Butler (r923). For the 
European species the most important treatises are those of Fieber (r86r) 
and Stal (r870-76) ; the latter author's monograph of the African forms 
is also valuable. Puton's synopsis of French Heteroptera (r878-8r) IS 

very practical and most of the European species may be identified with 
its aid. 

The following key will aid in the identification of the families of Gymno
cerata. 

I (3o).-Abdomen devoid of ventral silvery pubescence; non
aquatic. 

2 (3).-Parasitic: ovoid, flattened insects; hemelytra vestigial; 
no ocelli; rostrum and tarsi 3-jointed. 

3 (2).-Not as in (2). 
4 (S)·-Scutellum very large, at l~ast reaching base of membrane 

or middle of abdomen. 
S (4)·-Scutellum not reaching the base of membrane or middle 

of abdomen. 
6 (2s).-Cuneus absent: meso- and meta-pleura simple. 
7 (20).-Tarsi 3-jointed. 
S (IS) .. -Rostrum straight, lying against under surface of head. 
9 (Ii).-Antenn<e inserted on upper part of sides of head. 

10 (I1).-Legs moderately long, apices of femora not clavate. 

II (Io).-Legs long and slender, femora clavate at apices. 

12 (9).-Antenn<e inserted below a line drawn from the eye to 
the apex of face. 

13 (q).-Ocelli present. 

q (I3).-Ocelli absent. 

IS (S).-Rostrum bent at base and not lying in contact with under 
surface of head. 

16 (I7).-Rostrum long; ocelli between the eyes. 

17 (I6).-Rostrum short; ocelli, when present, behind the eyes. 
18 (I9).-Hemelytra complete. 

Cimicida;' 
(p. 3S'0). 

Pentatomid;:e 
(p·346) 

Coreid;:e 
(P·347) 

Berytid;:e 
(P·347) 

Lyg<eid<e 
(P·347) 

Pyrrochorid;:e 
(p·348) 

Saldid;:e 
(P·35 I ) 

Reduviid;:e 
(P·349) 
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19 (18).-Hemelytra entirely membranous. 

20 (7).-Tarsi of less than 3 joints. 
21 (24).-Anterior legs normal. 
22 (23).-Hemelytra with cellular or reticulate pattern. 

23 (22).-Hemelytra without such pattern. 

24 (2I).-Anterior legs short and stout, femora thick, tibirecurved 
and pointed: tarsi often absent. . 

25 (6).-Cuneus present: meso- and meta-pleura subdivided. 
26 (29).-Embolium present. 
27 (28).-Antennre elongate and slender with long hairs: 3rd and 

4th joints together twice as long as 1st and 2nd. 
28 (27).-Antennre moderate, without long hairs, 3rd and 4th 

joints much shorter than 1st and 2nd. 
29 (26).-Embolium absent or indistinct. 

30 {l).-Abdomen clothed ventrally with silvery pubescence: 
aquatic. 

31 (32).-Antennre 5-jointed. 

32 (3I).-Antennre 4-jointed. 
33 (34)·-Ocelli present. 

34 (33)·-Ocelli absent. 

HenicocephalidiC 
(P·349) 

Tingidre 
(p·348) 

Aradidre 
(p·348) 

Phymatidre 
(P·349) 

Cera tocom bidre 
(P·350) 

Anthocoriclre 
(P·350 ) 

Capsidre 
(P·351) 

Hebridre 
(p·348) 

H ydrometridre 
(p·348) 

JEpophilidre 
(P·349) 

In addition to the foregoing the Polyctenidre (p. 351) are a small, highly aberrant 
family parasitic on bats. 

F;AM. PENTATOMIDJE (Shield BugS).-SCUTELLUM USUALLY VERY LARGE 

REACHING AT LEAST TO THE BASE OF THE MEMBRANE, SOMETIMES ENTIRELY COVERING 

THE ABDOMEN. ANTENNlE INSERTED ON LOWER SIDE OF HEAD, USUALLY 5-JOINTED ; 

ROSTRUM 4-JOINTED. 

The largest family of Heteroptera, over 3,700 speGies were listed by Lethierry 
and Severin (1893) and many more have been added since. Its members are 
readily separable from other Gymnocerata owing to the scutellum extending to the 
base pf the membrane. Many species are remarkable for their beautiful colora
tion, and practically all have the property of emitting a nauseous odour which is 
caused by a fluid excreted through two ventral openings-one on each side of the meta
sternum. 

The vast majority are vegetable feeders but members of the subfam. Asopinre-are 
chiefly predaceous, particularly upon lepidopterous larvre. Nymphs of Zicrona 
cawulea L. are recorded by Kershaw and Kirkaldy (1908) in China to prey upon 
larvre of Haltica ccerulea Olivo while the adults attack the beetle of that species. Others 
(ex. Picromerus bidens L.) appear to live on either plant or animal tissue. In temperate 
regions the species appear to be mainly single-brooded, the nymphs occurring ih spring 
or early summer and the adults later-many of the latter hibernate. The eggs are 
usually barrel-shaped and deposited in compactly arranged masses. The nymphs 
are flattened and rounded in outline, their coloration is often striking and usually 
different from that of. the adults; for observations on the metamorphoses of the 
family vide Morril (1910). The life-history of Chrysocoris stollii Wolff, in S. China, 
has been briefly described by Kershaw and Kirkaldy (1908). That of the oriental 
Tessaratoma papillosa has also been followed by Kershaw (19°7); the early stages 
are found on " logan" and" lichee" fruit trees which they apparently injure. Both 
sexes have the property of stridulation (p. 336) and are also able to eject an obnoxious 
fluid to a distance of 6-12 inches (Muir, 1907). In the later nymphs there are four 
pairs of dorsal abdominal odoriferous glands which atrophy in the adult, and are 
replaced by the usual ventral thoracic gland. Maternal instinct is exhibited in 
Tectocoris lineola, the parent resting in a brooding attitude over the eggs, and 
subsequently remaining for a while in close proximity to the newly hatched young 
(Dodd; Trans. Ent. Soc., 1904). In Acanthosoma interstinctum L., which occurs 
on birch in England, etc., the female likewise manifests parental care for the eggs and 
young. 

Certain exotic genera_ (Ceratocoris and Elapheozygum) exhibit a remarkable sexual 
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dimorphism, the males having the head greatly produced in front of the eyes, forming 
prominent horn-like projections. Only a few members of the family occur in the 
British Isles and are found on various trees and shrubs. On the other hand over 
200 genera are known from the Indian Empire which is evidently one of the most 
prolific regions of the world for these insects. Notwithstanding their abundance, 
Pentatomids are rarely major pests of crops. Murgantia histrionica Hahn, the 
" Harlequin Cabbage Bug" of the United States and Central America, is one of the 
best known and is especially partial to Crucifer::e. Pentatoma lignata Say is the 
" Conchuela "of N. America which is injurious to various plants (Fig. 344). Nezara 
viridula L. is remarkable in that it is almost world-wide in distribution. 

The division of the Pentatomid::e into subfamilies is subject to much diver
sity of opinion; fifteen were recognized by Lethierry and Severin but the Plata
spidin::e, Cydnim:e, and Urostylin::e are elevated by more recent writers to the rank 
of separate families. For a generic monograph vide Schouteden; the catalogue 
by Kirkaldy (1909) gives full bibliographical references including habits and food-
plants. -

FAM. COREIDlE.-ANTENNlE 4-JOINTED, INSERTED ON THE UPPER PART OF THE 

SIDES OF THE HEAD; TARSI 3-JOINTED. A considerable family of, as a rule, dull 
coloured insects; Serinetha Spin. and a few other genera, however, are brightly 

f 
FIG. 344;-Pe.vTATOJfA LlGNATA. 

a, imago; b, egg·mass; c, egg after h,atching wjth operculum rem~ved 
showing egg burster; d, egg before hatchmg, from above; ej, lateral V1ews 
of egg showing operculum. All magnified. After Morrill, U.S. En!. Bull. 
64, Pt. I (reduced). 

coloured. They are very 
variable in form but nar
rower and more oblong· 
than Pentatomid::e. The 
property of emitting nau
seous odours is well de
veloped, and they are 
stated to be more pene
tra ting than those of the 
for mer family. Many 
genera exhibit extraordin
ary dilations of the an
tenn::e and tibi::e but the 
function thereof is un
known. At least I,{OO 

species have been de
scribed, and Lethierry and 
Severin recognize no less 
than 29 su b-families, many 
of which are extra-Euro
pean ; the largest number 
of species are included in 
the Mictin::e. Coreid::e are 
all vegetable feeders and 
one of the best known 
species is the "Squash 
Bug" (Anasa tristis Deg.) 
which attacks Cucurbitaceous plants in N. America; Leptocorisa varicornis F. is an 
oriental pest of rice and millet. Twenty-one species occur in Britain. 

FAM. BERYTIDlE.-DIFFER FROM COREIDlE IN THE LONGER AND MORE SLENDER 

LEGS AND THE CLAVATE APICES TO THE FEMORA. These are delicately formed insects, 
never very common, and ·sometimes known as "stilt bugs." In habits they are 
sluggish, frequenting undergrowth and meadows. Although they are probably 
universally distributed, their small size and fragility have caused them to be over
looked, and the tropical forms have been very little collected. Eight species occur 
in Britain. 

FAM. LYGlEIDlE.-ANTENNlE SITUATED BELOW A LINE DRAWN FROJII THE CENTRE 

OF THE EYE TO THE APEX OF THE FACE. TARSI 3-JOINTED, OCELLI PRESENT. The 
Lyg::eid::e (Fig. 345) resemble the Coreid::e in general form but are usually smaller, of 
softer texture and often brightly coloured. All are plant feeders and mostly occur 
in moss, surface rubbish, beneath stones or low plants, but a few may be taken by 
sweeping. Blissus leucopterus Say is the American "Chinch Bug," which is very 
destructive to grasses and cereals; Oxycarenus hyaliniPennis Costa is the Egyptian 
" cotton stainer" and Nysius vinitor Berg. is stated to be most destructive to fruit 
trees in Australia. Lethierry and Severin recognize 13 sub-families which include 
over 1,300 species; rather fewer than 70 species are British. 
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FAM. PYRRHOCORIDJE (Red BugS).-SEPARATED FROM THE LYGJEIDJE BY THE 
ABSENCE OF OCELLI. A small family whose members exhibit strongly contrasting red 
and black coloration and include the well-known" cotton stainers" (Dysdercus Amy. 
and Serv.). The latter comprise many species, widely distributed in warm countries 
(Fig. 330). The name" cotton stainer" is derived from their habits of piercing the 
bolls and staining the fibre. D. cingulatus F. is a serious cotton pest in India and D. 
sulphurellus H.S. is prevalent in N. America. The widely distributed Pyrrhocoris 
apterus Fall. is the only British representative of the family, and is remarkable on 
account of its alary dimorphism. Muir and Kershaw (Jour. Bombay N.H. Soc. 1908) 
have followed the life-history of Dindymus sanguineus which is carnivorous, feeding 
on flies; the nymphs however, apparently prefer termites. The oriental Lohita 
grandis attains a length of over 2 in. and is sexually dimorphic, the male having 
the antennre and abdomen greatly elongated. 

FAM. ARADIDJE.-BROAD FLATTENED SPECIES WITH THE HEAD PRODUCED 
BETWEEN THE ANTENNJE. ABDOMEN BROADER THAN WINGS, HEMELYTRA WITH CORIUM 
AND MEMBRANE. ANTERIOR LEGS INSERTED ON THE MIDDLE OF THE PROSTERNUM, 
TARSI 2-JOINTED. All are broad flattened insects adapted to live in the narrowest 
of crevices, under bark, in chinks of dead trees, among fungi, etc. and are greatly 
compressed in the dorso-ventral plane. They are allied to the Tingid;:e but are usually 
easily separated by the absence of reticulation. Very little is known about their 
habits, but oviposition differs from that which obtains in the next family, the eggs 
being external and not inserted into plant. tissuer Aradus F. is world-wide in 

FIG. 345.-GASTRO.DES 

FljRRUGINEus X 5. 
BRITAIN. 

distribution with many species. 
FAM. TINGIDJE (Lace BugS).-SMALL FLATTENED IN

SECTS WITH THE PROTHORAX AND HEMELYTRA ADORNED WITH 
A CELL-LIKE PUNCTURATION OR RETICULATION. ANTERIOR 
LEGS INSERTED ON HIND MARGIN OF PRO STERNUM, TARSI 2-
JOINTED. These attractive insects exhibit great variety of 
form, the prothorax often being produced into laminate out
growths, or the whole body may be margined with closely set 
spines. The pronotum is also prolonged backwards so as to 
cover the scutellum except in Piesma L. & S. (which is further 
exceptional in possessing ocelli). In some genera there are 
crest-like modifications of this region suggestive of the Mem
bracidre. All species are plant Jeeders and sometimes occur in 
sufficient numbers to constitute minor pests. The eggs are 
frequently inserted upright in the plant tissue, and are in
vested with a brown viscid substance which hardens to 
form a cone-like elevation on the surface of the leaf. The 
immature stages are very different from the adults, the 
characteristic ornamentation of the latter not appearing 

until after the last moult. The metamorphoses of several species are known; 
those of Leptobyrsa explanata Heid. are well figured by Crosby and Hadley 
(jour. Econ. Ent. 8). Stephanitis (Tingis) pyri F. attacks pear and apple in Europe, 
badly infested leaves dying. Species of Copium Thunb. are known to form galls 
on Teucrium and, according to Houard, castration of the floral generative organs 
results. 

FAM. HEBRIDJE.-ABDOMEN CLOTHED VENTRALLY WITH SILVERY PUBESCENCE; 
ANTENNJE 5-JOINTED, TARSI 2-JOINTED. A small family of minute subaquatic species 
found amongst Sphagnum, Lemna, etc. in marshes and other wet localities. Hebrus 
Curt. (Naeogeus Lap.) is widely distributed with two ~ritish species. 

FAM. HYDROMETRIDJE (Pond Skaters) .-AQUATIC, CLOTHED VENTRALLY 
WITH SILVERY PUBESCENCE. HEMELYTRA OF UNIFORM TEXTURE UNDIVIDED INTO 
AREAS; ANTENNJE 4-JOINTED. A family including some very heterogenous forms 
exhibiting habits of great biological interest. All are aquatic or subaquatic and 
mainly feed upon dead insects or those which accidentally occur floating on the surface. 
The ventral pubescence renders them incapable of being wetted and odoriferous sacs 
are absent. Both macropterous and apterous forms are frequent. Mesovelia Muls. 
and Rey. frequents the leaves of water plants and imbeds its ova in the stems thereof. 
For its life-history consult Hungerford (Psyche, 1917) and Butler (Ent. Month. Mag. 
1893). Hydrometra Latr. frequents stagnant water: it is very elongate and linear with 
a greatly attenuated head (Fig. 346). It has the peculiar habit of crawling slowly over 
the surface of the water. Velia Latr. affects streams and is often gregarious; macrop
terous forms are rare and the hemelytra, when present, are entirely membranous. 
Rhagovelia swims against the current of swift streams. The last tarsal joint of its 
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middle pair of legs has a fan-like arrangement of hairs which spreads out and 
functions very much after the manner of the webbed feet of water-fowl (Bueno). 
Gerris F. is universally distributed and readily distinguishable by its long legs and 
habit of jumping along the surface of the water. Its ova are stated to be deposited 
in a group surrounded by a kind of mucilage and attached to submerged plants: 
very little detailed information has been published on its metamorphosis. Halo
bates Esch. and its allies are apterous and frequent the tropical and subtropical 
oceans, often occurring many hundreds of miles from land. They have been 
observed running over the surface of the sea in calm weather and feed upon dead, 
floating marine animals. An account of the structure of Halobates is given by White 
(1883). 

FAM. JEPOPHILIDJE.-- SEPARATED FROM HYDROMETRIDlE BY THE CONTIGUOUS 
COXlE, VISIBLE SCUTELLUM AND ABSENCE OF OCELLI. A family including a single 
species .lEpophilus bonnairei Sign. This insect has vesti
gial hemelytra and lives beneath stones, etc., some distance 
below high-tide mark on the coasts of Ireland, South 
England and neighbouring countries of Europe. Its bio
logy has been studied by Lienhart (Ann. Sci. Nat. 1913). 

FAM. HENICOCEPHALIDJE. - ROSTRUM SHORT, 
CURVED AT THE BASE SO AS NOT TO LIE AGAINST THE VEN
TRAL SURFACE. HEAD VERY LONG, CONSTRICTED BY A 
TRANSVERSE POST-OCULAR IMPRESSION. PRONOTUM WITH 
TWO TRANSVERSE CONSTRICTIONS, APPEARING TRISEG
MENTED. HEMELYTRA ENTIRELY MEMBRANOUS. A very 
small but widely distributed family, the members of which 
occasionally appear in swarms like midges; such swarms 
have been observed in South America, Tasmania, and 
Ceylon. In .lEnictopechys allaudi Jean. (Africa) the rostrum 
projects forwards in a manner quite different from other 
Hemiptera, and its apex is bifid. 

FAM. PHYMATID.iE (MacrocephaIid::e).- FORE-LEGS 
SHORT AND VERY STOUT, WITH LONG COXlE, SHORT THICK 
FEMORA, AND CURVED POINTED TIBllE. TARSI 2-]OINTED, 
SOMETIMES ABSENT. The members of this tropical family 
are predaceous, with the fore-legs adapted for grasping. 
Some of the species have the habit of secreting themselves 
in flowers for the purpose of securing prey which may 
come within reach. In the oriental genus Carcinocoris 
Hand!. the whole body is margined with fine spines and the 
front tibia is articulated to the femur in such a manner as 
to form a pair of pincers. The -prey of these insects con
sists of small members of other orders and also -Tenthre
dinid larv;:e. 

FAM. REDUVIID.iE (including Nabid::e).-ROSTRUM 
SHORT, USUALLY 3-]OINTED, CURVED SO AS NOT TO LIE 
AGAINST THE UNDER-SURFACE OF THE HEAD WHEN IN RE
POSE. OCELLI, WHEN PRESENT, PLACED BEHIND THE EYES. 
ANTENNi FILIFORM. HEMELYTRA, WHEN DEVELOPED, COM
PLETE. This extensive family exhibits an extremely wide 
range of variation in form among various genera, such dis
similarity being scarcely pafalleled in any other family of 

FIG. 346. - HrDROJ.IETRA 

STAGNORUJ.I X 8'5. 
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insects. Upwards of 2,000 species are known and are grouped in twelve sub
families, of which the largest is the Harpactorin;:e. By some authorities the Nabi
din;:e and Emesin;:e are regarded as separate families. There are eighteen British 
species, which mostly pertain to the Nabidin;:e. A large number of members of the 
family are predaceous and are sometimes known as "Assassin Bugs." Although 
usually living on the blood of other insects they occasionally attack the higher 
animals, including man; some species, possibly, are vegetable feeders. Triatoma 
Lap. (Conorhinus) includes voracious blood-suckers and is largely American. T. 
megista is the main carrier of Trypanosoma cruzi, the -causal agent of a fatal form 
of human trypanosomiasis in South America. T. rubrofasciata Deg. also extends 
into Madagascar and South Asia; its nymphs are common in houses, where they 
are partially concealed with floor debris. It has been suggested that this species is 
concerned with the transmission of Kala-azar. The punctures of species of Tria
toma cause a burning pain which may last for two to four days. According to 
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Cornwall and Patton the secretion from the ovoid salivary glands of T. rubrofasciata 
contains a powerful anticoagulin and is probably the source of the irritation in
duced. Reduvius personatus L. (Fig. 347) also frequents houses, normally preying 
upon Cimex and other insects; it is known to attack man, inflicting severe pain. 
Although uncommon in Britain it is widely distributed in Europe, and has been intro
duced into North America. Certain members of the large genus Acanthaspis Amy. & 

Servo are also capable of inflicting painful punctures. 
Among the more exceptional members of the family is 
the genus Afrodecius Jeann., in which the third joint of 
the rostrum is apposible to a process on the second joint, 
suggesting an organ of prehension. The insect is African 
and resembles Lycus (Coleoptera) in form and coloration. 
Rhaphidosoma Amy. & Servo is apterous and greatly 
attenuated, resembling Phasmids. Arilus (P'I'ionidus) 
cristatus L. is the "Wheel Bug" of North America, 
which frequents fruit-trees, preying upon various soft
bodied larvce. H arpactor costalis Stal. preys upon Dys
dercus cingulatus in India, closely resembling it in 
colora tion (Lefroy). N abis La tr. and its allies differ 
from all other Reduviidce in the rostrum being 4-
jointed. 

FIG. 347.-REDUVIUS PER-

SONA1'[JS (EN"LARGED). 

After Howard. 

FAM. CIMICIDJE (Aeanthiidre: Bed-bugs).--ovOID 
FLATTENED INSECTS WITH VERY SHORT HEMELYTRA; 

ROSTRUM LYING IN A VENTRAL GROOVE, OCELLI ABSENT, 

TARSI 3-JOINTED. PARASITES OF MAMMALS AND BIRDS. 

A small but well-defined family of blood-sucking ecto
parasites. The bed-bugs (Fig. 348) belong to the genus 

Cimex L. (Acanthia F. Clinocoris Fall.) and the two common species are C. leciularius 
L., which is prevalent throughout Europe and N. America and is almost cosmo
politan, and C. rotundatus Sign. (hemiptera F.) which abounds in southern Asia and 
also in Africa. They are particularly prevalent in dirty houses, especially in large 
cities, and are nocturnal in habits, hiding by day in any convenient crevices about 
the walls, floors or furniture of rooms. Man is the host for both species, and the effect 
of their punctures varies very much with the in
dividual person: with some people swelling and 
irritation ' may last for several days, with others 
the effects are but slight. Pathologists have sus
pected the bed-bug of transmitting various dis
eases from infected to healthy persons, but definite 
confirmatory evidence has usually not been forth
coming. There is evidence, however, that C. 
rotundatus may carry Kala-azar in India. The eggs 
of bed-bugs (Fig. 349) are laid in crevices, etc., of 
wooden bedsteads and other objects and, under 
favourable laboratory conditions, hatch in about 
eight days and the life-cycle is completed in 
seven weeks. Under normal conditions, however, 
the latter period may occupy six months and over. 
A fuller account of the structure and biology of 
these insects is given in the textbook of Patten 
and Cragg. Other members of the genus are para
sites of birds and bats; CEciacus hirudinis J en. 
lives in martin's nests and HaJmatosiphon inodorus 
(Duges), which occurs in North and Central 
America, is a pest of poultry and has a greatly 
elongated rostrum. 

FAM. CERATOCOMBIDJE. (Dipsocoridre). 

FIG. 348.-CIMEX LEOl'OLARIU8, 

MALE, X 10. EUROPE, N. AMER-

lCA, ETC. 

Reproduced by permission of the Trustees 
of the British Museum. 

-HEMELYTRA WITH EMBOLIUM; ANTENNlE LONG AND FILIFORM, HAIRY, 3RD AND 4TH 

JOINTS TOGETHER TWICE AS LONG AS 1ST AND 2ND. OCELLI PRESENT. A family con
sisting chiefly of minute species found among moss, dead leaves, etc., and related to 
the Cimicidce and Anthocoridce. The three British species of Ceratocombidce are all 
minute and readily mistaken for small Diptera. 

FAM. ANTHOCORIDAL-HEMELYTRA WITH EMBOLIUM; 3RD AND 4TH AN'fENNAL 

JOINTS MUCH LESS THAN TWICE AS LONG AS 1 ST AND 2ND. OCELLI PRESENT'. Herewith 
are included small, obscure insects affecting woodlands, hedgerows, etc. The genus 
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Anthocoris Fall. comprises numerous closely 9-llied species often preying upon Aphidid.e. 
Both this genus and its allies have the rostrum 3-jointed and the tarsi 2- or 3-jointed ; 
A. Kingi Brumpt (in the Sudan) and the cosmopolitan Lectocoris campestris F. are 
known to suck human blood. In Microphysa Westw. and Myrmedobia Baer the 
rostrum is 4-jointed and the tarsi 2-jointed; hemelytra are only developed in the 
male, and the female has a curiously globular, contracted abdomen. Termatophylum 
Reut. from Egypt is now regarded as constituting a separate family. About 30 
species of Anthocorid<e occur in the British Isles. 

FAM. POLYCTENIDA:.-INSECTS PARASITIC UPON BATS AND PROVIDED WITH 
CTENIDIA. ROSTRUM 3-JOINTED, ANTENNlE AND TARSI 4-]OINTED, EYES WANTING; 
HEMEL YTRA SHORT, OF UNIFORM CONSISTENCY AND DEVOID OF A MEMBRANE. The 
genus Polyctenes Gigl. was originally placed in the Nycteribid<e. Westwood (1874) 
subsequently founded the above family for its reception as an aberrant member of 
the Anopleura. In 1879 Waterhouse relegated it to the Hippoboscid<e, but the following 
year agreed with Westwood as regards its affinities. Sharp considers there is insuffi
cient ground for removing these parasites from the Heteroptera, and in this contention 
he is followed by Distant (1902-10) and Speiser (1904), The species of the family 
are characterized by the possession of one or more combs (ctenidia) of short flat spines 
-an armature which they share with Platypsylla, the Nycteribid.e and Aphaniptera. 
About 20 species are known, all are bat parasites living deep 
down among the fur of those animals, and have been chiefly 
found on Molossus, Megaderma, Taphozous and Cynopterus. 
They are viviparous, the embryos remaining in the ovarioles 
where they gradually mature. The young are born at an 
advanced stage but differ very considerably from the adults 
(Jordan, 1913). About half a dozen genera are known and 
are almost exclusively tropical; for an account of the family 
consult Jordan (1911). 

FAM. CAPSlDA: (Miridre) .-HEMELYTRA WITH A CUNEUS 
BUT NO EMBOLIUM; ROSTRUM AND ANTENNlE 4-]OINTED, TARSI 
3-]OINTED. OCELLI ABSENT. A very extensive family, in
cluding for the most part fragile insects with a soft integu
ment. It constitutes the largest pal.earctic family of Hete
roptera, Oshanin listing 1,066 species from that region; about 
180 occur in Britain. The generic distinctions, being often 
indefinite,-are difficult to determine, and there is great need for 
the accurate discrimination of the species of the family, many 
of which are now recognized as of economic significance. 
Although the majority live on plant juices the habit is not 
universal, a number of cases being recorded of their preying 
on small insects (vide Reuter, 1903). There is also evidence 
of change of food-plant in certain instances, species living on 
wild plants becoming adapted to thrive on cultivated plants. 

FIG. 349.-CI.MEX 
lWT UNIJAT us, EGG, 

AFTER ECLOSION OF 
N Y MPH, SHOWING 

OPERCULUM: X 

circa 30. 

Thus Plesiocoris rugicollis (Fig. 181), which is known to live on Salix and Alnus, now 
attacks apple, black and red currants, and under experimental conditions will feed 
upon plum (Petherbridge and Husain, I918). The" Tarnished Plant-bug" (Lygus 
pratensis L.) is an almost cosmopolitan pest of many economic plants and has 
numerous named varietal forms (Crosby and Leonard, I914). L. pabulinus L. attacks 
potatoes, etc., and Heliopeltis theivora Waterh. is very destructive to tea in Assam. 
Species of the latter genus possess a curious erect, elongate pin-like spine arising from 
the scutellum. 

FAM. SALDIDJE (Acanthiidre) .-HEAD SHORT AND BROAD, EYES VERY LARGE 
AND PROMINENT WITH THE OCELLI SITUATED BETWEEN THEM. ROSTRUM LONG, 
3-]OINTED, NOT APPLIED AGAINST VENTRAL SURFACE OF THE HEAD. TARSI 3-
JOINTED. Most of the species frequent borders of streams and marshy places, 
particularly near the coast. They inhabit mud, moss or salt-marsh plants and 
fly and run rapidly. The large genus Salda F. is very widely distributed and 
includes 19 British species. So far as known all members of the family are 
predaceous (Bueno), but very few observations have been made. 
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CR YPTOCERA T A (Hydrocorisre) 

Table of family characters ;-
1 (4).-Body short and hroad; ocelli present. 
2 (3).-Anterior legs ambulatory; antenn::e exserted. 

3 (2).-Anterior legs prehensile; antenn::e concealed, eyes promi
nent. 

4 (I).-Body elongate or ovate, ocelli absent. 
5 (Io).-Anterior coxa; inserted near front margin of prosternum ; 

fore-legs prehensile. 
6 (9).-Antenn::e 4-jointed; no exserted respiratory appendix. 
7 (8) .-Posterior tibi::e spinulose. 

8 (7).-Posterior tibia; flattened and fringed with hairs. 

9 (6).-Antenna; 3-jointed; abdomen with apical exs~rted respira
tory appendix. 

10 (5).-Anterior coxa; inserted near hind margin of prosternum; 
fore-legs not prehensile. ___ 

II (I2).-Rostrum evident, 3- or 4-jointed; front tarsi not flattened. 

12 (Il).-Rostrum concealed, apparently unjointed; front tarsi 
flattened. 

Pelogonid::e 
(P·352 ) 

Mononychid::e 
(P·352 ) 

Naucorida; 
(P·352 ) 

Belostoma tid::e 
(P·352 ) 

Nepida; 
(P·353) 

N otonectida; 
(P·353) 

Corixid::e 
(P·353) 

FAM. PELOGONIDJE, FAM. MONONYCHID.tE.-The members of these 
two families are much less kno\Vn than other Cryptocerata and are semi-aquatic, 
frequenting the borders of ponds and streams. They have no British representatives, 
but Pelogonus marginatus inhabits S. Europe. 

FAM. NAUCORID.tE.-ANTENNlE 4-JOINTED, OCELLI WANTING; POSTERIOR 
TIBIlE SLENDER AND SPINULOSE. MEMBRANE WITHOUT VEINS; TERMINAL ABDOMINAL 
APPENDAGES ABSENT. A small family of moderate-sized water-bugs whose front 
legs are adapted for grasping and the remaining pairs for w<!lking. 

They· are mostly ovoid insects of predaceous habits frequenting both fresh_and 
stagnant water. In the oriental genus Cheirochela Mont. the fore-legs are very 
powerful and chelate. They mostly haunt aquatic vegetation, among which they 

. creep, coming to the surface to replenish their supply of air. The latter is retained 
between the somewhat concave dorsum of the abdomen and the wings. The two 
British species belong respectively to the genera Naucoris Geoff. and Aphelochiru!; 
Westw. 

FAM. BELOSTOMATID.tE (Giant Water BugS).-ANTENNlE 4-JOINTED; 
POSTERIOR LEGS ADAPTED FOR SWIMMING, THE TIBIlE FLATTENED AND FRINGED WITH 
HAIRS. MEMBRANE RETICULATE; ABDOMEN WITH TWO RETRACTILE APICAL APPEN
DAGES. In this family are included the largest members of the Heteroptera and, in 
fact, of almost all insects, Lethocerus grandis exceeding 4 in. (109 mm.) in length. 
They are unrepresented in Britain, but prevalent in N. America, S. Africa, and 
India. 

In habits they are very rapacious, feeding upon small fish, tadpoles, young frogs 
and insects. Lethocerus (Belostoma Auct.) flies readily from one piece of water to 
another, is often attracted to lights and met with far away from water. The an
tenna; in this genus are placed in ear-like pockets on the ventral surface of the head 
and are not readily detected when in repose; the 2nd to 4th joints are provided 
with curious curved outgrowths whose significance is unknown. 

The life-history of Belostoma (Zaitha) flumineum has been followed by Bueno 
(Canad. Ent. 1906), and the average time taken from time of oviposition to full 
development is 50 days. Its ljlvourite haunts are muddy-bottomed pools, where it 
lurks among the weeds. Both nymphs and adults obtain their air supply by piercing 
the surface film _with the apex of the abdomen. The retractile appendages, when 
opposed, form a tube leading to the spiracles of the 6th abdominal segment (Bueno). 
The dorsum of the abdomen in this family is somewhat concave, forming a reservoir 
under the wings which is ordinarily stored with air. In Diplonychus Lap. and Belo
stoma Latr. the eggs are usually borne on the elytra of the males, being cemented 
thereto by means of a water-proof secretion. According to Slater (Am. Nat. 1900) 
they are forcibly attached to the male by the female. 
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FAM. NEPIDJE (Water ScorpionS).-ANTENNi'E 3-JOINTED; ANTERIOR LEGS 

STRONGLY PREHENSILE, POSTERIOR PAIR ADAPTED FOR WALKING; TARSI I-JOINTED, 
ANTERIOR PAIR CLAWLESS. ABDOMEN WITH AN APICAL BREATHING TUBE. This 
family is only distantly related to other aquatic groups and its inclusion in its present 
position is largely one of convenience and custom. By Schi6dte and Kirkaldy it is 
included in the Gymnocerata, the latter author placing it near the Reduviid<e. The 
life-history of Ranatra quadridentata Stal (N. America) has been followed by Bueno 
(1906). It occupies about 70 days from the time of oviposition to the adult stage, 
and the insect hibernates in the latter condition. The female is provided with a pointed 
toothed ovipositor, and the eggs in this genus are laid in notches cut in the petioles 
of water plants, each egg being provided with a pair of apical filaments. Both nymph 
and adults are capable of stridulation (vide Bueno, 1905). The respiratory tube is 
the most striking character of the family and consists of two elongate spine-like 
processes, each of which is grooved to form a demi-canal. Bueno finds that Ranatra 
can move the two halves of the tube at will when beneath the water, and states that 
they are locked together by numerous hook-like bristles. When the insect is submerged 
the tube penetrates the surface film and air is conducted to a pair of spiracles placed 
at its base. Marshall and Severin found that the insect suffered no apparent ill-effects 
or inconvenience after the tube had been amputated. In the immature stages the 
latter organ is short and is wanting in the newly hatched individual. 

Nepa differs in several important characters from Ranatra: the respiratory'tube 
is short and among other features the eggs (in N. cinerea) are deposited in chains, 
the ova adhering to one another by means of seven long filaments radiating from 
one extremity. Three pairs of "false spiracles," situated respectively on the 3rd, 
4th and 5th ventral abdominal segments, are present in both Ranatra and Nepa. 
They are sieve-like structures with the perforations occluded by a delicate mem
brane, and they are also provided with sensory set<e. Baunacke (1912) has made 
a detailed study of their histology and regards them as exercising a static function. 
Bueno, on the other hand, considers that they are of a respiratory nature; he suggests 
that the dissolved air penetrates their closing membrane and aerates the body fluids 
beneath. They appear to have no direct connection with the tracheal system, and 
according to Martin (Bull. Mus. Hist. Nat. Paris, 1895) in the nymph of Nepa they 
are formed independently of the true functional spiracles of their segments. The 
respiratory system of t.l1e latter genus has been studied byMaulik (1916), but that of 
Ranatra needs further investigation, particularly in the earlier stages. 

FAM. NOTONECTIDJE.-BODY CONVEX DORSALLY; HEAD INSERTED INTO 
PROTHORAX, ROSTRUM 3- OR 4-JOINTED, ANTENNi'E 4-JOINTED. TARSI 2-JOII'TED, 
ANTERIOR PAIR NOT FLATTENED, POSTERIOR PAIR DEVOID OF CLAWS. These ~nsects 
differ from other aquatic Hemiptera in their habit of swimming on the back, which is 
shaped like the bottom of a boat. They are usually observed floating on the surface 
of the water with the long oar-like hind legs outstretched. They dive readily when 
alarmed, carrying a supply of air beneath the wings; they can also leap into the air 
and ta'ke to flight. Care is needed in handling them, 
as they are able to inflict painful punctures. Noto
mcta L. is almost universally distributed and 
markedly predaceous, attacking small fish, tadpoles, 
etc., when kept in an aquarium. In N. glauca (Fig. 
350) the female is provided with a piercing oviposi
tor with which it makes incisions in the stems of 
water plants, partially burying an egg in each notch; 
certain other species merely attach their eggs to the 
plants. The abdomen is keeled down the middle, 
and arising therefrom is a longitudinal row of out
wardly directed hairs on either side. These meet a FIG. 350.-NoTONEOTA OLAUOA 

corresponding series of similar hairs arising from (ENLARGED). BRITAIN. 
near the pleura. In this manner there is formed a 
channel on either side of the abdomen, which is filled with air and enables the in
sect to respire when submerged. Plea is pal<earct:c al:d oriental and is represented 
in Britain by a single species P. minutissima; an account of the biology and external 
structure of this insect is given by Wefelscheid (1912). 

FAM. CORIXIDJE (Water Boatrnen).-BODY FLATTENED DORSALLY; HEAD NOT 
INSERTED INTO THE PRO THORAX; ROSTRUM CONCEALED AND APPARENTLY UNJOINTED, 
ANTENNi'E 3- OR 4-JOINTED. ANTERIOR LEGS GREATLY SHORTENED, FORE AND HIND 
TARSI CLAWLESS, THE LATTER 2-JOINTED. The rostrum in this family is never composed 
of more than two joints and its peculiar structure led Borner to regard the group 

G.T.E.-23 
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as a separate sub-order. The large number of species included therein implies that 
it is evidently the dominant family of aquatic Hemiptera. The genus Corixa Geoff. 
(Fig. 351) is nearly world-wide and includes about 30 British species. 

As a rule these insects remain at the bottom of the water, holding fast by the middle 
legs to various objects; now and again they ascend to the surface, swiftly propelled 
by the hind limbs. The dorsum of the abdomen is somewhat concave, forming a reser
voir beneath the wings which serves to retain a supply of air. The feeding habits 

of the family have been but little studied and the species 
may possibly be largely herbivorous. C. geotJroyi attaches 
its eggs to the stems and leaves of pond weeds by means 
of a glutinous substance. They are more or less onion
shaped, with one extremity prolonged into a blunt point. 
In some species the eggs are very numerous and closely 
grouped together; thus, according to Giraud, those of C. 
femorata and mercenaria form very considerable masses 
which are used as food by the :Mexican Indians. Bundles 
of reeds are placed in the water and collected at suitable 
intervals, and the eggs are detached therefrom by beating 
the reeds. The adult insects are also used as food in 
Mexico and Egypt. Hagemann (1910) has contributed some 

FIG. 35I.-CORIXA (EN- observations on the respjl:ation of Corixa at successive 
LARGED). BRITAIN. stages in its life and on the structure of the spiracles. He 

also describes a tympanal organ in association with the 2nd 
pair of the latter, which may possibly serve for the perception of stridulatory sounds 
produced by the male. 

The minute Micronecta Kirk. (Sigara) lives in Spongilla and among water weeds 
and, like other members of the family, is able to stridulate, but this faculty is 
much less developed in the female than the male. The stridulatory organs of Corixa 
consist of (a) a strigil on the 6th abdominal tergum, which is stated to rub against 
the under side of the hemelytra; and (b) the pedal organs menticned on p. 336. 

Sub-order 2. HOMOPTERA 

The chief difficulty in the taxonomy of this sub-order is the classifica
tion of the Auchenorhyncha. The various systems which hav~ been put 
forward are discussed by Kirkaldy (r906) and the student is also referred 
to the latter author's translation of an important paper by Hansen (r900-
3). In the present work Kirkaldy's later subdivision (r907) into Cicadoidea 
and Fulgoroidea is adopted: the former group is separable into four easily 
recognizable families, but the Fulgoroidea, on the other hand, include a 
large assemblage of divergent forms (vide Muir, Froc. Hawaiian Ent. Soc. 
r923). Although formerly regarded as a single family, the progress of 
later investigation shows that the group is far too heterogeneous to admit 
of such relatively [simple treatment. There is no general treatise on Hom
opt era-most works dealing with the Auchenorhyncha only. The British 
species (including Psyllidce) are enumerated and figured by Edwards (r896) : 
for the European forms Melichar's work (r896) and Sahlberg's monograph 
(r87r) of the Scandinavian and Finnish species are important. The prin
cipal works on the Sternorhyncha are referred to under their respective 
families. 

Series I. AUCHENORHYNCHA 

The following key is largely after one kindly drawn up by Mr. F. Muir 
of Honolulu: 

1 (8).-Tegulm absent; middle coxa! short, articulations near 
together; hind cox;:e mobile. Cicadoidea 

2 (3).-Three ocelli near together; anterior femora thickened and 
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spined beneath; no empodia; male, except in a very few 
cases, with a sound-producing organ at the base of the 
abdomen. 

3 (2).-Two ocelli only or none; empodia large. 
4 (5).-Posterior cOXa:! short, conical, not laterally dilated; tibia; 

cylindrical; flagellum composed of a large sub-pyriform 
base and a very slender seta. 

5 (4).-Posterior cOXa:! transverse, dilated up to the lateral margins of 
the sterna; tibia:! angular; flagellum composed of numerous 
segments. 

6 (7).-Gena:! more ICl" less dilated; lone generally conspicuous; the 
frons, lora:! and gen;:e forming one curved surface; pronotum 
never prolonged backwards. 

7 (6).-Gena:! not dilated; frons, lora:! and gena:! not forming one 
curved surface; pronotum generally prolonged backward 
into a process. 

8 (I).-Tegula; almost always present; empodia well developed; 
middle coxa:! elongate, articulated far apart, free and capable 
of lateral movement; hind cOXa:! immobile. 

355 

CICADIDlE 
(p. 355) 

CERCOPIDlE 
(p. 356) 

JASSIDlE 
(p 357·) 

MEMBRACIDlE 
(p. 357) 

Fulgoroidea 
(p. 358) 

Although the term" leaf-hopper" is used more especially with reference 
to the J assid::e, it is often applied to members of the other families excepting 
the Cicadid::e. 

Super-fam. CICADOIDEA 

FAM. CICADID.IE (Cicadas) .-USUALLY LARGE INSECTS WITH ENTIRELY MEM
BRANOUS WINGS AND THREE SUB-CONTIGUOUS OCELLI. ANTERIOR FEMORA THICKENED 
AND GENERALLY SPINED BENEATH; NO EMPODIA. MALES ALMOST ALWAYS WITH A 
SOUND-PRODUCING APPARATUS ON EITHER SIDE OF THE BASE OF THE ABDOMEN. Their 
large size and sound-producing powers render these insects familiar objects in the 
warmer regions of the world. Considerably over 1,000 species are known, rather 
more than 100 being pala:!arctic. The only British representative is Cicadetta montana 
Scop., which occurs in the New Forest and extends as far north as Finland. The 
capacity for sound-production (vide p. 93) is limited to the males and varies very 
greatly in note and degree of intensity in different species. The sound ha,s been 
variously compared to a knife-grinder, scissor-grinder, and even a railway Avhistle. 
In the moist sub-Himalayan forest tracts 
of India the noise emitted by these in
sects is almost deafening, and extremely 
monotonous. Notwithstanding so many 
species being described, their life-his
tories have been very little studied. The 
nymphs so far as known are subter
ranean, and the greatly enlarged and 
modified femora and tibia:! of the fore
legs are special adaptations to that mode 
of life. One of the best-known species of 
the family is the "perioctical Cicada_" 
(Cicada septendecim L.) of the United 
States (Figs. 352, 353), which appears in 
great numbers after long intervals of 
time. Its periodical appearance is due 
to the nymphs requiring thirteen (in the 
south) or seventeen years (in the north) 

FIG. 352.-CIOADA SEPTE.VDE01M NYMPH IN 
4TH INSTAR. 

After Marlatt. U.S. Dept. Agric. E"t. Bull. 7r. 

for their development, and the fact that the adults of one generation appear about 
the same time in vast numbers. This insect has been intensively studied (Mar
latt, 1907) and more than 20 distinct broods have been located in various parts of 
the country: the 17-year race has also been reared under field conditions from the 
egg. In many districts several broods of different ages are known to co-exist, thus 
explaining the appearance of swarms of the insect several times during the 17-year 
cycle. The female deposits her eggs in slits which she makes in the twigs of 
trees, and the young emerge in about six weeks. They fall to the ground and 
thereupon commence to lead a subterranean life, 12-18 inches below the surface, 



HEMIPTERA 

sucking the juices from the finer roots of various trees. In May of the 17th year 
they regain the surface and, leaving their nymphal exuvi;:e attached to tree-trunks, 
etc., emerge as perfect insects. When very abundant the nymphs practically honey
comb the soil, but, considering their size and numbers, the injury occasioned does not 
appear to be great; at times, however, fruit growers experience a good deal of loss. 
Under certain circumstances the final-stage nymphs (often termed pup;:e) construct 
('ones or chimneys (Fig. 353), about 4 inches high, of earthen particles wherein they 
live above ground for several weeks before emerging as adults. Several explana
tions have been offered as to the meaning of these structures and it may possibly be 
that in certain districts individuals prematurely reach the surface before they are pre
pared to become adults and construct cones as means of protecti,on until they reach 
maturity. There appears to be a correlation between an unusually high local 
temperature and the occurrence of these cones; the latter are also stated to be 
prevalent over burned areas. 

FAM. CERCOPID.tE (Frog-hoppers or Cuckoo-spit insects}.-OCELLI TWO OR 
NONE. ANTENNAL FLAGELLUM COMPOSED OF A LARGE SUB-PYRIFORM BASE AND A VEJ3.Y 
SLENDER SETA. POSTERIOR COXJE SHORT, CONICAL, NOT LATERALLY DILATED; TIBlJE 
CYLINDRICAL, USUALLY ARMED WITH ONE OR TWO PROMINENT SPINES AND A CLUSTER 
OF SHORTER SPINES AT THE APEX. Members of this family may usually be separated 
from the Jassid;:e by the characters of the tibi;:e as enumerated above. Only a very 

FIG. 353.-ClOAlJA SEPTENlJEOIM, "EARTHEN 
CHIMNEYS." 

a, front view; h, section; t, nymph in last ins tar a".'ait· 
ing time of change and at d ready for transformatIon: 
e, emergence hole. From Marlatt after Riley. 

few gene:ca,_ are pal;:earctic, and three 
thereof occur in Britain-Tricephora Am. 
and Serv., Aphrophora Girm., and Phil
cenus SUI. The nymphs of some genera 
are well-known objects from their habit 
of establishing themselves on plants and 
becoming enveloped in a frothy sub
stance commonly termed" cuckoo spit." 
It has been generally regarded that they 
are in this way protected from predace
ous insects and other Arthropods, but, on 
the contrary, they are not infrequently 
seized from their spume by fossorial 
Hymenoptera and other enemies. Kir
kaldy has observed that the froth Se.I:Y.es 
to protect their soft bodies from the sun, 
and, \vhen extracted from the llpume and 
not allowed moisture, they speedily 
shrivel and die; probably there is truth 
in both explanations and the function is' 
twofold. In adaptation to this 1!1Ode of 
life the nymphs have to a large extent lost 
that power of leaping which is so charac
teristic of the adults, and are also nearly 

devoid of coloration. Philcenus spumarius L. is the common " cuckoo spit" insect 
of Europe and N. America; the life-histories of this and other species of the family 
are described by Osborn (1916 A). It affects a wide range of wild and cultivated 
plants other than grasses, while P. lineatus L. occurs almost entirely on the latter 
hosts. The production of the froth has given rise to much speculation and has in 
recent years been studied by Sule (I9II) and Gahan (Proc. Ent. Soc. 1918), whose 
conclusions are in close agreement. According to Gahan the tergites and pleurites 
of the 3rd to 9th abdominal segments, instead of ending as usual at the sides to form 
lateral edges, are curved beneath the abdomen as membranous extensions, which 
meet along the mid-ventral line.. Between them and the true ventral surface of the 
abdomen there is thus formed a cavity into which the spiracles open. This cham
ber is closed anteriorly, but air can be admitted or expelled by means of a posterior 
V-shaped valve or slit. The frothing is the result of a fluid issuing from the anus 
(vide p. 362) forming a film across this valve and becoming blown into bubbles by 
means of air expelled from the latter. 

On the 7th and 8th abdominal segments are lateral glands which have been variously 
interpreted. Osborn states that they secrete a viscid material which, mixing with 
the discharge from the alimentary canal, enables the foam to maintain its coherence, 
even. in wet weather. Sule and others regard the secretion as being of a waxy nature 
which is acted upon by an enzyme in the anal discharge. He explains that the acid 
thus produced forms, with the alkali present, a substance which imparts to the froth 
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the properties of a soap-solution. In Madagascar the nymphs of Ptyelus goudoti are 
stated to discharge clear water in such amounts as to resemble fine rain. Thus Goudot 
estimated that some 70 individuals could emit one quart in I! hours. The Oriental 
and Australian genus' M achmrota Burm. has the scutellum prolonged backwards in 
the form of a relatively enormous spine thus simulating a Membracid in appearance. 
The nymphs of certain species of the genus are known to live in curious serpuliform 
tubes (about! in. long) attached to the branches of trees; their life-history is figured 
by Lefroy. 

FAM. ME-MBRACIDJE (Tree hopperS).-GENlE NOT DILATED; FRONS, LORlE 
AND GENlE NOT FORMING ONE CURVED SURFACE. ANTENNAL FLAGELLUM WITH MANY 
JOINTS. PRONOTUM GENERALLY PROLONGED BACKWARD INTO A PROCESS; POSTERIOR 
COXlE TRANSVERSE, TlBIlE ANGULAR. These insects may almost always be easily 
recognized by the pronotum, which is prolonged backwards into a prominent elevated 
hood or process, lying over the abdomen, and often assuming the most bizarre 
forms (Fig. 354). The family is most nearly related to the Jassid~ and reaches the 
zenith of its development in the neotropical region. The pal~arctic fauna only 
includes three genera, two of which, Centrotus F. and Gargara Am. and Serv., are 
British. The eggs so far as known are deposited in small groups arranged in two 
nearly parallel slits cut in the twigs of trees and shrubs. The nymphal stages differ 
from the adults in the absence, or only partial 
development, of the pro notal process; the tergites 
are often furnished with elongate filaments or 
spinose projections. Certain genera (Telamona, 
Thelia, etc.) are affected by parasites which in
duce "castration parasitaire " noticeable in the 
reduction or other Il)odification of the external 
genitalia (vide Kornhauser Journ. Morph. 1919). 
The life-history of Vanduzea arquata Say, a widely 
distributed N. American species, has been studied 
by Funkhauser (Psyche, 1915). It abounds on 
Robinia and appears to pass through two genera
tions in the year (Ball). Both the nymphs and 
adults are commonly attended by ants, as is 
usual whenever Membracids are present in large 
numbers. The ants stroke the Membracids with 
their antenn~, whereupon the latter insects exude 
a liquid from a retractile anal tube. The mutual 
relationships of the two groups of insects has ' 
attracted the attention of a number of observers 
(vide Lamborn, Trans. Ent. Soc., 1913, p. 494). 
A few species have been noted to exhibit maternal 
solicitude; although usually leaping away at He 
first alarm, they refuse to move if disturbed FIG. 354·-CEREsA RURALUS, EN-
while guarding their offspring. LARGED. 

FAM. JASSIDJE (Cicadellidae; Leaf-hop- Aftet Marlatt, Ins. Life, 7. 

perS).-OCELLI TWO, RARELY ABSENT, VARIABLE 
IN POSITION. ANTENNAL FLAGELLUM COMPOSED OF NUMEROUS JOINTS. GENlE 
DILATED, THE FRONS, LORlE AND GENlE FORMING ONE CURVED SURFACE. PRO
NOTUM NEVER PROLONGED BACKWARDS. POSTERIOR COXlE TRANSVERSE, LATERALLY 
DILATED; TIBIlE ANGULAR, 1'HE HIND PAIR USUALLY SERIATELY BRISTLY, OR WITH A 
DOUBLE ROW OF SPINES; EMPODIA LARGE. Excepting the Aphidid~, these insects are 
probably the most abundant of all Homoptera, and may be readily collected by sweep
ing grass, herbage and other foliage. They are slender, usually tapering posteriorly, 
and rest in a position ready for jumping. When disturbed they leap often several 
feet and readily take to the wing. Their slender form and the structure of the hind 
tibi~ (Fig. 355) will enable most species to be distinguished from those of the Cerco
pid~. The metamorphoses of a good many are figured by Osborn (1916), that of 
Idiocerus Lewis by Leonard (Jour. Econ. Ent. 1915) and of Nephotettix by Misra (1920). 
The ovipositor of the female is adapted for lacerating plant-tissues; the eggs are 
usually elongate and are deposited in longitudinal rows on the stems, under the leaf
sheaths, or on the leaves of the food-plant. They pass through six instars, the wing
rudiments becoming noticeable in the 3rd instar. 

The species have a decided limitation of food-plant during early life but feed. more 
indiscriminately later; many are univoltine, others pass through two or three 
generation~ in a season. Their chief economic importance lies in their attacks upon 
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cereal and fodder crops as well as fruit and forest trees. Thus the rice leaf-hoppers 
(Nephotettix) in I914, were reported to have damaged 3;000,000 acres of paddy fields 

. in one division only in the Central Pro

FIG. 355.-NEPH02'E2'TIX APIOALlS X 12. 

After Misra, Mem. Dep. Agric. India Entom. Ser. 5. 

vinces of India, entailing a loss of nearly 
£x,ooo,ooo (Misra); similar heavy losses' 
are recorded tram the United States. 

In some systems of classification the 
J assidGe are regarded as a superfamily and 
its sub-families raised to family rank. 
Among the more important genera are 
Empoasca Wal. which includes the Apple 
Leaf hopper (E. mali. Le B.), Typhlocyba 
Germ. (ocelli absent), Bythoscopus Germ. 
and Deltocephalus Burm. which includes 
about 100 palccarctic species. 

Superfamily FULGOROIDEA 
Included herewith is a large assem

blage of very diverse forms whose many 
dissimilarities of structure render it diffi
cult to frame any comprehensive defini
tion. In addition to those features 
enumerated on p. 355 the ani;ennGe, 
though very variable in form, are usually 
placed beneath the eyes, and the nymphs 
are very richly endowed with specialized 
sensory pits distributed over the head, 
wing pads and abdomen. One of the 

best known classifications is that of Stal whose thirteen sub-family divisions are now 
more usually regarded to be of family rank; alternative schemes involving a smaller 
number of families are discussed by Kirkaldy (1906, 1907). In a general textbook 
of this kind reference can only be made 
to the most important families, and any 
scheme at present proposed can only be 
regarded as purely tentative. Much ad
ditional morphological work is necessary 
before certain of the divisions can be 
regarded as adequately established. 

FAM. FLATIDLE.-Beautiful moth
like species, often with delicately pig
mented tegmina, inhabiting tropical 
regions. They can usually be recognized 
by the well-developed transversely-veined 
costal cell and the granulate clavus. Both 
nymphs and adults frequently rest gregari
ously and the former are largely covered 
with long, curled, waxy filaments (Fig. 356). 
The adults of some species occur in two 
conspicuously different colour forms· and, 
in the case of an African species, observed 
by Gregory, the insects were clustered on 
a stem with green individuals occupying 
the upper portion and red individuals 
situated just below them. In this atti
tude they were curiously like a red
flowered spike with green unopened buds 
above. In other dimorphic species the 
colour forms have been observed inter
mixed; for a discussion of this subject 
and the literature thereon vide Imms (Froc. 
Manchester Phil. Soc. 58). 

FIG. 3S6.-PHfWMNIA MARGINELLA, 

A COLONY OF NYMPHS ON A 

ABOUT t ACTUAL SIZE, 

INDIA: 
LEAF: 

FAM. DELPHACIDLE.-One of the most characteristic features is the large, 
mobile, serrulate apical spur on the hind tibia!; the costal cell is wanting and the 
clavus non-granulate. This family is well represented in Great Britain where there 
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are about 70 species of which over 56 belong to the extensive genus Liburnia Stal. 
The sugar-cane leaf-hopper Perkinsiella saccharicida Kirk. (Fig. 357). is very destructive 
in Queen3land and the Sandwich Islands; owing to the habit of oviposition in cane 
stalks this and other species are liable to transportation. 

FAM. FULGORIDJE. 
(Lantern Flies). - Princi
pally characterized by the 
reticulated anal area of 
the wing. A tropical 
family including many 
brilliantly coloured insects, 
often of large size. In 
many genera the front of 
the head is greatly drawn 
out to form a huge hollow 
proboscis-like prolongation FIG. 357.-PERKI.VSIELLA S"JOOHARIOIIJ.l, MALE: l\[AGNIFIED. 

whieh was, at one time, After Kirkaldy, Entom. Bltll. Pt. 9, Hawaiian Sugar Planters' Assn. 
believed to be luminous. 
Some species have the power of secreting quantities of a flocculent white wax which, 
in Phenax, streams behind as long filaments while the insect flies. 

FAM. DERBID.1E-Very delicate, usually long-winged insects in which the anal 
area is not reticulated and the last joint of the labium is short. None are British. 

Series II. STERNORHYNCHA (Phytopthires) 
Table of families. 

I (z).-Tarsi I-jointed with a single claw. Females scale-like, gall-like 
or covered with waxy exudation; apterous and often devoid 
of legs. Males dipterous, mouth-parts atrophied. 

2 (I).-Tarsi 2-jointed, basal joint sometimes reduced, with paired claws. 
Mouth-parts present in both sexes. Wings when present four 
in number. 

3 (4).-Femora thickened, antenn;;c usually lo-jointed. Fore-wings of 
rather harder consistency than hind pair. 

4 (3).-Legs long, slender; wings of equal consistency, antenncc 3- to 
7-jointed. 

5 (6).-Wings opaque, whitish, clouded, or mottled with spots or bands. 
Tarsi with 2 nearly equal joints. 

G (5).-Wings transparent, tarsi 2-jointed, basal joint sometimes reduced. 
Paired dorsal processes usually present on 5th abdominal 
segment. 

Coccidc.e 
(p. 36 7) 

Psyllidc.e 
(p. 359) 

Aleyrodidce 
(p. 3 60 ) 

Aphididc.e 
(p. 3 61 ) 

FAM. PSYLLIDJE (Chermidm: Jumping Plant Lice).-TARSI 2-JOINTED, AN
TENNlE USUALLY IO-JOINTED, FORE-WINGS OF FIRMER CONSISTENCy THAN HIND PAIR. 

Psyllids are small insects about the size of aphides and bear a resemblance to minute 
cicadas. They are usually very active, their rapid movements being a combination of 
lea ping and flying, but are inca pa ble of sustained flight. The act of lea ping is performed 
with the aid of the hind-legs which are larger and more muscular than the other pairs. 
The venation is simple and exhibits relatively few marked deviations among various 
genera. The most striking feature in the fore-wing is the presence of a principal 
basal vein formed by the fusion of the stems of R,M and Cu. (Fig. 358). In Trioza 
Forst. and its allies, this compound vein divides distally into its three components 
while in PsyUa Geoff. and related genera it is bifurcate dividing into Rand 1\1 + Cu, 
the latter again dividing into 1\1 and Cu. In the hind-wing the venation is extremely 
simple; R is represented by Rs only, Mis unforked and Cu divided into CUI and eu:! 
as in the fore-wing. Cross veins are absent from both wings and A is vestigial or 
wanting. A general account of the external anatomy of Psyllids is given by Crawford 
(19I4) and of the venation by Patch (1909). The chief source of information on the 
internal anatomy is a paper by Witlaczil (1885), and an account of the morphology of 
Pachypsylla Riley is given by Stough (1910) and of the mouth-parts of Psylla by Grove 
(1919). A general catalogue of the family is given by Aulmann (1913); for the 
British forms consult Edwards (1896) who enumerates 23 species. A very full 
bibliography of Psyllids is given by Zacher (Central. BaJ~ter. 1916); many references 
will also be found in the work of Crawford (l.e.). 

The life-history of the" Apple Sucker" PsyUa mali Schm. (vide Awati) may be re-
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garded as fairly typical (Fig. 358). It passes the winter in the egg, the latter being laid 
about the beginning of September on the spurs of the food-plant, around leaf scars, and 
in cracks, etc., on the new wood. The nymphs hatch in April, and are flattened objects 
with whitish waxen threads projecting from the extremity of the abdomen. Five 
nymphal instars occur, and the different stages may be recognized by the increasing 
number of antennal joints; thus these organs are 2-jointed in the first instar and 
7-jointed in the fifth. Wing pads are evident in the third instar and during later 
development they extend laterally in a prominent manner so as to make the insect 
appear nearly as broad as long (Fig. 358B). The imago appears in early summer and 
the species is univoltine. The nymphs are very injurious to the apple in Britain, 
damaging the blossoms and stunting the shoots; the imagines, on the other hand, 
cause little appreciable injury. The "Pear Sucker" P. pyricola Forst. is very 
destructive in America and exhibits a different life-history. It is tri-voltine, hiber
nates as an imago and both nymphs and adults are injurious. The winter form of 
the imago differs from the summer type and was formerly regarded as a separate 

c 

--R :s 

FIG. 358.-A, PSYLLA MALl (after Carpenter). B, PSYLLA PYRIOOLA, NYMPH IN LAST INSTAR 
(after Slingerland). C, PSYLLA PYRIOOLA, VENATION OF FORE WING. ALL ENLARGED. 

species. It is about one-third larger than the summer form and of much darker 
coloration, particularly with regard to the wing veins. Certain species produce gall
like malformations on their food-plants; thus in Britain Psylla buxi causes the apical 
shoots of the box to become deformed into miniature cabbage-like growths, and 
Livia juncorum Latr. forms tassel-like galls on rushes. When Psyllids are abundant 
copious honey-dew is excreted by the nymphs on to the leaves and twigs. In Psylla 
mali a long waxen thread enclosing a central core of translucent liquid exudes through 
the anus and when the threads become broken up the fluid spreads over the leaves 
and twigs (Awati). 

FAM. ALEYRODIDJE (Aleurodidre: White Flies).-WINGS WHITISH, CLOUDED, 
OR MOTTLED WITH SPOTS OR BANDS; BODY AND WINGS MORE OR LESS MEALY. ANTENNlE 
7-]OINTED; TARSI 2-]OINTED, WITH A SPINIFORM OR SOMEWHAT PAD-LIKE EjMPODIUM 
BETWEEN THE CLAWS. A RUDIMENTARY PUPAL INSTAR IN BOTH SEXES. The" white 
flies" are a much neglected group related to the Psyllid<:e and probably the majority 
of the world's species are as yet unknown. Both sexes are winged and are dusted 
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with a characteristic mealy white powdery wax; all are small or minute with an average 
wing expanse of about 3 mm. Asterochiton (Aleyrodes) vaporariorum Westw. is the well
known" Greenhouse white fly "which is particularly injurious to tomato and cucum· 
ber, the insect infesting the lower surface of the leaves in all its stages (Fig. 359). 
Dialeurodes citri Riley and How. is the" Citrus white fly" which is destructive to 
Citrus in the southern United States (Morril and Back, 19II). The most characteristic 
organ of the Aleyrodidm is the vasiform orifice which opens on the dorsal surface 
of the last abdominal segment. It is a conspicuous opening provided with an operculum, 
and situated within the orifice and beneath the operculum is a tongue- or strap
shaped organ known as the lingula. The latter in some species is covered by the 
operculum and"in others it projects beyond it. The anus opens within the orifice 
at the base of the lingu'a. Honey-dew is excreted in large quantities by the insect 
in all stages, particularly by the larva:!. It issues through the anus accumulating on 
the lingula, and this fact probably gave rise to the view that the latter organ secretes 
the honey-dew. The vasiform orifice is present both in the larval and adult stages 
and, .in the latter, affords characters of 
taxonomic value. 

The venation shows closest affinity 
with the Psyllida:! (Trioza); it is always 
much reduced and exhibits evident signs 
of degeneration (Fig. 359). The most 
primitive condition is seen in Udamoselis 
End.; in other genera C and Sc are more 
or less fused, Rl often disappears, and 
either M or Cu may be present but are 
usually not coexistent. With the excep
tion of R the veins are unbranched and, 
in the most modified forms, practically 
the only remaining vein is Rs. 

Parthenogenesis is a common phe
nomenon in several species and probably 
occurs in many others, but the subject 
needs thorough investigation. Morrill and 
Back (19II) observe that virgin females 
of D. citri produce males. According 
to Williams (Journ. Genetics 1917) in A. 
vaporariorum there are two partheno
genetic races, one of which produces 
males and the other females; the fer
tilized females give rise to individuals of 
both sexes. 

The eggs are very characteristic, being 
provided with a pedicel which, in some 
cases, exceeds the length of the egg itself. 
According to Cary (1903), at the time of 
fertilization the lumen of the pedicel is 
filled with protoplasm. The spermatozoan 
moves through the latter until it meets the 
female pronucleus which migrates until it 

FIG. 359.-AsTEROOHITON VAPORARIOROM. 

A, imago )( 50; B, larva in first ins tar x ISO j C, pupa· 
rium x 65. I, adult eye; 2, thoracic breathing fold; 
3. caudal breathing fold; 4. vasiform orifice. After 
lloyd, Ann. App. Bioi. 9. 

comes to lie at the entrance to the pedicel. After fertilization the contents of the 
pedicel shrivel up. The eggs are attached to the leaves of the food-plant by means 
of this stalk, and are generally laid in a circle or arc of a circle, one or more rows deep. 
Three larval instars are present and a so-called pupal stage. The larvm are 
ovoid and greatly flattened and, after the first moult, the legs and antenna:! degenerate; 
towards the end of the 3rd instar the imaginal organs become visible. The so-called 
pupal stage is only imperfectly understood: it is similar in general shape to the larva, 
but differs very much in appearance, being thicker and more opaque and, frequently, 
adorned with conspicuous rods or filaments of wax. During the first part of this 
instar the insect feeds after the manner of the larVa:!. Towards the end of the period 
it becomes inactive, remaining anchored to the leaf by means of its stylets, and exhibits 
the characters of a rudimentary pupa with the imaginal appendages enclosed in their 
sheaths clearly visible within the outer case. The imago emerges by means of a 
T-shapM rupture of the dorsal wall of the latter. The family has been revised by 
Quaintance and Baker (1913) who recognize 22 genera included in three sub-families. 

FAM. APHIDIDlE (Green-fly, Plant-lice).-WINGS TRANSPARENT, ONLY FOUND 
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AS A RULE IN THE MALE AND CERTAIN AGAMIC FEMALES ~ BOTH PAIRS OF SIMILAR CON
SISTENCY. TARSI 2-JOINTED, OR THE BASAL JOINT VESTIGIAL. ROSTRUM LONG, 
ANTENNlE 3 TO 6-JOINTED; EM PODIA VESTIGIAL OR ABSEN']'. FIFTH ABDOMIN.\L 
SEGMENT GENERALLY WITH A PAIR OF DORSAL CORNICLES. These familiar insects, 
as a rule, pass their life on the young shoots and foliage of plants. A few species, 
however, live below ground on roots (ex. Rhizobius) , some others occur on the branches 
of woody trees and shrubs (ex. Laclmus) and a certain number are~gall-formers (ex. 
Pemphigus, Hormaphis). A few such as Phylloxera vastatrix and Eriosoma lanigera 
live both on the leaves, or shoots, and roots. The apterous generations of aphides, 
more especially when of flattened form (as in Hormaphis), are liable to confusion 
with the nymphs of other Sternorhyncha. Usually they may be distinguished there
from by the following combination of characters, viz.-the 2-jointed tarsi with paired 
claws, the long several-jointed rostrum, the frequent presence of compound eyes and 
cornicles, and 9 pairs of lateral spiracles. Perhaps the most characteristic morpho
logical features associated with these insects are the cornicles or "honey tubes" ; 
the latter organs, however, are greatly reduced in Eriosoma and other genera and 
totally wanting in the Phylloxerin::e_ Reaumur believed their function to be excretory 
but later observers concluded that they secreted the sweet substance known as " honey
dew." Mordwilko (I895) and others have since demonstrated the waxy nature of 
the secretion of the cornicles, and Horvath (I904) concluded that they are the secretory 
channels belonging to glands producing a waxy fluid which acts as a protection against 
predaceous enemies. The latter authority also observed that honey-dew is emitted 
through the anus, a fact which has since been well established. Many aphides also 
secrete a white waxy substance, either in the form of a powder dusted over the surface 
of the body (ex. Hyalopterlts), or in flocculent threads (Eriosoma, Chermes); in either 
case it is the product of dermal glands (vide p. 137). 

The venation of aphides has been studied in detail by Patch (I909); both the 
trache::e C and Sc are absent in all forms examined and the costal area of the adult 
wing is strengthened by a stout vein-like structure expanding distally into a stigma. 
This vein channel is interpreted as representing the fusion of the main stems of all 
the principal veins. 

Recent students of the aphides regard them as a'super-family divisible into two 
families, viz. the Aphidid::e and Phylloxerid::e. The latter includes such well-known 
genera as Phylloxera and Chermes and is chiefly char~cterized--by the fa«t that oviparity 
is not confined to the sexual females but is the rule among the agamic gener~ns 
also. We prefer, however, to retain the family rank for the group and regard the 
above divisions as sub-families. 

Aphides are remarkable on account of their peculiar mode of development and the 
polymorphism exhibited in different generations of the same species. The associated 
phenomena concerning reproduction are-tIl parthenogenesis; (2) oviparity and 
viviparity; (3) the occurrence of generations in which the sexes are very unequally 
represented, males often being wanting and frequently rare. With regard to structure 
the phenomena are-tIl the production of totally different types of individual of the 
same sex either in the same or different generations; (2) the production of individuals 
with perfect and also atrophied mouth-parts; (3) the production of individuals of the 
same sex but differing as to the gonads. Associated with habits are-(I) migration to 
totally different plant hosts; (2) different modes of life of the same species on the same 
host; (3) different habits of individuals of the same generation (Parallel series). 

In extreme cases almost all the above phenomena may occur associated with the 
annual cycle of an individual species. The most usual life-history of an aphid is as fol
lows (Fig. 360). The winter is passed as eggs which are laid during the previous autumn 
by sexual females. With the advent of spring they hatch and give rise to apterous 
parthenogenetic viviparous females. The latter produce a new generation of similar 
forms among which a few winged females may occur. A variable number of genera
tions of this kind are produced throughout the summer and winged viviparous females 
often become common. The latter are concerned with the migration and dispersal 
of the species and are produced in varying numbers in different generations. At 
times these win_ged females appear in such swarms as to darken the sky and cover 
the vegetation. Those individuals which are fortunate enough to find plant hosts 
of the right species similarly reproduce on their own account. Towards the end of 
summer or in the autumn their progeny, and also those of the apterous forms which 
remained on the original plant, give rise to sexual males and females. These latter 
pair and the females are oviparous, their eggs overwintering on the food-plant, and the 
same cycle is repeated annually. In non-migratory aphides the whole life-cycle is 
spent on the same plant or on individuals of the same species. If any migration to 
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other species of host does occur it is inconsiderable and an alternation of hosts is not 
essential to the life of the species. Among migratory forms well-known species are
Pemphigus bursari7ts L. which occurs on poplar and flies to the roots of various 
Compos it;e , returning to poplar in autumn. Rhopalosiphum lactuca3 Kalt. (ribis 
Buck.) which is found on black currant in spring and migrates to Lapsana and 
Sonchus, returning to its primary host in autumn. APhis rumicis L. which is found 
in autumn on the spindle tree, etc.; in May and June 'it flies to dock, poppies, 
beans, etc., returning to the spindle tree in October. 

The following types of individuals, arranged in sequence, are present in the life
cycle of migratory aphides (Figs. 360, 361). (I) The Fundatrices ; apterous, viviparous, 
parthenogenetic females which emerge in spring from the overwintered eggs. The sense 
organs, legs and ahtenn;e are not so well developed as in succeeding apterous genera
tions, the antenn;e, for example, being shorter and may comprise a smaller number 
of joints. The reduction of the parts is apparently correlated with increased repro
ductive capacity. The eyes are often smaller, or consist of fewer facets than in the 
succeeding generations, and there may be differences in the cornicles. In Drepano
siphum platanoides Schr. the fundatrices are exceptional in being winged. (2) 
F7tndatrigenia3; apterous, parthenogenetic, viviparous females which are the progeny 
of the fundatrices a:nd live on the primary host. (3) Migrantes; these usually develop 
in the second, third or later generations of fundatrigeni;e and consist of winged 
parthenogenetic viviparous females. They develop on the primary host and- sub
sequently fly to the secondary host. In Drepanosiphum platanoides all the viviparous 
females are winged and consequently fundatrigeni;e 
are wanting. (4) Alienicola3; parthenogenetic, vivi
parous females developing for the most part on the 
secondary host: They often differ markedly from the 
fundatrices and migrantes; many generations may 
be produced comprising both apterous and winged 
forms. (5) Se:mpara3; parthenogenetic viviparous 
females which usually develop on the secondary host, 
the alate forms migrating to the primary host at the 
end of the summer. The sexupar;e terminate the 
generations of alienicohe by giving rise to the sexuales. 
(6) Sexuales; usually appear but once in the life
cycle and consist of sexually reproducing males and 
females, the latter being oviparous. The females 
with rare exceptions (Neophyllaphis Takah., Tamalia 
Bak., Cervaphis Van der Goot.) are apterous, and 
distinguishable from the apterous viviparous genera
tions of the same sex by the thickened tibi;e of the 
hind-legs, and the greater body length. The males 
are either winged or apterous, and in Aphis mali and 
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FIG. 360.-DIAGRAM OF THE 
LIFE-CYCLE OF APHIs! RUlI/I

OIS (Based on obsei:..rations 
by J. Davidson, at Rotham
sted). 

Chaitophorus populi both types are produced. Intermediates between alate and apter
ous forms also occur. The sexuales exhibit various types of specialization among 
different genera, which reach their culminating point in Eriosoma and its allies. 
In these instances both sexes are apterous, there are no functional mouth-parts, the 
digestive system is degenerate, and the female lays only a single very large egg pro
duced in a single ovary, the counterpart of the latter having atrophied (Baker 1915). 
The eggs are laid on the primary host and in this stage the vast majority of species 
hibernate. In Trama, however, the adult fundatrices may overwinter; in Phylloxera 
vastatrix the young. nymphs' hibernate on the vine roots and Chermes also passes the 
winter in the same stage on intermediate hosts. 

With non-migratory species the terms migrantes and alienicol;e are not appli
cable. In these cases the winged and wingless viviparous females are more con
veniently referred to as fundatrigeni;e alat;e or apter;e as the case may be, and either 
one or the other may give rise to the sexupar<e. 

We may now briefly consider the life-cycles of several species which exemplify 
different types of heterogeny. A high degree of specialization is met with in Hor
maphis O~t. Sac. and the allied genera Hamamelistes Schim. (Tetraphis Horv.), and 
Cerataphis Licht. They are gall-formers not only on the primary host, but often 
on the secondary one also; cornicles are vestigial or wanting and the sexuales are 
usually small and apterous. The alienicol<e are flattened and scale-like, often with 
a marginal fringe of wax glands, which imparts to them a close resemblance to an 
aleyrodid: The life-history may become greatly abbreviated, and both the inter
mediate host and the aleyrodiform generations thereon eliminated, as in Hormaphis 
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FIG. 36r.-ApHIS RUlIl/CIS. 

A, fundatrix: B, apterous viviparous female; C, nymph of winged viviparous female; D, winged viviparous female; 
E, male; F, oviparous female; G, fundatrix, 1St ins tar ; H, egg. The antenna;, are also shown under higher magnification, 
together with the tarsus in Band D and the hind tibia and tarsus in F. (From original drawings by 1. Davidson.) 
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hamamelidis Ost. Sac. According to Morgan and Shull (Ann. Ent. Soc. Am. 1910), in 
the vicinity of New York this species has only fundatrices, sexuparre and sexuales 
generations. 

Among the Phylloxerinre the life-history attains the highest degree of complexity, 
and in Phylloxera quercus Lichtenstein states that no less than twenty-one forms occur 
in the life-cycle. In P. vastatrix of the vine the life-history, in a summarized form, 
is as follows according to Grassi (1915). The fundatrices are seldom met with on 
the European vine, and their fate on that plant has not been definitely settled. Grassi 
states that they usually perish, while those on the American vine produce leaf-galls; 
in no case do they develop on the roots as was formerly maintained. Given a suitable 
race of vine the fundatrices, therefore, are gallicolClJ or leaf-gall formers. They lay 
a large number of eggs and their progeny, or fundatrigenire, are dimorphic when newly 
hatched. Grassi recognizes neogallicolClJ-gallicolClJ or those which will become galli
colre and neogallicolClJ-radicolClJ or those which pass to the roots and become radicolClJ. 
The neogallicolre-gallicolre pass through several generations producing in each case 
both gallicolre and radicolre. The former appear in greater numbers when the vine 
is in active growth and never develop on the roots. The radicolre are produced 
from the later eggs when the season is advanced. They may continue as radicolre 
and hibernate as nymphs, or produce sexuparre. The latter are winged and fly to 
the aerial parts of the vine to lay their eggs, which are of two kinds,-the larger being 
female-producing and the smaller giving rise to males. The sexuales are small and 
apterous; the females each lay a single large overwintering egg, on the bark of the 
trunk and branches, which hatches the following year into a fundatrix. The actual 
details of the life-cycle on the Europe3.n vine in southern Europe has been productive 
of much discussion, but it seems probable, from Grassi's account, that the radicolre 
are the principal form of the species on that host, and that gallicolre are seldom met 
with. When, however, European vines are in contact with heavily galled American 
plants, it is stated that they are sometimes infected with neogallicolre-gallicolre derived 

'from the latter. In recent years Borner has put forward the belief that the Lorraine 
race is a different one, which he denominates pervastatrix. In that province he states 
that the sexuales select the European vine for oviposition in preference to the Ameri
can, which is usually found covered with galls in southern Europe. Similarly winter 
eggs were only found on the European vine and galls developed. 

Related to Phylloxera are the genera Chermes, Cnaphalodes and others which are 
confined to Coniferre. Two hosts are normally req uired for the life-cycle- which extends 
over two years; the primary host is Picea, while the secondary one is either Larix, 
Pinus, Abies, or Pseudotsuga (Fig. 362). The life-histories of these insects are complex 
and very difficult to elucidate; furthermore, it is pr:>bable that separate ,specific 
names have been applied to different cycles of the same species. For example, 
Chermes viridis (Ratz) has a cycle of five generations on spruce and larch, and 
the closely allied but exclusively parthenogenetic species C. abietis Kalt., has but two 
generations, both on spruce. These are regarded as distinct species by Cholodkovsky, 
but Borner considers that they constitute the single species C. abietis L. In a similar 
manner .Borner disagrees with Cholodkovsky and unites Cnaphalodes strobilobius 
(Kalt.) and Cnaphalodes lapponicus Cho!. into a single species under the former 
name. In 1909 Cholodkovsky maintained that there is a third species of Chermes 
(C. occidentalis Chol.) which probably combines the reproduction cycles of both 
viridis and abietis but, unlike them, is confined to western Europe. Steven, how
ever, finds that in Britain all three species are present in localities where spruce and 
larch grow side by side. It will be gathered, therefore, from the foregoing remarks 
that further research alone will determine whether several species occur, or only 
biological races of a single species. The principal features in the life-cycle may be 
summarized as follows-tIl The sexually produced eggs hatch in autumn and the first 
stage nymph hibernates on spruce. (2) Fundatrices develop from these nymphs 
during the following spring and their feeding habits initiate gall-formation on the 
primary host. They lay numerous eggs which develop within the galls and give rise 
to gallicolClJ. (3) The latter issue from the galls and are divisible into winged galli
colClJ migrantes (migrantes), which fly to the intermediate host, and gallicolClJ non
migrantes which remain on the spruce and give rise to further fundatrices. (4) The 
progeny of the gallicolre migrantes hibernate as. first stage Jarvre, and in the spring 
develop into colonici (alienicolre). The colonici lay their eggs on the intermediate 
host; their progeny varies in type and behaviour among different genera. Thus, 
there may be sistentes which are similar to the original colonici and are apterous; 
other apterous forms termed progredientes; and alatClJ which are akin to the latter in 
behaviour. (6) The sistentes produce among their progeny sexuparClJ which fly to the 
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primary host and lay their eggs thereon. (7) The apterQus sexuales develop from 
the latter, and the females each lay a single egg which hatches in autumn, and thus 
completes the. two years' cycle. 

The phenomena underlying the migration of aphides are very little understood, 
but the main factor appears to be those physiological changes in the plant during 

SCHEMATIC SUMMARY OF THE LIFE-CYCLE OF CHERMES S.STR.(BORN.) 
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growth which render it unsuitable as a host for the aphides concerned. A reduction 
in the reproductive capacity of the parthenogenetic females becomes evident, 
and the individuals produced in each generation often become progressively smaller. 
The apterous individuals produce migrantes in increasing numbers and eventually 
the primary host becomes freed. Migrantes have been observed to appear in 
great numbers when the host plant wilts, or when much overcrowded with apterous 
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forms. Moisture and temperature are additional factors, but the exact part played 
by them needs critical examination. Mordwilko considers that all aphides were 
originally polyphagous and that existing migrations are remnants of that habit. 
He divides these insects into three groups. (a) Those in which migration is absent 
but the species are widely polyphagous. (b) Species in which there is facultative 
migration, two hosts may be utilized and polyphagia is more restricted. Thus, a 
species may complete its life-cycle on one host but, on the other hand, it is capable 
of utilizing an alternative host for a portion of its development. (c) Species in which 
migration is obligatory and which are only slightly polyphagous. 

The productive capacity of aphides is greatly influenced by temperature and the 
physiological condition of the host plant. Evidence indicates that an abundance 
of healthy plants coupled with a sufficiently high temperature afford conditions favour
able for prolific agamic reproduction. On the other hand, these same conditions 
have been stated to retard the appearance of the sexuales. Kyber in 1815 bred 
M acrosiplJum rostlJ for four years indoors and only parthenogenetic forms resulted, 
although, out of doors, sexuales appeared annually. These observations appear to 
be supported by those of Russell (U.S. Dept. Agric. Bull. 90) who found that this 
'species reproduces by parthenogenesis through the year in California. 

It must, however, be borne in mind that, although the view that external factors 
regulate the reproductive method has received wide support, it is difficult to believe 
that they are actually determinative. The cytological work of Tannreuther, Morgan, 
Stevens and others indicates the internal or germinal factors are directly concerned 
in the appearance of agamic and sexual generations. It is evident that in most 
species there is an inherited tendency for sexual forms to be produced in autumn, 
but in some cases experimental evidence shows that under a favourable temperature 
the appearance of sexuales is prevented and agamic reproduction only occurs. In 
these instances temperature may possibly exercise an influence on the behaviour 
of the chromosomes, which in themselves are the real factors determining whether 
a generation be sexual or agamic. 

The remarkable reproductive powers of these insects has already been referred 
to (p. 328) and the capacity of different species in this respect varies within very wide 
limits. Numerical evidence of the fecundity of Aphis malifolim Fitch is afforded 
by Baker and Turner (1916). The fundatrix produces on an average 71 young. 
From 5 to 7 generations of spring forms occur and consist at first exclusively of funda
trigeni<e, but migrantes appear in increasing numbers in each generation. The 
average number of young produced by the fundatrigeni<e was 121 per female: the 
later generations were rather less prolific. The migrantes yielded on an average 
18 young per female, the alienicol<e 65, sexupar<e 7, and the sexuales prodl}'ced an 
average of 6 eggs per female. It can be readily imagined that if this numerous pro
geny survived, the available supply of plant life would speedily become exhausted. 
This result is avoided owing to the fact that aphides are destroyed by very numerous 
parasitic Hymenoptera, they also form the food supply for the progeny of many 
Aculeata and are further preyed upon by great numbers of Coccinellid<e and larval 
Syrphid<e and Neuroptera. In addition to the above enemies, vast numbers are 
washed away by rains, and many migratory forms probably perish through failing 
to reach suitable hosts. In spite of all these and other controlling agencies, sufficient 
numbers survive, to render many species pests of prime importance to the agricul
turist and fruit-grower. 

The literature on the family is very extensive; the only monograph on the British 
species is that of Buckton (1876-83), which is now out of date. The work of Van der 
Goot (1915) on fhe Dutch forms includes most British species, and the monographs 
of Kaltenbach (1843), ,Koch (1854-57), and Tullgren (1909) are important to the 
systematist. For the classification and world genera consult Baker (1920), and for 
a list of species and their plant-hosts vide Patch (1912-19) and Wilson and Vickery 
(1918). The biology of the family has been extensively studied by Mordwilko (1907, 
1909), and for information on the anatomy reference should be made to the papers 
by Witlaczil (1882), Mordwilko (1895), Davidson (1913, 1914) and Baker (1915). 
For the life-history and biology of individual species the following writings, among 
others, may be mentioned: Davis (1914) on Callipterus and (1915) on Macrosiphuin ; 
Patch (1913) on Eriosoma; Matheson (1919), Baker and Turner (1916) on species 
of Aphis; Balbiani (1884) and Grassi (1915) on Phylloxera; and Chrystal (Forestry 
Comm. Bull. 4, 1922) on Chermes, which includes a bibliography of that genus. 

FAM. COCCIDlE (Scale-insects, Mealy-bugs). TARSI I-JOINTED WITH A SINGLE 

CLAW; ROSTRUM SHORT. FEMALES USUALLY DEGENERATE; SCALE-LIKE, GALL-LIKE 

OR WITH A POWDERY OR WAXY COATING; APTEROUS, OBSCURELY SEGMENTED, LEGS 
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AND ANTENNJE OFTEN VESTIGIAL OR ATROPHIED. MALES WITH ANTERIOR WINGS 

ONLY, OR SOMETIMES APTEROUS; MOUTH-PARTS WANTING. 

This family in some respects is one of the most anomalous of all insects. Not 
only is there a remarkable variety of forms within its limits, but qlso the sexes in 
the same species differ as much in characters and metamorphosis as insects pertain
ing to different orders. The form most usually met with is the female, and conse
quently the popular expressions "scale-insects" and "mealy-bugs" refer more 
particularly to that sex. Coccidre are among the most important pests of cultivated 
plants, particularly of fruit trees, and mention need only be made of the San Jose 
Scale (AsPidiotus perniciosus Comst.), the Mussel Scale (Lepidosaphes ulmi L.) of the 
apple, and the Fluted Scale (Icerya purchasi Mask.) of citrus fruits, to establish this 
fact. The plant hosts are extremely numerous (vide Green, 1917-19) fl-nd probably 
include representatives of every natural order of Phanerogams. 

Their habits, however, are very variable, some species being confined to a single 
food-plant; thus Cryptococcus jagi is only found on Fagus sylvatica and Physokermes 
abietis on Abies excelsa. On the other hand Lepidosaphes ulmi L. is known to infest 
about 130 different species of plants pertaining to widely divergent orders. The 
species of Pseudococcus Westw. (Dactylopius Targ.) are also very general feeders and 

. occur on a great variety of plants grown under glass. The facility with which the 
living insects can be transported over long distances, along with their hosts, has 

FIG. 363.-!CERYA PURCHASI, MALE, ENLARGED: ON LEFT, WING POCKET AND HOOKS 
MORE lIIGHLY MAGNIFIED. 

After Riley, Ins. Life, I. 

resulted in many species becoming almost cosmopolitan. The strictest legislative 
measures are in vogue in many countries in order to guard against their further dis
semination. 

The males have only a single pair of wings (Fig. 363) with greatly reduced vena
tion-. In Pseudococcus Westw., for example, R is single-branched and only a spur
like rudiment of Sc and a portion of M are present. The hind-wings are represented 
by a pair of slender halteres which develop from the meta thoracic wing-buds (Wit
laczil); each is furnished with one or more hooklets which. fit in a pocket on the 
wing of its side. 

In a few Diaspinre apterous males occur, while in Chionaspis salicis L. both 
apterous and winged individuals are present. In Tachardia lacca Kerr the males 
exhibit alternation of generations combined with dimorphism (Imms and Chatterjee). 
Thus in the first generation both apterous and winged forms are prevalent, while 
the second generation consists of the former only. In the majority of species the 
males possess four large ocelli, two being dorsal and two ventral; in such cases the 
compound eyes are reduced to small colourless tubercles or are totally absent. In 
the sub-families Monophlebinre, Margarodinre, and Ortheziinre well-formed compound 
eyes are present, while the ocelli are either very small or wanting. The antennre 
are normally lo-jointed and the mouth-parts are completely wanting, atrophy taking 
place during metamorphosis. 

The abdomen is 8-segmented and terminated by a prominent, spine-like geni.tal 
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sheath which encloses the :edeagus. It is frequently accompanied by two or some
times four (Phenacoccus Ckll.) or more (Xylacoccus) long, white, filiform processes. 
In Monophlebus Burm. the conspicuous genital sheath is not evident and the some
what truncated apex of the abdomen is furnished with 2 to 10 elongate, fleshy out
growths. The males are always smaller than the females, and have an average wing
expanse of 2 to 4 mm.; the disparity in size of the two sexes is often extraordinarily 
great as, for example, in Coccus (Lecanium) caprece. 

The adult females are invariably apterous and usually exhibit considerable degen
eration. They are always invested with some kind of specialized covering or secretory 
material. In Monophlebus Burm., Icerya Sign. and Pseudococcus Westw., etc., there 
is a coating of mealy substance, Tachardia is enclosed in a dense cell of resin-like 
matter, Ceroplastes is invested with plates of wax, while in species of Coccus (Lecan
ium) the hardened dorsal surface is produced by simple cuticular thickening. In 
the Diaspin:e a definite scale (erroneously termed a puparium) is present, it being 
formed either of larval exuvi;:e, or the latter combined with secretory material. The 
first larval exuvi;:e persist and are followed by the second, and further growth of the 
insect is accompanied by the forniation of a secretory covering, either around the 
larval exuvi:e, as in Aspidiotus Bouche, or extending behind the latter, as in Chionaspis 
Ckll. (Fig. 364). The least modified type 
of female is exhibited in the Monophle
bin:e and Dactylopin;:e. In these sub
families the legs and antenn:e are pro
minent, the insects retaining the power 
of free locomotion. Among the Coccin;:e 
(Lecaniin;:e) the legs and antenn;:e are 
frequently present in a wt'jll-developed 
condition, but are no longer functional, 
as the inse<j takes up a permanent posi
tion on its host after the final moult. 

In the Diaspin;:e the legs have totally 
disappeared and the antenn:e are reduced 

_ to minute papill;:e. A still further stage 
in degeneration is met with in Physo
hermes, where the insect is redl,lced to 
the condition of a sac-like object devoid 
of any vestiges of antenn;:e or legs. It is 
therefore evident that, if a sufficiently 
extensive series of genera be examined, 

• almost every stage in transition will be 
found, from well-developed legs and II

jointed antenn;:e to the complete dis
appearance of these organs. The legs, 
when fully formed, have I-jointed tarsi 
terminated by a single claw; in a few 
exceptional genera the anterior tarsi are 

FIG. 364.-A, Coccus (LECANIUM) CAPRRJ! on 
CRAT!EGUS (ORIGINAL): l?, MALE AND C, 
FEMALE SCALES OF CHIONASPIS SALiCIS 

(after Green); D, PSEUDOCOCCUS (DACTYL

OPIUS) , FEMALE (after COMSTOCK). 

2-jointed. Eyes may be present or absent, but are never highly developed and are 
often very rudimentary, as in the Diaspin;:e. In the latter sub-family the abdomen 
calls for special mention, and is terminated by a flattened region or pygidium, com
posed of several fused segments. On its dorsal side the pygidium carries the anus 
and ventrally the genital aperture. On the dorsal aspect there are also numerous 
structures known as the tubular spinnerets, which are concerned with the secretion 
of the scale, but are not exclusively confined to the pygidium. Berlese (1893--95) 
has shown that the underlying glands communicate by long slender ducts with 
the capitate extremities of the tubular spinnerets. 

On the ventral aspect of the pygidium, and disposed around the genital pore, 
are the openings of several groups (usually five) of circumgenital glands. Green has 
directed attention to the possible connection between these glands and oviposition. 
Thus in those species which are ovoviviparous the glands, as a rule, are wanting, 
while they are present in all oviparous species. The pores of the glands in the living 
insect are usually obscured by the waxy powder which they secrete, and the same 
powder is found dusted over the eggs. Smaller groups of similar glands occur in 
relation to the channels which lead from the ventral spiracles to the outer margin 
of the insect. They likewise produce a powdery secretion which may possibly func
tion in excluding the entry of water, while freely admitting air to the respiratory 
system. 

G.T.E.-24 
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The number of eggs laid is subject to wide variation among different Coccids. 
In the British species it varies from about 37 in Lepidosaphes ulmi to nearly 2,000 in 
Coccus caprece. They are never deposited openly on the host plant, some means of 
protection always being provided. Thus in the Diaspina:: they are laid beneath the 
scale while in Coccus the dried body of the female functions as an ovisac. Orthezia 
Bose. carries them between the long waxen plates at the extremity of the body. 
Other genera deposit them in ovisacs of white cottony or felted waxy material secreted 
beneath the parent. Both oviparous and ovoviviparous species are frequent and 
may occur in the same genus: in the latter forms the eggs remain within the body 
of the parent until the contained insects emerge, or emergence may take place during 
oviposition. 

The young larva:: are oval and flattened (Fig. 36S); the sexes ar;e very rarely 
distinguishable at this stage and it is often impossible to separate larva:: of allied 
genera. 

Stictococcus dimorphus Newst. is exceptional in that there is well-marked sexual 
dimorphism in the first instar larva:: (Bull. Ent. Res. I, p. 6S). After the first moult 
the larva:: of both sexes bear a closer resemblance to the adult female, and the latter 

FIG. 365. - A, LARVA OF Coccus HESl'ERIJ)U.ll, 

VENTRAL VIEW X 110. 

p, stylet sheath; r, retort'shaped organs; s, s" spiracles; 
st, stylets. 

B, MALE PUPA OF LEPIDOSAPDES .FULVA, 

VENTRAL VIEW X 48. 
Adapted from Berlese, Riv. di. Pat. Veg., x893-5. 

sex usually becomes mature after 
the second moult. On the other 
hand at this stage the male be
comes a pupa (Fig. 36SB), with the 
sne:!ths of the imaginal appendages 
free, and after a third moult the 
adult male appears. In the Dia
spina:: the scale covering the male 
pupa is readily recognisable by its 
smaller size and usually more elon
gate form than the female scales. 
I t is characterized by being formed 
of the first exuvi<e only, its com
plete formation taking place by the 
addition of secretory material dur
ing the second larval instaL Xylo 
coccus alni Og. appears to be ex
ceptional in passing through four 
instal'S in the female and hVe in 

. the male (Oguma), but fUJrther re
search on the number of instars 
and other features in the metamor
phosis of Coccid<e is greatly needed. 
In Margarodes Guild. the female 
encysts for a lengthy period, accom
panied by histolysis. Judging by 
its morphology and by the number 
of moults passed through the 
female Coccid appears to represent 

the pupal stage of the male and may possibly be regarded as a neoteinic form. 
In many species fertilization is apparently the rule, and it is known in a few in

stances that one male may fertilize several females; Oguma has observed that a 
female may also be fertilized by successive males. In other cases males are either 
unknown or so infrequent that parthenogenesis is evidently a common phenomenon. 
Thus in Lepidosaphes ulmi L. males are unknown on its commonest hosi: (apple) 
and have only been observed on one or two less frequently infested plants. 

The indigenous British Coccids are univoltine, but this rule does not apply to 
tropical forms or species living under glass. Tachardia lacca, for example, passes 
through two generations in the year and the San Jose Scale has several broods. On 
the other hand, Oguma states that Xylococcus alni requires 2! years to complete its 
life-cycle. 

Certain species are subterranean, particularly those of Margarodes and Ripersia, 
which live on the roots of plants in association with ants. A number of Coccids 
frequent habitations of the latter and most probably secrete honey-dew, thus render
ing them acc~ptable guests. The honey-dew is a clear glutinous substance which is 
particularly attractive to Hymenoptera. It is rarely secreted by the Diaspina:: and 
is more especially characteristic of the Coccime and Dactylopime. Certain species 
are gall-formers, more especially those belonging to the Australian genus Apiomorpha, 
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Rubs. (Brachyscelis Sch.), and the English Eriococcus devoniensis (Gr.), which causes 
gall-like deformations of the young shoots of Erica. 

In some instances Coccids or their products have proved of considerable com
mercial value. Thus the" cochineal insect" (Dactylopius coccus), a native of Mexico 
living on various Cactacece, yields the dyestuff known as 
cochineal, which is prepared from the dried females. Simi
larly, the dyestuff known as Kermes or "granum tinc
torium " has been used almost from time immemorial; it 
is likewise prepared from the dried females of Kermes ilicis 
(L.). The stick-lac of commerce from which shellac is pre
pared is the resinous substance formed by Tachardia lacca 
(Fig. 366). The latter insect is a native of India, where it 
li~s on many kinds of trees, notably Butea frondosa, Shorea 
robusta, Acacia arabica, Schleicheria triJuga, and on species 
of ZizyPhus and Ficus. The crimson colouring agent known 
as " lac dye" is also yielded by the bodies of the females; 
for an account of this insect vide Imms and Chatterjee (1915). 
The gum-lac insect (Gascardia) of Madagascar yields an in
ferior type of lac containing a much higher proportion of 
wax. Several Coccids yield wax in sufficient quantities to 
have been used commercially, notably the Chinese wax 
insect Ericerus pe-la, and an Indian species of Ceroplastes. 
Mention should also be made of the so-called "ground 
pearls," which are the outer pearly coverings of Margarodes. 
These are collected and strung into necklaces particularly 
in S. Africa and the Bahamas. 

The literature on the family is very extensive, and among 
the more comprehensive treatises on the structure and 
biology are Newstead's Monograph of the British species FIG. 366.-PORTION OF 

(1901-3), that of Green (1896-1922) on the Ceylon forms, A TWIG OF BUTEA 

and the writings of Berlese (1893-95), Marchal (1908), Lin
dinger (1912), Leonardi (1920) and MacGillivray (1921). A 
grea t deal of information on the anatomy of Coccids is given 
by Berlese (l.c.) and the student should also consult the 

FRONDOSA ENCRUSTED 

BY T AOHARDIA LACOA 

(actual size). INDIA. 

papers of Mark (1877), WitlacziI (1886), Childs (1914), and Oguma (1919). 
For nomenclature and a catalogue of the world species vide Fernald (1903). 
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Order 15. NEUROPTERA (Alder Flies, Lacewings, Ant 
Lions, etc.) 

SMALL TO RATHER LARGE SOFT"BODIED INSECTS WITH USUALLY ELON

GATE ANTENNlE. MOUTH-PARTS ADAPTED FOR BITING: LIGULA UN

DIVIDED OR BILOBED OR OFTEN ATROPHIED. TWO PAIRS OF VERY 

SIMILAR MEMBRANOUS WINGS,l GENERALLY DISPOSED IN A ROOF-LIKE MANNER 

OVER THE ABDOMEN WHEN AT REST. VENATION PRIMITIVE BUT WITH MANY 

ACCESSORY VEINS: COSTAL VEINLETS NUMEROUS: Rs GENERALLY PEC-

TINATELY BRANCHED. ABDOMEN WITHOUT CERCI. LARVJE CARNIVOROUS, .-OF A MODIFIED CAMPODEIFORM TYPE WITH BITING OR SUCTORIAL MOUTH-

PARTS: THE AQUATIC FORMS USUALLY WITH ABDOMINAL GILLS. PUPJE 

EXARATE: WINGS WITH COMPLETE TRACHEATION. 

The heterogenous group which formed the Neuroptera of Linmeus is 
now divided into at least eight or nine well-defined orders, the original 
name being confined to the Megaloptera and Planipennia as enumerated 
below. The group thus restricted is still further dismembered by some 
authorities into two or three separate orders. This course, however, is 
very doubtfully warranted owing to the difficulty of separating such orders 
on the basis of any constant venational differences. It is evident, how
ever, that the Neuroptera exhibit at least three lilies 'of evolution with 
marked divergence also in their metamorphoses. These several lirres 
appear, however, to be derivable from a common ancestral ty;pe .. The 
speci~s are rarely abundant in individuals, and all exhibit weak powers of 
flight. They feed upon soft-bodied insects and liquid matter, such as 
honey-dew. . . 

With the exception of the Coniopterygidre, the Neuroptera are separable 
from the Mecoptera by the venational features enumerated above. The 
mouth-parts are well developed with biting mandibles, the maxillary palpi 
are 5-jointed, the labial palpi 3-jointed, and the ligula is reduced to the 
condition of a median and sometimes slightly bilobed process, or is totally 
atrophied. The wing-coupling apparatus is of the jugo-frenate type, though 
usually much reduced and without bristles: a frenulum, however, is present 
in many Hemerobiidre. The tarsi are uniformly 5-jointed and the ab
domen Io-segmented. Excepting for the venation (vide Tillyard, 1919), 
the comparative morphology of the order has been very inadequately 
investigated. There are two pairs of thoracic and eight pairs of abdominal 
spiracles, and the ventral nerve cord consists of three thoracic and gener
ally seven abdominal ganglia. The digestive system is provided with a 
median dorsal food-reservoir, a peritrophic membrane is present, and the 
usual number of Malpighian tubes is eight: the ovaries consist of a variable 
number of usually polytrophic ovarioles. 

1 The Coniopterygida! are exceptional in having the two pairs of wings very unequal 
in size with greatly reduced venation. They are small insects covered with a whitish 
powdery exudation. The Nemopterida! differ from all other families in their elongate, 
filiform hind wings. 
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The larva: exhibit great diversity of structure and mode of life, but are, 
in all cases, carnivorous; in a considerable proportion of the species they 
are aquatic. The latter forms are interesting from the fact that they 
usually carry segmentally arranged, and often jointed, abdominal pro
cesses. 

The Neuroptera are divided in the present work into the sub-orders 
Megaloptera and Planipennia, which are treated separately below. The 
British species number about 60 and most of them are included in the 
monograph of MacLachlan (1868). About 1,700 species of the order have 
been described. 

Sub-order 1. MEGALOPTERA (Alder Flies and Snake Flies) 

BRANCHES OF THE VEINS USUALLY WITHOUT A CONSPICUOUS TENDENCY 

TO BIFURCATE AT THE MARGINS OF THE WINGS. LARVLE WITH BITING 

MOUTH-PARTS. 

The Megaloptera fall very naturally into two super families-the Sialioi
dea or "alder flies" and the Raphidioidea or " snake flies." These two 
divisions are regarded by Handlirsch as being sufficiently distinct to war
rant their separation into orders of their own. They include a small number 
of archaic types not very closely related among themselves. 

The sub-order is classified as follows:-

A (B).-Prothorax quadrate: an exserted Ovipositor wanting: wings 
without pterostigma. Larvce aquatic. 

I. Wing expanse 45-100 mm.: three ocelli present: 4th tarsal 
joint simple. Larvce with 8 pairs of abdominal gills and 
no terminal filament. 

2. Wing-expanse 20-40 mm.: ocelli absent: 4th tarsal joint 
bilobed. Larvce with 7 pairs of abdominal gills and a 
terminal filament. 

B (A).-Prothorax, elongate: an exserted ovipositor present: wings 
with a pterostigma. Larvce terrestrial. 

3. A single family. 

Sialioidea 

CORYDALIDlE 

SIALIDlE 

RaphidiQidea 
RAPHIDPDlE 

The Sialioidea are of special interest both on account of the large 
size and striking appearance assumed by certC!.in of the species, and because 
the group includes the most generalized representatives of the Neuroptera. 
Similarly to other primitive groups, the Sialioidea only include a small 
number of genera and species, but they exhibit an almost world-wide 
although discontinuous distribution. They differ from other Neuroptera 
in the hind-wings being broad at their bases with the anal area folded fan
wise when at rest (Fig. 368). 

The eggs of these insects are laid upon leaves, stones and other objects, 
usually not far from water. They are deposited regularly in compact 
masses: in Sialis each mass contains 200 to 500 eggs and in Corydalis the 
number amounts to two or three thousand. The eggs are cylindrical with 
rounded ends and dark brown in colour: at its free extremity each is pro
vided with a conspicuous micropylar apparatus varying somewhat in form 
among different genera. The young larva:, after eclosion, make their way 
to'the water: those of Sialis are found in the muddy bottoms of ponds, 
canals and slow-moving streams, while the larva: of Corydalis lurk under 
stones in rapidly flowing water. All the larva: of the Sialioidea are actively 
predaceous, devouring other insect larva:, small worms, etc. The mouth
parts resemble those of a Carabid larva, the mandibles being powerful and 
sharply toothed, while the maxilla: exhibit the typical parts and the labium 
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consists of a mentum, a dentate ligula and 3-jointed p~lpi. The antennre 
are prominent 4-jointed appendages, and the legs are well developed, 
terminating in paired claws. The larva of Sialis (Fig. 367) is provided 

with seven pairs of 5-jointed, lateral, seg
mentally arranged abdominal filaments or 
tracheal gills. Each of the latter is sup
plied by a tracheal branch and contains 
blood. On the 9th abdominal segment 
there is a terminal filament of a similar 
nature. In Corydalis and Chauloides there 
are eight pairs of unjointed or imperfectly 
jointed filaments: in the former genus, and 
in Neuromus, each of the first seven abdo
minal segments also bears ventral, spongy 
tufts of accessory tracheal gills. The body 
in these three genera is terminated by a 
pair of hooked anal feet, without the gill
like filament of"'Sialis. According to Davis 
(1903), there are eight pairs of small ab
dominal spiracles in Sialis, while in Cory
dalis and Chauloides thoracic spiracles are 
also present. Pupation occurs in the soil or 
in moss, etc., sometimes at a depth of 
several inches. The pupre are exarate and 
are able to work their way to the surface to 
allow of the emergence of the imagines. In 
the common European Sialis tutaria the 
whole life-cycle occupies about a year. This 

FIG. Lt~~RI:'AR;~LAR~~D. SIALlS species and S. fusconebulosa are the-tmly 
British meIDbers of the super-family. Cory
dalis is North American and Asiatic and 

the male has enormously elongate sickle-like mandibles and a wing-expanse. 
ranging up to 150 mm. For a general account of the biology. of the 
Sialoidea vide Davis (1903). Some account of the anatomy of Sialis is 

A/ter Lestage. 

given by Dufour (Ann. Sci. Nat. 
(3),9,1848), and by Loew (Linn. 
Ent. 3, 1848): the latter author 
also contributes observations on 
the anatomy of Raphidia (vide 
below). 

The Raphidioidea include the 
most specialized members of the 
Megaloptera and are entirely ter
restrial in habits. The group 
occurs on all continents with the 
exception of Australia, and most 
of the species are included in the 
genera Raphidia (Fig. 369) and 
Inocellia. The imagines are re- FIG. 368.-RIGHT WINGS OF SIALIS LUTARIA. 

markable for the elongated pro-
thorax which, together with the narrowed posterior region of the head, 
forms a kind of "neck": unlike the Sialioidea, they possess an elongate 
setiform ovipositor. About eighty species of the group are known, of which 
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four, belonging to the genus Raphidia, have been recorded from Britain. 
They occur in wooded regions and are met with among rank herbage, on 
flowers or tree-trunks, etc. The eggs are inserted by means of the long 
ovipositor in slits in the bark: they are elongate-cylindrical with a small 
appendage at one extremity. The larvce occur under loose bark, particu
larly of conifers, and are very voracious, prey
ing upon small soft-bodied insects which frequent 
similar situations. The larva of Raphidia (Fig. 
370) is elongate and slender with a well chitin-

FIG. 36g.-RAPHIDIA NOTATA, BRITAIN X 2!-. 

ized head and prothorax. The thoracic legs are 

I 
FIG. 37o.-RAPHIDIA NOTATA, 

long, the abdomen carries no processes or appen- LARVA. 

dages, and the mouth-parts resemble those of After Sharp, Camb. Nat. Hist. 

the imago. The pupa is more primitive than in 
any other of the Endopterygota and closely resembles the adult insect in 
its essential structural characters. Although first enclosed in a kind of 
cell the pupa emerges after a lapse of some time and, becoming active, 
crawls about until it finds a suitable place, where it remains ul).til the 
eclosion of the imago. 

The Raphidioidea have been monographed by Esben-Petersen (1913) 
and by Navas (1918). 

Sub-order II. PLANIPENNIA (Lacewings, Ant Lions, etc.) 

BRANCHES OF THE VEINS USUALLY CONSPICUOUSLY BIFURCATED AT 

THE MARGINS OF THE WINGS. LARVlE WITH SUCTORIAL MOUTH-PARTS. 

The Planipennia include the majority of the Neuroptera and their 
various families exhibit an exceptional wealth of venational specialization. 
Different as many of the families are in their imaginal characters, the group 
is well defined as a whole owing to the universal occurrence of suctorial 
piercing mouth-parts in the larvce. Nearly all the Planipennia are terres
trial insects, a small number are more or less amphibious in their larval 
stages, and one or two genera have truly aquatic larvce. The most general
ized family are the Ithonidce, which, to some extent, serve as a connecting 
link between the two sub-orders of N europtera. 

The larvce of the Planipennia are universally predaceous and are of 
considerable importance as destroyers of aphides and other injurious insects. 
The head is often large and very freely articulated with the prothorax. 
The mandibles and maxillce are long and exserted, being thereby adapted 
for seizing the prey (vide Meinert, r889). The first-mentioned appendages 
are usually sickle-shaped and, in some families, armed with teeth. They 
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are grooved along their ventral surfaces, and the maxillre, which closely 
resemble them in size and shape, fit one into each groove: in this 
manner the two sets of appendages form a pair of imperfect suctorial tubes. 
The combined organs are deeply inserted into the prey and its juices are 
imbibed by means of the pumping action of the pharynx. At the base of 
each maxilla there is usually a pair of small sclerites-the cardo and stipes 
-but, as a rule, maxillary palpi are absent. The labium is greatly reduced, 
and its palpi, although sometimes aborted, are very variable in different 
families. The antennre are filiform and often rather long. The pro thorax 
is divided into three more or less distinct sub-segments, but the meso- and 
meta-thorax are sometimes merged into the trunk and not sharply demar
cated. The legs are long and slender and allow of activity of movement;' 
their tarsi are single-jointed. The abdomen consists of ten segments and is 
devoid of cerci. The larvre usually pass through three instars, except in !thane 
where there are five: when about to pupate, they construct oval or spheri
cal cocoons either of silk or of foreign particles bound together with that 
material. The pupre possess strong mandibles which are ufilized in cut
ting through the cocoons to allow of the emer~nce of the imagines. The 
diet of the larvre consists solely of animal juices, and there is no through 
passage from the mid-intestine to the anus. The Malpighian tubes are 
usually 8 in number and, of these, 6 have acquired a secondary attach
ment by their distal extremities to the wall of the hind-intestine. The tubes 
thus modified. function as silk-producing organs in the last instar, the silken 
thread being emitted by means of an anal spinneret (vide Anthony, 19(2). 
The respiratory system opens by nine pairs of spiracles, the 1st pair being 
prothoracic and the remainder abdominal in position. 

The Planipennia may be classified according to the following key: 
only five of the undermentioned families (marked *1' an! represented in the 
British fauna, and a' useful account of their structure and biology-has 
recently been contributed by Withycombe .(r922). 

I '(2).-Venation greatly reduced: small species covered by 
whitish powdery exudation. 

2 (I).-Veins and cross-veins numerous. 
3 (4).-Fore-Iegs raptorial. 

4 (3)·-Fore-Iegs not raptorial. 
5 (6).-Hind-wings greatly elongated and ribbon-like. 

6 (5).-Hind-wings not as above. 
7 (Io).-Antenn<e thickened distally or clavate. 
8 (9).-Antenn<e not half as long as fore-wing: wings with 

a very elongate hypostigmal cell extending beyond 
the fusion of Sc with R I . 

9 (8).-Antenn<e more than half as long as fore-wing: an 
elongate hypo stigmal cell wanting. 

10 (7).-Antennre not thickened distally. 
II (I6).-Two or more branches of Rs in fore-wing arising from 

the apparently fused stems of Rl and Rs. 
12 (13).-Antennre moniliform: cross-veins few. 
13 (12).-Antenn<e not moniliform: cross-veins more numerous. 
14 (15) .-Hemerobiid-like : antennre of male coarsely pectinate: 

ovipositor exserted. 
15 (14).-Moth-like: antenn<e filiform in both sexes: ovipositor 

not exserted. 

*CONIOPTERYGIDlE 

(P·385) 

MANTI SPIDlE 

(P·385) 

NEMOPTERIDlE 

(P,3 83) 

MYRMELEON IDlE 

(P,384) 
ASCALAPHIDlE 

(P·385) 

*HEMEROBIIDlE 

(P·379) 
DILARIDlE 

(p. 379) 
ITHONIDlE 1 

(p. 379) 

1 In the genus lthone, Rs is as in (16) but the moth-like appearance of these insects 
renders them easily recognisable. 
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16 (II).-All the branches of Rs arising from the latter vein after 
it has diverged from R. 

17 (20).-SC not joined at its apex with R I . 

IS (r9).-Body and wings not hairy. 

19 (rS).-Body and winis densely hairy. 

20 (r7).-Sc joined at its apex with R I • 

21 (22).-Wings rounded with a prominent" mid-rib" formed 
by Sc, RI and Rs. 

22 (21).-Wings more elongate and without any prominent 
" mid-rib" as above. 

23 (24).-Cross-veins numerous. 

24 (23).-Cross-veins few. 
25 (26).-Costal veinlets branched in fore-wing: scales present 

on some part of the wings in the female. 
26 (25).-Costal veinlets unbranched in fore-wing: wing-scales 

absent. 
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"CHRYSOPIDlE 

(P·3SI ) 
BEROTHIDlE: part 

(P·3S1) 

PSYCHOPSIDlE 

(P·3S1 ) 

"OSMYLIDlE 

(P·3So) 

BEROTHIDlE : 

(P·3SI ) 
*SISYRIDlE 

(P·3So) 

part 

In addition to the above families there are several others of minor importance. 
The Sympherobiid<E comprise several genera related to the Hemerobiid<e but differing 
in the formation of Rs. Psectra has the hind-wings of the male reduced to small 
scales: P. diptera is an extremely rare insect which has occurred once or twice in the 
British Isles. The Myiodactylid<E appear to be a sub-family of the Osmylid<e, and the 
NympMd<E are a small family of Australian insects which are to be regarded as the 
remains of an ancestral group from which the Myrmeleonid<e have arisen. They have 
rather long filiform antenn<e, which are moderately thickened, and differ from the 
last-mentioned family in the presence of cross-veins between Sc and R I . The com
mon N. American lacewing Polystoechotes belongs to the small family Palystaechatid<E, 
which is closely related to the Berothid<e. 

FAM. ITHONIDJE.-This family is the most nearly related to the Megaloptera 
of all the Planipennia. Its members are large and rather stout-bodied insects, of 
superficially moth-like appearance, with a wing-expanse of about 40 to 70 mm. Three 
genera and about half a dozen species are known: they frequent sandy localities in 
Australia and Tasmania (vide Tillyard, 1919, VIn: 1922). Ithonid<e are active 
runners taking refuge in dark crevices, etc., and when their wings are closed they 
bear a certain superficial resemblance to cockroaches. The eggs of !thane ar¢ laid in 
sand which adheres to them owing to a sticky secretion with which they are covered: 
the larva is soft, whitish, and blind, of melolonthoid form, with small mandibles and 
maxill<e: it normally preys upon scarab<eid larv<e. 

FAM. DILARIDJE.-A very small family recognizable Irom its allies by the 
strongly pectinated antenn<e of the male and the exserted ovipositor of the female. 
Its affinities lie with the Hemerobiid<e and Ithonid<e, but nothing is known concerning 
its biology. Dilar occurs in N. America 
and Japan. 

FAM.HEMEROBIIDlE (Brown Lace
wings).-This family was originally held 
to include all neuropterous insects whose 
larv<e possess suctorial mouth-parts and 
whose imagines have a closely reticulated 
wing-venation. The growth of further 
knowledge, and more particularly the 
work of Handlirsch and of Tillyard, have 
made it evident that the group thus con
stituted really forms a complex of a num
ber of separate families. The Hemero
biid<e, as now restricted, are rather small 
delicate insects with moniliform antenn<e 
and no ocelli. Their principal vena tiona I 
feature is the fusion of Rl and Rs, two or 
more of the branches of the latter vein FIG. 37I.-RIGHT WINGS OF HEMElIOBIUS. 

arising from the common stem thus 
formed. The costal area is crossed by numerous branched veinlets, true cross-veins 
are few and of a specialized character (Fig. 371). AoOo further character is afforded by 
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Sc, which does not unite at its apex with any other vein. A wing-coupling apparatus 
of the jugo-frenate type is commonly present, and, although the jugal bristles are want

3 
ing, those of the frenulum are evi
dent. The eggs, unlike those of the 
Chrysopid<e, are devoid of pedicels 
and have a knob-like micropylar 
apparatus. Hemerobiid larv<e (Fig. 
372) are fusiform and smooth with-

4 out tubercles of any kind, and the 
body hairs are simple. The mouth
parts are rather stout and only 
slightly curved. A reduced pad
like empodium is present between 
the tarsal claws, but in the first in
star it is trumpet-shaped. In colour 
the larv<e are commonly creamy 

6 

2 white with markings of some shade 
of brown. They roam about vege
tation infested with aphids and 
other Homoptera, acari, etc., which 
seryp as their food. As a rule these 
larv<e are naked, and the often re
peated statement that they are con
cealed by skins of their victims 
which they transfer, along with 
other debris, to their backs, needs 
confirmation, and in most cases 

FIG. 372.-HEMEROBlUS STIIJMA. probably refers to Chrysopids. 
I, leaves of pine, the arrowS indicate positions where eggs are Hemerobiid<e are a widely dis

said; ~2, egg x 30; 3, larva x 6; 4, pupa x 6; 5, imago x 4. tributed family, and rather more 
After Withycombe, Entom. 1922. than 20 species occur in the British 

Isles. 
FAM. OSMYLIDIE.-This family is closely allied to the Sisyrid<e and Berothid<e 

and is separable from the Chrysopid<e by the distal uniofr .,. 
of Sc and R l , and by the presence of three ocelli near the 
frons. The very large number of cross-veins is also a 
characteristic of the family. The Osmylid<e aTe a con
siderable assemblage of beautiful insects, often with macu
lated wings, and Osmylus chrysops L. is the largest British 
Neuropteron. This species occurs locally along the bor
ders of clear streams where there is a dense growth of 
bushes, etc. Its larva (Fig. 373) lurks under stones or 
about moss, etc., either in or near the water. It is easily 
recognized by its long slender stylet-like mandibles and 
maxill<e, which are only slightly curved upwards. Unlike 
the aquatic larva of Sisyra there are no gills and it 
breathes by means of thoracic and abdominal spiracles. 
According to Withycombe its natural food consists of dip
terous larv<e. 

FAM. SISYRIDJE.-These insects are to be regarded 
as an offshoot of the' Osmylid<e with which they agree in 
the distal fusion of Sc and Rl and in the characters of Rs. 
On the other hand, the cross-veins are reduced in num
ber and definitely specialized: the costal area, also, has 
no recurrent veinlet or branched transverse veinlets (Fig. 
374). The larv<e of Sisyra and Climacia are aquatic, liv
ing in association with fresh-water sponges (SpongiUa and 
Ephydatia). The life-history of Sisyra has been followed 
by Anthony (1902) and by Withycombe. The eggs are very 
small, resembling those of Hemerobius: they are laid in 
small clusters on leaves, piles, and other objects standing 
in or overhanging water. The female covers each batch 
with a silken web as in the Psocida. The larva clings to 

FIG. 373. OSMYLUS 

OHRYSOPS, LARVA. 

After Withycombe, Trans. 
Ent, Soc. 1922. 

the surface of the sponge or descends into the open osteoles, piercing the sponge
tissue with its mouth-parts. ,It is yellowish green or brownish, hairy, resembling 
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that of a Chrysopid in general form (Fig. 375); it bears seven pairs of segmentally 
arranged, several-jointed abdominal gills, each supplied by tracheal branches. The 
antenu:£ are long and seti
form, while the mandibles and 
maxill<e form a pair of almost 
equally elongate bristle-like 
stylets. Labial palpi are 
wanting and the legs are 
single-clawed. Pupation 
takes place above water in a 
finely woven double cocoon. 
Three species of the genus 
occur in Britain, S. fuscata 
being common. 

FAM. BEROTHIDJE.
The Berothid::e are rather 
small, somewhat slenderly 
built insects with variably 
shaped wings. The latter are 
hairy, especially along their 
posterior margins, and 
peculiar scales of a seed-like 
form may be present in the 
females, either on the pos
terior fringe or on some of 
the principal veins. The 
limits of the family, however, 
are ill defined: thus in some 
species Sc is distally joined 

FIG. 374.-RIGHT WINGS OF SISYRA FUVIOORNIS. 

After Comstock, IV ings of Insects. 

with R 1 , while in Berotha there appears to be no such union owing to the distal 
atrophy of Sc. These two veins remain separate in the Australian genera Trichoma 
and Stenobiella, which are narrow-winged, densely hairy insects: they are regarded 
by Tillyard (1916: IV) as constituting a family of their own-the Trichomatid::e. The 
eggs of Spermophorella are very similar to those of Chrysopa and are elevated upon 

long pedicels. The newly hatched larva is figured by Till
yard: it has, an elongate narrow head with straight and rather 
short mandibles with broadened bases. The family is widely 
distributed and known trom India, the United States and 
Australia. 

FAM. PSYCHOPSIDJE.-Although usually regarded as 
a component part of the Hemerobiid::e, this family is separ
able therefrom by its markedly different venational characters 
and the shortened antenn::e. The costal area of the wings is 
exceptionally deep and the three veins Sc, Rl and Rs exhibit 
increased chitinization and assume a parallel course as far as 
their terminal anastomosis (Fig. 376): they form, in this 
manner, a kind of broad mid-rib which renders these insects 
easily recognizable. The biology of the Australian Psychopsis 
elegans has been followed by Tillyard (1919, VII) and the 
life-cycle occupies about a year. The eggs are laid in January 
or February upon the bark of trees, especially Eucalypti: they 
are oval and each is provided with a small micropylar pro
jection. The larva is characterized by the great size of the 

FIG. 375.- SlSYRA mandibles, which are sickle-like and devoid of teeth: the 
FllSOdTA, LARVA. head is also large and its broad base is closely connected with 

After Withycombe, Trans. the prothorax without any visible" neck." In their habits 
Ent. Soc. 192'2. these larvre are arboreal, living beneath bark: they prob-

ably only emerge from their hiding-places to seize the insects 
which come to feed upon the gum which exudes from the trees. There are three 
larval instars: about November they construct silken cocoons in crevices of the 
bark and the pupal stage lasts about three weeks. Psychopsid::e are rare insects of 
nocturnal habits: they occur in Australia, S. Africa, Tibet, China and Burma. 

FAM. CHRYSOPIDJE (Green Lacewings).-This family includes a large number 
of closely related species popularly known as " green lacewings" or " golden eyes." 
Many have bright green bodies and appendages, with the wing-veins similarly coloured, 
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and the eyes exhibit a burnished 
metallic lustre. Certain of the 
species emit a disagreeable odour 
when handled from a pair of 
pro thoracic glands, and have 
earned for the group the alter
native name of "stink flies." 
The antenn<e of the Chrysopid<e 
are filiform, and longer than they 
are in the preceding family, the 
joints being less distinctly demar
cated. The venation (vide Till
yard, 1916; III) is characterized 
by Rs arising from the main 
stem separately from R" by the 
absence of a distal fusion be
tween the latter vein and Sc, 
and by the exceptionally straight 
vein M. The latter and Cu are, 
however, highly complex veins, 
<lJld for this reason they are 
designated by Tillyard pseudo
media and pseudo-cubitus re-

FIG. 376.-PsYCIJOPSIS GRAC'lLlS, MALE X 3. 
Adapted from Tillyard, Proc. Linn. Soc. N.S. W. 43. 

spectively. The c()mpo
sition of these veins is 
represented in Fig. 377, 
and it will be noted that 
the pseudo-media is 
formed by the fusion of 
M1 +2 and M3+4 and por
tions of the four proximal 
branches of Rs. The 
pseudo-cubitus is formed 
by Cu, by the distal por
tions of Ml +2 and M3 +4 
and by parts of the three 
proximal branches of Rs. 

The eggs of the 
Chrysopid<e are co m
monly laid in batches, 
and a small amount of 
secretory fluid accom
panies each act of ovipo
sitioIi. A spot of this 
su bstance is applied to a 
leaf or other object and 
the abdomen is then up
lifted, with the result 
that a viscous thread of 
the secretion is drawn 
out perpendicularly to 
the substratum. The 
thread rapidly hardens 
and is surmounted by an 
egg, the latter being thus 
supported upon a deli
cate pedicel. In Chrysopa 
flava, and certain other 
species, the pedicels of 
an egg-group are joined 
into a common bundle. 
Chrysopid larv<e (Fig_ 

A 

FIG. 377.-CllRYSOPA SIGNATA. A, DIAGRAM OF WING-TRACHEA
TION. B, WING-VENATION. 

Cu', pseudo-cubitus; ~[1. pseudo-media. AjferTillyard, Proc. Linn. Soc. N.S.W. 41. 
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378) resemble those of the Hemerobiid;:e in their general characters but differ accord
ing to Withycombe in the following points. They are 
shorter and broader with the jaws more slender and 
curved. The body is provided with set;:e arising from 
dorso-Iateral tubercles. The larv;:e are often concealed 
by the remains of their victims, which are retained in posi
tion by means of hooked hairs situated on the dorsal 
aspect of the abdomen. A trumpet-shaped empodium is 
present between the tarsal Claws in all instars. Chrysopa 
jl ava differs from most other members of the family in its 
larva having no tubercles and in being more elongate. 
In coloration the larv;:e are exceedingly variable: the 
ground colour is generally white, yellowish or green, 
usually with darker markings of red, chocolate or black. 
They are familiar objects on aphid-infested vegetation 
and are commonly obscured by their coating of debris. 
Economically, they are of importance on account of 
the large numbers of soft-bodied insects which they 
consume: their prey consists principally of aphides, 
but jassids, psyllids, coccids, together with thrips and 
acari, are also attacked. According to Wildermuth 
(Journ. Agric. Res. 6, 1916) Chrysopa californica will 
destroy 300-400 aphides during its larval existence. 
Rather more than a dozen species of the family are 
British, and 59 are enumerated by Navas in his mono
graph of the European forms (Arx. Inst. Cien. Barce
lona, 1915). 

FIG. 378.-CHRYSOPA 

GARIS, LARVA IN 
INSTA"R. 

VUL-

3RD 

FAM. NEMOPTERIDJE.-A highly specialized 
family with enormously elongate, ribbon-like hind-wings Afler Withycombe, Trans. Enlom Soc, 1922. 

and with the head usually prolonged into a kind of 
rostrum. They are striking and beautiful insects flying with a curious up-and
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FIG. 379.-CROOE. FILIPE.YNIS X 2·~. INDIA. 

down motion after the man
ner of Ephemerids, with the 
long hind-wings streaming in 
the air. The form of the 
latter is somewhat variable: 
in Croce they are filiform, and 
taper to a point, Fhile in 
other cases they are some
times expanded before their 
extremities. (Fig. 379). The 
mid-rib, which lends support 
to these greatly attenuated 
organs, is formed, according 
to Comstock, by the closely 
approximated stems of Rand 
]\1. The life-history of the 
Indian Croce filipennis (Fig. 
380) occupies about a year 
(vide Imms, 19II). The im
agines are crepuscular and 
frequent buildings. The eggs 
are laid among dust and re
fuse on floors, and the fully
grown larva has a large quad
rate head and long, curved, 
finely dentated mandibles. 
The head is connected with 
the hind-body by a conspicu
ous 2-segmented "neck"; 
the meso- and meta-thorax 
are imperfectly differentiated 
and merged into the abdo
men. The larv;:e cover them

selves with dust particles and are hard to detect: they' prey upon Psocids and 
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other small insects. The pupa is notable on account of its method of accommodat
ing the long hind-wings. These are many times coiled after the manner of watch
springs: they cross each other near their bases, so that the right wing lies on the left 
side and vice versa. The pupa is enclosed in a cocoon composed of sand and debris 

FIG. 380.-CROCE FlLIPENNIS. 

A, larva in last instar. B, a dolichaster x 230. C, ventral aspect 
of head of larva x 50 j md, mandible j mx, maxilla; Ip, labial palp. 
D, pupa. After Imms, Tran,s- Linn. Soc. 1911. 

bound together by silk. In 
Nina joppana and Pte'Yocroce 
storeyi the neck of the larva is 
so greatly attenuated that it 
equals in length the whole of 
the rest of the body (Fig. 381) : 
these remarkable larvre have 
been bound in caves in Egypt 
and Palestine (vide Withycombe, 
1923). The family is widely dis
tributed and several species 
occur in S. Europe. 

FAM. MYRMELEONID.tE 
(Ant Lion Flies). - In their 
general appearance these insects 
resemble dragonflies of the nar
row-bodied type and in their 
lar~al stages they are known as 
"ant lions" (fourmilions). They 
comprise a considerable number 
of often large, handsome species 
which, however, are seldom seen. 
During the day they hide among 
trees and bushes, only appearing 
on the wing towards dark. Myr
meleonidre are easily distin

guished from other Neuroptera by their short knobbed antennre: their wings are long 
and narrow, usually marked with brown or black, and furnished with many accessory 
veins and cross-veins. They are closely related to the AscalaphiqiE, but the latter 
insects have longer antennre and lack ... 4" 
the elongate hypostigmal cell (Fig. 
382). Although most abundant in 
tropical countries, species of Myrme
leon occur in Europe, one representa
tive being found as far north as 
southern Sweden, but the family is 
not found in the British Isles: the 
European species are enumerated by 
Navas (Insecta, 5, 1915). The biology 
of M. jormicarius was accurately ob
served by the early naturalist Reau
mur. The ova are deposited in sand 
and the newly" emerged larvre exca
vate pits in the ground for the pur
pose of securing their prey. The 
Myrmeleonid larva buries itself at the 
bottom of the pit, leaving only its 
large jaws protruding. An ant or other 
insect wandering over the edge of the 
pit usually dislodges the sand of the 
sloping sides and soon finds itself in 
difficulties. The ant lion jerks some 
of the sand by means of its head to
wards its victim and continues to do 
so until the latter is brought to the 
bottom of the pit. Here it is seized 
and not released until its juices are 

FIG. 38r.-PTEROCROCE STOREl'J, LARVA IN 

LAST INSTAR X circa 8. 
After Withycombe. 

extracted. The larvre of this family (vide Meinert, 1889; Redtenbacher, 1884; Gravely 
and Maulik, 1911) are flattened and ovoid with large heads, and long, protruding 
mandibles, armed with exceedingly sharp spiniform teeth (Fig. 383). The pit
forming habit is characteristic of Myrmeleon and several other genera, but the larva 
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of M. contractus lives on the mud-covered trunks of trees in Bengal, and doubtless 
preys upon the ants which are constantly s~reaming up and down. .Other larva! of 
this family hide away under stones and debns, or cover themselves wIth a coatmg of 
foreign substances, and thereby secure concealment. Some account of the anatomy 
of the imago is given by Dufour (Ann. Sci. etrang. 7, 1834). 

FAM. ASCALAPHIDJE.-This family is closely related to the Myrmeleonida! 
and has a very similar distribution. Some of the species are active fliers~ and are on 
the wing during daytime, hawking their prey after the manner of dragonflIes: others, 
however, are nocturnal and very seldom seen. The eggs are deposited in rows upon 
grass stems, twigs, etc., and the batches 
are often fenced in below by circles of 
rod-like bodies or repagula which possibly 
guard them from the attacks of predace- 5c 
ous enemies. The larva! closely resemble R, 
those of the preceding family and have 
similar dentate mandibles: they are 
often provided with lateral segmental 
processes fringed with modified seta! 
(dolichasters). These processes are par-
ticularly well developed in Pseudoptynx 5c ..L_--'--_.L.._ 

and Ulula, while they are usually quite ,'1., -,r--.---r-7 
rudimentary in the Myrmeleonida!. The 
larva! do not construct pitfalls but live 
concealeq on the ground among stones, FIG. 382.-PORTION OF FORE-WING OF A, 
leaves, ~tc., or more rarely on the bark A MVMELEONlD ; B, AN ASCALAPHlD, 
of trees. The family has been mono- SHOWING HVPOSTIGMAL CELL h. 
graphed by Van der Weele (1908), who Based on ligures by Comstock. 
figures larva! of several genera: the life-
history of Ascalaphus is discussed by Westwood (Trans. Ent. Soc. 1888) and that of 
Ulula by McClendon (A mer. Nat. 36, 1902). Several species are common in southern 
Europe and Ascalaphus longicornis occurs as far north as Paris. 

FAM. MANTISPIDJE.-The members of this family are easily recognized by the 
elongate prothorax and the large raptorial anterior legs. The latter appendages are 
formed very much the same as in the Mantida! (vide p. 230) and fulfil similar functions. 
Each femur is armed with powerful spines and the tibia is adapted to fold closely on 
to it, the two joints forming a very effective prehensile organ for seizing the prey. 
The family occurs in most of the warm regions of the world and a few species 0Gcur in 

S. Europe. The life-history of M antispa 
styriaca has been followed by Brauer 
(Verh. zoo. bot. Ges. Wien, 19, 1869). The 
eggs q_re borne on long pedicels as in 
Chrysopa and the newly-hatched larva! 
are elongate and campodeiform but are 
devoid of cerci. They pass into hiberna
tion almost immediately and in the fol
lowing spring they seek out the egg
cocoons of the spider Lycosa. Only a 
single M antispa larva enters each cocoon 
and it preys upon the young spiders, 
piercing them with the pointed mouth
parts and imbibing their body-fluids. 

FIG. 383: - MYRMELEON, LARVA AND Feeding in this manner 'leads to an ex-
~UPA X 3· SWITZERLAND. pansion of the larva which becomes so 

From enlarged photos hy H. Main. swollen as to resemble that of a minia-
ture cockchafer. It subsequently under

goes ecdysis, and becomes transformed into an eruciform larva with a minute head, 
and small thoracic legs. It becomes mature a few days later, and spins a cocoon 
around itself, amidst the dried remains of its victims, within the original egg-bag of 
the spider. Pupation occurs within the last larval skin and the imago consequently 
has to pierce the latter and its own cocoon, and that of the spider, before it emerges 
into the open. The parent spider watches over her cocoon without hostility to the 
presence of the parasite. The life-history of Mantispa, it will be observed, affords 
an example of hypermetamorphosis. 

FAM. CONIOPTERYGIDJE.-This family includes about 50 species which are 
the smallest and most aberrant of the Neuroptera. They are extremely fragile insects 

G.T.E.-25 
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bearing a general resemblance to aphides, with the body and wings covered with a 
whitish powdery exudation. The antenn<e are filiform and the joints vary between 
about 16 and 43 in number: the eyes are rather large and there are no ocelli. The 
mouth-parts do not differ in any important features from those of other Planipennia. 
The venation is greatly simplified by reduction, Rs being 2-branched, and there are 
but few cross-veins (Fig. 384). Perhaps the strongest claims 
these insects have to be regarded as Neuropterous rests on the 
structural characters of their larv<e. So far as known the eggs 

are laid upon various 
trees frequented by 
Aphidid<e, Coccid<e or 

R-4-+5 ~ Acarina, and the result
ing larv<e prey upon 
those organisms. The 
larv<e are more or less 
pyriform, ta perin g 
sharply towards the 
hinder extremity, and 
the legs are long and 
slender (Fig. 385). The 
antenn<e are fe1)'-jointed 

FIG. 384.--CONIYENTZIA PSOOIFORlJIIS, RIGHT and fringed with rather 
\'lINGS x 12." long hairs: the man- FIG. 

WENTZIA PSOOl-
dibles and maxi11<e are FORAIIS, LARVA. 

short and stout piercing organs, and the labial palpi are con- After Withycombe, 
spicuous clavate appendages projecting in front of the head. Trans. Ent. Soc. '922. 

When about to pupate a cocoon is spun of silk emitted from the 
anus as in other Planipennia. According to Arrow (Ent. Month. Mag. 1917) the first 
generation of.Conwentzia psocijormis spins its cocoons on oak-leaves; while the second 
generation overwinters as larvre, which lie up in cocoons spun upon the trunk of that· 
tree. The family has been monographed by Enderlein (1906) : although its members 
are not rare they need carefully looking for and, up to the present, only about seven 
species have been found in Britain (vide Withycomlre, ·Entom. 19~2). Anatomically 
the larv<e differ from other Planipennia in possessing only'BiX' Malpighian tubes and 
in the greatly concentrated abdominal nerve cord. 
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·Order 16. MECOPTERA (Panorpatoo: Scorpion flies) 

S
LENDER, MODERATE OR SMALL-SIZED, CARNIVOROUS INSECTS WITH 

ELONGATE, FILIFORM ANTENNJE. HEAD USUALLY PRODUCED INTO A 

VERTICALLY DEFLECTED ROSTRUM, WITH BITING MOUTH-PARTS: LIGULA 

WANTING. LEGS LONG AND SLENDER. WINGS SIMILAR AND MEMBRANOUS, 
CARRIED LONGITUDINALLY AND HORIZONTALLY IN ·REPOSE: VENATION 

PRIMITIVE, Rs DICHOTOMOUSLY BRANCHED, CUI SIMPLE. ABDOMEN ELON

GATE WITH SHORT CERCI, MALE GENITALIA PROMINENT. LARVJE ERUCIFORM 

WITH BITING MOUTH-PARTS AND THREE PAIRS OF THORACIC LEGS: ABDOMINAL 

FEET PRESENT OR ABSENT. PUPJE EXARATE: WINGS WITH REDUCED 
TRACHEATION. 

This small order comprises fewer than 200 species, the greater number 
of which belong to the genera Panorpa and Bittacus. The majority of the 
members of the group are easily recog-
nized by the beak-like prolongation of 
the front of the head, and their often 
maculated wings. The" scorpion flies" 
(sen. ~str.) belong to the Panorpidre, 
which include many species widely 
spread. over the northern hemisphere 
(Fig. 386). Their vernacular name is 
due to the fact that the males carry 
the terminal segment of the abdomen 
upwardly curved, somewhat after the 
manner of Scorpions. The Bittacidre 
are very slender Tipula-like insects 
with prehensile tarsi: they are found 
in most parts of the world excepting 
the northern portion of the holarctic 
region. The Boreidre are character
ized by their vestigeal wings and occur 
in Europe and N. America. The order 
is represented in the British Isles by 
three species of Panorpa and a single 
species of Boreus (vide MacLachlan, 
1868). 

The Mecoptera are essentially ter
restrial insects undergoing their trans

/ 

c 

FIG. 386.-PANORPA COMMUNIS. A, 
MALE; B, FEMALE (from Photos by 
W. J. Lucas); C, APEX OF ABDOMEN 
OF MALE (after MacLachlan). 

formations in the soil: a possible exception is found in Nannochorista, 
which is believed by Tillyard to be aquatic. Both their larvce and imagines 
are carnivorous, but the extent to which the Panorpidre prey upon living 
uninjured insects or other animals is doubtful. Brauer and Felt have 
reared larvre of Panorpa upon fragments of meat, but Miyake found wounded 
or dead insects more acceptable. The adults are mostly found in shaded 
situations where there is a growth of rank herbage. Bittacus rests suspended 

387 
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from grasses or twigs by its fore-legs, and preys upon small Diptera, seizing 
them by means of its raptorial tarsi. Boreus lives among moss or beneath 
stones in autumn and early winter, appearing occasionally on the ~urface 
of snow. 

External Anatomy (Fig. 387).-The anterior region of the head is 
usually prolonged into a rostrum which is formed by the elongation of 
parts of the head-capsule together with the clypeus, labrum and maxillce. 
The compound eyes are well developed and there are usually three ocelli. 
The antennre are more or less filiform and many-jointed, there being about 
40-50 joints in Panorpa, and about I6-20 in Bittaclts. The mandibles are 
slender and elongate: they are only dentate at their apices, each bearing 
from I to 3 sharp teeth. The maxillre are complete: their palpi are 5-

FIG. 387.-PANORPA COJUIUNIS. I, FRONTAL VIEW OF 
HEAD; 2, VENTRAL VIEW; 3, LABRUM; 4 
MANDIBLE; 5, MAXILLA; 6, LABIUM; 7, APEX OF 
TIBIA AND TARSUS. 

jointed, and the galere and 
lacinire are hairy lobes of 
somewhat complex structure 
(vide Miyake, I9I3). The 
.labium consists of an elon
gate submentum, not always 
clearly differentiated from 
the short mentum: the pre
mentum exhibits traces of a 
bilobed structure, but the 
ligula has disappeared. The 
labial palpi are I- to 3-
jointed; in some cases. they 
are in the form of fleshy 
lobes in whi~h, according to 
Crampton, traces of pseudo
trachere may be prese:n1:;-re
sembling those fopnd)n ~he 
labium of Diptera.· The 
mouth-parts of Nannochor
ista arf considerably special~ 
ized (vide Tillyard, I9I7). 
The labrum and epipharynx 
form a sharply projecting 
process, the mandibles are 

A, antenna; C, labrum; D, mandible; F, galea; FC, fronto- vestigeal, and the labial palpi 
~e~~ie~ ::~Jie~. M, mentum; 1\[1, submentum. Afler Silvestri, (paraglossre of Tillyard) are 

partially fused at their bases. 
This genus, which is accorded separate family rank by Tillyard, exhibits a 
tendency towards the development of suctorial mouth-parts and fore~ 
shadows the condition found in the lower Diptera. 

The pro thorax is very small, its largest region being the notum, which 
is divided by transverse lines into four areas. Both the meso- and meta
thorax are well developed. The legs are generally adapted for walking, 
the claws are usually paired arid in Panorpa they are strongly pectinated. 
In Bittaclts the claws are single, and the fourth and fifth tarsal joints are 
provided with fine teeth along their inner margins: the fifth joint is cap
able of closing on to the fourth after the manner of the blade of a pocket
knife. The two pairs of wings are similar in form and nearly equal in 
size: in many species they are conspicuously spotted or banded. These 
organs are totally absent in the Californian Apterobittaclts: in the males 
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of the Boreidce (Fig. 388) they are represented by two pairs of slender 
bristle-like vestiges, and in the females there is a single pair of scale-like 
lobes on the mesothorax. In the Nannochoristince and Choristince there is 
a definite wing-coupling apparatus with a well-developed frenulum (vide 
p. 3r). Microtrichia are generally present, and macrotrichia occur on the 
veins and their branches, 
but not on the cross-veins: 
the latter type of setce is 
also often present on the 
wing-membrane. The vena
tion is extremely archaic, the 
principal veins and their 
primary branches (excepting 
those of CUI) frequently be
ing present (Fig. 389)' The 
wing trachece, on the other 
hand, are highly specialized 
by reduction. The primary 
dichotomies of the veins 
usually occur fairly close to 

FIG. 388.-BoREUS nYE.IIALIS, MALE X 15. 

AfteT Withycombe. 

the bases of the wings, and cross-veins are numerous, but without definite 
arrangement. In their venational features the two pairs of wings are also 
very alike, the principal difference being the basal fusion of CU2 and rA in 
the hind-wing. A marked deviation from the primitive type is exhibited 

FIG. 389.-WINGS OF PANORPA. 

After Comstock, Wings of Insects. 

in Nannochorista in which R2 + 3 is unforked and M + CUI are fused for 
about half their length. 

The abdomen is composed of ro segments and, in the male of Panorpa, 
the hind margin of the 9th sternum is prolonged into a deeply cleft pro
cess, the two arms of which are styliform. The 9th tergum is prolonged 
into a subquadrate plate. Between the dorsal al).d ventral proce,sses 
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thus fom1ed there is a pair of laterally inserted 2-jointed claspers. The 
loth segment is very inconspicuous, and bears a pair of short I-jointed 
cerci. Between the basal joints of the claspers is the longitudinally cleft 
redeagus. In the female the 7th to loth segments are cylindrical, and 
each is telescoped into the preceding segment: at the apex of the abdo
men is a pair of 2-jointed cerci. 

Internal Anatomy.-The internal anatomy (vide Miyake, 1913) has 
only been very partially investigated. In Panorpa the alimentary canal 
is a tolerably straight tube, the only convolution present occurring in 
the hind-intestine. The cesophagus is curiously dilated at two points 
along its course to form what appears to be a kind of muscular pumping
apparatus. A short distance further backward there is an elliptical cham
ber which is regarded as the proventriculus: the latter is provided with 
longitudinal and circular muscles, and its inner lining is beset with numerous 
long setre. The mid-intestine is an elongate tube of large calibre, and the 
commencement of the hind-intestine is marked by the insertions of 6 
Malpighian tubes. A pair of tubular salivary glands is also present. 
The nervous system consists of the usual cephali'c centres, 3 thoracic and 
6 abdominal ganglia: the first of the latter is located in the meta
thorax, and the remaining abdominal ganglia lie in the 3rd to 7th 
segments respectively. The respiratory system is well developed: there are 
two pairs of thoracic and six to eight pairs of abdominal spiracles. The 
reproductive system in the male consists of a pair of testes, each composed 
of three follicles arranged side by side around a longitudinal axis: the 
vasa efferentia are densely convoluted, forming a kind of epidydimis at 
the posterior end of the testis. The two vasa deferentia open separately 
into a large median vesicula seminalis which also receives a pair of accessory 
glands. Each ovary consists of 10-25 polytrophic ·ovarioles, the number 
varying according to the species. The two oviducts unite to form a commen 
canal which opens into a kind of genital pQuch: the latter alsQ .~eceives 
the opening of the duct leading from a small pyriform sac (spermatheca?) 
and that of the duct of a pair of colleterial glands. The genital pouch 
communicates with the exterior on the 9th abdominal segment. . • 

Life-history and Metamorphosis.-The eggs o! several species have 
·been obtained by confining the adults in vessels containing damp soil. 
In the European and American species of Panorpa they are laid in small 
batches in crevices in the soil: in the Japanese P. klzJgi Miyake mentions 
nearly 100 eggs being deposited in a group. In form they are ovoid in 
Panorpa and more or less cuboidal in Bittacus. The life-history of Panorpa 
was first observed by Brauer (1863); Felt (1895) describes the larva of 
P. rufescens, but the most complete a~count is that of Miyake (1912) which 
refers to P. klugi (Fig. 390). The first-stage larva is yellowish-grey with the 
head testaceous. It is eruciform and bears a close resemblance to a cater
pillar. The head is rath.er large with. prominent 4-jointed antennre and 
it bears a group of about 20-28 simple eyes on either side. The mandibles 
are sharply toothed, and the maxillre are divided in lobes apparently cor
responding with a galea and lacinia: the maxillary palpi are 4-jointed. 
The labium is small and its palpi 3-jointed. The thorax bears 3 pairs 
of legs, each composed of 4 joints: the abdomen is Io-segmented and 
the first 8 somites each carry a pair of abdominal feet. A median 
dorsal chitinized shield is present on all the body segments. The first 
9 abdominal shields each carry a pair of annulated processes, the last 
two pairs being considerably the larger: the loth segment bears a single 
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median process of a similar character together with a curious retractile 
lobed vesicle on its ventral side. Nine pairs of spiracles are present: 
they are located on the prothorax and first 8 abdominal segments. 
AfteJ.1 the first ecdysis the annulated processes practically disappear except 
those of the last three segments. The number of ecdyses that occur has 
not been observed: Felt, from head-measurements, recognized seven 
stages in Panorpa rzeJescens. Pupation takes place in an earthen cavity 
below ground: the pupa is of the usual exarate type and is capable of 
movement when disturbed: according to Miyake it works its way to the 

FIG. 390.-PANORPA. LARVA IN LAST INSTAR X 5. 
Adapted from JIIjyake. 

surface prior to the emergence of the imago. The European species prob
ably pass through a s.ingle generation in the year. The larva of Boreus 
is strongly curved: the thoracic legs are well developed but there are no 
abdominal feet. It lives among moss and, when about to pupate, con
structs a vertical tube leading near to the surface. 

Classification.-The order has been recently monographed by Esben
Petersen (I92I), whose family divisions are adopted below. 

I (z).-Tarsi single-clawed and modified for raptorial use. Bittacus, 
A pteroMttacus. BITTACIDlE 

2 (r).-Tarsal claws paired and not modified for raptorial use. 
3 (4)·-Wings vestigeal. Boreus. BOREIDlE 
4 (3) .-Wings well developed. Panorpa, Chorista, Tamiochorista, N anno-

chorista. PANORPlDlE 

In addition to the above, the two small families Notiothaumida! and Meropida! 
are represented each by a single genus and species from Chili and the United States 
respectively. They differ from the Panorpid<e in -the shorter and broader wings which 
exhibit a more reticulated venation. 
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Order 17. TRICHOPTERA (Phryganeidre: Caddis Flies) 

SMALL TO MODERATE-SIZED MOTH-LIKE INSECTS WITH SETA~EOUS AN

TENN£. MANDIBLES VESTIGIAL OR ABSENT: MAXILL£ SINGLE-LOBED 

WITH ELONGATE PAL PI : LABIUM WITH A MEDIAN GLOSSA AND WELL

DEVELOPED PALPI. WINGS MEMBRANOUS, MORE OR LESS DENSELY HAIRY 

AND HELD ROOF-LIKE OVER THE BACK IN REPOSE. FORE-WINGS ELONGATE, 

HIND-WINGS BROADER WITH A FOLDING ANAL AREA: VENATION GENERALIZED: 

CROSS-VEINS FEW. TARSI 5-JOINTED. LARV£ AQUATIC, MORE OR LESS 

ERUCIFORM AND USUALLY LIVING IN CASES: BOl?Y TERMINATED BY HOOKED 

CAUDAL APPENDAGES. PUPM EXARATE WITH STRONG MANDIBLES: WING 

TRACHEATION REDUCED. 

The Trichoptera are weakly flying insects of moth-like appearance 

FIG. 39I.-HYDROPrILA ANGUSTELLA. X 5. 
After MacLachlan. 

found in the vicinity of water (Figs. 
391, 392). They are unfamiliaT to the 
general student, whose acquaintance 
with the order is usually restricted to 
the case-bearing larva! which frequent 
ponds and streams. The imagines are 
mostly obsGurely coloured, being gener
ally some ·shade .... of. erown, often with 
darker markings. They are not ojte.n 
seen on the wing unless disturbed, and 
they rest on herbage, trees, or stones: 
their flight is of short and uncertain 
duration. Many species are nocturnal: . 
some are attractetl to a light, others to 
the moth-collector's saccharine mix
ture, and a few visit flowers. Th~y 
have seldom been observed in the act of 
feeding: the mouth-parts are adapted 
for licking fluid nourishment, but prob
ably a number of species take no food 

FIG. 
at all. In their general affinities they 

392. - HALES US GU1'TATIPE,VNIS X 
circa 2. are very closely allied to the Lepi-

After MacLachlan. doptera-Homoneura and are only 
separable from the latter upon com

paratively slight characters. In the Trichoptera, however, a thyridium 
is generally present on each wing, M4 is separate from CUla in the fore-wing 
and broad scales are universally wanting. About 700 species of the order 
are known and, of these, rather more than 170 inhabit the British Isles. 
The principal work on the European forms is that of MacLachlan (1870-80), 
who has also monographed the British species (1865). The best modern 
introduction to the order is by Ulmer (1909). 

Anatomy (Fig. 393l.-The antenna! are multi-articulate and setaceous, 
frequently several times the length of the wings: when in repose they are 

392 
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held closely porrected in front of the head. The compound eyes are usually 
small, but occasionally they occupy nearly the whole of the head in the male. 
Ocelli are either three in number or wanting. The structure of the mouth
parts needs comparative study among representative genera. The clypeus is 
narrow and transverse, while the labrum is generally somewhat elongated. 
The mandibles are atrophied, or vestigial, in many genera such as Phryganea, 
Limnophilus, Anabolia, etc. (vide Lucas, 1893), but are better developed 
in certain others. The maxilla'! are small and closely associated with the 
labiunf: they are ordinarily provided with a single lobe or mala, the palpi 
are elongated and s-jointed in the females, but in the males the joints 
are more variable. The labium consists of a well-developed mentum, a 
median glossa, and 3-jointed palpi. There is a prominent hypopharynx 
which receives the aperture of the salivary glands, In the Australian 
Plectrotarsus the lab
rum and labium are 
grea tly elongated, 
forming a kind of 
rostrum, and the two 
pairs of palpi are 
carried forwards. 
According to Cum
mings (1913) in Dip
seudopsis each maxil
lary lobe is in the 
form of a pendulous, 
annulated half-tube 
recalling the con
di tion found in 
certain archaic Lepi
doptera in which the 
two elements of the 
proboscis are not 
co-adapted. 

The pro thorax is 
small and ring-like; 
the meso thorax is 
the largest segment 
and the metathorax 
is somewhat shorter. 

FIG. 393.-LIMNOPHILUS. I. HEAD. FRONTAL VIEW. 2. MAX-
ILLiE AND LABIUM (INNER ASPECT). 3. MAXILLA. 4 
LABIUM. 5. TARSUS AND APEX OF TIBIA OF 3rd LEG. 

A, base of antenna; B, labrum; C, clypeus; F, galea; H, base of maxil1ary 
paIp; L, prementum; 1\1, mentum; S, glossa. After Silvestri. 

The legs are long and slender with large, strong coxre: a meron is present 
in relation to the two hind pairs of coxre, but is less completely developed 
than in most 1epjdoptera. The tibire are often furnished with spines and 
movable spurs, the tarsi are s-jointed, and between the claws there is either 
a pair of pulvilli or a cushion-like empodium. The wings are almost always 
fully developed, but the females of Enoicyla and Philopotomus distinctus are 
practicallyapterous. In Anomalopteryx (male) and Thamastes (both sexes) 
the hind-wings are reduced to scale-like rudiments. The extremely hairy 
nature of the wings, which is especially characteristic of the order, is due 
to the presence of macrotrichia both on the veins and wing-membrane. 
Certain genera, however, exhibit a tendency to a reduction of this clothing, 
and in some forms there is an almost general absence of hairs. Scat
tered scales of a primitive type are found on the wings of certain Trichop
tera, but are narrow and acuminate, with few strire, and do not assume 
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the broadened form so characteristic of Lepidoptera. The fore-wings 
are denser than the hind-wings, and are often slightly more coriaceous. 
The wing-coupling apparatus is exhibited in a primitive condition in Rhyaco
phila in which there is a jugal lobe on the fore-wing resting on the costa 
of the hind-wing. There are neither jugal bristles nor frenulum, and the 
humeral lobe is suppressed or vestigial. In the majority of genera the 
jugal lobe is rudimentary or wanting, and an amplexiform type of coupling 
apparatus is developed. This is brought about ·by a fold along the whole 
length of the anal area of the fore-wing engaging the costa of the hind
wing. In some forms a row of costal hooks along the hind-wing grapple 
the anal margin of the fore-wing, and thus securely interlock the two wings 
of the side. The venation, as exemplified by Rhyacophia jltscula, is of an 
extremely generalized type (Fig. 394) and closely resembles that of the most 
primitive Lepidoptera. Almost all the veins are longitudinal, not more 

FIG.' 394.-RIlYACOPHILA FUSOULA, VENATION. 

After Comstock, with legend slightly altered. 

than two veinlets in the costal series are retained, and. the cross-veins 
are reduced in number. Unlike the Lepidoptera, M4 of the fore-wing is 
not fused with CUIa' Between the R4 and Rs of both pairs of wings 
there is, ordinarily, a semi-transparent whitish spot generally devoid of 
hairs and known as the thyridium. It is possibly due to the presence 
of a gland or sensory organ and is wanting in Lepidoptera. The usual 
number of abdominal segments is 9. The genitalia in the male (vide 
Zander, 1901) consist of a pair of claspers and two lobes (parameres?) of 
the aedeagus : in the female the terminal segments are sometimes retractile 
and tubular, thus functioning as an ovipositor. 

In the males of species of Hydroptila there is an elaborate apparatus 
of scent-brushes and scent-scales situated at the hinder region of the head 
and attached to tubes or membranes which are capable of being everted, 
presumably by means of blood pressure. When not in use these organs 
are withdrawn into the head (vide E~tringham, 1919). 
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The intern;].l anatomy of Trichoptera has been very little investigated 
and only fragmentary accounts exist. The alimentary canal is relatively 
short with a small stomach, a tubular and slightly coiled intestine, and 
an expanded rectal chamber: six Malpighian tubes are present. The 
nervous system, in addition to the usual cephalic centres, consists of 3 
thoracic and 7 abdominal ganglia. The testes are simple ovoid sacs and 
the ovaries consist of numerous polytrophic ovarioles (vide Stitz, Zool. 
Jahrb. Anat., 20, 1904). . 

Biology and Metamorphoses.-The early stages of Trichoptera, 
almost without exception, are passed in fresh water. One or two species 
develop in brackish or salt water, while the larva of Enoicyla is terrestrial, 
living among moss at the bases of trees in woods. The eggs of caddis flies 
are laid in water, on aquatic vegetation, on overhanging trees or occasion
ally far from water (MacLachlan). They are deposited in masses covered 
by a mucilage which rapidly swells when wetted. The larVa! are the familiar 
objects known as " caddis worms" and those of the greater number of 
species form cases or shelters within 
which they reside. These structures are 
composed of a basis of silk to which vari
ous foreign materials are added. They 
are commonly tubular in form with an 
opening at either end. The anterior 
aperture is wide and through it the head 
and legs of the contained insect can be 
protruded. The posterior aperture is 
usually smaller and is frequently pro
tected by a perforated silken plate. As 
a rule the larva performs undulatory 
movements with the abdomen which 
maintain a current of water in contact 
with the body, flowing out through the 
posterior opening of the case. At its I 
hinder extremity the larva is provided FIG. 395·-CASES OF TRICHOPTERA, 

k · MAGNIFIED. with a pair of grappling hoo s and It 
, A, Hydroptila maclachlani, case with larva-

is by means of these organs that it is after Klapalek. B, Odontocerum, larval case. 
able to -):naintain a firm hold of its case, ~heft~?ganea, larva case. D, Hydropsycke, pupal 

dragging the latter along with it while 
it crawls about. The variety of cases made by caddis larva! is very great 
(vide Fig. 395) and their form and the materials used in their construction 
are in some cases characteristic of particular species, in others of genera 
or families. Almost all kinds of material which can be found in the water 
are utilized by one or other of the species. Leaves, pieces of leaves or 
stalks, straws, pieces of stick, etc., are often employed while other species 
select seeds, sand, particles of gravel or the shells of small molluscs. In 
addition to the case-bearing forms certain other Trichopterous larVa! come 
under a different category and are, furthermore, structurally different 
in themselves. In these instances either no habitation is formed at all 
(ex. Rhyacophila) or a silken retreat is formed which is fixed and not por
table. These retreats are often common to several larVa! and may be 
coated with mud or particles of gravel. Species of Hydropsyche, Philopo
tamus, Plectronemia, etc., which are carnivorous in habit,. obtain their 
food by constructing nets or snares in the water around the mouths of their 
habitations (vide Wesenberg-Lund, 19II; Noyes, 1914). Such nets are 
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composed of strong silken threads which are supported on some available 
framework such as fragments of leaves or twigs. Water flows freely through 
the net, but the latter holds back the organisms which serve as food for the 

caddis larvre. 
A typical Trichopterous larva has a well-developed 

chitinized head and very short antennre (Fig. 396). 
Biting mandibles are present and the maxillre are 
single-lobed with short 4- or 5-jointed palpi. The 
labium bears a small terminal median lobe and very 
much abbreviated palpi. The thoracic terga vary with 
regard to their degree of chitinization and, in case
bearing larvre, one or more of the segments bear 
chitinized dorsal plates. The legs are long and well 
developed with I-jointed tarsi, each being terminated 
by a single claw. The abdomen is typically Io-seg
mented and generally covered with a membranous 
cuticle. The first segment, in many species, carries 
three prominent retractile' papillre, one being dorsal 
and the remaining two lateral in position. They serve 
to maintain the insect in position in its case and 

FIG. 396.-A TYPICAL thereby allow of an even flow of water through the 
TRICHOPTEROUS 
LARVA (ANABOUA). latter. The anal segment in all larVa! bears a pair of 
Reproduced by permission short and sometimes jointed appendages: each is ter-

~uts~~~ustees of the British minated by a strong grappling hook and long flexible 
setre. The larVa! are apneustic and live submerged, 

breathing, in most cases, by means of filamentous tracheal gills. The 
latter are arranged in segmental groups whiGh are commonly disposed in 
dorsal, lateral, and ventral "'"' -, 
series along either side of 
the abdomen. Gills are 
wanting in newly hatched 
larvre and are not acquired 
until the first or second in
star. More rarely gills are 
absent throughout life and 
respiration is cutaneous: in 
some genera a tuft of anal 
blood gills is present. Most 
case-bearing larvre bear a 
delicate longitudinal cuti
cular fold on either side of the 
abdomen: it is beset with 
fine hairs and is known as 
the lateral line. 

Trichopterous larvre are 
divisible into two general 
types. In the first type 
(eruciform larva of Ulmer) 
the head is inclined at a 
marked angle with the rest 

FIG. 397.-A TRICHOPTEROUS PUPA. 

Reproduced by permission of the Trustees of the British Museum. 

of the body. Such larVa! are cylindrical in form and construct portable 
cases. Papilla! are developed on the first abdominal segment and the 
lateral line and tracheal gills are present. In the second type of larva 
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(campodeoid larva of Ulmer) the body is compressed and the head not 
inclined at an angle. These larvre seldom construct transportable cases 
and both the lateral line and abdominal papillre are wanting: tracheal gills 
are seldom present. 

The digestive system in Trichopterous larvre forms a straight tube from 
the mouth to the anus (vide Betton, r902; Russ, r908). The a!sophagus 
leads into a muscular crop which is followed by the stomach: the latter 
is the most extensive region of the gut and extends from the metathorax 
into the 6th abdominal segment. The hind intestine is extremely short 
and is divided into two successive, more or less globular chambers: six 
Malpighian tubes are present. There are two pairs of salivary glands 
belonging to the mandibular and maxil
lary segments respectively (vide Lucas, 
r893): a pair of silk glands open on to 
the labium and these alone persist in the 
imago, becoming modified during pupa
tion into salivary glands. According to 
Gilson (r894) the silk glands and associ· 
ated structures closely resemble those of 
Lepidopterous larvre and the silk is pro
duced in a similar manner. Metameric 
thoracic glands, known as Gilson's 
glands, occur in many larvre (vide Hen
seval, r896). In Phryganea they take 
the form of a pair of branched tubes in 
each segment of the thorax: the ducts of 
a pair unite and open by means of a 
cannula-like papilla on the mid-ventral 
line of their segment (Fig. 398). In 
Limnophilus there is a single pair of 
unbranched glands in the prothorax, 
those of the other segments being want
ing. The thoracic glands have been 
variously homologized with coxal glands 
and with nephridia: functionally they 
are regarded as being accessory organs 
of excretion. The nervous system is FIG. 398.-THORACIC GLANDS (G'-G') 

very simple: there are 3 thoracic ganglia OF THE LARVA OF PHRYGANEA 
GRANDIS. 

and '6 to 8 ganglia are mentioned as . f . 1 sg, silk gland; m, muscles; ee, <Esophagus; md, beIng ound in the abdomIna nerve mandibles. After Gilson, Journ. Linn. SOf. 25. 

cord. 
Two distinct types of pupal shelter are prevalent. Before pupation 

a case-bearing larva shortens its habitation when necessary and fixes it 
to some object in the water. A silken wall is constructed across either 
end and these partitions are sometimes strengthened by the addition of 
minute stones or plant fragments. Due provision is always made for the 
ingress and egress of the water. The pupa lies free within the case, p.o 
cocoon being formed. Most caseless larvre (Rhyacophila, etc.) construct 
special pupal shelters which take the form of oval cavern-like structures 
constructed of small stones, sand or Qther particles. The pupre in these 
instances are enclosed in brownish cocoons. 

A Trichopterous pupa breathes by means of the persistent larval gill3 
or through the general body surface. It is provided with strong mandibles 
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which are used for biting through the case to allow of the pupa reaching 
the atmosphere prior to the emergence of the imago. The antennre, wings, 
and legs are quite free from the body, and the abdomen is armed with 
dorsal crochets or spines which enable the pupa to work its way out of its 
habitation. When the time for the emergence of the imago approaches, 
the pupa makes an upward passage through the water either by crawling 
or by swimming. In the former method the legs are clawed and the pupa 
is enabled to cling to vegetation or other objects. In the case of swimming 
pupre a degree of mobility is exhibited which is not attained by the pupre 
of any other insects. The middle pair of legs form oars and are provided 
with hair fringes adapting them to that usage. In some species the pupre 
are able to swim freely about at the surface until they find suitable objects 
to crawl out upon: with the inhabitants of swift streams the imago emerges 
almost as soon as the pupa reaches the surface. 

Certain of the .more important features in the biology of the different 
families may be summarized as follows :-

A. Larvre of the first type (eruciform) 

PHRYGANEIDJE.-Larvre mostly in standing water. Cases long and 
cylindrical, formed of fragments of leaves or fibres arranged in a spiral 
manner, and open at both ends. 

MOLANNIDJE.-Larvre in ponds, lakes, or streams, living in shield
like or conical cases composed of sand particles. 

LEl'TOCERIDJE.-Larvre in standing or running water, living in straight 
or slightly curved cylindrical cases of fine sand, vegetable debris, etc. 

ODONTOCERIDJE.-Larvre in mountain streams, living in slightly curved 
cylindrical cases of sand. Hind extremity of case..-closed by a blackish 
membrane with a central slit: before pupation the mouth is closed.~ a 
single ston-e. 

LIMNOPHILIDJE.-Larvre of varied habits', living in both standing and 
running water. Cases of sand, sticks, leaves, or shells, or of a mixture of 
several materials. 

SERICOSTOMATIDJE.-Larvre chiefly in running water: in cases of 'sand 
or stones. 

B. Larvre of the second type (campodeoid) 

RHYACOPHILIDJE.-Larvre in swiftly flowing water: those of Rhyacophila 
live free beneath stones and are often provided with tracheal gills. In 
Glossosoma gills are wanting and the larv.re live in transportable cases of 
small stones. The pupre in this family are enclosed in cocoons protected 
by a shelter composed of gravel or sand particles. 

HYDROPTILIDJE.-Larvre devoid of tracheal gills and living in standing 
or flowing water. Their cases are transportable, usually more or less 
seed-like, sometimes with sand or plant particles attached. 

PHILOPOTAMIDJE, POLYCENTROPIDJE, PSYCHOMYIDJE, HYDROPSYCHIDJE.
In these families the larvre live in silken non-portable retreats. Tracheal 
gills are wanting, but anal blood gills are commonly present. Certain of 
these larvre are carnivorous and construct silken snares to secure their 
prey. The pupre are protected by cavern-like shelters composed of gravel 
or sand particles. 

Among the chief writings on the metamorphoses of Trichoptera are 
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papers by Klapalek (1889-93), Ulmer (1903), Thienemann (1905), Siltala 
(1907), Lubben (1908), and Lestage (1921). The tables given by Ulmer 
(1909) for the identification of the larvre and pupre are particularly 
helpful. 

Classification.-The following key to the families is adapted from 
Ulmer (19°9): the small family Calamoceratidre is not included and is 
unrepresented in the British Isles. 

I (2).-Minute species with long wing fringes: anterior wings 
closely covered with projecting clubbed hairs. 
Antenna! not longer than fore-wings: maxillary 
palpi 5-jointed in both sexes. 

2 (I).-Seldom minute species with the wing fringes shorter 
than width of wing: anterior wings without or with 
solitary thickened projecting hairs. Antenna! usually 
longer than fore-wings: maxillary palpi variable. 

3 (24)·-Maxillary palpi 5-jointed. 
4 (II).-Last joint of maxillary palpi ringed, flexible, usually 

much longer than the rest. 
5 (6).-Ocelli present. . 
6 (5).-Ocelli absent. 
7 (8).-Anterior tibia! with 3 spurs. 
8 (7).-Anterior tibia! with 2 spurs. 
9 (Io).-R2+3 forked in both wings. 

10 (9).-R2+3 fused in both wings. 
II (4) .-Last joint of maxillary palpi not ringed, rarely. flexible, 

sub-equal to other joints. 
12 (I7).-Ocelli present. ' 
13 (q).-Anterior tibia! with I or no spur: middle tibhe with 2 

or 3 spurs. 
14 (I3).-Anterior tibia! with 2 or 3 spurs: middle tibia! with 4 

spurs. 
IS (I6).-Two basal joints of maxillary palpi short and thick, 

third joint much longer and thinner. 
16 (I5).-Second joint of maxillary palpi much larger than first. 

17 (I2).-Ocelli absent. 
18 (I9).-Discoidal cell absent in both wings. 
19 (I8).-Discoidal cell present in fore-wing. 
20 (2I).-Only upper branch of Rs forked. 
21 (20).-Both branches of Rs forked. 
22 (23).-Cross-vein between Rl and R2 in fore-wing: antennre 

much longer than fore-wing. 
23 (zz).-No cross-vein as in 22: antennre not much longer than 

fore-wing. 
24 (3) .~Maxillary palpi with less than 5 joints. 
25 (26).-Maxillary palpi 4-jointed: ocelli present. 

26 (25).-Maxillary palpi 2- .or 3-jointed. 
27 (28).-Maxillary palpi scarcely pubescent: ocelli present: 

anterior tibia! at most with one spur. 
28 (27) .-Maxillary palpi very pubescent: ocelli absent: anterior 

tibi;e. with 2 spurs. 
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Order 18. LEPIDOPTERA (Butterflies and Moths) 

I NSECTS WITH TWO PAIRS OF MEMBRANOUS WINGS; CROSS-VEINS FEW 

IN NUMBER. THE BODY, WINGS, AND APPENDAGES CLOTHED WITH 

BROAD SCALES. MANDIBLES ALMOST ALWAYS VESTIGIAL OR ABSENT, 

AND THE PRINCIPAL MOUTH-PARTS GENERALLY REPRESENTED BY A SUCTORIAL 

PROBOSCIS FORMED BY THE MAXILLJE. METAMORPHOSIS COMPLETE. LARVJE 

ERUCIFORM, PERIPNEUSTIC, FREQUENTLY WITH EIGHT PAIRS OF LIMBS. 

PUP.E USUALLY MORE OR LESS OBTECT, AND GENERALLY ENCLOSED IN A 

COCOON OR AN EARTHEN CELL: WING TRACHEATION COMPLETE. 

Lepidoptera are the most familiar and easily recognizable of all insects, 
and it is in this order that coloration has reached the highest degree of 
specialization. These insects have always been popular objects for study, 
and probably not far below 80,000 species have been described. Staudinger 
and Rebel (1901) enumerated over 9,500 palrearctic species which are repre
sented by more than 2,000 in the British Isles. 

On the whole the imagines exhibit a remarkable constancy as regards 
their fundamental structure, and this uniformity has led to great difficulties 
in evolving a division of the order into major groups for classificatory 
purposes. On the other hand, the more superficial or adaptive characters 
exhibit almost endless variation in the larvre. As might be anticipated 
from this structural similarity, the habits of these insects are remarkably 
uniform. The imagines live entirely upon the juices of flowers, over
ripe fruit, honey-dew and other liquid substances: in a considerable n,umber 
of species the mouth-parts have atrophied. The larvre possess masticatory 
mouth-parts and differ from those of other orders in feeding, with but 
few exceptions, entirely upon phanerogamic plants. 

Economically Lepidoptera are of a great importance in the larval 
stage. The majority of injurious species devour the foliage and shoots 
of trees and crops; a smaller number bore into the stems or attack under
ground parts, and several species are injurious to timber; others attack 
manufactured goods such as carpets, clothing and their like, while a few 
are extremely destructive to stored products, including grain, flour, etc. 
Several predaceous species are enemies of Tachardia lacca, and are thereby 
injurious to lac cultivafion, and one or two species live in bee-hives, des
troying and fouling the combs. The Saturniidre and Bombyx mori, on 
the other hand, confer a direct benefit upon man from the fact that they 
yield silk of commercial value. 

Among the more recent general works on the order are those of Seitz 
(1906 et seq.) on the larger Lepidoptera of the world, and Spuler (1901-10) 
on the European forms. The world's species are listed in the catalogue 
edited by Wagner (I9II, etc.) and those of the palrearctic region by Staudinger 
and Rebel (1901). The leading treatises on the British species are those of 
Meyrick (1895), Barrett (1893-19°7) and Tutt (189°-19°9). The work 
of the last-mentioned author contains a great deal of biological informa
tion but was not cOI).1pleted. Works on the Papilionina are particularly 
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numerous: the species of Europe have been monographed by Lang (1881-4) 
and other writers; those of North America by Edwards (1868-97) ?-nd 
Scudder (1888-9), both works also containing much general information. 
Among others, the" Biologia Centrali Americana," volumes by Bingham 
and by Moore on the orien~al species, by Distant on those of Malaysia, 
and Trimen on those of S. Africa, are important. 

The Egg 
The eggs of Lepidoptera (vide Tutt, 1899) are roughly divisible into 

two forms: (I) ovoid or flattened, with the long axis horizontal: in 
this type the shell is usually only ornamented with rough pitting:> and 
rarely with longitudinal ribs; (2) upright and either fusiform, spherical 
or hemispherical, with the axes either equal, or the vertical axis the longest. 
The ornamentation is usually more complex and often exhibits a cell-like 
structure divided by longitudinal ribs. 

The micropyle is usually placed in a slight depression at one extremity 
of the horizontal axis of an ovoid type of egg, crnd at the summit in the 
upright form. It consists of a number of minute radiating microscopic 
canals' by means of which the spermatozoa gain access into the interior of 
the egg. 

The average number of eggs laid by many species is high, sometimes 
exceeding 1,000 (Agrotis fimbria, Zellzera pyrina) , and they are deposited 
in a great variety of ways and positions. Certain Hepialids, and also 
Char.eas graminis, drop their eggs at random among the herbage on which 
the larv~ feed. Others, such as M alacosoma neustria and A nisojJteryx 
cescularia, deposit them in orderly necklace-like rings around the twigs of 
their respective food-plants. Certain Geometrid~ lay· them in imbricate 
groups, while the Adelids are provided with a complex cutting appar,a,t.Qs 
with which they excise pockets in a leaf. 1'he duration of the egg s!age 
is subject to great variation: in Acidalia virgularia it may be as-shoft 
as two days, but for species which hatch out during the year of deposition 
10-30 days may be taken as the usual developmental period. A number-' 
of species hibernate in this stage, which is then oft~n of longer duration 
than the combined larval, pupal, and imaginal periods. 

The Larva 
Lepidopterous larv~ have a well-developed head, 3 thoracic and 10 

evident abdominal segments. Nine pairs of spiracles, borne respectively 
on the pro thoracic and first 8 abdominal segments, are present. In the 
head (Figs. 399, 400) the median epicranial suture is well developed and 
the frons is usually separated therefrom by a pair of narrow oblique plates 
or ad/rontals. Both clypeus and labrum are evident and the typical num
ber of ocelli is 6 which are situated just behind, and a little above, the 
bases of the short 3-jointed antenn~. The mandibles are powerful and 
adapted for mastication; in sap-feeding larv~, however, they are con
cerned with the laceration of tissues and may even be wanting (Phylloc
nistis). The maxilla consists of a cardo and stipes; there is usually a single 
maxillary lobe' and the palpi are 2-' or 3-jointed organs. The ventral region 
of the head, between the proximal portions of the maxill~, is occupied by 
the labium. The mentum is relatively very large and lightly chitinized ; 
the submentum is usually divided into a pair of triangular sclerites. Dist-



THE LARVA 

ally, the prementum carries a median process or spinneret. 
usually each consist of a principal cylindrical joint and 
joint. On the oral surface of the labium is a 

The labial palpi 
a minute apical 

median pad or hypopharynx. Paired lobes, 
which have been interpreted as superlinguce, 
overlie. the sides of the hypopharynx and have 
been recognized in Mnemonica by Busck and 
Boving. (1914), and by De Gryse (1915) and 
Heinrich (1918) in other lepidopterous larvce. 

The thorax carries a pair of legs on each seg
ment; these are 5-jointed and the terminal joint 
or tarsus is provided with a single curved claw. 
The abdomen commonly bears five pairs of so
called" prolegs " which are present on segments 
3 to 6 and on 10: the first 4 pairs may be 
termed the abdominal feet and remaining pair 
the claspers. A typical abdominal leg is a fleshy, 

FIG. 399.-MACROTHYLACIA 

RUBI, FRONTAL VIEW OF 
HEAD OF FULLY-GROWN 

LARVA. 

more or less conical, retractile proj ection whose a, antenna; ad, adfrontal sclerites; 

l · d Th I . c, clypeus; ep, epicranial plate; j, apex or p anta IS rounde or flat. e atter IS frons; I, labrum; m, mandible. 

provided with a series of hooks or crochets 
which aid the larvce in locomotion, and to the 
attached a muscle by means of which it can 

centre of the plant a is 
be completely inverted. 

8 

~~ 
~ 

/ 

FIG. 40o.-Bo,lIBYX .MORl,-STRUCTURAL DETAILS OF LARVA IN 1St INSTAR (BIVOLTINE JAP
ANESE RACE). I, PORTION OF EPICRANIUM WITH OCELLI. 2, 3, DIFFERENT ASPECTS 

OF ANTENNA. 4, DISTAL PORTION OF ANTENNA MORE HIGHLY MAGNIFIED. 5, LABRUM 
(DORSAL). 6, LABRUM (VENTRAL). 7, MANDIBLE (DORSAL). 8, MANDIBLE (VENTRAL). 

9, MAXILLlE AND LABIUM (VENTRAL). 10, MAXILLA (DORSAL). 

C, cardo; LI, prementum; LM, maxillary lobe; M I, mentum; N, palpiger; P, maxillary palp j PL, labial 
paIp; Q, submental sclerites j S, stipes; SP, spinneret. After Grandi, Boll. Lab. Zaol. Portici, 1922. 

The arrangement of the crochets is diverse and the variations present 
afford important classificatory characters (Fig. 401). 
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In the detailed studies of Fracker (1915) the following terminology is adopted 
with reference to the arrangement of the crochets. In the most generalized forms 
the planta bears a complete circle of well-developed hooks, surrounded by several 
circles of smaller ones. This arrangement is a multiserial circle and is found in the 
Hepialidm, Hyponomeuta, etc. When the crochets are absent from the mesial and 
lateral parts of the circle, as in Adela, two transverse multiserial bands are formed. 
When the outer circles of smaller crochets disappear we get a uniserial circle. The 
latter occasionally has crochets of uniform length (uniordinal) , but more usually they 
are of two lengths alternating (biordinal). When a portion of a uniserial circle is 
wanting, and the remainder is more than a semicircle in extent, we get a penellipse 
as in the Psychidre; the gap, moreover, is variable in position. Frequently more 
than half the circle may be absent, and a mososeries results, as in nearly all the higher 
Lepidoptera excepting the Hesperiadre. 

Departures from the usual number of abdominal limbs are the rule in 
certain families. Thus in the Geometridre they are generally present 

e 

a. 

c 

·FIG. 40 I.-ARRANGEMENT OF CROCHETS. 

only on the 6th and roth 
segments. In the early 
instars of many Nocture 
the abdominal feet on the 
3rd and 4th segments are 
rudimentary, and the 
method of progression re
sembles that of Geometrid 
larvre: the limbs of those 
segments generally attain 
their full developmen t in 
a later instar. In the 
Plusiinre and several other 
sub-families, howe v e r, 
tReY' are permanently' 
absent and the 'looping 
habit is main t ain ed 
throughout life. - Larvre
of the Micropteryx are 
e:lfceptional in possessing 

a, multi serial circle; b, transverse multiserial bands; c, transverse 8 pairs of abdominal 
uniserial bands; d, biordinal uniserial circle; e, penellipse; I, biordinal 
mesoseries. Adapted from Fracker, 1915. limbs. At the opposite 

mining larvre, including those 
totally apodous. 

extreme are certain leaf
of Phyllocnistis and Eriocrania; which are 

The armature of the body consists of simple hairs or setre, tubercles 
of various types, and verrucce: the latter are somewhat elevated por
tions of the cuticle bearing tufts of setre. More rarely the body-wall is 
produced into spinous processes or scali as in the Satumiidre, or into a 
median dorsal horn as in the Sphingidre: other modifications are dealt 
with under the respective families. The setre are arranged. in a definite 
manner, and have been extensively studied by Dyar (r894) and Fracker 
(I9I5). According to the latter author, the setre arrangement of the body 
segments has been derived from a common ancestral type which included 
I2 primary setre to each segment. These primary setre are usually retained 
in the first instar, but undergo subsequent modifications which afford 
important taxonomic characters. 

Repugnatorial glands are a common feature and there is an extensive 
literature on the subject. In the Papilionidre there occur very characteristic 
organs known as osmeteria. An osmeterium consists of a bifurcate pro-
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trusible sac which is thrust out through a slit in the Ist thoracic segment. 
I t exhales a distinct odour varying according to the species and in some 
cases is extremely disagreeable. In many larvre, including those of the 
Nymphalidre, ~ertain Noctuidre and Notodontidre a ventral defensive 
gland is present in the form of an internal sac opening on to the prothoracic 
sternum, and is capable of discharging a jet of spray. In the Lymantriidre 
a pair of eversible glands is present on the dorsum of the 6th and 7th abdom
inal segments. In many Lycrenidre also there is a dorsal gland on the 7th 
abdominal segment, its presence being indicated by a transverse slit through 
which a minute globular vesicle may be protruded. In the Megalopygidre 
there are lateral abdominal glands permanently everted, and metameric
ally arranged (Packard). Many larvre obtain protection through the pos
session of urticating hairs which bristle with minute lateral points. Whether 
their irritating properties are due to mechanical action alone, or to the pres
ence of a poisonous secretion, has not been satisfactorily ascertained. 
These urticating hairs are known to most entomologists who have handled 
larvre pertaining to the Lymantriidre, Lasiocampidre or Arctiidre. Such 
structures evidently produce marked irritation if they come into contact 
with the epithelial lining of the digestive tracts of an insectivorous bird 
or mammal. Glandular hairs are present in some larvre and take the 
form of hollow, smooth setre. Being filled with a poisonous secretion 
and extremely liable to fracture, they are capable of causing great irrita
tion and, smarting when a larva bearing such setre is handled. In certain 
Megalopygidre' these setre are developed into spines and, according to 
Packard, the secr~tion is formed in specialized hypodermal cells situated 
at their bases. 

A very large number of larvre obtain protection by other mean~ which 
may be grouped under three chief headings: (I) Concealment. This is 
evident in case-bearers such as Coleophora, the Psychidre, etc., while in 
Nepticula, Lithocolletis, and other Tineina, the larvre are leaf-miners, and 
in numerous Tortricidre they are leaf-rollers. Others construct silken 
galleries or spin together adjacent leaves as in Gelechia, Pyrameis, and 
Drepana; in certain Lymantriidre, and species of Hyponomeuta, the larvre 
live gregariously in dense silken webs. (2) Protective resemblance. This 
extensive subject has received a good deal of attention from Poulton and 
other observers. Protection is attained owing to the remarkable resem
blance which many larvre exhibit to portions of their food-plant, or other 
objects in their immediate environment. Perhaps the most striking 
instances are afforded by Geometrid larvre which bear such a close resemb
lance to twigs as to render detection often a matter of very great difficulty. 
The fully-grown larva of StauropusJagi resembles a withered and irregularly 
curled-up leaf of its food-plarit (Fagus). Tutt (I899) states that the larva 
of Smerinthus ocellatus bears a remarkable resemblance to a curled apple 
leaf, its lateral stripes giving an idea of light and shadow on the supposed 
leaf. The larva of Anarta myrtilli with its intricate green pattern is hardly 
discernible while resting on a twig of heather. A very long list of such 
instances of protective resemblance might be drawn up, and the pheno
menon has probably been induced in the first instance by the presence of 
chlorophyll in the food-plants, derivatives of which are utilized in the 
larval coloration. In certain cases the experiments of Poulton tend to 
show that larval coloration may be due to "phytoscopic," rather than 
phytophagic influences. In other words, it is the superficial colour of a 
leaf, for example, rather than its pigmentary substance, that functions as 
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a stimulus in producing differences of coloration under varying environ
mental conditions. Larvre of Catocala, when subjected to green surround
ings, become bluish-green, and in a darkly-coloured environment become 
bluish-grey. Similarly it has been found that those of Rumia luteolata 
and other Geometridre tend to exhibit responses of a like nature. 'We are 
unacquainted with the mechanism that produces this result, but it is sug
gested by Poulton that the reflection of light, from the immediate environ
ment of a susceptible larva, produces a nervous response resulting in a 
physiological change in the accumulation of pigment within the hypodermis. 
In addition to the writings of this authority an admirable discussion of 
the subject is given by Tutt (I899). (3) Warning coloration. This is 
evident in striking colours or patterns which readily catch the eye and 
their possessors usually feed openly and are distasteful to insectivorous 
vertebrates. 

It has already been mentioned that Lepidopterous larvre feed almost 
entirely upon Phanerogamic plants. There is probably not a single family 
of the latter that is not resorted to by one or more species of these insects. 
In N. America Scudder states that 52 families are represented in the food
plants of butterflies alone. Exceptions to the habit of feeding upon 
Phanerogamic plants do occur, but they are not numerous; references 
thereto will be found in the sections devoted to the Noctuidre and Tineina. 

The number of ecdyses passed through varies greatly in different species 
and, in some instances, even within the limits of a single species. Edwards 
(Psyche, 1880) finds that four moults is the usual number in N. American 
butterflies, with an additional moult in hibernating larvre. Buckler records 
nine moults in Nola centonalis, while in Acronycta five is the usual number; 
Gosse (Entom. 1880) finds the same in Attacus atlas, and Soule (Psyche, 
7, p. 191) records a similar number in other Lepidoptera. Species of 
Smerinthus undergo three or four moults, Sphinx ligustri six, and three 
occur in Callosamia promethea. Arctia caia,.on the other hand, may]1loult 
seven times-four before hibernation and three after; the number, however, 
varies between five and eight (Tutt). In a few cases a sexual difference 
has been noted, the female larva undergoing one \llore moult than the' 
male, as in Orgyia. Chapman observes (Ent. Month. Mag. 23) that, in 
O. antiqua, larvre which moult three times produce males, those which 
moult five times prbduce females, and those which moult four times give 
rise to imagines of both sexes. 

The Internal Anatomy of Lepidopterous larvae is relatively simple. 
The digestive canal is a straight or almost straight tube, from the mouth to 
the anus (Fig. 402). The cesophagus is short and frequently enlarged pos
teriorly (in the mesothorax). The stomach is a tube of wide calibre, ex
tending to the hind margin of the 6th abdominal segment or to the middle 
of the 7th segment, and is lined by a peritrophic membrane. It is provided 
with conspicuous muscle bands and, in Protoparce for example, its walls 
are transversely constricted by means of the circular fibres and further 
divided by six bands of longitudinal muscles. Enteric creca are rare, 
but in some species small diverticula are present near the anterior end 
of the stomach. The hind intestine is always extremely short and devoid 
of convolutions: in some cases it is divisible into three more or less globular 
chambers separated by constrictions and probably corresponding to the 
ileum, colon and rectum. In other larvre two dilatations (colon and rec
tum) only are present, while in further examples the hind-gut consists 
of a single large chamber (vide Bordas, I9II). With very few exceptions, 
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six Malpighian tubes are present, and they open, on either side, by means 
of a common duct into a small excretory chamber communicating with 
the hind-intestine. The common duct bifurcates and one branch sub
divides, thus giving rise to three tubes to a side. The silk glands are the 
most conspicuous appendages of the digestive system (Fig. 403). Morpho
logically they are labial glands homologous with the true salivary glands 
of other insects. Each gland is in the form of an elongate cylindrical tube 
of exceedingly variable length, 
and it lies partly at the side of 
and partly beneath the diges
tive canal. These glands are 
longest in the Saturniidre and 
Bombycidre: thus in T elea 
polYPhemus they measure about 
seven times the length of the 
body and are complexly folded, 
while in Bombyx mori they are 
four times the body length, and 
folded so as to envelop the 
hinder region of the gut. An
teriorly, each gland is pro
longed to form a duct, and the 
two latter converge and unite 
to open at the apex of a median 
cylindrical organ known as the 
spinneret. The morphology of 
this structure has not been 
satisfactorily ascertained, but 
it appears to be the highly 
modified ligula. I t will be re
called that the labial glands of 
insects normally open on the 
hypopharynx, but in Lepidop
terous larvre their aperture has 
been carried beyond that organ 
on to the anterior margin of 
the labium. Histologically, 
silk glands consist of a single 
layer of extraordinarily large 
secretory cells disposed around 
a central cavity. The cells 
have large characteristically 
branched nuclei, and are 
limited exteriorly by a peri
toneal membrane: internally 

II 

I 

FIG. 402.-ALIMENTARY CANAL OF LARVA OF I, 
AOHERONTIA ATROPOS; II, SPILOSOJJIA FULIGINOSA. 

F, fore-intestine;. l!, hi~d-intestine; L, dorsal longitudinal 
muscle band; M, llid-Illtestme j /tIT, malpighian tubes; R, rec
tum; U, excretory chamber. After Bordas, 19II. 

the gland cavity is lined by chitin, spirally thickened as in trachere. 
The silk ducts possess the same essential histology as the glands, ~ut 
the epithelial cells are more flattened, and the chitinous lining is closely 
striated radially (Fig. I43). The spinning apparatus is divisible into 
two portions, a hinder part, or thread-press, and an anterior division 
known as the directing tube. The fluid silk passes into the press which is 
provided with three pairs of muscles. Action of the latter forces the silk 
through the directing tube, very much as wire is made by molten iron 
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being driven through an iron plate, perforated by two fine holes (Packard). 
The entire spinning apparatus lies within the spinneret, and the thread 
as it issues from the aperture of the latter is in the form of a double ribbon
like band. Associated with the silk glands in most species is a pair of 
accessory glands, often improperly termed Filippi's glands, notwithstanding 
the fact that they were recognized by Lyonnet so long ago as 1762 (Bordas). 
They are paired organs, often voluminous, and each opens by a separate 
duct into the silk duct of its side. In Arctia caia and Cydia pomonella 
they are rudimentary, and reduced to a group of follicles surrounding the 
silk duct. Among the Sphingidre they are also rudimentary or entirely 
absent. The function of these glands is to secrete a substance of a liquid 
or viscid nature which enables the two threads to adhere and, at the same 

time, facilitates the process of hardening. 
Mandibular glands (Fig. 141) are prE;sent 
in almost all Lepidopterous larvre, and 
are situated in the thorax one on either 
side of the fore-intestine. They com
municate with the buccal cavity by 
means of a pore placed on the inner side 
of the base of each mandible. As a rule 
they are tubular and often of consider
able length, but in Papilio alexenor and 
Stauropus fagi they are short and sac
like. Histologically they consist of the 
same layers as the silk glands and their 
nuclei are lobed or irregular in form. 
Functionally they are salivary glands 
and, in some dlses~ according to Bor
das, they may exercise a defensi'Vt!'""role 
also. 

The nervous system is subject to· but 
little variation. In addition to the usual· 
cephalic ganglia tpe central nervous sys

FIG. 403·-SPINNING GLANDS WITH tern consists of three thoracic and seven 
SMALL ACINOSE ACCESSORY GLANDS 
OF THE LARVA OF SATURN1A PYRl. or eight abdominal ganglia. The connec-

After Bordas, '9'0. tives between the meso- and meta-thoracic 
ganglia are, typically, double and widely 

separated, but those uniting the remaining ventral ganglia appear as single 
cords. As a rule, the 7th arid 8th abdominal ganglia are intimately united 
owing to the elimination of the connective between them. In Sphida 
the number of paired nerves arising from the terminal ganglion suggests 
that three or more nerve centres have . undergone coalescence (Du Porte) : ~ 
in Cossus the 7th and 8th· abdominal ganglia are separate and united by 
a short connective (Brandt). The dorsal vessel extends from the 8th 
abdominal segment into the 1st segment, or the commencement of the 
metathorax, and from there it is continued as the aorta into the head. 
According to Newport there are nine chambers separated by eight pairs 
of lateral ostia. The reproductive organs take the form of a pair of small 
ovoid bodies situated in the 5th abdominal segment and in close relation 
with the dorsal vessel on either side. They are present in the newly hatched 
larvre and undergo a certain amount of differentiation during later instars. 
The ovaries are slightly larger than the testes and may also be recognized 
histologically by the rudiments of ovarioles. 
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The Literature on lepidopterous larvre is very extensive: larvre of the 
British species are illustrated by Buckler (1885-99) .. while for the European 
species reference should be made to the work of Hofmann (r893). For 
a general account of the external structure of the larvre of the order the 
works of Tutt (r899) and Forbes (I9ro) are useful: for the Papilionina vide 
Scudder (r889). For the larval characteristics of the different families 
and diagnostic keys, vide Dyar (r894), Forbes (r9ro) and Fracker (r9r5). 
The internal anatomy has been mainly studied in isolated species, notably 
in Cossus by Lyonnet (r762), Bombyx mori by Blanc (Trav. Lab. Soie, 
r889-90) and others, and Protopal'ce by Peterson (r9r2). The digestive 
system and Malpighian tubes have been extensively studied by Bordas 
(r9II) ; and many investigators, more especially Helm (r876), Gilson (r890) 
and Bordas (r9ro), have devoted attention to the silk and other glands. 
The J;lervous system has been studied by Newport (r832), Brandt (r879), 
CaWe (r88r) and Du Porte (r9r5). 

The Pupa 
The change from the larva to the pupa usually first becomes evident 

by cessation of feeding. In many cases the larvre desert the food-plant 
and wander in search of a suitable site in which to undergo the transform
ation. The contents of the digestive canal are voided and the larval 
skin loses much of its characteristic colour, becoming darker and wrinkled. 
The body becomes contracted and distended, the hypodermis secretes a 
fresh layer of chitin beneath the old cuticle, and ecdysis is greatly aided 
by the secretion of the exuvial glands which gradually loosens the two 
layers. When the latter process is complete, dehiscence of the larval 
skin takes place along the middle of dorsal aspect of the thorax, and the 
exuvia is gradually slipped off from behind, thus liberating the pupa. 
In the majority of species pupation takes place in a cocoon of some de
scription, which is constructed by the larva. It may be compose¢ of silk 
as in Bombycidre, Saturniidre, Lasiocampidre, etc.; or of leaves drawn 
together by a silken meshwork, or of a mixture of silk and various foreign 
particles. In other cases, as in Dicranura and Cerura, the cocoon is formed 
of gnawed fragments of wood agglutinated together by means of a fluid 
secretion which quickly hardens. Also, in the construction of the earthen 
cells of many Noctuidre the soil particles are cemented together by a fluid 
secretion, and no silk appears to be utilized. Among the Papilionina the 
pupa is very frequently naked and protectively coloured, and suspended 
by the caudal extremity which is hooked on to a small pad of silk: the 
latter, and the. silken girdle which is often present, may possibly represent 

.. the last vestige of a cocoon. The usual division of the body into head, 
thorax and abdomen is easily recognized in the pupa and the general 
external structure has been studied by Poulton (r890-9I), Packard (r895). 
Chapman (r893-96), Mosher (r9r6) and others (vide Figs. r90 and 404). 

The Head.-The vertex forms the dorsal area of the head behind the 
epicranial suture while the region anterior to the latter is the fronto-clypeus. 
In a few generalized forms, however, the frons and clypeus are separately 
demarcated. Invaginations of the anterior arms of the tentorium are 
evident as small pores or slit-like openings associated with -the lateral 
margins of the clypeus. The labrum is usually very distinct but a clypeo
labral suture appears seldom to be developed: in many families the labrum 
bears lateral projections or pilifers and according to Mosher they are 
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particularly conspicuous in the Pyralina and Papilionina. Definite gena 
are rarely evident except among the Homoneura. The eyes are always 
prominent and are divided into smooth and sculptured portions, the former 
being regarded as the true pupal eye. The antenna exhibit less marked 
sexual differences than in the imago and, in Saturnia pavonia for example, 
the pupal differences are extremely small in the two sexes, notwithstanding 
their divergence in the imago. Mandibles are only functional among 
certain of the MiGropterygidre: in Eriocrania they are very large and are 
used by the pupa to cut its way through the cocoon. In other families 
they are only represented by small elevated areas. The maxilla are exceed
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FIG. 404.-A, TINEA PELLlONELL.I, MALE 
PUPA, VENTRAL ASPECT (adapted from 
Mosher, I9I6). B, PIERlS BRASSIC£, 

TERMINAL SEGMENTS OF FEMALE PUPA, 
VENTRAL ASPECT. 

a, antenna; a.be, aperture of bursa copulatrix; 
an, anus; a.oJ aperture of oviduct; C, dypells; 
cX1-CXa, cox<:e; e, eye; I, frons; ga, male genital 
aperture; l, labrum; l.p, labial palp; 19l1g2. legs; 
md, mandible; m.p., maxillary palp; Wi wing; 
VIII-X, 8th to loth abdominal segments. 

ingly variable, and attain their greatest 
development in certain Sphingidre 
where their great length is accommo
dated by their becoming looped to form 
the familiar" jug-handle" appendage. 
Maxillary palpi are wanting in certain 
groups, not~bly in the Cossidre, Hepia
lidre and the Papilionina. Labial pal pi 
are visible in many pupre but, in others, 
they are almost entirely concealed by 
the maxillre. 

The Thorax.-The three' segments 
are distinct on the dorsum but ven
trally they are concealed by the appen
dages. The anterior pair of wings 
almost entirely conceals the posterior 
pair, except for a narrow strip along 
the dorsal margIn of the latter. 
Among the apterous or subapt~1"Ous 
females of certain genera th~ pupal 
wings are likewise less developed than 
in the male. In Hybernia dejoliariq, 
and Nyssia zonflria the sexual dive';"g
ence is but little marked in the pupa, 
although the female imagines are 
almost apterous. In such forms as 
Orgyia, and the Psychidre, the degene
ration appears to be sufficiently ancient 
to have caused a corresponding reduc
tion of the wings of the female pupre. 
The thoracic spiracles consist of a 
single pair placed between the pro- and 
meso-thorax, towards the dorsal aspect. 

The Abdomen.-Ten abdominal segments are present and a certain 
number are always fixed and immovable. The greatest number of free 
segments are found in the more generalized forms, thus in M nemonica 
all the segments are movable excepting the last three (Mosher). In the 
Hepialidre and Psychidre the 1st segment is fixed and segments 2 to 7 
are free in the male and 2 to 6 in the female; in the Cossidre the first two 
abdominal segments are fixed and consequently the movable segments 
are 3 to 7 in the male and 3 to 6 in the female; in the Noctuidre, Geometridre, 
Sphingidre, etc., the only free segments are the 4th, 5th and 6th in both 
sexes, while among certain of the Papilionina all the segments are immov-
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able. Spiracles are present on the first eight segments: the first pair is 
usually covered by the wings and the last pair is vestigial. In male pupre 
the genital aperture is situated on the 9th sternum and in the female there 
is either a single common aperture on the 8th sternum (roth sternum in 
Micropteryx according to Chapman) or, more usually, two apertures which 
are associated with the 8th and 9th sterna. These openings in some cases 
become confluent and represent those of the bursa copulatrix and oviduct 
respectively. The anus is carried on the caudal margin of the roth seg
ment, and this somite is produced to form the cremaster, which is the 
homologue of the suranal plate of the larva. It is an organ of attach
ment and exhibits many modifications: it may take the form of a pointed 
spine or of hooklets, and the latter may be grouped together, or scattered 
irregularly over the surface of the anal segment. In many of the more 
generalized families the cremaster is absent, while among the Papilionina, 
with their suspended pupre, it is Rarticularly well developed. 

Internal Structure.-The int'ernal anatomy differs in important 
features both from that of the larva and imago but more closely approaches 
the latter. The digestive system has undergone extensive modifica
tions as compared with that of the larva; the <esophagus is long and 

'narrow and the stomach greatly reduced in size. The .food-reservoir is 
undeveloped and the hind· intestine less convoluted than in the imago. 
The larval silk glands have atrophied, and the salivary glands of the imago 
replace them. The changes undergone by the nervous system have been 
studied in great detail by Newport, and briefly it may be said that it under
goes a gradual process of concentration during about the first 60 hours 
of pupal life. By that time its whole arrangement is very nearly as it 
exists in the imago. The developmental changes undergone by the genital 
system are dealt with on a later page. . 

Types of Pupre and Method of Emergence from the Cocoon.
Chapman (r893) divides Lepidopterous pupre into two main groups, the 
Incompletre and Obtectre. The p1tpce incompletce have the appendages 
often partially free and more than three of the abdominal segments are 
mobile. Dehiscence is accompanied by the freeing of segments and appen
dages previously fixed, and the pupre exhibit considerable power of motion, 
usually emerging from the cocoon to allow of the escape of the imago. 
They are provided with a varied armature of hooks, processes and spines 
to facilitate the process. Many species also work their way to the surface 
of the ground, or to the entrance of the larval gallery in the case of those 
whose larvre are internal feeders. In the Micropterygidre the pupre have 
a larger number of free segments than in any other family and are p1tpce 
liberce. Eriocrani.a, Sqbatinca and Mnemonica are also unique among 
Lepidoptera in possessing mandibles for cutting through the cocoon. These 
organs, assisted by the mobility of the abdominal segments, enable the 
pupa to free itself and pass through any superincumbent earth to the 
surface. Most other pupre incompletre possess some kind of hard process 
adapted for tearing open the cocoon. This cocoon c1ttter, as it may be 
termed, is well seen in Lithocolletis hamadryadella and according to Packard 
there are rough knobs or slight projections answering the same purpose 
in the Hepialidce, Megalopyge, Ze1tzera and in Datana. The p1tpce obtectce 
represent a more highly specialized type: they are smooth and rounded 
and the only free segments in both sexes are the 4th, 5th and 6th. Dehis
cence takes place by an irregular fracture, the pupa rarely emerges from 
the cocoon, and a cremaster is generally present. This pupa is prevalent 
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in all the higher Lepidoptera, and exhibits a hard exterior, the appendages 
being all soldered down to form a smooth surface. The areas which are 
hidden are covered by a delicate pellicle and there is no separation of the 
appendages after emergence. Certain species (Saturnia pavonia, Chcero
campa elpenor) have retained the habit of pupal emergence, but in other 
forms the presence of the cremaster and the reduced mobility of the abdominal 
segments usually preclude it. Many different methods have been adopted 
to allow of the freeing of the imago. These may consist of weak places 
in the cocoon, a particular arrangement of the silk to allow of easy egress 
(Saturnia pavonia), a softening fluid applied by the emerging insect (certain 
Saturniids, Dicranura), provisional imaginal spines (Attacine moths), etc. 

THE IMAGO 
External Anatomy 

THE HEAD (Fig. 40s).-The greater part of the head is formed by the 
epicranium which carries laterally the large glonular compound eyes. The 

ocelli are two in number and lie close 
behind the latt~r: they are seldom con
spicuous, and generally much concealed 
by scales or often absent. The anterior 
region of the head is occupied by the 
fronto-clypeus which is frequently demar
cated from the epicranium by means of 
a transverse suture. In?- few cases 
(Acherontia according t.o Berlese) the 

",a..ad./ ... ;' .... 'li '.. t,rena clypeus is separately- differentiated from lahrum ..... , \,-/,;7i/e> 
7',;'hary""'" ,. '.",ax,lloe the frons as a narrow band-like sclerite. 

FIG. 405.-FRONTAL VIEW OF ~HE The labrutn is narrow and pO,inted in 
HEAD OF A LEPIDOPTERON. Micropteryx and its allies 'but forms a 

After }. B. Smith. short transverse plate in other Lepidop-
tera. I t is provide1 with a small pointed' 

median projection which is usually regarded as an extension of the epipharynx. 
Between the fronto-clypeus and the eyes are the narrow gence and, when 
mandibular rudiments are present, they either articulate or fuse with 
the latter sclerites. The antennce (vide Jordan, Novit. Zool. 5) are com
posed of an indefinite number of joints and vary greatly in length and 
structure. In the male they frequently show an increased development 
as compared with the female which is particularly well exhibited in the 
Saturniidre. They are generally scaled dorsally and very often ventrally 
also: in some cases scales are absent as in the Saturniidre and many 
Papilionina. 

MOUTH-PARTs.-In the majority of Lepidoptera, mandibles are totally 
wanting and the maxillre are highly modified to form a suctorial proboscis. 
The latter is composed of the two greatly elongated galere, each being 
channelled along its inner face, and the twoGttre held together by means 
of hooks and interlocking spines. In this manner the combined grooves 
form a tube through which liquid food is imbibed. The lacinire are either 
entirely atrophied or, according to Berlese, rudiments thereof may be 
embodied in the base of the proboscis. When fully developed, the maxillary 
palpi are 5- or 6-jointed and usually more or less folded, as in the Tineidre ; 
in the great majority of Lepidoptera they are either much reduced or want-
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ing, their functions presumably being assumed by the labial palpi. Among 
Noctuidre they are 2- to 3-jointed, and in the Sphingidre, Papilionina and 
most Geometridre they are single-jointed (Walter, 1884). The labium 
is reduced to a small plate on the ventral aspect of the mouth: its palpi 
are normally 3-jointed and vary greatly in size, shape and scaling. A 
hypopharynx is present on the fi<;>or of the mouth and in Danais it is 
provided with gustator§ papillre. 

When not in use the proboscis is spi,rally coiled and stowed. away beneath 
the thorax: it presents an extraordinary variation in length, attaining 
its maximum in the Sphirtgidre. In Danais, accorging to Burgess (1880), 
each half of the proboscis is seen to be composed of an immense number 
of chitinous rings, which are incomplete since they are absent from its 
inner or grooved aspect. These rings are separated by intervening bands 
of membrane which admit of the spiral coiling of the organ. Each ring 
is made up of a row of quadrangular plates which are provided with spine
like processes directed towards the proboscis channel, hence the plates 
are somewhat nail-like in form. Scattered over the surface of the proQoscis, 
and more especially at the apex, are small circular plates each bearing 
a minute central papilla, which are perhaps tactile in function. According 
to Breitenbach they are often developed into denticulate spines which 
enable the proboscis to lacerate the tissues of fruit and imbibe their juices: 
this condition is particularly well exhibited in Aletia xylina. The interior 
of each half of the proboscis is hollow and occupied throughout its length 
by a nerve and a trachea, but the bulk of its cavity accommodates two 
sets of muscles which diagonally cross it. From their attachment the 
action of these muscles would result in shortening the posterior wall of the 
maxilla and produce the spiral coiling of the organ. The method of exten
sion of the latter does not appear to be clearly understood, and it has been 
variously suggested to· take place by means of its own elasticity or by 
blood pressure. Burgess suggests that we have failed to interpret some 
muscular mechanism for the purpose. I 

In some Lepidoptera (Orgyia, Zeuzera, etc.) the proboscis is reduced and 
non-functional, the two galere remaining separate; in many others the 
galere are represented by two minute papillre. (H epialus) or entirely atrophied. 
In the reduced or atrophied condition it is evident that no food can be 
imbibed and the mouth may be wanting also (Saturniidre), but the subject 
is in need of fuller investigation. 

The mouth-parts are exhibited in their most primitive form in Sabatinca (Till
yard, 1923) where they are clearly of the mandibulate rather than the haustellate 
type. The mandibles are functional dentate organs, with evident ginglymus and 
condyle, and movable by means of well developed abductor and adductor muscles. 
The maxillo:e are entirely in conformity with the mandibles: both cardo and stipes 
are evident, the galea is short and 2-jointed, the lacinia blade-like, and the palpi are 
long and 5-jointed. In the labium, however, there is no ligula and lobes formerly 
regarded as paraglosso:e are in reality processes of the palpi (Tillyard): the basal 
sclerites are represented by a single mental plate. The hypopharynx in M. amman
ella is laterally provided with small accessory pieces which are regarded by Busck 
and Boving as the superlinguo:e. In Eriocrania the mandibles are non-dentate and 
in Mnemonica they are unchitinized with the ginglymus and condyle rudimentary : 
proof that these are true mandibles is afforded by the fact that they lie within 
those of the pupa. In both the above genera the lacinio:e are lost, and the 2-
jointed galeo:e are greatly elongated. The terminal joint of the galea of either side 
is apposed to that of its fellow, thus exhibiting the first step in the formation of 
the Lepidopterous proboscis. In addition to the Micropterygido:e, vestigial man
dibles are stated to be present by Petersen in Hepialus: they also occur in various 
Tineoids including Argyresthia, Tinea, Tineola and Iiyponomeuta (Walter, 1885). 
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According to Kellogg (1895) in Protoparce carolina conspicuous mandibular rudi
ments are present, being strongly chitinized and slightly dentate at their apices. 
They plainly arise from the genm and a faint articulating suture is visible. The 
so-called mandibular rudiments of Danais, and other of the higher Lepidoptera, 
are lateral projections of the labrum and are termed by Kellogg the pilifers: as that 
,authority has pointed out, both mandibles and pi lifers may occur together as in 
Protoparce. The maxilla! of Pronuba are exceptional in exhibiting sexual dimorphism: 
in the male they are normal but the gale<e are quite separate, and in the female there 
is an elongate inner lobe often known as the maxillary tentacle. The two latter organs 
are adapted for holding a large mass of pollen beneath the head: their morphology 
is doubtful and it has been suggested that they are the greatly produced palpifers. 

In the THORAX (Fig. 406) the prothorax is evident in the lower forms but 
compressed and reduced in all the higher families where it assumes the form 

FIG. 406.-DoRSAL VIEW 
OF HEAD AND THORAX 
OF AaROTlS PRONUBA 

(LEFT TEGULA REMOVED). 

a.c., axillary cord; a.p .. anterior 
wing process; I, frons; DC, ocellus; 
p, patagium; pp, posterior wing 
process; 51, mesoscutum; sill meso .. 
scutellum; S2, metnscutum ; Sl .. h meta
scutellum; t, tegula; v, vertex. 

of a collar. It frequently carries a pair of small 
lateral processes or patagia which are peculiar to 
Lepidoptera and appear as thin, lobe-like, erectile 
expansions, well developed in many Noctuidre (e.g. 
Agrotis). These structures are often confused with 
tegulre but the latte~ are never borne on the 
prothorax. The mesothorax is the largest and 
most prominent segment of the three; its ter
gum consists of a narrow band-like prescutum, a 
very large, longitudinally divided scutum and a 
well-developed more or less rhomboidal scutel
lum. Tegulce are particularly well developed 
and very characteristic of the order; each is 
carried on a special tegular plate of the notum 
supported by means of a tegular arm arising 
from the base of the pleUFal-wing process (Snod
grass). The metathorax is relatively smf,!.]..Las 
compared with the previous segment; Snodgrass 
finds that in Pliassus (Cossidre), however, it 
is larger and more like the meso thorax than is 
usual among the higher insects. In most other 
Lepidoptera it is very mdch shortened antero
posteriorly and greatly reduced. A post-scutel
lum is present in both the meso- and meta
thorax but largely concealed. 

With regard to the LEGS a meron is present in relation with the meso
and meta-thoracic coxre and, as a rule, the coxre have but little mobility 
upon the pleuron, the principal movement of the base of the leg being 
in the articulation between the coxa and trochanter (Snodgrass). The 
anterior legs exhibit special features in certain families of the Papilionina, 
and are reduced and modified so as to become useless for walking, either 
in the male. only (Erycinidre) or in both sexes (Nymphalidre). The anterior 
tibire are comparatively short in most Lepidoptera and in certain families 
they are provided on the inner surface with a peculiar lamellate spur (" epi
physis ") which is regarded by Haase as the vestige of an organ formerly 
developed for cleaning the antennre. Frequently in the male the posterior 
tibire (more rarely the middle pair) are provided with an expansile tuft 
of hair which is located in a groove and functions as a scent-producing 
organ. The tarsi are normally s-jointed, the first joint being much the 
longest and in the males of certain Lycrenidre it is conspicuously swollen. 
In the Pieridre the claws are exceptional in being cleft or bifid, and among 
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Lycrenidre either one or both claws are wanting in the male. In the degen-
erate females of the Psychidre the legs have atrophied. . 

WINGs.-The most characteristic feature is the covering of overlapping 
scales which are, morphologically, flattened and highly modified macro
trichia. Transitional stages between the latter and short broad scales are 
readily observable and the identity of the two types of structures is clearly 
established. Thus, in Prototheora Meyr. Tillyard mentions that macro
trichia remain in an unmodified condition on the veins. The scales on 
the wing membrane lying closest to the veins are linear and narrow, becom
ing shorter and broader the further they are away from a vein. Micro
trichia (fixed hairs of Kellogg; aculei of Busck) are present on the 
wing-membrane in the Homoneura as well as in the more archaic families 
of the Heteroneura. 

The innervation of the wings has been studied by Vogel (19II) who 
finds that each wing is supplied by three nerve branches whose fibres are 
ultimately distributed to the various sensory organs present. Vogel 
(1912) recognizes four types of the latter, each organ having a sellsory 
cell at its base. Possibly tactile are sensory scales and setre, while certain 

FIG. 407.-A, PORTION OF A YOUNG PUPAL WING OF VANESSA ANTIOPA IN LONGn;UDINAL 
SECTION. E, THE SAME OF DANAIS PLEXIPPUS, ABOUT 8 OR 9 DAYS BEFORE EMER

GENCE. 

h, byp;:>dermis; j.c., formative cell of scale; I, leucocytes; bm, basement membrane; P, processC's of hypoderm cells; 
~, developing scale. After Mayer, Bull. Mus. Harvard, I896., -

papillre suggest, on account of their structure, an ori~ntating function. 
At the bases of the wings are still more problematical structures which 
are termed chordotonal organs and, in some cases, a well developed " tym
panal area" is associated with them, which suggests that they may have 
some concern with the perception of sound. The scales of Lepidoptera 
do not strengthen the wings or aid the insects in flight. The vast majority 
of these structures are simply colour-bearing organs which have been 
developed under the influence of natural selection. They are secreted by 
evaginated and greatly enlarged hypodermal cells-the formative cells of 
Semper (Fig. 407). Their structure and development have been studied in 
considerable detail, more especially by Mayer (r896). Each scale is pro
vided with a short pedicel which fits into a minute socket in the wing mem
brane. In the more primitive forms they are irregularly scattered but 
in the Papilionina, for example, a regula!," arrangement is very noticeable. 
On Its exposed or outer surface, each scale is ornamented with longitudinal 
ridges or strire, often with transverse trabeculre between them. These 
ridges are in the form of longitudinal thickenings of the outer scale-wall, 
and their presence imparts rigidity very much after the manner of the 
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corrugations on a sheet of roofing iron. In many cases these stri:e are 
extremely fine, and Kellogg (1894) found that in a species of Morj)ho they 
are placed from '0007 to '00072 mm. apart, or at the rate of 35,000 to the 

' ..... . 
'" 

inch, and are responsible for producing beauti
ful iridescent colours (vide p. 9). Seen in 
microtome sections ,scales are greatly llattened 
hollow sacs (Fig. 409) strengthened by minute 
transverse bars. Although they may only 
contain air, in the majority of cases a layer of 
pigment is enclosed between the two walls. 
In surface view they exhibit a wide range of 
variation of both form and sculpturing. In 
the males of various Lepidoptera groups of 
more specialized scales or androconia (plum
ules) occur on the upper surface of the wings 
and likewise assume very varied shapes (Fig. 
408). They are found either scattered over 
portions of the wings, or in limited areas such 

FIG. 408. - ANDROCONIA OF 

. as the" brand" or discal patch of Pamphilus, 
the discal patch of certain Lyc:enids, as well 

MALE BUTTERFLIES. as on folds of the wings and other situations. 
From Comstock after Kellogg. Physiologically they are scent scales which 

serve as the outlets of odoriferous glands 
(Thomas, Amer. Nat. 1893); they are often fringed distally, with each tip 
of the fringe finely divided, thus probably ensuring the ready diffusion of 
the odour so characteristic of many Lepidoptera. 
Among the Danaine butterflies (Nymphalidre) a glan
dular scent patch is present on each hind-wing and- the 
odoriferous secretion is exuded at the surface of the wing' 
by means of cuticular "cups." These l.atter are pro
vided with a covering membrane pierced in the centre 
by a minute pore. Each cup is protected by a small 
scale differing from normal wing scales in size and shape 
(Eltringham, 1915). In A mattris niavius the inseh has 
been observed to brush the odoriferous area with the 
anal tuft of hairs which thus acquires some of the charac
teristic odour. Included in the anal tuft are numerous 
delicate chitinous filaments having the property of break
ing up transversely into minute particles thus forming 
a kind of dust which presumably assists in the diffusion 
of the scent. It is noteworthy that Dixey has shown 
that in certain Pierid:e an alcoholic extract may be 
made from the wings and it possesses the same odour 
as the species concerned. 

With regard to the VENATION (Figs. 4II, 412) wher
ever specialization is evident it has been the result of 
the atrophy or coalescence of veins and not by addition. 
Throughout the order the principal cross veins are few 

FIG. 409.-UPPER 
(i.e. EXPOSED) 
PORTION OF A 

SCALE OF DANAIS 

PLEXIPPUS WITH 

THE DISTAL POR-

TION CUT AWAY 

TO SHOW THE 
CROSS BARS: 
ABOVE IS SEEN A 
SCALE IN TRANS

VERSE SECTION. 

in number and vein M4 is distally fused with Cula • The After Mayer, lac. cit., 
1 896. 

researches of Tillyard (1919) provide strong evidence 
indicating that 1A of Comstock is in reality CU2, a conclusion which has 
been adopted in the present work. One of the most characteristic features 
of the lepidopterous wing is the trigamma or 3-pronged fork, whose prongs 
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are represented by M3 , CUla and CUlb and whose base completes the closure 
of cell M or its regional equivalent. Among the Cossidre the stem R4+5 
(chorda of Turner, 1918) divides the cell R into the basal cell 1st R, and 
an apical cellznd R (areole of Turner). In the vast majority of Lepidop
tera, however, the stem R4+5 has atrophied and also the main stem M. 
This condition has 
resulted in the for
mation of a single 
enormous discal cell 
on account of cells 
R+M+lst M2 thus 
becoming confluent. 

The most primi
tive type of vena
tion is found in the 
family Microptery
gidre of the Homo
neura where that of 
both pairs of wings 
is closely alike (Fig. 
4II). Most of the 
archaic features are 
exhibited in M nemo
nica Meyr. in which 
Sc and RI are separ
ate in both pairs of 

FIG. 4IO.-BASAL PART OF FOREWING OF CIIARAGIA (HEPIALIDiE) 

SHOWING VENATION (DOUBL1.2 DOTTED LINES) AND TRACHEA

TION X 4. 

After Tillyard. Proc. Linn. Soc. N.S.IV. 44. Pt. 3. 

wings, and bifurcated in the fore-wings; Rs is 3-branched in the hind-wings 
and the three branches of Cu are complete. In the family Hepialidre 
both Sc and R I , although almost always distinct, are typically un

FIG. 41 I.-VENATION OF HOMONEURA (MNE.lJONICA 

PURPURELLA). 

branched and ifere . is 
a considerable reduc
tion or partial atrophy 
of CUz in one or both 
pairs of wings. 

Among the Hetero
neura there is a marked 
divergence in the 
venation of the two 
pairs of wings, but 
no annectent type 
has yet been dis
covered whiCh serves to 
connect the most primi

SUB- tive forms with theiJ; 
homoneurous ancestors 
(Fig. 41Z). The most jg. jugum; f. frenulum. Adapted from Tillyard. Proc. Linn_ Soc. N.S.IV. 

H. pt. r. 
ancient type of vena

tion is found among the Cossidre (Turner) which, however, exhibits the 
characteristic heteroneurous features in the hind-wing, viz :-the fusion of 
Sc and RI, the reduction of Rs, and the coalescence of lA and zA. As 
we ascend the lepidopterous series the vein CUz disappears from both pairs 
of wings. 

The wing-coupling apparatus attains a high degree of specialization 
G.T.E.-27 



LEPIDOPTERA 

among various Lepidoptera (Griffiths, 1898; Tillyard, 1918). Among 
Homoneura two distinct types are found, viz: the jugo-frenate and the 
jugate. The former method is found in the Micropter-ygidce and the mechan
ism consists of both frenulum and jugum. The frenulum is usually com
posed of 3 or 4 bristles inserted on the costal border of the hind-wing. The 
jugum is present on the hind margin of the fore-wing but instead of pass
ing backwards beneath the hind-wing, as is usually the case, it is folded 
forwards beneath the fore-wing. The frenulum becomes engaged in the 

A 
"-'~::::=::>-c::~~C + R, 'I Rs 

M, 

M2 

M3 

CU'a 
~">" ___ , GU,b 

- CUI!. 3A 

2.A 

FIG. 412.-VENATION OF HETERONEURA. 
A, PRIONOXl'STUS ROBINIJff (COSSIDlE). 
After Comstock, Lettering Modified. B, 
PIEBIS BBASSICd: (PIERIDlE). ORIGINAL. 

space between the jugum and the 
lower membrane of the fore-wing 
and in this manner the two wings of 
a side are held together. In the 
Hepialidce and Prototheoridce the 
frenulum is wanting. The :iugum is 
a finger-like process arising from 
the hind margin of the fore-wing 
near the base. It projects well 
beneath the costa of the hind
wing which becomes firmly held in 
the incision between the jugum and 
the hind margin of the fore-wing. 
Among Heteroneura two main types 
of wing-coupling apparatus are also 
evident, viz :-the frenate and the 
amplexiform. In the frenate type a 
sexual difference is very noticeable; 
thus in the male the frenulum con
sists of a srnil~ stout bristle which, 
however, can be clearly seeil'fo be 
composed of several setce fused to
gether; in the female the bristles
remain separate and vary from z, to 
9 in number. In strongly flying 
males the frenulum is often large 
and powerful, while among species 
in which the females are weak fliers 
or fly but little the frenulum is corre
spondingly reduced. In both sexes 
it arisE'S from a small swelling at the 
humeral angle of the hind-wing, and 
passes beneath the fore-wing where 
its apex is retained in position by a 
locking mechanism or retinaculum, 

and in this manner the wings are held together. The retinaculum similarly 
exhibits sexual differences. In the female it is very simple, being nothing 
more than a group of somewhat stiffened hairs or scales arising in the neigh
bourhood of CUI' In the male it arises near the base of Sc and consists of a 
strong curved chitinous hook developed from the wall of that vein. In 
Synemon (Castniidce) both types of retinaculum are present in the male; 
the typically male hook-like organ is represented by the overlapping margin 
of a portion of Sc and is therefore less specialized than in other families. 
Tillyard, on the authority of Turner, states that this double type of retin
aculum is widely spread among the males of many Lepidoptera. In many 
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Sesiidre, in which both sexes are swift fliers, the females exhibit the male 
type of frenulum and possess the hook-like retinaculum. In the amplexiform 
type the frenulum is lost, and the two wings of a side are maintained together 
owing to their overlapping to a very considerable degree. This condition 
is met with for example in the Saturniidre, Lasiocampidre, and in all the 
families of the Papilionina. The humeral lobe of the hind-wing is enlarged 
and often strengthened by the development of one or more short humeral 
veins, and projects far beneath the fore-wing. In the Castniidre both the 
frenulum and humeral lobe are well developed, and from such a condition 
as this it is evident that the amplexiform type may have been derived 
through the loss of the frenulum. The course which necessitated the 
change is obscure but may perhaps be correlated with a change in the 
manner of flight. Intermediates between the above two types of wing
coupling apparatus are to be met with; thus in Bombyx mori, the frenulum 
is vestigial and the humeral lobe well developed; this same condition 
is found among other frenulum-losers such as the Perophoridre. 

In the females of certain Geometridre and Tineidre and also those of 
the Psychidre, Orgyia, etc., wings are either totally wanting, or reduced 
to small non-functional vestiges. This flightless condition evidently 
confines the females to a great extent to their larval food-plants and it is 
noteworthy that the latter are almost always very common and generally 
distributed species. The fact that the flightless females of the Geometridre 
and Tineidre belong to forms which occur during the colder months of the 
year has often been commented upon. This peculiarity has been explained 
as being an adaptation to prevent their leaving the food-plant and perishing 
owing to inclement weather. Some other explanation, however, needs 
to be formulated to account for the flightless condition of such eminently 
summer insects as Orgyia and the Psychidre. It appears not unlikely that 
the loss of wings may be a mutation and is not to be accounted for on 
teleological grounds. 

The ABDOMEN consists of ten segments; the 1st segment is /reduced 
and its sternum wanting or wholly membranous, the 7th and 8th are some
times slightly modified in relation to the"genitalia and the 9th and loth 
segments are greatly modified in the latter respect. On either side of 
the metathorax or the base of the abdomen in many Lepidoptera there 
is a c'omplex organ, the tympanum. This structure is well seen in the 
Geometridre and appears as a bladder-like vesicle closely associated 
with the 1st abdominal spiracle of its side and certain of the neighbouring 
tracheal air-sacs. It is innervated from the last thoracic ganglion and, 
from its general structure, is presumed to be an auditory organ (Eggers, 
1919) . 

The morphology and nomenclature of the male genitalia have become 
much involved but the work of Zander has contributed towards a better 
understanding of the subject (Fig. 413). The 9th segment is in the form of a 
narrow ring encircling the apex of the body and its sternal region is invagi
nated to form a median chitinized pocket or saCC1tS which extends into the pre
ceding segment. A pair of claspers or valves (harpes of Pierce, harpagones 
of White) are hinged to the sides of the segment and form the most prom
inent organs of the external genitalia. The harpes are spine-like structures 
often present on the inner aspect of the claspers. Attacned to the hind 
margin of the 9th tergum is a median process or uncus which is usually 
hook~like or bifid and in many Lepidoptera there is a median ventral sckrite 
or scaphium lying a short distance below it. The uncus and scaphium 
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have usually been regarded as the tergum and sternum of the loth seg
ment, but according to Zander they are secondary processes, the segment 
itself remaining membranous. The anus opens just beneath the uncus 
and between that sclerite and the scaphium. The cedeagus is situated 

below the scaphium and 
is enclosed in a sheath 
and at the point where 

D the latter joins the 
body there is a chiti
nized support or ring
wall (penis-funnel or 

5 
juxta). For further in
formation on the male 
genitalia ref ere n c e 
should be made to the 

FIG. 413·-Ap.HURA IRIS, MALE GENITALIA AND ASSOCIATED writings of Zan d e r 
PARTS. 

A, ::edeagus and Ai its sheath; [C, right clasper; D, ejaculatory duct; (190 3) Pierce (190 9-22) 
R.W., ring·wall; S, saccus; Sc, scaphiuID; U, uncus; IX, 9th abdominal and Bethune-Baker 
segment. Adapted from Zander. 

(Proc. Ent. SOC. 1914). 
In the female the terminal segments of the abdomen are sometimes atten
uated and telescoped, thus functioning as a retractile ovipositor. An 
exserted chitinized ovipositor is rarely present (vide Wood, Ent. Month. 
Mag. 189). 

Internal Anatomy 
The DIGESTIVE SYSTEM.-The cavity of the proboscis communicates 

with the pharynx and, we owe to Burgess (1880) an aCkOlJIJt of the structure 
of the latter organ in Danais. It is an ovoid chamber provided with power
ful muscular walls and issuing from between the fibres of the latterare 
five radial muscles, which pass outwards to he attached to the head capsule. 
When the latter muscles contract the ·pharyngeal cavity enlarges and a 
partial vacuum is created; this becomes filled by an ascent of fluid through, 
the proboscis. The walls of the pharynx then contract, thereby forciI1g 
the food backwards into the cesophagus, and the closure of a pharyngeal 
valve precludes the return flow down the proboscis. The cesophagus 
is a long tube of very narrow calibre and, in the more primitive fonns, 
expands distally into a well-developed crop (Homoneura, Cossidre, Psychidre, 
many Tineina, Attac1ts, Phigalia). In other species the crop takes the 
form of a lateral dilatation connected with the cesophagus by means of a 
wide-mouthed channel (Adela and other Tineina, Zygrenida!, certain Satur
niidre, Ematurga, etc.). In the majority of Lepidoptera the crop forms a 
large food reservoir connected with the fore-intestine by a short narrow 
duct. The stomach is a straight tube of relatively small capacity, and the 
hind-intestine consists of a narrow coiled ileum, a distended chamber or 
colon, and a short muscular rectum. Salivary glands take the form of 
a long coiled filamentous tube on either side, the silk glands of the larva 
degenerating in the pupa and being no longer evident. The Malpighian 
tubes are six in number, three of a side opening by a common duct into 
the commencement of the ileum. Exceptions are found in certain Tineina 
(Tinea pellionella and T. biseUiella and Blabophanes rusticella) which pos
sess only a single pair, and in Galleria mellonella there are similarly two· 
vessels but each is irregularly ramified (vide Cholodkovsky, 1887). 

Th.e .NERVOUS SYSTEM (vide Newport, 1834; Brandt, r879; Peterson, 
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1899; Buxton, 1917) exhibits a certain amount of concentration with 
regard to the ganglia of the ventral nerve cord. The most primitive con
dition is found in Hepialus in which there are three thoracic and five abdom
inal ganglia. In the Micropterygidre and also Tinea pellionella, Cossus, 
Sesia, Zygrena, Phalera and Ematurga the 4th and 5th abdominal ganglia 
are fused into a large common centre. The majority of Lepidoptera, 
however, are characterized by two thoracic and four abdominal ganglia; 
those of the meso- and meta-thorax are fused. and the abdominal ganglia 
lie in the 2nd to 6th segments. The Psychidce are primitive but variable: 
thus Petersen records three thoracic and six abdominal ganglia in the 
female Psyche unicolor Hfm., while in Fumea intermedia and other species 
there are four abdominal ganglia in both sexes. 

The DORSAL VESSEL has been very little investigated: Newport states 
that in most Lepidoptera there are eight pairs of lateral ostia, and in Danais 
Burgess states that slight constrictions divide the heart into a number of 
segments corre
sponding to 
those of the 
abdomen. In 
Protoparce, as 
Broch er has 
pointed out, the 
aorta makes a 
sharp loop in 
the thorax and 
at the apex of 
the bend it is 
connected with 
a pulsatile or
gan. This con
di tion is pro b
ably general but 
it needs further 
research. 

The MALE 
RE'PRQDUCTIVE 

ORGANS (F i g. 
414,A) have 
been studied by 
Cholodkovsky 

A 

I 

I 

FIG. 4I4.-REPRODUCTIVE ORGANS OF SJJIERINTHUS POPULI. 

A, MALE: ac, redeagus; ag, accessory gland; ed, ejaculatory duct; t, testis; vd, vas 
deferens; vs, vesicula seminalis. B, FEMALE: be, bursa copulatrix; cg, colleterial gland; 
od, oviduct; ov, ovary; T, rectum; TS, receptaculum seminis; sd, seminal duct; v, vagina. 

(1884) in many species, and also by Stitz (1900), Petersen (1899) and Ruckes 
(1919). Typically eac1i testes consists of four follicles exhibiting varying 
degrees of coalescence while among the higher Lepidoptera the two organs 
are intimately fused into a single median gonad. Nematois is exceptional 
in that each gonad consists of twenty follicles. Two principal types of 
reproductive system are distinguishable (1).-The testes are paired and 
each is enclosed in a separate scrotum. In Hepialus the follicles are separ
ate and the gonad presents a digitate appearance: this condition is evidently 
the most primitive found in the order. In other cases the follicles are 
compressed together and surrounded by a common scrotum. This type 
is met with in the Micropterygidce, certain Saturniidce, Bombyx mori, 
Lyccena arion, Parnassius and a few others. (2).-The testes are fused and 
encl6sed in a common scrotum: in some cases the paired nature of the 
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gonad is still evident while in others the fusion is complete. This type 
(no. z) is the prevalent one, and usually the follicles are spirally wound 
around the longitudinal axis of the gonad. The organs in Samia cercopia 
L. have been studied by Ruckes and in Bombyx mori by Verson. The testes 
lie in a dorso-Iateral position, close to the alimentary canal and just beneath 
the 5th and 6th abdominal terga. The vasa deferentia are narrow tubes 
which enlarge proximally to form the vesiculce seminales. Each receives 
a long filamentous accessory gland but, according to Ruckes, the structure 
of the latter is not markedly glandular, its walls being provided with longi
tudinal muscle fibres and it appears probable that the gland serves, along 
with the vesiculce seminales, as a receptacle for storing the spermatozoa. 
The vesiculce seminales unite to form a common ductus ejaculatorius which 
terminates in a bulbus ejaculatorius at the base of the cedeagus. 

A 

d 

B 

c 

rs 

The FEMALE REPRODUCTIVE OR

GANS (Fig. 414, B). Each ovary con
sists typically of four polytrophic 
ovarioles but a certain number of 
exceptions to this rule are known 
among the lower members of the 
order. Thus, there are six ovarioles 
to each ovary in Psyche helix, IO to 
IZ in Adela, 14 in Sesia scolice/or
mis, and IZ to zo in Nematois. Two 
principal types of reproductive sys
tem are prevalent (Fig. 415). In 
the primitive type (Hepialidce, 
Micropteryx, Adela, Nepticula, In
curvaria, ceFtain Psychidce, etc.) 
there is a single genital aperh.lJe....on 
the 9th abdominal sternum which 
communicates with a median- vesti
bule. The latter chamber is the 
terminal portion of the common 
oviduct, and I receives the duct of 

FIG. 41S.-DIAGRAM OF THE MORPHOLOGY the receptaculum seminis dorsally; 
OF THE FEMALE REPRODUCTIVE SYSTEM IN and that of the bursa copulatrix 
A, MICROPTERYGIDJE, ETC. ; B, PSYCHiIJ&; 
C, HETEROGENEA, CHE/MATOBlA, ETC. ventrally. In the more specialized, 

a, aperture of oviduct; a .. aperture of bursa; VI- and generally prevalent type, there 
IX, 6th to 9th abdominal segments. Other lettering are two reproductive apertures, viz. 
as in Fig. 414. After Petersen, 1899. 

-an aperture opening on to the 8th 
sternum which is that of the bursa copulatrix, and the aperture of the 
common oviduct situated on the 9th sternum. The separation of the bursa 
copulatrix from the rest of the genital system is exhibited in the least 
modified condition in certain of the Psychidce. In these instances the 
canal of the bursa copulatrix communicates with the common oviduct by 
an extremely. short tube which is little more than an aperture in their 
intervening walls. In other Lepidoptera a definite canal or ductus semi
nalis is evident, and in the highest forms it is considerably lengthened 
and of exceedingly narrow calibre. 

A pair of ramified or filiform colleterial glands open into bladder-like 
ducts which communicate with the common oviduct just behind the aper
ture of the receptaculum seminis. In many species (B. mori, etc.) an acces
sory gland is also present in relation with the latter structure, and the 
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whole organ then resembles a collet erial gland in general appearance, 
and has often been referred to as such. We owe to Hatchett Jackson 
(r890) the first elucidation of the morphology and development of the 
female genital system in Lepidoptera. The bursa copulatrix is a secondary 
invagination of the ectoderm, but its aperture corresponds with the vaginal 
aperture in other orders. The opening of the common oviduct, on the 
other hand, has migrated backwards and taken up a secondary position 
on the 9th sternum. According to Balbiani (Comp. Rend. r869) the bursa 
copulatrix receives the spermatozoa during copulation. Owing to the 
absence of muscles in the walls of that chamber, the spermatozoa migrate 
by their own motility into the ductus seminalis. They subsequently 
enter the oviduct and then pass up the duct leading into the receptaculum 
seminis, and are stored in the latter organ until the eggs enter the oviduct 
for fertilization. For detailed information on the female genital system 
reference should be made to the works of Cholodkovsky (r88SA), Petersen 
(r899, r904) and StHz (r90r). . 

The TRACHEAL SYSTEM communicates with the exterior by means of usu
ally nine pairs of spiracles, two being thoracic and the remainder abdominal 
in position: the pair on the 8th segment of the abdomen, although present 
in the larva, is aborted. 

The general LITERATURE dealing with the morphology of adult Lepidop
tera is relatively small. The principal anatomical treatise is that of 
Petersen (r899) and a good deal of information on the external structure 
will be found in Rothschild and Jordan's monograph (r903). The most 
completely investigated species is Bombyx mori whose anatomy has been 
studied by many workers including Blanc, Verson, Tichomiwv and others: 
for the general structure of Danais, vide Burgess (1880), while Brandt has 
dealt with that of Hepialus (r880) and the Sesiidre (r890), and Nigmann 
(r908) with Acentropus. 

CLASSIFICATION I 

The familiar division of the Lepidoptera into Rhopalocera (butterflies) 
and Heterocera (moths) has little to recommend it other than convenience 
founded upon usage. The main objection to its adoption is that the Rho
palocera, although they are of no higher rank than a superfamily, are 
elevated to a sub-order of equivalent value to the whole of the rest of the 
Lepidoptera. Again, the old divisions of Macro- and Micro-lepidoptera 
were founded mainly upon the size criterion. The adoption of these two 
groups led to the inclusion of certain families among the Macro-lepidoptera, 
whereas the~r true affinities lay with the division which comprised the 
" micros" in a literal sense. Nevertheless, after making the necessary 
adjustments in this respect, the retention of these two expressions does 
admit of certain convenience of reference, although they do not represent 
definable natural groups. As generally understood, the" Microlepidoptera " 
include the Homoneura and the superfamilies Tortricina, Pyralidina and 
Tineina of the Heteroneura in the present work. Chapman (r893) provided 
a tentative grouping of the Heterocera based upon important pupal char
acters and suggested the divisions Obtectre and Incompletre (vide p. 4II). 
About the same time Comstock brought forward a classification founded 
upon the venation and wing-coupling apparatus. He recognized two sub
orders, the Jugatre and Frenatre-the former possessing a jugum and the 
latter a frenulum. The presence of a frenulum, however, is too variable 
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even within the limits of a single family to have very much classificatory 
value. In 1895 Packard laid stress upon Walter's researches on the mouth
parts and separated the order into the Lepidoptera Laciniata (or Proto
lepidoptera) and the Lepidoptera Haustellata, the main feature being the 
presence of biting mouth-parts in the former sub-order (which includes 
Micropteryx) and their absence in all other Lepidoptera. The Haustellata 
he further divided into the Pal~olepidoptera (which includes the Erio
cranin~) and the Neolepidoptera. The latter he divided into two sections 
corresponding in the main to the Pup~ Incomplet~ and Pup~ Obtect~ 
of Chapman. In the same year Meyrick brought out a classification based 
upon the venation in conjunction with other features and in 1895 Hampson 
published a revision of his earlier scheme (1892) also founded upon the 
venation. In addition to the above-mentioned systems, the eggs have 
been examined by Chapman (1896) and Tutt (1899), while classifications 
based upon larval characters have been advanced by Dyar (1894), Forbes 
(1910), Fracker (1915) and others.: Mosher (1916) has re-examined the 
pupa from the same standpoint. Although no scheme based upon a single 
series of characters selected from one stage in the lite-history can be regarded 
as anything approaching the ideal one, the venation· on account of its con
stancy, affords the best features to work upon. For the primary division 
into sub-orders those suggested by TiIlyard (1918) have been adopted. 
His sub-order Homoneura includes Meyrick's division Micropterygina and 
his Heteroneura the remainder of the order. The separation of the numerous 
families of the latter into major groups is extremely difficult, and the system 
of Meyrick has been followed. The latter author's eight main divisions 
have been adopted with the substitution of the expression Noctuina for 
his Caradrinina. The family keys are based upon those of Hampson with 
the adoption of the Comstock-Needham system of venational nomenclature 
in place of that of Herrick-Schaffer. The larval and pupal characters;u;e 
largely based upon those given by Fracker (1915) and Mosher (1916) respec-
tively. . 

Key to the major groups of Lepidoptera. 

I (2).-Venation of fore- and hind-wings almost identical. Homoneura. 
(P·42 5) 

2 (I) .-Venation of fore- and hind-wings with evident differences. Heteroneura 
(P·42 7) 

3 (14)·-Hind-wings with Cu. absent. 
4 (s)·-Antenme clavate, no frenulum. PAPIl.IONINA 

(p. 438) 
5 (4)·-Antenme acuminate or, if clavate a frenulum present. 
6 (7).-Venation much degraded. TINE INA (part) 

7 (6).-Venation not much degraded. 
8 (9).-Hind-wings with 1st A furcate. 

9 (8).-Hind-wings with 1st A indistinctly or not furcate. 
10 (Il).-Fore-wings with M. parallel to M3 or approximated to Ml 

II (IO).-Fore-wings with M. basally approximated to M 3. 
12 (13).-Sc + Rl of hind-wing remote from Rs: frenulum 

present. 
13 (12).-SC + Rl of hind-wing approximated to Rs beyond the 

cell, or the frenulum wanting. 
14 (3)·-Hind-wings with Cu. present. 
15 (I6).-Middle spurs of hind tibi<e very short or absent. 

16 (15).-Middle spurs (or at least one) well developed. 

(P·42 7) 

TORTRICINA (part) 
(P·42 9) 

NOTODONTINA 

(P·444) 

NOCTUINA 

(p·450 ) 
LASIOCAMPINA 

(P·437) 

PSYClHNA (part) 
(P·433) 
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17 (18).-Wings divided distally into segments. 

18 (17).-Wings not so divided. 
19 (20).-Hind-wings with Sc + Rl approximated to cell and 

anterior half of Rs, often anastomosing with Rs, never 
connected with cell. 

20 (19).-Hind-wings with Sc + Rl remote from Rs, sometimes 
connected with cell. 

21 (22).-Hind-wings with Sc + Rl anastomosing with cell. 

22 (21).-Hind-wings with Sc + Rl not anastomosing with cell. 
23 (24).-Labial palpi obtuse. 

24 (25).-Labial palpi more or less pointed. 

Sub-Order HOMONEURA 

PYRALIDINA (part) 
(P·433) 

PYRALIDINA (part) 
(p. 43 1 ) 

PSYCH INA (part) 
(P·433) 

TORTRICINA (part) 
(P·42 9) 

TINEINA (part) 
(P·42 7) 

VENATION OF FORE- AND HIND-WINGS ALMOST IDENTICAL. IN BOTH 

PAIRS OF WINGS Rs IS 3- OR 4-BRANCHED. A SPIRAL PROBOSCIS IS NEVER 
DEVELOPED. 

FAM. MICROPTERYGIDJE. MOUTH-PARTS WELL DEVELOPED, TIBIAL SPURS 
PRESENT, WING-COUPLING 
APPARATUS OF JUGO-FRE
NATE TYPE CONSISTING OF 
JUGAL LOBE, HUMERAL 
LOBE AND FRENULUM. 
This family is of great im
portance from the stand
point of phylogeny as it 
includes the most primi
tive of all Lepidoptera. 
They are small diurnal 
moths with a wing-expanse 
sometimes less than 7 mm., 
and rarely exceeding 15 
mm. The fore-wings are 
ovate-Ianceolate with me
t a 11 i c colouring. Like 
many ancient groups, they 
enjoy an extremely wide 
distribution, but the family 
has probably yet to be 
identified in many parts of 
the world. Well known 
British genera are Microp-

A 

teryx Hb. (Eriocephala FIG. 416.-MoUTH-PARTS OF MICROPTERYGIDlE. A, MlOllO-

Curt·) and Eriocrania Zel. PTERYX, 1St MAXILLA. E, SABATINOA, MANDIBLES. 
(Micropteryx aut.); M. C, SABATINOA, LABIUM, ORAL ASPECT; D, EIlIOORANIA, 

calthella L. is a common 1St MAXILLA. 
insect during late spring cd, carda; ga, galea; hp, hypopharynx; Ie, lacinia; Ip, labial palp; ml, 
in many parts of the Brit- mentum; p, maxillary palp; pr, process af labial palp; sl, stipes. After 

figures by Tillyard, Trans. 4"1. Soc. 1923. 
ish Isles. The New Zea-
land genus Sabatinca Walk exhibits the most primitive venation, which is almost 
identical with that of the Trichopteron Rhyacophila. 

The sub-family Micropterygin::e includes Micropteryx, Sabatinca, and two doubt
ful genera. Functional mandibles and lacini::e are present and the galea! are free 
(Fig. 416), there being no proboscis. As in all members of the family the ligula is 
atrophied and the labial palpi are 3-jointed organs. These insects are pollen feeders 
and use their maxill::e for the purpose. The larva of Micropteryx occurs in wet moss 
and is characterized by the presence of eight pairs of abdominal limbs (vide Chapman, 
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Trans. Ent. Soc., 1894). These appendages closely resemble the thoracic legs in 
being jointed and each is terminated by a claw. The body bears eight rows of 
metamerically arranged globose processes. The larva of Sabatinca (Tillyard, 1922) 
lives among liverworts and has a similar number of reduced abdominal limbs: the 
pupa is characterized by the possession of functional mandibles. 

The Eriocraniin;e have lost the lacini;e and the gale;e are adapted to form a short 
proboscis. Mandibles are frequently erroneously stated to be absent: they are 
reduced though distinct, and are non-denticulate (Walter, 1885). They are visible 
within the bases of the pupal mandibles and possess strongly developed abductor and 
adductor muscles identical with those of the pupa (Busck and Boving). The larv;e 
of Eriocrania are apodous leaf-miners in birch, hazel, oak, and chestnut: the head 
is very small and partly hidden by the large prothorax and the usual number of 
spiracles are present. Pupation takes place in a tough cocoon of silk and earthen 
particles and the pupa closely resembles that of a Trichopteron. It is of the typical 
exarate type, with the appendages free and the abdominal segments moveable. The 
most conspicuous organs are the long curved serrated mandibles which are used 
to rupture the cocoon and aid the pupa in making its way to the surface of the soil. 
For the metamorphosis and detailed structure of all stages of Mnernonica, vide Busck 
and Boving (1914); and for the pupa of Eriocrania, vide Chapman (1893A). 

The Mnesarch;eiin;e include the most specialized members of the family and are 
represented by the New Zealand genus Mnesarchtea~ Mandibles are wanting, the 
maxillary palpi are 3-jointed only, lacini;e are absent and the gale;e form a rudimentary 
proboscis used as a sucking-organ. Their metamorphoses are unknown. 

Much difference of opinion has been expressed with regard to the systematic 
position of the Micropterygid;e, and their affinities are fully discussed by Tillyard 
(1919). Both the latter observer and Meyrick regard these insects as being true 
Lepidoptera, Comstock considers that they are terrestrial Trichoptera while Chapman 
(1917) takes the extreme step of separating the genus Micropteryx into an independent 
order-the Zeugloptera. Tillyard enumerates four salient differences between this 
family and the Trichoptera, viz. M4 is not present as a separate vein in the fore-wing 
whereas it exists in archaic Trichoptera; the pupal wing-tracheation is complete 
whereas in Trichoptera it is reduced to two trache;e only; the characteristic Trichop
terous wing-spot is absent: and broad scales with numerous stri;e are present, whereas 
scales only appear in a few isolated and highly specialized..crrichoptera, and then only 
of narrow primitive form with few stri;e. The order Zeugloptera cannot stanl,i...mYing 
to Tillyard's discovery of a frenulum in Micropteryx. Furthermore, the single female 
genital aperture upon which a good deal of stress is laid occurs in other primitive 
Lepidoptera (vide p. 422). 

FAM. HEPIALIDJE (Swift-Moths). ANTENNJE VERY SHORT, MOUTH-PARTS 
VESTIGIAL. WING-COUPLING APPARATUS OF JUGATE TYPE, THE JUGAL LOBE ELONGA'tE 
AND USUALLY PASSING BENEATH THE HIND-WING. TIBIAL 'SPURS ABSENT. A:. family 
comprising about 200 species which are widely distributed but best represented in 
Australia. It is a peculiarly isolated group and although primitive in many features 
of the external and internal anatomy it is specialized in certain others. The species 
are extremely rapid fliers and vary greatly in size: some are relatively gigantic, 
attaining a wing expanse of about 180 mm. Although the five British representatives 
are sombre-coloured insects certain of the great Australian and S. African forms 
(Charagia, Leto) are magnificently decorated with green and rose or adorned with 
metallic markings. The European species are crepuscular, or fly before dusk, and in 
two cases at least the mating habits are exceptional in that the female seeks the 
male. In Hepialus humuli the male is commonly white and is readily sought out by 
the female: in H. hectus the female discovers the male by means of an odour diffused 
by the latter. The larVa! are subterranean, feeding upon roots, or are internal wood 
feeders. Those of several European species are described by 'Fracker (1915), and 
Quail (Trans. Ent. Soc., 1900) has contributed observations on the metamorphose~ of 
certain Australian forms. They are elongate, devoid of colour pattern and both 
tufted and secondary set;e are wanting. The crochets are disposed in a complete 
multiserial circle. The pup;e are unusually elongate and active and are armed with 
spines, toothed ridges, and cutting plates on the abdominal segments, which are 
special adaptations for making their way to the surface. The 2nd to 6th abdominal 
segments are free in the female, and the 7th also in the male. For a discussion of the 
early stages and affinities of the family, vide Packard (1895). 

The small family Prototheorid;e from S. Africa is related to the Hepialid;e. The 
Australian families Anomosetid;e and Pal;eosetid;e are imperfectly known but are also 
related to the Hepialid;e. 
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Sub-Order HETERONEURA 

VENATION OF FORE- AND HIND-WINGS MARKEDLY DIFFERENT: HIND

WINGS WITH Rs REDUCED TO A SINGLE VEIN. A SPIRAL PROBOSCIS PRESENT 

EXCEPT IN GROUPS WHERE IT HAS ATROPHIED. 

Superfamily Tineina (Fig. 4I7) 

MAXILLARY PALPI OFTEN PRESENT, TERMINAL JOINT OF LABIAL PALPI 

MORE OR LESS POINTED. TIBliE WITH ALL SPURS PRESENT, LONG. FORE

WINGS 'WITH IA AND 2A FORMING A BASAL FORK, CU2 MORE· OR LESS DEVEL

OPED, M2 NORMALLY NOT MORE APPROXIMATED TO M3 THAN MI. HIND

WINGS WITH A FRENULUM: cU 2 PRESENT, SC + Rl SOMETIMES CONNECTED 

WITH MIDDLE OF UPPER MARGIN OF THE CELL, THENCE DIVERGING, SELDOM 

ABSENT. NOT INFREQUENTLY THE VENATION IS DEGENERATE. 

FAM. SESIID.tE (.tEgeriidre: Clear wings).-This family is distinguishable 
from all other Tineina by the absence of Sc + Rl from the hind-wings. Their most 
striking character, how
ever, is the absence of 
scales from the greater 
part of both pairs of 
wings: the antenn~ are 
often dilated or knobbed 
and the abdomen is ter
minated by a conspicuous 
fan-like tuft of scales. 
The fore-wings are ex
tremely narrow owing to 
the great reduction of the 
anal area and in most 
species the bristles of the 
frenulum in the female are 
consolidated as in the male. 
The family is characteristic 
of the northern hemi
sphere, and the species are 
diurnal, flying rapidly dur

Sc 

FIG. 417.-HYPONOMEUTA EUONYMELLA, LEFT WINGS. XIS· 

ing warm sunshine. Many resemble wasps, bees, ichneumons, etc. in appearance, which 
is largely due to their clear wings, slender bodies and often bright colours. They are 
in many ways an aberrant group, especially as regards the internal anatomy (vide 
Brandt, 1890). The larv~ feed in the wood of trees and bushes or in the root-stocks 
of plants. They are colourless with greatly reduced set~ ; the abdominal feet bear two 
transverse bands of uniordinal crochets, and a single row on the anal claspers. Among 
other characters Fracker states the spiracles of the 8th segment are much larger and 
higher up than on other abdominal segments. Pupation takes place in the larval 
gallery and the pup<e are provided with various forms of cutting plates for working 
their way to the surface: these are mostly situated on the head which is heavily 
chitinized. There are two rows of spines on most of the abdominal segments which 
extend around to the ventral surface, and a definite cremaster is wanting. Owing to 
their internal feeding habit several species have attracted the notice of economic 
entomologists, particularly the European and American Currant Borer (Sesia tlpttli
form is) and the Peach Tree Borer (Sanninoidea exitiosa Say) of the latter continent 
(vide Bull. 329 Ohio Exp. Sta.). Over 100 species of the family are pal~arctic and 
no less than 90 belong to the genus Sesia: 14 species have been found in the British 
Isles but several are rare and local. 

TINEINA VERA.-The remainder of the Tineina for the sake of convenience 
are here included into a single group which includes an enormous number of species, 
over 700 being British. The majority are easily recognizable as narrow-winged 
insects bordered with long hair fringes: the larger and broader winged forms have 
shorter fringes and can usually be identified by the venational characters previously 
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enumerated. The classification of the group presents great difficulties owing to the 
fact that notwithstanding the marked differences of the structure found in the 
extreme forms, the latter are closely interconnected by numerous gradational genera. 
The leading authorities are at variance as to the number of families that exist, and 
recent research has tended towards the recognition of an increasing number. Among 
this vast assemblage greater variation of larval habits and structure is found than 
in any other group of Lepidoptera. 

The Gelechiad;:e are a very large family represented by over 130 British species, 
most of which can be recognized by the pointed anterior angle of the hind-wings. 
Their larv;:e usually feed between spun leaves or shoots, sometimes in seed-heads or 
roots, and are seldom leaf-mining, or case-bearing (Meyrick). One of the best known 
species is the nearly cosmopolitan Angoumois grain moth (Sitotroga cerealella Oliv.) 
whose larv;:e are exceedingly destructive to grains of wheat, maize, etc. Gelechia 
gossypiella Sand. is a destructive pest of cotton, its larva being known as the pink 
Boll worm and Hypatima pttlverea Meyr. is one of the chief enemies of Tachal'dia lacca 
in India, its larv;:e being predaceous upon the latter insect. 

The (Ecophorid;:e are widely distributed but particularly dominant in Australia, 
where about 1,000 species are already known. The extensive genus Depressaria is 
largely European, its larVa:! living in rolled or spun leaves, especially of Umbellifera! 
and Composit;:e. 

The Elachistid;:e have extremely narrow wings and the venation is much reduced 
i~ consequence. The genus 
Coleophora is represented by 
over 70 British species and their 
larviB are leaf-miners in the 
earlier instars, afterwards in
habiting portable cases. The 
latter are attached to leaves, 
etc. into the interior of which 
the larVa! feed, producing a pale 
blotch of destroyed tissue: 
pupation usually occurs in the 
larval case. 

The P~uteJlid;:e are a moder
ate-sized family with rather un
defined characters. TheTmall 
Ermine moths (Hyponomputa) are 
nearly cosmopolitan and their 
larVa! live gregariously in dense 
webs on shrubs and fruit-trees. 
The lj)iamond-back moth (P]tt-

FIG. 418.- PWTELLA CRUCIFERARUM, ENLARGED. leila cruciferarum Z.) is very 
Reproduced by permission of the Ministry of Agriculture. destructive to cruciferous vege-

tables and, owing to its ability 
to flourish in almcst all climates, is now very nearly world-wide (Fig. 418). 

The Tineida!, as defined by Meyrick, constitutes the largest family of the group: 
about 1,000 species are pah:earctic and nearly 300 are included in the British fauna. 
Nepticula and its allies include the smallest known Lepidoptera, N. microthierella St. 
having a wing-expanse of only about 3 mm. In certain primitive members of this, 
and other genera, a jugum is present on the fore-wings in the female, and a series of 
hooked spines on the hind-wings: in the male a true frenulum is present (Braun, 
1919). The larVa! are leaf-miners devoid of jointed thoracic legs and of crochets. 
Two pairs of leg-like swellings, however, are present on the thorax and similar structures 
are found on the 2nd to 7th abdominal segments. Opostega Z. represents the extreme 
condition of venational reduction and its larva is in some respects highly specialized 
(Heinrich, 1918). Lithocolletis Hb. is an extensive genus whose mining larVa! cause 
leaf-blotches on various plants. One surface of the mine is silk-lined and caused to 
contract thus producing a hollow chamber (Meyrick). Thoracic legs may be wanting 
and the abdominal feet are reduced. LarviB of Gracilaria, Lyonetia, Phyllocnistis, etc. 
are also leaf-miners, those of the last named being apodous. Tinea L. is universally 
distributed, its larVa:! exhibit diverse habits and' sometimes live in portable cases. 
Those of most European species feed on dry refuse, dead wood, clothes, etc. That of 
Tinea vastella feeds on a variety of substances including dried fruit, fungi, horns of 
antelopes, etc. The clothes moths Tinea pellionella L. and biselliella St. and Tricho
phaga tapetzella L. are destructive in houses, their larVa:! attacking wool, hair, clothing, 
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carpets, feathers and dried skins. In Melasina energa Meyr. (Ceylon) the larva 
inhabits a tubular tunnel of earth and vegetable particles which partly projects above 
the surface of the ground (vide Fryer, Trans. Ent. Soc., 1913). Adela Latr. includes 
metallic species which fly in sunshine and often have extremely elongate antenn<e. 

The Prodoxid;e are remarkable on account of the intimate relationship which 
exists between them and species oJ Yucca (vide Riley Rep. -Missouri Bot. Gard., 1S92: 
also Ins. Life V., .p. 161). The female of Pronuba yuccasella utilizes Yucca filarnentosa 
and, by the aid of het specially modified mouth-parts, collects the pollen and applies 
it to the pistil in which she has previously deposited an egg. In this manner develop
ment of the pod, within which the larva feeds, is ensured. In Prodoxus the above 
relationship with the plant host does not exist and in this case it is dependent upon 
the Promtba for the pollination of the flowers within which the larval growth similarly 
takes ·place. 

The Tin.-.cgeriid.-.c exhibit relationships with the Sesiid;e on the one hand and 
certain Tineid;:e on the other. They are small brilliantly coloured day flying moths, 
widely distributed in the tropics and extending into Japan and Australia. The 
Xylorictid.-.c also belong to the latter continent. 

Superfamily Tortricina 

MAXILLARY PALPI RUDIMENTARY OR ATROPHIED: LABIAL PALPI WITH 

THE 2nd JOINT MORE OR LESS ROUGH-SCALED, TERMINAL JOINT RATHER 

SHORT, OBTUSE. TIBIAL SPURS USUALLY ALL PRESENT AND GENERALLY 

LONG. FORE-WINGS· WITH CU a MORE OR LESS DEVELOPED. IstA AND 

2ndA FORMING A BASAL FORK; Ma, Ma AND CUI" MORE OR LESS APPROXI
MATED. HIND-WINGS GENERALLY WITH A FRENULUM; Rs AND Ml APPROXI

MATED OR STALKED, eU a ALMOST ALWAYS PRESENT. 

Table of Families: 

I (2).-Middle spurs of hind-tibi.-.c, or at least one, well developed: 
proboscis present. 

2 (1).-Middle spur.s of hind-tibi;e very short or absent: proboscis 
absent. 

3 (6).-Fore-wings with CU a absent. 
4 (s).-Frenulum absent. 

S (4)·-Frenulum present. 

6 (3).-Fore-wings with CU a present. 
7 (S).-Frenulum absent. 

S (7).-Frenulum present. 

Torticid;e 
(p. 430 ) 

Arbel{d.-.c 
(p. 430 ) 

Argyrotypidce 
(p. 430 ) 

Ratardid<e 
(p. 430 ) 

Cossid<e 
(p. 42 9) 

FAM. COSSIDJE (Goat Moths, Carpenter Moths).-Insects of moderately large 
or exceedingly large size, the females of Duomitus leuconotus Wlk. attaining a wing
expanse of ISO mm. The family is generally distributed and, according to Turner 
(191S), it retains the most ancient form of venation among Heteroneura. The antenn<e 
are frequently bipectinate in both sexes, rarely simple: in other cases they are bipec
tinate in the male for a portion of their length and filiform distally. The frenulum is 
sometimes short and apparently non-functional, more often it is well developed: 
in the female it may consist of as many as nine bristles (Hampson). These moths 
are nocturnal fliers and lay their eggs on the bark of trees, or in the tunnels from which 
they have emerged. The larv<e are internal feeders boring large galleries'in the wood 
of forest, shade, and fruit trees or in the pith of reeds, etc., often causing serious injury. 
The head is closely united to the enlarged prothorax, and the mandibles are very 
large. Only primary setao are present and the full number of limbs is retained, the 
crochets being usually either bi- or tri-ordinal, arranged in a complete circle. In 
certain species the larv<e attain a very large size and in Cossus cossus L (ligniperda F.) 
and Prionoxystus robinitli they live for at least two years. The pup<e lack maxillary 
palpi: the 3rd to 6th abdominal segments are moveable in the female and the 
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7th also in the male. The dorsum of the segments is armed with a toothed ridge 
along each margin and a cocoon of silk and gnawed wood is usually constructed. 
Cossus L. is one of the most primitive genera and is universally distributed. Xyleutes 
Hubn. includes numerous species found in all warmer regions, particularly Australia. 
Zeuzera Latr. includes the Leopard moth (Z. pyrina L.) whose larva is destructive to 
the wood of fruit trees (Fig. 419) : that of Z. cojfeaJ Nietn. is known as the" White 
Borer" of coffee. 

The ARBELID.tE are a small family in which the antennee are bipectinate to their 
apiees in the males, and there is no frenuluni. They are exclusively tropical, and the 
larvee so far as known are wood-borers. The RATARDID.tE include only the Indian 
genus Ratarda Moore which was formerly placed by Hampson in the Lymantriidee. 
The ARGYROTYPID.tE occur in Madagascar and Chili. 

FAM. TORTRICID.tE.-This extensive group is frequently divided into several 
families; thus Meyrick (1895) and Lord Walsingham (Trans. Ent. Soc. 1895) recognize 
three, while Staudinger and Rebel (Ig01) regard these divisions of sub-family rank 
and the latter course is followed in the present work. They are moths of small size 
with wide wings, and the hair fringes of the latter are always shorter than the width 
of the wing. The family is more characteristic of temperate regions than tropical, 
and the imagines are mainly crepuscular in habit. In the males of many species there 

FIG. 419.-ZeuzERA PYRINA. 

a, female; b, male; c, larva; d, pupal case, Actual size. After 
Howard and ChittendeD. U.S. Dept. Agrie. Cire. I09 (reduced). 

is a basal costal fold to 
the fore-wings, often in
cluding expansible hairs, 
probably functioning as a 
scent organ. The eggs are 
flattened and oval, usually 
smooth, occasionally re-
ticulated. The larvee live 
concealed, usually in rolled 

I
i' or joined leaves, or in 

shoots spun together. 
Others live in stems, roots, 
flower heads or seed-pods. 
They are rather elongate, 

-slightly hairy and have. 
the full number :,.g;£... ab
dominal limbs. The cro
chets on the abdominal 
feet are usually bi- or tri
ordinal, and arranged in a . 
complete circle. Tlie 
!pupee have two rows' of 
spines on most of the ab
dominal segments; the 
4th to 6th segments' are 
moveable in the female 
and the 7th also in the 
male. The pupa is pro-

truded from the cocoon prior to emergence of the imago and is usually found in the 
situation where the larvee feed. The Tortricince include the genera Acalla Hb., with 
about 24 British species, and Tortrix L. ; one of the best known representatives is 
T. viridana L., a serious defoliator of the oak. CEnopothira (Sparganothis) pilleriana 
Schiff. is holarctic and destructive to the vine. The Conchylinee (Phalaoniinee) in
clude Conchylis, with nearly 140 Paleearctic species: C. (Clysia) ambiguella Hb. 
entails extensive injury to the vine on the continent of Europe, its larva feeding 
upon the flower buds. The Olethreutinee (Grapholithinee) include nearly 200 out 
of about 300 British species of the family. Evetria Hb. comprises the pine-bud and 
gall moths; E. buoliana Schiff. and other species are very injurious in Europe and 
N. America and are readily distributed in nursery stock. Cydia pomonella L. is the 
Codling moth whose larva burrows in the fruit of the apple and pear, and is a serious 
menace wherever these fruits are cultivated. The large genera Epiblema Hb. and 
Graptolitha Tr. are mainly confined to the temperate parts of the holarctic region: 
a number of larvee of the latter genus feed on the seeds of Leguminosee. 
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~uperfamily Pyralidina 
. PROBOSCIS AND MAXILLARY PALPI USUALLY DEVELOPED. FORE-WINGS 

WITH 1StA USUALLY SIMPLE, SOMETIMES WITH A RUDIMENT OF 2ndA AT 

THE BASE, CU 2 SOMETIMES PRESENT, M2 APPROXIMATED TO M 3, R3 AND R4 

STALKED, Rl FROM BEYOND MIDDLE OF CELL. HIND-WINGS WITH A FRENU

LUM, CU 2 PRESENT; SC + Rl ARISING FREE, ANASTOMOSING WITH OR CLOSELY 

APPROXIMATED TO Rs BEYOND THE CELL, THENCE DIVERGING. 

Table of Fami.lies : 
I (2}.-Hind-wings with CU 2 absent or vestigial. 

2 (I}.-Hind wings with CU 2 present. 
3 (6}.-Wings divided into plumes. 

Thyrididee 
(p. 43:) 

4 (~}.-Fore-wings divided into at most four plumes. Pterophoridee 
(p. 433) 

Orneodidee 5 (4}.-Fore-wings divided into six plumes. 

6 (3).-Wings not divided into plumes. 
(p. 433) 

Pyralid<e 
(p. 43 I ) 

FAM. THYRIDIDJE.-A small tropicopolitan family of particular interest on 
account of the relationships 
which it exhibits with other 
of the larger groups of the 
Lepidoptera. Both Hamp
son and Meyrick claim that 
they are the ancestral group 
from which the Papilionina 
have been derived. They 
are mostly small moths re
sembling Pytalids or Geo
metrids in general appear
ance, and can usually be 
recognized by the presence 
of white or yellowish trans
lucent areas on the wings. 
They are widely distributed 
in the tropics but only 3 
genera, embracing four 
species, are listed by Stau
dinger and Rebel as entering 
the Paleearctic region, T hyris 
alone being European. Rho
doneura Guen. includes over 
100 species distributed from 
the W. Indies and S. 
America, tlJ.rough S. Africa 

MZ 

M,3 

CUla 

CUll1 
~_=-_-=~SC+Rl / 

FIG. 420.-BOTYS RURALIS, VENATION. 

and the whole Oriental region, to Australia. The larvee, so far as known, exhibit Pyra
lid characters. For a revision of the family vide Hampson (Froc. Zool. Soc. I897). 

FAM. PYRALIDlE.-An enormous assemblage of small to medium-sized moths 
which are regarded by many authorities as consisting of a group of families; on the 
other hand, several writers, notably Hampson (1892-6, Vol. 4), regard the whole as 
a single family, dividing the latter into 12 sub-families of which seven are British. 
They are all of fragile, slender build with relatively long legs, and the approximation 
or fusion of Sc + Rl with Rs in the hind-wings (Fig. 420), readily separates the Pyra
lidee from any other major division of Lepidoptera. Their larvee have very varied 
habits, and many live in concealment. They are markedly active, and often exhibit 
a forward and backward wriggling motion when disturbed. They are usually slender 
and nearly bare, with little or no colour pattern. The abdominal feet are short, and 
provided with either a pair of transverse bands, or a more or less complete circle of 
biordinal crochets. The pupee are not protruded from the cocoon in emergence, and 
abdominal segments 5 to 7 are free. Maxillary palpi are almost always present, 
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and the surface of the body is seldom roughened with spines or .seta:! as iJl the Ptero
phorida:!. 

The Galleriin;e are a small but widely distributed sub-family whose larv;e feed on 
a variety of dried substances including the combs of bee hives and of wasps' nests, 
dried fruits, and in a few cases in roots, beneath bark, etc. Pupation takes place in 
a peculiarly tough cocoon. The best known species is the Bee moth, Galleria mellon
ella L. which has become artificially spread among hives in many parts of the world 
including Australia. The biology and method of nutrition of this species have been 
studied by Metalnikov (Arch. Zool. Exp. 1908). 

The Crambin;e include the Grass moths which are small insects with narrow 
elongate fore-wings, extremely abundant in pastures. They rest by day in an upright 
position, with the wings closely folded on grass stems. Their larv;e usually feed 
in silken galleries on grasses, reeds, or moss. The genus Crambus is widely spread 
in temperate regions, over 120 species being pal;earctic. The larva of Chilo simple.-r 
is the destructive sugar-cane borer ,of India. 

The Phycitina:! are a very large group with elongate fore-wings which lack vein 
R6: the hind-wings have, on the dorsal side, a well defined pecten of hairs on the lower 
margin of the cell near the base. These insects are exceptional in that the frenulum 
is simple in both sexeS. Secondary sexual characters are well seen in the swollen 
basal antennal joint of the males, and the same sex is often provided with a conspicuous 
row or1:uft of hairs or scales on the fore-wings. The'laj;v<E vary greatly in habits and 
usually live in silken tubes by day, coming out to feed at night. Nearly 50 species of 
the sub-family are British, and over 800 are found in thepal;earcticregion. Ephestia 
Gn. includes the Mediterranean Flour Moth (E. Kuehniella Z.) whose larv<E are great 
pests in fiour mills; those of other species attack dried fruits, biscuits, and other 
commodities, E. cautella Walk. being the nearly cosmopolitan Fig moth. The Indian
meal moth (Plodia interpunctella Rubn.), is even more widely distributed and ,"ttacks 
maize, figs and seeds of various kinds. Leetilia coccidivora is remarkable on account 
of its predaceous larva which lives upon various Coccid<E in N. America. A detailed 
study of the metamorphosis and larval and pupal structure of a Phycitid is given in 
Beeson's paper (Ind. Forest Rec. 8, I9IO) on the Oriental Toon Moth (Hypsipyla 
robusta Moore), which is a shoot-borer. Larv;e of various other genera live in rolled 
or spun leaves, others affect flower heads, and many live on the bark of trees. 

The Pyralin<E have Rs present in the fore-wings and arisin~ 'Out of R 4 • They are 
fairly numerous in the tropics, but scarce elsewhere, and absent from New Zeak!.Bd. 
The larv<E feed, as a rule, upon dry or decaying vegetable substances. Those of the 
cosmopolitan pyralis jarinalis L. form silken galleries among corn and flour -debris; 
species of A glossa Latr. mainly live among hay and chaff refuse, while Synaphe angus
talis Schiff. frequents damp moss. 

The Hydrocampin;e are of particular interest on account of the aquatic hal;>its of 
the larv<E of Cataclysta Rb., Acentropus Curt., arid Nymph la Schrk. (= Paraponyx 
Rb., Hydrocampa Gn.) which live among the leaves of water plants. The larVa:! of 
Nymphula are usually leaf-miners at first and live throughout life below the surface 
of the water. The biology of this genus has been frequently studied, notably by 
Miall (Aq. Ins.), Muller (Zool. Jahrb. Syst. 1892) and Welch (Ann. Ent. Soc. Am. 1916). 
Two definite larval types occur-those without tracheal gills when fully grown (ex. 
N. nymplteata) and those in which such organs are present (N. stratiolata). The life· 
history of N. maculalis Clem. has been studied by Welch, who states that tracheal 
gills are wanting in the first instar but increase numerically after each moult. The 
pupa is enclosed in a silken cocoon on the submerged surface of a leaf, and the imago 
is not affected by contact with water during emergence. The method of respiration 
in this genus requires further study: during early life it is cutaneous and spiracles, 
if present, are closed. In N. nympheata and C. /emnata respiration subsequently takes 
place by means of the usual number of open spiracles. In other species it is per
formed by means of tracheal gills; non-functional spiracles co-exist with the latter 
in N. stratiotata, but apparently not in N. maculalis. The anomalous genus A centropus 
is the most truly aquatic of all Lepidoptera, and its structure and biology has been 
studied in detail by Nigmann ('1908). The young larva tunnels in the petioles of 
Potamogeton and other water plants; it subsequently constructs a tube of portions of 
leaves spun together, but open at the 'two extremities. A cocoon is spun in a rather 
similar leaf-shelter, the pupa being also completely submerged. Respiration in the 
larva appears to be cutaneous at first and it is only in the later stages that the trache<E 
become filled with air. The females are dimorphic: the long-winged forms are aerial 
while those with reduced wings live entirely in the water using their alary organs for 
swimming. ,,'. 
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The Scopariin;e are a small group mainly represented by the extensive genus 

Scoparia Hw. The latter according to Meyrick mostly inhabits temperate regions o 

and is extensively developed in New Zealand. The larv;e mainly feed upon mosses 
and lichens among which they construct silken galleries. Twelve species of the genus 
are British and about 40 are pal;carctic. 

The Pyraustin;e constitute the .largest of the sub-families and are characterized by 
R2 and R5 arising from the cell in the fore-wings: they differ from the Scopariinw 
in the absence of raised tufts of scales on the wings. Included in this group are most 
of the larger Pyrales. They are common in practically all parts of the globe and 
exceedingly abundant within the tropics. Their larv;e usually feed in a slight web 
amongst spun leaves, or sometimes in stems or roots. 

FAM. PTEROPHORIDiE (Plume lVIoths).-These insects are readily distin
guishable by their deeply fissured wings; the anterior pair is longitudinally cleft into 
two or more rarely, three or four divisions, and the hind pair into three. There are 
no maxillary palpi, and all the species are extremely lightly built with very elongate 
fore-wings, and unusually long and slender legs armed with prominent tibial spurs. 
The species are nowhere numerous and 32 inhabit the British Isles. Agdistis Hub., 
and two other genera, are exceptional in possessing undivided wings. The larv;e 
mostly feed exposed on flowers and leaves but sometimes internally in stems or seed 
vessels the Composit;e being more frequently selected than any other order of plants. 
They are long a.nd cylindrical with numerous secondary setw. The abdominal feet 
are long and stem-like with uniordinal crochets. The pupw (vide Chapman, 1896) 
are attached by the cremaster and occur above ground, sometimes in a slight cocoon. 
The body is roughened with short spines or with small groups of longer barbed spines 
arising from small elevations. Unlike the pyra
lid;e, there are no maxillary,palpi, and the deep 
furrow between the 9th and 10th abdominal 
terga is likewise absent. Among British species 
one of the commonest is Pterophorus pentadac
tylus L. whose larva feeds upon Convolvulus: 
the larva of Agdistis bennetii Curt. selects 
Statice lim onium arid that of Trichoptilus palu
dum Zelb. feeds upon the leaf-tentacles of 
Drosera (Chapman, Trans. Ent. Soc. 1906). 

FAM. ORNEODIDiE (Alucitidre: Many 
Plume Moths).-A small isolated family char
acterized by both pairs of wings being cleft 
into six or more narrow plume-like divisions, FIG. 4ZI.-OR.VEODES PYGMJj,J., EN-

densely fringed with hairs along both margins LARGED, CEYLON. 

(Fig. 421). They are related to the Pyralids After Fletcher. 

and Tineids, but exhibit no close affinity with 
the Pterophorid;e. With the exception of Orneodes hexadactyla L., which is holarctic 
the various species have a restricted range: the former insect is common in Britain 
where it is the sole representative of the family. The larv;e burrow into shoots, 
flower-stalks, and buds giving rise to galls, and the known food-plants include Lonicera, 
Scabiosa, and Stachys. They are hirsute, cylindrical and rather stout; the crochets 
are uniordinal, arranged in a complete .circle. The pupw are very different from 
those of the pterophorid;e and have affinities with Tineids and Pyralids. A cocoon 
is formed on the surface of the ground and consists of loose silk or of fine earthen 
particles. Most of what is known concerning the family will be found in papers by 
Chapman (1896), Hofmann ·(Deut. Ent. Zeit. 18g8), Fletcher (Spolia Zeyl. 1910), and 
in Genera Insectorum by Meyrick (Fasc. 108). 

Superfamily Psychina 

MAXILLARY PALPI VESTIGIAL OR ATROPHIED. POSTERIOR TIBIA<; WITH 

VERY SHORT SPURS, MIDDLE SPURS OFTEN ABSENT. FOREWINGS WITH IstA 

AND 2ndA FORMING A BASAL FORK, CU 2 USUALLY PRESENT, M2 MORE OR 

LESS APPROXIMATED TO Ma. HIND-WINGS WITH FRENULUM, RETINACULUM 

OFTEN VERY BROAD: CU 2 PRESENT, SC + R 1 CONNECTED OR ANASTOMOSING 
WITH CELL. 

G.1.f,.-z8 
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Table of Families: 

I (2).-Hind-wings with Sc + Rl coincident with the cell to Megalopygid;e 
middle or near extremity: palpi absent. (p. 435) 

2 

3 

4 

5 

6 

(I).-Not as above. 
(6).-Hind-wings with Sc + Rl anastomosing with the cell : 

palpi present. 
(5).-Frenulum absent. 

(4).-Frenulum present. 

(3).-Hind-wings with Sc + Rl free or connected with the 
cell by a bar. 

7 (I2).-Proboscis absent. 
8 (9).-Fore-wings with CU 2 absent; females winged. 

9 (8).-Fore-wings with CU 2 present: females apterous. 
10 (Il).-Females and larvre case-dwellers. 

II (Io).-Females and larvre not case-dwellers. 

12 (7).-Proboscis present. 
13 (I4).-Antennre clubbed': hind-wings with Sc + Rl diverging 

from the cell from the base. 
14 (13).-Antenme filiform, rarely terminally dilated: hind-wings 

with Sc + Rl approximated to the cell and connected 
by a bar. 

Chrysopolomid;e 
(p. 435) 

Cochlidida! 
(P·435) 

Lacosomid;e 
(p. 435) 

Psychidre 
(p. 434) 

Heterogynidre 
(p. 434) 

Castniida) 
(p. 436) 

Zygrenid;:e 
(p. 435) 

FAM. PSYCHIDJE (Bag-worm Moths). A somewhat small family with an 
extremely wide distribution: about 150 species occur in the palrearctic region but 
very few are British. The family has evolved along totally different lines in the two 
sexes, the males being highly specialized and swift fliers;, while the females include 
the most degenerate of all Lepidoptera (Fig. 422). In the former sex the wings are 
thickly clothed with hairs and imperfect scales, and are almost devoid of marKings. 
The labial palpi are very short, the antennre are "Strongly bipectinated, and th~ frenu
lum exceptionally large. The females are always apterous, but exhibit various degrees _ 
of degeneration: in extreme forms the antennre, mouth-parts, and legs are totally 
wanting. The larvre inhabit cases which exhibit great variety of shape and of materials' 
used in their construction: they carry their cases with Ithem as they move a~out 
their food-plants. These habitations are formed of silk covered with fragments of 
lea ves, twigs, grass and other objects. In A pterona they are wholly constructed of silk 
and are extremely close copies of Helix-like shells. Pupation takes place within the 
larval case, and the pupre are provided with a row of sharp spinules on the abdominal 
segments. There is much diversity of structure in the female pupre: thus according to 
Heylaerts wings are present in Fumea, while in Thridopteryx Stph. and Oiketic:us Guild. 
there are no traces either of these organs or of antennre, maxillre, or eyes and' only 
slight vestiges of legs are present (Mosher). The imago of this sex is little more than 
an egg-sac and spends her whole life within the larval habitation. Copulation takes 
place by the male alighting on the case and inserting his protrusible abdomen between 
the wall of the former and the ventral surface of the female. Fumea is exceptional 
in that the female emerges from the case prior to copulation. Parthenogenesis 
is known to occur in Apterona crenulella var. helix but it is extremely doubtful if it 
is the rule in other species. Heylaerts (1881) has monographed the European species 
and gives much general information on the family: for the habits and structure of 
Acanthopsyche opacella H. Sch., vide Chapman (1900). The affinities of the Psychidre 
appear to lie with the Heterogynidre, and Heylaerts regards them as being inter
mediate between this family and the Lymantriidre; other naturalists claim that they 
are also connected through the Heterogynidre with the Zygrenidre. Meyrick removes. 
the genera Fumea and Epichnopteryx to the Tineidre. 

The HETEROGYNIDJE are an extremely small family represented by the southern 
European genus Heterogynis Rbr. The larvre are not case-bearers, and the females 
resemble those of the Psychidre in being vermifgrm and degenerate. They are stated 
to remain in the cocoons and lay their eggs there. 
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The CHRYSOPOLOMIDJE are similarly a very small family comprising only two 

genera and about 17 species which inhabit parts of Africa. 
FAM. LACOSOMIDJE (Perophoridre).-These insects are moderate sized rather 

stout bodied moths found in N. and S. America. Their affinities are doubtful and 
they have been placed as exceptional members of the Drepanid;e or Psychid;e. They 
are remarkable on account of the larval habit of making suspended protective cases 
of the leaves of the food plants. In some instances the case is only constructed by 
the mature larva, the latter living previously under a web, and in at least one species 
the larva constructs a covering of its own excrement. There is a considerable literature 
on these larv;e and further information is given by Sharp (Ins. pt. 2). The life-history 
of Lacosoma chiridota Gr. is described by Dyar (Journ. N. Y. Ent. Soc., 1900). 

FAM. MEGALOPYGIDJE (Lagoidre).-An essentially American family with only 
few pal;earctic species which occur in Africa. Their affinities apparently lie nearest 
to the Cochlidid;e, particularly with regard to larval characters. According to Dyar 
th.eir larvre possess two series of abdominal feet. The normal ones occur on segments 
3 to 6 and on 10, and are provided with crochets; the secondary feet lie on segments 
2 to 7 and are of the 
nature of sucker 
discs. Mosher states 
that in Lagoa the 
pupa has the head 
and thoracic seg
ments free, and ab
dominal segments I 

to 6 are free in the 
female, with seg
ment 7 also in the 
male. The whole 
pupal covering is 
thin and membran
ous with the appen
dages entirely free 
from each other and 
from the body-wall. 
The cocoon is fur
nished with a circu
lar operculum to 
allow of the emerg
ence of the imago. 
An account of the 
metamorphqses and 
anatomy of Lagoa 
crispata is given by 
Packard (1894). 

FAM. COCHLI
DIDJE (Limacodidre, 
Reteroge n e i d re 0 r 

FIG. 422.-TIlRlDOPTERYX EPIIENER£F'OR,lIlS. 

A, male imago; B, larva; C, larval" bag"; D, male pupa; E, female pupa ; F,female 
imago within "bag"; p, pupa case. All enlarged. Adapted from Howard and 
Chittenden, U.S. Bur. Entom. Cire. 97. 

Eucleidre). A small family allied to the Zygrenidre and Megalopygidre and includ
ing less than 40 palrearctic species: Heterogenea Knoch and Cochlidion Rb. are 
British. Their larvre are commonly known .as " slug caterpillars," which have thick, 
short fleshy bodies, a. small retractile head and minute thoracic legs. Segmentation is 
indistinct and there are no abdominal feet, but according to Chapman (Trans. Ent. 
Soc., 1894) secondary sucker discs are present on the first eight abdominal segmen~. 
A valuable series of papers on the structure of these anomalous larvre has be'en 
contributed by Dyar (1895-9). Those of different genera have very little in common 
beyond the features enumerated: many are smooth and glabrous while others are 
provided with a conspicuous armature of spine-bearing scoli which, in the case of 
Empretia stimulea, are said to be poisonous. The pupre strongly resemble those of 
the preceding family and are enclosed in a hardened oval or round cocoon. The 
latter is provided with an operculum which is constructed by the larva and allows 
of the free escape of the imago (Fig. 423). 

FAM. ZYGJENIDJE.-The members of this family closely resemble the Syntomidre 
but are readily separable therefrom by the presence of CU 2 in the hind-wings (Fig. 
424). Many are very brilliantly coloured and there is considerable diversity of struc
ture. They are diurnal in habit, with a slow heavy flight, and are inclined to be very 
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locally distributed. The larv<c (Fig. 425) possess the full number of limbs, and, so 
far as known, they are short and cylindrical with numerous verrucce from which arise 
short hairs; they live exposed on herbaceous plants. The pupee are enclosed in tough 
elongate membranous cOCoons above ground; owing to their great capacity for move
ment, they are enabled to work their way out prior to the emergence of the imagines. 

D . 
. . 

/of 

FIG. 423.-EuOLEA INDETERMINA, N. AMERICA. 

a, female imago; h, antenna of male; c, d, larva; e, scolus, much enlarged; I, pupa; g. cocoon. After Chittenden. 
U. D. Dept. Agrie. Ent. Bull. 124. 

The sub-family Zygeenince is characteristic of the palcearctic region where it is 
represented by 12 genera and over 100 species; 2 genera and 10 species inhabit the 
British Isles. Zygcena F. includes the" Burnets " which have the antennce distally 
enlarged and Ina Lch. includes the brilliant metallic green" Foresters." The Chal
cosiince are from the largest group and are essentially tropical, only two species entering 

FIG. 424.-ZYG..ENA nLlPENDUL£, VENATION. 

the palcearctic region. Many species 
are butt~rfly-like with. slender 
bodies and broad large ~s; in 
Elcysma But!. and HistilZ Fab. the 
hind-wings are tailed. The Phau-

FIG. 425. - ZYG.BNA 1'lLIPENDUL/E. 

LARVA, NAT. SIZE. 

After Ilampson (F.B'].) 

dince are a small and very aberrant 
sub-family in which the mouth
parts are wanting. In Himanop
terus Westm. the hind-wings are 
filiform as in the Nemopteridce (p. 
383) and there is no frenulum: 

the genus is placed by some authorities in a family of its own-the Himanopterid<e 
(lfhymarid<e) . 

FAM. CASTNIID.IE.-Included in this family are a number of brightly coloured 
day-flying moths often bearing a resemblance either to Nymphaline butterflies or 
" Skippers"; they are confined to tropical America and the Indo-Malayan and 
Australian regions. Their metamorphoses have been very little studied. The eggs 
are upright and the larvce feed within the stems of plants; for remarks on the pupa, 
vide Chapman (Ent. Ree. 1895). Castnia lieus is destructive to sugar cane in tropical 
America and its metamorphoses are figured by Marlatt (U.S. Dep. Agrie. Ent. Bull. 
54). By some authorities the family is regarded as being closely related to the Papilio
nina, but, with the removal of both Megathymlts and Euselzemon to the Hesperiidce, 
the affinities appear to be less evident. 

The DALCERIDJE are a very small family and occur in S. America. 
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Superfamily Lasiocampina (Fig. 426). 

MAXILLARY PALPI OBSOLETE. FORE-WINGS WITH CU 2 ABSENT, M2 

APPROXIMATED TO M 3 TOWARDS THE BASE. HIND-WINGS USUALLY WITHOUT 

A FRENULUM; CU 2 ABSENT; SC + RI APPROXIMATED TO Rs BEYOND THE 

CELL, OR SELDOM CONNECTED OR ANASTOMOSING WITH THE CELL ONLY. 

Key to the families : 
I (4).-Rind-wings with Sc + RI remote from R5: frenulum absent. 
2 (3).-Hind wings with Sc + RI approximated to the cell at the 

middle. 
3 (z).-Hind-wings with Sc + RI connected with the cell by a bar 

near the base. 
4 (1).-Hind-wings with Sc + RI curved and approximated to or 

anastomosing with R5, or connected with it by a bar. 
Frenulum present or absent. 

S (6).-Hind-wings with a pre-costal spur to Sc + R I . 

6 (S).-Hiod-wings with no pre-costal spur to Sc + R 1. 

7 (8).-Hind-wings with zndA absent or not reaching outer angle. 
Frenulum present. 

8 (7).-Rind-wings with 2ndA reaching outer angl.e. Frenulum 
absent. 

Pterothysanid::e 
(p. 438) 

Endromidre 
(p. 438) 

Callid ulid::e 
(p. 438) 

Drepanicl::e 
(p. 437) 

Lasiocampid::e 
(p. 437) 

FAM. DREPANIDlE (Drepanulidre : Hook Tips).-A rather small family mainly 
developed in the Indo-Malayan portion of the oriental region. Its members exhibit 
considerable diversity of structure and, as a rule, have the apex of the fore-wing falcate. 
The eggs are rounded-oval with the surface finely punctured. The larv::e are somewhat 
slender without the claspers on segment 13, and the anal extremity is prolonged into 
a slender projection which is raised in 
repose; certain of the other segments 
are often humped .. The pupa is enclosed 
in a cocoon, usually among leaves above 
ground. Drepana Schr. is the chief 
genus with 9 palrearctic species. Cilex 
Lch. has the forewings non-falcate, the 
frenulum is vestigial and there is no 
proboscis; C. glaucata Sc. is the only 
species and is holarctic in distribution. 

FAM. LASIOCAMPIDlE (Eggers, 
Lappet-moths).-Usually moderate to 
large sized densely-scaled moths, with 
stout bodies, and the humeral lobe of 
the hind-wings prominent. The pro
boscis is atrophied', there are no ocelli, 
and the antennre are bipectinated in 
both sexes. These insects are widely 
distributed but absent from New Zea
land and are most abundant in the 
tropics. The eggs are smooth and oval, M 3 \------:::s~~-::;::::::==5 
and the larvre stout with a more or less 
dense clothing of secondary hairs which 
obscure the primitive setre. They are 
often provided with lateral downwardly 
directed hairfianges, and hairy subdor- 2A 
sal tufts or dorsal humps on the an
terior segments. The full number of FIG. 426.-MALAoOSOMA NEUSTRIA, VENATION. 

abdominal limbs is present, and the 
crochets are biordinal arranged in a mesoseries. The pup::e resemble those of the 
Bombycidre but differ in the presence of an epicranial suture and in the labial palpi 
being unconcealed. The body is provided with numerous set::e and there is no 
cremaster. A dense, rather firm, oval cocoon of hair and silk is commonly present 
and met with above ground. Lasiocampa Schrk. is a small genus of large moths con-



LEPIDOPTERA 

fined to Europe and its species are usually swift fliers in sunshine: most members of 
the family, however, are nocturnal. M alacosoma neustria L. is the Lackey moth of 
Europe, whose larv;:e live gregariously in webs during their earlier stages, and are. 
very destructive to the foliage of fruit trees. The larv;:e of M. ameYicana have a 
similar habit and are commonly known as " tent-caterpillars," their webs measuring 
2 feet or more in length. . 

The PTEROTHYSANIDJE include slender moths with large wing-expanse, bearing 
a resemblance to Geometrid;:e. They inhabit the East Indies and the genus Pterothy
sanus Wlk. is easily recognizable by the very long double hair-fringe which adorns 
the inner margin of the hind-wings. The ENDROMIDJE include only one species, 
Endromis versicolor L. which is a rather large day-flying moth widely distributed in 
N. and C. Europe but extremely local in Britain. It frequents the neighbourhood of 
woods, the larva feeding upon the foliage of birch and other trees. The CALLID ULIDJE 
are day-flying moths bearing a close resemblance to certain Thecline and other butter
flies. The antenn;:e are simple, the labial palpi are long, and the frenulum is either 
present or absent. The family is essentially Oriental and does not occur in Europe; 
Pterodecta felderi Brem. is the only pal;:earctic species. 

Superfamily Papilionina 
ANTENNJE SLENDER, DILATED APIGALLY FORmING A GRADUAL OR ABRUPT 

CLUB. LABIAL PALPI MODERATELY LONG, MORE OR LESS ROUGH-HAIRED, 

TERMINAL JOINT RATHER POINTED. MAXILLARY PALPI OBSOLETE. FO~E

WINGS WITH cu 2 ABSENT, M 2 USUALLY ARISING FROM OR ABOVE MIDDLE 
OF TRANSVERSE VEIN. HIND-WINGS WITHOUT FRENULUM: 1 CU 2 ABSENT; 

sc X Rl ARISING OUT OF CELL NEAR BASE, THENCE STRONGLY CURVED AND 

DIVERGING. 

This superfamily includes those insects commonly known as butterflies 
and are frequently regarded as constituting a group (Rhopalocera) of equal 
systematic value to the whole of the remainder of the Lepidoptera or moths 
(Heterocera). There is, however, no scientific justification for according 
to these insects any higher rank than that of a superfamily. The¥- are 
characterized by the antennre being clubl?ed or dilated, the absence of a 
frenulum and by the humeral lobe of the hind-wing being greatly developed. 
In other Lepidoptera the antennre are not clubbed or dilated except in 
infrequent cases, and in such instances a frenulum is present. Euschemon 
is often regarded as a moth and either given separa~e family rank or pIerced 
in the Castniidre. Recent research, however, indicates that it is pro
bably the most archaic of all Papilionina and a member of the Hesperiidre. 
A frenulum is present in the male but absent in the female and, as Tillyard 
has pointed out (1918), if the nature of the wing-coupling apparatus be the 
criterion relied upon, the male of Euschemon is a frenate moth and the female 
a butterfly! The Papilionina are a tolerably natural group, but there is 
no general consensus of opinion as to their phylogeny. Both Hampson and 
Meyrick regard them as being derived from the Pyraline family Thyrididre 
while other authorities derive them from the Castniidre. 

Key to the families : 
I (IO).-Fore-wings with two or more veins stalked or coincident: 

club of antennze rounded. 
2 (5).-Anterior legs of male useless for walking. 
3 (4)·-Anterior legs of female useless for walking. 

4 (3)·-Anterior legs of female well developed. 

5 (2).-Anterlor legs of male well developed. 

1 Except in male of Euschemon. 

Nymphalidze 
(P·439) 

Nemeobiid;:e 
(p. 441) 
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(7).-Anterior tarsi of male more or less abbreviated or with one or 
both claws absent. 

(6).-Anterior tarsi of male normal, claws developed. 
(g).-Hind-wings with a single anal vein. 

(8).-Hind-wing with two anal veins. 

(r}.-Fore-wing with all the veins present and separate: club of 
antenno:e terminated by a recurved hook. 

439 
Lyco:enido:e 

(p. 441) 

Papilionido:e 
(p. 442) 

Pierido:e 
(p·442 ) 

Hesperiido:e 
(p. 443) 

FAM. NYMPHALIDJE.-The dominant family of the Papilionina and one of the 
largest of all Lepidoptera, including about 5,000 described species. The fore-legs in 
both sexes are reduced in size, usually folded on the thorax, and functionally impotent: 
the tibio:e are short and clothed with long hairs, hence the name of " brush-footed" 
butterflies. 

The Danaino:e (Euplreii?o:e, Limnadido:e) have the antennal club often but little 

r. II. JII. N. V. 
b .:L b CL b b ex. 

~ 
b a 

FIG. 427.-FoRE-LEGS OF PAPILIONINA. 

a male· b female. I. Danain.:e; II, Satyrinre; III, Nymphalime; IV, Acrreinre; V, Libythenire; VI, Nemeobidae; 
, "VII, Papilionid .. ; VIII, Pierid",; IX, Lycamidre; X, Hesperiid",. After Bingham (F.B.I.). 

pronounced, and the whole antenna is devoid of scales: the fore-feet in the female 
terminate in a corrugate knob. The larvo:e are smooth and cylindrical, with two to 
four pairs of fleshy processes, at least on the mesothorax, and often on one or more 
of the abdominal segments. They are all very strikingly marked with black and 
yellow, red, or green. The imagines have developed what must be, to our senses at 
any rate, an acrid disagreeable odour and taste, accompanied with a leathery consist
ency of body which evidently protects them from insectivorous enemies. In the 
majority of forms secondary sexual characters in the form of androconia, tufts of 
hairs etc. having peculiar odours, are prominent (Bingham). The sub-family occurs 
in all warmer regions and well-known genera are Dallais, Euplcea (Fig. 428), a_nd 
Amauris. 

The Ithomiino:e differ from the Danaino:e in that the female has a true though some
what shortened fore-tarsus. The antenno:e are devoid of scales and the wings are 
elongate, often in great part translucent, and thinly scaled. The sub-family is neo
tropical, and many species exhibit colour resemblances to the Heliconino:e or to the 
Pierido:e. 

The Satyrino:e (Agapetido:e) are a world-wide group which includes the common 
"Meadow-browns," "Heaths," "Graylings" and .. Marbled Whites." They are 



440 -.. LEPIDOPTERA 

easily recognizable by certain of the veins at the base of the fore-wings being greatly 
swollen, and by the strongly adpressed palpi. They are s~all to medium-sized butter
flies, frequently some shade of brown or tawny in colour, with a variable number 
of eye-like or annular spots. Their powers of flight are not greatly developed, and 
they are largely shade-loving insects, cryptically coloured on the underside. The 
larv<:e feed mostly upon Gramine<:e: they are fusiform and green, yellowish, or brown 
marked with longitudinal lines. In appearance they bear a resemblance to Noctuid 
larv<:e. The head is often bilobed or horned, the prothorax constricted, and the body 
is clothed with small papill<:e bearing short secondary set<:e. The segments are divided 
into annulets, and. the suranal plate is bifurcate, bearing a pair of short backwardly 
directed processes. The pup<:e are similar in general form to those of the Nymphalin<:e 
but are devoid of tubercles, and have few prominent ridges. They are generally 
suspended by the cremaster, and there is no median silken belt: a few are subterranean 
and, in some cases, they construct a slight cocoon or cell. Erebia is characteristic 
of the Alps of Europe, but also occurs on the mountains of Asia, S. Africa and N. 
America: two species inhabit N. Britain. In Melanitis F. the bases of the veins of 
the fore-wings are normal and not swollen. M. ismene Cram. extends across the 
southern half of Africa through the Oriental region to Australia: it has both wet 
and dry season forms and numerous local races. The Neotropical genera Cit/t(lJrias 
and H(lJtera have delicate transparent wings, with the scales almost wanting. 

The Morphin<:e are exclusively tropical,. and have the discal cell in the hind-wings 
open; there is also' a cradle-like depression along 
their inner margins for the reception of the abdo
men. The species of Morpho are large, and have 
an extensive wing-expanse in proportion to the 
size of the body. They are brilliant metallic blue 
insects peculiar to the forests of tropical America. 
The eastern representatives of the group do not 
equal their S. American allies either in size or 
brilliancy. 

FIG. 428.-EuPLIEA GODARTl, MALE. 

INDIA X .j
After Bingham (F.B.I.). 

The Brassolin<:e are likewise neotropical, and 
are very large insects with the discal cell of the 
hind-wings closed, They are deeply and richly 
coloured, and the under surface is marked with 
eye-spots and intricate lines. Caligo is one.Q.Lthe 
most familiar genera. 

The Acr<:ein<:e are essentially African ins(~cts and 
the majority belong to the extensive genus ACY(lJa : 
a few are Oriental and S. American. The wings 
are elongate and sparsely scaled, or more or less 
diaphanous. These ins acts appear to be largely 
immune from insectivorous enemies in all stages, 

and the imagines readily exude a nauseous fluid. The females in certain species 
develop an abdominal pouch very much as in Parnassius (vide, p. 443). 

The Heliconin<:e form one of the most characteristic groups of neotropical butterflies 
and are peculiar to that region. The .fore-wings are about twice as long as broad; 
the fore-tarsus in the male is elongate and single-jointed, and 4-jointed in the female. 
They are medium-sized insects, many of which are stated to be protected owing to 
possessing nauseous or evil-smelling properties. They are closely related to the 
Nymphalin<:e in all their stages; but the imagines are readily distinguished by the 
closed discal cell. 

The Nymphalin<:e constitute the largest of tlie sub-families: the discal cell in both 
pairs of wings is very often open or closed only by an imperfect veinlet. The palpi 
are large and usually broad anteriorly. The fore-tarsi in the male are unjointed and 
in the female four or five joints are present. In Britain, as in most parts of the world, 
they constitute the dominant group of butterflies and include the "Fritillaries" 
(Argynnis, Brenthis, and Melit(lJa); the" Tortoiseshells" and" Peacock" (Vanessa) ; 
the" Purple Emperor" (Apatura) and other familiar insects. The larv<:e are almost 
always cylindrical and armed with numerous scoli. In Apatura and Charaxes they 
are smooth with tentacle-like processes on the head, and a pair of posteriorly tlirected 
anal processes. Muller (r886) gives a very complete account of the metamorphoses 
of many Brazilian species, and discusses the significance of colour pattern and its 
relation to the scoli. The pUpa! are very characteristic and are often armed with 
prominent tubercles on the surface of the body: there are usually seven rows on 
the abdomen, and there is a pointed projection on either side of the head in many 
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species. The pupa is suspen.ded head downwards by the cremaster, unsupported by 
a median girdle. Among the more notable species may be mentioned the central 
European Araschnia levana which produces two annual generations so dissimilar 
that they were formerly regarded as the two species, A. levana and A . prorsa. Pyrameis 
cardui, the" Painted Lady," is probably the widest distributed of all Lepidoptera. 
Apatura occurs over the northern hemisphere, and is represented in Britain by A. iris, 
which is local in oak woods of the southern counties. The Indo-Malayan Kallima 
includes the" leaf butterflies," remarkable on account of the extraordinarily perfect 
resemblance to leaves which is exhibited by the under surface of the closed wings. 
Charaxes includes large butterflies very widely distributed through the eastern hemi
sphere to Australia, and the hind-wings are produced at veins Ma and CU1b into long 
slender tails. 

F AM. NEMEOBIID JE (Erycinidre, Lemoniidre) . An extensive family comprising 
over 1000 species which are characteristic of the neotropical region, A few species 
are found in the United States and approximately 100 occur in the eastern hemisphere. 
For the most part they are small butterflies,. with short broad fore-wings, and the fore
legs in the male are imperfect and brush-like, with one-jointed tarsi devoid of claws: 
in the female the fore-legs are functionally perfect but distinctly smaller than the 
remaining pairs. The vast majority of the species belong to the 
sub-family N emeobiime (Riodiniinre) which has a single Euro
pean representative, N emeobius lucina. The latter insect ex
tends its range into Britain where it is local but not rare. The 
Libytheiinre may be easily recognized by the very long and 
closely approximated porrect palpi. The widely distributed 
genus Libythea includes a single pal<earctic species L. celtis, 
which occurs in central Europe. The affinities of this sub
family have given rise to much discussion, and certain authori
ties relegate it to the Nymphalidre while others regard it as 
forming a separate family. The Nemeobiinre on the other 
hand are more nearly related to the Lycrenidre. The larvre 
of the Libytheiinre bear considerable resemblance to those of 
Pieridre: each segment is divided into annulets, and numer
ous secondary setre are present. The pupre are short and 
smooth and suspended perpendicularly. Larvre of the Nemeo
biinre exhibit marked diversity of form: in some cases they 
are onisciform, attentuated at the extremities, and covered 
with a variable development of secondary setre. Both larvre 
and pupre resemble those of the Lycrenidre rather than any 
other family. J 

FAM. LYCJENIDJE (Blues, Coppers, Hair-streaks). A 
family of small to moderate-sized butterflies wel~ represented FIG. 429.-A LYClENID 
in most regions. Over 280 sp.ecies are palrearctic, and 18 LARVA. 
have been recognized as British, though several are either no a, aperture of gland; b, 

one of the pairs of extensile 
longer met with or are casual and extremely rare. The organs. After Wheeler, 
predominant colour of the upper surface of the wings is " Ants." 

metallic blue or coppery, dark brown, or orange; on the 
under side coloration is more sombre, with dark-centred eye-spots or delicate streak
ing. The antennre are ringed with white and a rim of white scales surrounds each 
eye; the hind-wings are frequently provided with c:ielicate tail-like prolongations. 
The legs are all functional and used for walking but, in the males, the anterior tarsi 
are more or less abbreviated, or with one or both claws wanting. The sexes frequently 
exhibit great differences in coloration; thus in Lyccena cegon for example, the male 
is purplish-blue and the female dark iridescent fuscous and, in L. corydon, the male 
is pale shining blue and the female iridescent brown. The great majority of the larvre 
are onisciform, tapering towards the extremities, and with broad projecting sides 
concealing the limbs (Fig. 429). This type of body-form resembles that of Zygcena 
more than of any other Lepidoptera. Secondary setre are usually numerous, but 
some larvre are smooth or dorsally corrugated; many are clothed with a short pile, 
others are armed with brlstle-bearing verrucre and a few are hairy. The pupa is 
relatively short and stout, anteriorly rounded, and with little or no freedom of motion 
in the abdominal segments, which fit together to form a smooth surface. Generally 
it is attached at the anal extremity and secured by a central girth of silk: there are, 
however, a number of exceptions and in some cases the pupa is subterranean. For 
an account of the metamorphosis of several species of the family the student is referred 
to a series of papers by Chapman (Trans. Ent. Soc., 19I1-20). The larvre in some 
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cases are known to be carnivorous: that of Gerydus chinensis Feld. feeds upon aphides 
in China (Kershaw, Trans. Ent. Soc., 1905). Lycama arion (Europe) is phytophagous 
up to the last instar when it enters nests of Myrmica and becomes carnivorous preying 
upon the ant larv<e (Chapman, Trans. Ent. Soc., 1915). The larva of the American 
Feniseca tarquinius is wholly carnivorous feeding upon woolly Aphids (Eriosoma, etc.), 
while that of SPalgis epius is recorded by Green as preying upon Coccids. Larv<e 
of other species are frequently sought after by ants, who use their antenn<e to stroke 
them and induce them to yield drops of fluid secretion. The latter is apparently 
the product of a dorsal gland situated on the 7th abdominal segment (vide Newcomer, 
journ. N.Y. Ent. Soc., 20). The Indo-Australian Liphyra brassolis Westw. (Fig. 430) 
is the most remarkable memberof the family, being totally unlike other forms in any 
of its stages (Chapman, Entom., 1902, 1903). Its larva is flattened, and has a very 
hard smooth chitinized covering, devoid of evident segmentation: the jaws are sharply 
toothed and adapted for tearing and piercing rather than mastication. This curious 
larva is found associated with CEcophyUa smaragdina and is believed to prey upon the 
brood of the latter, its hard covering serving as a protection against the ants. Pupa
tion takes place in the larval skin: the pupa shrinks away from the cuticle and is 
loosely enclosed in the puparium thus formed. The newly emerged imago is covered 

with a number of loosely attached scales which 
may serve as protection against the ants, as they 
certainly cause the latter trouble when enveloped. 
by them (Dodd, Entom., 1902). Euliphyra miri
fica Holl. similarly frequents nests of the same 
ant in W. Africa, and its greatly modifLed larva 
has been described by Eltringham (Trans. Ent. 
Soc., 1913). 

FAM. PIERID.tE (Whites, etc.).-Included in 
this family are some of the very commonest of 
all butterflies; they are mostly of medium size 
and usually either white, yellow or orange marked 
with black. The six legs are well developed and 
similar in both sexes, and the claws of the feet 
are bifid or toothed. Several taxonomists have 
united this family with thEfPapilionid<e, to form a 
single group, but the distinctness of the .~rac
ters in the two cases does not appear to warrant 
this procedure. The larvie are rather _elongate 
with the segments divided into annulets, and the 
body bears numerous secondary set;e varying in_ 
size: the crochets are bi- or hi-ordinal arranged 

FIG. 430.-LIPHllYA BllASSOLIS X t· in a mesoseries. The Ilarv<e are further' charac-
After Bingham (F.B.I.). terized by the absence of osmeteria, fleshy fila

ments and cepha1ic or anal horns. 
The pup<e are suspended in an upright position attached by the caudal extremity 

and a central band of silk: they may be readily distinguished by the single median 
cephalic projection or spine, and the hind-wings are not visible ventrally (Mosher). 
Pieris includes the common White or Cabbage butterflies whose larv<e, in several 
species, are extremely destructive to cruciferous vegetables in Europe and N. America. 
In this respect Pieris rapm is probably the most injurious of all butterflies. Larv<e 
of other members of the family feed chiefly on plants belonging to the Leguminos<p 
and Capparidace<e. Euchloe and Synchloe include the" Orange Tips," Colias the 
" Clouded yellows" and Gonepteryx the" Brimstones or Sulphurs": all are character
istic of the northern hemisphere. Certain species of Pierid<e have the habit of migrating 
in large numbers, which has attracted the notice of travellers in many parts of the 
world. No satisfactory reason for these flights has been put forward: clouds of 
butterflies chiefly of A ppias and Catopsilia may stream past the observer for hours at 
a time, all going in one direction (Bingham). 

FAM. PAPILIONID.tE (Swallow-tails).-An extensive family of pre-eminently 
tropical butterflies including some of the most magnificent of all insects. About 
800 species are known; less than 70 of these are pal<earctic, and about 30 range 
into America north of Mexico. In the British Isles the sole representative is Papilio 
machaon which is local and now restricted to certain fenny districts in East Anglia. 
The wings of these insects are extraordinarily variable in shape and, in the majority 
of species, the hind pair is provided with conspicuous tail-like prolongations which 
are marginal extensions in the region of vein Ma. The prevailing ground colour is 
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generally black, strikingly marked with shades of yellow, red, green or blue. The 
larv<e are smooth or provided with a series of fleshy dorsal tubercles or sometimes 
with a raised prominence on the 4th segment. Except in Parnassius, in which second
ary set<e and verruc<e are evident, the body is practically devoid of set<e. An 
osmeterium is situated on the prothorax (vide p. 141) and when retracted its presence 
is revealed by a dorsal groove through which it is everted. The pup<e are variable 
in form: the head bears two lateral cephalic projections and the hind-wings are 
visible ventrally. Suspension takes place at the caudal extremity in an upright 
position, and the pupa is further secured by a median silken girdle. In Thais there 
is a cephalic as well as an anal attachment and Parnassius is exceptional in that 
the pupa is not suspended but occurs in a slight silken web among leaves. The imagines 
of many species of the family have the sexes extraordinarily different both in form 
and colour, and often in habits also. In numerous instances the females are poly
morphic while, in other cases, this peculiarity extends to both sexes. As examples 
may_ be mentioned the Oriental Papilio memnon which has three distinct forms in 
each sex and two of these in the female are tailless. The North American Iphiclides 
ajax has three distinct seasonal forms, viz. those appearing in early spring, late spring 
and summer. The African Papilio dardanus (merope) is represented by different races 
or sub-species in various regions of that continent, and each of these possesses from 
one to five different forms of the female which, for the most part, are close mimics 
of certain Danaine butterflies. The greater number of the species of the family are 
included in the genus Papilio: those of the Ornithoptera group comprise the finest 
of all butterflies and they form the subject of a sumptuous monograph by Rippon 
(leones Ornithopterorum). .In the oriental genus Leptocircus the fore-wings have a 

FIG. 43r.-ANAL PoucHEs (VENTRAL AND LATERAL ASPECTS) OF THREE SPECIES OF 
P ARNASSIUS. 

After Bingham (F.B.I.). 

transparent scaleless band, and the tails are exceedingly long. Parnassius occurs 
in the mountains of the holaTctic region chiefly in Central Asia. Both pails of wings 
are diaphanous, with few scales, and the tails are wanting. During copulation the 
females develop a corneou's anal pouch exhibiting specific variations in form (Fig. 431). 
This genus also differs from other Papilionid<e in' its venation and metamorphosis and, 
for this reason, is sometimes placed in a family of its own. 

FAM. HESPERIIDJE (Skippers).-These insects derive their popular name from 
their erratic darting flight which is different from the more sustained aerial evolutions 
of other butterflies. They form an extremely large family, generally distributed, 
but not ranging into New Zealand (vide Mabille and Boullett, Ann. Sci. Nat. 16; 
also Gen. Insectorum fasc. 17). The Hesperiid<e are the most distinct of all Papi
lionina and there is much to be said in favour of their separation to form a super
family of their own. Reuter regards them as constituting a sub-order-the Grypo
cera, but this view is based upon an exaggerated value ascribed to their distinguishing 
features. The antenn<e are relatively widely separated at their bases, and their apices 
are generally prolonged beyond the club to form a small recurved point. The abdomen 
is stout, the wings are proportionately less ample than in most butterflies, and the 
venation of a markedly distinct type. As a general rule the larv<e are moderately 
stout and taper towards both extremities; secondary set<e are small, or absent dor
sally, and the crochets are triordinal arranged in a circle. In the Hesperiin<e the 
head is large and attached to a strongly constricted" collar" while in the Megathy
miin<e it is small and partially retractile (Fracker). They frequently live concealed, 
drawing together leaves by means of silk, or inhabit webs or galleries: those of the 
Megathymiin<e are borers. The pupa is devoid of angular points or projections .and 
is usually enclosed in a slight cocoon among leaves: in other cases it is exposed and 
attached by the caudal extremity, and also by means of a median band of silk. The eggs 
are spherical or pval, flattened beneath, smooth or reticulated, and sometimes ribbed 
(Meyrick). The vast majority of the species belong to the Hesperiim.e. and eight are 
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indigenous to Britain. The Megathymiinre include the Giant Skippers which have 
the apex of the antennre devoid of a recurved point, and the wing veins are peculiarly 
specialized and greatly strengthened in the male. The group is mainly a tropical one 
and unrepresented in the palrearctic region .. The Euschemoniinre are often regarded 
as a family of moths, the males possessing a frenulum. Euschemon is the most archaic 
of all butterflies and according to Tillyard (1919) its larvre and pupre exhibit definite 
Hesperiid characters. 

Superfamily Notodontina 

MAXILLARY PALPI OBSOLETE. FORE-WINGS WITH cU 2 ABSENT AND IstA 

USUALLY FURCATE; M2 NOT ARISING NEARER M3 THAN TO 1\1: 1 ; R4 AND 

Rs ARISING OUT OF Ra. HIND-WINGS USUALLY WITH A FRENULUM, CU 2 
ABSENT. 

Table of families :-
I (6).-Hind-wings with Sc + Rl diverging from the cell from 

the base: no frenulum. 
2 (s).-Fore-wing with Rs connected with Ra + R 4. 
3 (4) .-Proboscis absent: tibire without spurs. 

4 (3)·-Proboscis present: tibire spurred. 

5 (z).-Fore-wing with Rs remote from Ra + R4 and usually 
stalked with MI. 

6 (I).-Hind-wings with Sc + Rl connected with or approxim-
ated to the cell or Rs: frenulum present or absent. 

7 (I4)·-Hind-wings with Sc + Rl remote from Rs. 
8 (n).-Proboscis absent. 
9 (Io).-Frenulum absent. 

10 (9).-Frenulum present. 

II (8).-Proboscis present. 
12 (I3).-Hind-wings with Sc + Rl connected with cell near 

middle: M2 obsolescent. 

13 (I2).-Hind-wings with Sc + Rl connected with cell near base 
only, or M2 fully developed. I 

l4 (7)·-Hind-wings with Sc + Rl approximated to or anastomos-
ing with Rs. 

15 (I6).-Frenulum absent. 

16 (Is).-Frenulum present. 
17 (I8).-Hind-wings with Sc + Rl connected with the cell by a 

bar near the base. 
18 (I7).-Hind-wings with Sc + Rl not joined to cell by a bar. 

Sa turniidre 
(p. 448) 

Cera tocam pidre 
- (p. 449) 

Uraniidre 
(p. 449) 

Bombycidre 
(p. 449) 

Eupterotidre 
(p. 445) ---

Notodontid~ 
(p. 446) 

Geometrid;:e 
(p. 44-7) 

Brahm;:eid;:e 
(p. 449) 

Sphingidre 
(P·444) 

Cyma tophoridre 
(p. 445) 

FAM. SPHINGIDJE (Hawk Moths).-An important family of moderate-sized to 
very large moths, including at least 800 species, which are distributed over almost 
the whole world. It is essentially a tropical group which is represented in the British 
Isles by8 genera and 17 species. Deilephila lineataF. is cosmopolitan and others such 
as Acherontia atropos L., Daphnis nerii L. and Protoparce convolvuli L. (Fig. 432) 
have a very wide geographical range. The imagines are easily recognizable by the 
elongate fore-wings and their very oblique quter margin. The antenn;:e are thickened 
towards or beyond the middle and are pointed at the apices which are nearly always 
hooked: in the male the antennre are ciliated with partial whorls. The proboscis 
may be developed to a length which is not attained by any other Lepidoptera, but 
it is very variable. In Cocytius (tropical America) it measures 25 cm. long while 
the opposite extreme is found in Polyptychus in which it is reduced to a pair of tubercles. 
The frenulum and retinaculum are present in all generalized forms, but in some 
instances they are reduced or vestigial. In the Humming Bird moths (Macroglossa) 
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and the Bee Hawk moths (Hemaris) the apex of the abdomen is provided with an 
expansile, truncated tuft of hairs. In the latter genus the disc of the wings is trans
parent, the fugitive scales present on newly-emerged specimens being very quickly 
lost. Sphingid<e have an exceptionally powerful flight and hover over flowers as 
they feed on the wing: most are crepuscular and nocturnal but a few (Macroglossa, 
Hemaris, etc.) are diurnal. 

The ·larv<e are smooth, or with a granulated skin, but the latter feature is often 
only present in the first instar. The 8th abdominal segmerit almost always bears an 
obliquely projecting dorsal horn-relatively longer in the first than the later instars. 
The pupa occurs free in a cell in the ground, or in a very loose cocoon on the surface, 
between leaves, etc. The 5th and 6th abdominal segments are free and there is 
always a cremaster. Various methods of accommodating the proboscis are notice
able in the pupa and in some genera this organ projects from the body in a conspicuous 
manner so as to resemble the handle of a pitcher. 

The Death's Head moths (Acherontia) are remarkable in several respects: the 
imagines have been noted to enter bee-hives to rob them of honey, and they possess 
the faculty of sound production. The note emittt<d is a shrill chirping sound and 
many hypotheses have been advanced to account for it. The literature thereon is 
fully discussed by Tutt (1899); the sound was originally attributed to friction but it 
seems probable that 
the real cause is the 
forcing of air through 
the proboscis, though 
the source of the air 
has not been ascer
tained (Rothschild and 
Jordan). The imago 
is occasionally audible 
before emergence from 
the pupa, but the 
larva emits a different 
type of sound. Most 
observers agree that 
when irritated it pro
d uces a series of 
rapidly rep eat e a 
" cracking" notes re
sembling those 
emitted during the 
discharge of succes
sive electric' sparks, 
and the sounds are 
made by the man
dibles when sharply 
brought together. The 
principal works on 

FIG. 432. PRorOPAROE CONVOLVllLI, MALE AND VENATION OF 
HIND-WING. X t. . 

After Hampson (F.B.I.). 

the family are those of Rothschild and Jordan (1903, 1907). For a general study 
of the larvre, consult Forbes (Ann. Ent. Soc. Am., 19II), while the larval colour 
changes and their significance are discussed by Piepers (Tijd. Ent. 40); for the life 
history of P. convolvuli, vide Poulton (1888). 

FAM. CYMATOPHORIDJE (Polyplocidre) .-A relatively small family resembling 
the N octuidre and mainly restricted to the northern hemisphere. Thirteen genera 
are palrearctic, four being represented by common species in the British Isles, the 
most familiar being the" Buff Arches" (Habrosyne derasa: Fig. 433) and the" Peach 
Blossom" (Thyatira batis). The larvre are cylindrical and bear no secondary set<e : 
the abdominal feet carry biordinal crochets arranged in a curved mesoseries, and the 
claspers are reduced in size. Pupation occurs in a rather slight cocoon among leaves. 

FAM. EUPTEROTIDJE (Thaumetopreidre) .~A family of large-sized moths 
having the antennre pectinated in both sexes (Fig. 434). None are British and the 
group is chiefly centred in India. The family was formerly united with the Lasio
campid<e but differs therefrom in possessing a frenulum. The larvre are tufted with 
long hair and secondary setcc are always numerous, but distinct verruccc are wanting. 
Larvre of Thaumetopcea Hb. (Cnethocampa) are known as pro cessionary caterpillars 
which exhibit gregarious habits. T. processionea L. is the well known European 
processionary moth. Its larvre march in columns, ~ach being headed by a leader, 
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the column becoming gradually broader behind. It is believed that the individuals 
guide themselves and maintain their positions by means of threads spun by the leaders 
of each of the files. Brindley has observed these columns in the case of T. pinivora 
Tr. and conducted a series of experiments (vide Proc. Camb. Phil. Soc., 1910). He 
concludes, however, that the threads secreted by individuals on the march are of 
very slight importance either in forming the procession or in maintaining its integrity. 
The larv::e endeavour to maintain head and tail contact with the members of their 
file and this appears to be of primary significance in forming the procession. An 

. FIG. 433.-HABROSYNE DERASA, MALE, PALiEARC
TIC REGION. X~. 
After Hampson (F.B.I.). 

account of the habits of other remark
able larv::e belonging to this family is 
given by Sharp (Ins. Pt. 2). 

FAM NOTODONTID .. t'E (Promin
ents, etc.) .-Insects with moderately 
stout bodies and rather elongate fore
wings: they are generally distributed 
but absent from New Zealand and 
poorly represented in Australia. The 
imagines are exclusively nocturnal, and 
are often attracted to a light, otherwise 
the various species are usually only 
obtained as larv::e. A large number of 
the larv;e of this family are well figured 
by Packard (1895); they mostly feed 
exposed on trees and shrubs, seldom 

affecting herbaceous plants. According to Fracker all exhibit secondary set::e on the 
abdominal limbs and, in some genera (Phalera, etc.), these set::e are present on the body 
also. The anal claspers are frequently modified into slender processes which are erected 
when in repose: the latter habit is also exhibited by Notodonta which has the claspers 
unmodified. The pupa only exhibits a small proximal portion of the labial palpi, 
maxillary palpi are absent, and the maxill::e do not reach the caudal margin of the 
wings:· the abdomen is punctate and a cremaster usually present (Mosher). Noto
donta O. is characteristic of the temperate regions of the northern hemisphere and in 

FIG. 434.-EuPTEROl·E FABIA, MALE, INDIA. X"l-

After Hampson (F.B.I.). 

this genus, Lophopteryx Steph., and others there is a tuft of prqjecting scales on the 
middle of the hind margin of the fore-wings. Stauropus Germ. is Indo-Malayan with 
a single European species S. fagi L.: its larva is very remarkable on account of the 
great length of the 2nd and 3rd pairs of thoracic legs. The anal extremity is 
inflated and claspers are replaced by two slender processes. In repose both extremi
ties are abruptly erected, and in the curious attitude thus presented the larva, when 
irritated, has been regarded by Muller as resembling a spider; when at rest it was 
compared by Birchall to a twig with unopened buds, and by other observers to a dead 
and crumpled leaf. The larva of Dicranura vinula L. is a very striking and familiar 
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object: it is provided with a pair of roughened tubercles on the prothorax, and a 
prominent fleshy protuberance on the metathorax. The anal claspers are modified 
into a pair of long slender processes containing extensible filaments, and the histology 
and mechanism of these organs have been investigated by Poulton (1887). This 
larva, and also those of other members of the family, is provided with a ventral pro
thoracic gland (vide Latter, 1897) having the power of ejecting an irritating fluid. 
The latter in the case of D. vinula, has been found to consist of formic acid. The 
pupa in this species, and in those of Centra, is enclosed in a hard wood like cocoon on 
the bark of trees. The escape of the imago is facilitated by the cocoon being thinner 
anteriorly and the labrum of the imago bears two sharply pointed processes used for 
scraping the inner surface of the cocoon, in order to break a way through. At the 
same time, a secretion of potassium hydroxide is produced from the mouth in order 
to soften the cocoon. The eyes, and median portion of the head of the pupa, persist 
as a shield protecting those same parts in the imago until emergence is effected (Latter, 
1892, 1895). 

FAM. GEOMETRIDLE. (Carpets, Waves, Pugs, etc.).-A very large family 
consisting of several thousand species 
which are almost always of slender build 
with relatively large wings (Fig. 435). 
Their flight is never strong and, when 
at rest, the wings are extended hori
zontally. Both frenulum and proboscis 2A' 
are generally present, but in a few cases 
either the one or the other may be want-
ing. In some genera the females have 
greatly degenerate wings or are com
pletely apterous as in Anisopteryx Stph., 
Cheimatobia Stph. Hybernia Latr., Phi-
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As 
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galia Dup. and certain species of Biston 
Lch. The larv<e are elongate and usu
ally very slender: as a rule abdominal 
legs are only developed on the 6th and 
10th segments and progression takes 
place by drawing the posterior somites 
close to those of the thorax, the body 
thus forming a loop. The whole body is 
then extended in the direction desired 
and the looping action repeated. In 
some instances abdominal legs appear on 
segments other than those normally 
carrying them. Thus in Himera pen
naria a pair is present on the 5th seg
ment but disappears with the fourth 
moult while in A nisopteryx cescularia 

FIG •. 435.-ABRAXAS GROSSULARIATA, VENA
TION. 

they art< developed on the same segment and persist throughout the larval period. 
In Brephos notha Sharp states that rudimentary abdominal feet are present on 
the 3rd to 5th segments in the newly hatched larva, but attain greater develop
ment when the latter is fully grown. It is evident that in this species the larva is 
much more a Noctuid than a Geometrid in its morphology. The vast majority of 
the larv<e of the family bear an exceedingly close resemblance to twigs, or the thicker 
veins of leaves; and can only be detected with difficulty when at rest. In the pupa 
there are no maxillary palpi, the first two pairs of legs are longer than in most other 
Lepidoptera, and there is often a deep dorsal furrow between the 9th and 10th 
abdominal segments. A slight cocoon is spun between leaves or the pupa is subter
ranean. The family is divided into six sub-families by Hampson while Meyrick 
(1895) regards each division as constituting a separate family under a different name. 
Over 3000 species occur in the pal<earctic region and, of these, about 270 are British. 
In Boarmia, and its allies, a fovea is present on the underside of the fore-wing at the 
base of the anal region; it is generally confined to the male, is often hyaline and 
sometimes glandular. This structure is present in many species, and it is suggested 
by Meyrick that it may be a scent-producing organ. The posterior tibi<e, also in 
the male, are often enlarged and contain an expansible tuft of hairs. Brephos, Anisop
teryx and a few other genera are regarded by Meyrick as being the most primitive 
of all Geometers and constitute his family Monocteniad<e. Brephos has also been 
referred to a family of its own, while other authorities have regarded it as a Noctuid. 
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The larva! of Paleacrita are known as Canker Worms which are pests of fruit end 
shade trees in N. America. Those of the Winter moth (Cheimatobia brumata) and of 
species of Phigalia and Hybernia are well known defoliators of similar trees in Europe. 

FAM. SATURNIIDJE.-In this family (which includes the Hemileucida!) the 
antenna! are prominently bipectinate in both sexes, the rami being longest in the 
males; the labial palpi are minute and there is no frenulum. It includes a number 
of large, or very large, tropical insects with but few representatives in temperate 
regions: almost all are characterized by a transparent eye-spot near the centre of 
each wing. The only British species is the Emperor moth Saturnia pavonia L. (car
pini Schiff.): S. pyri Schiff. is the largest European Lepidopterous insect. Attacus L. 

FIG. 436. ATTA(JUS ATLAS, MALE, INDIA X t. 
After Hampson (F.B.I.). 

ranges from Mexico and S. 
America to Africa, and 
throughout the Oriental 
region to Japan. A. atlas 
L. (Fig. 436) and A. ed
wardsi White are among 
the largest moths in the 
world, the females having 
a wing-expanse of about 
25 cm. Saturniad larva! 
are very highly specialized 
(Fig. 437) : they are stout 
and smooth and differ 
from most other families 
in possessing scoli or at 
least rudiments thereof. 
The position and number 
of the scoli vary very 
greatly in different genera, 
and for a detailed study 
of their arrangement refer

ence should be made to Fracker's paper (1915); in Saturnia they are subequal in 
size on all the segments. The pUpa! have the antenna! broadly pectinate in both 
sexes, with the axis of the flagellum very prominent, The maxilla! are always 
short, not more than trd the length of the wings, and the cremaster, if present, is 
very short. A dense firm cocoon is always formed and is very <;haracteristicCiT" the 
family: several species yield silk of commercial value. A ntheraa yama-mq,i. Guer., 
is the Japanese oak silkworm which is reared on a large scale in that country, and 
was introduced into Europe in 1861. A. pernyi Guer, the Chinese oak silkworm, 
yields Shanting silk which is pale buff in colour and largely exported. A. paphia 
L. and assama Westw. are poly- I 
phagous forest-inhabiting in-
sects. A. paphia is uni- or bi-

FIG. 437.-SAMIA OEROROPIA, LARVA. 

After Riley. 

voltine and very distributed 
through the oriental region: it 
yields the brownish Tasar silk. 
A. assama is a multivoltine 
semidomesticated species chiefly 
found in Assam: it yields Muga 
silk which is mainly used locally. 
Philosamia ricini Hutt. and P. 
cynthia Dru. are very closely 
related multivoltine species. The 
former is extensively domesti
cated and its larVa! are reared on Ricinus communis. It yields Eri silk which is 
white or brick-red but not reelable and is mainly used locally in Assam and Bengal. 
P. cynthia occurs wild in India and China but is also domesticated and has been 
introduced into various parts of the world including Europe and N. America. Telea 
polyphemus (N. America) also yields silk which can be commercially utilized. The 
biology of a number of species is described aI1d their metamorphoses figured by 
Cotes (Ind. Mus. Notes 2, pt. 2) and by Andre (" Elevage des vers a soie sauvages "); 
notes on many silk-producing species are given by Wailly (Entom. 1895-97) and 
for a full account of the Eri silkworm see Lefroy and Ghosh (1912). A good deal of 
information will also be found in Packard's monograph (1914) of the North America 
Saturniida!. 
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FAM. BOMBYCIDJE.-Included in this family is a small number of moths 

characteristic of the Oriental region. As in the Saturniida'! the antenna'! are bipectinate 
in both sexes; the labial palpi are small or absent, and the legs are devoid of spurs. 
The larva'! are glabrous and elongate usually with a medio-dorsal horn on the 8th 
abdominal segment. The pUpa'! have the labial palpi almost entirely concealed by 
the maxilla'!, and the body is covered with short coarse seta'!: there is no cremaster. 
All species form a dense silken cocoon. The larva of Bombyx mori L. is the well 
known silkworm, an inhabitant of China which has become introduced into many 
parts of the world for commercial purposes. It is now entirely domesticated and 
is not known in the wild state. A number of local races exist, and these have been 
regarded by Hutton, Cotes, and others as distinct species. They differ chiefly in the 
number of annual broods which are largely dependent upon climate. The natural 
food in all cases is the leaves of the mulberry, and the silk produced is white or 
yellow. 

FAM. BRAHMJEIDJE.-A very small group of tropical moths related to the 
Saturniida'!, but readily distinguishable by the presence of a proboscis, and the large 
upturned labial palpi. They are large, sombre-coloured insects with very complex 
wing-patterns, and the antenna'! are bipectinated in both sexes. Brahmcea Wlk. 
occurs in Africa and through southern pala'!arctic Asia to China: the life history is 
described by Packard (1914), 

FA M. CERA TOCAM
PIDJE (Citheroniidre).
Large or medium-sized moths 
with stout hairy bodies, and 
powerful wings. The an
tenna'! are bipectinate for 
about half their length only, 
and both proboscis and tibial 
spines are present. The 
family is a small one, un
known in Europe, but well 
represented in N. America. 
The larva'! are thinly hairy, 
and are armed with un
branched scoli on the 1st to 
6th abdominal segments, and 
a large medio-dorsal scolus on 
the 8th segment. The pUpa'! 
are roughened with spines on 
the thorax and abdomen, the 
metathorax is provided with 
oblong lateral tubercles, and 
the cremaster is bifurcate. 

FIG. 438.-NYOTAL£AION PATROCLUS, MALE, INDIA. x ! 
After Hampson (F.B.I:) 

Transformation occurs in the ground, no cocoon being formed. For a monograph of 
the family vide Packard (1905, 1914) : keys to the larva'! are given by Fracker (1915), 
and the pUpa'! have been studied by Mosher (1914). 

FAM. URANIIDJE.-A very widely distributed but exclusively tropical family 
occurring in both the old and new worlds. They are often large slender-bodied moths, 
many of which are diurnal in habit. Chrysiridia, Nyctalcemon (Fig. 438) and Urania 
include exquisitely coloured insects resembling Papilionid butterflies: others bear a 
likeness to Geometrid moths. The larva'! exhibit great diversity of structure but 
have the full number of abdominal limbs (Hampson, 1895, vol. 3: Gosse, Entom. 14) : 
in two genera they are known to feed on Euphorbiacea'!. Those of Nyctalcemon and 
Epicopeia are figured by Hampson: in E. polydora Westw. (Himalaya) the body is 
invested with a thick coveting of long white cottony filaments. In Chrysiridia ripheus 
Dru. there is an armature of black spatulate processes (Eltringham, Trans. Ent. Soc., 
1923). The pUpa'! are enclosed in loosely woven, silken cocoons. The Asiatic 
genus Epicopeia Westw. has a vestigial frenulum and is often relegated to a separate 
family-the Epicopeid<e-which has been mono graphed by Janet and Wytsmann 
(Gen. Ins. 16). 

G.T.E.-20 
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Superfamily Noctuina 
MAXILLARY PALPI ABORTED. FORE-WINGS WITH M2 APPROXIMATED 

TO Ma TOWARDS THE BASE: CU 2 ABSENT; IA SIMPLE OR HARDLY FURCATE. 

HIND-WINGS WITH A FRENULUM, SC + Rl CONNECTED OR ANASTOMOSING 

WITH CELL; cu 2 ABSENT. 

Key to the families:-
I (2).-Hind-wings with Sc + Rl aborted. Synt9mid<.e 

(p. 4.50 ) 
2 (I).-Hind-wings with Sc + Rl present. 
3 (6).-Proboscis aborted. 
4 (s)·-Hind-wings with Sc + Rl connected with the cell by a bar. Lymantriid<.e 

(p. 452 ) 

S (4)·-Hind-wings with Sc + Rl frec. Neocastniid;e 
(p. 453) 

6 (3).-Proboscis present. 
7 (8) .-Hind-wings with Sc + Rl anastomosing with the cell to 

near or beyond the middle. 
Arctiidce 

(P·4.10 ) 
8 (7).-Hind-wings with (a) Sc + Rl anastomising with the cell 

near the base only or (bl connected with the cell by a 
bar. 

9 (12).-Hind-wings as in 8 (al. 
10 (H).-Antenn;e with the shaft more or less dilated distally. Agaristidce 

(p. 4-5 1 ) 
Noctuidce II (ro).-Antenme wit.h the shaft not dilated. 

(p. 45 1 ) 
Hypsidce 12 (9).-Hind-wings in 8 (b). 

(p. 4S3) 

FAM. SYNTOMIDJE (Amatidre).-This family comprises about 2000 species 
and is most abundant in the tropics; no representatives are indjg,enous to the British 
Isles and Syntomis phegea L. is the commonest of the few European forms. They 
are small to medium-sized moths (Fig. 439), usually inactive and largely diurnaJ.1on 
habit. The proboscis is generally well developed! the labial palpi are small and 
porrect and the retinaculum bar-shaped. Although often included among the -Zyg;e
nidce, they appear to be nearest related to the Arctiidce. Many are brilliantly coloured, 
and a number of species bear a striking resemblance to Aculeata, Tenthredinid,e and 
other insects (vide Kaye, Trans. Ent. Soc., 1913). The reseIl\blance is heightenep by 

the frequently basally constricted abdomen: 
and the general shape and coloration; in 
many cases the wings have transparent. 
areas devoid of scales. In the neotropkal 

FiG. 

~ genus Trichura Hubn. the males of certain 
species are provided with a long filamentous 
appendage arising from the terminal abdoc 
minal segment. This structure attains a 

439.-EuOlIRO,lIJA POLYMENA, MALE. 

INDIA. X t. 
After Hampson (F.B.I.). 

length equal to that of the whole body of 
the insect, but its significance appears to 
be unexplained. The larvce are short, and 
armed with verruc;e bearing numerous setce 
and they closely resemble those of the 

Arctiidce. Pupation takes place in a cocoon of silk and felted hairs: according to 
Mosher the pupa of Ctenucha is indistinguishable from that of an Arctiad. 

FAM. ARCTIIDJE (Lithosiidre: Tiger Moths, etc.).-An assemblage of usually 
stout-bodied moths, often with moderately broad wings, which are frequently con
spicuously spotted, banded or otherwise marked with bright colours. Most species 
are nocturnal in habit and are attracted to a light. The family is tolerably well 
represented in nearly all zoo-geographical regions, but attains its greatest development 
in the tropics. Over 3,SoO species are known and, of these, 40 inhabit the British 
Isles. According to Meyrick (189S) Callimorpha is the most ancestral form, but it 
is placed by Hampson in the Hypsid<.e. In its general affinities the family comes 
nearest to the Noctuid;e. It is noteworthy that species of several genera are known 
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to be capable of sound production, but the mechanism thereof has not been adequately 
studied. 

The Arctiina! comprise the "Tiger" and "Ermine" moths with their allies. 
They are brightly coloured insects with extremely diverse patterns, and individual 
species exhibit an extraordinarily wide range of variation with respect to the latter. 
The extensive genus Arctia Schrk. includes the common" Tiger" moth (A. caia L.) 
which extends through the northern pala!arctic region to Japan. Deiopia pulchella L., 
although casual in Britain, occurs through the greater part of the Old World including 
Australia. The larva! are Glothed with dense long hairs which they utilize along with 
silk to construct their cocoons; those of the pala!arctic species hibernate and feed 
principally upon low herbaceous plants. The Lithosiina! include those moths which 
are popularly termed " Footmen"; they are diurnal or crepuscular in habit and, in 
typical genera, the fore-wings are long and very narrow. The larva! are sparsely 
hairy, and commonly feed upon lichens growing about tree trunks and in other situa
tions. The Nycteolina! are a very small group which is sometimes regarded as a 
separate family (Cymbidre): they are frequently green insects found among the 
herbage of trees and shrubs. The larVa! are never prominently hairy and the cocoon 
is boat-shaped. In Hylophila Rb. (Halias) the larva is smooth and feeds in the 

FIG. 440.-EuSEMIA ADULATRIX, FEMALE, INDIA. X i. 
After Hampson (F.B.I.). 

open while in Erias Rb. it is hirsute and lives among rolled leaves, etc.; that!>f E. 
insulana Boisd. is the destructive Egyptian Cotton Bollworm, widely distributed in 
the tropics. The New World sub-families Dioptina! and Pericopina! are regarded as 
constituting separate families by American entomologists. 

FAM. AGARISTID.tE (Phalamoididre) .-A small family absent from Europe and 
including over 60 genera embracing about 300 species. They are largely tropical, 
only two palrearctic species being listed by Staudinger and Rebel; others occur in 
N. America. and Australia. In general facies and vivid coloration they resemble the 
Arctiinre and many are diurnal in habit (Fig. 440). They are very similar to the 
Noctuidre in structure, and also in larval features, but their type of coloration and 
antennal characters serve to distinguish them. According to Hampson (Proc. Zoo. 
Soc., 1892) in lEgocera tripartita Kirby a portion of the membrane of the anterior 
wing is dilated and ribbed; a clicking sound is produced during flight probably by 
friction on the greatly enlarged mid-tarsal spines. 

FAM. NOCTUID.tE.-This family includes a larger number of described species 
than any other group of Lepidoptera; about 1800 are palrearctic and approximately 
3500 are known from N. America. They are eminently nocturnal insects attracted 
to a light and to the collector's sugar mixture, while Plusia and its allies frequent 
flowers at dusk. The family exhibits a monotonous similarity of structure particularly 
with regard to the venation and labial palpi; except in the Ryblreinre maxillary palpi 
are vestigial. A frenulum is always present and the proboscis very rarely atrophied. 
The colour of the fore-wings is nearly always cryptic and sombre, thus assimilating 
the insect to its surroundings (Figs. 441, 442). Being protected in this manner it passes 
the day resting with folded wings on tree-trunks, etc., to a large extent concealed 
from its enemies. In the larvre of the majority of species primary setre only are 
present, and the crochets are generally in a uniordinal mesoseries. There are usually 
four pairs of abdominal feet, but among the Catocalinre, Plusiinre, and Rypeninre the 
1st pair, or the 1st and 2nd pairs, are more or less aborted and the larVa! are semi-
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loopers. Most of the larVa:! feed upon foliage; they are often polyphagous and many 
are nocturnal while a few are stem-borers and live concealed. Among the more 
exceptional instances are the larVa:! of Eublemma which are predaceous upon Coccida:!, 
those of E. amabilis being one of the most important enemies of Tachardia lacca. 
Species of Bryophila feed upon lichens; Nonagria in stems of marsh plants; Parascotia 
(Boletobia) juliginaria L. utilizes fungi growing on rotting wood; and larVa:! of Dian
thr.ecia mostly select the seed capsules of Caryophyllacere. According to Mosher the 
pupre, with few exceptions, are characterized by the presence of labial palpi and of 
maxillre which extend to the caudal margin of the wings. -Numerous genera have the 
prothoracic epimera exposed, and those lacking labial palpi possess setre arranged 
around the scars of the larval verruca:! as in Arctiida:!. They differ from the latter, 

FIG. 44I.-AaRoNs PRONUBA, EUROPE. 

I, larva; 2 pupa; 3, imago X i. After Curtis, .. Farm 
Insects." 

however, in that the cremaster bears 
hooked setre. Pupation takes place 
as a rule in an earthern cell below 
ground, and the pupal cuticle is re
tained within the latter by the cre
master: in Plusia and its allies a 
cocoon is usually present and is spun 
between leaves, etc. The eggs of 
Noctuida:! are spherical and generally 
ribbed' and reticulated. 

Certain Noctuid larvm (Agrotis, 
Noctua, etc.), are known as "Cut
worms "; they are more or less 
abundant every year and in N. 
America rank among the worst of in
sect pests (vide Gibson, Dept. Agric. 
Canada Ent. Bull. 10). The larva of 
Leucania unipuncta Hw. is the notori
ous and almost cosmopolitan •. Army 

Worm" so called from its habit of appearing in enormous numbers; as food be
comes exhausted these larvm assume a gregarious marching habit seeking fresh 
fields. It is particularly injurious to cereals in the United St?tes and Canada and 
for a full account of its habits vide Gibson (Lac. cit. Bull 9). The larvre of the 
Antler moth Charceas graminis comes under the same category, and is perio~ly 
exceedingly destructive to upland pastures in N.W. Europe; the last severe out
break in Britain took place in 1917 (vide journ. Bd. Agric. 24). Among other 
destructive species is Aletia argillacea whose larva is the well-known Cotton Worm 
of N. America; that of Heliothis armigera is the Boll Worm which is injUllous to 
cotton bolls and the fruit of other economic plants on that Fame continent. Hadena 
oleracea has, in recent years, become a serious pest in tomato houses in England 
(vide Lloyd, Ann. App. Bioi. 
1920). 

FAM. LYMANTRIIDJE 
(Liparidoo, Ocneriidre : Tus
sock Moths).-The Lymantriidre 
are mostly moderate-sized in
sects, rarely brilliantly coloured, 
and the antennre of the males 
are very prominently bipectin
ate to the apex. The family is 
hardly distinguishable from the 
Noctuidm on any venational 
feature: as a rule the bipectin

FIG. 442.-HYPENA PROBOSCIDALlS, MALE, PALlIl.ARCTIC 
REGION. X-t. 

After Hampson (F.B.I.). 

ate male antennre, and the absence of ocelli, afford more easily recognizable characters. 
The caudal extremity of the female is often provided with a large tuft of anal hairs 
which are deposited as a covering for the egg masses. The larvre are hairy, generally 
densely so, often with thick compact dorsal tufts on certain segments (Fig. 443). 
Osmeteria are frequently present on the 6th and 7th abdominal segments. Larv;e 
of the common European" Gold Tail" (Porthesia similis Fuess.) are provided with 
urticating hairs composed of barbed spicules. It appears uncertain whether their 
irritating properties are mechanical only, or are partly due to a poisonous secretion 
bathing these spiCUles. Eltringham (Trans. Ent. Soc., 1913) has shown that the female 
collects the spicules, which are present on the cocoon, by brushing the latter with 
the anal tuft, and subsequently distributes them over the egg-mass. The pupre are 
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enclosed in cocoons above ground, and are characterized by the presence of very evident 
setiE arranged around the scars of the larval verruG<e. The best known member of 
this family is Lymantria dispar L., 
the common "Gipsy" moth of 
Europe, which was introduced into 
N. America about 1868 along with 
the Brown Tail (Euproctis chrysor
rh(£a L.). These species have now 
become serious pests of sJ.lade and 
foliage trees on that continent. 
Lymantria monacha is the" Nun" 
moth whose larVa! are often a seri
ous pest in the forests of Germany. 
In Orgyia wings are vestigial or 
absent in the 'female (Fig. 443). 

The HYPSIDJE differ from the 
preceding family in the presence of 
a well developed proboscis. The 
larviE are thickly covered with long 
hairs and construct a slight pupal 
cocoon. Hypsa Hubn. occurs in 
Africa, throughout the Orient and 
in tropical Australia. The NEO
CASTNIIDJE are a very small 
oriental family having the facies of 
Nymphaline butterflies. They differ 
from the CastniidiE, with which 
they were formerly associated, in 
the absence of a proboscis and of 
vein CUa from the hind-wings. 

I 0..
1
"" \7! .. -
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FIG. 443.-0RGYIA (NOTOLOPHUS) LEU(JOSTIGMA. 

a, larva; h, female pupa; c, male pupa; d. e, male imagines; 
I, female imago; g, same ovipositing i h, egg mass; i, male cocoons; 
k, female imagines ovipositing. Reduced from Howard, Yearbook 
U. S. Dept. AgT. ,895. 

Literature on Lepidoptera 

BARRETT, 1893-1907.-The Lepidoptera of the British Isles. London. II Vols. 
London. BORDAS, 1910.-Les Glandes Cephaliques des Chenilles de Lepidcipteres. 
Ann. Sci. Nat. 10. -- 1911.-L'appareil digestif et les Tubes de MaJpighi des,Larves 
de Lepidopteres. Ibid. 14. BRANDT, 1879.-Vergleichend-anatomischel Unter
suchungen uber das Nerven-system der Lepidopteren. Hora. Soc. Ent. Ross. 15. 
-- 1880.-Ueber die Anatomie der Hepialius humuli. Zool. An~. 3. -- 1890.
On the Anatomy of Sesia tipuliformis and Trochilium apiforme. Trans. in Ann. Mag. 
Nat. Hist. 6th ser. 6 (from Hor. Soc. Ent. Ross. 1889, 332). BRAUN, 1919.-Wing 
Structure of Lepidoptera and the Phylogenetic and Taxonomic value of certain 
persistent Trichopterous Characters. Ann. Ent. Soc. Am., 12. BUCKLER, 1885-
99.-The LarviE of British Butterflies and Moths. Ray. Soc. 9 vols. BURGESS, 
1880.-Contributions to the anatomy of the milk-weed butterfly, Danais archippus. 
Anniv. Mem. Boston. Soc. Nat. Hist. BUSCK and BOVING, 1914.-0n Mnemonica 
auricyanea Walsingham. Proc. Ent. Soc. Wash. 16. BUXTON, 1917.-0n the 
Protocerebrum of Micropteryx. Trans. Ent. Soc. CHAPMAN, 1893.-0n some 
neglected points in the Structure of the pUpa! of Heterocerous Lepidoptera. Trans. 
Ent. Soc., London. -- 1893 A.-On a Lepidopterous pupa (Micropteryx purpurella) 
with functionally active mandibles. Ibid. -- 1896.-Notes on pupiE-Orneodes, 
Epermenia, ChIysocorys and Pterophorus. Ibid. --, 1896A.-On the Phylogeny 
and Evolution of the Lepidoptera from the pupal and oval standpoint. Ibid. 
1900.-0n the Habits and Structure of Acanthopsyche opacella H.-Sch. Ibid. --
1916.-Micropteryx entitled to ordinal rank: Order Zeugloptera. Ibid. CHOLOD
KOWSKY, 1880, 1884.-Uber die Hoden der Lepidoptera. Zool. Anz. 3, 7. 
1885A.-Ueber den Geschlechtsapparat von Nematois metallicus. Zeit. wiss. Zool. 42. 
-- 1887.-Sur Ie Morphologie de l'appareil urinaire des Lepidopteres. Archiv. BioI. 6. 
CATTlE, 1881.-Beitrage zur Kenntniss der Chorda supra-spinalis der Lepidoptera 
und des centralen, peripherischen und sympathischen Nervensystems der Raupen. 
Zeits. wiss Zool. 35. DE GRYSE, 1915.-Some modifications of the hypopharynx 
in Lepidopterous larviE. Proc.Ent. Soc. Wash. 17. DU PORTE, 1915.-0n the Nervous 
system of the Larva of Sphida obliqua Walker. Trans. Roy. Soc. Canada, 8. DYAR, 



454 LEPIDOPTERA 

1894.-A Classification of Lepidopterous Larv<e. Ann. N. Y. Acad. Sci. 8. 
1895-9, 1907.-The Life-Histories of the New York Slug Caterpillars. Journ. N. Y. 
Ent. Soc. 3-7,15. EDWARDS, 1868-97.-The Butterflies of North America. Phila
delphia. EGGERS, 1919.-Das thoracale bitympanale Organ einer Gruppe der 
Lepidoptera Heterocera. Zool. JaMb. Anat. 41. ELTRINGHAM, 1915.-Further· 
observations on the Structure of the scent organs in certain male Danaine Butterflies. 
Trans. Ent. Soc. -- 1923.-0n the Tympanic Organ in Chrysiridia ripheus. Trans. 
Ent. Soc. FORBES, 1910.-A structural study of some Caterpillars. Ann. Ent. Soc. 
Am. 3. FRACKER, 1915.-The Classification of Lepidopterous Larv<e. Illin. Bioi. 
Monogr. 2. GENTHE, 1897.-Die Mundwerkzeuge der Mikrolepidopteren. Zool. 
JaMb. Syst. 10. GILSON, 1890.-La soie et les appareils sericigenes. La Cellule 6. 
GRIFFITHS, 1898.-0n the Frenulum of the Lepidoptera. Trans. Ent. Soc. HAMP
SON, 1892-6.-The Moths of India. London, 4 vols. -- 1895, etc.-Catalogue of 
the Lepidoptera Phal<en<e. London. HEINRICH, 1918.-0n the Lepidopterous genus 
Opostega and its Larval Affinities. Proc. Ent. Soc. Wash. 20. HELM, 1876.-·Ueber 
die Spinndriisen der Lepidopteren. Zeits. wiss. Zool. 26. HERRICH-SCHAlFFER, 
1843-56.-Systematische Bearbeitung der Schmetterlinge von Europa. 6 vols. Re
gensburg. HEYLAERTS, 1881.-Essai d'une Monographie des Psychides K. Ann. 
Soc. Ent. Belg., 25. HOFMANN, 1893 .-Die Raupen der Gross-Schmetterlinge Europas. 
Stuttgart. JAC KSON, 1890.-Studies in the Morphology of the Lepidoptera. Trans. 
Linn. Soc. 2nd ser, 5. KELLOGG, 1893.-The Sclerites 9f the Head of Danais archip
pus Fab. Kansas Univ. Quart. 2. -- 1894.-the Taxonomic value of the scales of 
the Lepidoptera. Kansas. Univ. Quart. 3. -- 1895.-The mouth-parts of the 
Lepidoptera. Amer. Nat. 29. LANG, 1881-4.-Rhopalocera Europe<e descripta et 
delineata. London. 2 vols. LATTER, 1892.-The Secretion of potassium hydroxide 
by Dicranura and the emergence of the imago from the cocoon. Trans. Ent. Soc. 
-- 1895.-Further Notes on the Secretion of Potassium Hydroxide by Dicranura 
vinula (imago) and similar Phenomena in other Lepidoptera. Ibid. LYONNET, 
1762.-Traite anatomique de la Chenille qui ronge Ie bois du Saule. Amsterdam. 
MAYER" 1896.-The development of the wing-scales and their pigment in Butterflies 
and Moths. Bull. Mus. Harvard. 29. -- 1897.-0n the colour and colour-patterns 
of Moths and Butterflies. Proc. Bast. Soc. Nat. Hist. 27. MEYRICK, 1895.-A 
Handbook of British Lepidoptera. London. -- 1912.-Fam. Micropterygid<e. 
Gen. Insectorum, 132. MOSHER, 1916.-A Classification of the Le{)idoptera based 
on Characters of the Pupa. Bull. Itlin. Lab. Nat. Hist. 12. MOLLER, 1!}8.!r..
Siidamerikanische Nymphalidenraupen. Zool. Jahresb. 1. NEWPORT, 1832-4.
On the nervous system of the Sphinx ligustri L. and on the changes which it .under
goes during a part of the metamorphoses of the Insects. Phil. Trans. Roy. Soc. 
NIGMANN, 1908.-Anatomie und Biologie von Acentropus niveus Olivo Zool. Jahrb. 
Syst. 26. PACKARD, 1894.-A study of the transformations and anatomy of Lagoa' 
crispata, a Bombycine Moth. Proc. Amer. Phil. Soc. 32. __ I 1895, etc.-Monograph 
of the Bombycine Moths of America North of Mexico, 3 pts. Mem. Nat. Acad. Sc. 
7, 9, 12. -- PETERSEN, 1899.-Beitrage zur Morphologie der Lepidopteren. 
Mem. Acad. Sci. St. Petersb. 9. -- 1904.-Die Morphologie d. Generationsorgane d. 
Schmetterlinge. Ibid. 16. PETERSON, 1912.-Anatomy of the Tomato-Worm 
LarV<e. Protoparce carolina. Ann. Ent. Soc. Am. 5. PIERCE, 1909, 1914, 1922.
Genitalia of the Noctuid<e, Geometrid<e and Tortricid<e of the British Islands. 3 vols. 
POULTON, 1884.-Notes upon, or suggested by, the Colours, Markings, and Protec
tive Attitudes of certain Lepidopterous Larv<e and PUp<e, etc. Trans. Ent. Soc. 
-- 1885.-Further Notes upon the Markings and Attitudes of Lepidopterous Larv<e, 
etc. Ibid. -- 1884-5A.-The essential nature of the colouring matter of phyto
phagous larv<e and their pUp<e. Proc. Roy. Soc. 38. -- 1885-8.-Notes upon 
Lepidopterous larv<e, etc. Trans. Enl. Soc. -- 1887.-An inquiry into the cause 
and extent of a special colour-relation between certain exposed Lepidopterous pup<e 
and the surfaces which immediately surround them. Phil. Trans. Roy. Soc. 178. 
-- 1890-1.-The external Morphology of the Lepidopterous Pupa. Trans. Linn. Soc. 
Zool. 2nd ser. 5. -- 1892.-Further experiments upon the colour-relation between 
certain Lepidopterous larv<e, pUp<e, cocoons and imagines and their surroundings. 
Trans. Ent. Soc. -- 1894.-The experimental proof that the colours of certain 
Lepidopterous larv<e are largely due to modified plant pigments derived from food 
Proc. Roy. Soc. 54. ROTHSCHILD and JORDAN, 1903.-A Revision of the Lepi
dopterous Family Sphingid<e. London. 2 vols. -- 1907.-Fam. Sphingid<e. Gen. 
Insectorum, 57. RUCKES, 1919.-Notes on the Male Genital System in certain 
Lepidoptera. Ann. Ent. Soc. Am. 12. SCUDDER, 1888-9.-The Butterflies of the 
Eastern United States and Canada. Cambridge, Mass. 3 vols. SEITZ, 1906, etc.-



LITERATURE 455 
Macro-Lepidoptera of the World. SPULER, 1901-10.-Die Schmetterlinge Europas 
und Raupen. Stuttgart; 4 vols. STANDFUSS, 1896.-Handbuch der palaark
tischen Gross-Schmetterlinge. Jena. STAUDINGER and REBEL, 1901.-Catalog 
der Lepidopteren des Pal;earctischen Faunengebietes. Berlin. STITZ, 1900-1.-Die 
Genital apparat der Mikrolepidopteren. Zool. Jahrb. Anat. 14, 15. SWAINE, 
1920-1.-TheNervous System of the Larva of Sthenopis thule. Can. Ent. 52,53. TILL
YARD, 1918.-The Panorpoid Complex I. The Wing coupling apparatus with special 
reference to Lepidop~era. Proc. Linn. Soc. N.S.TV. 43. -- 1919.-0n the Mor
phology and Systematic Position of the Family Micropterygidce. Ibid. 44. -- 1919B.
The Panorpoid Complex. 3. The Wing-Venation. Ibid. 44. -- 1922.-0n the 
Larva and Pupa of the Genus Sabatinca. Trans. Ent. Soc. -- 1923.-0n the 
mouth-parts of the l'vlicropterygoidea, loco cit. TRAGARDH, 1913.-Contributions 
towards the Comparative Morphology of the trophi of the Lepidopterous Leaf-Miners. 
Ark. Zool. 8. TURNER, 1918.-0bservations on the Lepidopterous Family Cossid;:e 
and on the Classification of the Lepidoptera. Trans. ,Ent. Soc. TUTT, 1899-1909.
British Lepidoptera. London. 8 vols. (not completed). VOGEL, 1911.-Uber die 
Innervierung der Schmetterlingsfiiigel. Zeits. wiss. Zool. 98. -- 1912.-Ueber die 
Chordotonal-organe in der Wurzel der Schmetterlingsfiugel. Ibid. 100. WAGNER, 
1911, et seq.-Lepidopterorum Catalogus. Berlin. WALTER, 1884.-Palpus maxil
laris Lepidopterorum. Jen. Zeits. 18. -- 188S.-Beitrage zur Morphologie der 
Lepidopteren. Ibid. 18. 



Order I9. COLEOPTERA (Beetles) 

M INUTE TO LARGE INSECTS WHOSE FORE-WINGS ARE MO.DIFIED INTO 
HORNY OR LEATHERY ELYTRA WHICH ALMOST ALWAYS MEET TO 

FORM A STRAIGHT MID-DORSAL SUTURE: HIND-WINGS MEMBRANOUS, 

FOLDED BENEATH THE ELYTRA, OR OFTEN REDUCED OR WANTING. MOUTH
PARTS ADAPTED FOR BITING: LIGULA VARIABLY LOBED. PROTHORAX LARGE 

AND MOBILE, MESOTHORAX MUCH REDUCED. METAMORPHOSIS COMPLETE: 

LARV.£ CAMPODEIFORM OR ERUCIFORM, SELDOM APODOUS: PUP.£ EXARATE. 

The Coleoptera number approximately 180,000 described species and 
are consequently the largest order in the animal kingdom: about 3,300 
species inhabit the British Isles. Although they are the predominant in-· 
sects of the present epoch beetles do. 'TIot meet the eye so frequently as 
members of other orders on account of their more concealed habits. Their 
adaptability, and the structure modifications which they exhibit have 
evidently contributed much to their dominance, for the imagines of no 
other order of insects have invaded the land, air and water to the same 
proportional degree. The habits of beetles, therefore, are extremely varied: 
they are more especially insects of the ground and either inhabit the soil 
itself, or the various decaying animal and vegetable substances present in 
relation to that medium. Dung, carrion, refuse of all kinds, humus, rotting 
wood and fungi all support large associations of Coleoptera. The members 
of five families are true aquatic insects while many other families-have 
aquatic or subaquatic representatives. The Phytophaga and most_ Rhyn
chophora are usually met with in association with herbaceous plants, bushes 
and trees. Representatives of the most diverse families, whether they be 
aquatic or terrestrial, possess ample wings and feadily take to. flight 
Several species are marine in that they are daily submerged by the tides. 
A considerable number of beetles occur in close relation with man since 
they are found in wool, furs, hides, furniture, museum specimens, and in 
dry stored foods and drugs. The great solidarity of the integument ex
hibited in the majority of species has been an important factor in pro
tecting them against enemies of various kinds. The various sclerites are 
fitted together with a precision that marks them out as truly marvellous 
pieces of natural mechanism. 

Included in the order are some of the largest and also some of the most 
minute of living insects. Among the Lamellicornia Goliathus regius, 
Dynastes hercules and Megasoma elephas attain a body-size not found out
side the Coleoptera: D. hercules (including the cephalic horn) measures up 
to about ISS mm. long and the Longicorn Macrodontia cervicornis (including 
the mandibles) attains approximately the same dimension. On the other 
hand, among the Corylophidre and Trichopterygidre are insects so minute 
that they may reach a length of less than ·5 mm. 

The literature on Coleoptera has assumed enormous proportions. For 
a general introduction to the study of the order the student should consult 
the work of Fowler (1912). For the British species the monograph by 
the latter author (1887-1913) is indispensable: the works of Reitter (1908-

456 
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16; 1909) and Kuhnt (I9I2) will also prove valuable for purposes of identi
fication. The leading treatise on the European forms is that of Ganglbauer, 
(1892-19°4), but unfortunately it was never completed. The European 

. Coleoptera are catalogued by Heyden, Reitter and Weise (I906) and the 
species of the world by Junk and Schenkling whose work (I9IO etc.) is still 
in course of publication: Leng (I920) has catalogued the N. American 
species and his volume contains a very full bibliography of the systematic 
literature on the order. The British species have been listed by Beare and 
Donisthorpe (I904) and more recently by Newberry and Sharp (I9I5). 

External Anatomy 
The Head (Fig. 444).-The head is heavily chitinized and, as a rule the 

epicranial suture is incomplete or vestigial. A complete Y-shaped suture 
occurs, however, in the Hydrophilidre but generally the epicranial suture 
is represented by the line demarcating the fronto-clypeus from the vertex 
(vide Stickney, 1923). In most of the Rhynchophora, and in a few isolated 
genera among other groups, the frons and vertex are prolonged anteriorly 
to form a rostrum (Fig. 447). The latter bears the mouth-parts at its apex 
and the antennre are also carried forwards: as a rule the rostrum has a 
groove or scrobe on either side for the reception 
of the scape of the antenna. The eyes are very 
variable and may be totally wanting. Eyeless 
Coleoptera are met with among cavernicolous 
species and in certain subterranean forms, in
cluding those living beneath boulders. Eyes 
are similarly wanting in Platypsyltus and Lep
tinus. In the males of many of the Lampy
rinre the eyes are very large and contiguous, or FIG. 444· - HYDROPBlLU8 Pl

nearly so, above and beneath: in the females OEUS, DORSAL VIEW OF HEAD. 

f
A, vertex j B, fronto-cl,ypeus; c, 

they are 0 ten very small. Occasionally the labrum; D, mandible; E, ",axilla and 

eyes are partially or almost completely divided ~~,*,it:IP; G, antenna. Adapted from 

by a corneous ridge as in Throscus and Dorcus " 
or they may be completely separated into an upper and a lower eye on each 
side as in Gyrinus and Amphiops. OceUi are rarely present but a pair of 
these organs are found in certain Staphylinidre (Homaliinre) and in Ptero
loma among the Silphidre. The clypeus is divisible into al1te-clypeus and 
post-clypeus. The latter sclerite is fused with the frons and the dividing 
suture is wanting: the ante-clypeus is often infolded and not visible from 
above (Stickney). Among Rhynchophora the reduced fronto-clypeal 
region is often termed the epistoma,_. The labrum is very variably developed 
but is present in nearly all the families: it may, however, be concealed 
beneath the c1ypeus, or be absent, as in the majority of the ~hynchophora. 
The floor of the head, in the median line, is formed by the gula and the latter 
sclerite is marked off from the genre, on either side, by the gular sutures. 
Among the Rhynchophora, and a few other beetles (Necrophorus, etc., 
Fig. 446), the gula is wanting and the genre meet in the mid-ventral line, 
and there is consequently only a single gular suture present. 

The antennm exhibit a very wide range of variation and the usual num
ber of joints is II. They may, however, be I-jointed as in Articerus 
or 2-jointed as in many Paussidce: on the other hand, they may consist 
of 27 joints or more in rare instances, and there are many transitions between 
these extremes. 
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The mandibles attain their extreme development in the males of many of 
the Lucanidce. In this family they often assume relatively enormous pro

FIG. 445. - CHIASOGNA.THUS 

GRA.NTII, MALE AND FE' 
MALE. 

After Darwin, Ii Descent of Man." 

The maxiilce, as a 
rule, are completely 
developed with the full 
number of elements 
present. In the Ade
phaga and Dytiscidre 
the galea is generally 
z-jointed and palpi
form. The lacinia is 
frequently large and 
blade-like and may 
carry an articulated 
process, well exhibited 
in the Cicindelidre 
where it is claw-like. 

portions and may be branched in an antler-like 
manner: in Chiasognathus their length exceeds 
that of the whole body (Fig. 445). In weevils of 
the genus Balaninus they have a vertical move
ment, side by side, instead of being horizontal 
and opposed, owing to the dorsal position of their 
condyles. In the Curculionid sub-families Brachy
derince and Otiorrhynchince each mandible often 
bears a round or oval area with a raised margin. 
These structures are the mandibular scars which 
served as supports for the deciduous provisional 
mandibles of the pupa. The latter organs appar
ently enable the newly emerged imago to cut its 
way through the cocoon but are cast off soon 
after the insect has freed itself. In a few genera, 
however, they are 'permanently retained. In 
Passalus cornutus, certain Staphylinidce, Meloidre, 
and other beetles a movable inner lobe or pros
theca is present. 

FIG. 446.-A, NEOllOPHORUS INTERRUPTUS, VENTRAL ASPECT 
OF HEAD. B, S/LPRA QUADRIPUNOTATA, MEDIAN VEN
TRAL REGION OF HEAD. C, OOYPUS OLENS, LABIUM. 
D, Dy'l'/sOUS MARGINA.LIS, LABIUM. E, LE1STUS SPINI

BARBIS, LABIUM. 

G, gula; GE, gena; L, ligula; AI, mentum; PM, prementum; SM, sub· 
mentum. 

Specialization by reduction is frequent: thus a single maxillary lobe or 
mala is present, for example, in the Corylophidre and most of the Nitidu-
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lidce as well as among the Rhynchophora: in other members of the latter 
group the mala may be wanting. The maxillary palpi are generally 4-
jointed, and more rarely 3-jointed, while in Aleochara they are composed 
of five joints: in the Pselaphidce and Hydrophilidce these organs are very 
greatly developed. 

In the labium (Fig. 446) the mentum 1 is large and well-developed: the 
submel1tum is evident in some forms, including Hydrophilus and Necro
phorus, but is usually 
fused with the gula 
(Fig. 44-6, B) or no 
longer recognizable 
as an individual 
sclerite. The ligula 
is extremely vari
able: in some forms 
it is entire, in others 
it presents up to as 
many as five lobes 
or processes, appar
ently of a secondary 
nature. The labial 
palpi are usually 3-
jointed: more rarely, 
they are 2-jointed, 
w h i 1 e in certain 
Staphylinidce the y 
are unjointed and 
bristle-like. 

The Thorax.
The prothorax is the 
largest of the thor
acic segmen ts and is 
usually freely mov
able, the 1 a t t e r 
f eat u r e being a 
marked characteris
tic of the order. The 
pronotum is com
posed of a single 
sclerite and is en
tirely visible from 
above. The jJleuron 
is frequently un
divided into sclerites, 
and the suture be
tween that region 

Mentum-

Submenhim 

A 

FIG. 447.-PlSSODES STRORl. 

A, ventral aspect of head; B, apex of rostrum, ventral; C, interno-lateral and 
D, extemo·lateral aspects of maxilla. Adapted from Hopkins, U. S. Dept. Agric. 
Entom. Tech. Set'. 20, pt. I. 

and the pronotum, on either side, is likewise often absent: in the latter case 
a single chitinous shield covers the whole of the dorsal and lateral regions. 
The pleurosternal sutures are distinct except in the Rhynchophora in which 
group the whole of the prothoracic sclerites are fused into an undivided 
annular band. The anterior coxal cavities are either entire, when they are 

1 Stickney (1923) and other American morphologists maintain that the principal 
labial sclerite is the submentum, the mentum being either atrophied or vestigial. 
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dosed behind by the meeting of the prosternum and epimera, or by the 
meeting of the epimera alone: or they may be open, when the space is only 
bridged over by the membrane. The meso- and metathorax are fused to
gether: the former segment is considerably reduced while the latter, on 
the contrary, is largely developed, except in species in which the wings 
are absent or non-functional. The tergum of both segments is divisible into 
prescutum, scutum and scutellum. The latter sclerite is median in position 
and divides the scutum into two separated plates. The metapostnotum is 
generally distinct but, according to Snodgrass, the corresponding sclerite 
of the mesothorax is wanting. With the exception of the mesoscutellum 

epl 

FIG. 448.-CIOINDELA, VENTRAL ASPECT: MALE. 

lbr, anterior margin of labrum; md, mandible; mx, maxilla and 
p.mx, palp; ffl, m, mentum; pol, labial palp; s.g, gular sutures; 
5t1-Sta, thoracic sterna; epsl-epSa, episterna; epml-epm2. epimera; 
epl, epipleuron; VI-V7, abdominal segments; j. redeagus; C1-C3, 

coxae; trl-I,s, trochanters; /1-fa. femora; tib1-tiba• tibi.e; t1-ta• 
tarsi. Figs. 448 and 449 from Fowler (F.B.I.), after Ganglbauer. 

the entire dorsal surface of 
both segments is usually 
covered by the elytra. 

The legs are generally 
adapted for walking or run
ning, but in many of the 
.Lamellicornia and certain of 
tlfe Carabidre, they are also 
modified for fossorial purposes. 
In the Dytiscidre the hind' pair 
are flattened and used for 
swimming, while in the Gyri
nidre both the middle and hind 
pairs are thus modified. In the 
Halticinre the hind femora are 
greatly enlarged for saltatory 
purposes. The legs of Coleop
tera consist of the usual num
ber of joints-and the fom!. and 
disposition of the coxre are of 
great importance in classifica
tion. The tarsal joints are 
extremely variable in number 
and afford valuable family- and 
superfamily characters. The 
primitive 5-jointed condition 
is characteristic of the Ade
phaga, most Diversicornia and 
the Lamellicornia. Among the 
Heteromera the fore and middle 
tarsi are 5-jointed, and the hind 

pair 4-jointed. In the Phytophaga and Rhynchophora the fourth and fifth 
joints are anchylosed, the former being very small. In the Staphylinoidea 
the joints are very variable in number. Among many of the males of this 
group, and the Adephaga, one or more of the joints of the anterior tarsi, 
and sometimes of the middle pair also, are dilated and different from their 
fellows: this feature attains a high degree of specialization among the 
Dytiscidre. 

The elytra are the highly modified mesothoracic wings and arise simul
taneously with the hind-wings: they develop in an exactly similar manner 
during the greater part of the larval life. In many Carabidre, Curculionidre 
and Ptinidre the hind-wings are wanting and the elytra are often firmly 
united so as to be immovable. In Coleoptera capable of flight the elytra 
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are opened to form an angle with the body, and allow of freedom of motion 

FIG. 449A. -STAPOFLlNllS TENEBRICOSllS. DORSAL 
ASPECT (ELYTRA REMOVED). 

lbr, labrum; el. clypeus; mes, mesonotum; met, metanotum and 
pastscutell, its postscuteilum; stigm,·stigm •• 1St and 8th abdominal 
spiracles; D1-Da• abdominal terga. 

of the wings, but play no direct part in 
flight. The sides of the elytra are often 
reflexed to form the epipleura (Fig. 448) 
which conceal the ·pleura and are well 
seen, for example, in the Gyrinidre. 

The hard texture of the elytra is due 
to the thickness of the dermal layer of the 
cuticle, and also to the presence of pillars 
or trabeculre which connect the upper 
and lower elytral surfaces (Fig. 45I). 
The cavity of the elytron is bounded by 
a thin hypodermis and contains blood, 
nerves, and trachere, often together with 
numerous groups of gland cells: some

eps.,,----
epm~----

st3 -----

Vt---"-L.-__ -=-J 

FIG. 449B.-VENTRAL ASPECT. 

stigm, spiracle on prosternum: Dg, anal appen
dages. Other lettering as in Fig. ,\48. 

I 

times small lobules of fat-body are also FIG. 450.-HFDROPHILllS, Do RS A L 

evident. Comstock states that there is ASPECT OF THORAX WITH THE 
SEGMENTS DISARTICULATED. a very close similarity between the 

tracheation of the elytra and the hind
wings, but in no case yet examined do 
the principal trachere retain the primitive 

AI. anterior wing process ; A 2, posterior do.; AC; 
axillary cord; P, pranotum; PN, postnotum; 
PSI prescutum; S, scutum; 5 11 scutellum. 
Partly after Snodgrass, Proc. U.S. Nat. Mus. 36. 

type of branching. The venation of the hind-wings has been studied 
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by Kempers (1899-1909), Kuhne (1915), Forbes (1922) and others (Figs. 
452, 453), and three general types are recognizable. (a) The Adephagid 
type.-All the principal veins remain more or less completely developed 
and are usually joined by a greater number of cross-veins than occur 
in other Coleoptera. M 1 is connected with M 2 by means of one or two trans
verse veins: when two are present an oblong cell is formed which is very 

FIG. 45I.-TRANSVERSE SECTION OF A PORTION OF AN ELYTRON OF DYTISOUS PASSING 
THROUGH THE OUTER MARGIN: BELOW, A SMALL ,A;REA OF AN ELYTRON SEEN IN 

SURFACE VIEW (DIAGRAMMATIC). 

C, cuticle; CT, chitinous trabeculce; HY, hypodermis j L, lacunre; Le, lateral blood channel; TR, trachea. 

characteristic of the type. What appears to be the most generalized 
venation in the order is found in the Cupedid<e.. (b) The Staphylinid type. 
_:_Here the chief characteristic is exhibited in the disappearance of all the 
cross-veins, and the atrophy of the proximal portion of M I , the remainder 
of that vein being isolated in the apical portion of the wing. (c) The Can
tharid type.-In this type MI and M2 coalesce distally forming a very defin

A'+~!"'" .'.' .. ' , .. 
M.1 

A~ M~ 

ite loop: at the point of junc
tion a single vein (regarded as 
M 2) is continued to th~ing 
margin. R 2 frequently appears 
as a recurrent branch'- of the 
radius, and cross-veins are 
commonly present joining the 1>.3. A.1 Cu ... CU.1 

cubital I and anal veiris. ·In 

A~~ M .• 
Az 

some cases the M loop is re
duced to a mere hook, or may 
be absent (Passalid<e and many 
Rhynchophora): when this 
type of modification occurs, 
and the cross-veins are atro
phied, the Cantharid type is 
difficult to separate from the A.1 CU.1 M.2 

Cu." 
FIG. 452.-ADEPHAGID TYPE OF WING. From Staphylinid one. 

Fowler (F.B.I.). 

II'i Upper figure, Omma stanley;. After Kolbe. 
Tachypus flavipes. After Kempers. 

The A b do men" - The 
Lower :figure: number of segments which 

enter into the composition 
of this region of the body is difficult to determine. As a rule the first 
tergum is membranous and one or more of the sterna from the first to 
the third are aborted. There appears to be at least one sternum gener
ally wanting and with certain exceptions the dorsal and ventral plates do 
not agree in number. Verhoeff (1893-94) regards the abdomen as con
sisting of ten segments while Berlese admits a similar number but regards 
the true first segment as having atrophied, and the last of the series is, on 
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his interpretation, morphologically the eleventh. In most Coleoptera five 
sterna are visible without dissection but in the Staphylinidre there are seven 
or eight. In many cases the terminal abdominal segments of the female are 
retractile and tub~ar, thus functioning as an ovipositor. Among the 
Cerambycidre, for example, this modification is well exhibited and in certain 
cases ten terga and nine sterna are recognizable. The male genitalia and 
associated parts have been studied by Sharp and Muir (I9I2, I9I8) in great 
detail, who have brought forward a classification of the order founded upon 
characters afforded by these organs. The genitalia are withdrawn into 
the abdomen and concealed: they take the form of a tubular evagination, 
with certain associated sclerites, which arises between the ninth and tenth 
sterna. 

Stridulating Organs.-In one form or another these organs are present 
in the imagines of a large number of families and have been studied by 
Darwin (" Descent' of Man "), Landois and more recently by Gahan (I900). 
As the latter author remarks, wherever any part of the exoskeleton is sub
jected to the friction of an 
adjoining part by the move
ments of the insect there, in 
some species or another, these 
organs are likely to be found. 
Their position is not constant, 
even in different genera of the 
same family, and they are often 
similar in structure and loca
tion in genera belonging to 
widely different families. They 
are most extensively developed 
in the Lamellicornia where 
both the larvre and perfect in
sects are often capable of 
stridulatIon (vide Arrow, I904). 
Gahan divides these organs 
among Coleoptera into four 
groups according to where 
they are located, but it is 
only possible here to refer to 

A~ 
. CU.2 CU.1 

A.4 

FIG. 453.-WINGS OF COLEOPTERA. From Fowler 
(F.B.I.). -

Upper figure : Staphylinid type: Necrophorusvespillodes. Lower 
figure, Cantharid type: Lygistoptmts sanguineus. (Afte, Kempers.) 

one or two examples. In certain Nitidulidre and Endomychidre there is 
a file-like area on the crown of the head which is rasped by the anterior 
margin of the prothorax. In other cases (certain Tenebrionidre, Scoly
tidre, etc.) there is a file-like area on the underside of the head, sound 
being produced by friction with a projecting ridge on the prosternum. 
Stridulating organs are found on the mandibles and maxillre in the larvre of 
various Lamellicornia. They are so arranged that a series of teeth on the 
maxillre rasp against some granulations on the ventral side of the mandibles, 
when the maxillre move forwards and backwards. Many of the Ceramby
cidre have stridulatory organs: in some cases the sound is produced by 
rubbing the hind margin of the pro thorax over a striated area of the meso
notum: in others, it is produced by the friction of the hinel femora against 
the edges of the elytra. The most remarkable stridulating organs are those 
met with in the larvre of the Lucanidre, Passalidre and of Geotrupes and. its 
allies. They consist of a series of ridges or tubercles on the middle coxre, 
while the hind-legs are modified in various ways as rasping organs. In 
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certain of the Curculionid<:e there is a stridulating file on the underside of 
the elytra near their apices: the rasping is effected by a series of small 

tl.!-bercles situated on the dorsal side of the abdomen. 
In some cases the file is present on the abdomen in 
the females, and on the elytra in the males, and the 
rasping organs are similarly reversed. 

Internal Anatomy 
The Digestive System.-The digestive system of 

Coleoptera has been mainly studied by Dufour whose 
results have been published in a series of papers 
(I824-I840) and Bounoure (I9I9)' Beauregard (r890) 
has also studied the digestive organs in the Meloid<:e, 
Mingazzini (r889) in the Lamellicornia, Sedlaczek 
(I902) in the. Scolytidre and Bordas (r903, r904), in 
the Hydrophilidre and ,Silphidre. The mouth opens 
into the pharynx or widened commencement of the 
(Esophagus and the latter region is a simple tube of 
variable length. At its hinder extremity the <:esopha
gus expands to form the crop which is of very general 
occurrence although wanting according to Beauregard 
in pollen-eating beetles such as Zonitis, Situris and 
Mylabris : it is large and capacious in Carabus (Fig. 
454) and other genera. The <:esophagus or crop, as 

FIG. 454·-CARABUS the case may be, is followed by the gizzard which is 
MONILIS, ALIMEN-

TARY CANAL. usually a small chamber lined by horny ridges or 
OE, oosophagus; 0, giz. 

zard; M, mid-intestine; 
I, ileum; R~ rectum j MT~ 
Malpighian tubes. After 
Newport. 

folds, or with spines or denticl~s: it is present in 
many carnivorous and wood-boring Coleoptera,-not
ably in the Cicindelidre, Carabidre, Dytiscidre and 
Scolytidre. The mid-intestine is very variable-in form, 

and is often of a complex nature. I ts most characteristic feature is the 
presence of large numbers of small villus
like enteric creca which often vary in char
acter in different portions of the stomach. 
In the Carabidre and Dytiscidre the latter 
region is a simple slightly tortuous tube 
provided with numerous closely packed 
cceca, but the latter are usually wanting 
from its posterior portion. In M eloe the 
mid-intestine is large and, sac-like, occupy
ing the greater part of the abdominal 
cavity. In the Lamellicornia (Fig. 455) it is 
very long and convoluted while in Copris 
lunaris it is thrown into a series of numerous 
coils after the manner of a watch-spring. In 
the Scolytidre the mid-intestine -is divisible 

l 'k . FIG. 455·-MELOLONTJU VUW.4RIS 
into three regions: a sac- 1 e antenor ALIMENTARY CANAL. 

region, a narrow tubular middle portion and Lettering as in Fig. 454. Adapted from 

a wider posterior which is partially or com- Baunaure. 

pletely invested with small cceca. The .. . 
hind-intestine is always more or less convol'!ted: _It IS relatIvely short 
in the Cicindelidre and Carabidre, but long In Dyt1SCUS and many other 



DIGESTI'\iE SYSTEM 

genera. In the Dytiscidee (Fig. 456) it gives off a conspicuous ccecttm, 
an organ which is characteristic of that family (vide Bordas, 1906). Al
though a relatively small sac in Illybius it attains enormous dimensions in 
Dytiscus and bears an apical tubular appendix: a posterior ccecum is also 
present in Silpha and Necrophorus. The rectum, when specially differenti
ated, is often a large chamber: rectal papillcc are present in certain Pass ali
dee and Silphidee, but as a rule they are wanting. 

The Malpighian tubes are typically four or six in number and are of 
consid,erable importance in the classification of the families into major 
groups. In the Lampyridee, where there are four of these vessels, the tubes 
of each pair unite distally, thus presenting the appearance of loops (Bugnion ; 
Bull. Soc. Zool. Fr. 1920). In a 
number of Coleoptera including 
Donacia, Haltica, Cerambyx, CEde
mera, etc., the Malpighian tubes 
have two apparent terminations 
in the intestine owing to the fact 
that their distal extremities be
come applied to the walls of the 
colon or rectum, instead of re
maining free as in most other 
insects. In no case, however, 
have any secondary openings into 
the hind-intestine been discovered 
(vide Woods, 1916). 

Associated with the alimen
tary cana.l are various glands. 
The salivary glands appear to 
have been very little investigated 
and they are wanting in many 
species, but according to Packard 
they are present in Anopthalmus, 
where there are three pairs, and in 
Blaps : they are also described by 
Dufour in Pyrochroa. Pygidial 
glands, which are defensive in 
function, exist in many beetles 
and are very fully discussed by 
Berlese. They are paired organs 
secreting corrosive and pungent 

__ vc VG. __ _ 

__ ._ Cee 

1. ___ ._ 

___ Gee 

B 

FIG. 456.-DYTISOUS JIARGINALIS; ALIMENT
ARY,CANAL OF A, IMAGO; AND B, LARVA. 

Oe, cesophagus; la, crop; Ge, gizzard; Ve, mid-intestine; 
I, bind-intestine; Gee, ccecum; R, rectum; Pr, prey. After 
Portier. 

fluids which can sometimes be ejected to a distance of several inches. 
These glands open in Close association with the anus and, among the Cara
bidee, they hav.e been studied in detail by Dierckx (1899) and Bordas (1899). 
In Pterostichus vulgaris, for example, each gland consists of spherical acini 
composed of gland cells: each acinus open~ by a separate duct into the 
common canal of its side. In Carabus and Cychrus the ejected fluid con
tains butyric acid and in M ormolyce it is stated to be capable of paralysing 
the fingers for twenty-four hours afterwards. In Brachinus and its allies, 
and also among the Paussidee, a volatile vapour is ejected with an audible 
sound: it is very corrosive and stains the fingers of those who handle 
these insects. In the Staphylinid genera Staphyli1Zus, Ocypus, Stenus, etc., 
and also in Lacon and Blaps eversible fcetid anal glands are prevalent. 

The Nervous System.-The most important differences in the nervous 
O.T.E·-30 
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system are exhibited in the ventral cord (vide Brandt, 1879). As a rule the 
commissures retain their double nature, a feature which is well exhibited 
in the thorax of most beetles. The most generalized type of nervous 
system is found in the Cantharidre where, in addition to the supra- and infra
resophageal centres, there are three thoracic ganglia and seven or eight 
abdominal ganglia. The latter number is maintained in Dictyopterus and 
seven abdominal ganglia are found in Telephorus and Lampyris. Reduction 
in the number of abdominal ganglia, unaccompanied by a similar specializa
tion of the thoracic centres, may be traced through a number of genera. 
Thus, in Cicindela and Tenebrio there are six ganglia in the abdomen; in 
Silpha, Mordella and Creophilus there are five: in Donacia, Meloe, and 
Callidium there are four: in Cassida there are three and in Chrysomela 
and Coccinella 7-punctata there are two. Among the Lamellicornia (Geo
trupes, Aphodius, etc.) the abdominal ganglia are merged into the metathor
acic ganglion to form a common centre. In a number of other Coleoptera 
the meso- and meta-thoracic ganglia are closely united or merged together 
owing to the disappearance'of the connectives.between them. This feature 
is characteristic of many other Lamellicornia (Melolo1dha, Passalus, Lach
nosterna, Phyllopertha, Cetonia) , and the centre thus formed also includes 
the fused ganglia of the abdominal chain. In the Curculionidce there are 
usually two separate abdominal centres, in Gyrinus one, and in N ecrophorus 
five. The maximum specialization is found in Sericea brunnea and Rhizo
trogus solstitialis. In the former insect all the thoracic and abdominal 
ganglia unite to form a single complex: in the latter species Brandt states 
that coalescence has proceeded still further, the infra-resophageal ganglion 
being also involved in the fusion. 

The Circulatory System.-The structure of the dorsal vessel has only 
been investigated in a few examples. The heart is divitled into a variable 
number of chambers and is continued as the aorta through the theffix 
into the head where it becomes branched at its apex. In Melolontha Straus
Durckheim found nine chambers with eight pairs of ostia. In rucanus 
Newport described seven chambers and a similar number of pairs of alary 
muscles. I' ' 

The Respiratory System.-The tracheal system attains its higheM 
degree of differentiation among the actively flying members of the Lamelli
cornia, particularly in Geotrupes and Melololltha. Its trunks are greatly 
ramified and in many species there is an elaborate system of air-sacs.. The 
latter structures do not attain a great size, their chief characteristic being 
the large numbers present. In Melolontha they occur throughout the body, 
even penetrating into the recesses of the head (vide Straus-Durckheim). 
In Lucanus (male) the large massive head and mandibles are filled with air
sacs, especially the mandibles. Newport states that the air-sacs are devel
oped in rows from long trachere which penetrate the jaws, .and the latter 
apparently unwieldy structures are thus rendered extremely light. 

As a rule ten pairs of spiracles are present: the first is situated between 
the pro- and meso-thorax and the remaining pairs are metathoracilc and 
abdominal in position. Among the Lamellicornia and certain Rhyncho
ph ora and other Coleoptera, the eighth pair of abdominal spiracles is either 
absent or vestigial and non-functional. In the Scolytidre the number of 
functional abdominal spiracles varies from five to seven. 

The Reproductive System.-The male reproductive organs have been 
investigated by Dufour (1825), Escherich (1894), Bordas (1900), and others. 
They consist of the testes, the vasa-deferentia, one or more pairs of accessory 
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glands and a median ejaculatory duct. Vesiculce seminales are often pre
sent as dilatations of the vasa deferentia. Two general types of repro
ductive organs are recognized by Bordas and are based upon characters 
afforded by the testes (Fig. 457). In the first type these organs are simple 
and tubular and more or less closely coiled, each being enclosed in a mem
brane: this type is characteristic of the Adephaga. In the second type the 
testes are compound and divided into a number of separate follicles. The 
latter may be rounded capsules, each communicating with the vas deferens 
by means of a separate duct, as in the Phytophaga, Rhynchophora and 
Lamellicornia. Or, the testicular follicles may be composed of aggregations 
of small rounded or oval sessile sacs which open directly into the vas 
deferens (most other Polyphaga). . 

T 
T 

T T 

FIG. 457.~MALE REPRODUCTIVE ORGANS OF -I, ADEPHAGA; II, POLYPHAGA. (The right 
testis in 1 is represented uncoiled.) 

A, cedeagus; E, ejaculatory duct; G, accessory gland (ectadenes); GlI accessory gland (mesadenes); T, testis j VD. 
vas deferens j VS, vesicula seminalis. Adapted from Bordas. ' 

The accessory glands exhibit many differences with regard to their 
position, number: and mode of origin. Escherich (r894) has divided them 
into ectadenia and mesadenia: the former are believed to arise as ectodermal 
invaginations of the ejaculatory duct, while the latter are stated to be of 
mesodermal origin, since they are formed as outgrowths of the vasa deferen
tia. Definite embryological evidence is needed, however, to substantiate 
these conclusions. 

The female reproductive organs (vide Stein) may likewise be divided into 
two types, according to whether the ovarioles are polytrophic or acrotrophic 
in character. The former type is characteristic of the Adephaga and the 
latter type is found, so far as known, throughout the Polyphaga. The 
ovarioles vary greatly in number: thus in Ips typographus, Hylobius abietis 
and Sitones lineatus there are two ovarioles to each ovary: in Ocypus 
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olens there are three, in certain Elateridre four, in Dorcus and Saperda 
carcharias twelve, in Byrrhus pilula there are about twenty, and in the 
Meloidre they are extremely short and much more numerous. In some 
Coleoptera (Dytiscus) a collet erial gland is present in association with each 
oviduct. A spermatheca is universally present and opens, by a slender and 
often exceedingly long duct, either into the vagina or the bursa copulatrix. 
An accessory gland, of variable character, is generally found in connection 
with the spermatheca. In many Coleoptera a second passage or " canal of 
fecundation" leads from the spermatheca or its duct and opens into the 
vagina near the point of union of the two oviducts (Fig. 458). This canal is 

00 
believed to allow of the direct pas
sage of the spermatozoa from the 
spermatheca to the eggs. A bursa 
copulatrix is present as a diverticu
lum of the wall of the vagina. It 
is believed that the spermatozoa are 
received into this sac during copu
lation and subsequently make their 
way into the spermatheca. The 
process of fecundation in Coleop
tera, however, is very little under
stood and the significance of the 
frequently great length of the sper
mathecal duct is unknown. 

Metamorphoses 
The Egg.-Tne eggs of Coleop

tera are usually ovoid in forIIl-"ttfld 
rarely exhibit any marked div~rsity 
of form or structure as is seen, for 
example, in the Hemiptera and 
Lepidoptera. I In Ocypus they are 
of unusually large size and few in 
number, while in the Meloidre they 
are small and the number laid by a 
single female may run into several 
thousand. Many Coccinelliclre lay 

FIG. 458. - OOIlES HELOPJOIDES (CARABIDlE), their eggs in batches on leaves, the 
PROXIMAL PORTION OF FEMALE REPRODUC- Hydrophilidre enclose them in co
TIVE ORGANS. 

OD, paired oviduct; CO, corrunon oviduct; S, sperma· coons, while among the Cassidinre 
theca with SD duct and G gland; FC. fecundatIOn canal; they are protected in highly special
V, vagina. After Stein. 

ized oothecre. In the Curculionidre 
they are frequently deposited in deep holes drilled by the rostum of those 
beetles in the food-plant. In the Scolytidre the females have the habit of 
entering into the trunk or plant within which the eggs are laid. 

The Larva.-In Coleopterous larvre the head is well developed, the 
mouth-parts are adapted for biting and do not differ in their essential 
features from those of the adults. Such larvre never possess abdominal 
feet, but they are generally provided with thoracic legs: cerci may be pre
sent or absent. The tracheal system is peripneustic with usually nine pairs 
of spiracles: the first pair is located, as a rule, between the pro- and meso
thorax, and the remaining pairs are situated on the first eight abdominal 
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segments. There is, in many cases, a marked similarity among larvce of 
the same family. This is well exhibited for example in the Carabidce, 
Buprestidce and Curculionidce. On the other hand, the larval differences 
found among the Chrysom~lidce are scarcely paralleled in any other family 
of insects. Some of the most remarkable forms occur in the aquatic families 
Haliplidce, Gyrinidce and Hydrophilidce with their special adaptations to 
life in the water. Among terrestrial larvce, those of the Dermestidce, with 
their dense clothing of tufted hairs, are totally different in appearance from 
all other Coleoptera. 

c 

b 

FIG. 4S9.-a, LARVA OF A CARABID (LORIOERA) X 8. b, MANDIBLE X 60; c, MAXILLA OF 
NEBRIA LARVA; d, LABIUM X 32; e, LEG· OF NEBRIA LARVA X 24. 

From Carpenter after Schiodte. 

The primitive campodeiform larva (Fig. 459) is characteristic of the 
Adephaga, many of the Staphylinoidea, and of the first instar in the Meloidce 
and Rhipiphoridce among the Heteromera. Among other of the Staphylin
oidea, and the vast majority of the Diversicornia and Heteromera, the 
larvce are more highly modified and, although they incline to the campodei
form type, they are transitional between the latter and the eruciform type 
(Fig. 460). Among the Phytophaga, Rhynchophora and Lamellicornia the 
eruciform larva is prevalent. The extreme apodous type i~ characteristic 
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of the great majority of the Rhynchophora. It is also met with in certain 
of the Cerambycidre and Buprestidre, in the dung-feeding larva of Cercyon, 
and in the Elaterid sub-family Eucneminre, while an apodous stage occurs 
in the ontogeny of members of the Meloidre and Bruchidre. It is a compara
tively easy matter, therefore, to arrange a graduated series of larval Coleop
tera. At the head of such a series is the active, armoured campodeiform 
type, with well-developed antennre and mouth-par~s, completely formed 
legs with tarsi and paired claws, and movable jointed cerci: larvre of this 
nature are well exhibited in the Carabidre. At the other extreme are the 
soft apodous maggots of the Curculionidre, with their vestigial antennre, 
reduced mouth-parts and no cerci. The mode of life is the primary modify
ing factor in the development of larval types and, once the active predatory 
habit is lost, structural changes sooner or later supervene and attain their 
culminating point In the degenerate internal-feeding larvre that live sur

FIG. 460.-COLEOPTEROUS LARVlE. 

A, campodeifonn (Cucujidae); after Chittenden, U. S. Ent. 
Bull. 4 n.s. B, erucifonn (Chrysomelidae); after Chittenden, 
U. S. Dept. Agric. Year Book, 1896. C, scarah",iform 
(Scarakeidm), after Riley. D, erucifonn and apodou8 
(Curculionid",), after Chittenden, U. S. Ent. Bull. 23 n s. 

rounded by an abundance of 
nutriment. Hypermetamorphosis 
is known to occur in a few Coleop
tera. ! t is well exemplified in 
the Meloidre whose first instar is 
a campodeiform larva, and in the 
later development modified cam
podeiform, eruciform and apodous 
stages may be passed through in 
the ontogeny of an individual 
species (Fig. 188). Hypermeta
morphosis similarly prevails in the 
Rhipiphoridre, Micromalthidre, in 
Lebia scapuldris and in the 
parasitic Staphylinids Aleodmra 
bilineata and algarum. 

The head bears a variable 
number of ocelli: thus there may 
be six of tpese organs on ,either 
side as in the Carabidre and 
Hydrophilidre, four in the Cicin
delidre, or they may ·be reduced 
to a single one, and even the 

latter may degenerate inJo a mere pigment spot. In many larvre which 
are internal-feeders ocelli are totally wanting. Antennre are well developed 
in campodeiform larvre, and are very long in those of the Dascillidce: almost 
every stage in reduction may be traced until they are represented by single
jointed papilla-like vestiges as in the Curculionidre. The mandibles are 
large and exserted in predaceous forms, and in the Dytiscidre they are speci
ally modified for suctorial purposes. In larvre which live internally in wood, 
and other plant-tissues, they are short and stout. Superlingure are com
paratively well-developed in the Dascillidre, and vestigial structures of a 
similar nature occur in the Scarabreidre (Carpenter and MacDowell, 1912) : 
rudiments have also been found by Mangan in the Dytiscidre. The maxillre 
(Figs. 459, 46r) are always well developed: their palpi are variable being 
long in Gyrinus and Stenus, while in eruciform larvre they are often reduced 
to the condition of 2-jointed papillce. In the majority of Coleopterous 
larvre there is a single lobe or mala which is often composed of two joints. 
Separately differentiated galere and lacinire are evident, however, in a num-
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ber of cases and are present, for example, in Agriotes, the Byrrhidre, certain 
Silphidre and in the. Lamellicornia. The labium is characterized by the 
absence of paraglossre : the palpi are commonly 2-jointed but in the Curcu
lionidre they are represented by single-jointed tubercles. The glossa is 
frequently present, but is very variable, and in many genera it is not 
separately distinguishable. In Silpha the ligula is represented by a pair 
of rounded lobes which are perhaps to be regarded as being those of a 
divided glossa. The legs exhibit different degrees of development: among 
the Adephaga they are undoubtedly primitive and are characterized by 
the presence of a distinct tarsal joint and paired claws. These features 
are lost in the Polyphaga, where the tarsus is not separately differentiated, 
and the claws are single .. Exceptions are extremely few, but in the first 
instar of the Micromalthidre and Meloidre a tarsus is present and the claws 
are paired. The abdomen is Io-segmented and, among the Carabidre and 
Staphylinidre, the anal segment is often 
tubular and functions as a pseudopod. 
Cerci are well developed jointed appendages 
in many campodeiform larvre: in other 
cases they may be fixed and unjointed. 
The morphology of the rigid horny anal 
processes of many larvre is not understood: 
they have the appearance of being non
appendicular outgrowths of the body-wall, 
but when their development is studied they 
may prove, in some cases, to be highly 
modified cerci. 

The respiratory system is subject to 
comparatively few modifications. The posi
tion of the first pair of spiracle~ is some
what variable: although commonly inter
segmental, they may as in Telephorus be 
located on the mesothorax. Well developed 
metathoracic spiracles have been observed 
in the Lycinre but in other families theyar:e 
absent or vestigial. The most striking 
variations occur in aquatic larvre: Cnemi
dotus and Gyrinus are apneustic, and re
spire by means of filamentous processes of 

FIG. 46r.-GULA, LABIUM AND 
RIGHT MAXILLA OF A TENE
BRIONID LARVA (EJIBAPHIO.v). 

A A J articulating areas; C, cardo; G, gula 
L, ligula; ,AI, mentum; MA, mala; PAl, 
prementum; 5, stipes; SJ.l,f, submentum; T, 
tentorial pit. Adapted from Boving, Journ. 
Agrie. Res. 22, 192I. 

the body-wall, while certain of the Hydrophilidre are metapneustic. 
Information on the internal anatomy of Coleopterous larvre is frag

mentary and very scattered. The alimentary canal has been studied by 
Portier (I9II) in the Dytiscidre and Hydrophilidre, by Payne (1916) in 
Telephor1ts, by Woods (1916, 1918) in Haltica, and by Mingazzini (1889) in 
the Lamellicornia. In the latter group and also in Telephorus and Calosoma 
it p~rsues a straight course from the mouth to the anus, the hind intestine 
in these instances being short (Fig. 462). In the Dytiscidre and Scolytidre 
the gut is convoluted owing to the increase in length of the hind intestine. 
A well developed crop is present, for example, in Calandra but in Tele
phorus, Haltica and Dendrocto1t1tS it is represented by a small distal enlarge
ment of the cesophagus. A gizzard is present in the latter genus, while 
both crop and gizzard are wanting in the Dytiscidre and Hydrophilidre. 
The mid-intestine is very variable, but always forms a large portion of the 
gut, and frequently exhibits differentiation into several distinct regions. 
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In Telephorus it is a large simple sac, but in many larvre it is coiled and 
tubular, as for example, in the Dytiscidre, Hydrophilidre, and also in Haltica 
and Dentroctonus. Differentiation into separate regions is evidenced by 
change of calibre, by the histological structure, and the presence or absence 
of enteric cceca. In Oryctes, and other Lamellicornia, the latter structures 
are very large and are restricted to three annular bands (Fig. 463): in 
Calandra they are represented by numerous papilla-like outgrowths. An 
extensive ccecum is sometimes present in relation with the hind intestine. 
In Dytiscus it occupies a considerable part of the body cavity and a large 
ccecum is also present in many~Lame11icornia. In the Coprinre the larvre 

01: 

FIG. 462. - TELE

PBORUS, ALIMEN
TARY CANAL OF 

LARVA. 

o E, rosopbagus; C J 

crop; :All, n:;id·intes
tine; AfT, MaJpighian 
tubes; HI, hind·intes
tine. 

have a characteristic dorsal hump which serves for the 
accommodation of this organ. The Malpighian tubes, 
as a rule, are similar in number and character to those 
of the imagines. The nervous system 
generally consists of three thoracic and 
seven or eight abdominal ganglia. In 
Coccinella 7-punctata the abdominal 
ganglia are concentrated in the anterior 
segments of the hind body, the inter
vening commissures being very much 
abbreviated. In Melolontha, and other 
of the Scarabreidre, the whole of the 
ventral ganglia are concentrated in the 
thorax. 

The heart has been observed by 
Payne in Telephorus. It is of an ex
tremely narrow calibre and apparently 
exhibits no division -into chambers ~ 
nine pairs of alary muscles are pre
sent. Segmental glands have been 
described in a few cases: a pair is pre
sent on each of the thoracic and 
abdominal segments in Ocypus (Gpor
gevitsch; Zool. Anz. 18g8), Melasoma 
(Berlese), and Telephorus (Payne). 

The Pupa.-The pupre in this order FIG. 463··-0 -llYC-

f h I I d TES NASIOORNIS, 
are 0 t e exarate type, pa e-co oure, A LIM E N TAR Y 

and are invested by a thin, soft cuticle. CANAL OF LARVA. 

In some of the Staphylinidre they are 
obtect, being covered by an exudation 
that solders the appendages down to 
the body and forms a hardened coat. 

OE, cesophagus; C1C2-
Ca enteric cceca; At I, 
mid-intestine; SI sac of 
hind-intestine; R, rec
tum. After Mingazzini. 

In the Coccinellidre the pupre likewise have a hardened integument and 
are, moreover, often conspicuously coloured. A large number of Coleop
tera pupate in earthen cells below ground: many others pupate within 
the food plant. A cocoon is frequently present, but the nature and origin 
of the· substance by means of which it is produced needs investigation. 
In certain of the Curculionidre the cocoon is formed by a product of the 
Malpighian tubes, while among several of the Lamellicornia it ·is described 
as being formed from the contents of the posterior ccecum. Many of the 
Cerambycidre construct pupal cells largely impregnated with carbonate of 
lime. The naked exposed pupre of the Coccinellidre are often protected 
by the persistent remains of the last larval skin. 
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Literature on the Metamorphoses.-The most important publica
tion for the student of the life-histories of these insects is that of Schi6dte 
(1862-81), which is written in Latin and is remarkable for its detailed treat
ment and the excellence of its illustrations. The works of Perris (1876), 
Chapuis and Candeze (1855), and the numerous wrItings of Xambeu are 
also valuable. The complete literature on the transformations of European 
Coleoptera, up to 1894, has been collated and arranged by Rupertsberger, 
and Beutenmtiller (1891) has catalogued the references to those of the 
American species. In addition to the above general works, detailed studies 
of the larv<e of a number of families are available and are quoted under the 
respective groups. 

Classification of Coleoptera 

Among the various systems of classification that have been proposed 
the most satisfactory one yet devised is due to Ganglbauer (1903). The 
major divisions adopted by this authority take into account a wide range 
of characters afforded by the external and internal anatomy and the meta
morphoses. As an historical study of the classification of the order is 
desirable to fully grasp the system evolved by Ganglbauer, the student 
should consult a series of articles by Gahan (19II) or the prefaces to the works 
of Fowler (1912) or Leng (1920). It is noteworthy that shortly after the 
publication of his classification Ganglbauer withdrew the family Hydro
philid<e from the Diversicornia to form a separate series-the Palpicornia
but this emendation is not adopted in the present work. 

The major divisions of Coleoptera are as follows :-

Sub-order I. ADEPHAGA 
Antenn<e filiform, rarely moniliform or irregular. Tarsi 5-jointed. Wing 

venation of Adephagid type. Ovarioles polytrophic, testes simple and 
tubular with one pair of accessory glands: four Malpighian tubes. Larv<e 
active, predaceous and carnivorous: campodeiform or only slightly depart
ing from that type: definite tarsi and paired claws present. 

With a single family series. CARABOIDEA 

(p. 474) 

Sub-order II. POLYPHAGA 
Antenn<e and tarsi very variable. Wing venation of the Staphylinid 

or Cantharid type. Ovarioles acrotrophic: testes follicular with one or 
more pairs of accessory glands: four or six Malpighian tubes. Larv<e 
with very variable habits: campodeiform or eruciform; the legs long or 
short, almost always without tarsi, and with single claws. 

The Polyphaga are divided into the following series:-
I (2).-Wing venation of the Staphylinid type without cross-veins 

or loop. Antenn;:e filiform or clubbed, occasionally STAPHYLINOIDEA 

irregular. (p. 479) 
2 (I).-Wing venation of the Cantharid type, in some forms either 

so greatly reduced that the type is unrecognizable, or 
approximating to the Staphylinid type. Antenn;:e very 
variable. 

3 (9).-Gular sutures and pleuro-sternal sutures of prothorax 
distinct. 

4 (8).-Antenn;:e without a lamellate club. 
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5.- Tarsi 1- to 5-jointed, very rarely heteromerous. DIVERSICORNIA 
(p. 48J) 

6.- Tarsi heteromerous. 

7.- Tarsi apparently 4-jointed. 

HETEROMERA 
(p. 496) 

PHYTOPHAGA 
(p. 501 ) 

8 (4).-Antenn<e with a lamellate club. LAMELLICORNIA 
(p. 510) 

9 (J).-Gular sutures confluent, pleuro-sternal sutures of pro thorax 
atrophied: tarsi as in 7: head generally prolonged into RHYNCHOPHORA 
a rostrum. (p. 505) 

Sub-order 1. ADEPHAGA 

Many of the characters of the Adephaga suggest that this sub-order 
includes the most primitive members of the Coleoptera. The presence of 
what is morphologically the second abdominal sternum, the usually filiform 
antennce, the pentamerous tarsi, the characters afforded by the venation, 
and the campodeiform larvce are all suggestive of a primitive origin. Accord
ing to Gahan (Ann. Mag. Nat. Hist., 5, 1915, p: 57) most of the Adephaga 
are characterized by the presence of a nato-pleural suture on either side of 
the prothorax, and it is doubtful whether this suture is ever developed 
among the Polyphaga. Both larvce and imagines are predaceous and 
carnivorous; a few exceptions are known but exact observations upon the 
feeding habits are not numerous. The Paussidce and Rhysodidce are abnormal 
in certain features, particularly with regard to their antennal development, 
and the Gyrinidce are very highly modified for an aquatic mode of life. 
Hydroporus is exceptional il). that the anterior pair of tarsi are 4-jointed. 

Key to the families of Adephaga (adapted from Fowler) :-

I (I6).-Six or seven (rarely eight) visible ventral abdominal seg
ments, the first three connate but with the sutures 
apparent. 

2 (Il).-Metasternum with a transverse suture before posterior 
cox<e. 

3 (8).-Transverse suture extending across metasternum, the 
latter continued as an angular process b~tween the 
posterior COX<B. 

4 (7)·-Posterior COX<B normal: antenn<e II-jointed. 
5 (6).-Clypeus extending laterally before bases of antenn<e. 

6 (5).-Clypeusnot extending lat1:)rally before bases of antenn<e. 

-

CInNDELIDlE 
(p. 475) 

CARABIDlE 
(p. 475) 

7 (4) .-Posterior cox<e very large and plate-like: antenn<e Io-jointed. HALl PLIDJE 
(p. 477) 

8 (3).-Transverse suture very short, not extending across meta-
sternum, the latter not prolonged between the posterior 
coxre. 

9 (Io).-Anterior cox<e conical, tibi;:e and tarsi with swimming hairs. PELOBIIDJE 
(p. 476) 

10 (9).-Anterior cox;:e globular, no swimming hairs. AMPHIZOIDJE 
(p. 476) 

II (2).-Metasternum without a transverse suture before posterior 
coxre. 

12 (I5}.-Posterior coxre contiguous: legs natatorial. 
13 (I4}.-Eyes not divided: antennre normal. 

14 (IJ}.-Eyes divided: antennre very short, auriculate. 

DYTISCIDJE 
(p. 477) 

GYRINIDJE 
(p. 478) 

IS (12).-Posterior cox;:e widely separated: legs ambulatorial: RHYSODIDJE 
antennre moniliform. (p. 479) 
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16 (I).-Abdomen with less than 6 visible ventral segments: antenn;_e 

usually more or less abnormal. 
17 (18).-Abdomen with 5 visible segments, basal ones connate with 

no apparent suture: antenn;_e usually 2-jointed, some
times 6-II-jointed, nearly always abnormally developed. 

18 (17) .-Abdomen with 5 free, ventral segments: antenna) I I-jointed, 
filiform. 
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PAUSSIDlE 

(p. 478) 
CUPEDIDlE 

(p. 479) 

FAM. CICINDELIDJE (Tiger Beetles).-The members of this family are among 
the most voracious and fierce of all insects, particularly in the larval stages and, on 
account of these habits, they have earned the popular designation of tiger beetles. 
They are characterized by the markedly prominent eyes, the large and acutely toothed 
mandibles, and by the lacinia usually terminating in an articulated hook. The legs 
are long or very long, and there are generally six ventral abdominal segments visible 
in the female and seven in the male (Fig. 448). The family comprises about 1800 
species, the majority being denizens of tropical and subtropical lands. About half 
its members belong to the genus Cicindela and to the latter are assigned the four 
British representatives of the family. Tiger beetles are often brightly coloured, 
although they seldom appear conspicuous in their natural surroundings. Their 
movements are very active, they run with extreme rapidity and many quickly take 
to the wing. Although their flights are of short duration, their darting movements 
render it extremely difficult to follow their course with the eye. A large number of 
the species are most active in ·hot sunshine but others, including apterous forms, 
are nocturnal. The species of Cicindela chiefly affect open sandy localities, either 
inland and away from water, or on the sea-shore or along the margins of rivers: 
Collyris, Tricondyla, and their allies are largely arboreal. 

The larv;e of species of Cicindela are described and figured by Schi6dte and by 
v. E. Shelford (Journ. Linn. Soc. Zool. 30). They are characterized by the head 
and prothorax being larger and broader than the rest of the body. The mandibles 
are large and there are four ocelli on each side. The legs are rather long and slender, 
the tarsi bear paired claws and there are no anal cerci. The most characteristic organ 
consists of a pair of hooks arising from a swollen base on the dorsal side of the 5th 
abdominal segment. These larv;e are ground dwellers, living in burrows which may 
extend for a foot or more in the earth. The broadened head and prothorax occupy 
the entrance to the burrow, and its curiously bent body enables the larva to maintain 
a firm contact with the sides of its abode. This is mainly achieved by the dorsal 
hooks already mentioned, and the legs also assist in this respect. The food consists 
of other insects that may wander near the mouth of the burrow and, when the prey 
is sufficiently near, the larva suddenly throws back its head, seizes the victim with 
its long sharp jaws, and draws it within the retreat where it is devoured. According 
to V. E. Shelford the larva of Cicindela purpurea requires twelve or thirteen months 
for its growth and during that time it passes through three ecdyses. The larva of 
Neocollyris has been described by R. Shelford (Trans. Ent. Soc., 1907) and by van 
Leeuven (Tijd. Ent. 1910). It is of the typical Cicindelid form but there is only 
a single pair of ocelli on each side of the head. In the place of the pair of dorsal 
abdominal hooks there is a series of three smaller hooks on either side of the same' 
segment. This larva bores into the shoots of tea and coffee plants and, according 
to van Leeuven, that of Tricondyla is very similar in str.ucture and habits. 

FAM. CARABIDJE.-This important family comprises over 17,000 described 
species and is distributed throughout the world. In temperate regions its members 
are almost entirely ground beetles occurring in the soil, under stones, in moss and 
rotting wood, under bark, etc. The elytra in many species are firmly soldered together 
and the wings are often atrophied. In the tropics there are numerous arboreal genera, 
with well developed wings and considerable powers of flight. Carabid;e are closely 
allied to the preceding family but are readily distinguished by the form of the clypeus, 
and the absence of the terminal hook on the lacinia of the maxilla. In many genera 
the legs are slender, and adapted for running; in others (Clivina, Dyschirius, etc·.) 
they are shorter, and are used for digging. Although a considerable number of the 
species are metallic or otherwise brightly coloured, the majority have the sombre 
dark coloration of ground insects. Many Carabid;e, in their general configuration, 
bear a resemblance to the Tenebrionid;e, but may be easily separated upon tarsal 
characters. Although both the larv;e and adults are essentially carnivorous a few 
have been recorded as devouring cereals and the seeds of plants, the habit being 
noted in species of Harpalus, Zabrus, Omophron and Amara. Harpalus ruficornis 
sometimes causes damage to strawberries. Calosoma largely preys upon lepidopterous 
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larva! and, of recent years, C. sycopltatzta has been imported in large numbers from 
Europe into N. America, in order that its predaceous habit may be utilized in destroying 
the larva! of the gipsy and brown-tail moths (vide Burgess, U.S. Bur. Entom. Bull. 

FIG. 464.-CARABUS NEltlORALIS X ~. 
EUROPE. 

101). Species of Anophthalmus, and other 
genera, are devoid of eyes and live in 
caverns or beneath huge boulders deeply 
embedded in the earth. Members of the 
tribe Brachinina have the property of 
secreting an evil smelling defensive fluid 
from the anal end of the body. In the 
case of the Bombardier beetles (Brachi
nus), this fluid rapidly volatilizes into a 
gas which appears like a minute jet of 
smoke when it comes into contact with 
the air, and its discharge is accompanied 
by a distinctly audible sound. The fluid 
possesses caustic properties producing an 
effect upon the skin resembling that of 
nitric acid. 

Carabid larva! (Fig. 465) are very 
active, lin~ar or elongate in form, with 10 
abdominal segments, and the legs are 
terminated by a pair of claws. The head 
carries a pair of sharp calliper-like man
dibles and there are si;x ocelli on either 
side. The 9th abdominal segment carries 
a pair of cerci of variable length and the 
loth segment is tubular in form, and 
generally provided with a pair of pro
trusible vesicles (vide Kemner, 1913A). 
In addition to the writings of Schi6dte 
and Xambeu, a number of Carabid larva! 

are described by Boving (Ent. Medd. 1910, 19II), Dimmock and Knab (1904), and 
Kemner (1912, 1913) and the larva of Pelophila by Johnson "and Carpenter (Trans. 
Ent. Soc., 1898). 

The Carabida! are divided into four sub-families, the largest 
being the Harpalime with over 10,000 species. The Carabime 
comprise many of the larger and more striking forms (Fig. 
464), and the Mormolycinre include only the Malayan genus 
Mormolyce, in which the lateral borders of the elytra are pro
duced into broad leaf-like expansions. The Pseudomorphinre 
are likewise an aberrant group, and have the head grooved 
on either side for the reception of the antennre. 

-

FAM. AMPHIZOID..£.-A very small family consisting 
of a few species which are indigenous to N. America and 
Tibet. They frequent cold, rapid streams where they cling 
to stones and timber, but are not adapted for swimming. 
The larva of Amphizoa is described by Hubbard (Proc. Ent. 
Soc. Washington, 1892): it is likewise aquatic, the side mar
gins of the segments are extended into lamellate prolonga
tions and the larva bears a close resemblance to that of a 
Silphid. Six ocelli are present on either side, the tarsal claws 
are paired, and there are eight abdominal segments termin
ated by a pair of short spine-like cerci. The only pair of 
functional spiracles are terminal, the remaining pairs being 
obsolete. 

FAM. PELOBIIDJE (Hy~robiidre).- Like the Amphi- FIG. 465·--CARABUS 
OANOELLATC'S LAR-

zoidre this is a very small family with a remarkably discon- VA x -1. 
tinuous geographical range, its single genus Pelobius (Hygrobia) From Fowler (F.B.I.) after 
occurring in Britain and South Europe, central Asia and SchiOdte. 

Australia. The species are aquatic but, unlike those of Am-
phizoa, the legs are adapted for swimming. Pelobius tardus is capable of loud stridu
lation which is produced by rubbing the apex of the abdomen against a file on the 
inner aspect of the elytra. The larva of this species is figured by Schi6dte; the 
spiracles are minute an~ functionless, and it'respires by means of a series of ventral 
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branchi~. The body has a club-shaped appearance owing to the greatly enlarged head 
and prothorax and the narrow linear abdomen. The latter is terminated by two very 
long cerci and a median process of very similar proportions. For an account of the 
biology of this species vide Balfour-Browne (Proc. Zool. Soc., 1922). 

FAM. HALlPLlDJE.-A family of small aquatic beetles of very wide geographical 
range. They are feeble swimmers inhabiting both running and standing water, 
where they are found among aquatic vegetation or under stones. Three genera and 
rather more than a dozen species are British. Their larv~ are very peculiar and quite 
distinct from those of any other family of Coleoptera. The whole body is invested 
by segmentally arranged groups of fleshy process, which are long and thread-like in 

• Cnemidotus, and shorter in Haliplus. In the latter genus there· are eight pairs of 
abdominal spiraCles, but in Cnemidotus spiracles are wanting and the processes of the 
body-wall function as tracheal gills. 

FAM. DYTISCIDJE (True Water Beetles).-Although this family occurs all over 
the world it is more especially characteristic of the pal~arctic region: nearly 2,200 
species are known, over 100 being British. Its members frequent both running and 
standing water, one or two species inhabit thermal springs, while others occur in brackish 
or more or less salt water. The remarkable eyeless genus Siettitia has been found 
in a deep well fed by a subterranean spring in France. The structure and classification 
of the family form the subject of a comprehensive memoir by Sharp (1880-82) and 
this authority points out that, although the Dytiscid~ are aquatic in their larval and 
imaginal instars, they are to be regarded as modified terrestrial Adephaga. In this 
connection it may be noted that (1) in their general structure and venation they 
resemble the Carabid~, the main differences being in the form of the metasternum, 
the hind cox~, and natatorial legs; (2) they drown more quickly than many land 
beetles do, the imagines can exist perfectly well on land, and are capable of prolonged 
flight; (3) the pup~, so far as is known, are terrestrial. These insects may be readily 
distinguished from the Hydrophilid~, which they resemble in general shape, by their 
filiform antenn~: Dytiscid~ are, furthermore, exclusively carnivorous both as larv~ 
and adults. The hind-legs function as swimming organs, and are greatly flattened, 
widely separated and fringed with long hairs. In the males of certain genera the 
first three joints of the fore tarsi are dilated to form highly efficient adhesive pads 
which are provided beneath with cup-like suckers. The latter are moistened with a 
glutinous secretion and, according to Blunck (Zeits. wiss. Zool., 1912), this product 
indirectly aids adhesion after the manner of grease in an air-pump and, directly, by 
increasing the adhesive force. The male, by the aid of these sucker-pads, is enabled 
to retain hold of the female for many hours continuously. The best known .member 
of the family is Dytiscus marginalis, a species which has been more fully studied from 
every aspect than any other Itxample of the Coleoptera. The eggs of this insect are 
laid singly, each in an incision made by the ovipositor in the stem of a water-plant. 
The larva is extremely voracious and preys up9n various aquatic animals including 
molluscs, worms, insects, tadpoles and even small fishes. The victim is pierced by 
the long sickle-shaped mandibles which, as Meinert and others have shown, are per
forated apically and traversed by a fine canal (Fig. 45.6). The latter communicates 
at the base of the mandible with a transverse conduit which, along with its fellow 
of the opposite side, opens into the pharynx. A secretion of the mid-gut is injected 
through the mandibles into the prey and digestion of the tissues of the latter takes 
place externally (vide p. 103). By means of the pumping action exerted by the pharynx 
the liquefied food is imbibed through the mandibular canals and thence into the gut. 
For details conc~rning t.he i'ltructure of the mouth-parts and the physiological questions 
involved vide Portier (19II). In the imago, on the other hand, the mandibles are 
masticatory and digestion takes place wholly internally. The larva swims with the 
aid of its legs which are fringed with hairs and are efficient oars: it is also capable 
of making sudden movements by throwing its body into serpent-like curves. The 
last two abdominal segments and the small pair of terminal lobes are fringed with 
hairs, which enable the larva to hang head downwards, suspended from the surface 
film. In this position it is able to take in air by the caudal pair of spiracles: the 
remaining seven pairs of the latter organs are rudimentary and closed. When fully 
fed, the larva makes its way to the moist earth near the water, and there constructs 
a cell in which pupation takes place. In the adult beetle the last two pairs of spiracles 
are markedly larger than those preceding. When the insect comes to the surface to 
breathe the caudal extremity rises above the water, thus placing the enlarged spiracles 
in communication with the atmosphere. A supply of air, furthermore, is retained 
beneath the elytra and clings to the felted hairs covering the abdominal terga. This 
is utilized during submergence and is renewed when the beetle comes to the surface, 
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the elytra being slightly elevated to allow of the free entry of air beneath them. 

The literature on Dytiscus is very extensive: for further details concerning its 
biology vide Miall (1902), Boving (1913), Wesenberg-Lund (1913), Alt (1912), and 
the writings of Brocher and others. The larvce of this and other genera are figured 
by Schi6dte and by Meinert (1901). 

FAM. GYRINIDJE (Whirligig Beetles).-Included in this family are about 450 
species which are surface swimmers. They are mostly---gTegarious and sometimes 
occur in large congregations. Individuals are seen constantly darting in graceful 
curves around one another with an agility that renders their movements difficult to 
follow with the eye. The various species are very uniform in appearance, being ovoid 
or elliptical, more or less flattened, and of a steely-black or bronze lustre. The antennce 
are very different from the prevalent Adephagid type, being extremely short and 
stout, auriculate basally, and inserted beneath the front. The eyes are divided into 

upper and lower organs, and it has been suggested that 
the former are adapted for aerial vision and the latter for 
use beneath the water. The fore-legs are long and pre
hensile: in the male the tarsi are often dilated and pro
vided with suckers. The hind-legs are broad, greatly flat
tened, and highly adapted for swimming, while the middle 
pair are similarly modified, but in a lesser degree. Gyrinus 
is chiefly carnivorous and _its eggs are laid end to end in 
rows upon submerged water plants. The larva (Fig. 466) 
is elongate with deeply constricted segments, the man
dibles are pointed and perforated 
by a sucking canal, and the legs 
long with paired claws. Each of 
the first eight abdominal seg
ments bears a pair of .plumose I 
tracheal gills, and two pairs of 
similar organs are carried on the 
9th segment. Pupation takes 
place in a cocoon which is 
attached to water plants. Orecto
chilus is the only other British 
genus and is mainly nocturnal 
in habits. 

FAM. PAUSSIDJE. - The 
Paussidce include some of the FIG. 467·-PAUSSUS TESTA-

most remarkable of Coleoptera OEUS, TENASSERIM. 

and probably all their species Afler Fowler (F.B.I.). • 

live in some degree of associatiorl. . 
with ants. They inhabit subtropical and tropical countries, 
particularly those of the old world; almost all the species 
are small, and more than 300 are known. They differ 
from the usual Adephagid type in possessing fewer than 
six central abdominal segments, but the researches of 

FIG.466.-GYRINUS MARI- Escherich, Was mann, and others show that they resemble 
NUIf, LARVA X 6. Carabidce in certain features of their internal anatomy. 

From Fowler (F.B.I.) afler Most of the peculiarities which distinguish the Paussidre 
SchiOdte. from other families are adaptations to a myrmecophilous 

life, and are most strikingly exhibited in the antenna; (Fig. 
467). In Protopaussus these appendages retain the simple 1 I-jointed Carabid type; in 
Ceratopterus and other genera they are 10-jointed and exceedingly broad and com
pressed; in Pleuropterus most of the joints are soldered together and in Paussus and 
many other genera they are 2-jointed. The second joint is greatly enlarged to form a 
club, which assumes the most bizarre shapes, and is probably developed as the result of 
the consolidation of an originally multiarticulate flagellum. According to vVasmann 
(1910) the antennal development is correlated with the growth of a glandular exuda
tory tissue which produces an aromatic secretion. This tissue is found not only in the 
enlarged antennal joints but also beneath the body-wall of the head, prothorax and 
apex of the abdomen. Its positions are indicated by the presence of tufts of yellow 
hairs or groups of cuticular pores which facilitate the diffusion of its secretion. The 
latter is eagerly licked by the ants off the bodies of their Paussid inquilines, who are 
thus enabled to make a return for the hospitality they receive. The metamorphoses 
of the family have received very little attention: the larva of Paussus is of a modified 
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Carabid type, and is well described by Boving (Vidensk. Medd. naturh. Poyen., Copen
hagen, 1907). 

FAM. RHYSODIDJE.-The members of this small family are readily distinguished 
from other Adephaga by their stout and conspicuously moniliform antenn<e (Fig. 468). 
They are linear insects, usually black or dark brown, and somewhat flattened in 
accordance with a life spent in rotting trees or under bark. The position of the 
family is doubtful and it appears to have affinities with the 

FIG. 

Colydid<e and Cucujid<e. Rather 
more than 100 species have been 
described and they are widely 
distributed in both hemispheres. 
Nothing appears to be known 
concerning their metamorphoses 
but their larv<e probably prey 
upon other lignicolous insects. 

FAM. CUPEDIDJE (Cupe
sidre : Fig. 469).-A very small 
family ranging into both hemi
spheres, including Australia. Its 
systematic position is very un
settled and Lameere regarded it 
as the most primitive family of 
beetles. The fusion of the 2nd 
and 3rd abdominal sterna, how-

468 . - RHYSODES ever, argues against this view, 
BOYS1. and the family is placed by 

After Fowler (F.B.I.). Sharp with the Cucujid<e. The 
venation has apparent Adepha

I 
FIG. 469.-CUPES aLATHRA

TUS, BURMA, ETC. 

After Fowler (F.B.I.). 

gid affinities and, as Gahan has pointed out, the presence of noto-pleural sutures 
on the prothorax suggests a like relationship. The larva of Cupes, however, is very 
different from the Adephagid type (vide Snyder, Proc. Ent. Soc. Waskington, 1913) and 
is a wood borer. The body widens somewhat posteriorly and terminates in a stout 
anal spine; there are no cerci and the legs are short and single-clawed. 

Sub-order II. POLYPHAGA 

Superfamily 1. Staphylinoidea 

VENATION OF THE STAPHYLINID TYPE, OFTEN MUCH REDUCED. ANTEN

NA': SIMPLE OR CLAVATE, RARELY IRREGULAR. TARSAL JOINTS VARIABLE. 

TESTICULAR FOLLICLES SESSILE; TWO PAIRS OF MALE ACCESSORY GLANDS; 
MALPIGHIAN TUBES FOUR. LARVA': CAMPODEIFORM OR NOT WIDELY DIVER

GENT THEREFROM. 

The greater number of the species of this superfamily are of small or 
very small size and it includes the most minute of all Coleoptera. It 
is only among the Staphylinidre, Histeridre and Silphidre that any con
siderable proportion of the species attain even a moderate size. The 
Staphylinoidea exhibit great diversity of habits: the great majority are 
saprophagous or fungivorous, a smaller number are predaceous upon 
insects or other animals, several hundreds are denizens of ants' or 
termites' nests and one or two species are parasites. 

The following table (chiefly after Leconte and Hom) will serve as an 
aid to the recognition of typical members of the various families. 

I 

2 

3 

(4).-Abdominal segments corneous dorsally: elytra much 
abbreviated. 

(3).-Abdominal segments flexible, 8 visible ventrally: tarsi 
3, 4 or 5-jointed. 

(2).-Abdominal segments connate, 5 or 6 visible ventrally: 
tarsi with not more than 3 joints. 

I 

Sta phylinid<e 
(p. 480) 

Pselaphid;c 
(p. 481) 
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(r).-Abdominal segments membranous dorsally except when 

exposed at the apex: elytra usually covering or almost 
covering the abdomen. 

(6).-Antenn;:e geniculate. 

6 (s).-Antenn;:e not geniculate. 
7 (r6).-Legs with at least one pair of tarsi s-jointed. 
8 (Il).-Mentum large, the palpi distant at base. 
9 (ro).-Mentum transverse, hind angles prolonged. 

10 (9).-Mentum prolonged into three obtuse lobes behind. 

II (8) .-Men tum modera te or small, pal pi a pproxima ted' basally. 
12 (13).-Eyes coarsely granulated, posterior cox;:e slightly trans

verse: very small insects. 

13 (12).-Eyes finely granulated, posterior cOXa! strongly trans
verse: size variable. 

14 (IS}.-Posterior cox::e widely separated. 

IS (16).-Posterior cox::e not widely separated. 

16 (7).-Tarsi 3- or 4-jointed. 
17 (22).-Tarsi 3-jointed. 
18 (21).-Abdomen with 6 or 7 sterna. 
19 (20).-Antenme slender, verticillate, abdomen not prolonged. 

20 (19).-Antenme short, not verticillate, abdomen prolonged. 

21 (18).-Abdomen with 3 sterna. 

22 (17).-Tarsi 4-jointed. 
23 (24).-Posterior coxa! laminate: insects capable of being m?re 

or less contracted into a ball: 
24 (23).-Not as in 23: third tarsal joint very small. 

Histerid.-e 
(p. 483) 

Leptinida~ 
(p. 482)_ 

PIa typsyllid<e 
(p. 482)' 

Scydm::enid::e. 
. (~. 48r ) 

Sca phidii da! 
(p.- 483) 

Silphid<e:. part 
(p. 481) 

Trichopterygid::e 
(p. 4 82) 

H ydroscaphid::e 
(p. 483) 

Sph::eriid;:e 
(p. 483) 

Silphid;:e (part) 
(p. 481 ) 

·Corylophi<lL. 
(p. 483) 

FAM. STAPHYLINID.IE (Rove Beetles: Figs. 449, 47o).-The principaJ feature 
of this family is seen in the very short elytra, hence the older name of Bra.chelytra 
for the group. Notwithstanding the small size of these organs, they conceal large 
well developed wings, which are complexly folded away beneath them. On the otper 
hand the unfolding of the wings can take place with great rapidity, thus allowing 
the insect to resort to almost instantaneous flight. In a few genera (Olophrum, 
Lathrimceum, etc.) the elytra ate larger than usual, leaving only the apex of the 
abdomen uncovered. The head is very variable in form and size and frequently 
differs in the sexes: the antenn<e are 10- or II-jointed and either filiform or more or 
less clubbed. The eyes are very variable in development though rarely wanting and, 
in a few cases, a single ocellus or a pair of these organs is also present. The number 
of joints to the tarsi is inconstant and the latter are sometimes heteromerous. The 
abdomen is frequently terminated by a pair of styliform appendages, and certain 
species exhibit the curious habit of curling the distal portion of the hind-body over 
the back in a threatening manner. The Staphylinid<e include more than 13,000 
species of which over 800 inhabit the British Isles. The majority of species are small 
and inconspicuous, but a few are brightly coloured and the largest British species, 
Ocypus olens (Fig. 470), attains the exceptional length of 28 mm. Members of the 
family abound where there is decaying organic matter, including dung and dead 
animals, while many are predaceous. More than 300 species are known to be myme
cophilous (vide, p. S70) : thus Myrmedonia includes synechrans preying upon dead or 
disabled ants, while other genera live as tolerated guests of Doryline ants and exhibit 
a remarkable mimetic resemblance to the latter. Dinarda is a synrekete in the nests 
of certain species of Formica and the Aleocharine genera Lomechusa and Alemeles 
are highly evolved symphiles which are assiduously "tended by ants. Numerous 
termitophilous genera have been brought to light by Silvestri, Triigardh and others. 
Certain of these are viviparous, and Corotoca, Spirachtha, Termitomimus and other 
genera are physogastric, the abdomen assuming bizarre forms. . 
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Staphylinid larvre (Fig. 185) are typicallycampodeiform and often closely resemble 
those of the Carabidre. There is no distinct labrum, the body is protected by chitin
ized segmental scuta and the terminal segment is tubular. The legs have only 
one claw and cerci are present. The larvre of certain species are definitely known to 
be carnivorous and predaceous, a habit which is apparently very general. The larvre 
of Aleoehara bilineata Gyll. and A. algarum Fauv. are pupal parasites of cyclorrhaphous 
Diptera. The life history of the former species has been followed by Wadsworth 
(journ. Eeon. Bioi., 1915). The newly hatched larva is campodeiform and gnaws 
its way into the puparium of its host. It subsequently undergoes hypermetamor
phosis, becoming eruciform, with obvious degeneration in adaptation to a parasitic 
lire. There is, furthermore, strong presumptive evidence that members of other 
genera are similarly parasites, and they are likely to afford a considera1;>le field for 
investigation. The degenerate eruciform type of larva also occurs in Lomeehusa as 
an adaptation to myrmecophilous habits. The larvre of Syntomium and Micropeplus 
are aberrant, being short and broad and markedly onisciform. A considerable number 
of Staphylinid larvre have been described by Xambeu, Schi6dte and others: for a 
general monograph on the family vide Eichelbaum (1909). 

FAM. PSELAPHIDAL-A large family of very small reddish or yellow beetles 
bearing a resemblance to ants. Although worldwide in distribution it attains its 
greatest development in the tropics. The species mostly live 
in ants' nests; they p'resent great diversity of form, the 
antennre and maxillary palpi being especially remarkable. 
The Pselaphinre usually have II-jointed antennre and greatly 
developed maxillary palpi, notably in the males of certain 
genera. The members of this sub-family are less highly 
modified than the Clavigerinre, some are known to be myme
cophilous, while others occur under bark, among moss, etc. 
The Clavigerinre are sometimes regarded as a separate family, 
and are true symphiles. The antennre are composed of one 
to six joints and rival those of the Paussidre in their speciali
zation: the maxillary palpi are greatly reduced or rudimen
tary and are evidently no longer needed in species which are 
fed by their hosts. At the base of the abdomen there is an 
extensive hollow which is surrounded by tufts of golden yellow 
hair diffusing a substance that the ants are fond of. The 
European Claviger testaceus is well known and lives in the 
nests of Lasius: the ants feed it with regurgitated food and 
individuals have been kept under observation by Janet for 
over four years. The chief authority on the Pselaphidre is 
Raffray and some of the more remarkable forms are figured 
in his monograph (Gen. Inseetorum): rather more than 30 
species are British. The larva of Chennium r~embles the 
Staphylinid type and is described by Xambeu (Rev. d'Ent., 
1889). 

FIG. 47o.-0Cl·PUS 
OLENS, MALE X 2. 
EUROPE. 

FAl\L SCYDMlENIDlE.-The members of this family are almost all very small 
insects: they are very widely distributed and more than 1,200 species are known, 
about two dozen being British. They mostly occur in moss under bark, etc., or in 
ants' nests, often in company with Pselaphidre. Although related to the latter family, 
their 5-jointed tarsi, and longer elytra, afford a ready means of separation. They 
are more closely allied to the Silphidre and chiefly differ from the latter in the coarser 
eye-facets and the separated hind ,coxre. The larva of Seydmcenus tdrsatus is figured 
by Meinert (Ent. Medd. I): it is flattened and onisciform in general shape with 
laterally expanded margins to the segments. Scarcely anything appears to be known 
of the biology of the family. 

FAM. SILPHIDlE. (Burying and Carrion Beetles).-A large family more especially 
characteristic of the holarctic region. They exhibit great diversity of form and 
dimensions, some being extremely minute while others attain a comparatively large 
size. The antennre are either clavate, or thickened distally, and the elytra frequently 
leave the apex of the abdomen exposed. The tarsi are generally 5-jointed, but are 
variable, and sometimes heteromerous. The various species mostly live on carrion, 
fungi or decaying vegetable matter, a few are only found in ants' nests, and a number 
of eyeless species occur in caves. The conspicuous black or black and orange burying 
beetles (Necrophorus) are well known to excavate the ground beneath small dead 
animals, thereby burying them. They also frequent larger carcasses in considerable 
numbers: Their eggs are laid in these corpses and their Jarvre lead a saprozoic life. 

G.T.E·-31 
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Silpha comprises the roving carrion-beetles (Fig. 471) ; the larv;e of some species wander 
in search of decomposing animal matter, those of S. atrata and l{[Jvigata are predaceous 
upon snails, that of S. quadripunctata preys upon lepidopterpus larv;e, while the larva 

of S. opaca often attacks beet 
and other root crops. Aniso
toma and Agathidium com
prise a number of small species 
found among damp herbage, 
in fungi, under bark, etc. 
The minute forms constitut
ing the Clambin;e are often 
regarded as a distinct family: 
they have the faculty of curl
ing themselves into a ball and 
the tarsi are 4-jointed. The 
larv;e of the Silphid;e exhibit 
great diversity of form : tho~e 
of several genera are well 
figured by Schiod te and a 
table of the described forms 
is given by Peyerimhoff (Ann. 

·Soc. Ent. Fr. 1906). The 
campodeiform type is ex
hibited in Anisotoma, Catops 
and other genera: the larv;e 
of Silpha are greatly broad
ened and flattened and bear 

FIG. 47I.-BLlTOPHAGA (SILPHA) OPAOA, LARVA AND a resemblance to trilobites: 
IMAGO. in Necrophorus (Fig. 472) they 

After Kemner. are large yellowish fleshy 
grubs, with narrow spinose 

dorsal shields, and reduced anal cerci. The family comJlrises about 900 species, 
considerably over 100 being found in the British Isles. 

FAM. PLATYPSYLLIDlE.-The single species (Platypsyllus castoris) which forms 
this family is one of the most aberrant of the Coleoptera. 
It has been found on the beaver in Europe and America 
but whether it preys upon ectoparasites of that animal, or 
feeds upon cutaneous substances only, is unknown. The 
head is provided with a comb-like row of spines near the 
hind margin, eyes are wanting and the mand.ibles are vesti
gial. The maxill;e, however, are well developed and not 
unlike those of other Coleoptera. The elytra are short, 
leaving six abdominal segments exposed, and there are no 
wings. The relationships of this curious insect have been 
much discussed, and it has been regarded as constituting 
a separate order. The larva, however, is undoubtedly 
coleopterous; it is well figured by Riley (Ins. Life, I) 
who also discusses the affinities of the family. 1:he beetle 
exhibits a resemblance to the Mallophaga which is due to 
convergence on account of similar habits. 

FAM. LEPTINIDlE.-This very small family is closely 
allied to the Silphid;e; the antenn;e are long and filiform 
and. the eyes are vestigial or absent. Leptinus testaceus 
occurs in Britain and is holarctic in its range. Its habits 
are unknown but it has been found in rotten wood, in the 
nests of birds and field mice as well as in those of Bomb.us 
and Formica. Leptinellus is stated by Riley to live on the 
beaver in company with Platypsyllus. 

FAM. TRICHOPTERYGIDlE.-All the members of FIG. 472.-NEOROPHORU8 

h · . I YE8PILLO, LARVA X 3· t IS family are exceedmg y minute: the neotropical Nano-
sella fungi is stated to be the smallest known Coleopteron Scrf~:e. Fowler (F.B.I.) after 

and measures ·25 mm. long, while the· maximum size in 
any species is only about 2 mm. The elytra are variable in length and the wings 
are very narrow, with a marginal fringe of exceptionally long hairs. These insects 
.abound. in decaying vegetable matt~r of various kinds, in fungi, and under bark. The 
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larv<e are figured by Perris (r876) and by Matthews. The family is probably 
nearly world-wide and about 80 species are found in England (vide Matthews, r872). 

FAM. HYDROSCAPHIDJE.-These very minute· insects are Trichopterygid<e 
adapted for an aquatic life (Fowler). They occur in running water, including hot 
springs, and the larva of Hydroscapha is well figured by Boving (Proc. Ent. Soc. 
Washington, r6). According to this observer its structure shows that the genus 
must be referred to the Hydrophilid<e. It is apneustic and respiration is stated to 
take place by means of three pairs of jointed processes. Only three or four species, 
from Southern Europe and N. America, are known. 

FAM. SPHJERIIDJE.-A small family consisting of about half a dozen minute 
species of which Spha;rius acaroides occurs in the English fen district. . 

FAM. CORYLOPHIDJE.-The species of this family mostly occur in rotting 
wood or decaying vegetation. They are all very small, the wings are fringed with 
long hairs and the tarsi apparently 3-jointed, the third joint being minute and con
cealed by the second. The larvre of Orthoperus and A rthrolips are figured by Perris. 
This family, together with the Sph<eriid<e, has been mono graphed by Matthews (r899). 
Aphanocephalus is an anomalous genus and has been separated to form the family 
Pseudocorylophidre. 

FAM. SCAPHIDIIDJE.-The members of this family are fungivorous or occur in 
rotting wood both as larv<e and adults. They are small, oval, convex and very shin
ing insects with filiform or slightly clavate antenn<e. Their affinities have been'much 
disputed, some authorities placing the family in the Diversicornia. Only about 300 
species are known, and the few British representatives 
belong to the genera Scaphidium and Scaphistoma. The 
larva of the last-mentioned genus is described by Perris: 
it is of a modified campodeiform type with elongate 
hairs along the sides, rather long antenn<e, and greatly 
reduced cerci. 

FAM. HISTERIDJE.-The Histerid<e are a large I 
family of compact hard, shining beetles with geniculate 
and strongly clubbed antenn<e. The elytra are trun
cated behind leaving the two apical segments exposed. 
For the most part they are black or brown insects, but 
in some cases the elytra are marked with red, and a few 
species are metallic. When alarmed they simulate death 
and closely retract the antenn<e and legs beneath the 
body. Hister and its allies frequent dung and carrion: 
Hololepta and Platysoma live beneath bark and are 
greatly flattened: others are cylindrical and live in the FrG. 473·-NJPONJUS CAN ALl

burrows of' wood-boring insects. Several genera are' 
found in ants' nests and others in those of termites. 
The larv<e have a soft and often much wrinkled in-

DOLLlS. 

After Fowler (F.B.I.). 

tegument, very short legs and no ocelli or labrum. The mandibles and 'palpi are 
prominent, while the broad 9th abdominal segment bears short 2-jointed cerci. 
So far as' known they are carnivorous; the larva of Saprinus virescens preys upon 
that of Pha;don, Hister pustulosus attacks Agrotid larv<e, while the dung-feeding 
and lignicolous forms probably prey upon dipterous and other larv<e. The genus 
Niponius (Fig. 473) is characterized by the very large head and slender tarsi: its 
larva frequents the burrows of Scolytid<e and probably preys upon the immature 
stages of the latter. Nipotlius occurs in Japan, the Himalaya and Borneo, and ha~ 

, been regarded as representing a separate family. 
In addition to the foregoing, the Ph<enocephalidre are a very small family containing 

a single genus which occurs in Japan. 

Superfamily II. Diversicornia 
VENATION OF THE CANTHARID TYPE OR APPROXIMATING TO THE STAPHY

LINID TYPE, SOMETIMES GREATLY REDUCED. ANTENN.£ VERY VARIABLE. 

TARSI I TO 5-JOINTED, ONLY EXCEPTIONALLY HETEROMEROUS. TES:rICULAR 

FOLLICLES SESSILE: TWO OR THREE PAIRS OF MALE ACCESSORY GLANDS: 

FOUR OR SIX MALPIGHIAN TUBES. LARV.£ SOMETIMES CAMPODEIFORM, MORE 

OFTEN OF AN INTERMEDIATE TYPE OR ERUCIFORM: IN SOME CASES APODOUS. 

Included in this superfamily are the series Clavicornia and Serricornia 
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of many authorities. These two groups are very closely connected by 
transitional forms rendering their exact definition impossible. To give 
any tabular synopsis of the families of the world is a matter of great diffi
culty. Their affinities are so intermingled, and exceptions are so numerous, 
that only a very cumbrous and highly involved synopsis is possible at all. 
The attempts that have been made mostly have only a limited application 
and are often misleading. The student is, therefore, advised to become 
thoroughly ~cquainted with the structure of the more easily recognizable 
families in the first instance, and gradually identify the remainder with the 
aid of a reference collection. In drawing up the family characters free use 
has been made of the works of Sharp and Fowler. The following families 
(pp. 484-490) are regarded as constituting the old series Clavicornia which 
usually have clubbed antennre: their order of arrangement is entirely 
provisional. 

FAM. SYNTELIIDJE.-ANTENNlE STRONGLY CLUBBED. FORE AND HIND COXiE 
TRANSVERSE, CONTIGUOUS. ABDOMINAL 
SEGMENTS CORNEOUS, APEX OF ABDOMEN 
NOT COVERED BY EL YTRA. A very small 
family related to the Histerid<e and Sil

1 
FIG. 474·-SYNTELlA 

lNDJOA. 

After Fowler (F.B.I.). 

phid<e. Syntelia 
(Fig. 474) occurs 
in Mexico and the 
Orient where ithas 
been found at the 
sap exuding from 
wounded trees. 
The SPHJERI
TIDJE are closely 
allied to the above 
and are repre
sented by Sphm
rites: S. glabratus 
is found in decay
ing organic matter 
and, though rare 
in Britain, is 
widely dis

tributed in the holarctic region. 
FAM. TROGOSITIDJE. - CLOSELY 

ALLIED TO THE NITIDULlDAl, BUT WITH THE 
1ST TARSAL JOINT VERY SMALL AND THE 
5TH NORMAL: HIND COXAl CONTIGUOUS. 

B 
FIG. 475. - TENEBRlOlDES MAUR1TANlOUS. 

A, LARVA; E, IMAGO. ENLARGED. 

After Fletcher and Gbosh. Proc. 3rd Ent. Meeting, 
Pusa. 1919. 

The majority of species of this family are tropical, only three genera and as many 
species being British. They vary greatly in form, some being elongate and cylindrical, 
others almost hemispherical. Several genera inhabit decaying trees, and prey upon 
the larv<e of other lignicolous insects, while others occur in fungi. The cosmopolitan 
" Cadelle" Tenebrioides mauritanicus (Fig. 475) is found in flour, grain and many 
other stored products: it is often injurious but the damage it causes is to some extent 
counterbalanced by its also being predaceous. Its whitish cylindrical larva is tur
nished with long set<e along the sides and the thoracic terga are protected by chItin
ized shields: the last abdominal segment is brown-black and bears two strong 
spines. The larva of Nemosoma is described by Erichson (Naturg. Ins. Deutsch., 3) : 
that of Thymalus by Chapius and Candeze and the larva of Temnochila by Perris. 

FAM. HELOTIDJE.-ANTERIOR AND MIDDLE COXAL CAVITIES ROUND, ALL THE 
COXlE WIDELY SEPARATED. ABDOMEN WITH FIVE VISIBLE VENTRAL SEGMENTS, ALL 
MOBILE. The members of this family are closely allied to the Trogositid<e and Niti
dulidre: the shape of the coxal cavities and the presence of two raised waxy spots 
on each elytron serve to distinguish them. About 40 species are known from the 
Oriental region and Japan. They have been observed by Lewis feeding on the exuding 
sap of trees. 

FAM. BYTURIDJE.-ANTENNAl II-JOINTED, INSERTED BEFORE THE EYES. 
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ANTERIOR COXAL CAVITIES CLOSED BEHIND, MESEPIMERA REACHING MIDDLE COXAL 

CAVITIES. TARSI 5-JOINTED, 2ND AND 3RD JOINTS LOBED BENEATH, 4TH JOINT SMALL :. 

CLAWS TOOTHED. This small family is constituted by the genus Byturus and includes 
a few small pubescent species infesting the raspberry a,nd allied plants. The adults 
often cause great injury to the blossoms and the larvre are destructive to the fruit: 
for the biology of Byturus tomentosus vide Theobald (Ins. Pests of Fruit). The position 
of the family is doubtful and Sharp relegates it to the Dermestidre. 

FAM. NITIDULIDJE.-MOSTLY SMALL INSECTS OFTEN WITH AT LEAST ONE OR 

TWO ABDOMINAL SEGMENTS UNCOVERED BY THE ELYTRA. ALL THE COXlE SEPARATED 

AND EACH WITH AN EXTERNAL PROLONGATION. TARSI USUALLY 5-JOINTED, THE 4TH 

JOINT SMALLEST. ABDOMEN WITH FIVE VISIBLE SEGMENTS. A large family of about 
2,200 species which are extremely variable in form, structure and habits (Fig. 476). 
Several genera with abbreviated elytra very closely resemble Staphylinidre. A large 
number inhabit flowers and, in some cases, are restricted to particular species of the 
latter: others are found in fungi or in decaying animal matter: Carpophilus occurs 
in dried fruits, grain, etc., while Glischrochilus (Ips) and Rhizophagus are found under 
bark or at exuding sap. The two latter genera connect this family with the Trogosi
tidre. The larvre of various Nitidulidre have been studied by Perris. Those of certain 
species of Meligethes are sometimes injurious to cultivated Cruciferre while the larvre 
of Glisehrochilus and Rhizophagus are predaceous upon Hylurgus, Hylobius and 
other xylophagous Coleoptera. . 

. FAM. CUCUJIDJE.-USUALLY FLATTENED INSECTS WITH THE ANTENNlE OFTEN 

SIMPLE BUT SOMETIMES DISTALLY ENLARGED. TARSI 

4- OR 5-JOINTED, SOMETIMES HETEROMEROUS IN THE 

MALES, FIRS~ JOINT OFTEN SHORT. FORE AND MIDDLE 

COXlE GLOBULAR BUT WITH AN ANGULAR EXTERNAL 

PROLONGATION. ABDOMEN WITH FIVE MOVABLE SEG

MENTS EVIDENT VENTRALLY. This family is difficult 
to define and includes a great diversity of forms, 
mostly living beneath bark or in the borings of xylo
phagous insects. Nearly 500 species are known, 
about a score being British. Wheeler (Zoologiea, 
1921) has discovered in British Guiana two semi
social species (Coccidotrophus socialis and Eunausi
bius Wheeleri) which live, along with their brood, in 
the hollow leaf-petioles of Taehigalia panieulata. 
They are accompanied by a coccid (Pseudoeoccus 
bromelim) whose honey-dew is solicited by the beetles 
and their larvre. Cucujid larvre (vide Perris) differ 
greatly in form, some being flattened and others FIG. 476.-MELIGETHES .ENEUS 

more convex and cylindrical: the body is usually EUROPE. X 22. 

terminated by a pair of slender cerci, but in LaJmo-
phla;us there are a pair of hooks, and in Silvanus the last segment is simple. Many 
of the lar.vre are predaceous upon lignicolous insects but a certain number occur in rice, 
sugar, grain, lac, etc. Several of the species, notably Silvanus surinamensis, affecting 
stored products, have become widely distributed through commerce. For a biblio
graphy of the described larvre of the family vide Gravely (Ree. Ind. Mus. II). 

FAM. MONOTOMIDJE.-ALLIED TO THE CUCUJIDlE BUT DIFFERING IN POS

SESSING APPARENTLY 3-JOINTED TARSI, IN THE EXPOSED PYGIDIUM AND IN THE 1ST 

AND 5TH ABDOMINAL STERNA BEING LONGER THAN THE OTHERS. A widely distributed 
family consisting for the most part of -very small insects found under bark, among 
vegetable refuse, etc. Monotoma is represented by nine species in the British Isles. 

FAM. EROTYLIDJE.-ANTENNlE STRONGLY CLUBBED. FORE AND MIDDLE COXlE 

GLOBOSE: TARSI 5-JOINTED, THE FOURTH JOINT USUALLY MINUTE, THE FIRST THREE 

MORE OR LESS BROAD AND PUBESCENT BENEATH. ELYTRA ENTIRELY COVERING ABDO

MEN WHICH IS COMPOSED OF FIVE VISIBLE STERNA. A large family principally inhabit
ing fungi and timber and mainly tropical in its distribution. The Dacninre show 
relationships with the next family and the Langurinre resemble the Phytophaga in 
some respects. The last-mentioned sub-family are very like Elateridre in general 
form: their larvre have been found in herbaceous plants and many of the beetles 
have a well developed stridulating organ on the head. The Erotylidre are represented 
in the British Isles by six species. 

FAM. CRYPTOPHAGIDJE.-SMALL INSECTS, MORE OR LESS ELONGATE. FORE 

AND MIDDLE COXlE VERY SMALL: TARSI 5-JOINTED OR SOMETIMES HETEROMEROUS 

IN THE MALES. ELYTRA COVERING ABDOMEN AND MORE OR LESS SETOSE OR PUBESCENT. 
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ABDOMEN WITH FIVE VISIBLE STERNA, THE FIRST BEING THE LONGEST. The two 
principal British genera are Cryptophagtts and Atomaria (Fig. 477) both of which are 
represented by numerous species. The members of the family vary in habits, some 
being found under bark or in, fungi, others in flowers or about water plants: a few 
occur in wasps' and ants' nests and many among decaying organic matter of various 
kinds. The'family is closely related to the Erotylidre and is regarded by Ganglbauer 
as a subdivision of the latter. The CATOPROCHOTID.tE may be mentioned here: 
they consist of a few small species found in Turkestan. 

FAM. PHALACRID.tE.-SMALL OVAL AND COMPACT, SHINY, CONVEX INSECTS 
WITH 5-JOINTED TARSI, THE FOURTH JOINT MINUTE OR VESTIGIAL. ANTERIOR COXlE 
GLOBULAR, POSTERIOR CONTIGUOUS. These obscure insects mostly live in flowers, 
particularly fruit blossoms and the capitula of Compositre. According to Hegeer 
(S. B. Ak. Wien., 24) the larvre of Olibrus bore into stems and pupate below ground: 
in favourable seasons he has observed six generations in the year. The family is 
represented in most parts of the world and there are about 15 species in Britain. 
For the habits and larva of Phalacrus corruscus vide Friederichs (Arb. Bioi. Anst. 
Berlin, 6). The THORICTID.tE are a small family of myrmecophilous beetles 
almost confined to the Mediterranean region: the thorax is supplied with tufts of 
golden hairs which, accordirig to Wasmann, diffuse a secretion attractive to ants. 
The DERODONTID.tE are of doubtful position and include a few little known species 

occurring in parts of Europe, 
N. America and Japan. 

A B 
FIG. 477.-A, CRYPTOPHAGUS DENTATUS. X 20. B, A TOMARIA 

LINEARIS. X 35. 

FAM. LATHRIDIIDJE. 
-MINUTE INSECTS WITH 3-
JOINTED TARSI AND THE AN
TERIOR COXlE GLOBULAR OR 
CONICAL. ABDOMEN WITH FIVE 
OR SIX MOBILE STERNA OF 
NEARLY EQUAL LENGTH, AND 
COVERED BY THE ELYTRA. 
The members of this family 
amount to about 700 species 
found in moss, decaying wood 
and other vegetable matter 
and fungi: a few have 
occurred in herbaria, dried 
carcasses and in ants'. nests. 
Nearly 40 species occur in 
Britain: some are almost 
cosmopolitan and Lathridius· 
nodijer though once rare has 
now become extremely abund-

are elongate, elliptical and very hairy: the 
with curious capitate setre. 

ant. The larvre (vide Perris) 
pupa of Lathridius minutus is provided 

FAM. MYCETOPHAGID.tE.-TARSI SLENDER, 4-]OINTED, THOSE OF ANTERIOR 
LEGS 3-]OINTED IN MALE: COXlE OVAL. ABDOMEN WITH FIVE, FREE, EQUAL STERNA. 
The members of this small family chiefly live in rotting wood or under bark, associated 
with fungi: about a dozen species occur in Britain. Their larvre (vide Perris) are 
elongate and cylindrical with 4-jointed antennre and the 9th abdominal segment 
terminates in a pair of smooth chitinous processes. 

FAM. COLYDIID.tE.-TARSI USUALLY 4-]OINTED WITH THE 3RD JOINT NORMAL: 
FORE AND MIDDLE COXlE SMALL AND GLOBOSE, HIND COXlE TRANSVERSE. ABDOMEN 
WITH FIVE STERNA, THE FIRST THREE OR FOUR MORE OR LESS CONNATE. A family 
of usually elongate and more or less cylindrical beetles found beneath bark and in 
wood or fungi: a few species occur below ground or among vegetable refuse. Sharp 
remarks that the species exhibit great diversity of sculpture and clothing and are 
mainly restricted to primreval forests. They disappear entirely when these are 
destroyed: New Zealand has produced 170 species as compared with only 19 found 
in Britain. The larvre are very like those of the preceding family except that there 
are usually spines or tubercles associated with the terminal chitinous processes. Very 
little is known concerning their habits but they are probably mostly predaceous: 
the larvre of several species of Bothrideres have been noted to be ectoparasites of 
other coleopterous larvre in America. The neotropical ADIMERIDJE consist of a 
single genus characterized by the unique structure of the tarsi. 



DIVERSICORNIA 

FAM. ENDOMYCHIDJE.-TARSI APPARENTLY 3-JOINTED, THE 1ST TWO JOINTS 
BROAD, THE 3RD MINUTE AND THE TERMINAL JOINT ELONGATE: FORE AND MIDDLE 
COXlE GLOBOSE. FIVE OR SIX FREE ABDOMINAL STERNA. A family of about 600 
species chiefly met with among fungi on timber in tropical forests. Many have brilliant 
colours and are variable in form and size. Among the few British species the black 
and red Endomychus coccineus and the minute Mycetceq, hirta are the best known. 
The latter occurs in dung, vegetable refuse and often in wine cellars. The larv<e are 
broader and more ovate than those of allied families and have the lateral margins 
6f the abdominal tergites expanded so as to conceal the pleura: the 9th segment 
has no chitinous projections. Those of two species described by Bates are conspicuously 
marked "with black and yellow. 

FAM. COCCINELLIDJE (Lady-birds).-USUALLY ROUNDED AND CONVEX INSECTS 
WITH THE HEAD MUCH CONCEALED BY THE THORAX: ANTENNlE FEEBLY CLAVATE. 
TARSI APPARENTLY 3-JOINTED OWING TO THE MINUTE CONCEALED THIRD JOINT. This 
very important family comprises well over 2,000 species, for the most part brightly 
coloured and spotted. The family is very closely related to the Endomychid<e but 
differs in the irregularly triangular mesepimera, and the small antenn<e: in the 
Endomychid<e the mesepimera are quadrilateral, and the antenn<e larger. The 
greater number of the species are carnivorous and predaceous, feeding during the 
larval and adult stages upon aphids, coccids and occasionally on other soft-bodied 
insects. They are, therefore, of very great importance in reducing the numbers of 
injurious species. A comparatively small group are phytophagous but they rarely 
cause serious damage. 
Structurally, the carnivor
ous forms (Coccinellin<e) 
are characterized by the 
mandibles having simple 
or bifid apices and each 

. jaw being armed with a 
basal tooth. The herbi vor
ous species (Epilacnin<e) 
lack the basal tooth and 
the apex of the mandible 
is multidentate. The Litho
philin<e form a third sub
family: very little is 
known about their habits 
but the mandibles are of the 
carnivorous type. They are 
distinguished by the tarsi 
being evidently 4-jointed. 

FIG. 478.-LARVA OF CIlIWC'ORUS. A, DORSAL; E, LfTERAL ; 
C, PUPA. 

After Silvestri. 

When disturbed many members of the family discharge a bitter, amber-coloured 
fluid. It is usually emitted through pores situated around the tibio-femoral arti
culations, but in Epilachna the pores have a much wider distribution. According 
to McIndoo (Ann. Ent. Soc. Am., 9) the exuded liquid is a secretory product of hypo
dermal gland cells: other writers have regarded it as the blood of the insect. Porta 
(Anat. Anz., 1903) found that the secretion had a poisonous effect upon vertebrates 
but had no influence upon insects. It is regarded as defensive in function, but it 
must be pointed out that Coccinellids are known to be eaten by several species of 
birds. 

Several members of the "family, notably CoccineUa variabilis and Adalia bipunetata 
(Fig. 479), are remarkable for their wide range of colour variation, the latter species 
having over two dozen named varieties. Another peculiarity is the markedly gre
garious habits of certain species both during hibernation and when in the open: at: 
times these insects have been found in" masses" but the meaning of the phenomenon 
is obscure. One of the best known members of the family is Novius cardinalis which 
has been imported from Australia into California for purposes of controlling leery-a 
purchasi-a serious enemy of Citrus cultivation in the latter country. The beetle 
proved so effective a controlling agent that it has since been imported into all countries 
where the coccid has become injurious. 

Coccinellid larv<e (vide Boving, 1917) are soft bodied and variously coloured: 
they are often of a leaden or other dark hue spotted with yellow or white. There 
are three ocelli on either side, the mandibles are sickle-shaped with molar bases (except 
in the Epilachnin<e) and the legs are long and slender. The terga are usually provided 
}Vith segmental tubercles and spines and the abdomen tapers distally, but never bears 
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the chitinous processes so characteristic of other families. In some genera (Hyperaspis, 
Scymnus and Platynaspis) the spines are wanting and the whole body is covered with 
a white flocculent secretion. In Chilocorus (Fig. 478) the body is protected by long 
integumental processes. 

The usual number of instal's appears to be four, and the complete development 
of Adalia bipunctata in England was found to occupy about 34 days in captivity 
(Hawkes, Proc. Zool. Soc. 1920), an average of 20 days being spent as a larva. In 
California, Clausen (Journ. Ecan. En!. 1915) found the average developmental period 
was 26 days. The eggs of CoccineHids are yellow, and disposed in batches, with their 
long axes perpendicular to the surface of the leaves upon which they are laid. Palmer 
found that the number laid by Coccinella 9-notata varied from 435 to 1,047 : in A. 
bipunctata Hawkes states that the average number lies between 140 and 148 with 418 
as the maximum. The number of aphids daily consumed by the larva of this species 
is stated by Clausen to be 14 while in Coccinella californica it is about 20. During 
the entire larval period he found that the number consumed varied between z16 
and 475 for different species: the adults are usually even more voracious. }iyper
aspis binotata is a coccid feeder and according to Simanton (Journ. Agric. Res. 6) 
it will destroy 90 adults and 3,000 larv<e during its period of larval existence. When 
about to pupate, Coccinellid larv<e usually suspend themselves by the caudal extremity 
which is attached by means of a secretion to plants, palings and other objects. The 
pUpeE are usually cOli.spicuously coloured and are either surrounded by the larval 
exuvi<e, or the latter are pushed back to the anal extremity. 

I 

a d e 
FIG. 479.-AnALIA BIPUNGTATA, EUROPE AND N. AMERICA. 

a, larva; b, mouth· parts of same; c, claw of same; d, pupa; e, imago; f, antenna of 
same. Reduced after Marlatt, U. S. Dept. Agric. E"I. eire. 7, ser. 2. 

The larV<E of 
the Epilachnin<e 
(vide Grandi, Boll. 
Lab. Zool. Portici, 
7) are in vested 
with long 
bra n c h e d pro
cesses of the 
body-wall. Mem
bers of this sub
family are often 
destructive to the 
foliage of pota
toes, C u c u f15"i
tace<e, etc., especi
allyinN.America. 
The only British 
member of the 
group is Subcoc-

cinella 24-punctata whose larva gnaws the parenchyma of clover and other plants. 
For further information on the biology of the family, vide Gage (Illinois BioI. 

Monog. 6, 1920), Palmer (Ann. Ent. Soc. Am. 7) and papers by the latter writer on 
colour-inheritance in Adalia (Ibid. 4 and 10). Donisthorpe (Ent. Record, 1919, 1920) 
has followed the complete life-history of Coccinella distincta-a species found in associa
tion with ants. 

FAM. DERMESTIDJE.-ANTENNlE USUALLY SHORT WITH THE CLUB OFTEN 
RELATIVELY LARGE AND WITH THE UNDERSIDE OF THE THORAX BEARING A HOLLOW 
FOR ITS RECEPTION. TARSI 5-]OINTED: FORE COXA RATHER LONG, OBLIQUE: HIND 
COXA FORMED TO RECEIVE THE FEMUR IN REPOSE. A family of small or moderate 
sized beetles usually invested with fine hair or with scales. They mostly inhabit 
furs, hides, wool and other integumentary substances as well as bacon, cheese, etc., 
and are exceedingly destructive as larv<e. Some from their habits, have become 
almost cosmopolitan and 16 species occur in Britain. Out in the field many act as 
scavengers in removing offensive animal matter. The adults of Anthrenus have 
been found in natural history specimens and also on flowers: its larvee are extremely 
destructive, and are the enemy of the collector. Tiresias occurs under loose bark 
among cobwebs, probably feeding upon the insect remains present. Dermestes includes 
many species, some of which occur in dead animals and others are more frequently 
met with in dwellings, museums, etc., where they attack hides, furs, bacon, etc. The 
larV<e of this family (vide Chapuis and Candeze) differ completely from those of other 
Coleoptera. Their upper surface is covered with a complex Clothing of hairs of various 
lengths. The hairs are often aggregated into terminal or lateral tufts which, in some 
cases at least, can be raised at will or even rapidly vibrated: the function of this 
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investment appears to be unknown. When a larva is about to pupate the integument 
splits down the back and remains as a pupal covering. 

FAM. BYRRHIDJE (Pill Beetles).-VERY CONVEX, OVAL OR ROUND INSECTS 
WITH RETRACTED HEAD: FORE COXlE TRANSVERSE, NOT EXSERTED, HIND COXlE SHIELD
ING THE RETRACTED FEMORA. ALL THE APPENDAGES CAPABLE OF BEING CLOSELY 
ADPRESSED TO THE BODY. The members of tlus family mostly occur on the ground 
beneath stones, at roots of grasses or in moss. Their most striking feature is the 
power these beetles have of withdrawing their appendages in close contact with the 
body and remaining motionless: in this attitude they are hard to detect and often 
closely resemble their surroundings. According to Sharp it is not clear whether 
this family can be separated from the Parnidce or the Dasci11idce, and its sub-families 
have little connection beyond the common faculty of closely retracting their appendages 
to the body. The Chelonariince are mostly tropical and occur on the leaves of plants: 
they are very different from other of the Byrrhidce in that the antennce are filiform 
instead of being clubbed, and are inserted on the front. The best known British 
species of the family is Byrrhus pilula, which is often found on paths in spring. Its 
life-history is in need of investigation and, according to Chapuis and Candeze, the 
larva is cylindrical and fleshy and may be recognized by the large size and breadth 
of the prothorax and the last two abdominal segments. The head is short and broad, 
the antennce very short and there is a pair of ocelli on either side. The pronotum 
is markedly chitinized and sculptured, and the last abdominal segment carries a pair 
of retractile locomotory processes, The larva occurs beneath turf or moss and is 

A B 

about 18 mm. long. The 
NOSODENDRIDJE are 
often included in this 
family but are separable 
on account of the promin
ent head and the large 
mentum. The single genus 
N osodendron is very widely 
distributed and its curious 
larva is figured by Gangl
bauer, The CYATHO
CERIDJE consist of a single 
species found in South 
America and the GEO
RYSSIDJE are probably 
almost world-wide. Geo
ryssus is represented in 
Britain by G. pygmceus 
which frequents very wet 
situations: the tarsi are 

FIG. 480.-A PSEPHENID LARVA, HIMALAYA. 
B, VENTRAL. X 15· 

4-jointed and the anterior coxce laminate. 

A, DORSAL; 

F AM. DRYOPIDJE (Parnidre) .-HEAD RETRACTILE, THE MOUTH PROTECTED BY 
THE PROSTERNUM. THE LATTER DISTINCT IN FRONT OF THE COXlE, BEHIND FORMING 
A PROCESS RECEIVED INTO A DEFINITE CAVITY OF THE MESOSTERNUM. TARSI5-JOINTED. 
TERMINAL JOINT LONG, CLAWS LARGE. The members of this family are found, for 
the most part, near running water or clinging by means of their strong claws to water 
plants and other submerged objects. They have no powers of swimming and the 
three sub-families into which they are grouped show very diverse affinities, being 
sometimes regarded as separate families. The Psephenince are interesting on account 
of their remarkable larvce (Fig. 480). The latter occur in swift rivers and in water
falls, Psephenus being especially abundant in the rapids of Niagara, while larvce of 
this and other genera are also plentiful in the Himalayan rivers. They are flattened, 
rounded or ovoid and almost scale-like in form: the margins of the body are greatly 
expanded and consequently the appendages are not visible from above. They cling 
with great tenacity to stones, etc., and the whole body appears to act in a sucker
like fashion rendering these larvce difficult to remove. Respiration takes place either 
by means of abdominal gills, or by the aid of a retractile tuft of anal filaments which 
is only visible in the undisturbed living larva. The pupa; are submerged and soldered 
down to the stones upon which the larval hfe was passed: they closely resemble the 
larvce when viewed from above, but are armed with curious tufts of long setce. The 
Dryopince like the Psephenince are densely pu bescent beetles and are thus enabled to 
carry a film of air with them for respiration under water: the antennce are very 
short and of more or less irregular form, The larva of Dryops Oliv, (Parnus F.) is 
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stated to live in damp earth beneath stones and to resemble those of the Elateridre : 
several species of the genus occur in Britain. The Elmin.:e differ from the Dryopinre 
in having the anterior coxre globular: the body is bare or feebly pubescent and the 
antennre simple. Three genera are British: the larva of M acronychus is figured by 
Perris and that of Elmis by Chapuis and Candeze. 

FAM. HYDROPHILIDJE.-AQUATIC OR SUBAQUATIC WITH SHORT 6 TO 9-JOINTED 
ANTENNlE TERMINATING IN A PUBESCENT CLUB. MAXILLARY PALPI ELONGATE, OFTEN 
MUCH LONGER THAN ANTENNlE. TARSI 5-JOINTED, FIRST JOINT OFTEN MINUTE. A 
large family comprising about 1,000 species which are especially numerous in the 
tropics. The adults live upon decomposing vegetable matter and, in many cases, 
the larvre have a similar habit but those of Hydrophilus (Hydrous Lch.) and its allies 
are predaceous. A large number of the species have elongate maxillary palpi (Fig. 
444) and, on this account, the family has often been termed the Palpicornia: this 
character, however, is not always very evident. The long palpi perform the functions 
of antennre, the latter organs being used in respiration by the submerged insect. 
Although a large number of the Hydrophilidre are truly aquatic, the family name is 
inappropriate as a considerable number are land insects. The latter are met with 
in damp or marshy places or among vegetable refuse, while Cercyon and SphCliridium 
are common in dung. One of the best known members of the family is Hydrophilus 
piceus which is almost the largest British Coleopteron. It is less perfectly adapted 
for swimming than Dytiscus and does not require the agility that characterizes preda
ceous insects. Much has been written on this species, especially with reference to 
its peculiar mode of respiration. A dorsal air-reservoir is present beneath the elytra 
and there are ventral hairy tracts which also serve to retain an air-film. On either 
side of the thorax and abdomen there is a longitudinal tract of delicate pubescence 
bounded above by the overhanging edges of the prothorax and elytra. The spiracles 
open into these linear tracts, and the latter also communicate with the dorsal air
reservoir. When the insect rises to renew its air 'supply the body is slightly inclined 
to one side so as to bring the angle between the head and prothorax, on one side of 
the body, to the surface. The hairy antenn.:e club plays an important part in break
ing the surface film, and facilitating the entry of air into the cleft already mentioned, 
and its passage into the lateral tracts. The complete details of the respiratory process 
are too lengthy for discussion here and the student is referred to the works of Miall 
(1912), Portier (19II), Brocher and others. • 

The eggs of Hydrophilus, Hydrocharis (Hydrous Brulle) Hydrobius and other .geJl.era 
are enclosed in cocoons of a remarkable construction (vide Portier): the latter are 
usually attached to grass or floating objects, but Helochares and Spercheus fasten 
them to their own bodies. The larvre of the family do not admit of any general 
description on account of their great diversity of form and structure: those of a 
number of forms have been studied by Schiodte and later by d'Orchymont (Amt. 
Bioi. Lacus. 6). Several of the aquatic genera, including Hydrophilus, are metapneus
tic and the spiracles are placed on the last body segment in a.kind of atrium. Hydro
charis and Berosus have long fringed gill-like structures on the first seven abdominal 
segments: in Helophorus aquaticus the larva is strongly chitinized, the thoracic terga 
are entire, and each of the first eight abdominal segments is protected by four transverse 
plates. The larvre of Cercyon and SphCliridium are degenerate and grub-like. with the 
legs atrophied or vestigial. In the majority of the larv.:e of this family cerci are 
present and sometimes elongate. 

FAM. HETEROCERIDJE.-LABRUM AND MANDIBLES PROMINENT AND PROJECT
ING: ANTENNlE SHORT, THE LAST SEVEN JOINTS FORMING A BROAD SERRATE CLUB. 
LEGS SPINOSE, ADAPTED FOR DIGGING: TARSI 4-JOINTED. These small beetles are 
densely pubescent and live in galleries which they excavate in the mud bordering 
pools and streams. Their larvre inhabit the same situations and may be recognized 
by the prominent mandibles, the very broad thoracic segments and the much narrower 
abdomen: the whole body is strongly setose. The family is very widely distributed 
and about 100 species are known, several being indigenous to the British Isles. 

The remaining families of the Diversicornia constitute the old series SERRICORNIA. 
With comparatively few exceptions the tarsi are 5-jointed: the antennre, on the 
other hand, are extremely variable. They may be filiform, serrate, clavate (rarely), 
clavate-serrate or even plumose. 

FAM. DASCILLIDJE.-ANTENNlE SERRATE, RARELY PECTINATE OR FLABELLATE. 
ANTERIOR AND POSTERIOR COXlE TRANSVERSE, THE FORMER WITH A LARGE TROCHANTIN, 
THE LATTER FORMING A PLATE FOR THE RECEPTION OF THE FEMUR. These rather 
small beetles are represented in Britain by Dascillus, which principally occurs in flowers: 
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its larva has been found at the roots of grasses in pasture land and is figured by Gahan 
(Trans. Ent. Soc. 1908). 

FAM. HELODIDJE.-DIFFERING FROM DASCILLIDlE IN THE FILIFORM ANTENNlE 

AND THE ABSENCE OF THE TROCHANTIN TO THE ANTERIOR COXlE. These small insects 
have a very thin integument and loosely articulated legs. They occur among herbage, 
mostly in damp situations, and their larvre areaquatic. About 16 species are British 
and one of the commonest is Helodes minuta whose onisciform larva is described by 
Chapuis and Candeze. The family is often merged into the preceding one but is 
quite distinct, particularly in the larval stage. 

FAM. RHIPICERIDJE.-RATHER LARGE INSECTS WITH CONSPICUOUSLY FLABEL

LATE ANTENNlE, PARTICULARLY IN THE MALES. MANDIBLES ROBUST AND STRONGLY 

CURVED. EM PODIA LARGE AND HAIRY. A small family confined to the warmer 
regions of the world and found on trees or low plants. The larva of Callirhipis some
what resembles that of Tenebrio and is described in great detail by Schi6dte. 

FAM. CANTHARIDJE (Telephoridre: Malacoderrnidre) .-VERY SOFT BODIED, 

USUALLY ELONGATE INSECTS WITH LONG SLENDER LEGS. ANTENNlE 

OF VARIOUS FORMS. ABDOMEN WITH SEVEN OR EIGHT VISIBLE 

STERNA, THE BASAL REGION NOT COADAPTED IN FORM WITH THE 

COXlE. ANTERIOR AND MIDDLE COXlE CONICO-CYLINDRICAL, THE 
FORMER WITH DIS-

TINCT TROCHANTINS : 

P 0 S T E R lOR COXlE 

TRANSVERSE. - This 
very large family in
cludes some of the 
most familiar of all 
Coleoptera and np.m
bers about 4,000 
species. 

The Lycime are 
diurnal and are found 
on leaves and flowers 
or under bark: the 
few British members 
of this sub-family are 
rare and local. The 
group is chieflytropi
cal and its members 
are stated to be car
nivorous. Graveley 
(Rec. Ind. Mus. 1915) 
describes and figures 
the curious trilobite
like larva of Lyro

a. 
FIG. 482.-LAJJPROPHORUS TARDUS, INDIA. 

a, MALE X 2: b, FEMALE, NAT. SIZE. 

pceus and it is probable that other larvre of this type, which 
have often been found in the tropics, belong to the Lycinre. 

The Lampyrinre include the "glow-worms" and "fire
flies": they number more than 2,000 species which differ from 
the Lycinre in having the middle coxre contiguous, whereas, in 

the latter group, they are spaced apart. They are nocturnal insects, and most 
of the members are provided with photogenic organs which emit a more or less 
bright light usually, although not invariably, strongest in the female. These organs 
are borne on certain of the hind segments of tl.~e abdomen,-often the 6th and 
7th in the male, and the latter segment in the female: in Phausis and Phengodes 
they show a wider distribution. The eggs, larvre and pupre are also luminous to a 
variable degree. There is an extensive literature on the structure and physiology 
of the photogenic organs (vide p. 95): as a rule the light is pale yellowish green, 
but Haase mentions certain S. American species whose larvre emit two series of lights 
-red and green. The function of this luminescence is difficult to conceive with 
reference to the immature stages but, in the adults, it serves in most cases to bring 
the sexes together. -In many forms the male is winged with greatly developed eyes, 
and the female devoid of both elytra and wings (vide Fig. 482), being larviform with 
the eyes small. This dimorphism is well exhibited in the common European" glow
worm" Lampyris noctiluca. The biology of this insect has been studied by Newport 
(1857), Fabre, and others, and its larva by Vogel (1915). The adult insect takes 

FIG. 48I.-LuOJOLA 

LUSITANIOA, LAR
VA X 8. FRANCE. 

After Bugnion. 
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little or no food. but the larvre are carnivorous. feeding upon snails and slugs. which 
they seize with their sharp sickle-like mandibles. The latter are each traversed by 
a fine canal through which a dark-coloured secretion is injected into the tissues of 
the prey. As there are no salivary glands. the secretion is apparently produced ·by 
a pair of acinose glands near the anterior end of the mid-gut. According to Bugnion 
(Bull. Soc. Vaud. 1915) they probably open at the base of the mandibles. The secre
tion has the property of breaking down the tissues of the mollusc. and digestion is 
largely external. the larva imbibing its prepared meal by means of the pumping action 
of its pharynx. Unlike the Dytiscus larva. the food appears to be taken in through 
the mouth which is guarded by a mass of hairs precluding the entry of anything 
excepting small particles. The larva! of Photinus and Photuris have been studied 
by Williams (1917) and their photogenic organs are situated on the 8th abdominal 
segment. They persist in the pupa but are replaced in the imago by structures located 
on the 6th and 7th segments. In the Mediterranean "fire-flies" (Luciola) both 
sexes are winged. They are gregarious. but the females are more imperfect than the 
males and are rarely seen. The function of the light is obscure. and it is most brilliant 
in the males. 

The Cantharinre have no photogenic organs and the sexes are very alike. Some 
of the best known members are species of Cantharis (Telephorus) and Rhagonycha. 
often called" soldier beetles." which are predaceous and frequent flowers and herbage. 
Their somewhat flattened larvre are found in the soil or among moss. etc. They are 
primarily carnivorous. and have a velvety appearance" due to a covering of fine hairs 
(vide Payne. 1916). The head is flat. the antenna! short. and there is a single ocellus 
behind each: the anal segment has a ventral pseudopod but there are no cerci. 

The Drilinre exhibit a sexual dimorphism even more striking than that seen in 
Lampyris. the apterous females being enormously large in proportion to the males. 
The larva of Drilus flavescens preys upon snails (vide Crawshay. Trans. Ent. Soc. 1903). 

FAM. MELYDRIDJE (Mnlnchiidre) .-CLOSELY ALLIED TO THE CANTHARIDlE. 
BUT THE ABDOMEN WITH ONLY SIX STERNA. AND THE BASE MORE OR LESS CO-ADAPTED 
WITH THE COXlE. This family includes about 1.000 species which mostly resemble 
the Cantharinre in their general facies: it is represented in Britain by nine genera 
and about a score of species. Malachius and its allies frequent flowers. and are char
acterized by the presence of the lateral protrusible vesicles at the sides of the thorax 
and abdomen. Their larVa! are stated by Perris to resemble. those of Cantharis. 

FAM. CLERIDJE.-ANTENNlE VARIOUS. SOMETIMES CLUBBED; LABIAL PALPI 
DILATED AND SECURIFORM. TARSI 5-JOINTED. BUT SOMETIMES APPARENTLY 4-JOtN"i'"ED : 
APICES OF JOINTS TWO TO FOUR USUALLY PROLONGED AS MEMBRANOUS FLAP!:;. AN
TERIOR COXlE PROMINENT. CONTIGUOUS. ABDOMEN WITH FIVE OR SIX FREE-STERNA. 
An extensive family. mainly tropical. many of whose members are of graceful form 
and beautiful coloration. They are mostly found on plants or tree-trunks. but.a 
few (Necrobia. Corynetes) occur in carcasses and skins. III the larval stage they are' 
mostly predaceous and beneficial. since they feed upon wood- and bark-boring Coleop
tera. Necrobia probably feeds upon saprophagous matter and also upon dipterous 

_larvre of the same habit; the nearly cosmopolitan N. rufipes is destructive to stored 
hams. Corynetes sometimes preys upon Anobium. and Trichodes is known to infest 
the nests of Apis. Chalicodoma and other bees. The general appearance of Clerid 
larvre can be gathered from a valuable paper by Boving and Champlain (1920). and 
also from an article by Boving (Ent. Tidskr .• 1913). They are frequently bright red, 
brown. pink or otherwise vividly coloured. and are more or less elongate and cylindrical, 
or slightly flattened. The pronotum is strongly chitinized but the remaining segments 
are usually fleshy except the gth. which carries a hard shield bearing two cOrneous 
processes, and the abdomen often has ambulatory swellings. 

FAM. LYMEXYLONIDJE.-VERY ELONGATE INSECTS WITH SOFT INTEGUMENT 
AND SHORT. BROAD. SERRATE ANTENNlE. MAXILLARY PALPI IN MALE LAR.GE AND 
FLABELLATE. FORE AND MIDDLE COXlE EXSERTED. LONGITUDINAL IN POSITION: 
TARSI FILIFORM. ABDOMEN WITH 5 TO 8 STERNA. This small family is nearly 
world-wide and includes some very remarkable species capable of boring into hard 
wood and doing at times considerable damage by drilling cylindrical holes. The 
curious larVa! of Lymexylon and Hylec(Etus are figured by Westwood (Classif. I. p. 269) 
and that of Melittomma by Gahan (Trans. Ent. Soc. 1908). The remarkable oriental 
genus Atractocerus has rudimentary elytra. but ample wings. and its long flexible 
abdomen gives its species the appearance of Staphylinids. The N. American MICRO
MALTHIDJE consist of a single species of Micromalthus which was formerly placed 
in the Lymexylonidre. but differs in the maxillary palpi of the male being simple. 
The biology of this insect, according to Barber (1913). is one of the most remarkable 
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in the whole of the Insecta. It combines in its life-cycle seven or eight forms of larv<e 
and exhibits both oviparous and viviparous p<edogenesis. 

FAM. ANOBIID.IE (Ptinidre) .-FIRST TARSAL JOINT NOT REDUCED IN SIZE, OFTEN 
LONGER THAN SECOND. PROSTERNUM VERY SHORT: FORE AND MIDDLE COXlE SMALL, 
NOT TRANSVERSELY EXTENDED, THE FORMER SLIGHTLY PROMINENT: HIND COXlE 

TRANSVERSE. ABDOMEN WITH FIVE VISIBLE STERNA OF EQUAL LENGTH. Included 
in this family are the Ptinides and Anobiides which are regarded by many authors 
as separate families. According to Sharp it is probable that scarcely more than one
fiftieth part of the existing species have been described, their concealed habits render
ing them difficult to find. Many are very destructive to wood and to various kinds 
of stored products. They are either globular or cylindrical in form, often very different 
in the sexes. In the Ptinides the antenn<e are long and filiform, while in the Ano
biides they are either serrate, pectinate or loosely clubbed. Their larv<e (vide Munro, 
1915) resemble those of the Lamellicornia in their crescentic form; they are likewise 
fleshy and the terminal abdominal segments are generally larger than those pre
ceding. The antenn<e are very short and there are no anal processes or cerci. Ptinus 
fur is destructive to books, furs, woollen goods, drugs, herbaria, etc. A nobium punc
tatum De G. (striatum Oliv.) and Xesto
bium rufovillosum De G. (tesselatum Oliv.) 
are very destructive to furniture, rafters 
and flooring, their larv<e boring into the 
solid wood (Fig. 483): the small round 
exit holes made by the adult beetles are 
very familiar objects. The name of 
" death watch" is often applied to both 
these species but belongs more properly 
to the latter insect. The tapping noise 
is a sexual call and is heard most often 
in April to May when pairing takes place. 
The beetle jerks its body forward several 
times in- rapid succession, each time strik
ing the lower part of the front of the 
head against the surface upon which it is 
standing (Gahan). Lasioderma serricorne 
and Sitodrepa paniceum are cosmopoli
tan: they injure a great variety of stored 
materials, etc. The former species 
attacks cigarettes, cigars, drugs, ginger, 
etc., and the latter is destructive to 
biscuits, flour, bread, many drugs in
cluding opium and aconite, together 
with a wide range of other substances. 
The Australian ECTREPHID.IE are myr
mecophilous and possibly belong here: 
Wasmann, on the other hand, con
siders that they are allied to the Scyd
m<enid<e. 

c 

a b 

FIG. 483.-a, ANOBIUM PU.vOT.A.TUM; c, ITS 
LARVA; b, XESTOBIUM RUFOVILLOSUM. 

After Gahan (reproduced by pennission of the Trustees 
of the British Museum). 

FAM. BOSTRICHID.IE (Apatidre) .-FORM CYLINDRICAL, HEAD USUALLY DEFLEXED 
AND COVERED BY THE HOOD-SHAPED PRONOTUM: ANTENNlE WITH A 3-JOINTED CLUB. 
FIRST TARSAL JOINT MINUTE. FORE COXlE PROMINENT, CONTIGUOUS BUT LITTLE 
EXTENDED TRANSVERSELY. ABDOMEN- WITH FIVE VISIBLE STERNA OF EQUAL LENGTH. 
The members of this family make cylindrical burrows in felled timber or-dried wood, 
and occasionally attack unhealthy standing trees. They exhibit a great variety of 
sculpture and the body is strongly truncated posteriorly and armed with small pro
jections. Species of Sinoxylon and Dinoderus are very destructive to felled trees and 
bamboo in India. Their larv<e resemble those of the Ptinid<e and are similarly curved 
posteriorly, but the head is greatly reduced and the thorax more enlarged: the larva 
of Apate capucina is figured by Perris, Ratzeburg and others. The family is world
wide but only represented in Britain by a few rare species. 

FAM. LYCTID.IE (Powder Post Beetles).-DIFFERING FROM THE BOSTRICHIDlE 
IN THE 2-JOINTED ANTENNAL CLUB AND THE ELONGATE 1ST ABDOMINAL STERNUM. 
This family is closely allied to the one preceding and is often merged as one of its 

; groups. The larv<e also are very similar and Lameere was of opinion that this simi
larity overweighed any adult differences. They are small elongate insects, found 
both in freshly cut and· old timber, palings and furniture: only the wood of broad-
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leaved trees appears to be attacked. Lyctus larvce are often mistaken for those of 
the Ptinidce but may be easily distinguished by the legs being 3-jointed, whereas 

they are s-jointed in the latter family (vide 
Munro, 1915). The Lyctidce are few in 
species and only two occur in the British 

C Isles (Fig. 484). 
FAM.. CIOID.:E (Cissidre). - MINUTE 

CYLINDRICAL INSECTS WITH SHORT CLAVATE 
ANTENNiE AND 4-JOINTED TARSI. FORE AND 
MIDDLE COXiE SMALL, OVAL, NOT PROMI
NENT. ABDOMEN WITH S MOBILE STERNA. A 
widely distributed family comprising prob
ably over 300 described species found in 
old wood or fungi and usually of gregarious 
habits. Their affinities are by no means 
settled and Sharp states that the position 
of these insects seems to be near the Coly. 
diidce and Cryptophagidce. Cis is nearly 
world-wide in distribution and is represented 
by more than a dozen species in Britain: 
its elongate cylindrical larva is described in 
a monograph by Mellie (A nn. Soc. Ent. Fr. 

a b 

FIG. 484.-a, LrcTus BRUNNfJUS; c, ITS 
LARVA; b, LrcTus L1NfJAR1S. 

-1848). The SPHINDID.:E are usually placed 
near this family and consist of minute in
sects living under bark or in fungi. Sphin
dus and Aspidiphorus occur in Britain and 
their larvce are described by Perris. 

Alit' Gaban (rel'roduced by permission of the 
Trustees of the British Museum). 

FAM. BUPRESTID.:E.-USUALLY CON
SPICUOUS METALLIC INSECTS WITH SHORT 
SERRATE ANTENNiE. PROTHORAX CLOSELY 
ADAPTED TO THE AFTER BODY WITH A 

PROCESS FITTING INTO THE CAVITY OF THE MESOSTERNUM BUT NOT ALLOWING OF 
SALTATORY MOVEMENTS. FIVE VISIBLE STERNA, THE FIRST TWO CONNATE, REMAINDER 
MOBILE, An essentially tropical family com
prising over S,OOO species; relatively few are 
European and only four genera with ten species 
occur in Britain. They are among the most 
brilliantly coloured of all insects and some 
species, owing to the splendour of their metal
lic lustre, are used in embroidery and in jewel
lery (Fig. 48S). They are typically inhabitants 
of hot moist forests and are exceedingly active 
on the wing, often taking flight at the least 
alarm. The larvce (vide Xambeu, Rev. d'Ent. 
1892-93) are distinct from those of other 
Coleoptera, and characterized by the great ex
pansion of the prothorax and the slender hind
body which imparts to them a clubbed appear
ance (Fig. 486). The head is small and almost 
entirely withdrawn into the thorax, the an
tennce extremely short, and there are no ocelli. 
The legs are vestigial or absent, the abdominal 
segments are nine in number and there are no 
cerci or anal processes. There are nine pairs of 
spiracles, the first pair being situated between 
the pro- and meso-thorax or on the latter seg
ment. The larvce mostly gnaw rather broad 
flattened galleries in or beneath the bark of 
trees or in roots: some are found in the stems 
of herbaceous plants and one or two mine 
leaves. Some of the genera of this family are 
exceedingly large: Agrilus comprises nearly 
-700 species while Sphenoptera and Chrysobothris 

FIG. 485.-CATOXANTliA B1COLOR. NAT. 
SIZE. 

After Fowler (F.B.I.). 

each include about 300. For further information on the family reference should 
be made to the work of Kerremans (1906-14)' 
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FAM. ELATERIDJE (Click Beetles).-ANTENNlE SERRATE, PECTINATE OR FILI. 

FORM. PROTHORAX WITH HIND ANGLES GENERALLY PRODUCED: WITH A PROSTERNAL 
PROC,ESS THAT IS RECEIVED IN A MESOSTERNAL 
CAVITY. ANTERIOR COXAL CAVITIES FORMED 
ENTIRELY BY THE PROSTERNUM: HIND COXlE 
WITH A PLATE UNDERLYING THE FEMUR. LEGS 
RATHER SHORT, OFTEN RETRACTILE. FIVE AB
DOMINAL STERNA, THE LAST ALONE BEING 
MOBILE. A large and very important family 
of wide distribution. Its subdivision is not in 
a very satisfactory condition and the sub
families here recognized have been regarded 
by Lacordaire and others as separate families. 
A few of the Eucneminre and most of the 
Elaterinre possess the power of leaping when 
lying on their back. The mechanism of this 
act is not entirely clear, but the existence of 
the saltatory power is connected with the 
mobility of the articulation between the pro
and meso-thorax. As a preliminary, the apex 
of the prosternal process catches against the 
edge of the mesosternal cavity. When, how
ever, the process slips over the catch it is 
driven with considerable force into the meso
sternal cavity accompanied by a clicking sound. 
The force imparted by this jerking movement 
causes the bases. of the elytra to strike the sur
face upon which the insect is resting and this, 
together with the elasticity of the elytra, ap
pears to be the chief factor in bringing abou t 
the leap. 

The sub-family Eucneminre is distinguished 
from the genuine Elaterinre by the antennre 
being somewhat distant from the eyes. They 
are Chiefly noteworthy on account of their 
larvre which are apodous. The latter live in 
soft wood, and the head is armed with hard 
teeth for boring purposes, the maxillre and FIG. 486.-E17CHROJIA COLll)IBICUM, 

labium being vestigial. The statement that LARVA, NAT. SIZE. 

they are carnivorous is probably erroneous, 
and their food is more likely derived from 

From Fowler (F.B.I.) after SchiOdte. 

decaying wood. Melaris buprestoides is the only· species at all plentiful in Britain, 

FIG. 487.-AGRJOTES 

OBSC17R17S, EUROPE 

X 4. 
(Reproduced by pennission 

of the Ministry of Agricul· 
ture). 

and its larva is figured by Schi6dte. It much resembles that 
of a Buprestid but is separable on account of the vestigial 
mouthparts. 

The Elaterinre have the antennre inserted near the eyes. 
They are mostly sombre coloured elongate insects, but a few 
are red or have metallic colours. The most remarkable 
species are the "fire-flies" (Pyrophorus) which are mainly 
neotropical. P. noctilucus emits an exceptionally bright light 
from a rounded yellow area in either side of the thorax and, 
when on the wing, an additional source of light is revealed 
at the base of the ventral surface of the abdomen. The eggs 
and larvre are also luminous. In the young larva the photo" 
genic organ is situated at the junction of the head and 

, thorax: in older larvre there are numerous small .lateral 
organs in addition. The photogenic organs are very similar 
in structure to those of the Lampyrinre and are dealt with 
on p. 95. The larvre of the Elaterinre are elongate and cylin
drical arid very tough-skinned (Fig. 489). The head is corne
ous and flattened, the antennre very short and 3-jointed, there 
are no eyes, the labrum is not defined, and the trunk-segments 
are very alike. The whole body is usually reddish-brown or 

yellow, owing to the strong·chitinization of all the segments, and the legs are short. 
The prothorax is the largest, and the 9th. segment· is specially differentiated and 
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exceedingly variable, thus affording important generic and specific characters. It is 
often corneous and margined with teeth and may terminate in single or paired pro
cesses which, in their turn, may be simple, bifid or denticulate. In Agriotes this seg-

. ment is relatively simple and bears a 

FIG. 488.-A WHEAT PLANT WITH LARVAL 
ELATE RID AT ROOTS: IMAGO ON THE RIGHT. 

After Hudson, Enl<>m. Cire. 2, Dept. Agrie. Canada. 

pair of dark-coloured pits, possibly 
sensory in function. The larva of 
Cardiophorus is very different from 
the prevailing Elaterid type, being 
extremely long and vermiform, owing 
to the great development of the in
tersegments of the abdomen. The 9th 
segment of the latter region bears a 
pair of recurved hooks and a terminal 
fasicule of set<e. Larv<e of certain 
genera are exceedingly injurious to 
agriculture and are known as •• wire
worms": under this category are 
species of Agriotes (Fig. 4~7), Limo
nius, Athous and others. The" wire
worm" group of larv<e are root-feeders 
and are extremely destructive to pas
tures, 'cereals, root crops, etc. (Fig. 
488): no effectual method of control 
has yet been devised. Other larv<e 
arelignicolous and xylophagous (Mela
notus, etc.), or possibly carnivorous 
(e.g. Athous rhombeus). Exact obser
vations regarding the length of the 
larval stages are greatly needed: in 
the case of Agriotes obscurus, which is 
probably the commonest English wire
worm, Rymer Roberts considers that 
the early estimate of five years is 
approximately. correct. This species 
constructs an earthen pupal cell, and 

the pupal instar only occupies about three weeks. A large number of £l"m:erid 
larv<e have been described by Beling (1883), Henriksen (19II), Hyslop (1917), 
Schi6dte and others: for the metamorphosis of Agriotes obscurus vide Ford (A nn. 

·App. BioI. 3) and Rymer 
Roberts (Ibid. 6, 8, and 9). 

The remaining su b
families are small and un
important and are un
represented in the British 
fauna. The Cebrionin<e 
have no power of leaping 
and the legs are fossoria!. 

FIG. 489.-LARVA OF AGE/OTES OBSOURUS. x 5. 
AN, antenna; M, margin of pit: P, anal pseudopod; 5. spiracles. 

The development of Cebrio gigas takes place in the ground: its apterous females 
remain in that situation, protruding the apex of the abdomen, in which position they 
are fertilized by the males. The Perothopin<e and the Cerophytin<e only include a 
few species. 

FAM. THROSCIDJE.-SEPARABLE FROM THE ELATERIDJE ON ACCOUNT OF 

ANTERIOR COXAL CAVITIES BEING FORMED BY THE PRO- AND MESO-STERNUM. This 
small family has been classed with the Eucenemin<e but the totally different formation 
of the anterior coxal cavities separates them. They are small and inconspicuous 
insects found on flowers, among herbage, at roots of grass, etc. Several species of 
Throscus occur in Britain and very much resemble short Elaterids in form. 

Superfamily III. Heteromera 
VENATION OF THE CANTHARID TYPE. ANTENNiE GENERALLY SIMPLE, 

MORE RARELY SERRATE, PECTINATE OR FLABELLATE, OR CLUBBED. FORE 

AND MIDDLE TARSI 5-JOINTED, HIND PAIR 4-JOINTED. TESTICULAR FOLLICLES 
SESSILE: TWO OR THREE PAIRS OF MALE ACCESSORY GLANDS: USUALLY 
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SIX, RARELY FOUR MALPIGHIAN TUBES. LARViE CAMPODEIFORM, OR MORE 

USUALLY OF AN INTERMEDIATE TYPE. 

This group, as its name implies, is founded upon the tarsal characters, 
and it includes somewhere between 15,000 and 20,000 species, the great 
majority belonging to the Tenebrionidre. The genera comprise a greater 
diversity of forms than those of any other superfamily and, as Fowler points 
out, their chief peculiarity lies in the fact that they reproduce nearly all 
the most characteristic forms of other family-series. In many cases it is 
difficult to regard the resemblances as cases of mimicry in the true sense 
of the latter term, and the significance of this convergence is not understood. 
It has been pointed out by Sharp and others that the larvre of the Hetero
mera fall into three groups. 

1. Those regularly cylindrical with hard integument and devoid of 
tubercles or pseudopods. Ex. Tenebrionidre. 

2. Those with a soft integument and of more variable form: tubercles 
or pseudopods often present on the dorsal and ventral surfaces. Ex. 
CEdemeridre. 

3. Those with hypermetamorphosis, the young larva being campodei
form but becoming- modified in the later instars. Ex. Meloidre. 

Table of the principal families, after Leconte and Horn (1883) and 
Fowler (1912). 

I (6).-Anterior coxal cavities closed behind. 
2 (5).-Tarsal claws simple. 
3 (4)·-Anterior coxce globose, rarely oval, not prominent: 

penultimate 'tarsal joint rarely bilobed and spongy 
beneath. 

4 (3)·-Anterior coxce conical or conical-ovate, prominent: 
pe!lultimate tarsal joint nearly always bilobed and 
spongy beneath. 

5 (2).-Tarsal claws pectinate. 

6 (I).-Anterior coxal cavities open behind. 
7 (28).-Prothorax without sharply produced or strongly dentate 

margins: size moderate or small. 
8 (I5).-Head not strongly and abruptly constricted at the 

base. 
9 (14)·-Middle coxce not very prominent. 

10 (II).-Antennce received in grooves on prosternum. 

II (Io).-Antennce free. 
12 (13).-Thorax laterally margined: disk with basal impressions. 

13 (12).-Thorax not margined, disk not impressed at base. 

14 (9).-Middle coxce ve~y prominent. 

15 (8).-Head strongly constricted at base. 
16 (2I).-Prothorax at base not narrower than base of elytra. 
17 (20).-Lateral suture of thorax distinct. 
18 (I9).-Hind coxce laminate. 

19 (I8).-Hind coxce not laminate. 

20 (I7).-Lateral suture of thorax absent. 

21 (I6).-Prothorax at base narrower than base of elytra. 
22 (23).-Claws cleft. 

23 (22).-Claws not cleft, 

G.T.E·-32 

TENEBRIONlDlE 

(p. 498) 

LAGRIIDlE 

(p. 498) 
CISTELIDlE 

(p. 498) 

MONOMMIDlE 

(p. 499) 

MELANDRYIDlE 

(p. 499) 
PYTHIDlE 

(p. 499) 
CEDEMERIDlE 

(p. 499) 

MORDELLIDlE 

(p. 499) 
SCRAPTIIDlE 

(p. 499) 
RHIPIPHORIDlE 

(p. 499) 

MELOIDlE 

(p. 499) 
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24 (25) .-An tenme serra te, s u bpectina te or ramose: head horizontal 

or almost so: comparatively large insects. 

25 (24).-Antenn<e filiform or moniliform (very rarely flabellate) : 
head deflexed: very small insects. 

26 (27).-Penultimate joint of tarsi minute, concealed: head con
stricted just behind the eyes which are large. 

27 (26).-Penultimate. joint of tarsi not minute, bilobed: head 
constricted at some distance behind the eyes which 
are small. 

28 (7).-Margins of prothorax dentately produced: size very 
large. 

PYROCHROIDlE 

(p. 500) 

XYLOPHILIDlE 

(p. 501 ) 

ANTHIClDlE 

(p. 501 ) 
TRlCTENOTOllllDlE 

(p. 501 ) 

FAM. TENEBRIONIDlE.-One of the largest families of Coleoptera comprising 
more than 10,000 species which exhibit an extraordinarily wide range of superficial dis
similarity: the larv<e on the other· hand are strikingly uniform in character. Many 
are ground beetles, usually black in colour, and often bear a superficial resemblance 
to the Carabid<e. These forms are very often apterous, or have vestigial wings, anq 
the elytra are frequently immovable. Many of the wood-feeding species have ample 
wings. The species of Blaps often occur in cellars and outbuildings. Tenebrio 
molitor and T. obscurus, and other species of the genus, are nearly cosmopolitan: 
they are found in all stages in meal, flour and stored goods, their larv<e being known 
as" meal worms" (Fig. 490). .Tribolium has very similar habits and T. ferrugineum F. 

and T. confusum are likewise widely spread, 
through commerce, in granaries and stores (Fig. 

a. 

491). A good account 
of the biology of both 
the above genera is 
given by Herrick. 
Species of other 
genera Ii ve in dung, 
in dead animal 
matter, in fungi, 
u n d e r bar k, etc. 
The larv<e of this 
family bear a toler
ably close resem
blance to those of 
the Elaterid<e, but 
the labrum is plainly 
visible and the ter
minal segment of the 
abdomen rarely at
tains the complexity 
found in that family. 

FIG. 490.-TE-VEBRIO OBSOURUS, LARVA For a bibliography 
AND PUPA: ENLARGED. of Tenebrionid larv<e 

vide Gravely (1916). 

FIG. 49I.-TRIBOLIUJI 

FERRUGINEUJf, COSMO-

POLITAN. X 14. 

Related to the Tenebrionid<e are three small families of minor importance. The 
lEGIALITIDlE include a few minute rare insects from N.W. America and according 
to Sharp they are allied to the Pythid<e. The RHYSOPAUSSIDlE include a few 
termitophilous forms: Wasmann (Zeits. wiss. Zool. 1912) regards them as a sub-family 
of the Tenebrionid<e. The OTHNIIDlE include a single genus of arboreal insects 
found in warm regions of both hemispheres. 

FAM. LAGRIIDlE.-A small family which is closely allied to the Tenebrionid<e 
and whose members are chiefly found on the leaves of trees and bushes, or under 
bark. The only British representative is Lagria hirta: the larva of this species 
(vide Schiodte) is somewhat broader and more active than those of the Tenebrionid<e 
and the segments are furnished with lateral tufts of hairs. The head is very short 
and the last body-segment is bifid at the apex. The pupa is remarkable on account 
of the long broad clavate processes which project from most of the abdominal segments. 

FAM. CISTELIDlE.-The pectinate claws appear to be the only feature which, 
separates these insects from the Tenebrionid<e. About 500 species are known: many 
occur on flowers and their larv<e have been found in dead wood. Five genera are 
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British and the larva of Cistela is described by Westwood (Classif. I, p. 3IO). The 
Moriommidre and Nilionidre are two small extra-European families and nothing is 
known concerning their biology. The Petriidre are represented by a few species from 
the Transcaspian region. 

FAM. <EDEMERIDiE.-A considerable family of soft-bodied insects bearing a 
resemblance to the Cantharidre. They are widely distributed and usually found on 
flowers or among herbage. They are mostly slender, elongate insects of metallic or 
other bright coloration. Four genera and six species are British: CEdemera nobilis 
exhibits sexual dimorphism, the male is larger than the female and has greatly thick
ened femora and tibire. Nacerdes melanura is a coastal species chiefly found among 
piles or old cast-up timber. The metamorphoses of several genera are described by 
Schiodte and the larvre occur in old wood or under bark. In addition to thoracic 
limbs, they are usually furnished with dorsal and ventral pseudopods of variable 
number which aid in locomotion. 

FAM. PYTHIDIE.-This family includes a small number of species which have 
mostly been found in cold or temperate climates. The Britisb members chiefly occur 
under bark: Rhinosomus has a well marked rostrum, Pytho depressus is a rather large 
flattened insect found in Scotland, and Salpingus and Lissodema are Carabid-like 
forms. For the larvre of Rhinosomus and Lissodema vide Perris. 

FAM. MELANDRYIDIE.-These insects are mostly found in northern temperate 
regions where they occur in dry wood and fungi, or under bark: they are repre
sented in Britain by thirteen genera of very diverse forms, and practically all are 
rare or local. Osphya is exceptional in that it is found on flowers and the sexes are 
very dissimilar. The larvre are variable and several are described by Perris. 

FAM. SCRAPTIIDIE.-These small delicate insects are mainly found in the 
pah:earctic region. The species of Scraptia occur iIi rotten wood, fungi, etc., and 
have been relegated by different authors to various families. They- are related to 
both the Mordellidre and Melandryidre and are placed by Fowler between those two 
families. Only two species have occurred in Britain, both rarely. The larva ,of 
this genus is described by Perris: it is principally characterized by the great length 
and spoon-shaped form of the last abdominal segment. 

FAM. MORDELLIDIE.-These beetles are common on flowers and among herbage 
and some have been found about decaying. wood: several of the British species of 
A naspis are fairly plentiful, especially A. frontalis. The metamorphoses of M or
dellistena are well figured by Riley: the larvre have been found in the,stems of plants 
unde;- circumstances indicating that they probably prey upon other insect larvre pre
sent. They are elongate and curved, with short legs, and in some species at least 
there are dorsal prominences on the more anterior abdominal segments. The/larva 
of Tomoxia is figured by Schiodte and has been found in decaying wood, while that 
of Anaspis is figured by Perris. In the two latter genera the a)!dominal prominences 
are wanting. 

FAM. RHIPIPHORIDIE.-Included in this family are several species of great 
interest on account of their larvre being parasites upon other insects. M etrectts 
paradoxus.is a parasite in nests of Vespa, particularly V. vulgaris. According to Chap
man (Ann. Mag. Nat. Hist. 1870: Ent. Month. Mag. 1891), the newly hatched larva 
is black and campodeiform, resembling that of Meloe, but how it enters the nest of 
its host does not appear to have been ascertained, since the eggs are laid in old wood. 
Two hypotheses have been put forward-either the eggs are transferred along with 
wood fragments by the wasps to their nests, or the young larvre attach themselves 
to the wasps while the latter are gathering wood. Within the nest the larva becomes 
an endoparasite of that of Vespa: it subsequently becomes an ectoparasite, and 
gradually devours the whole of its host. Pupation takes place in the cell of the 
attacked individual, and the adult beetles are found up to the number of twenty or 
more in a single nest: more rarely they occur on flowers, etc., outside the nest. Among 
other genera Emenadia has a very similar life-history, but utilizes Odynerus as its host, 
while Symbius is an endoparasite of Blattidre: the female is apterous and larviform 
and does not leave the body of its host. 

FAM. MELOIDIE (Cantharidal: Blister Beetles and Oil Beetles).-This family 
is one of the most interesting of all groups of Coleoptera on account of the remarkable 
life-histories of its members and the general occurrence of hypermetamorphosis. At 
least 1,500 species have been described and they are very widely distributed: three 
genera, viz. Meloe, Sitaris and Lytta occur in Britain. The Meloidre include two 
sub-families of which the Melornre are ground insects, devoid of hind-wings, and with 
the elytra frequently much shorter than the abdomen. The Lyttinre are generally 
winged and the elytra cover the abdomen; they mostly occur among herbage or' 
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on flowers. The female beetles lay a very large number of eggs (often 2,000 to 
10,000) which is explainable on the grounds that the subsequent life-history is 
extremely precarious, and very large numbers of larvre perish in the first instar. 
Oviposition takes place in the soil or on the surface of the ground, and the result
ing larvre prey upon the eggs of Orthoptera and aculeate Hymenoptera. In their 
first instar they are minute, active, hard-skinned, campodeiform larvre known as 
triungUlins. At this stage they are principally engaged in seeking out their hosts: 
having discovered the latter, they subsequently undergo ecdysis and change either 
into soft-bodied, short-limbed eruciform larvre or, more rarely, into a modification 
of the campodeiform type known as the caraboid stage. The next succeeding instars 
differ from the preceding, and the second, or later larva, passes into a resting period 
when the insect assumes the pseudo-pupal or " coarctate" condition. The latter is 
followed by a further larval instar which is succeeded by the pupa. 

The biology of Sitaris muralis has been investigated by Fabre (1857) and Valery
Mayet (1873). The eggs are deposited near the nests of Anthophora about August. 
The newly hatched triungulins remain lethargic and hibernate until spring when they 
become more active. A certain number succeed in attaching themselves to the hairy 
bodies of the male bees, which appear earlier than the females. When opportunity 
allows, they pass to the female bees and so get carried to the nests of the latter. 
Anthophora constructs cells in the ground, in each of wJ:ich there is a supply of honey 
and a single egg. When the bee deposits an egg on the honey, a triungulin slips off 
her body, alights on the egg, and becomes imprisoned in the sealed-up cell. It con
sumes the contents of the egg, and changes into a fleshy ovoid eruciform larva with 
vestigial legs. In this instar -it feeds upon the honey stored by its host, and subse
quently changes into the so-called pseudo-pupal condition within the larval skin. After 
about one month, a certain number of individuals pass through the subsequent-instars 
and appear as beetles the same year. More usually, they winter in the pseudo-pupal 
condition and, in spring, assume a s~cond eruciform stage, which differs comparatively 
little from the earlier one. No food is taken during this period, and the larvre soon 
change into ordinary coleopterous pupre from which emerge the adult beetles. 

Riley (1878) has studied the biology of Epicauta vittata in N. America. This insect 
deposits its eggs in parts of the ground frequented by the locust Caloptenus. Triun
gulins emerge in due course, and explore. the soil until they discover the egg-capsules 
of the Orthopteron. Having found the latter, a single triungulin eats its way in and 
commences to devour the contained eggs. After a few days ecdysis takes place,.and 
the larva passes into the Caraboid or second instar. After about a week, ecdysis 
again occurs, and the larva becomes curved in shape. From its general body-form 
this instar is known as the Scarabreoid stage. The succeeding instar is very similar 
and, when fully grown, the larva deserts the egg-capsule, and changes near by into 
the pseudo-pupal stage in which it hibernates. In spring it u,ndergoes further changes; 
and in the sixth instar it is only slightly different from the Scarabreoid stages. -From 
this condition it p;lsses into the pupa and subsequently into the imago (vide Fig. 188). 

The life-history of Meloe has been partially followed by Newport (1853) and is 
apparently very similar to that of Sitaris. Its triungulins do not appear to exercise 
much discrimination, and although their hosts are Anthophora and Andrena, they 
have often been found attached to other bees and also hairy Coleoptera and Diptera. 
Large numbers consequently perish through selecting the wrong host, while still 
greater numbers probably never discover a host at all. The second instar corresponds 
with Riley's Caraboid stage, although it more closely resembles the Scarabreoid larvre 
in general form. In this condition it feeds upon the stored honey, and afterWards 
transforms into a legless pseudo-pupa. This form moults and the final larval instar 
is a thick-bodied apodous grub. Space excludes references to the biology of other 
members of the family, and the student should consult the work of Beauregard (1890) 

for further information, also that of Milliken (U.S. Entom. Bull., 976). 
The" Spanish fly," Lytta (Cantharis) vesica tori a, of southern Europe is rarely 

found in England. It yields the pharmaceutical product cantharidin (C10 H12 0 4 ) 

which is prepared from the dried insects. The elytra are alone used in pharmacy 
and contain more of the active principle than the soft parts collectively. Species of 
Mylabris are known to yield a larger amount of cantharidin than Lytta and are also 
used commercially. 

FAM. PYROCHROIDJE (Cardinal Beetles).-A small family allied to the Melan
dryidre, but differing in the head being strongly constricted behind the eyes, and in 
the penultimate tarsal joints being dilated or bilobed. They mostly occur in the 
northern temperate region, and are usually large insects, brilliant scarlet, or scarlet 
and black, in colour. The antennre are frequently deeply pectinate or ramose. The 
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adults are mostly found under bark or in wood where the larval stages are spent: 
in warm weather they occur among herbage and on flowers. The metamorphoses 
of Pyrochroa coccinea are well figured by Schi6dte (Fig. 492): the larva is elonga~e 
and flattened with rather long legs and antenn<e. The 8th abdommal segment 1S 

very long and the 9th is upwardly inclined, 
terminating in a pair of stout chitinous pro
cesses. Only three species occur in the 
British Isles. 

FAM. XYLOPHILIDAL- This small 
family is frequently united to the Anthicid<e 
and includes about 200 species, very widely 
distributed, and found mainly in old trees, 
dead hedges, or occasionally on flowers. 
Their larv<e are presumably found in decay
ing wood. Xylophilus (Hylophilus) is repre
sented in England by three species. 

FAM. ANTHICID.tE.-Many members 
of this family have the appearance of small 
Carabid<e while others bear a superficial re
semblance to ants. A large number are 
known, and the British species of Anthicus 
mostly occur in salt-marshes, in heaps of 
vegetable debris, hotbeds, etc. Notoxus is 
remarkable for its long stout prothoracic 
horn which is prolonged over the head. 
The life-histories in this family appear to 
be unknown. 

FAM. TRICTENOTOMID.tE.-Only a 
very few species of these large and con
spicuous insects are known and their sys
tematic position has been much disputed. 

FIG. 492.-PYROCHROA rOCCINEA: LARVA. 

X 2, PUPA X 3. 
2 

From Fowler (F.B.l.) after Schiodte. 

In appearance they strongly resemble Lucanid<e or Prionin<e but they exhibit closer 
affinities with the Heteromera. The curious larva of Trictenotcma has been figured 
by Gahan (Trans. Ent. Soc. 1908). The family is confined to the prirn<eval forests 
of certain of the moister parts of the oriental region. 

Superfamily IV. Phytophaga 

VENATION OF THE CANTHARID TYPE. ANTENNiE GENERALLY SIMPLE, 

LESS OFTEN PECTINATE SERRATE OR DISTALLY THICKENED. TARSI APPAR

ENTLY 4-JOINTED, THE FOURTH JOINT VERY SMALL AND UNITED WITH THE 

FIFTH. TESTICULAR FOLLICLES ROUNDED AND PEDICELLATE: ONE PAIR 

OF MALE ACCESSORY GLANDS: MALPIGHIAN TUBES SIX. LARViE ERUCIFORM, 

LEGS SHORT OR RUDIMENTARY, OR ABSENT. 

The members of this superfamily are easily recognizable by their tarsal 
characters, the third joint is either bilobed or dorsally grooved and receives 
the minute fourth joint at its base (Fig. 493): the first three joints, further
more, are densely pubescent beneath. Nearly all the 35,000 or more species 
constituting this group are phytQphagous: the Bruchidre are seed-feeders, 
the Chrysomelidre are usually leaf~feeders and the Cerambycidre are wood 
and stem feeders. Deviations from this rule are comparatively few but 
certain members of the last two families are root-feeders. A few exceptions 
to the structural characters enumerated at the head of this section may be 
noted. In Hcemonia and Stenopodius the first three tarsal joints are devoid 
of the ventral pubescence and the third joint is simple. In certain aberrant 
Cerambycidre (Spondylidre of some authorities) these same features also 
obtain and the fourth tarsal joint is frequently well developed. In DOl1acia, 
according to Dufour, there are only four Malpighian tubes and in Timarcha, 
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M elasoma and a few other Chrysomelidre the testicular follicles are of the 
sessile type (Bordas). 

Table of families: 
I (2).-Mentum pedunculate. 

2 (I).-Mentum not pedunculate. 
3 (4)·-Antennre short or moderate, not inserted on frontal promin

ences: tibial spurs usually absent. 
4 (3)·-Antennre generally long or very long, frequently inserted 

on frontal prominences: tibial spurs present. 

BRUCH IDlE 

(p. 502) 

CHRYSOMELIDlE 

(p. 502 ) 
CERAMBYCIDlE 

(p. 5°4) 

FAM. BRUCHIDJE (Lariidre)-These insects are distinguished from other 
Phytophaga by the-head being shortly and flatly produced and by the stalked mentum. 
The truncated elytra, which leave the apex of the abdomen exposed, are also very 
characteristic. The position of the family has often been discussed, many authors 
having regarded it as being closely related to the Anthribidre (p. 506) through the 
genus Urodon, As Leconte and Horn observe, the Bruchidre may be defined as Chry
somelidre with a pedunculate mentum. Over 700 species are known and their larvre 
mostly live in seeds of Leguminosre, causing great injury to peas, beans,lentils, etc. : those 
of certain other species attack coco-nuts and palm-nuts. On account of this habit 
they are very often carried from one country to another in cargoes of seeds. They 
are frequently, though erroneously, known as pea and bean" weevils." About a 
dozen species have been found in the British Isles, several being direct introductions 
from other lands. 

The eggs of Bruchidre are usually laid on the young seed pods, as for example in 
Bruchus pisorum, and the larvre mine their way through until they reach the seed. 
In Pachymerus chinen sis and A canthoscelides obtectus the eggs are laid either upon the 
pods or the seed, while Bruchus pruinosus lays them on the seed. In B. pisorum of 
the pea only a single larva enters a seed and dried peas are unattacked. A. obtectus 
readily attacks dried beans and in suitable climates six generations may occur in the 
year in the same batch of seed. The larvre in this family are eruciform and grub-like 
with thick bodies, becoming curved in the later development when they resemble 
those of the Curculionidre. The head is small and often narrower' than the prothorax, 
with short stout mandibles. The first ins tar differs from those that follow in po~
ing legs and prominent spinous pronotal processes. In B. pisorum and B. faba Riley 
states the legs are slender and 3:jointed, but atrophy once the boring life within the 
seed is assumed. The retention of these appendages in certain species requires further 
investigation. Thus, in A. obtectus they are similarly present in the first instar, but 
most writers state that they subsequently atrophy. Razzauti, however, finds that' 
they perSist throughout life in the form of papilla-like ve~tiges. Owing probably 
to the nutritious nature of the endosperm upon which it feeds, a single larva usually 
devours only a small amount of nutriment but where many occur in a single seed, as 
in A. obtectus, destruction is more complete. Pupation takes place as a rule within 
the seed. ' 

FAM. CHRYSOMELIDJE.-This family competes very closely with the Curcu
lionidre as regards number of species and probably over 20,000 have been described. 
They are extremely closely allied to the Cerambycidre, and there appear to be no 
definite and constant structural differences separating the two families. As a rule, 
the Chrysomelidre are very different in general appearance: their antennre are only 
of moderate length, and the eyes do not embrace their points of insertion: the upper 
surface of the body is generally bare and shining, frequently with metallic coloration. 
Jacoby (" Fauna of India ") adopts six primary divisions of the family according to 
the following key. 

I (8).-Mouth placed anteriorly. 
2 (7).-Antennre widely separated at base; elytra of hard texture. 
3 (6).-Intermediate ventral segments not medially constricted; 

pygidium not exposed. 
4 (5).-Thorax without distinct lateral margins, head produced, eyes 

prominent, presternum exceedingly narrow. EUPODA 

5 (4)·-Thorax with distinct lateral margins (rarely withgut), head 
not produced, eyes not prominent, presternum broad. CYCLICA 

6 (3).-Intermediate ventral segments constricted; pygidium 
usually exposed. CAMPTOSOMES 
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7 (2}.-Antenn;e not widely separated at base, generally closely 

approximate; elytra more or less soft in texture. TRICHOSTOlllES 

8 (1}.-Mouth not normal, small, hidden or nearly so. CRYPTOSTOlllES 

The Eupoda include the Sagrin;e, Donaciin;e and Criocerin;e. The Sagrin;e are 
large brilliantly coloured tropical insects with strongly thickened hind femora. Only 
two species are European and both are rare in Britain. According to Sharp the larva 
of Sagra splendida lives in swellings on the stems of Dioscorea. The Donaciin;e are 
elongate and usually metallic insects common in temperate climates. They are 
aquatic in the pre-imaginal stages and in HtEmonia the adults also live beneath the 
water. The metamorphoses of Donacia have been investigated by Schmidt-Schwedt 
(Berlin Ent. Zeits., 1887, 188g), MacGillivray (lg03), Boving (1910), and others. 
The larv;e feed submerged at the roots or in the stems of water plants. They are 
elongate, sub-cylindrical whitish creatures with short, hooked thoracic .legs. - The 
abdomen is terminated by a pair of spinous processes, the structure and funttions of 
which have been much discussed. They enable the insect tq perforate the plant 
tissues and insert its caudal.extremity into the air spaces for purposes of Jespiration. 
When feeding, they gnaw holes in the plants and, by means of their specially modified 
mouth-parts, they extract the sap which is . . 

r~fo!!:~~h:!~~if~i~~i::~~~~~~~1~ p1~~i~ ~ 
The Criocerin;e are represented in Britain by a 
few species of Zeugophora, Lema and Crioceris. 
Their larv;e are short, thick, fleshy grubs which 
feed externally on the leaves of plants. Some have 
the habit of concealing themselves with coverings 
of excrement while other, and often closely allied 
species, do not possess this trait. The asparagus 
beetle (Crioceris asparagi) is familiar to growers 
of that vegetable, and Lema melanopa is occa
sionally injurious to growing cereals. 

The Cyclic a include the greater number of the 
species of the family and over 170 are British 
(Fig. 493}. Their larv;e live exposed on plants and 
are short and convex, frequently with leathery 
pigmented integument: those of Orina are well 
figured by Chapman (lg01, 1903) and of Leptino
tarsa by Tower (1906). The latter genus includes 
the well known Colorado potato beetle (L. decem
lineata). The larv;e and imagines of PhtEdon are 
destruCtive to Crucifer;e, particularly mustard, 
the former feeding in companies on the leaves. 
According to Chapman (I901) certain species of 

FIG. 493.-CHRYSOJIEL.1 STAPHYLEA. 

EUROPE AND N. AMERICA. X 4. 
ABOVE-TARSUS MORE HIGHLY 
MAGNIFIED. 

Orina are viviparous and this same method of reproduction is recorded by Williams 
(Entom. Ig14) in Phytodecta viminalis. 

The Camptostomes are characterized by the peculiar structure of the abdomen 
which appears to be correlated with the formation of a case which envelops the egg. 
The larv;e are also enclosed in cases which are composed, at least partially, of excre
ment. Owing to their concealed life they are usually devoid of pigment and resemble 
small Scarab;eid larv;e in general form. The larval cases of Cryptocephalus and 
Clythra are described by Weise, Fabre and others: in the former genus they are 
carried almost erect and the larVa! move with a jerky action. The life-history of 
Clythra quadripunctata has been studied by Donisthorpe (Trans. Ent. Soc., Ig02): 
its larv;e live in nests of Formica ruja and their cases are composed of a mixture of 
earth and excrement. 

The Trichostomes include the Galerucin;e (Fig. 494) and Halticinre, both sub.families 
comprising a number of highly injurious species. Their larval habits are extremely 
varied: many feed openly on the parenchyma of leaves, others live in roots, and a 
considerable number are leaf-miners. The turnip flea beetle, Phyllotreta nemorum, 
and other members of the genus, are exceedingly destructive to Cruciferre, especially 
to the turnip. This genus and other members of the Halticinre have greatly developed 
leaping powers which reside in the swollen hind femora. 

The Cryptostomes consist of the Hispinre and Cassidin;e. The species of Hispa 
are usually covered with long stout upright spines: they are mainly tropical and 
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-their sub-family is unrepresented in the British fauna. Their larv<e so far as known 
are leaf-miners. The Cassidin<e include the" tortoise" beetles, and have the lateral 
margins of the body greatly expanded which give these insects a flattened shield-like 
appearance. Many are notable for their extremely brilliant coloration which fades 
very quickly after death. Their metamorphoses are of a remarkable character (vide 
Muir and Sharp, 1904): in certain species the eggs are enclosed in an ootheca often 
of complex structure, in others the ootheca is very small and imperfect and a layer 

FIG. 494.-GALERUOELLA LUTEOLA, 

LARVA, DORSAL AND VENTRAL 
ASPECTS. ENLARGED. 

Afler Silvestri. 

of excrement is laid over it. The larv<e are short 
and oval, somewhat flattened and spiny, often 
assuming bizarre forms: they usually cover their 
bodies with excrement which is supported and 
attached by a forked caudal process., The cast 
skins also form part of this adventitious covering, 
and the excrement may either form a solid pad, 
attached to the ex uvi<e , or assume the condition of 
long filaments. 

FAM. CERAMBYCIDJE (Longicornia). -_ The 
longicorn beetles number about 13,000 species mostly 
of elongate form and attractive coloration (Fig. 495). 
Some of the members, such as M acrotoma heros and 
Titanus giganteus, are among the largest of insects. 
The family exists thro'ughout the world wherever 
there is woody vegetation, and includes an almost 
infinite variety of shape and ornamentation among 
its species. Although frequently dissociated into two 
or three divisions, each of separate family rank, it is 
scarcely necessary for general purposes to do other
wise than follow Sharp and regard these insects as 
forming a single family. The number of genera and 
species found in Europe is very small compared with 

those of the tropics. Only a few outlying representatives of this extensive group 
occur in Britain, and they comprise about 65 species, several being exceedingly rare 
or doubtfully indigenous. A number of forms are well known for their cryptic 
coloration, while others exhibit a close mimetic resemblance' to insects of other 
families and also of other orders. One of the most striking cases of cryptic colora
tion is afforded by the African Petrognatha gigas whose whole upper surface reseffibTes 
dead velvety moss and its irregular antenn<e 
are very like dried tendrils or twigs. The com
mon British species Clytus arietis bears a close 
resemblance to Vespa: it, furthermore, runs 
actively and exhibits antennal movements 
highly suggestive of those of a wasp. An in
teresting digression on these subjects will be 
found in the work of Fowler (1912) where a 
number of instances are enumerated. Many 
Cerambycid<e possess the faculty of stridulat
ing: in some cases the sound is caused by the 
hind margin of the prothorax working against 
a specialized striated area at the base of the 
scutellum: in others sound is produced by the 
friction of the hind femora against the edges 
of the elytra. In the Hawaiian Plagithmysus 
both types of organs are present in the same 
insect. 

The larv<e of the Cerambycid<e bore for the 
most part into the wood of trees, but a few FIG. 495·-SAPERDA POPULNEA, EUROPE 

are confined to the roots or pith of herbace- AND N. AMERICA, X 2, 

ous plants. Most species affect dead or de-
caying trees, some selecting moist and others dry wood. Certain species bore into 
the bark or into the sap or heart-wood of living trees and a few, such as Saperda, 
live in stems. The pupal habits are likewise varied, this instar occurring in the 
wood, between the latter and the bark, or in the bark. The pupa lies in the 
final larval burrow or in a special gallery leading therefrom and, in either case, a 
closed chamber is formed by the entrance being plugged with frass or fibrous chips. 
Many species adopt further measures for sealing up the pupal chamber (vide Beeson, 
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Ind. Forest Bull. 38, 1919). In these cases a large amount of calcium carbonate is 
produced by the Malpighian tubes, this substance being mixed with gummy or silky 
matter and utilized for constructing an operculum which completely closes the pupal 
cell. In other cases the whole of the latter may be lined by an egg-shell-like coating 
of the same substances. Cells which are closed or lined in this manner are protected 
from various enemies and are also probably enabled to maintain the requisite moisture
content. On account of their concealed mode of life, the larva! (Fig. 496) are soft 
and fleshy and of a whitish or yellowish colour: they are, furthermore, often finely 
pubescent. The form of the larVa! is largely correlated with their habits, the bark
boring species being more or less flattened while those living in wood or stems exhibit 
a tendency to become cylindrical. The head is invaginated into the prothorax and 
is usually small and transverse, but in the Lamiina! it is longer than broad. The 
prothorax is large and is broader than the remaining trunk-segments. The 9th abdo
minal segment is often longer than those preceding and somewhat vesicular: in the 
Asemina! it bears a pair of chitinous spines. Thoracic legs are generally present, 

PT 

FIG. 496.-CERAMBYCID£: LATE_RAL VIEW OF A TYPICAL LARVA. 

e, clypeus; DP, dorsal pseudopods; F, frons; I, intersegmental region; L, labrum; M, mand'ible; }'lX, maxilla; 
P, pronotum; PD. pleural disc; PT, pleural tUbercle; Sh 1St thoracic spiracle; 5 10, 8th abdominal spiracle; VP, 
ventral pseudopods. Adapted from Craighead U.S. Dept. Ag,ic. Office of Sec. Report, 107. 

but are usually so much reduced as to be non-functional: in most of the Lamiina! 
they are wanting. Locomotion takes place by the aid of dorsal and ventral segment
ally arranged abdominal swellings which, in some genera, bear chitinous asperities. 
In many larVa! a variable number of the anterior abdominal segments bear small 
asteriform structures known as pleural discs which are the points of attachment of 
chordotonal organs (vide p. 82). 

The writings of Perris and Schi6dte include descriptions of a number of. larVa! 
belonging to this family, while among more recent works those of Craigheadr (Dept. 
Agric. Canada, Bull. 27 n.s.) and Kemner (Ent. Tidskr. 43, 1922) should be consulted. 
Among life-history studies those of Ritchie (1920) on 5aperda and Crawshay (Trans. 
Ent. Soc. 1907) on Tetropium may be mentioned. In 5aperda carcharias the life 
cycle occupies about four years in Scotland, the first winter being passed in the egg 
stage. In Tetropium gabrieli, on the other hand, the life-history is of one year's 
duration and hibernation occurs in the larval stage. The shorter cycle is more usual, 
but the relative supply of moisture and the nutrient qualities of the food tend to 
increase or diminish the normal time by months or even years. Several instances 
are recorded in which wood, made into. furniture many years, has been found to 
contain larVa! which finally emerged as imagines (Craighead). 

Superfamily V. Rhynchophora 

VENATION OF THE CANTHARID TYPE BUT OFTEN MUCH MODIFIED AND 
APPROXIMATING TO THE STAPHYLINID TYPE. HEAD GENERALLY PRODUCED 

INTO A ROSTRUM; GULAR SUTURES CONFLUENT: ANTENN£ STRAIGHT, OR 

GENICULATE AND CLAVATE. PLEURO-STERNAL SUTURES OF PROTHORAX 

WANTING: TARSI APPARENTLY 4-JOINTED. TESTICULAR FOLLICLES ROUNDED 
AND PEDICELLATE: MALE ACCESSORY GLANDS VARIOUSLY DIFFERENTIATED: 

MALPIGHIAN TUBES SIX. LARV£ ERUCIFORM, USUALLY APODOUS. 

The Rhynchophora are a highly organized and much modified group, 
and the theory once held that they represent the lowest type of Cpleoptera 
is now regarded as untenable. Their nearest affinities are with the Phyto-
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phaga and, according to Ganglbauer, they were probably derived from them 
through the Bruchidre. As is pointed out by\Gahan, there are a few genera 
in which the gular sutures are distinct and separated, viz. Rhinomacer and 
Oxycorynus, in the Curculionidre, and in some Scolytidre, as for example 
Crossotarsus. In the vast majority of the Rhynchophora, however, the 
gula is wanting and there is only a single median suture or even the latter 
may be absent. The pleuro-sternal sutures on the pro thorax are present 
in Rhitlomacer and its allies, and traces may be observed near the coxre in 
many genera of Curculionidre (Marshall). With very few exceptions, the 
prosternal epimera are fused in the middle line behind the coxre except, 
according to Marshall, in the Curculionid sub-family Byrsopinre. In a few 
cases the tarsi are apparently 3-joi:qted (Aglycyderidre and Proterhinidre) and 
they are very rarely 5-jointed. In the Scolytidce and many Anthribidae there 
is no distinct rostrum. The larvre in this superfamily are phytophagous, 
feeding upon almost all parts of the plant including the wood, bark, and 
roots. Those of the Brenthidre and certain of the Anthribidre possess reduced 
legs, but for the most part they are apodous. 

Table of the families (partly from Marshall) : . 
I (z).-Palpi normal, flexible: labrum distinct: pronotum with 

lateral margins carinate. 
ANTHRIBIDJE 

(p. 506) 

2 (I).-Palpi very short and rigid: labrum absent or concealed: 
lateral margins of pronotum not carinate. 

3 (6).-Head with a rostrum, at least in female: tibi~ never 
denticulate externally. 

4 (s)·-Antenn<e rarely clavate and never geniculate: narrow 
elongate insects. 

BRENTHID.lE 

(p. 5(6) 
S (4).-Antenn<e clavate and usually geniculate, but often 

straight. 
CURCULIONIDJE 

(p. 5°7) 
6 (3).-Head never with a rostrum: tibi<e denticulate externally. SCOLYTIDJE 

(p. 5(8) 

FAM. BRENTHIDlE.-A group of elongate narrow insects numbering ;:bout 
800 species which are almost entirely confined to tropical countries. The sizE: of the 
individuals of a species is often subject to a great range of variation and the males 

, are usually much larger than the females. In 

FIG. 497. -PROP1'HALMUS POTENS, 

MALE; ALSO HEAD AND THORAX 

OF FEMALE. 

Aflet' Fowler (F,B.I.). 

many species the two sexes are structurally very 
different (Fig, 497). In ~uch instances the'man
dibles of the male are very large and prominent 
and the rostrum broad and rudimentary. The 
females have minute jaws, but the rostrum, is very 
slender, often equalling or exceeding the body in 
length. The early stages, so far as is known, are 
passed in wood, and the rostrum of the female is 
used for boring holes in which the eggs are laid. 
The larvce are very little known but are quite 
different from the usual Rhynchophorous type, 
being elongate and slender, and provided with 
thoracic legs. The adults of one or two genera 
have been observed to be predaceous upon wood
boring ·insect larv<e. In some genera the an
tenn<e are clubbed, but the joints are quite separ
ate, and not compact as in the Curculionidce. 

FAM. ANTHRIBIDlE (Platyrrhinidae) .-This 
family is very largely tropical and less than a 
dozen species have been found in the British Isles. 
Its species are chiefly met with in old wood, dead 

branches and in fungi, but Brachytarsus is exceptional in that it preys upon Coccidce. 
Xenocerus and other genera have very elongate antennce and closely resemble Ceram
bycid<e. The larvce of several genera are described by Perris: they bear a general 
resemblance to those of the Curculionidce except that legs are present in some cases 
or replaced' by tubercles in others. 
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FAM. CURCULIONIDlE (Weevils):-The Curculionid:£ form the largest natural 
family in the animal kingdom. Sharp has estimated that 200,000 is the minimum 
number for the existing species, of which between 25,000 and 30,000 are described. 
The majority of these insects are characterized by the pronounced rostrum, geniculate 
clubbed antenn:£, and reduced rigid palpi (Fig. 498). A certain number of exceptions 
are known: thus, in the Rhinomacerin:£ the palpi are long and flexible and the labrum 
is distinct, while in a few Australian genera the rostrum is so short as to be almost 
absent. In Dryophorus the tarsi are 5-jointed. The function of the rostrum in the 
female is often that of a boring instrument, a hole being drilled by it for placing the 
eggs: in some sp~cies the eggs are inserted far into holes previously made by the 
ovipositor, but wliether the rostrum plays any part in this act or not is uncertain: 
in a number of cases it is evidently not used for either of these purposes and its func
tion is not understood. The significance of the rostrum in the male appears to be 
totally unknown. In many instances this organ exhibits sexual differences, being 
better developed in the..female than in the male. This dimorphism is well exhibited 
among British weevils in Rhynchites and Balaninus: the S. African Antliarrhinus 
oviposits in cones of cycads and, in the female, the rostrum is about three times the 
whole length of the body and six times the length of the corresponding organ in the 
male. The presence of scrobes for the reception of the 
antenn:£, and of provisional pupal mandibles in certain 
genera, have already been referred to (p. 458). Unlike 
other Coleoptera, an exceptionally large proportion of 
the species are clothed with scales, but very little atten
tion has been devoted to their form and structure. 
As a rule, weevils are of 
sombre coloration. Exceptions 
are found in the Rhynchitin:£ 
whose integument exhibits 
metallic colours: in the bril
liant green Phyllobius and 
Polydrusus, so common in 
Britain, the colour is a pro
perty of the scales. The 
Papuan Eupholus is sky-blue 
and the brilliancy of this 
colour even rivals that of the 
Lyc:£I).id:£. The d i a m 0 n d 
beetles (Cyphus and Entimus) 
of Brazil are probably the 
most resplendent of all Coleop
tera. In some weevils the 
colour is produced by a fine 
powdery exudation which is 
readily abraded and, in a few 
cases at least, it is stated tq 
be renewed during the life of 
the insect. 

A 

FIG. 498.-A, OTIORRHl'NOHUS PJOIPES. X·6._ B, BALANINUS 

NUCU1>I. X 10. 

The larv:£ of Curculionid:£ are apodous and exhibit great similarity of form. The 
body is more or less distinctly curved and stout, only slightly narrowing towards the 
cau'dal extremity. The head is rounded, exserted, and of a testaceous colour: the 
rest of the body is greyish or whitish, with a soft furrowed integument. The antenn:£ 
are usually reduced to small papill:£ and, except in larvie which are external feeders, 
there are no ocelli. The vast majority are internal or subterranean feeders, and no 
part of the plants, from the roots to the seed, is entirely free from the attacks of one 
or more species. In those larvie which mine stems or leaves, the body is generally 
somewhat hairy with locomotory swellings. Such larvie do not exhibit the curved 
form prevalent in this family and are often narrowed posteriorly. A few genera are 
aquatic, their larvie inhabiting the submerged parts of water plants. The imagines 
of such genera as Bagous, Eubrychius and Litodactylus are likewise aquatic and the 
two first mentioned swim by means of the hind-legs. A certain number of genera 
including Hypera, Cionus and Phytobius feed openly, and in both Hypera and Cionus 
the larvie maintain their position on the plant by means of a viscous secretion which 
envelops the body. The larvie of Rhynchites, Attelabus and Apoderus live in tunnels 
formed of rolled leaves constructed by the adults: an interesting account of these 
structures in Deporaus (Rhynchites) betulce is given by Sharp (Ins. pt. II). In Hylobius, 
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Pissodes and Rhynchophorus the larv.e tunnel in tree-trunks, more particularly of 
Conifer.e. Many of the Otiorrhynchinae, Sitones, etc., affect roots, while the various 
species of Apion attack the stems, leaves, flowers and seed. Calandra is entirely a 
seed feeder, and species of other genera (Nanophyes, Gymnetron, Ceuthorrhynchus, 
etc.) form either stem or root galls. When about to pupate, certain species construct 
cocoons from a product of the Malpighian tubes which is worked up by means of the 
larval mouth-parts (vide Knab, 1915). It exudes from the anus, and forms the reti
culate cocoons of Hypera, the parchment-like capsules of Cionus, the chalky nodular 
cocoons of certain species of Larinus, and the felted cocoons of Orchestes. In the two 
first mentioned cases the material is the same as that which enveloped the larv.e 
(vide above). Labial spinnerets occur in some weevil larv.e, and it is likely that 
the latter may spin cocoons in the strict sense of that operation, or contribute material 
from stomodaeal glands to the cocoon-forming substance. A large number of Curcu
lionid larv.e pupate in the soil, but on the other hand, many others complete their 
transformations within the larval food-plant. 

Parthenogenesis is known to occur in several species of Otiorrhynchus, the discovery 
being made by the Russian entomologist Silantjev in 1902. This observer found that 
1,000 examples of O. turca collected at random proved to be all females and individuals 
were reared subsequently from unfertilized eggs (Zool. Anz. 29, 1906). Vassiliev 
(Ibid. 34, 1909) has demonstrated the same phenomenon in O. ligustici and Grandi 
(Boll. Lab. Zool. Portici 7, 1913) in O. cribricollis. . 

In a family of the size of the Curculionid.e it is scarcely remarkable that a number 
of the species are highly injurious, either as larv.e or as imagines also. The granary 
weevil (Calandra granaria) deposits its eggs in the grains of maize, wheat or barley 
and has become widely distributed through commerce. The cosmopolitan rice weevil 
(C. oryzai) affects a great variety of food substances including rice and other cereals, 
dried peas and beans, flour, meal, etc. Anthonomus grandis is the Mexican cotton 
boll weevil-the most serious enemy of the cotton crop in America, where it is estimated 
to destroy an equivalent of 400,000 bales annually. It is a comparatively recent 
introduction, having entered Texas about 1892 from tropical America. The eggs 
are laid in cavities made in the flower buds which -usually fail to develop. Under 
suitable conditions the whole life-history only occupies two to three weeks. Antho
nomus pomorum is the apple-blossom weevil, locally destructive in many parts of 
England. It is univoltine and the eggs are laid in the unopenetl blossom buds. The 
larv.e feed upon the inner parts of the flower and on the receptacle: growth ,llUhe 
flower ceases, the petals dying and forming a kind of brown cap, hence the name of 
.. capped blossom" for this affection of the tree. Rhynchophorus ferrugineus F. is 
the palm weevil, which infests the toddy and cocoa-nut palms. The eggs are laid 
in the soft tissue at the bases of the leaf-sheaths, in wounds, or in cuts made by the 
toddy drawer. The larv.e tunnel the stems in all directions and pupate in fibrous 
cocoons. Hylobius abietis is extremely injurious to youhg conifers; the weevils 
gnaw the bark and cambial layer, thus reducing or stopping the flow of sap. The 
larv.e, on the other hand, are not injurious and mostly live below ground in the roots 
of trees that have been felled. Certain species of Apion and Sitones are pests of 
leguminous crops, and the larv.e of Ceuthorrhynchus pleurostigma form conspicuous 
galls on the roots of cabbages and swedes. 

The literature on the structure and biology of members of this family is not exten
sive, as very few species have been studied in any detail. General introductions to 
the family and its classification will be found in the works of Blatchley and Leng 
(1916) and Marshall (1916): from the morphological standpoint, Hopkins' study of 
the larval and imaginal structure of Pissodes (19II) is valuable. For life-history 
studies those of Triigardh (1910) on Orchestes, Jackson (1920-22) on Sitones and Cham
pion (1903) on Nanophyes, may be mentioned. 

FAM. SCOLYTIDtE 1 (Ipidre: Bark' beetles) .-These insects are for the most 
part small and cylindrical, and are well adapted for a concealed life within vegetable 
tissues (Fig. 499). The majority of the species bore into the bark and between the 
latter and the wood: others may attack the roots, twigs or solid wood, while still 
other species attack shrubs and a few select herbaceous plants. A small number of 
species bore into the fruit or seed of palms, etc., young fir cones, or the wood of casks 
and barrels. The larv.e and adults feed upon the starches, sugars, and other substances 
found in the host plants, or upon fungi which grow in the brood galleries. Owing 
to the habits mentioned above these insects are among the most serious enemies the 

1 Including the Platypodin.e which are often regarded as a separate family on 
account of the broad head and slender first tarsal joint. 
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forester has to contend with. The method of attack is first to construct an entrance 
tunnel through the bark which, in the wood-boring forms, is carried deeply into the 
tree: in the bark-feeding species it does not reach further than the surface of the 
wood. From the inner end of the entrance tunnel two or more egg-tunnels are cut 

FIG. 499,-HYLASTES ATER, LATERAL VIEW. 

a, episternum and b, epimeron of mesothorax ; c, episternum and d, sternum of metathorax; e, antenna] pit; 
3-7, abdominal segments, Adapted from Munro, 

vertically, transversely, or radially between the bark and wood (Fig. 500). With 
many species a nuptial chamber is excavated at the end of the entrance tunnel and, 
in such cases, the egg-tunnels originate from ,it. In most species this chamber is 
probably constructed by the male. The eggs are laid in niches along the walls of the 
egg-tunnels and the larvie excavate slender mines or larval burrows usually at right 
angles to them. The larval burrows are 
generally filled with excrement and their 
calibre increases as the larvie grow. The 
form and arrangement of the egg-galleries 
and larval burrows exhibit various features 
characteristic of each species or group of 
species and consequently these excavations 
are of particular taxonomic value. The ex
tremities of the larval burrows are widened 
to form the pupal cells, and the adult beetles 
finally construct exit burrows leading from 
the pupal cells to the exterior. "Ventilat
ing burrows" are also ofte'n constructed : 
they are located in the roof of an egg gal
lery and extend to or near the exterior of 
the tree. Although perhaps serving for ven
tilation in some cases, they appear to serve 
more usually for the storage of boring dust, 
or as an opening through which this material 
may be eject~d. 

The social habits and relations of the 
sexes in this family are of a remarkable 
nature. As Hopkins remarks, there is a 
wide range of variation from simple or 
unorganized and intensive polygamy to 
specialized or organized polygamy, and a 
gradual reduction in the number of females 
associated witp a single male from one male 
and sixty or more females (Xyleborus) , to 

FIG. SOO,-SCHEMATIC FIGURE ILLUS
TRATING THE TUNNELLINGS OF A BARK 

BEETLE IN A BRANCH OF A CONIFER, 

E, entrance burrow; EB, exit burrow; EG, egg· 
gallery; EH, exit holes; IB, inner bark; L, larval 
galleries; N, nuptial chamber; OB, outer bark i 
P, pupal cell ; VB, ventilating burrow. 

one male and two females (Ips) and finally to specialized monogamy (Scolytus). With 
many species copulation takes place on the bark of old trees or after alighting on 
the new host tree. Monogamous species often pair in the entrance tunnel and poly
gamous species in or near the nuptial chamber. 

The ambrosia beetles penetrate the wood and their larvie are nourished by certain 
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fungi which develop upon the walls of the burrows. A carefully prepared bed or 
layer of chips and excreta is provided by the female beetle, upon which the fungus 
develops-ambrosia being the name applied to this fungus-food. The mycelium 
spreads to the various galleries staining them dark brown or black owing to the action 
of the fungus upon the wood. Certain species of fungi appear to be associated with 
individual species of ·beetles. Unless eaten off regularly, the fungus develops and 
spreads rapidly and during wet weather it may block up the galleries and kill the 
occupants. The transportation of the reproductive bodies of the- fungus from one 
tree to another has received diverse explanations and takes plac~, either fortuitously 
or intentionally, through the agency of the beetles themselves. In the case of Xyle
borus it has been stated that the conidia are either voided in the excreta or carried 
in the crops of the female beetles, and regurgitated when a fungus-bed is being pre
pared. In other cases it has been found that the brushes on the front of the head 
in the female of certain species retain the conidia among their hairs, and facilitate 
transportation. In Diapus furtivus Beeson (Ind. FOI'est. Rec. 6, 1917) has observed 
the same method of conveyance. He also states that groups of large prothoracic 
pores are found in many Platypodinre and are each filled with a globule of fatty 
secretion to which the spores (conidia ?) readily adhere. He has observed the latter 
germinating in situ but they speedily become separated from the insect once the 
latter is established in its tunnel. Among the best known genera of ambrosia beetles 
are Xyleborus, Trypodendron, Crossotarsus, Diapus, anq Platypus. 

Scolytid larvre are apodous and usually closely resemble those of the Curculionidre. 
The literature on the family is very extensive; among the more important contributions 
are those of Hopkins (1909, 1915), which are accompanied by a full bibliography, 
and the writings of Hagedorn, Swaine, Nusslin, Fuchs, etc.: works on forest ento
mology should also be consulted. Over 1,300 species are known and more than 50 
occur in the British Isles. 

In addition to the four families already dealt with the AGLYCYDERIDJE and 
PROTERHINIDJE are two very small and highly aberrant families each consisting 
of a single genus. Aglycyderes occurs in the Canary Islands, New Zealand and New 
Caledonia and Proterhinus inhabits the Hawaiian Islands where it is represented by 
many species, whose larvre are known to be leaf-miners. 

Superfamily VI. Lamellicornia 

VENATION OF THE CANTHARID TYPE OR APPROXIMATING BY REDUCTION 

TO THE STAPHYLINID TYPE. ANTENNlE WITH A HIGHLY DIFFERENTIATED 
LAMELLATE CLUB. LEGS USUALLY FOSSORIAL; TARSI 5-JOINTED, FIRST 

PAIR SOMETIMES WANTING. TESTICULAR FOLLICLES ~OUNDED AND PEDI
CELLATE, AND ALMOST ALWAYS ONE PAIR OF MALE ACCESSORY GLANDS: 

MALPIGHIAN TUBES FOUR. LARVlE FLESHY AND CRESCENTIC, OCELLI GENER
ALLY WANTING, LEGS RATHER LONG. 

The Lamellicornia form one of the best defined and most easily recog
nized of the major divisions of Coleoptera. They have no transitional forms 
connecting them with other groups, and are regarded by Ganglbauer as 
being the highest series of the order. They are primarily fossorial, and the 
burrowing habit persists to a greater or less degree in the majority of the 
species. In form they are compact and very stoutly built; they are 
endowed with remarkable muscular powers but they walk without much 
agility, and in an ungainly fashion. Nearly all species, however, are active 
fliers: apterous forms are relatively few and, although most frequent in 
the female, they may occur in both sexes. In some members of the group 
the colours are bright and striking, and the head and thorax are often 
ornamented with remarkable cuticular outgrowths, producing some of the 
most bizarre forms in the insect world. Sexual dimorphism is a very char
acteristic phenomenon, the differences affect almost every part of the body 
and, in many cases, the males and females of a species are so unlike that 
they have been relegated to different genera (Fig. 445). Lamellicornia are 
also remarkable for the variety of their stridulating organs, not only in the 



LAMELLICORNIA SII 
imagines, but more particularly among the larva!: the sound produced is 
usually very highly pitched, and often inaudible to the human ear, if the 
insect be held more than a few inches distant. The eggs are large and few 
in number: they are noteworthy from the'fact that they have been ob
served to considerably change their form and size during growth after 
deposition. During the larval stage these insects feed upon dead vegetable 
or animal matter, roots, or dung and occur in the ground, in the decaying 
parts of trees, or in debris, etc. The larVa! are described by SchiCidte, 
Perris and others. They are easily recognized and exhibit great similarity. 
They are broad and fleshy, whitish or greyish white and the body is curved 
in the form of a letter C; the legs are well developed, but are rarely used 
for locomotion. The majority of species lie upon the back or side and are 
surrounded by sufficient food to render active movement unnecessary. 
The head is large and downwardly inclined and strongly chitinized; the 
three thoracic segments are short, bringing the legs closely together, and the 
last two to four abdominal segments have a somewhat inflated appearance 
being much larger than those preceding. Eyes are seldom present, but 
the antenna! are well developed and 2- to S-jointed. The mandibles are 
powerful and exposed, and the maxillre terminate either in one or two lobes. 
The prothorax and first eight abdominal segments each bear a pair of 
spiracles. r 

A general account of the Lamellicornia is given by Arrow (I9IO); they 
are divided into three families which may be recogniz((d by the following 
characters: 

I (4).-Antenn<e not elbowed. 
2 (3).-Joints of antennal club not very thin, brought together by 

rolling up. 
3 (2).-Joints of antennal club very thin, closely coadapted and 

incapable of being rolled up. 
4 (I).-Antenn<e almost always elbowed, the joints of the club not 

very thin or coadapted. 

PASSALIDJE 

(p. SIl) 
SCARABJEIDJE 

(p. 512) 
LUCANIDJE 

(p. 5 1,1') 

FAM. PASSALIDJE.-The members of this family are somewhat flattened, 
black or dark brown insects. The elytra completely cover the abdomen and are 
deeply longitudinally striated, and the mandibles aJe not specially developed in the 
male. About 250 species have been described and they inhabit decaying wood in 
the moist warm forests of the world. None are European, and only a single species 
occurs in America north of Mexico. These insects 
appear to have attained a degree of social organiza
tion that is quite exceptional among Coleoptera. 
Ohaus has observed the two parent beetles accom-'" 
panied by several larv<e which they tend through
out life until maturity is attained. The adults dis
integrate the wood and chew it into a condition 
suitable for consumption by their ptogeny. The 
larvce (vide Gravely, 1916) are more elongate and 
less markedly crescentic than those of most Lamelli
cornia (Fig. 501). They are, furthermore, active and 
have the first two pairs of legs relatively long: the 
third pair are greatly modified, each leg being reduced 
to a very short coxa and a more elongate trochanter. 
The latter is adapted to form an organ which works 
across a striated area on the mesocoxa, thus producing 

FIG. SO I.-LARVA OF PASSALUS 

AND ENLARGED DETAIL OF 

PART OF MIDDLE LEG AND 
REDUCED HIND-LEG. 

After Arrow (F.B.I.). 

a squeaking noise. Stridulation is effected in the adults by friction between the 
wings and the upper surface of the abdomen. 

FAM. LUCANIDJE (Stag beetles).-In these insects the abdomen is covered by 
the elytra but the latter are almost always devoid of longitudinal strice. Stag beetles 
are familiar on account of the great development of the mandibles in the males which 
in some cases attain a length equal to that of the rest of the body (Fig. 502). The 
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significance of these enormous mandibles is not clear: notwithstanding their formid
able appearance in Lucanus cervus, for example, they are not as strong, or as capable 
of inflicting as severe a bite, as the short siout mandibles of the female. The male 
insects are usually much larger than those of the other sex and they exhibit great 
variation in size among individuals of the same species. These variations are coupled 
with striking differences in the development of the head and mandibles and it is often 
possible to distinguish large (teleodont), small (priodont), and intermediate (mesodont) 
forms. In other cases there are no intermediates known between the extremes and 
species, like Odontolabis sinensis, consequently exhibit what has been termed high and 
low dimorphism. Lucanid larVa! inhabit the rotting wood of trees or their roots. 
They possess well developed antenna! and legs, the maxilla! are single-lobed and they 
differ from many Scarab<eid larVa! in that the segments ate not raised into three 
folds. The larva of Lucanus cervus stridulates by rubbing certain hard ridges on 
the third pair of legs over a rugose area at the base of the second pair: the third 
pair, however, is not specially modified or reduced in size as in the Passalida! and 
Geotrupes. The duration of larval existence in this family does not appear to have 
been definitely ascertained: in L. cervus it lasts about four years, while certain other 
species are stated to require six years to complete their, development. Pupation 
takes place in a cell formed of gnawed wood fragments. The holarctic genus Sinoden

FIG. 502. - LU(lANU8 CERVU8, 

MAL E, NAT U R A LSI Z E. 
EUROPE. 

dron is of an aberrant character and several recent 
authorities accord to .it family rank. The species 
are completely cylindrical and instead of the man
dibles differing in the male, the latter sex carries a 
cephalic hom. The thorax is very truncated in front 
and the antenna! are short and non-geniculate. The 
larva occurs in rotting wood of ash, etc.: it is more 
slender than the usual Lamellicorn type and gradu
ally narrowed posteriorly. About 600 species of 
Lucanida! are known bui; only three genera, each 
with a single species, occur in the British Isles. 

FAM. SCARABJEIDJE (Chafers, etc.).~A very 
large family of more or less convex insects, with the 
mandibles not specially developed in the males, and 
with the elytra not usually completely covering the 
abdomen. Over 14,000 species are known anwout 
go occur in the British Isles. A classification of this 
extensive group, with a table of sub-families, is given 
by Arrow but only certain of the more important of 
the latter can be referred to here: a key to a. number 
of the larVa! is provided by Perris. 

The Cetonina! are typically represented In Eng
land by the" rose chafer "-Cetonia aurata. They 
are exceedingly brilliantly coloured, mostly diurnal 
insects, especially found in the tropics, and number 

about 2,500 species. Their mouth-parts are adapted for dealing with soft or liquid 
food and the labrum is membranous and concealed; the mandibles, with few excep
tions, are thin and incapable of biting, and the maxilla! are invested with long hairs. 
The larVa! are generally found among roots, in decaying wood, accumulations of dead 
leaves and other plant refuse. The life-histories of Cetonia, Oxythyrea, and Protmtia 
have been followed by Fabre (Souv. Ent. 8). The larva! of P. cuprea, and other 
species, inhabit the nests of Formica where they have been found consuming the 
woody material of which these habitations are composed. The Cremastochilini are 
exceptional in being mostly sombre-coloured nocturnal insects, living as larVa! and 
adults in the nests of ants and termites. 

The Dynastina! include some of the largest and most striking of all Coleoptera. 
The majority of this species are black and, being nocturnal or crepuscular in habits, 
they are not very often seen at large. They are chiefly remarkable on account of 
the extreme development of sexual dimorphism which is exemplified in the presence 
of large horny processes in the males. On the head there is usually a slender, recurved, 
and sometimes toothed or bifurcated frontal horn: on the prothorax there are com
monly one or more processes which often arise from the margins of a dorsal cavity. In 
a few cases, e.g.Oryctes rhinoceros both sexes are horned. Many species possess stridu
lating organs consisting of a file-like area on the penultimate tergum which is rasped 
by the apices of the elytra. The Dynastina! include about 100 species, almost all 
of which are tropical, and more especially neotropical. Very little is known of their 
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biology, but their larv;e have been found in decaying vegetable matter, among roots, 
and in the stems of palms. Several species are injurious, their larv;e attacking the 
roots of sugarcane and rice. O. rhinoceros is a great pest of coco-nut plantations, 
its larv;e destroying the tissue at the leaf-bases and providing for the onset of decay. 

I. ~. 

L. 

J s 

<Vl1:-. 

FIG. 503.-SCARAB£UB BACER AND EXTERNAL ANATOMY. 

h, head; c, clypeus; pro, prothorax; pst, prosternum; mes, mesothorax with mst. sternum, mp, epifil€ron; met, 
metathorax with mtst sternum, miep, epimeron; pg, pygidium; 1.1" m.l., h,l., fore, middle and hind legs; a1if, antenna; 
SC, scape; cl, club; In, mandible; mx, maxilla; lr, labrum; I, lalJium. After Arrow (F.B.I.). 

Banks (Philippine] ourn. Sci. 1906) states that it will also develop freely in vegetable 
refuse and in soil. O. nasicornis is often found in· decomposing bark refuse of tanneries 
in S. Europe. 

The Melolonthin;e include the " cockchafers" and the common European M elo
Zontha vulgaris (Fig. 504) formed the sub-
ject of the classical anatomical memoir 
by Straus-Durckheim. They differ from 
the two preceding groups in the pres
ence of an evident chitinized labrum, 
and comprise nearly 4,500_ species. The 
larv;e feed among decaying vegetable 
matter or among the roots of plants and 
are, in some cases, exceedingly injurious. 
In the .case of M. vulgaris the eggs are 
laid in several batches of fifteen or more 
during early summer which are deposited 
to a depth of 6 to 8 inches in the ground. 
The larv;e hatch after an interval of 
about three weeks, and the insect re
mains in this stage for three years in 

10. 

FIG. 504.-Jl1ELOLONl'HA l'ULGARJS. I, IMAGO 
AND lA, LARVA. 

(Reproduced by permission of the Ministry of Agriculture.) 

England, and for a longer or shorter period in other countries according to climatic 
conditions. During the cold months the larv;e descend into the ground but, for the 
rest of the year, they come nearer the surface and devour the roots of corn, grass, 
etc., sometimes causing great injury. At the end of the third summer, they form 

G.T.E·-33 
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oval pupal cells at a depth of two feet or more in the soil. The adults emerge about 
October but do not leave the ground until about the following May, when they are 
common about oak and other trees upon. whose foliage they feed. 

The Rutelin<e are likewise an extensive sub-family and many of the species are 
brightly coloured. In general facies they resemble the Melolonthin<e but are usually 
separable on account of the mobile claws which are of unequal size. They are repre
sented in Britain by Phyllopertha horticola, whose imagines often devour thc~ leaves 
and blossoms of roses and fruit trees, and Anomala frischii. Species of Lachnosterna 
are very destructive, as larv<e, in N. America. 

The Geotrupin<e or " dor " beetles are large convex insects mostly of coprophilous 
habits. The labrum and mandibles are large and horizontal, the eyes are divided in 
front and the antennre are rr-jointed. The best known species are those of Geotrupes 
of which G. stercorarius L. and its allies are familiar objects in Britain. 'They attract 
attention on still warm summer evenings by their blundering flight accompanied by 
a loud humming noise. The above species is evidently the" shard-borne beetle" 
of Shakespeare and the" drowsy beetle" of Gray's Elegy. Geotrupes constructs 
burrows about 18 inches deep in the earth, below a patch of dung, and portions of 
the latter are carried down to serve as food for the larvre. Each burrow is filled at 
its blind end with a plug of dung in which a single egg is deposited. The larvre stridu
late very much after the manner of Passalids, only the hind-legs have suffered less 
reduction and the positions of the file and rasping organ are.reversed. The adults 
stridulate by rubbing together a file on the hind cox<e and the sharp edge of the coxal 
cavity. 

The Troginre are a small group which differ from the Geotrupinre in the labrum 
and mandibles being not horizontal. They mostly live in dried decomposing animal 
matter, and are represented in Britain by two species of Trox. 

The Aphodiinre are more or less oblong convex species of small size with concealed 
labrum and mandibles. They are useful scavengers and are found abundantly in 
dung. The extensive genus APhodius is represented in Britain by about 40 species, 
and the larva of A. foss or is described and figured by Schi5dte. 

The Coprinre are round or oval and often very convex beetles living almost entirely 
in dung. Their mandibles are membranous and incapable of biting. Much of our 
knowledge of their biology is due to Fabre, and the curious ball rolling habit of the 
sacred ScarabaJUs of the ancient Egyptians has attracted attention from very early 
times. Similar habits are met with among the close allies of this insect living in S. 
Europe, Asia and Africa. The ball is composed of dung which, in this form, is''''t1"ans
ported to a suitable retreat as food for the beetle itself. The mass of dung which 
contains the egg is pyriform and it is constructed in a separate underground chamber 
of material brought there for the purpose. In Copris this chamber is very large and 
is the combined work of the male and female. It contains two to seven pyrifonp 
cells of dung, each containing a single egg, and the" nest" is guarded and, tended 
by the female. In some of the Indian species of Heliocopris and Cartharsius the egg 
balls are very large and coated with clay. When first discovered they were thought 
to be ancient stone cannon balls, and Lefroy mentions one being found 8 feet below 
ground. Certain species, including Copris hispanus, are unique among solitary insects 
in that the female, instead of dying after oviposition, tends her brood to maturity 
and then produces a second generation, but the number of eggs laid in each ease does' 
not appear to exceed four. Several genera are myrmecophilous and have the usual 
secretory glands and hair tufts indicative of symphiles. The sub-family is represented 
in Britain by Copris lunaris and several species of Onthophagus. 
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Order 20. STREPSIPTERA (" Stylops ") 

S
MALL OR MINUTE ENDOPARASITIC INSECTS, THE MALES WINGED AND 

FREE-LIVING, THE FEMALES LARVIFORM AND NEVER LEAVING THE 

HOSTS. MALE WITH CONSPICUOUS FLABELLATE ANTENNJE AND DEGEN

ERATE MOUTH-PARTS OF THE BITING TYPE. METATHORAX VERY GREATLY 

DEVELOPED: FORE-WINGS REDUCED TO SMALL CLUBBED HALTERES, HIND

WINGS LARGE AND FAN-SHAPED. FEMALE APODOUS WITH THE HEAD AND 

THORAX FUSED: EYES AND ANTENNJE ATROPHIED, MOUTH-PARTS VESTIGIAL 

OR WANTING. SEXUAL OPENINGS UNPAIRED AND SEGMENTALLY ARRANGED 

ON SEVERAL OF THE ABDOMINAL SOMITES. HYPERMETAMORPHOSIS PRESENT. 

The order Strepsiptera comprises a small number of very anomalous 
insects whose larvre exhibit an endoparasitic mode of existence which is 
retained throughout life in the female. In common parlance the adults 
are termed "stylops " and an insect harbouring these parasites is said to 
be " stylopized." Their hosts consist principally of members of the series 
Auchenorhyncha of the Homoptera and superfamilies Vespoidea, Sphecoidea 
and Apoidea among the Hymenoptera. Among the most extensively para
sitized hosts are species of the Homopterous genus Libttrnia and the genera 
Vespa, Polistes, Halictus and Andrena among Hymenoptera. The last
mentioned genus is more often attacked than any other and it includes a 
very long list of parasitized species. 

The majority of English and American writers have included the Strep
siptera among the Coleoptera, placing them near the heteromerous fajnilies 
Meloidre and Rhipiphoridre, mainly on account of similarities in the larvre 
and metamorphosis. The characters of the Strepsiptera, however, are so 
different from those of any other group of insects, that it appears desirable 
to regard them as an order of their own (vide Pierce 1909). 

About 170 species are known and the majority have been discovered 
in the holarctic region, nevertheless, the order is also represented in the 
remaining zoo-geographical regions: a synopsis of British species of Sty lops 
and Halictoxentts is given by Perkins (1918). All members of the order 
are very small or minute, the males commonly measuring about 1'5-4 mm. in 
length. In colour they are either black, or some shade of brown, and the por
tion of the female which protrudes from the host is usually yellowish brown. 

External Anatomy (Fig. 505).-In the males the integument is very 
thin and in many parts transparent. The head is transverse, the compound 
eyes are very protuberant, and there are no ocelli. The antennre are 4- to 
7-jointed, but are variable in form and of peculiar structure: the third 
joint is flabellate, giving the antennre a bifurcate appearance, and the 
succeeding joints may also be similarly produced, the antennre then appear
ing as if branched. The surface of the joints is studded with complex 
sensory organs. The mouth-parts exhibit modification and great reduction 
from the normal biting type. Only vestiges of parts corresponding with 
the labrum and labium are recognizable; the mandibles are usually narrow 
and sickle-like or, more rarely, they are short and membranous, while a 
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pair of 2- or 3-jointed organs have been variously interpreted as maxillre 
or labial palpi. In the thorax .the first two segments are greatly reduced, 
but the metathorax is very large, occupying at least hali the length of the 
body. The legs are only used for clinging to the female during copulation: 

FIG. 505.-NEOSTYLOPS SHAN1!ION1, N. AMERICA: MALE, ENLARGED. 

After Pierce, Proc. U. S. Nat. Mus. 54. 

the tarsi are ordinarily 2- to 4-jointed, without claws, and usually each joint 
is provided with a ventral adhesive pad. The anterior wings are repre
sented by small club-like processes, but the hind-wings are relatively large 
and fan-shaped, with radiating veins. The venation is'degenerate; in the 

9P-

FIG. 506.-XE1!Ios VE~PARUM. 
FULLY-GROWN MALE LARVA. 
ADULT FEMALE. 

most generalized forms eight simple ~gi
tudinal veins are recognizable but their 
homologies in relation to the pupal wing~ 
tracheation have not been determined, and 
there are no cross-,(eins. The abdomen is 
Io-segmented: an redeagus or genital sheath 
encloses the penis and is located on the 
9th sternum: cerci are absent. 

The female (Fig. 506) is highly modified 
through degeneration in accordance with a 
permanentlyendoparasitic life. She is larvi
form, apodous, and enclosed in the persistent 
larval cuticle. The head and thorax are 
adnate forming a cephalothorax which is 
separated by a constriction from the long 
sac-like abdomen. Antennre and eyes are 
wanting and the mouth':parts are vestigial: A, 

B, mandibles are present in some groups but 
wanting in others. The thorax is separated 

c, cephalothorax; gp, genital pores. ventrally from the head by the aperture of 
Adapted from von Siebold. 

the brood canal, which is a passage between 
the body of the female and the last larval cuticle, leading from the genital 
apertures to the exterior. 

Internal Anatomy.-Our knowledge of the internal anatomy of Strep
siptera is mainly due to Nassonow whose work forms the basis of the account 
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given by Pierce (1909). The alimentary canal is an un convoluted tube 
of simple structure. In the male it exhibits three well-marked regions
the fore, middle and hihd intestine, but there is no communication between 
the two latter parts of the gut: in the adult female the hind intestine has 
atrophied, the posterior end of the stomach being in contact with the 
integument of the last abdominal segment, there being no anal opening. 
The Malpighian tubes are only doubtfully represented by small papillre. 
The nervous system is highly concentrated in both sexes: in the male 
the brain assumes much larger proportions than in the female, owing to the 
presence of the antennary and visual centres. The para-cesophageal 
connectives pass to a common ganglionic mass formed by the union of all 
the ventral ganglia up to, and including, the ganglia of the 2nd or 3rd 
abdominal segment: a median abdominal nerve cord terminates in a 
nervous centre formed by the coalescence of the posterior ganglia. The 
tracheal system opens to the exterior by one or two pairs of thoracic spiracles 
and, in the male, up to eight pairs of abdominal spiracles. The reproductive 
system is very similar in the larvre of both sexes and consists of a pair of 
tubes lying one on either side of the gut. In the adult male, these organs 
maintain their paired structure, and communicate with the exterior by 
means of a common duct. In the female, the reproductive organs are stated 
to disintegrate, and the egg-masses are scattered through the body space. 
Cuticular invaginations, which develop into funnel-like tubes, function as 
genital ducts. The number of these apertures appears to vary from three 
to five: they are segmentally disposed on the median ventral region of the 
2nd and following abdominal segments. 

Biology and Host Relations.-The biology of these insects has been 
mainly studied with reference to species parasitizing Hymenoptera. The 
only tolerably complete study of the life-history of any species is the account 
given by Nassonow (in Russian) of Xenos vesparum. Male Strepsiptera are 
free-living, and usually only survive a few hours after emerging from their 
hosts. The females, on the other hand, remain permanently endop.arasitic, 
and only the cephalothorax is visible externally, where it protrudes through 
the body wall of the wasp or bee. The males are by no means rare insects, 
but their small size and brief life cause them to elude the observation of 
most entomologists. They emerge from their hosts early in the morning, 
very soon after the latter have taken to the wing. Pairing takes place by 
the male alighting on the host, and inserting the redeagus into the aperture 
of the brood canal of the female (Perkins) : in some cases it appears probable 
that the eggs are able to develop parthenogenetically. The larvre hatch 
within the body of the female and issue in large numbers (sometimes several 
thousand) thrqugh the genital canals previously alluded to. They pass into 
the space (or brood pouch) between the ventral surface of the parent and 
the persistent larval cuticle, ultimately emerging through the aperture 
of the brood canal. They then remain upon the body of the host until 
opportunity is afforded for escape. At this stage the young larvre bear a 
resemblance to the triungulins of M eloe: they are very minute, active 
creatures with well formed eyes and legs, and pairs of long caudal setre 
(Fig. 507). Their method of securing a new host has not been directly 
observed but, presumably, they leave the" maternal" hosts when the latter 
are on flowers, in the nest, or in other situations. If liberated on to flowers,' 
they probably attach themselves to other host individuals that come along, 
and become transported thereby to the nests. Within the latter, they seek 
out the larvre, and speedily burrow through the body-wall and become 
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endoparasitic. Having entered the host, the stylopid larvre undergo 
ecdysis, assuming an apodous maggot-like form in the second instar (Fig. 
506). Their subsequent history has been followed by N assonow in the 
case of Xenos. Nutrition appears to take place by the filtration of the 
host's blood through the delicate cuticle of the parasite. The parasite does 
not penetrate the organs of the host, but occupies the body space between 
them, pushing them out of position. At the 7th instar the parasitic larva 
works its way outwards, so as to protrude from the abdomen of the host 
and, at this stage, the wasp or bee has assumed the pupal condition. In 
the case of Stylops protrusion usually takes place through the interseg
mental membrane between the 4th and 5th abdominal segments. The 

FIG. 507.-STYLOPS UALIFOR-

NICA, TRIUNGULIN, VENTRAL 

VIEW, ENLARGED. 

After Pierce, lac. cit. 

male parasite now undergoes pupation and 
the pupa is enclosed in the exuvire of the two 
preceding instars. The rounded tuberculated 
apex of the puparium, thus formed, is the 
only region visible externally and the winged 
insect emerges by pu?hing open an operculum. 
The female parasite is recognizable by the 
flattened disc-like cephalothorax, the large 
white grub-like after-body remaining within 
the abdomen of the host. 

Both sexes of the host are liable to parasiti
zation but, in most cases, the largest number 
of attacked examples are females. As a rule, 
male parasites are the commoner, but both 
sexes may occur in the same individual host. 
The latter often nourishes several parasites: 
Pierce (1909) mentions the 'exceptional num
ber of 31 larvre in a single host and states'that 
the largest number of male puparia found 
exserted from the body of a host is IS. The 
effects of stylopization on the hosts have been 
studied by Perez (1886)" Smith and Hamm' 
(1914), ~erkins (1918) and others with refer
ence to Andretla and by Wheeler (I9IO) in 
Polistes; the whole subject is also discussed 
by Pierce and by Wheeler. In the first-men
tioned genus, stylopized examples often 
exhibit a shorter and more globular abdomen 
with increased pilosity, the head is usually 
smaller than in normal specimens, while the 

puncturation of the body becomes finer, but different individuals do not 
necessarily react similarly to the presence of the parasite. These changes 
are common to both sexes and affect the specific characters. Much con
fusion has consequently arisen through the founding of new species on 
stylopized individuals. The following changes affect the secondary sexual 
characters. (I) Parasitized females have the pollen-collecting appar.atus 
so diminished that the hind-legs resemble those of the males. (2) The 
clypeus or frons in the males is normally marked with a greater amount of 
yellow than in the females: stylopization may result in the females acquir
ing the yellow coloration of the males, and individuals of the latter sex 
having the light colour very markedly diminished. (3) The sting is curtailed 
in size and the copUlatory apparatus of the male suffers reduction. Certain 
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mmor changes may also occur and Perez concludes that, in the case of 
Andrella, secondary sexual modifications induced by stylopization are 
inversions of development, and that parasitized examples are not merely 
diminished individuals, but that the female acquires certain characters 
belonging to the male and the male develops certain of those which pertain 
to the female. 

Before maturity the parasites live on the fat-body and blood-tissues of 
the hosts. As already mentioned, they do not directly attack the other 
organs but the latter undergo partial atrophy through inadequate nutrition. 
The gonads become more or less reduced in size, and the oocytes degenerate 
in their follicles. There is no evidence that the females are ever fertile, 
but the males are known to be capable of producing spermatozoa, and 
parasitized examples of both sexes of Andrena have been taken in copula. 

Much less information is available with regard to the stylopization of 
Homoptera. The phenomenon is known among the J assidre, and various 
members of the Fulgoroidea: according to Perkins (1905) either nymphal 
or adult hosts may produce mature parasites, which protrude through the 
tergal, sternal, or pleural regions of the abdomen. Elenchus is a parasite 
of the Fulgorid genus Liburnia in England. 

Classification.-The Strepsiptera are divisible into four principal 
families and a general account of the order, with a full bibliography, is given 
by Pierce (1909, 1918). About sixteen species are known from Great 
Britain. 

I.-Male tarsi 5-jointed with paired claws: female unknown. 
M engea triozocera. 

2.-Male tarsi with less than 5 joints and no claws. 
3.-Male tarsi 4-jointed: female with 4 or 5 genital tubes. 

Stylops, Xenos. . 
4.-Male tarsi 3-jointed: female with 2 genital tubes. Halicto

phagus. Pentozocera. 
5.-Male tarsi 2-jointed: female with 3 genital tubes. Elenchus. 
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Order 21. HYMENOPTERA (Ants, Bees, Wasps, Ichneumon 

Flies, etc.) 

I NsEcTs WITH TWO PAIRS OF MEMBRANOUS WINGS, OFTEN WITH THE 

VENATION GREATLY REDUCED, OR ALMOST ABSENT; THE HIND-WINGS 

SMALLER THAN THE FORE PAIR AND INTERLOCKED WI~H THE LATTER BY 

MEANS OF CHITINOUS HOOKLETS. MOUTH-PARTS PRIMARILY ADAPTED FOR 

BITING AND OFTEN FOR LAPPING OR SUCKING ALSO. THE ABDOMEN USUALLY 

BASALLY CONSTRICTED AND ITS FIRST SEGMENT FUSED WITH THE META

THORAX; AN OVIPOSITOR ALWAYS PRESENT AND MODIFIED FOR SAWING, 
PIERCING, OR STINGING. METAMORPHOSIS COMPLETE; LARVA GENERALLY 

APODOUS WITH A MORE OR LESS WELL DEVELOPED HEAD, MORE RARELY 

ERUCIFORM WITH LOCOMOTORY APPENDAGES; TRACHEAL SYSTEM PERI
PNEUSTIC THROUGHOUT LIFE, OR AT LEAST IN THE FINAL INSTAR. PUPJE 

EXARATE AND A COCOON GENERALLY PRESENT. 

This order is one of enormous extent comprising probably about 60,000 

described species and many thousands of forms still await discovery. If 
the Hymenoptera be judged by their intelligence, as betrayed by their 
actions, they must be regarded as including the highest members of their 
class. Structurally the majority of their species have attained an ad
vanced degree of specialization which is only surpassed by the Dipma. 
In certain species of the order the individuals have acquired the habit of 
living together in great societies, as in the case of the ants, wasps of the 
family Vespidre and bees of the families Bombidre and Apidre. A large 
proportion of the members of these societies ha vEj undergone structu~al 
changes, in some cases slight, in others more pronounced, so that they 
constitute a separate caste or type of individual known as the worker. 
These worker forms are imperfect females whose power of reproduction is 
either in abeyance or usually limited to the laying of male-producing eggs. 
Their functions include those of nest-building, feeding and tending the 
brood and· the defence of the colony. The normal reproduction of the 
species in the social Hymenoptera is either performed, as in certain wasps, 
by all the female members of a colony or more usually by a single individual 
of large size known as the queen. The sale function of the males is that of 
impregnating the females, an act which often comparatively few succeed 
in consummating. 

Indications of what, in the higher Hymenoptera, constitutes social 
behaviour are found among solitary wasps and bees (vide Wheeler, I923). 
Thus, Verhoeff observed that the female Halictus quadricinctus constructs 
a number of cells associated with a common entrance tunnel in the ground. 
These cells resemble a rude comb and, after being provisioned and closed, 
are guarded by the parent who may even survive until the adults emerge. 
Solitary bees and wasps practise "mass provisioning" -i.e. they store 
their cells with sufficient food to satisfy their developing offspring and 
close them down before the eggs hatch. There are, however, species which 
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feed their larvre from time to time (" progressive provisioning"), thus 
becoming acquainted with their offspring. Among tropical Vespidre of the 
sub-families Rhopalidiinre and Epiphoninre primitive types of social life are 
evident. They live in perennial colonies, containing numerous fecundated 
females, and their offspring are reared by progressive provisioning. Workers 
are either absent, or but slightly differentiated, and numerically weak. 
Such colonies, when fully developed, often emit swarms consisting of fecun
dated females-sometimes accompanied by workers. This polygynous 
state is possibly more primitive than what obtains among the Vespidre of 
temperate zones, whose colonies are monogynous and dominated by a 
single fecundated female or queen: such colonies are seasonal only and 
the worker caste is clearly differentiated. The Bombidre are the most 
primitive among social bees. They construct no true comb, their cells 
resembling those of solitary bees: their young are fed at first by mass 
provisioning, but the cells are opened later periodically to feed the older 
larvre. In temperate regions their colonies are monogynous and only last 
for a season. Among the Apidre the colonies are perennial and monogynous, 
giving off swarms. Melipona and Trigona practise mass provisioning and 
close their cells: they are, in fact, the only social Hymenoptera where there 
is complete absence of contact between parent and brood; in many cases 
the three castes are all reared in identical cells on a similar diet. In APis 
the cells are open throughout larval development: the castes are reared 
in differentiated cells and queen-producing larvre are fed on a specialized 
diet. Among ants the castes exhibit their maximum differentiation: the 
larvre are reared in clusters, there being no cells, and there is a more intimate 
acquaintance between the workers and the brood than in other social 
Hymenoptera. 

The phenomenon termed by Wheeler trophallaxis, or the mutual ex
change of food between imagines and their larvre, is of generaf significance 
among those social Hymenoptera which adopt progressive provisioning. 
Among the Vespidre the larvre, either before or after feeding, exude ,Saliva 
which is eagerly imbibed by the attendant imagines. Ant larvre also pro
duce secretion highly acceptable to their nurses. In some species it is 
saliva, in others an exudation of the integument, while in the Pseudomyr
minre it is a product of special papillre or appendages known as exudatoria. 
It appears that an avidity for these larval secretions, rather than maternal 
solicitude, initiates and sustains the bond between social Hymenoptera and 
their brood. Trophallaxis is also evident among termites: and it further 
accounts for the relations which both ants and termites have acquired with 
alien insects and other arthropods (vide Wheeler I923). Among bees the 
phenomenon see_ms wan~ing: possibly the storing of pollen and honey, 
which can readily be obtained, has rendered the exploitation of larval 
secretions unnecessary. 

Hymenoptera are also remarkable on account of the highly evolved 
condition which parasitism has reached in the order, and it has been inde
pendently acquired among species belonging to very diverse superfamilies. 
The Symphyta are essentially phytophagous, nevertheless Oryssus is parasitic 
in its larval stage, but its habits have been very little studied. Among the 
Apocrita, about one half the known species of Cynipoidea are parasites, and 
this same habit occurs in the whole of the Ichneumonoidea and Proctotry
poidea, and in almost all the Chalcidoidea. Associated with parasitism is 
the phenomenon of polyembryony (vide p. 154) which is known to occur in 
a few of the Chalcidoidea and Proctotrypoidea. Among the aculeate 



524 HYMENOPTERA 

families true parasitism is much rarer and, in the majority of cases of this 
kind, their larvre devour the provisions accumulated by the host for its own 
progeny. This involves the destruction of the latter but it is not parasitism 
in the strict sense. For a general discussion of parasitism in its different 
phases, and the more important literature thereon, reference should be made 
to papers by Wheeler (IgIg) and Brues (lg2I). 

The effects of hymenopterous parasites upon their hosts vary in different 
cases. Certain of the Chalcid parasites of Coccidre are bivoltine. One 
generation attacks the young hosts who fail to reach maturity and succumb 
to the parasitism. The following generation of parasites attacks the older 
hosts and, in this case, the females of the latter are usually able to lay some 
or even all their ova prior to being overcome by the parasites. 'Wheeler 
has shown that the ectoparasite Orasema produces abortion, or malforma
tion, of certain parts in the ants which it attacks, and none of the latter 
become imagines. Certain of the Dryininre are known to parasitize nymphal 
Homoptera and may modify or otherwise inhibit the development of the 
secondary sexual characters of their hosts. Lists of parasites and their 
hosts are given in the catalogues of Dalla Torre (I8g2-02) and de Gaulle 
(I8g8). In so far as the hosts are British species, the papers of Morley on 
the parasites of Coccidre (Entom. 42 and 43) and other Hemiptera (Zoologist, 
Igog) are useful, also the papers by Elliott and Morley (Trans. Ent. Soc. 
Ig07, IgII) on those of the Coleoptera. 

Parthenogenesis (vide also p. 153) is more frequent among Hymenoptera 
than in any other order of the animal kingdom, and this method of repro
duction is prevalent in a number of widely separated families. In many 
it is not an occasional phenomenon, but plays an important part in the 
continuity of the species, and may also be accompanied by an alternation 
of generations. The best known instance of parthenogenesis is found in 
the honey bee, in which unfertilized eggs, whether laid by the queens-6F-by 
fertile workers, produce males and the same applies to Vespa. Among ants 
parthenogenesis has been less thoroughly investigated, and it has been 
claimed that the unfertilized eggs similarly only give rise to males, but 
Reichenbach, ponisthor1?~ and others. have showI_l1 that the workers are 
capable of laymg unferhhzed eggs whlch develop mto other workers. In 
the Cynipidre both sexes may be produced parthenogenetically and the 
generations, which arise in this way, alternate with those produced by the 
sexual method. In other species heterogeny is absent, and females are 
produced parthenogenetically generation after generation; in some cases 
males are absent and in others rare. Among the Tenthredinidre partheno
genesis is also prevalent; in cert~in species only males arise from the un
fertilized eggs, in others only fetnales, or both males and females may be 
produced. In some Chalcidoidea parthenogenesis is the usual method of 
reproduction as in Aphelinus mytilaspidis and Isosoma grandis, in which 
examples males are very rare. Many other parasitic Hymenoptera are 
capable of both sexual and parthenogenetic reproduction and, in these 
cases, the latter process generally gives rise to males. 

General Structure of the Imago 
The general structure of the Hymenoptera has been well investigated 

in comparatively few types. The paper of Snodgrass (IgIO) on the anatomy 
of the honey bee will serve as an introduction to the general morphology 
of the order. For the Formicoidea the numerous papers by Janet should 
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be consulted: for the Ichneumonoidea Seurat's study (1899) of Doryctes 
is important, and for the Chalcidoidea Grandi (1920) has investigated the 
structure of Blastophaga with great completeness. 

A. EXTERNAL ANATOMY 
THE HEAD is free from the thorax and often extremely·mobile. It varies 

considerably in form and, as a rule, the long axis is the longitudinal one. 
The cranial capsule is very completely consolidated but both clypeus and 
labrum are usually distinct; the epipharynx is well developed and trilobed 
in the higher forms, the median lobe being pointed and projecting. Acute
ness of vision is a characteristic of the order and the compound eyes are 
therefore almost always large; in the male they are sometimes strongly 
convergent or holoptic. In certain species of ants belonging .to the genera 
Doryltts and Eciton the eyes have atrophied, and in other species of the 
latter genus, they are reduced to a single facet on either side. Three ocelli 
are commonly present but, in some cases, they are aborted, as in the Bem
becidce and in the workers of many of the ants. The antenna are extremely 
variable in character in the Symphyta and among the parasitic families 
of the Apocrita. As a rule, they are longer in the males than in the females, 
and frequently exhibit pronounced sexual dimorphism. The latter feature 
attains its greatest development among the Protoctrypoidea and Chalci
doidea, where these organs in the male may be either filiform, clavate, 
pectinate, branched or verticillate. The number of joints present is sin
gularly inconstant in the lower superfamilies: thus among the Ichneu
monidce, for exaJ!lple, it may be as low as 14, or as high as 70. In the sawfly 
Hylotoma there are only three joints, and four are present in some of the 
ants. In the Sphecoidea, Vespoidea and Apoidea the number for the most 
part is fixed, there being usually 13 joints in the males and 12 in the females. 

THE MOUTH-PARTS exhibit a wide range of differentiation from the 
generalized biting, orthopterous type found among the Symphyta to the 
highly modified sucking type of APis, Euglossa and other bees. MaI}dibles 
are universally present throughout the order but, except in the predaceous 
members of the Tenthredinidce, their principal function is industrial rather 
than trophic. They are used to enable the h:oagines to cut their way through 
the walls of their hosts in the case of the parasitic superfamilies, while among 
the Sphecoidea, Vespoidea and Apoidea their principal functions are the 
gathering of material and nest-building. If the mouth-parts of Nematus, 
or other typical sawfly (Fig. 508), be examined it will be observed that well· 
developed dentate mandibles are present; the complete number of parts 
are evident in the maxillce, and their palpi are 6-jointed. In the labium 
both mentum and submentum are well' developed, the labial palpi are 4-
jointed, and the ligula appears deeply cleft into three nearly equal lobes
a median glossa and lateral paraglossce. Among the Apocrita this same 
type of mouth-parts is retained in the parasitic groups, but it has under
gone a variable amount of specialization. The labial and maxillary palpi 
usually exhibit a reduction in the number of their joints, particularly in 
the Chalcidoidea. The maxillce are frequently single-lobed, and the ligula 
is commonly formed by the broadened glossa, the paraglossce being either 
vestigial or absent. In the higher superfamilies, the glossa becomes in
creasingly prominent, in conformity with the habit of feeding upon and 
collecting nectar. This organ becomes progressively lengthened, the 
associated mouth-parts become attenuated accordingly, and the result of 
these modifications is the formation of a proboscis. The latter organ is 
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an adaptation which is necessary in order to extract the juices from tile 
deeply seated nectaries of many flowers. 

I t is possible to trace the evolution 
of the proboscis in different genera of 
the Apoidea, from the simple condition 
found in the Colletidre and Prosopidre, 
up to the highly specialized apparatus 
seen in APis, Euglossa, etc. In the 
two previously mentioned families the 
glossa is' extremely short and broad 
with a bifid extremity; the labial palpi 
are non-sheathing and 4-jointed, and 
the maxillary palpi are 6-jointed. In 
Andrena the glossa, although still 
short, is acuminate, while in Panurgus 
and N011lada it is appreciably length
ened, as are also the labial palpi and 
the maxillary lobes. In Melecta the 

FIG. 508.-MoUTH-PARTS OF A SAW-FLY. first two joints of the labial palpi en
sheath the greatly drawn out glossa, 
and the maxillary palpi are reduced to 

In Psithyrus and B011lbus the glossa is still further 

h, hypopharynx; otber lettering as in Fig. 509. 

small 4-jointed organs. 
elongated, and the 
maxillary palpi are 
represented by in
conspicuous 2-
jointed organs, while 
in Apis they have 
undergone further 
degeneration and 
are in the form of 
minute single-jointed 
papillre. In Antho
phora the glossa is 
longer than in any 
other British bees, 
but the two pairs of 
palpi are not special
ized to a correspond
ingly high degree. 
In the tropical Eu
glossa the maxillary 
palpi are single 
jointed, the labial 
palpi 2-jointed and 
the glossa attains a· 
len g t h exceeding 
tha t of the whole 
insect. 

In Figs. 508, 509 
and 510 the mouth

Lp-----

mp 

FIG. 509.-MoUTH-PARTS OF VESPA GERAfANlOA (WORKER): 
ONE MAXILLA IS SHOWN EXTENDED AND THE OTHER IN 
ITS NATURAL POSITION_ 

c, cardo; e, epipharynx; g, galea; gl, glossa; 1, lacinia; lp. labial paIp; lr, 
labrum; m, mentum; ml , suhmentum; md, mandible; mp, maxi11ary paIp; 
p, paraglossa; 5, stipes. 

parts of a saw-fly, Vespa and Apis are represented. In the 
first mentioned type the essentially.biting nature of their 

case of the 
component 
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parts is evident. In Vespa these organs are adapted _both for biting (and 
mastication) and licking. The maxillre are comparatively little modified; 
the car dines and stipites are well developed, and the palpi are 6-jointed. 
The lacinire are reduced to small scales, while the galre assume the form of 
broad z-jointed membranous lobes. The labium is composed of a large 
shield-shaped mentum, the ligula is represented by the curious elongated 
paraglossre and a wide bilobed glossa, while the palpi are slender 4-jointed 
organs. In APis the mouth-parts are highly modified to form a proboscis 
and the glossa has become a sucking organ. The chief basal plate or 
stipes of the maxilla represents, morphologically, the combined stipes 
and palpifer: at its proximal end the stipes is articulated with the stalk
like cardo, and near its apex on the outer border, is a minute peg-like maxil
lary palp. Articulating with the distal extremity of the stipes is a large 
blade-like lobe or galea; a re
duced lacinia is present though 
often overlooked. In the labium, 
the large strongly chitinized basal 
plate is the mentum, and the 
latter articulates distally with a 
small triangular sclerite or sub
mentum. The base of the latter 
is supported by a flexible trans
verse band the lorum (lora of 
some authors) whose extremities 
are attached to the distal ends of 
the cardines. The labial palpi 
are conspicuous 4-jointed organs, 
each being carried by a basal 
palpiger. The elongate central 
organ of the proboscis is the 
glossa (often erroneously termed 
the hypopharynx, lingua or 
ligula), and at the base of the 
la tter are two small concealed 
lobes or paraglossre. The glossa 
is invested with long hairs and at FIG. 5IO.-VENTRAL VIEW OF LABIUl\I AND 
. . 11 MAXILLiE OF APlS MELLIFICA (WORKER). Its apex 1S a sma spoon-shaped 

10, lorum. Other lettering as in Fig. 509. 
lobe - the labellum or bouton. 
The side walls of the glossa are inclined downwards and inwards, until they 
almost meet along the mid-ventral line, and thereby form the boundaries 
of a central cavity. Embedded in the roof of the latter is a longitudinal 
rod which is grooved along its entire length, and this groove is converted 
into an imperfect tube by means of two rows of hairs which converge from 
its margins. The dorsal rod is flexible and becomes continuous basally 
with the ventral supporting plate of the ligula. The lining of the cavity 
of the glossa and its rod can be evaginated through the cleft, a process 
which admits of the cleansing of the parts in question. In transverse sections, 
the space between the outer and inner walls of the glossa is seen to contain 
blood and is in communication with the head cavity. The complete exten
sion of the organ is due to blood pressure. Its retraction is partly due to 
the release of that pressure, and partly to the contraction of muscles inserted 
into the base of the dorsal rod. The latter, when drawn backwards, shortens 
the glossa which, a~Snodgrass remarks, become bushy just as does a squirrel's 
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tail if one attempts to pull out the bone at the base. When at rest, the 
mouth-parts are folded down beneath the head against the stipites and 
mentum. During feeding they are straightened out with the two modified 
proximal joints of the labial palpi closely applied to the glossa, and partly 
embraced by the ensheathing lacinire. The glossa is very active while food 
is being imbibed: not only is the whole ligula alternately retracted into and 
protruded from the base of the mentum, but the glossa itself alters its 
length in the- manner just described. The liquid food ascends by means 
of capillary action in the central channel of the glossa, and the effect of the 
shortening of the latter organ is to squeeze the nectar backwards, until it 
enters the space between the paraglossre, and so on into the mouth. Its 
passage onwards is probably ensured by means of a sucking action exerted 
by the pharynx. For a detailed investigation of the structure and mode 
of action of the proboscis, and its musculature, reference should be made to 
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FIG. 51 I.-I, SIREK, LATERAL ASPECT OF THORAX. II, APIS ~IELCIl'IC.l, LATERAL AS'PEeT 

OF THORAX. III, DORSAL ASPECT OF SAME. 

Al , A2 , 1St and zndabdominal segments; AL, axilla; C, coxa j EP, epimeron; ES, episternum; ]l.fT, metanotum; 
P, pleuron; PN, pronotwn; S, scutum; SL, scutellum j SP, spiracle; iT, tegula.~ (Pro- and meta-thorax are lined, meso
thorax and abdomen are left plain.) 

the memoir by Wolff (Nova Acta KsI., Leop.-Carol. Akad., 66,IB75) and to 
that of Snodgrass (1910): the anatomy of this organ in different genera of 
bees is described by Saunders (IB90) and Demoll (190B). 

THE THORAX of Hymenoptera (Fig. 5II) is principally characterized by 
the fusion of the first abdominal segment with the metathorax, and its 
complete incorporation in the latter region-a change which is brought 
about during the prepupa .. The transferred abdominal segment is termed 
the proj5odeum which was first described by Latrielle as the" median seg
ment." Among the Symphyta the latter is still evidently part of the 
abdomen and has undergone but little specialization. In the Apocrita it 
has become transferred to the thorax and fused up with the metapostnotum 
and metapleura. Its existence in all cases, however, may be ascertained 
by the fact that it bears the first pair of abdominal spiracles. The study of 
the thorax in the order, as a whole, indicates that a progressive series of 
modifications has taken place in the higher forms (vide Snodgrass, 1910). 
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The pronotum is dismembered from the body of the prothorax and attached 
to the front of the mesothorax. The sternum and pleura are fused to form 
the propectus, which supports the head and carries the anterior pair of legs. 
The mesonotum is completely divided by a membranous transverse suture 
into an anterior plate or scutoprescutmn, and a posterior plate or scutellum. 
In the Chalcidoidea (Fig. 512), and other of the parasitic forms, the sides 
of the mesoscutum are separately demarcated as parapsides, and similarly 
the lateral walls of the mesoscutellum may be separately developed to form 
sclerites which are often termed axillce. Tegulee are very generally present 
throughout the order. The meso-postnotum and its phragma are concealed 
through being invaginated within the cavity of the thorax: the phragma is 
often extensive, and may extend backwards into the base of the abdomen 
as in A phelinus and other Chalciq.s. The metanotum is reduced to a single 
transverse plate carrying the hind-wings, 
while the metapostnotum, in all the higher 
members of the order, is indistinguishably 
merged into the fro~t margin of the pro
podeum. 

THE WINGS. No insects have deviated 
so far from the primitive venational type 
as the Hymenoptera, and even the most 
generalized members of the order are highly 
specialized as regards the wing veins. 
Great difficulties cu.;rSront any attempt to 
determine their homologies and, as Com
stock has pointed out, the courses of the 
tracheee do not afford a reliable clue in this 
respect. An examination of the young 
pupee of the honey bee also reveals the fact 
that the venation is already foreshadowed 
before the tracheee develop, and that_ the 
latter are formed after the vein cavities are 
laid down. We have, therefore, to depend 
very largely upon comparative studies 
within the order and also with members of 
related orders. A dominant feature is the 
extensive fusion of the p_rincipal veins and 
the tendency of their branches to assume 

PN 

T 
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FIG. 512.-DoRSAL ASPECT OF THE 
THORAX OF A CHALCID (PUILO-

111YPESIS G.llllC..E). 

AlP, mesophragma; PA, parapsides; 
PS, postscutellum of mesothorax. Other 
1ettering as in Fig. 5I1. After Grandi, 
Boll. Lab. Zool. Portici, 14, 1921. 

a transverse course, and also to become coalesced from the wing-margin 
inwards. This venational specialization in Hymenoptera renders the 
Comstock-Needham system of nomenclature very difficult to interpret, 
in many cases, by the general student. It has, therefore, been deemed 
desirable to offer an alternative terminology (that largely used by Cresson: 
Figs. 515, 516) which also affords greater facilities for reference and has 
been adopted in the keys to the families. Ow:ing to multiplicity of systems 
that have been brought forward, and the want of agreement in the ter
minology used, reference should be made to a paper by Rohwer and Gahan 
(1916) which provides a key to the greatly involved synonymy of vein- and 
cell-nomenclature. In so far as the Symphyta are concerned, the venation 
has received a good deal of attention from MacGillivray (1906) but the 
Apocrita have not been studied with similar thoroughness. In the saw
flies, Pamphilius and Macroxyela (Figs. 513, 514) the venation is more 
generalized than in most other members of the order but, even in these cases, 

G.T.E·-34 
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the principal veins have undergone extensive coalescence and the branches 
of the forked veins are greatly modified. Specialization by reduction and 
fusion is evident throughout the Apocrita. 

FIG. 5I3.-RIGHT WINGS OF A SAWFLY (PAlfIPH1LlUS) WITH THE VEINS LETTERED. 

After Comstock" Wings of Insects." 

These features attain their maximum development among certain of 
the Evaniid~ and in the Chalcidoidea, where there is"a solitary compound 
vein, running near the costa of the fore-wing, and the hind-wing is veinless ; 

FIG. 514.-RIGHT WINGS OF A SAWFLY (MACROXEYA) WITH THE CELLS LETTERED. 

After Comstock, loco cit. 

in the PIa tygasterid~ both pairs of wings are devoid of veins. Throughout 
the order the wings of each side are held together by a row of hooks or 
hamuli along the costal margins of the hind pair: these hooks catch on to 
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FIG. SIS.-CHLORION (A JIMOBlA) , TYPICAL SPHECOID, WITH THE OLDER !.~OMENCLA'r&RE OF 
THE WING-VEINS. 

After Rohwer, Bull. 22, Connecticut Ceol. and Nat. Hist. Survey. 

a fold along the posterior margin of the fore-wing, so that the wings of a 
side become interlocked. Among the Chalcids the hamqli are reduced to 
a localized group of 
two or three hooks and, 
in the Mymaridre, the 
latter may be totally 
wanting. Apterous 
forms are a common 
feature in the order, 
and are the rule among 
~he workers of all 
species of ants, and 
occasionally also among 
the males of these in-
sects and of many FIG. S'I6.-CHLORION. LEFT WINGS WITH THE CELLS 

NAMED ACCORDING TO THE OLDER NOMENCLATURE. 
Torymidre. Wingless 
females are present in 

After Rohwer, lac. cit. 

the Mutillidre, Thynnidre and Myrmosidre, in which 
alone are winged. Similarly apterous females occur 

families the males 
frequenHy in the 
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Proctotrypoidea and in certain of the Ichneumonidre and Braconidre. 
Apterous members of both sexes of the same species are rare but are 
known, for example, in the Diapriid Platymischus, and in certain mem
bers of the Ichneumonid sub-family Cryptinre. 

THE LEGS exhibit various modifications: in all the parasitic groups, 
excepting the Pelecinidre, the trochanters are commonly 2-jointed. In 
many forms, the spur or calcar at the apex of the fore-tibia is knife-like in 
character, and fits against a semicircular emargination of the basal joint 
of the tarsus. This cavity is beset with fine comb-like teeth, and the 
antennre are repeatedly passed through the apparatus, which functions as 
a preening organ. The Sphecoidea, and the majority of the Vespoidea, 
are often termed the" Fossores," and their legs are adapted for digging 
and running, or for nest-building. In the Apoidea, the legs are compar
atively simple in certain primitive genera but, in the higher forms, the 
posterior pair is adapted for pollen-carrying. The posterior tibia is more 
or less dilated and margined with long hairs, being thus modified to form a 
corbiwla or pollen basket. The metatarsus is flqttened on its inner aspect, 
and provided with several rows of short stiff spines which form a brush or 
scopa; by means of the latter the bee gathers the pollen adhering to the 
hairs of its body. When a sufficient quantity has accumulated on the 
brushes, it is scraped off over the edge of the hind-tibia of the opposite side 
and stored in the pollen basket. As a rule the tarsi of Hymenoptera are 
5-jointed, and an empodium is present between the claws. 

THE ABDOMEN is restricted physiologically to the region which commences 
with the st,cond segment, the first abdominal segment being the propodeum 
already referred to. The number of segments that can be identified in the 
imago varies very greatly: the maximum number of nine can be distin
guished in the Tenthredinidre, while among the Chrysididre it is difficult to 
make out more than four. As a rule, in the higher groups, there are-six 
exposed segments in the females and seven or eight in the males. In the 
Symphyta the first abdominal (second actual) segment is always unmodified 
and forms a broad base of attachment. In the Apocrita this region is wholly 
or partially constricted to form a narrow neck-like, zone, which is termea 
the petiole or pedicel. In the honey bee the latter is so short as to be orily 
visible when the abdomen is deflexed. Almost every transition can be 
found between +his condition and the extremely attenuated bristle-like 
petiole of Sphex, Sceliphron and other genera. 

THE OVIPOSITOR (Fig. 517) is a very highly developed organ which is 
modified in different groups for sawing, boring, piercing or stinging but, in 
all cases, it exhibits a fundamental similarity of structure. Its general 
anatomical features are well exhibited in the hive bee and have been fully 
investigated by Krdepelin, Cheshire, Snodgrass and others. Morpholo
gically, the ovipositor is composed of three pairs of gonapophyses, which 
have been shown by Zander to arise from a similar number of abdominal 
processes in the larva- one pair on the eighth segment and two pairs on 
the ninth segment. Those belonging to the first pair develop into the 
stylets, the middle pair on the ninth segment fuse to form the stylet-sheath, 
and the outer pair give rise to the palp-like processes. The actual sting or 
terebra is a hollow organ formed of three pieces bounding a central c!lnal. 
The dorsal part or stylet-sheath has three functions: (a) to form the wound; 
(b) to serve as the dorsal wall for the poison canal; and (c) to hold the stylets 
in position. The stylet-sheath (SH) expands at its base to form the bulb 
of the sting (B) and the latter is prolonged inwards as a pair of diverging 
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arms (SHA). The stylets or lancets (5) are each grooved along their entire 
length, and along the sheath are two guide-rails, which fit accurately into 
the stylet-grooves (Fig. 517). By means of this arrangement, the stylets 
are maintained in position and are permitted of no other than an up and 
down movement. The apices of the stylets and their sheath are provided 
with forwardly directed barbs. At their bases, the stylets diverge into a 
pair of arms closely associated with those of their sheath by means ·of a 
prolongation of the groove and rail device. Associated with the sting ar~ 
three pairs of plates: the innermost or posterior pair is termed the inner 
or oblong plates (OP), which represent the 
divided ninth sternum and, attached to 
each, is the basal arm of the stylet-sheath of 
its side. Distally, the oblong plates carry a 
pair of palp-like appendages (SP). The two 
triangular or fulcral plates (TP) represent, 
according to Zander, the reduced sternum 
of the eighth segment and to each is 
attached the corresponding arm of a stylet. 
At its dorsal and posterior angle, the trian
gular plate is articulated with a large outer 
or quadrate plate (QP) and, at its ventral 
angle, with the oblong plate of its side. The 
quadrate plates represent part of the ninth 
sternum, the median portion of the latter 
region being probably seen in a membran
ous lobe (59.) which overlies the bulb of 
the sting. 

FIG. 5I7.-DIAGRAM OF THE STING 
(VENTRAL VIEW) OF THE HIVE 
BEE WITH AD]ACEN! SCLERlTES 
OF THE LEFT SIDE: ON THE RIGHT 
SIDE BELOW IS A TRANSVERSE 
SECTION OF THE TEREBRA. 

The three pairs of plates already 
described function as levers, and powerful 
muscles are attached thereto. By means 
of the rotation of the fulcral and oblong 
plates, the sheath and its stylets are driven 
through the tissues of the victim when 
stinging takes place. The secretions of the 
two types of glands intermingle, and the 
fluid then finds its way down the canal 
formed by the sheath and the stylets, thus 
entering the wound made by the former. 
The structure of the ovipositor in certain 
Chalcidoidea has been shown by Imms 
(191S) to be essentially similar to that 
1 d d 'b d· th f th h AG,alkalinegland; PC, poison canal; ps, a rea y escn e In e case 0 e oney poison sac; for otber lettering vide pp. 532 -33. 

bee, and in the Braconid Doryctes Seurat 
(1899) has found the same type of mechanism. In the Symphyta the 
stylets are adapted for sawing or boring and the sheaths remain separate 
and unfused. 

Two sets of poison glands are found associated with the ovipositor, and 
are best developed when the latter organ is modified into a sting (Figs. 5IS, 
521). A pair of filiform acid glands open, either separately or by means of 
a common duct, into a large poison-sac. Their secretion has an acid reaction 
and, in certain ants, contains formic acid. Tile poison-sac discharges into 
the anterior end of the bulb of the sting and, situated close to its opening, 
is the aperture of an unpaired alkaline gland, so called from the alkaline 
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reaction given by its secretion. Experiments conducted by Cadet (1890) 
indica te that the full stinging properties are effected by a mixture of the 
secretions of the two types of glands. This observer found that certain 
Diptera die almost instantly when stung by the hive bee: the same species 
inoculated with the secretion of either kind of gland alone did not succumb 
for a considerable time, while a successive inoculation of the same individual 
first'with the secretion from one gland, and then with that from the other, 
resulted in death in a much shorter time than in the case of an individual 
which had been inoculated from either gland alone. According to Bordas 
(1897), in the Ichneumonidre the acid gland consists of numerous filiform 
tubes, and an accessory poison gland is present in those same insects and 
also in the Crabronidre. 

B. INTERNAL ANATOMY 
THE ALIMENTARY CANAL (Fig. 519) is of a tolerably' uniform character 

FIG. 5IS, - VESPA 

GERMANICA. POISON 
GLANDS. 

G.A, acid gland; V. 
poison sac with canal c; 
G.a, alka1ine gland; A, tere· 
bra. A/ter Bordas. 1897. 

throughout the order and. presents but few notable 
deviations in its morphology (vide Bordas, 1894). In 
ants there is an infra-buccal "chamber below the floor of 
the mouth: it takes the form of a spheroidal sac 
and opens into the mouth cavity by means of a short 
narrow canal. According to Wheeler (1910), this 
chamber is used by the ant as a receptacle for the fine 
particles of solid and viscous food, rasped off or 
licked up by the tongue. Any juices that may be 
contained in this nutriment are sucked back into the 
pharynx, and the solid residue thrown out as a pellet, 
which retains the form 'of the chamber in which it 
was moulded. The mouth-cavity leads into the 
pharynx, which is an organ of suction, and is JllW.led 
by powerful dilator muscles. The cesophagus is a 
long narrow tube, especially in forms with an elon
gate petiole, but is relatively short in APis and 
Vespa. Among the Aculeata the resophagus dilates 
in the anterior portion of the kbdomen into a thin
walled crop or honey-stomach. The latter is lined with 
a chitinous membrane and its walls contain muscle 
fibres: it serves as a reservoir for the liquid that 
has been imbibed, regurgitating it when required. 

In the repletes, or honey ants, the crop is remarkably distensible and, 
when full, largely determines the shape of the gaster. The crop is suc
ceeded by the proventriculus, which is a very characteristic part of the 
gut in Hymenoptera and forms the neck-like region between the crop and 
true stomach. In Apis it is invaginated into the posterior wall of the crop, 
and has a X-shaped aperture provided with four triangular lips. The 
posterior opening of the proventriculus into the stomach is guarded by a 
well-developed valve. The function of the proventriculus, and its method 
of action, have given rise to discussion: it apparently serves to pump food 
from the crop into the stomach and, when closed, to prevent its regurgi
tation. The stomach or ventriculus is the largest part of the alimentary 
canal in APis and Vespa, and is bent into a U-shaped loop. In the Crab
ronidre, Sphegidre, Formicoidea and the Parasitica it is reduced to a small 
elliptical chamber. In the female of Doryctes, which lives but a short time 
and takes no nourishment, its anterior portion has undergone atrophy 
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(Seurat). The food in most Hymenoptera is of a fluid nature and a peri
tropMc membrane is usually wanting. The structure described by Snodgrass 
(19IO) in APis is of a different nature, and consists of a matrix of secretion, 
in which are embedded a number of dismembered secretory cells, the whole 
mass separating from the underlying epithelium, and contracting around 
the food which it surrounds as a membrane. In most Hymenoptera, the 
ilettm is a short simple tube but, in APis, its length is much increased, and 
this region of the gut is. 
looped upon itself. The 
rectum forms an enlarged 
terminal chamber, and its 
walls are furnished with 
three rectal papillre in 
ants, four in Doryctes and 
six in A Pis and most 
other H y men 0 pte r a. 
Little is known of the 
physiology of the diges
tive system but a contri
bution to the subject has 
been made by Pavlovsky 
and Zarin (Quart. Journ. 
Mic. Sci., 1922). 

The M alpighian tubes 
are extremely variable in 
number and, in the Acu
leata, th!;y vary from IOO 

to I25 in the Vespidce; 
from 20 or 30 in M ega
chile and its allies; and 
from 6 to 20 among ants. 
They all open separately 
into the ileum, and are 
often disposed in groups. 
Thus, in BombltS and APis 
there are about 100 of 
these tubuli and, in the 
former genus, they are 
arranged in four bundles; 
in the Chrysididce there 
are about 40 Malpighian 
tubes arranged in three 
bundles; and in the 
Eumenidce they number 
from 40 to 70, which are 

FIG. 519.-ALIMENTARY CANAL OF WORKER BEE. 

IGL, lateral pharyngeal gland; 2GL, cepbalic salivary gland; 3GL, 
thoracic salivary gland with II its reservoir and Det its duct; Phy, pharynx; 
OE. cesophagus; HS, honey stomach: Pvent, proventriculus; ~/alJ 
Malpighian tubes; Vent, ventriculus; Slnt, smalJ intestine; Rect, rectum 
and RGI, its papiJIal. After Snodg.ass, U. S. Bur. Entom. Tech. Ser. Bull. 
18 (reduced). 

disposed in two groups. Among the Parasitica, these organs are often 
much less numerous: in Blastophaga they number from 8 to 14 (Grandi), 
in Doryctes 9, in the Ichneumonidre there are generally from 50 to 60, 
and in the Tenthredinidre 20 to 25. Among hymenopterous larvce there 
are four Malpighian tubes in Apis and the Formicoidea, but in most of 
the parasitic families there is only a single pair of these organs. 

SALIVARY GLANDS (vide Bordas, I894, etc.) are well developed in the 
bee and consist of two pairs - one situated in the head and the other in the 
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thorax (Figs. 5I9, 520). Their four ducts unite to form a common canal 
which opens on the hypopharynx. The cephalic salivary glands (post
cerebral glands of Bordas; system No.2 of Cheshire) lie against tIre pos
terior wall of the head. The thoracic salivary glands (system No. 3 of 
Cheshire) correspond with the ordinary salivary glands of most other insects. 
The contents of each gland are discharged into a reservoir, whose duct 
unites with its fellow to form the main salivary duct which, also, receives 
those of the cephalic glands. In the drones amI queen there is a mass of 
gland cells situated just above the ocelli. These are the post-ocellar glands 
of Bordas but, according to Snodgrass, they are detached lobes of the 
cephalic glands. In addition to the foregoing, there is a pair of large lateral 
pharyngeal glands (supracerebral glands of Bordas; system No. I of Cheshire) 
which are regarded by many authorities as being the source of the royal 
jelly, which is fed to the larval and adult queens and drones by the workers. 
Each is in the form of a long coiled chain of follicles packed away in the 
antero-dorsal region of the head; these glands are absent in the drone and 

B 
FIG. 520.-PHARYNGEAL PLATE (S) AND ASSOCIATED 

GLANDS OF A, WORKER AND B, DRONE OF HIVE 
BEE. 

,GL, base of lateral pharyngeal gland; 4GL, ventral pharyngeal 
gland. After SnodgIass, lac. cit. 

rudimentary in the queen. 
Opening into the floor of the 
pharynx, between the ducts 
of the lateral pharyngeal 
glands, ~s a transverse row 
of cells which forms the 
ventral pharyngeal gland of 
Snodgrass (sublingual gland 
of Bordas). A sac-like man
dibular gland opens at the 
inner angle of each jaw: its 
function 'has not been ascer
tained, but it is larger .ffi-the 
queen than in the worker, 
and poorly developed in the 
drone. A second or -internal 
mandibular gland ha~ beeh 
descnbed by Bordas in the 
worker of APis, and also 

found in Bombus and Vespa: it is a delicate racemose mass, opening near 
the posterior inner edge of the mandible. 

THE HEART is well developed, and is usually composed of four or five 
chambers, with a corresponding number of pairs of alary muscles. In 
Apis the chambers are situated in the third to sixth abdominal segments 
and, in ants, in the fourth to eighth segments. The heart is continued 
forwards as the aorta which, in the bee, is folded into about eighteen loops 
in the region of the petiole. In the latter insect both dorsal and ventral 
dia phragms are well developed. 

THE MUSCULAR SYSTEM has been principally worked out in ants; it is 
one of great complexity and the reader is referred to articles by Janet, 
Lubbock, Berlese and others. In the de alated queens, among ants, the 
wing muscles are broken down by phagocytes, which take up and convert 
their substance, and somewhat later discharge it in the form of fat and 
albuminoid globules into the blood. In this manner the histolysis of the 
muscles provides nutrient material which contributes to the growth of the 
eggs (Janet). 

THE NERVOUS SYSTEM.-The brain has been studied among the higher 
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members of the order and more especially by von Alten (1910), Jonescu 
(1909), Kenyon (1896), Thompson (1913) and Viallanes (1886). It is prin
cipally characterized by the high degree of differentiation of the mushroom 
bodies and their related fibre-tracts. In ants, for example, there is con
siderable variation in their development, not only among different species, 
but also in different castes of the same species. According to Viallanes, 
the highest type of brain is found in Vespa where the calyces are complexly 
folded. 

The ventral nerve cord is considerably less specialized than in the cyclor
rhaphous Diptera. According to Brandt (1879) the most generalized 
condition is exhibited in the Tenthredinoidea where there are three thoracic 
and nine abdominal ganglia. Among the Apocrita the majority of the 
species similarly possess three thoracic ganglia, but among the Crabronidre 
and Apoidea there are only two thoracic centres. The first is the prothoracic 
ganglion and the second is a.complex formed by the fusion of the meso
and meta-thoracic and one, or more, of the abdominal ganglia. The second 
thoracic centre innervates the 2nd and 3rd pairs of legs, the wings, propo
deum, and first abdominal segment. Six abdominal centres are present in 
many Ichneumonoidea and Formicoidea, also in Ammophila, Cere eris , 
Odynerus, and others. In most other Apocrita there are fewer abdominal 
ganglia, and the latter may be reduced to two centres as in the Cynipid 
Dryophanta jolii (L.) Forst., or to a single centre, as in certain Chalcids. 
In the females of many Aculeata the last two abdominal ganglia are more 
or less fused: thus in Mutilla europea and Megaehile there are five such 
ganglia in the latter sex and four in the male. In Bombus the worker and 
female have six ganglia and the male five. In the worker of the hive bee 
there are five ganglia, while the female as well as the male has but four. 
In Vespa the worker similarly has five ganglia, but tlle male and female 
are exceptional in having six. In Blastophaga there are two abdominal 
centres in the female, while in the male they are fused into a common mass 
(Grandi). 

I 
THE MALE REPRODUCTIVE SYSTEM.-The testes are separate In the 

Symphyta and also in Apis and Bombus. According to Bordas (1894) they 
are in close contact in Vespa and fused together in other Hymenoptera 
studied by him. Each testis is enclosed in a double membrane and may 
consist of 250-300 seminiferous tubuli as, in Vespa, Bombus and Apis; 
these tubuli are much less numerous in ants, and are usually reduced to 
three in other Hymenoptera. The vasa deferentia enlarge to form vesiculre 
seminales which are usually cylindrical or sac-like in form, In Vespa and 
Apis they are particularly voluminous, while they are tubular and con
voluted in A"thalia, Cimbex, and Bombus. The two ejaculatory canals, 
which leave the vesiculre, receive the ducts of a pair of accessory glands. 
The latter are large and sac-like in almost all members of the order. In 
Apis the ejaculatory canals are rudimentary, and the accessory glands 
open ·into the common ejaculatory duct. 

THE FEMALE REPRODUCTIVE SYSTEM (Fig. 321). The ovaries are com
posed of polytrophic ovarioles; in A pis the latter are very numerous but 
their number is inconstant. In Blastophaga the ovarioles are very atten
uated and closely packed together; according to Grandi there are 130-182 
to each ovary. In Cimbex there are usually 20-30 ovarioles in each ovary; 
in Aphelinus there are five, while in other Chalcids and in the Ichneumon
oidea there are commonly four. In Doryctes, however, each ovary is greatly 
developed and consists of a single pair of ovarioles; in Aphidius the latter 
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are wanting and the follicles are simply enclosed in a sac-like membrane. 
Among ants the number varies, in different genera and species, between 
two (Leptothorax emersoni) and about 250 (Eciton schmitt i) : in the workers, 
however, the number is very much lower, there is often a single ovariole 
to each ovary and rarely there are as many as twelve. The two oviducts 
unite to form the vagina and, in APis, the latter is dilated posteriorly as the 
bursa copulatrix. A median spermatheca is generally present together 
with a pair of colleterial glands: the latter may open into a median reservoir 

- 11 

as in Cimbex (Severin) or into the 
duct of the spermatheca as in Apis. 

Metamorphoses 
THE EGG 

The eggs of Hymenoptera are 
usually ovoid or sausage-shaped 
and, in the par.asitic groups, they 
are frequently provided with a 
pedicel. The latter structure may 
arise irom either pole of the egg 
(Adler) and is of very general occur
rence among the Cynipoidea. In 
the gall-forming species of the latter 
group it may be five or six times 
the length of the egg itself. Stalked 
eggs are also found among the Chal
cidoidea and Proctotrypoidea: in 
Blastophaga the pedicel may measure 
more than twice the length o£..-the 
egg. In the majority of cases the 
function of this appendage is ob

FIG. 52 I.-REPRODUCTIVE ORGANS, ETC., scure, but in Blastothrix it protrudes 
OF QUEEN BEE. through the body-wall of the host, 

I, acid gland and 2, its duct; 3, alkaline gland; 4, 
bursa copulatrix; 5, ovary; 6, oviduct; 7, poison sac; 
8, spermatheca and 9, its gland; ro, te:rebra; H, sting 
palp; 12, vagina; 13, 9th sternum. Adapted from 
Snodgrass, loco cit. 

and functions as a kind of respira
tory funnel, which enables the newly 
hatched larva to breathe the out-
side air (vide Imms, I9IS). In 

Schedius kuvance the eggs are deposited within those of the gipsy moth, 
with their pedicels protruding to the exterior (Howard and Fiske), and it is 
probable that the latter organs fulfil a similar function in this instance 
also. A reduced pedicel is found in other Chalcids as well as in certain of 
the Ichneumonoidea; it is met with both in the case of eggs which are laid 
externally to their hosts, and in those which are laid within the latter. 

THE LARVA 
A typical hymenopterous larvre is composed of a well-developed head, 

three thoracic and usually nine or ten abdominal segments. With few 
exceptions the tracheal system is peripneustic or holopneustic, either 
throughout life or in the later instars. Among the Symphyta the head is 
strongly chitinized and there are powerful biting mouth-parts. Three pairs 
of thoracic limbs and six or eight pairs of abdominal feet are generally 
present. Such larvre feed upon plant tissues, and are peripneustic or holo
pneustic throughout life, with nine or ten pairs of spiracles. Larvre which 
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bore into stems or wood have lost the abdominal feet, but retain the thoracic 
limbs usually in a more or less reduced condition. Among the Apocrita, 
the larvre are apodous: evanescent thoracic appendages are present, how
ever, in Eucoila, and a single pair is found in larvre of the Platygasteridre, 
and in these instances they are probably modified survivals of true append
ages. As a general rule, the larvre of the Apocrita (Fig. 522) are maggot
like in form; the head is less strongly chitinized than in the Symphyta, 
and in the parasitic forms it is often greatly reduced and sunk into the 
prothorax. Degeneration of the organs of special sense is very evident 
and, in most cases, the larva! are sluggish and move but litHe. These 
features are associated with the fact that their possessors live in darkness, 
and are supplied with an abundance of nutri
ment in their immediate vicinity, there being 
no necessity to seek for it. Definite ocelli 
are wanting, and the antenna! are reduced 
to short sensory processes, small papilla!, or 
may be atrophied. The mandibles may be 
either dentate, sickle-shaped or simple 
pointed spines with broad ' flattened bases. 
The labrum, maxillre and labium are fleshy 
lobes, and the two last-mentioned organs 
exhibit little or no differentiation into 
separate sclerites. Both the maxillary and 

FIG. 52Z.-LARVA OF A BEE: 
ENLARGED. 

h, head; s, spiracles. 

labial palpi are usually represented by small papillre or are totally wanting. 
In almost all the larvce of the Apocrita the stomach is a blind sac and does not 
communicate with the hind intestine until the final instar, the frecal contents 
only being evacuated at the conclusion of the larval stage. Well-developed 
salivary glands are present, often of considerable length, and the ganglia 
of the ventral nerve cord are often undifferentiated. In the Aculeata the 
tracheal system is holopneustic throughout life and generally ten pairs of 
spiracles are present. In the Parasitica the respiratory system undergoes 
profound modifications in correlation with varying modes of life (vide 
Seurat I890). Thus, among the ectoparasitic species (Fig. 523) the larvre 
are hatched with a peripneustic tracheal system but the full number of 

FIG. SZ3.-FULLY-GROWN LARVA OF AN ECTOPARASITIC ICHNEUMON, P/MPLA POMORrJM: 

ENLARGED. 

h:.head; s, spiracles. 

spiracles is not always acquired until later in life. The typical number of 
spiracles is nine pairs but they are not always borne on the same segments 
in different species. The Chalcid Aphelinus has eight pairs of spiracles and 
the Ichneumon Pimpla pomorum has ten pairs. In the Proctotrypid 
Lygocerus the larva is hatched with two pairs and there are seven pairs in 
the last instaL Among the endoparasitic forms the young larv::e are 
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commonly apneustic, but this condition is rarely retained throughout life. 
In the apneustic condition the cuticle is extremely thin and admits of the 
interchange of gases by means of osmosis. At this stage the larva is heemo
phagous but it subsequently becomes carnivorous, devouring the various 
internal organs of its host. When it assumes this mode of life, a certain 
number of spiracles open on the surface of the body, and in the final instar 
there are usually nine pairs present. 

Hypermetamorphosis occurs among many of the Parasitica and examples 
of this type of development are known in five of the major divisions of the 
order (vide Richardson, I9I3). At least ten distinct primary larval forms 
are known in addition to the usual larval type already described. Any 
attempt at the classification of these forms at present can only be a tentative 

FIG. 524.-PLANIDIUM OF PERILAftIPUS. 

a, ventral; b, dorsal. After H. S. Smith, U. S. Bur. Eut. 
Tech. Str. I9, pt. 4· 

one pending the growth of more 
detailed knowledge. The princi
pal types of primary larvee are as 
follows (Figs. 524,' 525). (I) The 
PLANIDIUM (Fig. 524) is an active 
larva invested with strongly chiti
nized imbricated segmental plates 
and provided with spine-like loco
motory processes. I t develops 
from an egg which is lajd away 
from the host and is a migratory 
form adapted to seek out the 
latter. This type is known in the 
Chalcid genera Orasema, Perilam
pus, Leucospis and, in a modified 
form, in Spalangia. (2) The 
CAUDATE TYPE is well ex.hibited 
in certain Ichneumonidee, Bracon
idee, and in a few of the Chalci
doidea, notably Encyrtus aphidi
vorus. It is somewhat vermiform 
in shape 'with a caudal outgrowth 
of variable length (vide also p. 
548). (3) The CYCLOPOID OR 
NAUPLIIFORM TYPE . occurs in 
certain of the Proctotrypoidea. 
I t is characterized by the large 
swollen cephalothorax, very large 

sickle-like mandibles and a pair of bifurcate caudal processes of vari
able form. In its general facies it bears a resemblance to the nauplius 
of Crustacea. (4) The TELEAFORM TYPE is found in certain other Proc
totrypoidea and in several of the Chalcidoidea; it derives its name 
from the primary larva of Teleas. The cephalic extremity is prominently 
hooked or curved; posteriorly the body is prolonged into a caudal 
process, and the trunk is armed with one or more girdles of setee. 
Apparently modified examples of this larval type have been described by 
McColloch in Eumicrosoma and by Silvestri in the Chalcids Poropcea and 
Anaphoidea. (5) The VESICLE-BEARING TYPE occurs in Apanteles and 
Microgaster and is characterized by the proctodeeum being everted to form 
a swollen anal vesicle. (6) The EUCOILIFORM TYPE is known in Eucoila 
keilini: it differs from the teleaform type in possessing three pairs of long 
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thoracic appendages, and in the absence of the cephalic process and the 
girdles of setce. In addition to the foregoing, other highly modified types 
of larvce have been described by Klapalek in Agriotypus, by Ferton in 
Chrysis dichroa, and by Silvestri in Trichogramma. The subsequent stages 
in development in those species in which hypermetamorphosis occurs 

exhibits wide variation: thus 
the second larval ins tar of 
Teleas is of the cyclopoid type, 
but the final instar in all cases 
is the ovoid maggot-like type 
of larva characteristic of the 
Apocrita. 

The presence of a trophic 
membrane or trophamnion 
(Fig. 526) enclosing the em
bryo in certain endoparasitic 
Hymenoptera, has been already 
alluded to (p. 164). It has 

A B 

FIG. 526.-CHALC/S (SMICRA) CLAV/PES. 

FIG. 525.-PRIMARY LARVlE OF VARIOUS PARASITIC 
HYMENOPTERA. 

A, eucoiliform (Eucoila) ; after Keilin and Pluvinel. B, cyclopoid 
(Trichacis) after Marchal. C, teleafonn (Teleas), after Ayers. D, 
caudate (Mesochorus), after Seurat. E, vesicle-bearing (J.ficro
gaster), original. All highly magnified. 

A, EGG WITH EMBRYO SURROUNDED 
BY TROPHAMNION. B, YOUNG ,LARVA 
AND DISINTEGRATED TROPHAlIiNION. 

After Henneguy " Les Inscctes," 

,been found in diverse species, 
comprising members of each of 
the main pa,rasitic groups, but 
is evidently not homologous in 
all cases, and very different 
methods of formation ha ve been 
described. This membrane is 
believed to play an important 
part in the nutrition of the 
embryo. 

THE PUPA 
In the Apocrita the pre

pupa is well defined and is intermediate in its characters between the 
larva and pupa (Fig. 192). The prothoracic segment is distended by 
the developing pupal head, the wings and legs have assumed the form 
of those of the pupa, and it is in this stage that the first abdominal 
segment or propodeum becomes incorporated with the thorax. After the 
final larval moult, the prep up a passes into the pupa and the latter is of 
the exarate type, in which the wings and appendages are free and not 
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soldered to the surface of the body (Fig. 189). With the exception of the 
Cynipid~ and Chalcidoidea a cocoon, though often slight, is of general 
occurrence in the order. In many Tenthredinid~ it is parchment-ri~ ~ 
in others it is formed of agglutinated soil particles; while in Cimbex the 
cocoon is formed of an outer and inner coat, and attains a higher degree of 
development than in other Hymenoptera. In many of the Aculeata the 
cocoon is little more than a silken lining to the larval cell, and in some of 
the ants it is totally wanting. Among the Braconidre dense masses of 
silken cocoons are often formed by the members of a species which issue 
from a single individual host. 

Classification of Hymenoptera 
The classification followed in the present work is based upon that of 

Ashmead (1900). In the older works, the Apocrita were usually divided 
into the series Parasitic a , Tubulifera, and Aculeata. The absence of any 
essential point of difference between a sting and an ovipositor renders it 
impossible to give any clear distinction between the Parasitic a and Aculeata. 
Furthermore, a considerable number of the Parasitic a are phytophagous 
and nonparasitic. A good deal of stress has been laid in the past upon the 
two-jointed trochanters among the Parasitica. This character, however, 
is somewhat inconstant and the extent to which it is due to an actual sub
division of the trochanter, or to a differentiation of the proximal extremity 
of the femur, is uncertain. The terms Parasitic a and Aculeata are only 
used in the present work for convenience of reference. The Chrysidid~ 
are usually retained apart to form the group Tubulifera but are merged by 
Ashmead into the Vespoidea. The Fossores, or digging wasps, are com
prised in two sections, of which one forms the superfamily Sphecoidea, and 
the other is united with the Chrysidid~ and true wasps to form thesuper
family Vespoidea. 

The standard work on European Hymenoptera is that of Andre (1879, 
etc.) and for a synonymic catalogue of the species of the world vide Dapa 
Torre (1892-1902). I 

Sub-order I. SYMPHYT A 
-

(Phytophaga, Sessiliventres or Chalastogastra). 

ABDOMEN BROADLY SESSILE WITH NO MARKED CONSTRICTION AT ITS 

BASE; TROCHANTERS 2-JOINTED. LARVA': WITH THORACIC AND GENERALLY 

ABDOMINAL FEET. 1 

This sub-order includes the single superfamily TENTHREDINOIDEA (p. 543). 

Sub-order II. APOCRITA 

(Heterophaga, Petiolata or Clistogastra). 

ABDOMEN NEVER BROADLY SESSILE, SEPARATED FROM THORAX BY A 

DEEP CONSTRICTION OR A PETIOLE: TROCHANTERS 1- OR Z-JOINTED. LARVJE 

APODUS. 

I (IO).-Hypopygium entire, closely united with pygidium: 
ovipositor issuing from apex of abdomen. 

2 (9).-Trochanters I-jointed. 

1 Except in Oryssus. 
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7 

8 

9 

SYMPHYTA 

(4}.-Petiole with one or two nodes: tegul<:e absent or 
imperfect in winged forms. 

(3) .-P~tiole simple. 
(8}.-Pronotum not extending back to tegul<:e. 
(7}.-Hind tarsi dilated or thickened: pubescence of head 

and thorax feathery or plumose. 
(6}.-Hind tarsi slender: pubescence simple. 

(5}.-Pronotum extending back to tegul<:e oP latter absent. 

(2}.-Trochanters 2-jointed. 

10 (I}.-Hypopygium divided, or not closely united with 
pygidium: ovipositor issuing some distance 
before apex of abdomen. 

II (14}.-Pronotum extending back to tegul<:e: antenn<:e 
not elbowed: trochanters 1- or 2-jointed. 

12 (13}.-Fore-wings without a stigma: trochanters usually 
I-jointed. 

13 (I2}.-Fore-wings with a stigma: trochanters 2-jointed 

FORMICOIDEA * 

(p. 562 ) 

APOIDEA* 

(p. 582) 
SPHECOIDEA * 

(p. 578) 
VESPOIDA* 1 

(p. 572 ) 

543 

PROCTOTRYPOIDEA 2 

(p. 559) 

CYNIPOIDEA 

(p. 556) 
ICHNEUMONOIDEA 

(p. 547) 
14 (II}.-Pronotum not extending back to tegul<:e: antenn<:e CHALCIDOIDEA 

elbowed: trochanters 2-jointed. (p. 550) 
Superfamilies indicated * form the series Aculeata-the remainder constitute the 

Parasitica. 
Sub-order 1. SYMPHYT A 

Included in this division are all the more primitive members of the 
Hymenoptera which are recognized by the broadly sessile abdomen and 
the fact that its first segment is only partially amalgamated with the thorax. 
The imagines do not exhibit the highly specialized habits and instincts so 
prevalent among the Apocrita and the ovipositor is adapted for sawing or 
boring: except in Oryssus parasitism is wanting. The larvre (vide Yuasa, 
I922) have a well developed head and I3 trunk segments: three pairs of 
thoracic legs and frequently 6 or more pairs of abdominal limbs are present. 
The tarsus and claw of each thoracic leg are fused into a single piectt while 
the abdominal limbs are devoid of crochets. A single pair of ocelli is present 
and the maxillary and labial palpi are usually 4- and 3-jointed respectively. 
Spiracles are always present on the prothorax and first eight abdominal seg
ments: metathoracic spiracles are also present in the Cephidre, and in Sirex 
and Tremex, but are vestigial or wanting in the larvre of other Symphyta. 

The ?ingle superfamily Tenthredinoidea is divisible into four principal 
families. A number of the sub-families, however, have been raised to family 
rank by various authorities. 

1 

2 

3 

4 

5 

6 

(6}.-Anterior tibi<:e each with a single apical spur. 
(3) .-Antenn<:e inserted below the clypeus and eyes, beneath 

a frontal ridge: propodeum not divided. 
(2}.-Antenn;:e- inserted above the clypeus: propodeum 

medianly divided. Prothorax large. 
(5}.-Pronotum truncated behind; middle lobe of meso

notum not reaching the scutellum; ovipositor 
very short. 

(4}.-Pronotum strongly curved or emarginate behind; 
middle lobe of mesonotum reaching the scutel
lum; ovipositor long and very powerful. 

(I}.-Anterior tibi<:e with two apical spurs. 

ORYSSIDlE 

(p. 544) 

CEPHIDlE 

(p. 544) 

SIRICIDlE 

(p. 544) 
TENTHREDINIDlE 

(p. 544) 

1 In many Chrysidid<:e and some Bethylid<:e the pronotum does not extend back 
to the teguI<:e. In the Trigonalid<:e the trochanters are 2-jointed. 

2 In the Pelecinid<:e the trochanters are I-jointed. 
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FAM. CEPHIDJE (Stem Saw-flies).-The Cephidie are a small family of slender, 
narrow-bodied insects with a thin integument (Fig. 527). The prothorax is excep
tionally large and movably articulated with the following segment. They are mostly 
black or darkly coloured, either with or without narrow yellow bands. In length 
they seldom measure more than 18 mm. and are usually smaller. The larvie bore 
into the stems and shoots of various plants and are apodous, with the exception of 
three pairs of reduced tubercle-like ·thoracic limbs. They are also characterized by 
the vestigial ocelli, the well develo.red meta thoracic spiracles and the presence of 
vestigial sub-anal appendages. The abdomen terminates in a small retractile point 
or spine which arises from a fleshy protuberance on the last segment, above the anus. 
The pUpie are usually enclosed in -transparent cocoons within the stems of the food
plant. For an enumeration of the larval characters in different genera vide Middleton 
(Proc. Ent. Soc. Washington 19, 1897). Less than a dozen species occur in the British 
Isles, the best known being Cephus pygmams L., the Wheat-stem Borer. Although 
destructive in many parts of Europe, and introduced into N. America, it is rarely 
injurious in Britain. The eggs of this species are laid in the stem of the wheat plant, 
and the larva bores its way upwards through the latter, ultimately weakening it below 
the ear. The insect subsequently descends to near the root when about to pupate. 
Janus (Phyllcecus) flaviventris Fitch lays its eggs in the centre of the pith of the shoots 
of currants and its larvie bore through the stems: its metamorphoses are figured by 

Marlatt (Ins. Life, 7). 
FAM. SIRICIDiE (URO

CERIDJE: Wood-wasps or 
Horn-tails). - A family of 
large-sized insects with con
spicuous coloration, being 
often black and yellow or 
metallic blue. The abdomen 
usually terminates in a spine 
or horn, which is short and 
triangular in the males and 
lanceolate in the females. 
The ovipositor is exceedingly 
strong and, when at rest, 
proj ects backwards...in. the 
horizontal plane, and has 
the appearance of a powerful 
sting. This instrument is 
used for boring and drilling, 

After Marlatt, ard not for sawing as in the 
Tenthredinida:!. Holes are 
made through the bark into 

the new wood of various forest and shade trees and a single egg is deposited in each 

FIG. 527·-CEPIliJS OOOIDEN'I'ALlS. 

A, larva; B, female j C, larval gallery in grass·stem. 
U. S. Dept. A gric. 

hole. The larvee on hatching burrow into the heart wood and often cause considerable 
damage. Pupation takes place in the larval gallery and a cocoon of silk and gnawed 
wood is constructed. The larva has a tolerably large head and three pairs of reduced 
thoracic limbs: the last trunk segment terminates in a horny process which aids in 
locomotion. The best known species in the British Isles is Sirex gigas which lives in 
Coniferee, and its life-history appears seldom to occupy less than two years. It usually 
only attacks trees which have passed their full vigour and are not perfectly healthy, 
but sound felled trees are sometimes selected. The metallic blue S. (Paururu.'i) nOGtilia 
F. is also not infrequently met with, but it is difficult to say whether either species is 
truly indigenous. Xiphydria is readily separated from Sirex by the conspicuous 
cervicum, and its larva lives in the wood of broad-leaved trees. X. dromedarius has 
occurred rarely in Britain, its larva being found in willow. Tremex also affects various 
broad-leaved trees and its metamorphosis is figured by Riley (Ins. Life). The genera 
of the family have been mono graphed by Konow (Gen. InseGtorum 28). 

FAM. ORYSSIDJE.-An extremely small family represented in Europe by the 
genus Oryssus which comprises several species but all are rare. O. abietinus Scop. 
has occurred in Britain: it is a black insect with the greater part of the abdomen 
bright red, and with clouded wings. The only known larva of this genus is an apodous 
ectoparasite of the Buprestidee: for an account of its metamorphosis vide Rohwer 
and Cushman (ProG. Ent. Soc. Washington, 19). 

FAM. TENTHREDINIDJE (Saw-flies).-In this family the head and thorax are 
broad and the abdomen is provided with a saw-like ovipositor. The antenna:! are, 
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perhaps, more variable in character than in any other family of insects, and often 
exhibit marked sexual differences. The most frequent number of joints is nine, but 
in Hylotoma there are only three, while in Pamphilius Latr. (Lyda F.) their number 
may exceed 40. In Cimbex and its allies the antennre are clavate, in LophyrHs they 
are deeply pectinated in the males, and in Hylotoma the third joint in the male is 
bifurcate and shaped like a tuning fork. Two curious organs known as cenchri are 
situated one on each side of the middle of the mesothorax; they are pale coloured 
membranous areas whose function does not appear to have been ascertained. Saw
flies are usually to be obtained by shaking the foliage of bushes and trees; many 
frequent flowers and some are carnivorous, preying upon small Coleoptera and Diptera. 
Great variation exists as to the proportion of individuals of the sexes and in only a 
few species are the males as numerous as the females. Cameron has shown that in 
one-third the British species males are unknown. Parthenogenesis occurs somewhat 
extensively in this family and in some species males, in others females, and in a third 
group mdividuals of both sexes are produced from unfertilized eggs. Thus in Nematus 
(Pteronus) ribesii only males have been reared from the unfertilized eggs. The im
pregnated females give rise to individuals of both sexes, but females predominate. 
In Crcesus varus and Pcecilosoma luteolum the parthenogenetic eggs produce females, 
and there is no indubitable case of males arising in this manner. For further infor
mation on the subject of parthenogenesis in this family vide Enslin (1914). 

The eggs are usually laid in young shoots or in leaves and the saw, or cutting 
instrument of the ovipositor, is toothed in various ways in conformity with the nature 
of the oviposition. Its serrations are large and stout in species which lay their eggs 
in woody t.wigs; very fine in those which oviposit in leaf-tissue; or scarcely evident 

FIG. 528.-LARVA OF NEMATU8 RIBESII. 

s, spiracles. After MacGillivray, Can. Entom. 45. 

at all in Nematus ribesii, which simply attaches its eggs each by means of q. small 
flange into a minute slit on the underside of a leaf. In most species, during oviposition 
the blades of the ovipositor move alternately, one being thrust forward while the other 
is withdrawn, until an incision or pocket of the required depth is formed. The larvre 
are termed caterpillars and often bear a close general resemblance to those of the 
Lepidoptera. They are exclusively phytophagous in habit and affect almost all orders 
of Phanerogamia and certain of the Filices. Trees and bushes, however, support a 
larger number of species than herbaceous plants. The larvre (Yuasa, 1922), exhibit 
much·diversity of habit and a large number are nocturnal feeders: many are solitary, 
while others are gregarious. The vast majority live exposed but some live internally 
in stems, fruit, or galls and a certain number are leaf-miners. Many closely simulate 
their environment and are cryptically coloured, while others are very conspicuous 
with bright colours. In numerous species the larvre are covered with a whitish powdery 
exudation: in Caliroa they are slug-like and the body is obscured by a darkly coloured 
slime or exudation" and some species of Blennocampa are invested with bifurcate 
spines. The body-segments of saw-fly larvre are usually subdivided, by means of 
transverse folds, into annulets whose number appears to be constant for each species 
(Fig. 528). Three pairs of thoracic limbs are present and almost all species carry 
abdominal feet also. Unlike those of the Lepidoptera 1 there are usually more than 
five pairs of the latter organs and they are devoid of crochets, The number of these 
appendages varies among different sub-families. The Xyelinre are exceptional in that 
they are borne on all the abdominal segments: it is also noteworthy that MacGillivray 
considers that the venation in this group is the most generalized of all Hymenoptera. 
In other Tenthredini.dre abdominal feet are absent from the 1st and 9th segments and 
in the Pamphiliinre they are wanting on all the segments. The head is large and 
chitinized and there is a single ocellus on either side (Fig. 529). The antennre are 

1 Except certain Micropterygidre. 
G.T.E·-35 
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composed of a variable number of joints, attaining a maximum of seven in the Xyelin::e 
and Pamphiliin::e. In the latter sub-family there are 3-jointed sub-anal appendages 
which are wanting in other Tenthredinid::e. In many cases the larv::e emit secretions 
which are produced by special glands. The latter in the Cimbicin::e open just above 
the 2nd to 8th abdominal spiracles and in some instances eject a jet of spray. Caliroa 
has a pair of ventral digit-like glands opening between the head and prothorax; many 
larv::e are provided with glands resembling osmeteria, which open by means of a slit
like aperture on the sternum of each of the first 7 abdominal segments. Pupation, 
as a rule, takes place in an elongate-oval silken cocoon which mayor may not be mixed 
with soil particles; in other cases an earthen cell is constructed. In Cirnbex and 
Trichiosoma the cocoon is double, the outer one being of a leathery consistency. In 
these two genera it is found attached to the larval food-plant but, as a rule, pupation 
occurs in the soil. 

During their larval stage some species are capable of causing great destruction of 
foliage and are thereby injurious. In this way N ematus ribesii is destructive to Ribes, 
A thalia spinarum F. to turnips and allied plants, various species of Lophyrus are 
injurious to pines, Lyga;onematus erichsonii is sometimes exceedingly destructive to 
larch and Caliroa cerasi L. (limacina Retz.) to pear. Species of several genera, notably 
Pontania, form galls, particularly upon the leaves of Salix. Beyerinck (Botan. Zeit. 
46) has made a study of the development of the galls produced by Pontania proxima 
Lep. (Nematus caprer:E). Unlike what happens in the case of Cynipid galls, those pro-

duced by this insect very quickly 
commence to develop and may be 
fully grown before the larva 
hatches. The cause of the gall is 
stated to be an albuminous secre
tion that is injected along witp. the 
egg into the tissue of the leaf, and 
Beyerinck suggests that it contains 
an enzyme that acts upon the plant 
cells in such a manner as to lead 
to gall formation. It appears that, 

A 

FIG. 529.-PAMPJIILlUS DENTATUS, LARVA. 
FRONTAL VIEW OF HEAD; 2, MAXILLlE 

LABIUM. 

I, in this case, it is the secretion and 
AND not the presence of the egg that is 

the primary cause, since after the 
egg has been killed by pu~ring 
with a fine needle the gall con-

AC, ante·coxal piece of mandible; SP, spinneret (other lettering 
as in Fig. 4 (p. 13) and Fig. 8 (p. 16). Adapted from MacGillivray, 
loco cit. 

tinues to develop. In the case of 
P. viminalis Htg. Beyerinck finds that the galls produced by this insect fall to the 
ground during winter, but have the property of independent existence. In the spripg 
they increase in size, develop additional chlorophyll and ,/Jso produce lentic:els. 

One of the best general accounts of the family is that of Enslin (1914) which con
tains a full bibliography: among monographic works that of Konow (Gen. Insectormn, 
27, 29) is important. The British species are dealt with by Cameron (1882-92) and a 
useful aid to their identification is given in the more recent series of articles by Morice 
(Ent. Month. Mag., 1903 onwards). 

Sub-order II. APOCRIT A 
Included in this sub-order are the vast majority of Hymenoptera, all 

of which are recognizable by the abdomen being basally constricted or 
petiolate. The imagines are almost always highly specialized in their habits 
and are often social, living in large communities. The ovipositor is adapted 
for piercing in the Parasitica and usually for stinging in the Aculeata. The 
larvre are apodous, and the head is generally well developed but, among 
certain of the parasitic families, it is greatly reduced. The larval habits 
are extremely diverse. Thus many of the Cynipoidea and a few of the 
Chalcidoidea are phytophagous. Other of the Cynipoidea, all the Ichneu
monoidea, and almost all the Chalcidoidea, are carnivorous, being either 
ecto- or endoparasites. The Sphecoidea and Vespoidea are largely pre
daceous, and the Apoidea are nourished upon nectar and pollen. 

The British Aculeata are described and figured in the work of Saunders 
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(r896). Among the Parasitica, the Cynipoidea are dealt with by Cameron 
(r882-92) and the Ichneumonoidea by' Marshall (r885-99) and Morley 
(r903-r4), but no monographic works exist on the remaining British para
sitic groups. 

The literature on the biology of the Aculeata has assumed enormous 
proportions. Among the more important works are those of Fabre (I879-
r89r), Ferton (r90r-r92r), Friese (r922- 23), G. W. and E. G. Peckham 
(r898), Roubaud (r9I6), Verhoeff (r892), Williams (r9I9), and Wheeler 
(r9Io). The latter authority (I923) has recently given an admirable 
annotated bibliography.of the subject to which the reader is referred. 

Superfamily Ichneumonoidea (Fig. 530) 
ANTENNJE NOT ELBOWED. PRONOTUM ALWAYS EXTENDING BACK TO 

THE TEGULJE. TROCHANTERS 2-JOINTED. FORE-WINGS WITH A STIGMA. 

ABDOMEN WITH THE VENTRAL SEGMENTS MOST FREQUENTLY SOFT AND 

MEMBRANOUS AND WITH A FOLD. THE OPIVOSITOR ISSUING SOME DISTANCE 
BEFORE THE APEX OF THE ABDOMEN. 

With the possible exception 
of the Chalcidoidea it is the 
largest super-family of the order. 
At the present time probably less 
than r6,000 specIes have been 
described but undoubtedly many 
times this number inhabit the 
world. Without exception all 
are parasites preying upon some 
stage in the life-history of other 
insects, or occasion~lyupon other 
Arthropoda. It will, therefore, 
be readily appreciated that the 
group, as a whole, is of the / 
greatest importance, not only on FIG. 530.-TJIERSILOOHUS OONOTRAGJIELI, FEMALE: 

account of the role which it After cushman~~;u~:G;~ic. Res. 6, 1916. 

plays in the economy of nature, . /' . ' . 
but also from the fact that the majonty of the speCIes are benefiCIal to 
man. For the classification of the superfamily vide Ashmead (r900). 

Table of Families :-
I (8).-Winged forms. 
2 (3).-Abdomen inserted upon the dorsum of the metathorax. 

3 (2).-Abdo_m~n ins~:rt_ed normally. 
4 (7)·-Fore-wings with one recurrent vein or none. 
5 (6).-A narrow costal cell present. 

6 (5) .-Costal cell obliterated. 

7 (4)·-Fore-wings with two recurrent veins. 

8 (1).-Apterous forms. 
9 (IO).-All the abdominal segments flexible. 

10 (9).-Abdominal segments not as above. 

EVANIIDlE 

(p. 548) 

STEPHANIDlE 

(p. 550 ) 

BRA CON IDlE 1 

(p. 549) 
ICHNEUMONIDlE 2 

(p. 548) 

BRACONIDlE 

(part) 

1 Except in Lysiognatha Ashm. which has two recurren.t veins. 
2 Except in Pharsalia Cress. which has one recurrent vem. 
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II (I2).-Abdominal segments 2 and 3 flexible. 

12 (n).-Abdominal segments 2 and 3 rigid and connate. 

ICHNEUMON IDlE 

(p. 548) 
BRACONIDlE 

(part) 

FAM. EVANIIDlE.-The members of this family are often known in America 
as Ensign flies from their curious habit of carrying the abdomen upraised. This 
region of the body is, as a rule, strongly compressed with a very slender base which is 
inserted on the dorsum of the metathorax. These insects are also distinguishable 
from all other families (except the Stephanid<e) by the presence of a distinct costal 
cell, the costal and sub-costal veins being clearly separated. Evania Ill. is an egg 
parasite of the Blattid<e and E. appendigaster L. is distributed in most parts of the 
world, its host being Periplaneta. Gasteruption Latr. (Famus F.) has been bred from 
various genera of solitary bees and wasps and its life-history has been studied by 
Hoppner (A ll. Zeits. /. Ent. 1904). A ulacus J ur. and its allies are parasitic upon Coleop
terous larv<e, particularly those of the Cerambycid<e. The family has been mono
graphed by Bradley (Trans. Am. Ent. Soc. 1908) and is nearly world-wide, including 
about 300 species. 

FAM. ICHNEUMONIDlE (Ichneumon Flies).-The vast majority of these insects 
are parasites, or less frequently hyperparasites, of Lepidoptera. After the latter 
come the Hymenoptera, and more especially the family Tenthredinid<e, but all groups 
including the Parasitica may be attacked. A considerable number of Ichneumonid<e 
are known to utilize Coleoptera as their hosts, but Diptera are much less frequently 
selected. A still smaller number parasitize Arachnida, and a few attack Aphidicl<e and 
also Hemerobius, Chrysopa and Raphidia. Most species of the family are probably 
seldom restricted to any individual specific host, and those so accredited are becoming 
reduced in number with increasing knowledge. Psychologically, the Ichneumons 
are among the most highly evolved of all solitary insects. The remarkable instincts 
exhibited in the discovery of their hosts and in providing for their offspring, their 
mating_habits, behaviour in captivity, etc., afford a wide field for investigation. The 
imagines are most active on warm sunny days and are partial to flowers, especially 
Umbellifene. Many species hibernate as adults but it appears to be the female, the 
male perishing before the advent of winter. Apterous and brachypterous forms are 
comparatively frequent in the sub-family Cryptin<e, and it is often'a matter of difficulty 
to discriminate them from similarly wingless Braconid<e. In the Cryptin<e, how..mr, 
the abdominal segments are soft and telescopic whereas, among the Braconid<e, the 
middle segments are connate and rigidly fixed: Ichneumon larv<e are composed of a 
variably shaped head and usually 13 body segments. Spiracles, when present, consist 
typically of nine pairs, which are situated on the pro- or meso-thorax, and first eight 
abdominal segments. Among endoparasitic larv<e, there are frequently striking· 
differences between the earlier and later instars. One of the mbst characteristic features 
of the newly hatched larv<e of many species is the presence of a prominent caudal 
prolongation or tail. Owing to the fact that it disappears when the tracheal system 
becomes open to the exterior, this appendage has been regarded as an accessory 
respiratory organ, functional during the earlier stages of life. As Timberlake has 
remarked, there is nothing in its structure to contradict this view as it is a hollow stmcture 
lined with hypodermal cells, and is filled with blood a greater part of the time. Seurat, 
on the other hand, ascribes to it a locomotory function. The head in the young 
larva is large, and often strongly chitinized, the segments between that region and 
the caudal appendage are sometimes greatly compressed, and the respiratory system 
is apneustic. The second instar is usually of a transitional nature between the first 
and third. The tail, though greatly reduced, is still evident, and the head has also 
undergone reduction and is less strongly chitinized. In the third instar the larva 
generally becomes maggot-like, with a greatly abbreviated head, and the tail, as a 
rule, has disappeared or is vestigial. Towards the end of this stadium Timberlake 
states that, in Limnerium, the tracheal system communicates with the exterior by the 
spiracles. The number of instars present is obviously extremely difficult to determine: 
according to Cushman there are five in Thersilochus, and the same number is stated 
by Smith to be present in Calliephialtes. Ectophagous larv<e are always devoid of 
the caudal appendage, the head is well developed and chitinized, a variable growth 
of body hairs is evident, and the tracheal system is peripneustic from an early stage. 
When fully fed, Ichneumon larv<e construct silken cocoons often composed of irides
cent shands of yellow, black or white threads, and in some cases the cocoon is suspended 
by means of a filament from the food-plant of the host. Some of the most remarkable 
members of the family belong to the genera Thalessa and Rhyssa whose larv<e are 
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ectoparasites of those of the Siricidre. The adults are notable on account of the great 
length of the ovipositor and for their specialized habits of egg-laying. Thalessa has 
an ovipositor which may attain a length of six inches, with which it pierces or drills 
the wood of trees in onler to reach the burrows occupied by Treme:>:. The English 
Rhyssa persuasoria similarly parasitizes Sire:>:, and it has been recorded to reach its 
host by inserting the terebra along the burrows of the latter and also by passing it 
through the bark and solid wood. An interesting account of the habits of both genera 
is given by Riley (Ins. Life I). The familiar reddish-brown species of Ophion, so often 
attracted to lights, are common parasites of Noctuid larvre. Hemiteles area tor has 
been bred from a remarkable range of hosts comprising many Lepidoptera, various 
Hymenoptera including other Ichneumonidre, and also from several Coleoptera and 
Diptera. Agriotypus Walk. is an endoparasite of trichopterous larvre, and the 
adults have been observed to dive and swim beneath the water while seeking their 
host (vide Klapalek, Ent. Month. Mag. 1889). Ashmead places this genus in a family 
of its own on account of the hardened abdominal sterna and the spined scutellum. 
Among the more important life-history studies of individual species of Ichneumonidre 
the reader should consult the old though important work of Ratzeburg (vol. 1, 1844), 
particularly for the larval development of Anomalon; among others, the papers of 
Cushman on Calliephialtes (Journ. Agric. Res. 1) and Thersilochus (lb. 6), Newport 
(1!)55) on Paniscus, Timberlake (U. S. Bur. Ent. Tech. Ser. 19) on Limnerium, and 
Imms (Ann. App. Biol. 1918) on Pimpla may be mentioned. Morley (1903-1914) 
has monographed the British 
species, Berthoumieu (1894, etc.) 
those of Europe, and Schmie
deknecht (1992-II) has pro
duced a general systematic 
treatise on the family. 

FAM. BRACONIDJE (Sup
plementary Ichneumon Flies).
These insects are closely related 
in structure and habits to the 
Ichneumonidre but are readily 
separated by 3rd discoidal and 
2nd apical cells in the fore-wings 
being confluent. Further points 
of distinction are afforded by 
the 1st cubital and 1st discoidal 
cells which are usually separate, 
whereas in the Ichneumonidre 
they are merged into one (Fig. 
531). Also, with the exception of 
the sub-family Aphidiinre, there 
is no articulation between the 

FIG. 53I.-FORE-WINGS OF A, AN ICHNEUMON AND 
B, A BRACONID. 

After Comstock, " Wings of Insects." 

second and third abdominal segments. Braconidre are easily distinguished from the 
Evaniidre and Stephanidre by the absence of the costal cell. With regard to their 
hosts a great variety of insects are selected; the Lepidoptera are the most commonly 
parasitized, and more than one hundred examples of an individual species of Braconid 
may issue from a single caterpillar. Braconid larvre are composed of thirteen body 
segments' and, in the first instar, the head is often large and chitinized. As in the 
preceding family, the most frequent number of spiracles in the adult larva is nine 
pairs, of which the _first is placed as a rule on the mesothorax, and the remainder on 
the first eight abdominal segments. The endoparasitic forms are often provided 
with a caudal appendage similar to that found in Ichneumonid larv~. In Apanteles, 
Microplitis, Microgaster, and probably in other closely allied genera, this appendage 
is wanting, and the proctodreum is evaginated to form a swollen anal vesicle, which 
has been regarded as an accessory respiratory organ. Weissenberg (Sitz. Ges. Natur. 
Freunde Berlin, 1908), from the analogy of the hind-gut of other parasitic larvre, con
siders its most important function to be that of excretion. Pupation may occur 
within the host as in Rhogas and Aphidius or, more usually, externally as in Apanteles 
and many other genera. The pupa is enclosed in a cocoon which, in the last-named 
genus, is composed of fine threads of white, yellow, or buff-coloured silk. In Micro
gaster the cocoon is of a glistening papyraceous nature. Very frequently members 
of a species emerging from the same host construct their cocoons in a mass, often 
enveloped by a common web. They may be closely compacted to form a cake, the 
individual cocoons being regularly arranged so as to resemble honeycomb. The 
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biology of Apanteles has been studied by many observers, notably Martelli (1907), 
Seurat (1899), Muesebeck (1918) and others. It is a common endoparasite of lepidop
terous larv;e, A. glomeratus being an abundant enemy of Pieris, a single larva of which 
may support nearly ISO examples. When mature the larval parasites gnaw their 
way through the skin of the host, and construct sulphur-yellow cocoons, irregularly 
heaped together. The biology of Microgaster is very similar and M. connexus is a 
common parasite of Porthesia similis (Gatenby, 1919). The species of Alysia and 
their allies are distinguished by the peculiar attachment of the mandibles, the apices 
of the latter being directed outwards and not meeting when closed. Those Braconids 
which exhibit this curious feature are separated by Ashmead into a distinct family
the Alysiid;e. Almost all their species are parasitic upon dipterous larv;e and the 
biology of Alysia manducator Panz has been followed by Altson (Proc. Zool. Soc. 
1920). It is a common endoparasite of Calliphora, Lucilia and other Muscids; the 
young larva has a caudal appendage, and becomes maggot-like with nine pairs of 
open spiracles in the last instar. One of the most remarkable Braconids is Sycosoter 
lavagnei which is an ectoparasite of the Scolytid Hypoborus ficus (vide Lichtenstein 
and Picard, 1918): both sexes are dimorphic, having winged and apterous forms, 
but in the male the alate forms are the commoner. 

The Aphidiin;e are parasites of Aphidid;e, more especially of the apterous viviparous 
females and, as a general rule, only a single larval parasite develops within the body 
of an individual host. The life-history of Aphidius testaceipes, which is a common 
enemy of Toxoptera graminum, has been followed by Webster and Phillips (U.S. Bur. 
Ent. Bull. IIO). These observers state that the aphid may be attacked in any of its 

FIG. 532.-COCOON OF PRAON BENEATH THE 
BODY OF ITS DEAD HOST (AN APHID). 

After Riley. 

ins tars but if parasitized before the 
second ecdysis the host fails to reach to 
maturity. On the other hand, if the 
Aphidius deposits its egg in an aphid 
which has passed the second ecdysis the 
parasitism does not prevent its attaining 
the adult stage. If the aphid has passed 
the third ecdysis before becoming para
sitized, it is capable in all cases of pro
ducing a small number of young before 
succumbing. When 'about to pupate the 
Aphidius larva makes a ventral fissl.l.I.e..in 
the body-wall of its host, and cements 
the latter down to the object upon which 
it finally rests. The dead parasitized 
aphids are familiar straw-coloured ob
j ects and each bears a circular hole 
through which the adult parasite issued. 
Species of Praon leave their host prior to 

pupation and construct for themselves a separate shelter, which is usually surmounted 
by the empty body of its victim (Fig. 532). The British species of Braconidce have 
been monographed by Marshall (1885-99), and Lyle has contributed notes on their 
biology (Entom. 1914 et seq.). 

FAM. STEPHANIDJE.-The members of this small family have very slender 
antenn;e composed of 30 or more joints and the abdomen and the ovipositor are like
wise elongate. The antenn;e are situated far forwards near to the clypeus, the hind 
femora are usually swollen and spined beneath, and the hind-wings are most frequently 
without basal cells. About 100 species have been described (vide Gen. Insectorum. 
77) but nothing definite appears to be known concerning their biology. 

Superfamily Chalcidoidea (Fig. 533) 

ANTENNJE ELBOWED. PRONOTUM NOT EXTENDING BACK TO THE 

TEGULJE. TROCHANTERS 2-JOINTED. FORE-WINGS WITHOUT A STIGMA 

OR CLOSED CELLS. ABDOMINAL STERNA HARD AND CHITINIZED WITHOUT 

A FOLD: OVIPOSITOR ISSUING SOME DISTANCE BEFORE THE ANAL EXTREMITY. 

The superfamily is probably the largest in the order as regards number 
of species and it also includes some of the smallest members of the Insecta. 
The bulk of its species are either parasites or hyperparasites of other insects, 
and are of e\0en greater economic importance than those of the Iehneu-
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monoidea as a natural means of control. Non-parasitic vegetable-feeding 
forms are comprised in the families Agaonidre, Torymidre and Eurytomidre : 
in the majority of cases they infest seeds but certain members of the last
mentioned family are gall-producers on various Graminere. The parasitic 
species, in a relatively small number of instances, are indirectly injurious 
from the fact that they destroy beneficial insects such as Tachardia lacca, 
or are hyperparasites of other insects which, in their turn, are destroyers 
Qiharmful species. The orders most commonly parasitized are the Lepi
,aoptera, Hemiptera-Homoptera and Diptera. Lepidoptera are more 
frequently selected than any other major group, enormous numbers of their 
eggs and larvre succumbing to infestation by various Chalcids: on the 
other hand their pupre are rarely affected. Certain Pteromalidre, however, 
prefer to oviposit in larvre just about to pupate or in newly transformed 
pupre. The Coccidre are the most universally attacked of any family of 
insects, and some species (Coccus caprece, etc.) are so freely infested that it 
is often rare to find an immune individual. In temperate regions Chalcids 

FIG. 533.-A TYPICAL CHALCID, BLi~'TOTIIRjX/SERIGEA, FEMALE: MAGNIFIED. 

seem to pass through from one to three generations in the year-a higher 
number is apparently rare. One of the shortest life-cycles occurs in 
Euplectrus comsiockii, which develops from the egg to the adult in seven 
days (Schwarz, Am. Nat. 1881), and an equally rapid development is found 
in Trichogramma pretiosa, which has been reared from the eggs of Aletia 
xylina (Hubbard). Cha1cid larvre .are composed, as a rule, of a reduced 
head and thirteen trunk segments. In the ectophagous forms open spir
acles are evident at the time of hat~hing: thus in Aphelinus mytilaspidis 
the full number of eight pairs are present at this stage. In other cases, as 
in Torymus propinquus, a reduced number of spiracles is present at the 
time of eclosion from the egg, additional pairs being acquired subsequently. 
Among endophagous species the younger larvre are usually apneustic, open 
spiracles developing later when the destruction of their hosts reaches an 
advanced stage. In Blastothrix and other genera the newly hatched larva 
is exceptional in being metapneustic (Fig. 534). This condition is an 
adaptation which allows of the respiration of atmospheric air through the 
pedicel of the egg, which protrudes externally through the body-wall of the 
host and functions as a kind of respiratory tube. In Blastophaga psenes 
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the tracheal system is apneustic throughout life (Grandi). Hypermetamor
phosis is common in the superfamily, and at least five types of primary 
larvre are known, but probably others await discovery. In the later instars 
all these types assume an ovoid maggot-like form and, in the majority of 

FIG. 534.-BLASTOTHRIX SERIOEA. . T, NEWLY
HATCHED LARVA RESPIRING THROUGH THE 
PEDICEL (P) OF THE EGG. 

C, r(,mains of chorion; CU, body-wall of host; H, head; 
5, spiracles. 

II, LARVA IN LAST INSTAR. 

AC, PC, anterior and posterior tracheal commissures; 
I, 13, 1St and 13th trunk segments. 51, SII, 1St and 9th spir
acles; SB, spiracular trachere. 

species, the latter kind of larva 
is retained throughout life. Chal
cid larvre construct no cocoons, 
and pupation usually occurs either 
within or in close proximity to 
the remains of their hosts. 

For the classification of the 
Chalcidoidea and keys to the 
major divisions and genera vide 
Ashmead (19°4): a general 
account of the biology of the 
group is given by Howard (1891) 
and a· useful summary of much 
of what is known concerning the 
larval forms by Richardson (1913). 
Life-history studies of individual 
species are numerous; in EUi"ope 
a series of papers has been con
tributed by Silvestri (Boll. Lab. 
Zool. Portici) and a large number 
by other authors will be found in 
various American journals and 
bulletins. Some of the more 
important of these papers are 
referred to under the fammt!S 

concerned. A monograph on the British species is greatly to be desired 
and over lAoO species are listed by Morley (1910). 

Key to the families :-

1. Thorax greatly elevated, scutellum much enlarged 
and produced behind apex in a bizarre manner. 

2. Wings nearly veinless, with very long fringes: hind 
pair linear, very narrow and stalked at the base . 

. Antenn;:e without ring-joints, scape short. Ovi
pcsitor issuing near apex of abdomen. 

3. Females with head oblong, marked with a broad 
longitudinal dorsal furrow. Fore and hind legs 
very stout, middle pair short or aborted, ovipositor 
long and prominent. Males apterous, with short 
3-9 jointed antennce. Abdomen broadly sessile, 
long and tubular. 

4. Not as in I, z or 3. 
5 (zo).-Tarsi generally 5-jointed, anterior tibial spur large: 

axill:oe with anterior margin straight and not 
produced in front of tegulce. 

6 (7).-Middle legs long, with large stout tibial spurs: meso
pleura without a femoral furrow. 

7 (6).-Spurs of middle tibice short or weak: mesopleura 
with a femoral furrow. 

S (9).-Hind tibice with one apical spur: ovipositor rarely 
long: mandibles stout with 3 or 4 apical teeth. 

9 (8k-Hind tibice with two apical spurs. 
10 (13).-Hind coxa! very large and long. 

EUCHARIDlE 

(p. 555) 

MYMARIDlE 

(p. 556) 

AGAONIDlE 

(p. 553) 

ENCYRTIDlE 

(p. 555) 

PTEROMALIDlE 

(p. 555) 
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II (12).-Hind cox<e sharply 'ridged above, triangular in 
section: hind femora rarely inflated. Ovipositor 
usually long. 

12 (II).-Hind cox<e more or less cylindrical: hind femora 
much swollen and toothed or denticulate ven
trally. Hind tibi<e arcuate, the tarsi inserted just 
before the apex. 

13 (Io).-Hind cox<e not conspicuously large. 
14 (I7).-Pronotum large and quadrate or not narrower than 

the mesonotum. 
15 (I6).-Abdomen rounded or ovate: 2nd tergum never very 

large: mandibles commonly 4-dentate. 
16 (I5).-Abdomen small, triangular, .mostly formed by the 

2nd and 3rd terga: mandibles 2-3 dentate. 
17 (I4).-Pronotum narrower in front or transverse, rarely 

as wide as the mesonotum. 
18 (I9).-Mesepisternum small: femora never much dilated. 

19 (18).-Mesepisternum large: either the anterior, posterior, 
or both femora much dilated. 

20 (.~».-Tarsi 3- to 5-jointed: axill<e produced forward level 
with or in advance of the tegul<e: tibial spurs 
small or weak. 

21 (z2).-Tarsi4-5 jointed: fore-wings not short and broad, 
pu bescence normal. 

22 (zl).-Tarsi 3-jointed: fore-wings short and broad, pu
bescence usually arranged in lines. 

TORYMIDlE 

(p. 554) 

CHALCIDIDlE 

(p. 554) 

EURYTOMIDlE 

(p. 554) 
PERILAMPIDlE 

(p. 554) 

MISCOGASTERIDlE 

(p. 556) 
CLEONYMIDlE 

(p. 556) 

EULOPHIDlE 

(p. 556) 
TRICHOGRAMMIDlE 

(p. 556) 
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FAM. AGAONIDlE (Fig insects).-A family which includes some of the most 
remarkable of all Chalcids both as regards their structure and biology. Sexual 
dimorphism has reached a very highly specialized condition, the males being wingless 
and greatly modified in other respects, bearing no resemblance to the members of the 
opposite sex. The species are caprifiers that live within the receptacles and pollinate, 
or fructify, the flowels of various species of Ficus. The number of known species and 
varieties of fig is said to reach five hundred and, in certain of these, the caprification 
phenomena are known to vary widely, and many of the insects involved are appar
ently confined to certain definite species of figs. The investigation of the symbiotic 
relationship between plant and insect offers, therefore, an extremely wide fielU for 
investigation. The best known species is Blastophaga psenes L., which exists in a 
state of symbiosis within the fruit of Ficus carica. It is well known that, in the 
Smyrna variety of fig, the receptacles contain only _female flowers, and pollination is 
brought about by the agency of this Chalcid. On the other hand, the caprifigs, or 
varieties which contain male flowers, are the natural hosts of the Blastophaga. Cap
rification, or the process of hanging caprifigs in the Smyrna trees, is an old custom 
based upon the belief that the figs would not mature unless it were carried out. Much 
discussion has arisen with reference to whether caprification is essential or not. In 
California it is agreed that the culture of the Smyrna fig necessitates the simultaneous 
cultivation of caprifying varieties in which the Blastophaga lives. If the latter insect 
fails to pollinate the Smyrna figs, the fruit falls without maturing. The eggs of this 
Chalcid are laid in the ovaries of the caprifig and give rise to galls therein. The male 
imago emerges first and, on finding a gall containing a female, commences to gnaw a 
hole through the wall of the ovary and fertilizes the female while the latter is still in 
situ (Fig. 535). The female leaves the receptacle through the opening at its apex 
and, laden with adherent pollen, flies to a neighbouring fruit. If the latter be in the 
right condition she seeks the opening and gains admission into the interior of the 
receptacle, where she commences oviposition. Should the caprifig, from which she 
has emerged, be suspended in a tree of the Smyrna variety she enters a fruit of the 
latter, but subsequently discovers that she has selected a wrong host, as the flowers 
are of such a shape that they do not allow of oviposition within them. After wander
ing about for a while, she usually crawls out of the receptacle and incidentally pollin
ates the flowers. The males mostly die without ever leaving the receptacles in which 
their development took place. . 

According to Baker (1913) the active caprifier and normal inhabitant of the recep
tacles of Ficus nota in the Philippines is Blastophaga nota Bak., and related to the 
latter species is a complex Chalcid association. Agaonella larvalis and Sycophaga are 
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probably inquilines, and Sycoryctes philippensis, along with other Chalcids parasitizes 
the Blastophaga. In India Cunningham (Ann. Bot. Gal'd. Calcutta I) states that the 
complete development of Ficus roxburghii is dependent upon the access of the fig
insects to the interior of the receptacles and, should their entry fail to occur, both 
male and female flowers abort. Grandi (1920) has investigated the structure and biology 
of Blastophaga psenes and gives a full bibliography. The taxonomic writings of the 
latter author (Boll. Lab. Zool. Portici 1916 et. seq.) also deal with the external morph
ology of many genera. Papers by Mayr, Saunders, and Muller should also be 
consulted. 

FAM. TORYMIDAL-A very large family whose affinities lie more closely with 
. the Agaonid<e than any other group. Members of the sub-family Idarnin<e are found 

associated with fig-insects either as parasites or inquilines. Their males are often 
apterous, but the abdomen is short and not tubularly lengthened or broadened at 
the apex as in the Agaonid<e, The great majority of Torymid<e are parasites of galli
colous insects, but a certain number have been reared from the nests of bees and 
wasps. Species of Megastigmus have been bred from hymenopterous and dipterous 
gall-makers while others are phytophagous, attacking the seeds of Conifer38, Rosa, 
etc. Syntomaspis druparum Boh. is the apple-seed Chalcid of Europe and North 
America. Monodontomerus Westw. parasitizes many insects, M. obsoletus F. having 

FIG. 535.-MALE BLASl'OPHAGA PSENES 

FERTILIZING THE FEMALE, THE LATTER 
WITHIN A GALLED FLOWER OF THE 
FIG. 

After Gra1ldi, Boll. Lab. Zool. Portiei 14, 1920. 

been bred from both Lepidoptera and 
Hymenoptera. Podagrion Spin. is quite ex
ceptional in being a parasite of the eggs of 
Mantid<e, and Torymus propinquus Frerst. 
is an ectoparasite of gall-forming Cecido
myids (vide Seurat 1899). 

FAM. CHALCIDIDJE.-This group 
according to Ashmead attains its maximum 
development in S. America and is rather 
poorly represented elsewhere: eight species 
are listed by Morley as being British. Many 
of its members are primary or secondary 
parasites of lepidopterous larv<e or pup<e; 
Chalcis Spin. has also been rearedc from 
larv<e of Stratiomyia and Leucospis F. from 
various genera of bees and wasps,_-Ihe 
biology of L. gigas has been observed by 
Fabre (1886): it undergoes hypermetamor
phosis and is an ectoparasite of Chalicodoma 
murarta. 

FAM. EURYTOMIDJE.-Probably nO 
other family of Cllalcids exhibits so wide· a 
diversity of habits as is met with among the 
members of this group. Isosoma (Harmolita) 
produces galls on the stems of wheat, rye, 
barley and various grasses (vide Phillips, 
U.S. Dep. Agric. Bull. 808). I. grandis ,Riley 

exhibits alternation of generations: the apterous form, minutum, occurs in spring, 
laying its eggs at the base of the young wheat plant, and the larva destroys the 
tiller affected, or may kill the entire plant. The alate form, grandis, is the summer 
generation which lays its eggs slightly above the nodes. Males are rare and have 
only been found in the case of the spring brood: I. orchidearum Westw. is exceptional 
in that it produces galls on the stems and leaves of certain orchids (Cattleya). Brucho· 
phagus junebris How. is likewise phytophagous and passes its developmentaL stages 
in the seeds of clover and alfalfa. Species of Eurytoma and other genera attack the 
seeds of plum, grape, Ampelopsis, etc. Other members of the family live in the nests 
of bees and wasps or are parasites of gall-forming Diptera and Hymenoptera; a few 
are egg-parasites of Orthoptera, while several species of Eurytoma appear almost 
ubiquitous in their selection of hosts. 

FAM. PERILAMPIDJE.-A small family distinguishable from the preceding by 
the large thorax and small triangular abdomen. The biology of Perilampus hyalin us 
Say, a hyperparasite of the larva of HYPhantria and other hosts, has been studied by 
Smith (Bur. Ent., Tech. Ser., 19, pt. 4: Psyche, 1917). The newly hatched larva is 
an active planidium which bores its way into the Hyphantria, in whose body-cavity 
it remains until it meets with either the larva of the Tachinid Varichceta or of the 
Ichneumon Limnerium, which are primary parasites. Upon discovering one or other 
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of the latter hosts it becomes endoparasitic: subsequently it makes its way out, 
undergoes hypermetamorphosis into a white maggot-like larva and becomes an ecto
parasite of the same host. 

FAM. EUCHARID.!E.-Included herewith are certain remarkable metallic blue 
or green Chalcids characterized by the configuration of the scutellum which is fre
quently produced backwards in the form of powerful spines. So far as known they 
are ectoparasites of ants and are mainly found in the tropics. Orasema Cam. attacks 
members of the genera Pheidole and Solenopsis. According to Wheeler (1907) it 
parasitizes the prepupa just after the last exuvi<e have been stripped off by the worker 
ants. Its newly hatched larva is a planidium and is found attached near to the head 
of the host. As a result of the parasitism the hosts undergo degeneration and fail to 
become imagines. 

FAM. ENCYRTID.!E.-The Chalcids comprised in this extensive family live as 
parasites of the ova, larv<:e, or pup<e of various insects. Although the Hemiptera
Homoptera and Lepidoptera are most frequently selected hardly a single order of 
insects is immune from their attacks. Certain genera are definitely restricted with 
reference to their selection of hosts. Thus Aphycus is an ecto- or endo-parasite of 
Coccid<:e, particularly of Coccus L.; BlastotMix almost exclusively parasitizes Coccus 
and Pulvinaria while Ageniaspis is mainly confined to the lepidopterous genera Litho
colletis and Hyponomeuta. On the other hand Eupelmus affects a wide range of species, 
having been reared from the eggs of Saturnid<e and other of the larger Lepidoptera, 
from the puparium of Glossina, and from Cecidomyid<:e, Coccid<:e and various Cole
optera. The family is of more than ordinary interest and important from the fact 
that certain species of Ageniaspis (Encyrtus) , Litomastix and Copidosoma, which 
parasitize Lepidoptera, are known to exhibit polyembryony. They deposit their 
eggs in those of the hosts but the larv<:e of the latter emerge in the normal manner and 
contain the developing parasites in their body-cavity where embryonic fission takes 
place (vide p. 154). Several members of the family have been the subject of detailed 
biological studies and reference should be made to papers on Ageniaspis by Bugnion 
(1891) and Marchal (1904), on Encyrtus (Comys) by Embleton (1904), on Aphycus and 
Blastothrix by Imms (1918), on Copidosoma by Leiby (1923) and Litomastix by Silvestri 
(1906). The work of Mayr (Verh. Zoo. Bot. Ges. Wien 1875) on the European species 
should also be consulted. 

FAM. PTEROMALID.!E.-This family is the largest among Chalcids and its 
members, like those of the Encyrtid<:e, affect almost all orders of insects either as 
parasites or hyperparasites. Pteromalus puparum is one of the commonest of all 
Chalcids and is widely distributed: it especially parasitizes.Pieris rapm and brassicce 
and an account of its biology is given by Martelli (1907). P. deplanatus Ne¥s has 
been recorded as occurring in great swarms in buildings but there is no satisfactory 
explanation of the habit (vide Scott, Ent. Month. Mag. 1919). Nasonia brevicornis 
Ashm. is a common pupal parasite of Musca dome~tica, Calliphora and other Calyp
ter<e (vide Altson Proc. Zool. Soc. 1920). Spalangia muscidarum is likewise a pupal 
parasite of Musca, Stomoxys, and Hmmatobia, its larva undergoing hypermetamorphosis 
(Richardson 1913). Isocratus and Pachyneuron parasitize aphides, etc., and the Eunotin<e 
mainly affect Coccid<e, Scutellista cyanea Motsh. being an important factor in the con
trol of the Black Scale (Saissetia olece) in California and of Ceroplastes rusci in Italy. 

FAM. EULOPHID.!E.-A very large family consisting for the most part of very 
small species. The Aphelinini are important parasites of the Diaspine coccids and of 
aphids, their larv<:e being either ectophagous or endophagous. Aphelinus mytilas
pidis de B. is a co~mon ectoparasite of the Mussel Scale and its structure and biology 
has been fully studied (Imms, 1916). Prospaltella berlesei Silv. has been introduced 
into Italy for the purpose of controlling Diaspis pentagona and there is now a volum
inous literature on the subject. The Tetrastichini affect nearly all orders of insects 
either as primary or secondary parasites: the majority parasitize gallicolous Diptera, 
Hymenoptera, and Coleoptera. Tetrastichus asparagi Cwfd. is an egg-parasite of 
Crioceris asparagi and, according to Johnston (Journ. Ag. Res. 4, 1915), from 1 to 10 
larv<e occur in a single egg. The beetle larv<:e emerge from the infested eggs but fail 
to pupate, although a pupal cell is constructed, and the adult parasites issue from the 
latter. Melittobia Westw. (Anthophorabia Newp.) is a common ectoparasite of the 
pup<e of Bombus, Osmia, and other Aculeata (vide Balfour-Browne, Parasitology 1922) 
as well as of certain Diptera, more especially Calliphora. Members of the sub-family 
Eulophin<e are principally primary or secondary parasites of leaf-mining Lepidoptera. 
Euplectrus is exceptional in that it is an external parasite of ectophagous hosts. 
Thripoctenus russeli Cwfd. is an endoparasite of Heliothrips in the nymphal stage of 
the latter (vide Russell, U.S. Bur. Entom. Tech. Ser. 23, pt. 2, 1912). 
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FAM. TRICHOGRAMMID.tE.-The 3-jointed tarsi separate this family from all 
others and, according to Ashmead,. it is related to the Eulophidre, connecting the latter 
with the Mymaridre. Over 100 species are known, all are egg-parasites, and they 
include some of the most minute examples of the Insecta. Triehogramm(~ usually 
parasitizes Lepidoptera and Howard mentions that as many as 20 individuals will 
develop within a single egg of Papilio turnus: T. evanescens Westw. is a parasite of 
Donaeia and certain Odonata (vide Gatenby 1917)' T. semblidis Aur., which has been 
reared from the eggs of Mammestra brassiea3, has both alate and apterous males. 
Prestwiehia aquatiea Lubb. has been reared from the eggs of Notoneeta, Ranatra, 
Dytiseus and Pelobius, while Hydrophylax aquivolans parasitizes those of Isehnura. 
The last-named Chalcid swims beneath the water by the aid of its wings. Porop(Ba 
stollwereki Forst. affects the eggs of Atellabus and, according to Silvestri, it passes 
through five larval forms. 

FAM. MYMARID.tE (Fairy Flies).-The species of this family are all exceedingly 
minute and, similarly to those of the preceding group, they are exclusively egg-para
sites. They are mostly black or yellowish and devoid of metallic colours. Most 
authorities place them among the Proctotrypoidea but Ashmead regards their position 
to be in the present superfamily. One of the most remarkable genera is Polynema 
which parasitizes Hemiptera: P. natans utilizes Notoneeta as its host and both sexes 
swim readily beneath the water by means of their wings. Alaptus Hal. includes pro
bably the smallest of all insects, A. magnanimus Ann. measuring only '21 mm. in length. 
Anaphes conotraeheli Gir. has been reared from the eggs of weevils and Litus Krygeri 
Kieff. from those of Oeypus olens. 

In addition to the preceding there are several other families of lesser importance. 
The MISCOGASTERID.tE are allied to the Pteromalidre and, according to Ashmead, 
the only reliable character to separate them is the number of apical spines on the 
hind tibire. Very little information exists as to their biology but they have been 
reared from a variety of hosts. The CLEONYMID.tE are nearest related to the 
Encyrtidre and the European forms have been mainly reared from coleopterous hosts. 
The Brazilian Peleeinella Westw. includes some of the largest and most striking of all 
Chalcids. The ELASMID.tE are a small family resembling the Eulophidre on account 
of their 4-jointed tarsi but their inflated hind coxre and the compressed femora serve 
to separate them. They are mostly minute black species infesting lepidopterous . 
larvre. 

Superfamily Cynipoidea 

ANTENNiE NOT ELBOWED. PRONOTUM EXTENDING BACK TO THE TEGULiE. 

TROCHANTERS USUALLY I-JOINTED. FORE-WINGS WIjTHOUT A STIGMA,. WITH 
FEW CLOSED CELLS AND REDUCED VENATION. ABDOMINAL STERNA HARD 

AND CHITINIZED WITHOUT A FOLD: OVIPOSITOR ISSUING SOME DISTANCE 

BEFORE THE ANAL EXTREMITY. 

Included in this superfamily are about I,200 species of small, and often 
minute, insects which are usually black or darkly coloured. Biologically, 
they are of great interest as the various species are either gall-makers, 
inquilines or parasites, the first-mentioned exhibiting the phenomena of 
heterogeny and agamogenesis. The eggs are provided with a usually 
elongate pedicel, the larVa! are apodous and maggot-like, and there is no 
cocoon. In the great majority of the imagines the second abdominal 
tergum is larger than the remainder and in many cases forms almost the 
whole of the dorsal surface of the abdomen. The trochanters are described 
by most authors as being 2-jointed but, as Kieffer points out, the apparent 
second joint is formed by the contracted base of the femur. These insects 
are generally regarded as a single family but, in the opinion of Ashmead, 
they consist of at least two well-defined families, the greater number of 
whose members exhibit different modes of life in the two cases. The leading 
work on the group is that of Kieffer (I879, etc.) which forms part of the 
great treatise of Andre. The former author (I9I4) has also written an 
admirable shorter account, which is accompanied by a full bibliography, 
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Ashmead's papers on the classification (Psyche, 10) and Cameron's mono
graph (1882-92) of the British species are also important. For a catalogue 
of the world's species vide Dalla Torre and Kieffer (1910). 

FAM. CYNIPIDJE (Gall Wasps).-ABDOMINAL TERGA NOT MEETING VENTRALLY, 
ALL OR NEARLY ALL THE STERNA VISIBLE. This family includes not only true gall
makers but also inquilines and a small number of parasites. The greater number of 
its members belong to the sub-family Cynipime, all of which produce galls for the purpose 
of providing shelter and nutriment for their offspring. Their larvre are consequently 
internal feeders and are maggot-like in form, with well chitinized dentate mandibles. 
The head is small and is followed by twelve .body segments, and there are nine pairs 
of spiracles. The antennre and both pairs of palpi are vestigeal. Pupation takes 
place within the larval cell and a cocoon is wanting. The forms of galls produced by 
these insects are almost endless and all parts of plants may be affected, from the roots 
to the flowers. In every case the female insect lays an egg or eggs in the tissues of 
the growing plant, in the interior of which the subsequent development takes place. 
As a rule this mode of life is accompanied by the production of a gall. Many theories 
have been advanced to account for the phenomena of gall-formation, but the problem 
appears to be still far from being solved, largely on account of difficulties attending 
the experimental side of the subject. A full discussion of the various views which are 
or have been held is given in the works of Kieffer. The irritation of the tissues produced 
by the insertion of the ovipositor is not the initial cause. There also appears to be 
no evidence that the fluid injected by the female during oviposition is anything more 
than of the nature of a lubricant. The mere presence of the Cynipid egg in the tissues 
is not in itself sufficient to 
produce the gall as, ordin
arily, the latter does not com
mence to develop until the 
larva has hatched; many 
months may elapse between 
the date of oviposition and 
that of eclosion. All that 
can be said is that the galls 
are produced as the result of 

. reactions of the cambium 
and other meristematic tis
sues of the plant in. response 
to the stimulus induced by 
the presence of the living 
larva. It is probable also 

FIG. 536.-DIAGRAMMATIC SECTION OF GALL OF NlCURO

TERUB LENTICULA RIB, ACCORDING TO FOCKE(]. 

e. epidermis; Ph parenchyma; P2. protective layer; H, nutritive/layer ; 
Ie. larval cell. 

that the latter exudes a secretion which exercises an influence upon the growth of 
the cells of the plant (vide Triggerson 1914). The 'formation and structure of the 
galls have been studied by Beyerinck (1882), Cook (1902-04), Cosens (1912) and others. 
Viewed in section, a gall is usually seen to be composed of the following layers of tissue 
passing from without inwards (Fig. 536). The outermost coat is the epidermis and 
beneath the latter is an extensive development of parenchymatous tissue. The third 
layer is protective in function and is usually of a hard consistency but is sometimes 
wanting, while the innermost layer is nutritive and surrounds the cell containing the 
larva. Cook concludes that the morphology of a gall is dependent, as a rule, upon the 
insect which produces it rather than upon the plant upon which it is produced. Galls 
formed by the same genm of' insects exhibit great similarity even though produced 
on widely different plants. Furthermore, those produced on a particular genus of 
plants by different insects are very dissimilar. In addition to the species which 
actually forms the gall, the latter frequently supports a definite biological association 
of other insects. A large number are inquilines, which comprise not only other 
Cynipidre but also larvre of Diptera, Coleoptera and Lepidoptera. Furthermore, the 
larvre and pupre of the true gall-maker, and of the inquilines, are very subject to the 
attacks of hymenopterous parasites, more particularly Chalcids. Kinsey (I920) 
estimates that 86 per cent. of the known species of gall-wasps produce galls on Quercus 
and are confined to that genus. Another 7 per cent. are restricted to species of Rosa 
and the remaining 7 per cent. are found on plants belonging to 35 genera of Angio
sperms, more especially the Compositre. The reason for this very marked selection 
of a single genus of plants is hard to understand, particularly as oaks have a limited 
distribution in the present age. It is true that the galls on this genus are more con
spicuous than on other plants where they are more liable to become overlooked. 



HYMENOPTERA 
According to Kinsey the tribe Aulacini is, in many respects, the most primitive of 
the gall-wasps. Its members are not confined to a particular plant host but select 
those belonging to many genera. Not only are they more or less polyphagous as a 
group, but certain of the species utilize several genera of plants, Aulacidea tumida for 
example, selecting Solidago, Sonchus and Lactuca. The various species of Aulacidea 
either induce extremely simple gall-formation or live in stems, producing no gall at 
all. They have not acquired agamic reproduction, the sexes are produced in about 
equal numbers, and the alternation of generations so characteristic of the higher 
Cynipime is absent. Almost every transition may be observed from the simple con
dition prevalent in Aulacidea to the many types of highly complex galls, and the 
alternation of morphologically and physiologically different generations found in many 
other genera. The most highly evolved galls are to be looked upon as almost entirely 
separate organisms, which are only connected to the host plant by means' of a narrow 
neck of tissue. In some cases the galls develop in size and form new tissue after 
separation from the parent plant. The galls of two successive generations, produced 
on different parts of the same plant, often present entirely different forms; and the 
insects of the two generations are frequently so divergent in characters that they have 
often been allocated to separate genera until their relationships have been detected. 
Heterogeny among Cynipid<e is of an exceptionally remarkable nature. In many 
species males have never been seen at all, out of many thousands of the insects which 
have been reared, and there appears to be little doubt of their non-existence. In 
these very highly specialized cases the successive generations are all similar and agamic 
and a secondary simplication of the life-cycle results. The majority of the Cynipime 
have only the alternate generations alike: each agamic generation is followed by a 
bisexual generation which, in 'its turn, produces the agamic one. The latter is the 
overwintering stage while the bisexual generation is produced during summer. A 
few of the commoner species, which are prevalent in Britain, may be selected as illus
trating the principal biological phenomena already referred to. Neuroterus lenticularis 
is a very abundant gall wasp in England. The galls from which the spring (agamic) 
generation emerges are lenticular growths found on the lower surface of oak leaves in 
October. The insects remain in the galls all the winter, and appear as adults early 
in April. They consist entirely of parthenogenetic females which deposit the.ir eggs 
deep down among the catkins and young leaves. The resulting galls occur in May 
and June and are quite different fr~1]l those preceding, being spherical and sappy in 
character. The summer generation which emerges from them was originally referred 
to a different insect, i.e. Spathegaster baccarum. Both males and females are prod~d 
but the latter largely predominate in numbers. After copulation the eggs are laid 
at the sides of the veins in the tissues of the young leaves, ar:d the resulting galls are 
of the lenticular kind found in October. The most conspicuous difference in the females 
of the two generations is seen in the ovipositor, which is much larger in the agamic 
than in the summer individuals. Biorrhiza pallida Olivo is aI\other very characteristic 
oak species. In the bisexual generation the males are winged, and the females are 
either apterous or have vestigial wings. This generation emerges from the" oak 
apple" galls and the eggs are laid in the roots of that tree. In this situation other 
galls are produced from which, in spring, the agamic generation (known as B. aptera 
Bosc.) is produced. The individuals of this brood consist exclusively of apterous 
females which migrate up the tree and produce the" oak apple" galls in due course. 
The genus Rhodites is confined to the Rosace<e-Rosa and Rubus being most usually 
selected. The familiar and striking bedeguar or " pin-cushion" galls are produced 
on the former genus by Rhodites rosce. These galls consist of a mass of moss-like 
filaments surrounding a cluster of hard cells containing the Rhodites larvce. There 
is no alternation of generations in this species, males are much less frequent than 
females, and the eggs are known to be capable of parthenogenetic development. The 
hard spherical" marble" galls of Cynips kollari on the oak produce the agamic gen
eration of that species. This insect was apparently introduced into England about 
r830 and is now abundant. According to Beyerinck the bisexual generation is the 
insect known as Andricus circulans Mayr. 

The Synergince are almost entirely inquilines, and are often mistaken for true gall
makers to which they frequently bear an extremely close resemblance. They mostly 
lay their eggs in cynipid galls found on oak, but have also been reared from galls 
formed by Diptera and other insects. 

The Ibalince are a very small group quite distinct from other Cynipidce, and have 
been raised by some authorities to the rank of a separate family. Their members 
exhibit some affinity with the Figitidce, and are all true parasites which are known to 
attack larval Siricidre. 
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The principal work on the biology of the Cynipidre is that of Adler, translated by 

Straton (1894) and, in addition to the writings already mentioned, the British oak 
galls are figured by Connold (1908) and the known galls produced by members of the 
family are enumerated by Houard. 

FAM. FIGITIDJE (Fig. 537).-ABDOMINAL TERGA MEETING VENTRALLY AND 
ENTIRELY CONCEALING THE STERNA OR, 
AT MOST, ONLY PART OF THE HYPO
PYGIUM EXPOSED. An extensive family, 
comprising about 500 species, which are 
mostly parasites of larval Diptera. A 
few, however, are known to attack Aphi
didre and Coccidre and the larvre of the 
Hemerobiidre, while certain others have 
been record.ed from coleopterous larvre. 
The venation is more variable than in 
the Cynipidre and, in some cases, it is 
almost as much reduced as in the Chal
cids. Very little information exists with 
regard to the biology of the family. 
Charips (Allotria) is a hyperparasite, 
through Aphidius, of various Aphididre 
and an account of its structure and bio
logy is given by Haviland (1921). The 
biology of Eucoila keilini Kieff. has been 
partially followed by Keilin and Pluvinel 

o 
Nat 5il. 

a XIQ 

FIG. 537.-EuoOILA IMPA.l'IENS, SAY. 
a, female j b, antenna of male. From Rep. for 1906 

Div. Ent01n. Hawaii. 

(Bull. Sci. Fr. et Belg. 47). it lives as an endoparasite of the larva of Pegomyia win
themi Mg. and the primary larva resembles that of Teleas except that it is provided 
with three pairs of long pointed thoracic outgrowths. The fully-grown larva is 
maggot-like, and of the usual hymenopterous type, with nine pairs of spiracles. 

Superfamily Proctotrypoidea (Serphoidea, Oxyura) 
PRONOTUM EXTENDING BACK TO THE TEGULJE, TROCHANTERS TWO-JOINTED 

(EXCEPT IN PELECINIDjE). OVIPOSITOR ISSUING FROM THE APEX OF THE 

ABDOM,EN, ITS OUTER SHEATHS CONJOINED TO FORM A MORE OR LESS CYLIN

DRICAL TUBE. 
The members of this superfamily are slender insects mostly of small 

size and nearly all are parasites. Many attack the eggs of other insec'ts, 
other species are endoparasites of larvee or pupee, some are hyperparasites 
and a small number are inquilines. The majority of species form a cocoon 
of a silky or parchment-like nature but in the aphid-infesting genera the 
pupa is protected by the body of the host. The wings exhibit the greatest 
diversity of venation and in many forms they are almost veinless, while 
apterous species are very frequent. For a general account of the group 
vide Ashmead (1893) who, in his later work (1902--03), revised its classifi
cation. By some authorities these insects are considered to be closely allied 
to the Chalcids but according to Ashmead they are in every respect more 
intimately related to the Vespoidea. The British species have scarcely 
been investigated, but an account of them is being contributed by Morley 
'(Ento1Jl. 1922, et seq.). 

Table of families: 
A. WINGED FORMS 

1 (2).-Trochanters I-jointed. 

2 (I).-Trochanters 2-jointed. 
3 (Io).-Antennre inserted on the middle of the face, often on 

a frontal protuberance. 
4 (7)·-Fore-wings with a more or less distinct stigma. 
5 (6).-Mandibles dentate: antennre 14 or I5-jointed, hind

wings with distinct venation. 

PELECINlDlE 
(p. 560) 

HELORIDlE 
(p. 560) 
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6 (5).-Mandibles edentate: antenn;e 13-jointed with one ring 

joint: hind-wings without distinct venation. 
7 (4)·-Fore-wings without a distinct stigma. 
8 (9).-Hind-wings with a basal cell: antenn;e 14 to 15-jointed, 

labial palpi 3-jointed. 
9 (8).-Hind-wings without a basal cell: antenn;e II to 14-

jointed, labial palpi 2-jointed. 
10 (3).-Antenme inserted at the junction of the clypeus and 

face. 
II (I2).-Abdomen never acute or margined along the sides: 

antenn;e 10 or II-jointed. 
12 (I1).-Sides of abdomen acute or margined. 
13 (14).-Antenn;e usually I2-jointed, sometimes 7- or II-jointed 

in female: fore-wings generally with marginal and 
stigmal veins. 

14 (I3).-Antenn;e not more than lo-jointed: fore-wings usually 
veinless. 

2 

3 
4 

5 

6 

7 

B. WINGLESS FORMS 

(6).-Antenn;e inserted on the middle of the face, often on a 
frontal protuberance. 

(3) .-Mandibles edentate: apex of abdomen stylate. 

(2).-Mandibles dentate: apex of abdomen non-stylate. 
(5).-Labial palpi 3-jointed. 

(4).-Labial palpi 2-jointed. 

(I).-Antenn;e inserted at the junction of the clypeus and 
face. 

(8).-Abdomen never acute or margined along the sides. 

8 (7).-Sides of abdomen acute or margined. 
9 (Io).-Antenn;e 12-jointed or, if clavate, 7-jointed: labial' 

palpi 2-jointed. 
10 (9).-Antenn;e usually lo-jointed: labial palpi I-jointed. 

PROCTOTRYPIDJE 

(p. 560) 

BELYTIDJE 

(p. 560) 
DIAPRIIDJE 

(p. 560) 

CERAPHRIOlnDJE 

(p. 560) 

SCELIONIDJE 

(p. 560) 
PLATYGASTERIDJE 

(p. 561 ) 

PROCTOTRYPIDlE 

(p. 560) 

BELYTIDJE 

(p. 560) 
DIAPRIIDA<: 

(p. 560) 

CERAPHRlONIDlE 

(p. 560) 

SCELIONIDA<: 

(p. 560) 
PLATYGASTERJDA<: 

(p. 561 ) 

The PELECINIDlE occur in N. and S. America and are in many ways an excep
tional family. In the female the abdomen is greatly attenuated and measures about 
five times the length of the head and thorax, while in the male the abdomen is short 
and clavate. Pelecinus polyturator Dr. is tolerably. common in the temperate parts 
of N. America where it has been recorded as a parasite of the larv;e of Lachnostprna : 
its females attain a length of 50 to 60 mm. The HELORIDlE are a small but ,videly 
distributed family known to parasitize Chrysopid;e. The PROCTOTRYPIDA: may 
be recognized by the long tubular sheath to the ovipositor and, in the male, the abdomen 
is terminated by a pair of spine-like processes. Their larv;e appear to be mainly 
parasitic upon those of Coleoptera. The BELYTIDlE are known to parasitize fungivor
ous dipterous larv;e and Belyta fulva Cam. has been recorded from Bolitophila luminosa. 
The DIAPRIIDlE are also known to parasitize dipterous larv;e, and the biology of 
Diapria conica, which attacks Eristalis tenax has been followed by Sanders (Can. Ent., 
19I1). The SCELIONIDlE are a very large and widely distributed family and its 
species are egg-parasites of other insects (mainly Orthoptera and Hemiptera) or, in 
a few cases, of spiders. The biology of Teleas has been studied by Ganin (1869) and 
Ayers (1884) and that of Eumicrosoma by McColloch (Journ. Eean. Ent., 1915): the 
former attacks the eggs of CEcanthus and the latter parasitizes those of Blissus ll~ucop
terus. In Riela 1izantieida Kieff. an exceptionally advanced type of parasitism is 
presented (vide Chopard, Ann. Soc. Ent. Fr., 91). Its development takes place in the 
eggs of Mantis religiosa and the adult parasites make their way to the imagines of the 
host upon whose bodies they settle down. In this situation they cast off their wings 
and lead an ectoparasitic life. Where the mantis is a female, and has commenced 
oviposition, the Rielia migrates to the genital region in order to lay its eggs in the 
viscid mass of the ootheca while the latter is being formed. Parasites which settle 
upon male mantids are short-lived and perish along with their hosts. The CERA
PHRIONIDlE are known to parasitize Cecidomyid;e and Aphidid;e, but it appears to 
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be uncertain in many cases whether they are parasites or hyperparasites. The biology 
of Lygocerus has been followed by Haviland (Q.J.M.S., 1920) the species observed 
being ectoparasites of the larva:! and pUpa:! of Aphidius which lives as an internal 

I. II. 
FIG. 538.-1, PL.{TYGASTER DRYOMI-E, FEMALE; II, THE SAME IN THE ACT OF OVI~OSITION 

IN AN EGG 0, OF DRYOMYIA (CECIDOMYIDlE) ON A LEAF. 

After Silvestri, Boll. Lab. Zool. Portici II, 1921. 

parasite of various aphides. There appear to be four larval instars and the primary 
larva is ovoid, with a reduced head and no tail-like appendage. Only two pairs of 
spiracles are present and these are placed between the first and second segments and 
on the fourth segment respectively: at a later stage seven pairs of spiracles are present. 
The PLA TYGASTERIDLE 
(Fig. 538) form the largest 
family of Proctotrypoidea 
and its species mainly para
sitize Cecidomyida:! (vide 
Marchal, 1906). Their eggs 
are usually laid within those 
of their host, but the develop
ment of the latter is not 
arrested since the larval para
site does not develop until 
after the eclosion of the lar
val Cecidomyid. The locali
zation of these parasitic lar
Va:! within their hosts is 
variable. Thus, Synopeas 
rhanis lives free in the body
cavity of the larva of Per
risia ulmarice: Platygaster 
minutus lives in the stomach 
6f M ayetioZa destructor while. 
Trichacis remuZus forms cysts 
in the ventral nerve cord of 
that same host. On the 
other hand, larva:! of Platy
gaster dryomice (Fig. 539) and 
Inostemma piricoZa live in 

f 

FIG. 539.-PLATYGASTER DRYO"IiI.£. 1, EMBRYO IN 
MORULA STAGE IN THE BRAIN OF LARVA OF DRYO

MY/A (SAGITTAL SECTION). 2, AN EMBRYO WITH 
TROPHAMNION t AND ADVENTITIOUS LAYER a. 3, 
Two EMBRYOS IN THE BLASTULA STAGE ENCLOSED 
IN A COMMON ADVENTITIOUS LAYER. 

After Silvestri, Zoe. cit. 

cysts in the brain of their hosts. The females of the last-mentioned genus pos
sess a long horn-like growth on the 1st abdominal segment which curves forwards 
over the thorax. This peculiar projection is a special adaptation for lodging the 
elongate ovipositor, and the latter instrument is used for piercing the blossom
buds of the pear in order to insert the eggs within those of the host (Contarinia 
pirivora). 

G.T.E·-36 
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Superfamily. Formicoidea (Heterogyna: Ants) 

SOCIAL AND POLYMORPHIC INSECTS WITH GENICULATE ANTENNlE. PRO

NOTUM EXTENDING BACK TO THE TEGULlE BUT THE LATTER ARE EITHER 

ABSENT OR IMPERFECT IN THE WINGED FORMS. TROCHANTERS I-JOINTED. 

PETIOLE WITH ONE OR TWO SCALES OR NODES. 

The ants constitute a single very large family-the Formicidce which 
embraces, according to Wheeler, about 3,500 described species. They are 
all social and, with the exception of a few parasitic forms, have a well
differentiated worker caste (Fig. 540). The demarcation between th~ head, 
thorax and abdomen is highly accentuated; the latter region, furthermore, 

FIG. 54o.-PH:G·IDOLE INS TA BILIS. 

a, Soldier; b-e, intermediate workers; /. typical worker (micrergate); g, 
dealated female; h, male. After Wheeler, .. Ants." 

is sharply differentiated 
into a narrow basal 
region or pedicel, formed 
by the apparent first or 
first and second seg
ments' and a globular 
or ovoid gaster formed 
by the remaining seven 
or eight segments. 

The head varies 
enormously in shape, 
and the mandibles pre
sent an almost be
wildering variety of 
form, and are subjected . 
to 'many uses. The 
labrum is vestigiaJ.,...the 
maxillce are composed 
of the usual sclerites, 
and their palpi are I to 
(i-jointed. The lacinire 
he membranous and 
toothless, thereby in
dicating a liquid diet. 
In the labium both 
submentum and men
tum are evident, to
gether with a median 
glossa: at the base of 
the latter is a pair of 

small paraglossce beset with rows of setce. The labial palpi are I to 
4-jointed. The antennce are composed of 4 to 13 joints and usually the 
male has one more joint than the female or worker. Compound eyes 
and three ocelli are well developed in the males, but in the females, 
and especially the workers, the eyes are usually reduced or vestigial. The 
abdomen is the seat of a stridulating organ which consists of an area of 
extremely fine parallel strice on the mid-dorsal integument of the base of the 
gaster (Fig. 92). The sharp edge of the preceding segment overlaps this 
area, and is defiexed, so that it may scrape backwards and forwards when 
the segments are moved on each other, thereby producing a highly pitched 
sound. A large and well developed sting is present in the females and 
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workers of the sub-families Ponerince, Dorylince and most Mymecince, but is 
vestigial or absent in the remainder. 

Ants, as Wheeler observes, have acquired an extensive and uniform 
experience with all developmental stages of their progeny which they not 
only feed and clean, but also transport from place to place as conditions 
may demand. The eggs are small, hardly more than '5 mm. long even in 
the largest species,. and the popular expression of " ants' eggs" is erron
eously applied to the cocoons or even to the larvce or pupce. The larva 
consists of a head and 13 trunk segments: eyes are wanting and in a few 
cases vestigial antennce ru:e present. There are ten pairs of spiracles, 
situated on the meso- and met(i.-thorax and the first eight abdominal seg
ments. The body is almost alway:; invested with hairs which assume many 
forms and are most abundant in the first instar. In many genera of the 
Ponerince there are girdles of large segmentally repeated tubercles. Different 
species adopt very different methods of nourishing their larvce. Many 

FIG. 54 I.-DIAGRAM OF POLYMORPHISM AMONG ANTS. 

Adapted from Wheeler, II Ants." 

feed them only on regurgitated liquid while carnivorous species give them 
portions of other insects, the harvesting ants utilize fragments of seeds, 
and the fungus growers nourish their larvce with fungus-hyphce. Wheeler 
states that a cocoon is constantly present in the most primitive ants and 
equally constantly absent in large groups of highly specialized forms. 

Polymorphism attains its highest expression among ants and no less 
than 29 distinct types of morphologically different individuals have been 
. recognized. The various phases among ants may be divided into the 
normal and the pathological and, in the accompanying diagram (Fig. 541), 
the latter are represented in italics. The normal phases may be subdivided 
into primary or typical and secondary or atypical. The normal phases 
comprise only the original male, female and worker, while the atypical 
phases form the remainder. It will be observed that in the diagram the 
three typical phases are at the angles of an isosceles triangle; excess develop
ments are placed to the right side and defect developments to the left, of a 
vertical line passing through the middle of the diagram. The arrows 
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indicate the directions of the affinities of the secondary phases and suggest 
that th.ose on the sides of the triangle are annectant, whereas those which 
radiate outward from its angles represent new departures with excess and 
defect characters. The pathological phases are in italics. 

A. The male (aner) is the most stable of the three typical castes. The sense organs, 
wings and genitalia are highly developed but the mandibles are imperfectly so. The 
head is proportionately shorter, smaller and rounder than in females and workers of 
the same species, and the antenn;:e longer and more slender. 

B. The female (gyne) or queen is characterized by her large stature and well de
veloped reproductive organs. She is usually longer than the male and worker of the 
same species and attains a great size in certain exotic forms. The antenn;:e and legs 
are often shorter and stouter than in the male, the mandibles are well developed and 
the gaster large. 

c. The worker (ergate) 
thorax and small gaster. 

is characterized by the . absence of wings and the reduced 
The eyes are small and the ocelli either absent or minute. 

A receptaculum seminis is usually wanting 
and the ovarioles are greatly diminished in 
number. The antenn;:e, mandibles, and legs 
are well developed. In many species the 
workers are of various sizes; in others they 
are dimorphic, there being no intermediate 
forms. 

D. When a member of any of the above 
castes assumes an unusually large size it is 
known as a macraner, macrogyne or macrer
gate according to whether it is a male, 
female, or worker. 

E. A dwarf form of these castes is termed 
a micraner, microgyne or micrergate as the case 
may be. 

F. Individuals of certain tropical ants 
are sometimes parasitized in the larval or 
prepupal stage by Orasema (p. 555). T~ 
fail to attain the imago stage; wings, if nor
mally present, are suppressed, and many 
parts remain abortive. Such an individual 
is termed a phthisaner, phthisogyne or 1,hthis
ergate according to its caste. 

FIG. 542.-MYRMITHERGATE OF PUEIIJOLE 

G. Similarly, individuals may be para. 
sitized by the Nematode Mermis. The 
effect of this parasitism is to produce a 
shortening of the wings in the maJe or 
female: in the worker the body becomes OOMMUTATA. 

After Wheeler. 

ocelli (Fig. 542). An individual 
mermithogyne or mermithergate. 

enlarged and has a tendency to exhibit 
female characters as regards the thorax and 

supporting this worm is termed a mermithaner, 

H. The males and females sometimes resemble the worker and are devoid of wings. 
In the case of the males they may possess only the same number of joints to the 
antenn;:e as the worker. In some species the sexes are dimorphic, the normal indi
viduals coexisting with the modified apterous forms. An individual of the latter 
type is designated an ergataner or ergatogyne according to its sex. 

I. An unusually large form of the male occurs in the Dorylin;:e and is termed a 
dorylaner. It is characterized by the large and peculiar mandibles, the long cylin
drical abdomen and the singular genitalia. It may be regarded as an aberrant macraner 
that has become the typical male form in this sub-family. 

J. The gynacaner is a male which resembles the female rather than the male, and 
has the same number of antennal joints as the former sex. This phase occurs in the 
parasitic workerIess genera Anergates and Epacus. 

K. The gynandromorph is an anomalous individual in which the male and female 
characters are combined either laterally.or in a more or less mosaic manner. An 
ergatandromorph is a similar anomaly but has the worker instead of the female char
acters combined with those of the male. 
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L. The fJ-female is an aberrant female characterized by the excessive develop
ments of the antennce and legs and in the pilosity of the body. If it coexists with 
the normal female the latter is then termed the a-female. 

M. An apterous worker-like individual which combines the size and gaster of the 
worker with the thoracic characters of the female is termed a pseudogyne. 

N. The gyncecoid is an egg-laying worker and is a physiological rather than a mor
phological phase, as it is probable that all worker ants if abundantly fed become 
capable of oviposition. Should a colony lose its queen one or more workers may 
become egg-laying substitution queens as has been found by Donisthorpe in several 
species of British ants. In a few cases the queen phase has disappeared and is replaced 
by the gyncecoid worker. The dichthadiigyne is peculiar to the Dorylince and is pro
bably a further development of the gyncecoid. It is without eyes, ocelli or wings 
and the gaster and ovaries are exceedingly voluminous. 

O. The dinergate or soldier is recognized by the large head and mandibles which 
are often adapted to particular functions such as fighting, guarding the nest, crushing 
seeds and other hard food particles, etc. 

P. The desmergate is a form intermediate between the ordinary worker and the 
dinergate. . 

Q. The plerergate or replete is a worker which has acquired the peculiar habit of 
distending the gaster with stored liquid food until it becomes a spherical sac often so 
large as to interfere with locomotion. 

R. The pterergate is a worker or dinergate with vestigial wings, the thorax remain
ing unmodified. 

When both sexes are winged mating nearly always takes place during 
what is termed the nuptial flight. As a rule one or other sex predominates 
in any particular colony and, since the nuptial flight for the colonies of a 
particular species in the same neighbourhood takes place synchronously, 
means is thus afforded for inter crossing with individuals of different colonies. 
Prior to the marriage flight, the workers become much excited and direct 
the operation, preventing the males and females from leaving the nest until 
the right time. There is good reason to believe that meteorological con
ditions exercise an important influence in this matter. There exist in 
literature many references to great nuptial swarms of ants which some
times cloud the air like smoke. On descending to earth the imprep-nated 
female divests herself of her wings, and the dealated individual commences 
to excavate a small chamber, within which she remains in seclusion until 
her eggs are mature, and ready to be laid. During the whole of this period, 
which may extend for months, the chamber is sealed up, and the female 
draws entirely upon the nutriment afforded by her fat-body and degener
ating flight muscles. When the first larvre appear, they are fed by the 
secretion of her salivary glands until they pupate. As soon as the workers 
are mature they break through. the soil and establish a communication 
between the brood chamber and the outer world. They then go abroad 
and forage for food, and share it with their exhausted parent. The latter 
is now relieved from the care of the brood, and she limits her activities to 
egg laying, imbibing liquid food directly from the mouths of the attendant 
workers. In this capacity, she lives on solely for the purpose of egg-pro
duction, sometimes to an age of fifteen years. The number of ants in a 
fully developed colony appears to vary between wide limits. Yung has 
made actual counts in the case of Formica ruta and found that the numbers 
vary between about 19,900 and 93,700; in Formica pratensis Forel estimated 
that the largest mound may contain as many as 500,000 individuals, a 
figure which Yung regards as excessive. 

The nests or formicaries present an almost bewildering variety of archi
tecture. Not only has every species its own plan of construction, but this 
plan may be modified in various ways in adaptation to special local con-
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ditions. The Dorylina: can hardly be stated to construct nests, and usually 
have their abode in some available recess beneath a stone, or log, or they 
may even temporarily occupy nests of other ants. A large number of ants 
construct nests in the soil and these habitations consist of a number of more 
or less irregular excavations, either with or without a definite superstructure 
around the entrances. The excavations are divided into galleries, or 
passages of communication, and chambers leading off from the latter. 
The chambers are used as nurseries for the brood, as granaries for storing 
seeds, as fungus gardens and for other purposes. In some species there is 
nothing to indicate the situation of a subterranean nest, the excavated soil 
being carried some distance away and scattered irregularly. In others 
it is heaped up in the vicinity of the entrance, or entrances, to the nests, 
to form a crater, which varies in size and construction among different ants. 
Such craters are often difficult to distinguish from mound or hill nests. 
The latter are usually much larger and are formed not only of excavated 
soil but also of straws, twigs, pine-needles, leaves, etc., and are perforated 
with galleries and chambers. Such mound nests are well exhibited in the 
European Formica fusca. Perhaps the largest number of ants' nests are 
excavated beneath stones or logs. In the tropics many ants take advan
tage of cavities found in stems, petioles, thorns and bulbs, or even in the 
spaces enclosed by the overlapping leaves of certain epiphytes. Cavities 
in the bark, the dead wood, and stumps of trees are also frequently utilized, 
and even old deserted Cynipid galls. Suspended nests are of frequent 
occurrence, hanging from trees in tropical and subtropical forests. These 
are constructed of earth, carton, or silk and contain anastomozing galleries 
and chambers. (Ecophylla smaragdina forms leaf nests, the leaves being 
fastened together by means of a silken web. The observations of Doflein 
and others have proved that the silk is provided by the larva: of the species 
concerned. They are held by the workers in their jaws and used, as.-it 
were, as shuttles in weaving the silken tissue of the nest. 

Of the seven 1 sub-families into which the Formicidre are divided the 
most primitive are the Ponerinre (Fig. 543). They are characteristic of 
the tropics and are the dominant group of ants in Australia. The only' 
genus found in Britain is Ponera which is representea. by two species, and 
in P. pwl'tctatissima Rog. the males are ergatoid. The nests of the Pbn
erinre are subterranean and are usually only occupied by a few dozen 
individuals. The three castes differ very little in size; the workers are 
monomorphic, they feed their larva: with portions of other insects, and 
the pupa: are enclosed in cocoons. The" bull-dog" ants (Myrmecia) of 
Australia attain a length of 2-2'5 cm. and, as Wheeler remarks, they bite 
and sting with such ferocity that few observers care to study them at close 
quarters. 

The Dorylina: include the driver and legionary ants of the tropics; they 
are likewise carnivorous, but the workers are blind and highly polymorphic, 
varying from large soldiers with toothed mandibles, though intermediates, 
to micrergates. The females (dichthadiigynes) are very little known and 
seldom found: they are very large, blind, and wingless like the workers, 
and have relatively enormous abdomens. The males (dorylaners) are 
likewise very large, with sickle-shaped mandibles, and peculiar genitalia. 
These insects do 'not construct permanent nests but merely bivouac in 

1 For the characters of these sub-families vide Wheeler (1922) : the classification 
of ants has been somewhat modified since the one given in that author's text-book 
(1910). 
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temporary quarters, and wander from place to place in long files. Their 
sorties are only made on sunless days or at night and are for predatory and 
migratory purposes. Belt mentions columns of Eciton which he followed 
for two or three hundred yards without coming to the end. Their prey 
consists of insects and spiders of various kinds, but Savage records that 
A nomma will succeed in killing large animals if the latter be penned up, and 
he mentions having lost monkeys, pigs and birds by these insects. 

The Ponerince, Dorylince, .together with the small sub-family Cerepachy
ince and many of the lower Myrmecince are carnivorous ants which 
represent the savage or hunting stage in the evolution of those insects. 
The remaining groups of ants have largely abandoned this habit and adopted 
a vegetarian diet. Wheeler has called attention to the fact that an abun
dance of food is necessary for the maintenance and fullest development of 

FIG. 543.-PONERINE ANTS. A, n, AND C, WORKER, FEMALE AND MALE OF STIGMATOMAIA 

PALLIPES; D, E, F, "VORKER, FEMALE AND MALE OF PONERA PENNSYLVANIGA. 

After Wheeler, "Ants." 

social life. In warm arid countries insect food is either very scarce, or 
competition to secure it very keen among ants and other animals. A 
number of the former have become vegetarians as their last resource in 
the struggle for:. existence. Under such circumstances, the seeds of her
baceous plants provide an accessible nutritious food, and the outcome of 
this is the harvesting habit which is prevalent in many species. The four 
higher sub-families, however, have an extremely varied diet, sinc"e they not 
only imbibe the secretions of nectaries, the honey-dew or products of Aphides 
and other Homoptera, but also feed upon. fungi, fruit, seeds and other 
substances. The harvesting habit appears to have arisen sporadically, 
and often in distantly related genera, but all of which pertain to the sub
family Myrmecince. In species of Messor, for example, the ants have been 
observed to gather the seeds both from the ground and from the plants, 
remove their envelopes, and cast the chaff and empty capsules on the 
kitchen middens outside the nest. In confirmation of Pliny 'and Plutarch, 
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Moggridge mentions that the ants bite off the radicle to prevent germin
ation. The latter process is also arrested by the ants bringing the seeds 
when damp to the surface, spreading them in the sun, and then carrying 
them back to the special chambers or granaries wherein they are stored. 

The Mymecine tribe of the Attini, which is peculiar to tropical and sub
tropical America, are all fungus-growers and fungus-eaters, and number 
about IOO species. The fungi are cultivated in special chambers of the 
nest termed fungus-gardens (Fig. 544) and, according to Moeller (I893), 
these gardens are practically pure cultures of the fungi concerned, being 
assiduously" weeded" and tended by the ants. N either free aerial hypha:, 
nor any form of fruit body develop, but whether this is due to their elimin
ation by the ants, or to environmental conditions, is uncertain. A fungus

garden is a sponge-like mass of 
comminuted leaf-fragments or, in 
some cases, of insect excrement. 
The fungi grow ra pidl y on this 
substratum and produce numer
ous swellings or bromatia. The 
latter form the food of the ants 
and their larvre and have never 
been produced in cultures. The 
systematic position of these fungi 
is unsettled: several genera have 
been described which have been 
referred to the Ascomycetes and 
Basidiomycetes. The formation 
of a new fungus-garden is under
taken by the queen who, before 
departing for the mating flIght, 
fills her infra-buccal pocket (p. 
523) with fungal hyphre. This 
pellet is expelled within the newly 
made nest-chamber and the grow
ing hyphre are nourished, at first, 
by the freces of the insect, who 
may even sacrifice some of her 
eggs for the same purpose. 

The small tropical sub .. family 
Pseudomyrminre is notable for its 
highly specialized larvee. The 

head in these larvre is surrounded by the hood-like thorax and lies far back 
on the ventral surface, where it is in contact with the first abdominal 
segment. The latter somite bears a pocket, or trophothylax, and food 
received from the workers is deposited in this pouch, from which it is 
gradually drawn into the mouth and swallowed. As previously mentioned 
(p. 523) trophallaxis is highly developed, the larvre supplying their nurses 
with the secretions of their remarkable exudatoria. 

FIG. 544.-DIAGRAM OF A LARGE NEST OF 
TR.fiCHYJJIY1rJJIEX SEPJ'ENTR10NAL1S SHOWING, 
NEAR SURFACE, SMALL ORIGINAL CHAMBER 
OF QUEEN, CHAMBERS WITH PENDENT 
FUNGUS GARDENS AND NEWLY EXCAVATED 

CHAMBER. 
After Wheeler, "Ants." 

Ants have become associated with a large number of phytophagous 
insects which possess the habit of excreting liquid of a kind which is exceed
ingly palatable. In return, the ants render many of such insects certain 
services, and the relations thus established may be regarded as a kind of 
symbiosis. The insects most concerned belong to various families of the 
Homoptera, viz. Aphididce, Coccidce, Membracidce, Psyllidce, etc., together 
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with the larvc:e of the Lycc:enidc:e. In the case of many Aphididc:e and 
Coccidc:e, for example, they are afforded protection by the ants, who con
struct tents or shelters for housing them. With Aphidc:e the ants frequently 
betray their sense of ownership by at once carrying them away to safety 
should the nest be disturbed. This solicitude on the part of the ants may 
extend to the eggs of the aphids also, and numerous observers have noted 
ants collecting and storing Aphid eggs in autumn and tending the nymphs 
when they emerge. The latter are carried and placed upon stems or roots 
which may be situated either within the nest or at some distance outside 
the latter. Nearly 70 species, representing 29 genera, of Lycc:enidce are 
mentioned as having larvce that are attended by ants, and the relationship 
in some cases may be exceedingly intimate. 

In the sub-families Formicinc:e and Dolichoderince the habit of collecting 
nectar and honey-dew has become highly developed. The workers of these 
insects have a pliable integument, which often allows of great distension 
when their crops are gorged with food. In many cases, the gorging may 
take place to such an extent 
that the inflated crop may 
cause the sclerites of the gaster 
to be so far forced apart that 
they appear as islands upon 
the tense intersegmental mem
branes: individuals which ex
hibit this habit are known as 
repletes (Fig. 545), and the 
species possessing this physio
logical caste are termed honey 
ants. In Prenolepis all the 
workers are thus able to dis
tend themselves, and regurgi
tate the sweet substance which 
they collect to their larvc:e or 
their sister ants. The true or 
perfect repletes are developed 
only in the nest, where they 
remain and store the sweets 
brought to them by the fora

FIG. 545.-PRE.YOLEPlS jJlPARlS. 

a, worker in ordinary condition; b, replete. After Wheeler, 
" Ants." 

gers, thus functioning as living casks or bottles. The contents of the latter 
are regurgitated when required for feedtng the community. Repletes occur 
among the ants of N. America, S. Africa, and Australia but the caste is 
wanting in the British species. 

The relations of ants to aphides and Lycc:enid larvc:e represent only one 
of the many phases of symbiosis. There remain to be mentioned the many 
other phases which, unlike those already referred to, obtain within the nest. 
These are extremely diversified and the ants are, as a rule, passive or 
indifferent, and the other insects associated with them are mostly of the 
nature of inquilines. When the latter regularly inhabit the ants' nests, 
either throughout life, or during some stage in their development, they 
are known as myrmecophiles or ant-guests. Our knowledge of these 
organisms is due to the efforts of many workers, notably Wasmann, Esch
erich, Janet, Silvestri and others. Wasmann, in I894, enumerated I,246 
species of myrmecophilous Arthropoda, the greater number being insects. 
and more especially Coleoptera. Since that time many more species have 
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been brought to light, and we are now acquainted with probably over 2,000 

species, including at least 1,200 different Coleoptera. In Britain there 
are about 300 species, upwards of 70 being Coleoptera. The relations of 
these myrmecophiles to the ants are extremely diversified, and the following 
classes are recognized by Wheeler. 1. The synechthrans, which live in the 
nests as scavengers or predators and are treated with marked hostility. 
They have to elude the ants in order to obtain their food, which usually 
consists of dead or diseased ants, the brood, or refuse of various kinds. 
They constitute rather a small group, comprising a number of agile car
nivorous Staphylinidce belonging to the genera Mymedonia, Quedius, 
Xantholinus, Myrmcecia, Lamprinus, etc. The first-mentioned genus is 
represented by numerous species on all the continents. 2. The sYlla:ketes, 
or indifferently tolerated guests, live in the nests without attracting the notice 
of the ants, or without arousing any obvious animosity. They are either 
too small, or too slow of movement, to attract attention, or have no specific 
vdour which differentiates them. Among this large and heterogeneous 
assembly the most regular synceketes are the curiously flattened larvce of 
the Syrphid genus Microdon. Verhceff has observed the fly ovipositing in 
the nest and it was repeatedly driven away by the ants (Formica sallguinea), 
but kept returning until the eggs were finally laid. In addition to Microdoll, 
synceketes of British ants include Collembola of the genus Cyphoderus, 
larvce of the Chrysomelid beetle Clythra, species of Dinarda, various Phoridce, 
etc. A very large number of these guests are associated with the Doryline 
ants, accompanying the latter from place to place on their wanderings, 
and some of the Staphylinids, for example, exhibit an extraordinarily close 
mimetic resemblance to their hosts. The curious Lepismid Atelura is 
common in the nests of various European ants and, according to Janet, 
its members obtain most of their food by running up and imbibing some of 
the liquid while it is being regurgitated by one ant to another. Th~e
markable wingless crickets of the genus Mymecophila, and the diminutive 
cockroaches of the genus Attaphila, lick the ants in order to imbibe the 
cutaneous secretions of the latter, and often mount the bodies of their hosts 
in the process. 3. The symphiles, or true guests, are species which are 
amicably treated, licked, fed, and even reared by the lants. They are much 
less numerous than the synceketes, and consist largely of Coleoptera. 
Although they belong to many different families of the latter order, they 
exhibit marked adaptive convergence which is shown in the similarity of 
coloration, antennal characters, mouth-parts, and gland structure. These 
features are developed in order to solicit food from the ants, and to ingratiate 
themselves by means of special exudations. These true guests are assid
uously licked by the ants, and it has long been known that they usually 
bear tufts of reddish or golden yellow hairs. The latter are regarded by 
Wasmann as being the most characteristic organs of the symphiles, and he 
has shown that they are situated on various regions of the integument, 
where numerous glands open, and that they have the function of diffusing 
some aromatic secretion. It is thus evident that the symphiles repay their 
hosts for their hospitality by secreting a substance which is highly attractive 
to them. Some of the most remarkable among the ant guests are the 
members of the Lomechusa group of the Staphylinidce. These insects are 
tended with the greatest fidelity by the ants, who also rear the Lomechusa 
larvce like their own brood notwithstanding the fact that the guest larvce 
devour large numbers of both the eggs and young of their hosts. The 
Paussidce and Clavigeridce, which are remarkable for the bizarre forms 
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assumed by their antennee, also include among their ranks various symphiles. 
4. The remaining groups of myrmecophilous insects are parasites. The 
latter include various larval Chalcids such as Orasema and other Eucharine 
genera, the Phorid Metopina and the Gamascid mite Antennophorus. The 
endoparasites include members of all the great groups of parasitic Hymen
optera, the Stylopid MyrmecolaxJ several 'Phoridee and Conopidc:e, and the 
Nematode Mermis. 

So far reference .ha5 -only been made to the relations of ants to other 
organisms. There are, however, many instances of social symbiosis between 
different species of ants. Thus two species of ants belonging to different 
genera may occupy a compound nest and live amicably together though 
keeping ~heir broods separate. Other cases have been brought to light by 
Forel in which small ants nest in close proximity to larger species, and 
either feed upon the refuse food of the latter, or waylay its workers and 
compel them to deliver up their booty. True inquiline species are also 
known which can only live in association with a host of another species 
and share its nest. Social symbiosis leads us to the condition termed 
temporary social parasitism. In the latter type of existence the queen 
seeks adoption in the colony of another species and trusts to the alien 
workers to rear her first brood of young. The full benefits of this form of 
parasitism can only be secured by elimination of the queen of the host 
species. The workers of the latter gradually die out and the nest is ulti
mately entirely peopled by the parasitic ants. Parasite and host are always 
members of the same or closely allied genera. 

From temporary social parasitism the next step is exhibited by dulosis 
or slavery. Slave-making ants are confined to the northern hemisphere 
and are members of four genera only. One of the best known species is 
the blood-red robber ant (Formica sanguinea) of Europe and N. America, 
which utilizes as its slaves certain other species of its genus, viz. F. f~(sca 
and its allies. An army of sanguinea workers start out and, having found 
a suitable nest, they do not kill the workers of the slave species unless ;they 
should offer resistance, their main object being to capture the pupee and 
bring the latter back to their nest. It appears probable that a number of 
the captured pupee are eaten since the number of slaves in a sanguinea nest is 
smaller than the number of cocoons captured. The survivors from the latter 
emerge an,d become slaves in the colony of the captors. Wasmann regards this 
species as a facultative sla ve-maker, since independent sla veless nests do occur, 
and there is nothing to show that the slaves are anything more than auxiliary 
rather than essential workers, in the colony which has adopted them. Obliga
tory slave-makers or ., amazons" are members of the genus Polyerg1~s: The 
European P. rufescens is one of the best known, and its normal slaves be
long to the same species as-those selected by sallg1~inea. The Polyergus never 
excavates its nest, or cares for its young, andis entirely dependent on the slaves 
hatched from the worker cocoons pillaged from the alien colonies. The Euro
pean ant Anergates atratulus is a highly specialized social parasite, it possesses 
no workers, and selects as its host Tetramorium c(Espitum. The Allergates 
queen enters the nest of the latter, and the eggs which she lays give rise to 
a progeny which is tended and fed by the host workers. Ants which exhibit 
this parasitic habit are known to eliminate the queens of their host species 
which accept the alien substitutes. This mode of life is associated with 
degeneration; the males of Anergates, for example, are sluggish, wingless 
ergatoid individuals, and more or less pupa-like; the females are also 
modified and have rather poorly developed eyes. 
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Ants are frequently a great nuisance to man but are rarely actually de
structive to any of his operations. One of the be_st known of the noxious 
species is the Argentine ant (Iridomyrmex humilis) which has overrun the 
warmer parts of the United States and become a serious household pest. 

The literature on ants is voluminous but much of what is known con
cerning these insects will be found in the works of Wheeler (I9IO, I922, 
I923) which are accompanied by very full bibliographies. The two masters 
of European myrmecology are Forel and Emery, a mere list of whose writings 
would occupy several pages. Almost equally numerous are the various 
papers of Wasmann, particularly with reference to myrmecophilous insects. 
British ants number 34 species and these are admirably dealt with by 
Donisthorpe (I9IS). 

Superfamily. Vespoidea 
PRONOTUM EXTENDING BACK TO THE TEGUL£. TROCHANTERS ALMOST 

ALWAYS ONE-JOINTED. PETIOLE OF ABDOMEN SIMPLE WITHOUT A SCALE 

OR NODE. APTEROUS FORMS FREQUENT: WORKERS WHEN PRESENT ALWAYS, 

WINGED. 

Included in this superfamily are the Diploptera, which comprise the true 
social and solitary wasps, and a number of families of solitary species which, 
together with the Sphecoidea, are often known as the Fossores. The habits 
of the members of this superfamily are extremely diversified: some are 
true endoparasites, others are ectoparasites, a few are inquilines, while the 
true wasps are essentially predaceous and insectivorous. The Masaridre 
are the only family which includes species whose larvre are regularly nour-' 
ished upon a non-carnivorous diet, and are not in qui lines in the nests of 
other species. The series of papers by Ashmead (I90o, I902, I9()3) deal 
with the system of classification which has been largely followed in the 
present work. 

Table of Families:-
I (2).-Trochanters 2-jointed. TRIGONALIDJE 

(p. 574) 
2 (I).-Trochanters I-jointed. 
3 (6).-Wings longitudinally folded in repose; never apterous. 
4 (5).-Claws simple, middle tibire with two apical spurs; VESPIDJE 

workers present. (p. 576) 
5 (4).-Claws with one or more teeth, middle tibire with one or EUMENIDiE 

two apical spurs; workers absent. (p. 575) 
6 (3).-Wings not folded in repose; females sometimes 

apterous. 
7 (I6).-First abdominal sternum not separated from the second 

by a deep constriction or transverse furrow. 
8 (g).-Legs fossorial: posterior pair long, femora usually POMPILID)E 

reaching to or beyond apex of abdomen. (p. 578) 
9 (8).-Legs generally non-fossorial: posterior pair short, 

femora rarely reaching to or beyond apex of abdomen. 
10 (II).-Abdomen with only three to five visible terga, the CHRYSIDIDJE 

terminal segments tubular and retractile. (p. 575) 
II (Io).-Abdomen with at least six visible terga, the terminal 

segments not tubular and retractile. 
12 (I3).-Angles of metathorax acutely produced; metanotum MASARIDAE 

concave posteriorly, scutellum very large and fiat. (p. 575) 
13 (I2).-Angles of metathorax rarely acutely produced or 

toothed: . metanotum truncated or rounded poster-
iorly, scutellum normal. 

14 (I5).-Hind-wings with distinct venation and without anal SAPYGIDA, 
lobe: females never apterous. (p. '574) 
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15 (14).-Hind-wings without distinct venation and with an anal 
lobe: females often apterous. 

16 (7).-First abdominal sternum separated from the second by 
a deep constriction or transverse furrow. 

17 (I8).-Middle cox<:e usually widely separated. 

18 (17).-Middle cox<:e contiguous or nearly so. 
19 (20).-Female winged; ocelli present. Abdomen with a long 

petiole. 
20 (19).-Female apterous; ocelli often absent. Abdomen 

without a long petiole. 
21 (22).-Middle cox<:e usually slightly separated by a triangular 

or bilobed projection of the mesosternum: females 
with the thorax divided into three parts. 

22 (21).-Middle cox<:e contiguous. 
23 (24).-Hind-wings with an anal lobe: hypopygium of male 

with an aculeus: thorax of female divided into two 
parts. 

24 (23).-Hind-wings with no anal lobe: hypopygium of male 
unarmed, genital plate with two spines; thorax of 
female undivided. 

573 
BETHYLIDlE 

(p. 574) 

SCOLIIDlE 

(p. 573) 

RHOPALOSOMIDlE 

(p. 573) 

THYNNIDlE 

(p. 573) 

MYRMOSIDlE 

(p. 573) 

MUTILLIDlE 

(p. 573) 

FAM. MUTILLIDiE.-The members of this family are characterized by a velvety 
body-pubescence and are black, brightly marked, or ringed, with yellow, orange, or 
red. The family is almost world-wide but apparently most abundant in S. America 
and the genus Mutilla, which ranges into both hemispheres, includes many species. 
All are parasites and have been reared from the cocoons of solitary bees and wasps 
as well as from the puparia of Glossina. The females are always apterous and are 
more commonly met with than the males: they are agile runners and can inflict 
painful stings. In a few species the males have the wings reduced to small pads or 
entirely wanting. Accurate field observations are necessary before it is possible to 
correctly associate the two sexes of most of the described species, as they are very 
different in form and coloration. Two species of Mutilla occur in Britain, one of 
which, M. europcea, is found, in nests of Bombus. 

FAM. MYRMOSIDiE.-This small family is closely allied to the Mutillid<:e and 
is regarded by Andre and other authorities as a sub-family of the former. The only 
British species is'Myrmosa melanocephala F. which chiefly occurs in sandy localities 
in the south of England and is stated to be a parasite of Oxybelus: the male is eIJ'tirely 
black and the female red with a black head and a yellow-banded abdomen. 

FAM. THYNNIDiE.-These insects are also closely allied to the Mutillid<:e and 
exhibit even greater divergence of structure in the two sexes. The single British 
species, Methoca ichneumonoides Latr., occurs in the south of England but is rare and 
its female is liable to be mistaken for an ant. The genus is widely distributed and its 
prey consists of Cicindela larv<:e which are partially or completely paralysed by 
stinging (vide H. G. and R. J. Champion, Ent. Month. Mag., 50, 1914: Williams, 
1919). The extensive genus Thynnus is chiefly Australian. 

FAM. RHOPALOSOMIDiE.-The remarkable Ichneumon-like insect Rhopalosoma 
poeyi Cress. (N. America and W. Indies) is the chief representative of this family, 
and according to Hood its larva is an ectoparasite of the tree-cricket Orocharis. Its 
systematic position has given rise to much difference of opinion and the insect has 
been variously placed in the 'Parasitic a, the Spheciid<:e and the Vespid<:e. For a dis
cussion of its affinities vide Ashmead (Proc. Ent. Soc. Washington, r893). 

FAM. SCOLIIDiE (Fig. 546).--This extensive family includes the largest members 
of the Vespoidea. They are hairy insects whose prevailing colour is black marked 
with spots or bands of yellow or red, and the wings are often fuscous with a green or 
purple iridescence. They are mainly inhabitants of warm countries, and are ecto
parasites of larval Scarab<:eid<:e and probably of other of the larger coleopterous larv<:e. 
Ashmead divides the group into four distinct families-the Cosilid<:e, Tiphiid<:e, Scoliid<:e 
and Myzinid<:e, but, for purposes of the general student, the older system of retaining 
these divisions as sub-families of the single family Scoliid<:e is followed here. The only 
British genus is Tiphia of whi~h the species femorata F. is recorded as a parasite of 
Rhizotrogus: several N. American members of the genus parasitize larv<:e of Lach
nosterna. The habits of certain species of Scalia have been observed by Fabre, and 
the females penetrate the ground in order to discover the Lamellicorn larv<:e upon 
which they deposit their eggs. Thus S. bifasciata Ros. selects those of species of 
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Cetonia, s. (Elis) interrupta F. choses Anoxia and S. jlavijrons F. is confined to Oryctes 
as its host. Fabre attaches great importance to the details of the stinging process 
and, in the case of Cetonia, the sting enters the latter in the mid-ventral line, at the 
junction of the pro- and mesothorax, in order to paralyse the motor centres of the 
body. There is, however, very little exact information with regard to the process 

of stinging. 
FAM. SAPYGIDLE. - The 

species of this family mostly fre
quent decaying wood and live in 
the nests of Osmia, Sceliphron, 
Xylocopa, etc. Although stated 
to be parasites some species at 
least are known to consume the 
food stored by their hosts rather 
than the progeny of the latter. 
Thus, according to Fabre, Sapyga 
5-punctata is an inquiline which 
consumes the food which its host 
(Osmia) has laid in store. This 
species and S. clavicornis occur 
in Britain. 

FAM. TRIGONALIDLE.-A 
small family of very rare but 
widely distributed insects which 
are comprised in 17 genera and 
about 40 species. They are often 
included among the Parasitica on 

FIG. 546.-TIPHIA l'RAN8YERSA, SAY. N. AMERICA. account of their multiarticulate 
FEMALE. antennre and the 2-jointed tro-

After Davis, BuU. Win. Nat. Hist. Survey 13, Art. V. (reduced). chanters. The latter condition, 
however, is only imperfectly 

developed and the abdomen is not separated by a pedicel from the thorax. Trigo
nalys occurs as a parasite or hyperparasite of Vespa and Polistes and is represented 
in Britain by a single species. The family has been monographed by Schultz (Gen. 
Insectorum. 61) and Bugnion (Mit. Schw. E. Ges. 12) has contributed informatiqIJ..JLs 
to the anatomy. 

FAM. BETHYLIDLE.-This family, which 
includes the Dryinidre of many authors, was 
formerly classed among the Proctotrypoidea 
until its true affinities were pointed out by 
Ashmead (1902). In the Bethylinre the females 
are often apterous and very different from the 
males so that the sexes are not easily corre
lated: in Sclerodermus both sexes include 
winged and apterous individuals. So far as 
known the species of this sub-family prey upon 
Jepidopterous and coleopterous larvre and their 
biology has been chiefly observed by Bridwell 
(Proc. Hawaiian Ent. Soc. 3, 4) and by Wil
liams (Ibid. 4). Epyris stings Tenebrionid 
larvre and lays a single egg on each: Sclero
dermus utilizes various coleopterous larvre dis
tributing her eggs over the prey, while Goniozus 
and its allies attack concealed lepidopterous 
larvre. Parthenogenesis has been recorded FIG. 547.-EcHTHROIJELPHAX FAIR-

among these insects, the unfertilized eggs pro
ducing males. 

The Dryininre (Fig. 547) are often regarded 
as a separate family, and are easily recog-

OHILIJl, FEMALE. 

After Perkins, Enl. Bull. II. Hawaii"n Sugar 
Pl. Assn. 

nized by the anterior tarsi in the female being chelate (except in Aphelopus and 
its allies) : as in the preceding sub-family, the females are frequently apterous. All 
are parasitic upon the nymphs of Homoptera and more especially those pertaining 
to the families Fulgoridre, Cercopidre; Membracidre, and J assidre. Their biology is 
of exceptional interest and most of what is known thereon will be found in writings 
of Perkins (Hawaiian Sugar Pl. Ass., Bulls. I, 4, II), Giard (Comp. Rend. Acad. Sci. 
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109, 1899), Kornhauser (Journ. Morph. 1919) and Keilin and Thompson (C.R. Soc. 
BioI. Paris, 1915). During the larval stages they are endoparasites in the abdomen 
of the host and, sooner or later, an external gall-like cyst or thylacium containing 
the parasite is developed as a proliferation of the integument of the attacked insect. 
This cyst protrudes after the manner of a hernia, its position on the host is variable, 
and one or several may be present on a single individual. In many cases the cyst 
may be as large as the abdomen of the host, and is usually black or yellow in colour. 
Pupation takes place either on the food-plant of the Homopteron or in the soil. The 
effect of the parasitism is often very marked and the changes induced are regarded 
by Giard as an instance of "castration parasitaire." They vary according to the 
species of insect attacked and, in some cases, they are evident externally owing to the 
imperfect development of the genitalia of the host. Over 300 species of Dryinin<e 
are known and the greatest number have been described from Europe: in Britain 
Aphelopus frequently parasitizes species of Typhlocyba and Chlorita. 

FAM. CHRYSIDIDJE.-(Cuckoo wasps or ruby-tailed wasps). These insects are 
of a brilliant metallic coloration, generally green, green and ruby, or blue, with a 
very hard coarsely-sculptured integument. They are easily recognizable by the 
structure of the abdomen, which is peculiar in several ways, and very little longer 
than the head and thorax. It is convex above, and fiat or concave beneath, so that 
it is capable of being readily turned under the thorax and closely applied to the latter. 
In this manner the insect rolls itself into a ball when attacked, leaving only the wings 
projecting. There are, with few exceptions, only three or four segments visible 
dorsally. The terminal segments 
in the female are modified to form 
a retractile tube within which the 
ovipositor is concealed (Fig. 548). 
The imagines only fiy during hot 
sunshine, and are usually seen in 
the neighbourhood of the nests of 
various solitary bees and wasps 
within which their transformations 
take place. . The family is very 
widely distributed and the genus 
Clzrysis includes over 1,000 species. 
About 24 species of Chrysidid<e are 
British, one of the commonest being 
Chrysis ignita (vide Morice, Ent. 
]ylonth. Mag. 36). So far as known I 
all the species are parasites, or 
less frequently in qui lines, and the FIG. 548.-CHRYSlS lONITA, FEMALE. BRITAIN. 

Eumenid<e and Megachilid<e are After Sharp, Camb. Nat. Rist. 

especially subject to their attacks: 
Cleptes, however, is exceptional in that it parasitizes Tenthredinid<e. As a rule their 
larv<e prey on those of the host but Chapman (Ent. Month. Mag. 6) has observed 
the larva of Chrysis ignita feeding upon a caterpillar stored by its host (Odynerus). 
The genus Cleptes is also, in other ways, anomalous: the male has five visible ab
dominal segments and the female, unlike other members of the family, is provided 
with poison glands and is capable of stinging. For further information on the Chry
sidid<e reference should be made to the contribution of du Buysson in the work of 
Andre (1879). 

FAM. MASARIDJE.-A small family of rare insects whose antenn<e are either 
enlarged or clavate at-the apices. They are often included in the Diploptera but in 
cases where the wings are plicate they are only imperfectly so. Like the true wasps, 
they construct nests of their own, which assume the form of tubular cells disposed 
side by side in the earth or on dry stems. They are non-parasitic, and supply their 
larv<e with a paste-like material composed apparently of honey and pollen. These 
insects are inhabitants of warm countries and none are British. 

FAM. EUMENIDJE (Solitary True Wasps).-These insects are all non-parasitic 
and differ from the Vespid<e in being solitary. They exhibit many variations in nest
building habits: certain species dig tunnels in the ground, and others construct tubular 
nests in wood or stems, partitioning the tunnels into cells divided by mud walls. There 
are, furthermore, a number of ~pecies which are mason or potter wasps, constructing 
oval or globular vase-like nests of mud or clay fastened to twigs and other objects. 
The latter types are often of the daintiest description and are said to have served as 
models for early Indian pottery. The species of Odynerus construct varied kinds of 
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nests, while some regularly take advantage of a deserted nest of another wasp, or of 
a nail-hole or key-hole, rather than build cells of their own. All the species of the 
family are predaceous upon small lepidopterous larva!, or more rarely, upon those 
of the Tenthredinida!, and for this reason are of economic importance. The prey 
when captured is stated by Fabre to be stung into insensibility and a dozen or more 
larva! may be stored in a single cell. The wasp deposits each egg by means of a sus
pensory filament from the roof of the cell where it· hangs in close proximity to the 
food thus collected and, after the chamber is sealed, the parent betrays no further 
care for its offspring. The family is a large one well represented in most regions of 
the globe and its habits are discussed by Roubaud (1916), Williams (1919) and others. 
Two genera occur in Britain, viz. Eumenes and Odynerus. In the former the first 
abdominal segment is very long, and narrowed into a petiole (Fig. 549) while in 
Odynerus the petiole is scarcely evident. 

FAM. VESPIDJE (Social Wasps).-This family in temperate regions includes 
the paper-making wasps which are social·in habit, and live in large communities each 
composed of a fertilized female or " queen," workers, and males. The colonies exist 
for a single season only, the males and workers perishing during autumn, while the 
impregnated females hibernate and each founds a new colony the next spring. The 
three forms of individuals are very alike in coloration, but the queens are consider
ably larger than the workers and males: the males may be readily distinguished by 
having seven evident abdominal segments and thirteen joints to the antenn<e, whereas 
only six abdominal segments and twelve antennal joints are found in the queens and 
workers. Vespida! are largely predaceous in habit and feed their larva! upon other 

FIG. 

I , 
I . 

549.-EUJIENES PETIOLATA 

FEMALE X~. INDIA. 

After Bingham (F.B.I.). 

insects, portions of which they previously masti
cate: both fresh and decaying meat and fish are 
also utilized. The adult wasps are very partial to 
nectar, ripft fruits' and honey-dew and this same 
diet is given to the very young larVa! for a short 
period. Their mouth-parts have not attained the 
length and perfection found among bees, and 
hence wasps are unable to obtain the secretions 
of deeply seated nectaries. Although, at times, 
they cause injury to fruit they render service as 
scavengers and in reducing the numbers of other 
insects, more especially Diptera and lepidopterous 
larVa!. All the British species of the family-trelong 
to the genus Vespa and our knowledge of these 
insects has been greatly extended by the researches 
of Janet (1893, etc.) and Marchal (1896). Great 
variety of nest construction is found in this geuus 
and the British formSj exhibit three distinct types 

of nidification. Thus Vespa vulgaris, germanica, and ruja make underground nests; 
V. sylvestris and norvegica suspend their nests from bushes, trees, etc., while V. crabro 
(the hornet) nests in hollow trees or more rarely in banks. V. austriaca (arborea) is a 
race of V. ruja in whose nests it is occasionally present as an inquiline. The stings of 
these insects are always painful and many of the tropical species are very :fierce and 
easily roused, their stings sometimes involving dangerous consequences to animals and 
human beings. One of the largest species of the genus is the Himalayan V. ducalis 
Sm. whose queens attain a length of 40 mm. with a wing-expanse of over 80 mm. 

After hibernation the female wasps are roused into activity by the warmth of 
early spring, and commence to seek out likely situations for their nests. Having 
discovered suitable places they proceed to gather the material for nest construction. 
This consists of weather-worn but sound wood, particles of which are rasped off by 
means of the mandibles, and worked up with the aid of saliva to form a substance 
known as "wasp-paper." In the case of V. germanica and vulgaris, layers of this 
substance are applied to the roof of the cavity in the ground destineq. to hold the nest. 
From the centre of the disc thus formed, a pedicel is hung with, its lower end widened 
out. Upon the latter the fir~t cells, up to about thirty in number, are constructed: 
they are hexagonal in form, open below and closed above. An umbrella-like covering 
is suspended from the roof of the cavity to protect the comb and, in the angle of each 
cell nearest the centre of the comb, an ·egg is deposited, being fixed by means of a 
cement-like substance. In a few days, according to temperature, the larVa! hatch 
and are fed by the parent until ready to pupate. Prior to transforming the larva 
spins a cocoon within the cell and closes the mouth of the latter with a tough floor 
of silk. The contents of the gut are now evacuated for the first time, and transform-
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ation into the pupa takes place. After a period of four to six weeks from the time 
of egg-laying, the adult wasps bite their way through the floors of their cells and 
emerge. These individuals are always workers, and very soon the entire care of the 
young and the nest-building is taken over by them, the parent female devoting herself 
solely to egg-laying. When the nest is fully formed (Fig. 550) it is more or less spherical 
in form externally, and is invested by several layers of coverings which protect it from 
rain and also serve to prevent loss of heat from within. New cells are added at the 
periphery of those already formed and, when one layer of comb has attained a suit
able size, new tiers or layers are built below and interconnected with vertical pillars. 
This goes on until about seven or more combs are constructed and the spaces between 
the several combs, and between these and the innermost covering of the nest, are just 
sufficient to allow of the free movement of the occupants of the nest. Each cell of 
the comb is used for rearing the brood twice or perhaps three times, and it will there
fore be seen that the number of cells does not accurately represent the total population 
of a colony. Janet found in a nest containing seven combs 11,500 cells of which 
11,000 had been used twice and the remainder thrice. An average sized nest probably 
has a population of 
about 5,000 individuals 
towards the end of the 
season. Near the end 
of summer larger cells 
are constructed and 
these " royal " cells are 
destined for the females 
or "queens" of the 
next generation. The 
fertilized eggs produce 
either females or work
ers, depending upon 
the amount of food 
supplied to the iarvce. 
When food is particu
larly abundant, or in 
nests which require re
queening, the workers 
undergo increased de
velopment and become 
fertile but are structur
ally incapable of im
pregnation. Males are 
always produced from 
unfertilized eggs 
whether the latter be 
laid by the female or 
workers. 

In addition to their 
normal occupants a 
large number of other 

A. B~ 
FIG. 550.-A, SECTION OF SUBTERRANEAN NEST OF VESPA 

GERJIANlCA; B, SECTION OF NEST OF V. ORARRO IN A TREE

HOLLOW. 

A, root to which first attachment D was made; B, secondary attachment; C, 
pieces of flint; D l , suspensory pillar; E, envelope, in B its vestiges; F, entrance; 
G, side gallery; H, lamell~ closing opening to tree hollow; 0, entrance orifices in 
lamellce; L, saprophagous dipterous larvCE. The numerals refer to layers of comb 
·in order of construction. Adapted from Janet. 

insects have been observed in wasps' nests, either as parasites or inquilines. In the 
soil beneath the nest, which contains excreta and other organic matter, larvre of 
Pegomyia (A canthiptera) inanis are often abundant. Larvce of Volucella inanis, 
zonaria and pellucens appear to act as scavengers devouring excreta, etc., and doing 
no harm to the occupants of the cells: among true parasites the most important is 
Metwcus paradoxus which destroys the larvce. Newstead (Ent. Month. Mag. 1891) has 
recorded a number of other insects and several species of Acari from nests of V. 
germanica and V. vulgaris. 

Polistes is the only other European genus: its colonies are much smaller than· 
those of Vespa, and each nest is composed of a single tier of cells suspended by means 
of a central pedicel, without any external envelope. The tropical sub-families Rho
palidiince and Epiponince live in perennial polygynous colonies capable of emitting 
swarms (vide also p. 523). 

Among the principal works on the family is De Saussure's monograph (1853-58) 
and the writings of Janet, Marchal, Roubaud (I9I6), Bequaert (I9I8) and Dalla Torre 
(Gen. Insectorum 19): for a useful account of the biology of the British Vespidce vide 
Latter (1904). 

G.T.E·-37 
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FAM. POMPILIDLE (Psammocharidre).-The Pompilidce are the most extensive 
group of the Vespoidea and are distributed over almost the whole world; six genera, 
including about 30 species, are found in the British Isles (vide Perkins Ent .. Month. 
Mag. 1920). In these insects the abdomen is devoid of a definite pedicel, the hind 
pair of legs is very long and the males are more slenderly built and usually smaller 
than the females (Fig. 551). All are fossorial and predatory wasps, their size is very 

variable and certain species may attain 
a length of three inches. Included in the 
genus Salius are some of the largest of 
all Hymenoptera. They are remarkable 
for their extreme activity and possess 
great powers of running. The nests of 
these insects are usually burrows in the 
ground, but Agenia constructs earthen 
vase-like receptacles which are attached 
to walls or stones. Their prey consists 
almost exclusively of spiders and. some 
of them, by means of their highly de
veloped stinging powers, are able to over
come even the largest of these Arachnids. 
One of tl:le giants of the family is Pepsis 
jemoratus which stores its burrows with 
the great Tarantula spiders. The habits 
of the Pompilidce have been observed by 
Fabre (Souv. Ent. 4th ser.), the Peckhams 
(1898), Ferton (1901-21), Williams (1919) 
and others. There appears to be a good 

FIG. 55I.-CALIOURGUS HYALINA1'US, FE- deal of variation in the degree of pertec-
MALE. BRITAIN. tion in the art of stinging among different 

After Sharp, Camb. Nat. Hist. species. Fabre states that Calicurgus first 
stings its prey between the poison fangs 

of the latter, and subsequently near the junction of the cephalothorax and abdomen, 
thereby producing complete immobility. The observations of the Peckhams on species 
of Pompilus indicate that in this genus stinging is a much less refined process: in some 
cases the spider is stung in such a way that it is killed outright, while in others it may 
live for 40 or more days, but in all cases it is reduced to a sufficiently helpless condi'fl!m 
to afford a safe respository for the egg of the wasp. 

Superfamily. Sphecoidea 

PRONOTUM NOT EXTENDING BACK TO THE TEGULiE! TROCHANTERS ONE

JOINTED, HIND TARSI SLENDER, NOT DILATED. PUBESCENCE OF HEAD AND 

THORAX SIMPLE NOT PLUMOSE. WORKERS AND APTEROUS FORMS ABSENT. 

This superfamily is composed of fossorial wasps and none exhibit any 
true social life. For the most part they may be _regarded as beneficial 
insects from the fact that they are predaceous and store their nests with 
lepidopterous larvce, Hemiptera-Homoptera, Orthoptera, Areinida, etc. 
Parental care for their larvce occurs in species of Bembex and Pht'lanthus 
but, for the remainder, once the cells have been provisioned, and an egg 
deposited in each, they are sealed down and the parent exhibits no further 
concern for her offspring. As a general rule they sting their prey before 
storing the latter in the larval cells, and the result of the stinging in most 
cases is to induce rapid paralysis of the motor centres, thereby eliminating 
all or almost all power of movement. The often repeated assertion that 
the prey is stung in the ganglionic nerve centres is not an ascertained fact, 
but an inference drawn from the effects of stinging, and the positions in 
which the sting is inserted into the bodies of the victims. In a number of 
cases the prey is stated to be killed outright, but it retains its fresh condition 
for a variable period up to several weeks, a fact which suggests the P?ssi
bility that the injected venom exercises an antiseptic influence. Many 
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interesting and original observations on the habits and instincts of the 
European species of the group are detailed in the writings of Fabre and 
of Ferton; a number of the American species have been studied by G. W. 
and E. G. Peckham and certain of the African forms by Roubaud (1916). 
Kohl (1896), who is the European authority on the classification of these 
wasps, regards them as forming a single family but the work of Ashmead 
and others has shown that the Sphecoidea are a complex group divisible 
into a nUlp.ber of families which exhibit different structure and habits. 

Key to the families :~ 
I (14).-'Middle tibi;:e with one apical spur, rarely with none. 
2 (5).-Fore-wing with one cubital cell: median cell in hind

wing twice as long as sub-median. 
3 (4) .-Head. transverse; postscutellum with a spine or forked 

process and with squam;:e. 
4 (3) .-Head quadrate: postscutellum unarmed and without 

squam;:e. 
5 (2).-Fore-wing usually with two or three cubital cells: 

median cell in hind-wing not twice as long as sub-
median. 

6 (I1).-Abdomen with no marked constriction between seg
ments I and 2. 

7 (8).-Abdomen petiolate or subpetiolate. 

8 (7).-Abdomen sessile. 
9 (IO).-Labrum large and well developed, ocelli aborted and 

represented by scars. 
10 (9).-Labrum small, concealed, ocelli distinct or never all 

aborted. 
II (6).-Abdomen with a strong constriction between segments 

I and 2. 
12 (13).--Head wider than the thorax: fore-wing with 3 cubital 

cells: abdomen rarely petiolate. 
13 (I2).-Head not wider than the thorax: fore-wing with I or 

2 cubital cells: abdomen petiolate. 
14 (I).-Middle tibi;:e with two apical spurs. 
15 (16).-Abdomen with a constriction between segments I and 

2 : middle cox;:e contiguous. 
16 (15).-Abdomen with no constriction between segments I and 

2 : middle cox;:e not contiguous. -' 
17 (22).-Mesosternum normal; mesonotum without parapsidal 

furrows. 
18 (ZI).-Abdomen sessile or subsessile. 
19 (20).-Labrum not free, covered by the clypeus: transverse 

median vein usually straight. 
)20 (Ig).-Labrum free, well developed: transverse median vein 

usually sinuate. 
21 (18).-Abdomen petiolate. 

22 (I7).-Mesosterrium produced into a forked process post
eriorly: mesonotum with parapsidal furrows. 

OXBELIDlE 

(p. 582) 
CRABRONIDlE 

(p. 582) 

PEMPHREDONIDlE 

(p. 582) 

BEMBECIDlE 

(p. 581) 
LARRIDlE 

(p. 581) 

PHILANTHIDlE 

-(po 581) 
TRYPOXYLONIDlE 

(p. 581) 

/ 
MELLINIDlE 

(p. 580) 

NYSSONIDlE 

(p. 580) 
STIZIDlE 

(p. 580) 
SPHECIDlE 

(p. 579) 
AMPULICIDlE 

(p. 579) 

FAM. AMPULICID.tE.-The members of this family are rare in individuals and 
few in species. The prothorax is narrow and elongate and the base of the abdomen 
is constricted to form a short pseudo-petiole. So far as known they are predaceous 
upon Blattid;:e and Bingham mentions that in Burma they enter houses and search 
for their prey in likely situations. They do not form definite nests and, after having 
stung their prey into submission, the latter are dragged away and stored in any suitable 
hole or crevice (vide Williams, 1919). The family ranges into both hemispheres but 
is unrepresented in Britain. Dolichurus and Ampulex occur in France. 

FAM. SPHECID.tE (Sphegidce).-The members of this extensive family are slender 
wasps, with the propodeum elongate, and the petiole so much attenuated that it is 
often little stouter than a fine bristle, and it may exceed in length the remainder of 
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the abdomen (Fig. 552). They an, usually black insects with yellow or reddish mark
ings, the legs are adapted for diggmg and running, and their methods of stinging are 
highly specialized. One of the rest known genera is Sphex L. (Ammophila Kohl) 
which, as the Peckham's remark include some of the most graceful and attractive 
of all wasps-not only on accoUI t of their form but also owing to their intelligence 
and individuality. The above-Plentioned observers, and also Fabre, have studied 
their habits in detail and the rl:!cords of their observations form some of the most 
remarkable chapters in insect biology. Stated very briefly, the prey consists either 
of lepidopterous larvre or Ort:lOptera which are stored in a single cell situated at the 
termination of a vertical tl1.111el.V the ground. The method adopted by these insects 
in stinging their prey is t2-,e m~_..( complex known and has been observed by Fabre in 
the case of S. hirsut1~3- and by the Peckhams in S. urnarius. It is a multiple process 
but there is some variation with regard to the number of stings administered. In 
one instance Fabre mentions that stinging took place at twelve different points, be
ginning between the first and second segments and progressing backwards. In his 
second example, the third, second and first segments were stung in the order given 
and thereafter the remaining segments up to the ninth. In other cases he noted that 
usually all the segments were stung. After stinging had been accomplished the prey, 
in some instances, was subjected to a further process known as malaxation which 
consists in repeatedly compressing the neck of the victim with the mandibles. The 
Peckhams' observations largely confirm those of Fabre with the exception that the 
middle segments of the prey, upon which the egg is deposited, were never touched, 
while in Fabre's observations they invariably were. They also noted that malaxation 

was most severe in the case of a caterpillar 
which was only stung once. It is evident 
from the various observations which have 
been recorded that the order in which the 
segments are stung, the number stung, and 
the subsequent malaxation which may 
occur are all somewhat inconstant. The 
poison introduced during stinging either 
paralyses or kills the prey and also acts as 
an antiseptic, keeping the tissues fresh for 
many weeks. As Wheeler observes, Fabre's 
and Bergson's contention that the ins~c.Lis 
a clairvoyant surgeon, with an intuitive 
knowledge of the internal anatomy of its 
prey, may be dismissed as a myth. 
Sceliphron (Pelopa!Us) includes the "mud
daubers" whose nests are constructed of' 
kneaded mud or cl~y and are composed of 

FIG. 552.-AMMOPHILA SA BULOSA , FEMALE. 
BRITAIN, X 2. 

about 10 to 50 cells. These insects OCCur in most of the warmer regions of the globe 
and are very fond of building their nests in human habitations. Their prey consists 
of spiders and it appears to be a matter of indifference whether the latter be killed or 
only paralysed and either event may follow as the result of being stung. An exam
ination made by the Peckhams of cells recently provisioned showed that while most 
of the spiders were dead, many clearly exhibited indications of being still alive. The 
latter died off from day to day and the dead Arachnids remained in good condition 
for a period of ten or twelve days. 

FAM. STIZIDJE.-Thes~ insects are often united with the Bembecidre but may be 
distinguished from them by the presence of two apical spurs to the middle tibire and 
by the strongly defined constriction between the first and second abdominal segments. 
Comparatively little has been observed with regard to their habits beyond the fact 
that they are predaceous upon Orthoptera and Homoptera and construct burrows in 
the ground. In N. America Sphecius speciosus is a large and formidable insect preying 
upon cicadas; its burrows extend for two feet or more in depth in sand, each is pro
visioned with a single cicada and pupation takes place in a silken cocoon with incor
porated soil particles (vide Riley, Ins. Life, 4). Both Sphecius and Stizus are European 
but do not extend their range into Britain. 

FAM. NYSSONIDJE.-These wasps are medium-sized insects and some of them 
bear a remarkably close superficial resemblance to members of the Eumenidre. Their 
prey consists of small Homoptera, particularly Cercopidre. Both Gorytes and Nysson 
occur in Britain, and species of the former genus have been recorded as preying upon 
the nymphs of Aphrophora spumaria. 

FAM. MELLINIDJE.-The few recorded observations on these insects indicate 
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that they are predaceous upon Diptera. Mellinus arvensis is common in Britain and 
accordfng to Smith it often resorts to patches of cow-dung in search of its prey. The 
species burrow in sand and their larv::e spin brown cocoons. 

FAM. TRYPOXYLQNID.tE.-The best known genera in this family are Pison and 
Trypoxylon, the latter being represented in Britain by three species. Their nests are 
divided into cells separated by partitions, and they frequently utilize holes in posts, 
chinks in mortar and brickwork, decayed wood, plant stems, etc. Some species build 
clay or mud nests in or near houses, others utilize the abandoned nests of Sceliphron, 
or make burrows in the ground. For the most part they store their nests with spiders 
but Ashmead records certain species as preying upon aphids. An account of the 
habits of Trypoxylon albopilosum and T. rubrocinctum is given by G. W. and E. G. 
Peckham (18g8) and those of T. politum by Raus (Journ. Animal Behav. 1916). 

FAM. PHILANTHID.tE.-These insects are burrowers in the earth and the species 
of Philanthus prey upon Andrena, Halictus, Apis and other Hymenoptera. The 
victim is stung on or near the under surface of the mentum and death rapidly super
venes. One of the best known species is Philanthus triangulum F. which commonly 
preys upon the hive bee. According to Fabre after the bee has been stung it is sub
jected to vigorous malaxation for the purpose of forcing out the contained honey. 
The latter is imbibed by the captor and its extraction is stated to be necessary before 
the bee can be safely used as food by the larval Philanthus. Fabre states that the 
burrows of this species are about 3 feet deep and they terminate in the larval cells. 
The female bee supplies her brood with food from time to time and consequently 
tends her offspring after the manner of Bembex. The species of the extensive genus 
Cerceris (Fig. 553) make solitary nests in 
the ground and store them with adult 
Coleoptera or with bees of the genera 
H alictus and A ndrena. According to 
Marchal C. rybiensis L. (ornata F.) preys 
upon Halictus and the latter is stung in 
very much the same manner as the prey 
of Philanthus and is afterwards sub
jected to malaxation. C. bupresticida 
Duf. confines itself to species of Bupre
stid::e while C. Ferreri Lind., 4-cincta 
Vill., and specularis Costa prey upon 
Curculionid::e. According to Wheeler 
(Journ. Animal Behav., 19I3) Aphilan
thops frigidus stores its nest with queen 
ants. The family is represented in 
Britain by Philanthus triangulum and six 
species of Cerceris. 

FIG. 553.-CFiROERI8 ARENARIA, FEMALE. 
BRITAIN, X 2'5. 

FAM. LARRID.tE.-The members of this family are burrowing wasps which 
inhabit sandy localities and provision their nests with Orthoptera and Hemiptera. 
The European species of Tachytes include among their prey Mantis and Stenobothrus; 
Larra anathema chooses Gryllotalpa, while Tachysphex stores its nests with Gryllus 
and various Acridiid::e. A status and its allies are often regarded as a separate family; 
they mostly provision their nests with the nymphs of Pentatomid::e and other Hemip
tera. A British species, A. boops, apparently selects a wider range of prey which 
includes not only Hemiptera but also small Blattid::e and the wasp Oxybelus. 

'FAM. BEMBIj:CID.tE.-1he Bembecid::e live in a semi-social manner, a number 
of individuals occupying a limited area of ground but each one has a separate nest. 
Thus Wesenberg (Ent. Medd., 18g1) states that fifty Bembecids will occupy an area 
about equal to that of an ordinary room. Bembex differs from almost all other solitary 
wasps in that the cells containing its larv::e are left unsealed and the latter are fed 
from day to day. This difference in maternal care entails very great industry on the 
part of the parent wasps and results in a much less numerous progeny. The prey 
consists of Diptera and among the genera recorded as serving this purpose are such 
relatively large forms as Echinonzyia, Eristalis and Tabanus. In Bembex rostrata 
a single female supports five or six larv::e and each of the latter requires 50 to 80 flies 
during the fourteen or fifteen days spent in that stage. Parker (Proc. U.S. Nat. Mus. 
52) discusses the biology of the family and believes that the parent wasps find their 
skilfully concealed burrows by olfactory sense. He mentions several instances in which 
tb,e surface of the burrow was disturbed, and even water was poured over it, without 
causing the wasp to lose track of its nest. In addition to this work and that of Marchal 
the reader should also consult the writings of Fabre and G. W. and E. G. Peckham. 
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FAM. PEMPHREDONIDJE.-Included in this family are a number of small 
black wasps of slender build which usually form irregular galleries in dry twigs or in 
the wood of posts and rails. Their chief prey consists of Aphidid<e, but Psyllld<e and 
other small Hemiptera-Homoptera are also taken. Pemphredon consists of a number 
of very similar species of which. five occur in Britain. 

FAM. CRABRONIDJE.-These insects form a large and important family of 
small species which exhibit extremely varied habits. The genus Crabro occurs over a 
large part of the world and constitutes the dominant group of fossorial Hymenoptera 
in Britain where it is represented by about 300 species. Their nests are constructed 
in stems Oof bramble, in palings and POosts, in the ground and Oother situations. Diptera 
appear tOo fOorm their chief prey but SOome species stOore their nests with lepidopterOous 
larv<e Oor small HOomoptera. There is a considerable amount of evidence indicating 
that different nesting habits and prey are directly associated with certain groups of 
specie.s. As in the Oxybelid<e they are stated to paralyse their victims by crushing 
the thorax and its nerve centres rather than by stinging. 

FAM. OXYBELIDJE.-This family includes certain small wasps which burrow in 
the ground in sandy places and provision their nests with Diptera and more especially 
with species of Anthomyid<e and Muscid<e. According to Verhoeff the prey is not 
stung but the thOoracic nerve centres are crushed which results in paralysis. In the 
American species observed by the Peckhams the prey is stated tOo be intact, no such 
crushing process taking place. Dxybelus is represented in Britain by four species Oof 
which D. uniglumis L. is frequent and generally distributed. 

Superfamily. Apoidea 
PRONOTUM NOT EXTENDING BACK TO TEGULlE. TROCHANTERS ONE

JOINTED, HIND TARSI DILATED OR THICKENED. PUBESCENCE OF HEAD 

AND THORAX FEATHERY OR PLUMOSE. WORKERS SOMETIMES PRESENT: 

APTEROUS FORMS WANTING. 

Included in this superfamily are the social and solitary bees. The 
truly social species, which have evolved a worker caste, are confined to the 
families Bombidre and Apidre, the great majority of forms being solitary. 
The adults are most important agents for pollinating flowers, the p.211en 
adhering to the plumose body-hairs. The glossa is always well developed, 
generally pointed, and often exceedingly long. The food consists of nectar 
and pollen, the former supplying the carbohydrate ingredients and the 
latter the protein and hydrocarbons. The larvre are fed upon a similar 
diet, except that the nectar is regurgitated as hont!y before being served 
to them. These substances are stored in the cells, and the latter are never 
provisioned with animal food. The females are provided with corbiculre 
consisting of special pollen-collecting hairs which are situated either on the 
abdominal sterna, or on the posterior tibire and tarsi, or on the femora. 
Certain genera, however, notably Nomada, Colioxys and Psithyrus are 
inquilines in the nests of other species, and corbiculre are wanting in these 
instances. A useful account of the structure and biology of certain of the 
solitary bees is given by Semichon (1906). For the habits of these insects 
vide also Friese (1922-23), Ferton, Fabre and the literature quoted under 
the different families: 

Key to the families:-
I (8) .-Glossa flattened, usually shorter than mentum: 

basal joints of labial palpi cylindrical, nOot unlike 
succeeding joints. 

2 (S).-Glossa short, broad, and obtuse or emarginate 
apically. 

3 (4)·-Small black bees with scanty pubescence: fore
wing with 2 cubital"cells; hind femora in female 
without pollen brushes. 

4 (3) .-Moderate sized hairy bees: fore-wing with 3 cubital 
cell~ ; hind femora in female with POollen brushes. 

PROSOPIDJE 

(p. 583) 
COLLETIDJE 

(p. 583) 



APOIDEA 

5 (2).-Glossa long or sh6rt, apex acute: pollen brushes 
present. 

6 (7).-Fore-wingwith 2 cubital cells: glossa long, labrum 
large and not covered by clypeus. 

7 (6).-Fore-wing with 3 cubital cells: glossa shorter, 
labrum small and mostly concealed by clypeus. 

8 {rr).-Glossa very elongate, always longer than mentum: 
two basal joints of labial palpi elongate, com
pressed, and unlike succeeding joints. 

9 {ro).-Hind tibi;e without apical spurs. 
# 

10 (9).-Hind tibi;e with apical spurs. 
II (r2).-Vsually metallic bees, bare or nearly so: the glossa 

extending to or beyond middle of abdomen; 
maxillary palpi I-jointed. 

12 {II).-Not such bees. 
13 (14).-Eyes well separated from bases of mandibles. 

14 {r3).-Eyes reaching or almost reaching bases of man
dibles. 

15 (22).-Fore-wings with three cubital cells. 
16 {I9).-Marginal cell neither markedly long nor narrow, 

rarely longer than first 2 cubital cells united. 
17 {I8).-Hairy pollen-collecting bees. 

18 {I7).-Sparsely hairy or bare parasitic bees, with no 
pollen-collecting apparatus. 

19 {I6).-Marginal cell long and narrow, as long as or longer 
than three cubital cells united. 

20 {2I).-Small bees, metallic or submetallic, nearly bare: 
hind tibia and tarsus of female without distinct 
scopa. 

21 (20).-Large bees with dense scopa: thorax thickly 
pubescent. 

22 {I5).-Fore-wings with two cubital cells. 
23 (26) .-Labrum large and uncovered, hind-legs with a dense 

scopa. 
24 (25).-Marginal cell neither long nor narrow. 

25 (24).-Marginal cell very long and narrow. 

26 (23).-Labrum small and usually concealed by c1ypeus. 
27 {z8).-Abdomen in female with a ventral scopa: labrum 

entirely covered by clypeus. 
28 (27).-Abdomen in female without a ventral scopa: 

labrum not entirely covered by c1ypeus. 

PANURGIDlE 
(p. 584) 

ANDRENIDlE 
(p. 584) 

APIDlE 
(p. 587) 

EUGLOSSIDlE 
(p. 586) 

BOMBIDlE 
(p. 586) 

ANTHOPHORIDlE (part) 
(p. 586) 

NOMADIDlE 
(p. 585) 

CERATIN IDlE 
(p. 585) 

XYLOCOPIDlE (part) 
(p. 585) 

ANTHOPHORIDIEi 
(part) 

XYLOCOPIDlE 
(part) 

MEGACHILIDlE 
(p. 584) 

STELIDIDlE 
(p. 584) 

FAM. PROSOPIDJE.-A small family of bees whose principal genus is Prosopis F. 
(Hy/mus F.). Structurally they are the most primitive of all Apoidea as is revealed 
by the comparatively little. modified mouth-parts, the scanty development of the 
body pubescence and the absence of any special pollen-collecting apparatus. In the 
Hawaiian Islands Perkins finds that several species are parasitic upon their congeners 
but the habit appears to be exceptional. Their nests are placed in the stems of 
bramble and other plants, in the earth, or in chinks in buildings. In these situations 
they construct cells which are lined by a thin, translucent membrane: the latter 
serves to retain the honey which is stored in a particularly fluid condition. The 
family ranges into both hemispheres and is represented in Britain by eleven species. 

FAM. COLLETIDJE.-The genus Colletes was formerly placed in the preceding 
family on account of the short broad sub-triangular ligula. The females bear a 
resemblance to the workers of the honey bee but the males are considerably smaller. 
Their general hairiness, larger size and venational differences readily separate them 
from Prosopis. The various species burrow in the soil of sandy localities, some
times forming extensive colonies. These tunnels are often 10 inches in length, they 
are lined with a delicate parchment-like membrane, and the cavity of each tunnel 
is divided by means of partitions of the same substance into about 5 to 8 or 10 cells. 
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An egg is deposited in each cell on, or in, a somewhat fluid mixture of pollen and 
honey. The family ranges into both hemispheres and several species of Colletes occur 
in Britain. 

FAM. ANDRENIDAL-An extensive family comprising a large number of moderate 
or large-sized species which often bear a resemblance to the hive bee. Most of them 
construct burrows in the ground and frequently in gravel paths, among grass, etc., 
storing the cells with honey and pollen. Although they are solitary bees they live 
for the most part in colonies or " villages" which sometimes contain a thousand or 
more nests. The sexes are very different in appearance, they are not often found 
together, and are difficult to correlate. A ndrena is represented in Britain by about 
60 species: 1Jlany of them are double-brooded, occurring in early spring and again 
in July or August (vide Perkins, Trans. Ent. Soc. 1919). In some species the two 
broods differ slightly from one another, especially with regard to the males. The 
members of this genus, and also of Halictus, are economically important by reason 
of their pollinating the blossoms of fruit trees. Halictus constructs branched tunnels 
in the ground in very similar places to those selected by Andrena. It includes for 
the most part small bees, certain of its members attaining a length of only 5 mm., 
and in some species they exhibit metallic coloration. According to Fabre (Ann. Sci. 
Nat., 1879) H. lineolatus and sexcinctus exhibit the initial stages of social life. These 
bees live in colonies and the members thereof collaborate in constructing a common 
gallery which ramifies in the soil and affords ingress to the various cells. The con
struction of the latter, however, and the feeding of the brood, is the work of individual 
bees. According to Verhoeff H. quadricinctus builds its cells in a single mass instead 
of distributing them along the course of the burrow, w,hich is the more usual pro
cedure. The species of Spltecodes are small shining black, or black and red, bees with 
a very rudimentary pollen-collecting apparatus. Their economy has gIven rise to 
much discussion but; there appears to be little doubt that certain species, at least, 
are parasites in the nests of Halictus and Andrena. Both this genus and Halictus 
are well represented in the British Isles. The genus Andrena is very subject to para
sitism by Strepsiptera, the effects of which may vary considerably among its different 
species: for an account of these parasites and the morphological changes which they 
induce in their affected hosts, vide p. 520. 

FAM. PANURGIDLE.-The members of this small family resemble Andl'ena in 
habits and construct burrows in sandy or gravelly localities. Panurgus is a genus 
of deep black bees which is represented in Britain by two species. . ___ 

FAM. STELIDIDLE.-The members of the genus Stelis are black bees with the 
abdominal terga margined with white. The British species are parasitic on Osmia 
but elsewhere the recorded hosts include A ntltidium, Cltelostoma, and Ceratina. 
According to Verhoeff (Zool. Anz., 1892) Stelis minuta lays its eggs in the cells of 
Ostnia leucomelana and its larva: consume the food stored therein, sharing it with the· 
legitimate owners. When the provisions are consumed the IOsmia larva falls a prey 
to that of Stelis and is devoured by the latter. 

FAM. MEGACHILIDJE.-An extensive and almost cosmopolitan family including 
the leaf-cutting bees and their parasites, together with the mason bees. The genus 
Megachile is_ well known from its habit of cutting out rounded pieces from the leaves 
and petals of roses and other plants. Leaf-cutting bees resemble the hive bee in 
general appearance but h'ave broader heads and are rather more robust. Their nests 
are formed in the soil, in hollow stems, wood and other situations. The cells are 
constructed entirely of leaves and are thimble-like in shape: the wall of the thimble 
is formed of layers of large oval pieces of leaves and the lid, which closes the receptacle, 
is similarly made up of layers of smaller round pieces. The cutting process is carried 
out with great neatness and rapidity: the female bee holds on to the leaf with her 
legs until she has excised a piece of the required shape with her mandibles. Each 
cell is about half filled with a paste of pollen and nectar and an egg is deposited in it 
in the usual manner: new cells are added end to end and, as they adhere to one 
another, a nest consists of one or more strings of these chambers. In India, and other 
hot countries, many species enter houses and block up every available key-hole or 
other small aperture with clay and the material of their nests. The various species 
of Osmia exhibit great diversity of instinct in nest-formation, but generally choose 
hollow places already existing whether they be in wood, stems, mortar, in empty 
snail shells, Cynipid galls or elsewhere. They are mason bees constructing cells of 
sand, soil, or clay held together with a glutinous substance: internally the cells are 
smooth but externally they are rough in conformity with the material used in the 
construction. Usually about 10 to 20 cells are found in a nest and each is stored with 
a mixture of pollen and honey. Smith recorded a nest of Osmia parietina attached 
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beneath a large stone and composed of 230 cells. O. tridentata nests in bramble stems 
while the very common O. rufa will form its nest in almost any convenient hollow, 
whether it be .in the ground or in wood, or it may take advantage of a keyhole, snail 
shell or other object. For original observations on the habits and instincts of this 
genus the reader is referred to the works of Fabre. Bees of the genus Chalicodorna 
construct nests of exceptionally solid masonry, often attaching them to large stones. 
Several species occur in the south of France one of Which, C. 'muraria, has formed the 
subject of some of Fabre's most detailed observations on instinct. It is a densely 
hairy insect, larger than the hive bee, and the two sexes are markedly different in 
colour. The cells are constructed of soil particles mixed with the salivary secretion 
of the insect and, during the process of nest building, many small pebbles are incor
porated and cemented in position with the aid of this mortar-like material. After 
eight or nine cells have been built, the whole is then plastered over with the same 
substance, and the completed nest assumes a dome-like form about the size of half an 
orange. NotwithstanQ.ing the great hardness of these nests, their inmates are very 
much subject to the attacks of such parasites as Anthrax, Leucospis and Stelis. In 
Anthidium (Fig. 554) the males are exceptional among Hymenopter;;t in being larger 
than the females, and like Osmia the species of this genus take advantage of suitable 
cavities rather than construct burrows for themselves. Some of the species are known 
to possess the habit of lining their nests with cottony fibres and hairs, which they 
strip by means of their mandibles from various plants. The single British species, 
A. manicatum L., chiefly, occurs in the southern counties, and within the cottony 
lining of its nest the cells are made of a delicate membrane which serves to retain the 
stored honey. Other species have been ob
served by Fabre to use resin in place of 
cotton for their lining material. 

ClElioxys includes a number of bees 
which are parasites or inquilines in the nests 
of lvIegachile and Anthophora, while Dioxys 
has been bred from the cells of Chalicodoma 
and Osmia. 

FAM. XYLOCOPIDLE (Carpenter Bees). 
-Included in this family are the largest 
known bees. For the most part they are 
black or bluish-black with dark, smoky 
and often iridescent wings: over parts of 
the body the pubescence is frequently 
yellow, white, or brown. Although resem
bling Bombus in general appearance they 
are more flattened and less hairy. Xylo
copid<e occur in both hemispheres but are 

I 
FIG. 554.-ANTHIDIUM JIANIUATU.ll, MALE. 

BRITAIN. I 
After F. Smith: reproduced by permission of the 

Trustees of the British Museum. , 

mostly denizens of warm countries: four species are listed by de Gaulle as inhabiting 
France. These giant bees tunnel by means of their powerful mandibles into the solid 
wood of beams, rafters, etc., for a foot or more in depth, dividing their burrows into a 
series of cells made of agglutinated fragments of wood. A single egg is deposited in 
each cell which is largely provisioned with pollen. X. violacea extends as far north 
as Paris and its habits attracted the attention of Reaumur: both sexes hibernate 
and reappear the following spring. According to Bingham X. rufescens is nocturnal 
and its loud buzzing may be heard throughout moonlight nights in Burma. In a 
number of species of these bees, from many parts of the tropics, the basal concavity 
of the 1st abdominal terg-urh in the female is provided with a median aperture leading 
into a large chitinous chamber. The latter appears always to contain Acari belonging 
to Greenia or other genera (vide Perkins, Ent. 1l1Ionth. Mag. I8g8). The relation 
between these mites and their hosts has not been fully investigated. 

FAM. CERATINIDLE.-The bees of this family are mostly small, nearly glabrous 
species, frequently of metallic coloration, and their nests are found in the sterns of 
bramble, elder, and other pithy plants. They are allied to the preceding family and 
are sometimes known as the small carpenter bees. The British species, C. cyanea 
Kirby, inhabits. various localities in the more southern counties. 

FAM. NOMADIDLE.-An interesting family of small and not very hairy insects 
which live as inquilines in the nests of other bees. Most of the species are wasp-like 
in coloration and very unlike their hosts whose burrows they frequent without molest
ation. In accordance with their habits, their legs are not adapted to carry pollen, 
and their larv<e are fed upon the provisions originally destined for the progeny of the 
hOst species. The species of N omada live at the expense of various solitary bees, more 
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particularly A ndrena; Halietus, Eueera and Panurgus are less frequently selected. 
M eleeta and Croeisa utilize A llthophora as their host while Epeolus is confined to 
Colletes. According to Ashmead the North American Epeolus donatus is not an inqui
line, but constructs and provisions cells of its own. Over twenty species of Nomada 
inhabit Britain, and both Mclecta and Epeolus are also represented. An account of 
the habits of various species of Nomada is given by Smith (Cat. of Brit. Hymenoptera 
in Coil. Brit. Mus.) and Perkins (Trans. Ent. Soc., 1919). 

FAM. ANTHOPHORIDJE.-The solitary bees of this family are, for the most 
part, hairy insects resembling small bumble-bees in form. Many of the species burrow 
in the soil, constructing cells in underground tunnels, provisioning the former with 
a mixture of pollen and honey. A nthophora is one of the widest distributed genera 
of bees and much of what is known concerning their economy is due to Friese (1922-23). 
The large black A nthophora pilipes is one of the earliest bees to appear in spring in 
Britain. 

FAM. EUGLOSSIDJE.-Included in this tropical family are the most remarkable 
of all bees. Euglossa inhabits tropical America and its species are beautiful vividly 
metallic insects whose ligul<E often exceed the entire length of their bodies. At one 
time these bees were supposed to be social insects but no workers have been discovered. 

FAM. BOMBIDJE (Bumble or Humble Bees).-The bees of this family include 
some of the most familiar insects in temperate climates. They are abundant in the 
holarctic region but generally confined to the mountains in tropical countries. They 
are absent from almost the whole of Africa, the plains of India and none are indigenous 
to Australia and New Zealand. The species of Bombus exhibit, in temperate regions, 
a social life which resembles that found in Vespa much more closely than that which 
obtains in the hive bee. The societies come to an end in autumn and a certain number 
of the females hibernate to reappear in spring when they form new colonies. The 
most abundant caste is that of the workers but the latter are not clearly distinguish
able from the queens or females except by their smaller size. Soon after fertilization, 
the females hibernate and this phase may be passed either in the ground, or in thatch, 
rubbish, moss, etc. In Britain the period of torpor lasts about nine months and 
according to Sladen (1912) it may commence as early as July, as is the case in Bombus 
pratorum. The latter species is astir again in March or April while other species often 
await until May or even June. Each queen seeks out a situation for her future nest: 
the latter may be underground and consists of fine grass or moss formed into a hollow 
ball (Fig. 555). Access to the nest is obtained by means of a tunnel which ave:wlges 
about two feet in length. Other Bambi, known as " carder bees," form surface nests 
hidden away among grass, ivy or other herbage. They derive their name from their 
habit of collecting moss and other material used in nest formation and plaiting it with 
the aid of their legs and mandibles. Having formed the nest the next act of the 
queen is to collect a mass of pollen which is formed into a paste. Upon the top of this 
substance she constructs a circular wall of wax and, in the cell thus formed, she lays 
her first batch of eggs, capping the latter over with a covering of v;ax. She also 
constructs a waxen receptacle, or honey pot, which is filled with a store of honey for 
her own consumption. This store is drawn upon during inclement weather and while 
the queen is occupied in incubating her eggs. The larv<e hatch in about four days 
and lie immersed in their food-bed of pollen: the queen further supplies them with 
regurgitated pollen and nectar which is passed to the brood through a hole which she 
forms in the upper part of the cell. About the loth day the larv<E spin tough pale 
yellow cocoons and on the 22nd or 23rd day after oviposition the first adults appear 
and are always workers. New cells are added to the nest as the season advances, 
and each cell contains on an average about a dozen eggs. The workers convert their 
old cocoons into honey pots and, in some species, additional waxen vessels are also 
constructed. \Vhen sufficient workers have emerged, the work of pollen-coUecting 
devolves upon them and the queen becomes restricted to the nest. After the queen 
has deposited about 200--tOO worker eggs, according to the species, she lays other 
eggs which give rise to males and queens. Those destined to produce queens are laid 
in larger cells than is the case with worker or male eggs, the worker cells being the 
smallest of the three types. Both Huber and Schmiedeknecht state that the male 
and queen cells are not provisioned before the eggs are laid in them, and those larv<E 
destined to produce queens do not appear to receive any different diet from those 
which will give rise to males. During the intermediate period in the life of the colony 
the females which are produced are smaller than the parent, and are little more than 
egg-laying workers. The large·sized females, together with the males, do not appear 
until the end of the season. The survivors among these females form the next year's 
colonies: the males, on the other hand, are short-lived and haying once left the nest 
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do not return to it. The nest of Bombus usually presents an irregular appearance: 
the larvee, as they develop, increase in size, and their cell becomes distended, and has 
a mammilated appearance. The queen adds more wax to the covering so that the 
larvee always remain hidden, but much of the wax is removed after the cocoons are 
formed. The cells are only utilized once for rearing purposes and fresh cells are added 
above the old remains. The members of the genus Psithyrus are inquilines in nests 
of Bombus, each species generally sharing the food and shelter of a particular species 
of host. Furthermore, the colour and size resemblance of the inquiline to the Bombus 
with which it is commonly associated is especially striking. This is very evident in 
two abundant British Psithyri, Le.: P. rupestris closely resembles B. lapidarius and 
P. vestalis likewise closely simulates B. lucorum. According to Sladen the above
mentioned species of Psithyrus sting the Bombus queens to death and usurp their 
places in the nests, the Bombus workers rearing the Psithyrus offspring. In such 
affected nests the population of the host species is naturally greatly reduced in numbers. 
From the nature of its life Psithyrus produces no workers and its males and females 
differ from those of Bombus in their more resistant and shinier integument which, in 
so far as the abdomen is concerned, is less densely clothed with hair. Owing to the 
absence of any polliniferous apparatus, the outer surface of the hind tibia of the female 

FIG. 555.-NEST OF BOMBUS LAPJDARJUS. 

After Sladen. 

Psithyrus is convex and uniformly hairy, whereas in Bombus it is more or less concave, 
bare and shiny but marginally clothed with long hairs. In Psithyrus also, the female 
lacks both the comb at the apex of the hind tibia and the auricle at the base of the 
metatarsus. 

The number of British species of the family depends upon the specific validity of 
certain names. Saunders recognizes fifteen species of Bombus and five of Psithyrus. 
The biology of these species is described in the well-illustrated manual of Sladen 
(I9I2): the works of Friese and von Wagner (I9IO) and Hoffer (I882) are also 
important. 

FAM. APID.IE.-The best known member of this family is the hive or honey bee, 
Apis melliftca. It has probably been more completely studied than any other species 
of insect, its habits having attracted attention from very early times. The structure 
and biology of this insect have been discussed in many volumes dating from the 
Renaissance onwards, and the details of its economy are so readily accessible that 
only the more important features will be referred to here. The insect is rarely, if ever, 
found wi.ld in Britain, and has been introduced into almost every country of the globe. 
It is usually regarded as the highest member of the Apoidea, and differentiation into 
the three forms male, female, and worker is more pronounced than among other 
bees. The male, or drone, is larger and stouter than the worker, and is readily dis-
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tinguishable from the latter caste by the large holoptic eyes, whose great development 
is accompanied by a corresponding reduction of the frontal region of the head. The 
female, or queen, has a particularly long abdomen extending some distance behind 
the closed wings. She performs none of the functions of nest building, food gather
ing, or brood care and lacks the special organs adapted for these purposes. Large 
prosperous colonies have been computed to contain 50,000 to 80,000 workers, besides 
a queen and a variable number of males. The queen is able to survive for several 
seasons, but the males and workers are relatively short lived. Summer-hatched 
workers, owing to continuous toil, seldom appear to survive longer than six or seven 
weeks, but those hatched in autumn live to perform the labours of early spring. The 
colonies of this species are, therefore, not merely seasonal but are maintained from 
year to year, and are stored with provisions for winter consumption. When the 
population increases beyond the capacity of the hive, swarms are emitted which 
consist of the queen and a number of workers. In this "\-vay the new community is 
fully prepared for both nest building and reproduction. The original colony is 
dominated by a new queen and, prior to her emergence, the old queen is prevented 
from destroying her by the workers. The latter, as far as possible, only allow new 

FIG. 556.-COMB OF HIVE BEE (NATURAL SIZE). 

A, empty queen cell; B, do, torn open; C, do, cut down; D, drone larva; E, F, 
sealed drone cells; G, sealed worker cells; H, old queen cell; I, sealed honey; K, 
pollen masses; L, pollen cells; lit, abortive queen cell; N, emerging bee; 0, eggs and 
larvae. After Cheshire. 

queens to develop 
when it is desirable 
to emit a swarm. 
The virgin queen 
takes what is known 
as the marriage 
flight, and is fol
lowed by a number 
of males. Copula
tion occurs in mid
air and the fertilized 
queen then returns 
to the nest. If a 
second swarm be 
emitted the same 
season, a new virgin 
queen accompanies 
the workers an~as 
the swarm usually 
journeys further 
from the nest than 
the previous swarm, 
an opportunity is 
afforded for t 11 e 
queen to be fertil
ized by a male from 
another colony. At 
the end of the sum
mer, the workers 

males from the 
community. 

always eject the 
hive, since they have no further part to play in the life of the 

The honeycomb, or structural basis of the nest (Fig. 556) is composed of cells 
which are mostly hexagonal in form, and arranged in two series, placed back to back. 
The separate combs hang vertically downwards and the long axes of the cells are almost 
horizontal. The material used in construction is wax which is secreted by the younger 
workers. It is a product of hypodermal glands situated on the ventral aspect of the 
fourth to seventh abdominal sterna. The wax is secreted as a fluid and, according 
to Dreyling (Zool. Anz. 26), it is exuded through extremely fine cuticular pores, sub
sequently accumulating and hardening in the form of thin plates. The latter project 
from pockets situated between adjacent sterna, and the bee removes the wax plates 
by impaling them on the spines of the distal end of the first tarsal joint of the hind
leg (Casteel, U.S. Entom. eire. 161). The leg is then flexed forwards, and the wax 
seized by the mandibles and kneaded into the required condition to form the cells. 
The cells in which workers develop are smaller than those destined for rearing the 
males, while the royal cells in which the queens are produced are the largest of all and 
irregularly ovoid in form. Other of the cells are devoted to the storing of pollen and 
honey. In addition to wax, the workers also utilize a resinous substance which they 
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collect from the buds and other portions of various trees. This material is termed 
propolis, and is used as a kind of glue to fasten loose portions of the comb and to fill 
up crevices, etc. The queen lays a single egg in each brood cell, and the incubation 
period is about three days. When the larv<B are fully grown, the workers seal up the 
cells by means of a cover of wax and pollen: thus enclosed the larv<B form the so
called cocoons in which pupation takes place. The complete development of the 
queen occupies approximately IS,z days, the worker three weeks, and the male 24 
days. The young larv<B are at first uniformly nourished on a diet rich in proteid 
(40-43 per cent.) which is provided by the workers. Little is known as to the origin 
of this food but it is usually considered to be a secretion of the lateral pharyngeal 
glands. The larv<B of the queens are fed upon this diet throughout life, while those 
destined to produce workers and males are nourished upon honey and digested polJen 
from the fourth day] onwards. The subject of sex-determination is a highly complex 
one and it may be said that it is generally agreed that the virgin eggs produce the 
drones and the fertilized eggs the queens and workers. In rare cases, however, workers 
may produce queens and other workers from unfertilized eggs (Jack: Trans. Ent. 
Soc., 1916). 

A variety of flowers are visited by bees in order to gather nectar, the most im
portant being Dutch clover: heather, lime, other clovers, the blossoms of fruit trees 
and bushes, buckwheat, white mustard, etc., are also largely resorted to. The nectar, 
when gathered, largely consists of cane sugar which, in its conversion into honey, 
becomes inverted into glucose and la;vulose. In addition to nectar, bees also utilize 
honey-dew and the juices of over-ripe or damaged fruits. In order to supplement 
the foregoing account the reader is referred to the work of Snodgrass (1910) for 
anatomical details, and for general informati.on, including the theory and practice 
of apiculture, to the writings of Cheshire (1886), Zander (1919- 23), Root, Langstroth, 
and many othets: the literary masterpiece of 
lVIaeterhnck (1901) should also be mentioned. 

The only other species of A pis are the three 
Indian representatives, A. dorsata, indica, and 
florea. Apis dorsata constructs a single huge 
comb sometimes three or four feet in diameter. It 
is suspended quite exposed from rocks, branches, 
or f:rom buildings. This species is easily irritated 
and readily attacks man or domestic animals, 
sor;netimes with fatal results. Apis indica is a FIG. 557,-A-IELIPONA LU1'EA X 2. 
sub-species of mellifica while A, fiorea is the INDIA. 

smallest member of the genus and in some re- After Bingham (F.B,I.). 

spects transitional between dorsata and indica. 
The genera M elipona (Fig. 557) and Trigona (vide also p. 523) include about 250 

species which are mainly neotropical with a certain number of members found in the 
tropics of the Old World. They nest in hollows in trees and rocks, or in walls, and 
their colonies include enormous numbers of often minute individuals (sometimes less 
than 3 mm. long) known as " mosquito" or " stingless" bees: the latter expression, 
however, is a misnomer, since a vestigial sting is present (vide von Ihering, 1904). 
Both males and workers secrete wax which is produced between the abdominal terga : 
it is usually mixed with earth or resin forming a dark material called" cerumen." 
The nest consists of a part containing the brood which is separate from that devoted 
to storing honey and pollen. The entrance to the nest usually projects as a con
spicuous funnel which is often guarded by workers during the day and closed with 
cerumen at night. 
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Order 22. DIPTERA (Two-winged or True Flies). 

INSECTS WITH A SINGLE PAIR OF MEMBRANOUS WINGS, THE HIND PAIR 

MODIFIED INTO HALTERES. MOUTH-PARTS SUCTORIAL, USUALLY FORMING A 

PROBOSCIS AND SOMETIMES ADAPTED FOR PIERCING: MANDIBLES RARELY 

PRESENT: LABIUM USUALLY DISTALLY EXPANDED INTO A PAIR OF FLESHY 

LOBES. PROTHORAX AND MESOTHORAX SMALL AND FUSED WITH THE LARGE 

METATHORAX: TARSI COMMONLY 5-]OINTED. METAMORPHOSIS COMPLETE, 

LARV iE ERUCIFORM AND APODOUS, FREQUENTLY WITH THE HEAD RimuCED 

AND RETRACTED: TRACHEAL SYSTEM VARIABLE, MOST OFTEN AMPHOPNEUSTIC. 

PUPA EITHER FREE OR ENCLOSED IN THE HARDENED LARVAL CUTICLE' OR 

PUPARIUM: WING-TRACHEATION REDUCED. 

The Diptera are one of the largest orders of insects including about 
50,000 described species, and approximately 3000 species are known from 
the British Isles. Structurally Diptera are among the most highly special
ized members of their class. The imagines of almost all the species are 
diurnal and the majority are either flower-lovers; which feed upon nectar, 

etc., or frequent de-
.' caying organic 

matter of various 
~ ••• _la._ •• _llii".'r-a--h. kin d s . Although 
, these two habitS""pre-

dominate, a consider· 
F~G. 558.-·A TYPICAL CYCLORRHAPHOUS LARVA (HYLE.J[YlA). . . able .number of .flies 

h, head j a.s., p.s., anterior and poste,rior spiracles. . 
. are' predaceous and 

live on various insects which form their prey .. In aqdition·to the foregoing, 
there are other Diptera which have acquired blood-sucking habits, and in 
addition to man many other vertebrates, e~cepting fishes, may be resorted 
to by one or other species. Excluding th~ Mtiscid~ and Pupipara, this 
habit is largely confined to the femal~. The blood-sucking forms include 
almost the whole of the Culicidce, besides the Simulidce, Tabanldce and 
Pupipara, also certain members of the Chiroriomidce, Psyc1i.odidce and 
Muscidce. In virtue of this propensity the order has acquired great sig
nificance in relation to medical science. The pathogenic organisms of some 
of the most virulent diseases such as malaria, sleeping sickness, elephan
tiasis, and yellow fever are transmitted to man through the intermediary 
of blood-sucking Diptera. 

External Anatomy 
The Head (Fig. 559) is remarkable on account of its mobility and is 

usually of relatively large size. An extensive portion of its area is occupied 
by the compound eyes which, as a rule, are considerably larger in the male 
than the female. When the eyes of the two sides are. contiguous they are 
stated to be holoptic, and when markedly separated dichoptic; very occa
sionally the holoptic condition is found in the female as well as the male. 

592 
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In some species the upper facets are larger and more conspicuous than the 
lower, a peculiarity rarely seen in the female. It assumes its most extreme 
development in the Bibionidre where the two areas of different facets are 
sharply defined (Fig. 69). Between or slightly behind the eyes are the 
ocelli: the latter are usually three in number and are generally arranged 
in the form of a triangle: in some families ocelli are wanting. A complete 
Y-shaped epicranial suture is present in Mycetophila but, as a rule, the 
anterior arms alone are evident: among Schizophora the epicranial suture 
is totally wanting (Peterson). The terminology of the regions of the head 
in general use is confusing owing to the multiplicity of names which have 
been employed: many do not admit of wide application and are often 
devoid of morphological value. In a Muscoid fly the" front" 1 is regarded 
as the region between the eyes, and is limited by a line drawn through the 
bases of the antennre and by the upper 
margin of the head. In ho1optic flies 
the space between the eyes and the 
basal line of the antennre is the frontal 
triangle: the triangular region bearing 
the ocelli and often bounded by grooves 
or depressions is the ocellar triangle. 
The region enclosed by the frontal 
suture is the face (facial or mesofacial 
plate) which is demarcated laterally 
by the facial ridges (facialia or vibrissal 
ridges) and distally by the epistoma. 
At the lower extremities of the facial 
ridges are two prominences or vibrissal 
angles carrying the vibrissre. . The an.
tennre are frequently lodged in, an{~linal' '" 
grooves or fovere 'wliich may be separ-' 
ated by a, median facial carina.. . The. 
gena; (parafacials or' cheeks) 'c9mpr'ise 
the region lying. between the face and 
the anterior' margin of the' eye on either 
side, while the jo:i.bls are the lower por
tions of the genre below 'the eyes. The " 
upward continuations. of· the genre, 
along the inner border of the eyes, are 

FIG. 559.-FRONTAL VIEW OF HEAD 
OF A CYCLORRIIAPHOUS FLY (SCHIZO

. PIIORA). 

A, antenna; C, clypeus; E, eye; FS, frontal 
suture; °G, gena and lower portion G, or jowl; L, 
lunule; LE, labrum-epipharynx; fttP, maxillary 
palp; V, vertex. The numerals refer to the chreto
taxy (p. 600). 

known as the gello-vertical plates or parafrontals. The epistoma is the distal 
border of the face and, in front of it, is a sclerite which is here regarded as 
the clypeus (or fronto-clypeus). In many N ematocera the fronto-clypeus 

. is a well defined region but in some Brachycera and all Cyclorrhapha the 
clypeus (tormre of Peterson) appears to be separated off as a distinct sclerite. 
The latter is frequently a crescentic or semilunar plate, lying in the mem
brane of the rostrum, and forming the anterior or dorsal wall of the fulcrum. 

The Ptilinum or frontal sac is a characteristic cephalic organ of Cyclor
rhapha and its presence is indicated externally by the arched frontal or 
ptilinal suture, The latter lies transversely above the antennre and extends 
downwards on each side of them, thus presenting a n-shaped form. The 
suture is of the nature of an extremely narrow slit, along the margins of 

1 In most Diptera almost the whole of the anterior surface of the head appears to 
be formed by the vertex: the true frons is either of very limited extent or merged 
with the clypeus. 

l..T.F..-'!R 
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which the wall of the head is invaginated to form a membranous sac or 
ptilinum, and the walls of the latter are seen to consist of the same layers 
as the integument. The outer surface of the ptilinum is roughened owing 
to the presence of minute scales or spines of various forms. When viewed 
in sections taken through the head, the ptilinum is seen lying in the cavity 

FIG. S60.-HEAD OF CALLIPHORA (SEEN 
IMMEDIATELY AFTER EMERGENCE FROM 

PUPA) WITH PTILINUM P INFLATED. 

of the latter in front of the brain. 
Attached to its inner surface in certain 
positions, are groups of slender muscle
fibres which apparently aid in retract
ing the organ. The function of the 
ptilinum .is to thrust off the anterior 
end of the puparium at the time when 
the contained imago is ready to emerge. 
This is accomplished by the sac being 
exserted and distended in front of the 
head, under pressure from within (Fig. 
560). When fully protruded it is in 
the form of a bladder, which presses 
upon the wall of the puparium until 
the latter ruptures. After the emerg
ence of the fly, the ptilinum is with
drawn into the head cavity and is no 

longer functional. The only outward manifestation of its existence is seen 
in the presence of the frontal suture. The ptilinum, however, offers a 
field for investigation both from the developmental and physiologicall points 
of view: there is also a great deal of doubt as to its presence or absence 
in certain families. In the Achiza the frontal suture is vestigial or absent 
and no trace _ of the ptilinum remains 
after the emergence of the imago. Just 
above the bases of the antennce in the 
Cyclorrhapha is a small crescentic sclerite 
known as the frontal lunule: in the 
Schizophora it is separated by the frontal 
suture from the part of the head im
mediately above. 

The Antennre (Fig. 56r) furnish some 
of the most important characters in the 
classification of Diptera. They are seen 
in the least modified condition among the 
Nematocera, where the flagellum consists 
typically of a variable number of cylin
drical joints similar to one another. In 
the Brachycera the antennce are com
posed, as a rule, of a smaller number of 
dissimilar elements. They consist of 
2 or 3 evident basal joints carrying a 
terminal appendage, which corresponds 
to the greater part of the flagellum 

FIG • .s6r.-ANTENNlE. A, Ml'CETOPHI

LID. B, BIBlO. C, EJJIPlS. D, SAROO

PHADA. E, LEPTIS. F, BOJJIBYLIUS. 

G, TABANUS. 

in Nematocera. This appendage may be distinctly annulated or jointed, 
or very much attenuated when it is known as a style. If it is stilll more 
slender and bristle-like it is termed an arista, which is a characteristic 
feature of the Cyclorrhapha. Morphologically, there is no clearly marked 
distinction between a style and an arista: the former, however, is always 
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terminal while the latter is usually dorsal and rarely terminal. In the 
Cyclorrhapha the antenme similarly consist of three basal joints of which 
the 3rd is the largest and most complex and carries the arista. The various 
forms of the arista are of classificatory value, and they may be either bare, 
plumose, or pectinate. 

The Mouth-parts of Diptera exhibit a wide range of structure in 
adaptation to diverse habits, and there are many differences of opil)ion in 
interpreting the morphology of certain of the component parts. The 
generally accepted homologies as presented by Dimmock (1881) are con
firmed by Kellogg (Psyche, 8) who, from a study of the larval head 
in Nematocera, observed that the developing imaginal mouth-parts are 
found in unmistakable correspondence or homologous relations with the 
larval counterparts. A similar conclusion was arrived at by Miall in his 
study of the head of Chironomus. There is, however, much diversity of 
opinion with reference to the homologies of the maxillre and their pal pi: 
thus Meinert (1881) contends that the latter are not the strict homologues 
of the maxillary palpi of other insects but of the entire maxillre. Kellogg 
finds that the palpi in Simulium develop in relation with larval maxillre, 
and not with their palpi, a fact which lends some support to Meinert's view. 

Although the most generalized type of mouth-parts in Diptera is far 
removed from the orthopterous condition, the following features can be 
recognized. (I) The labrum-epipharynx consisting of a dorsal well
chitinized labrum and a ventral more membranous epipharynx. (2) 
Mandibles are absent except in the blood-sucking Orthorrhapha. (3) 
The maxillce are very rarely if ever complete: the basal sclerites may be 
separate and distinct, or either the cardo or stipes may be wanting. A 
single maxillary lobe or galea is generally evident among Orthorrhapha 
and, in a few genera (e.g. females of Simulium and Tabanus) a vestigial 
lacinia may also persist. The galea is very variable in development and 
may be almost filiform (Exoprosopa), rod-like (Sciara, Trichocera), or totally 
wanting (Tipula, Dolichopus). The maxillary palpi are particulaJ;ily im
portant for classificatory purposes: they may consist of four complete 
joints, but in the more highly specialized forms they are reduced to single
jointed organs. 14) The labium forms the proboscis which is usually 
expanded distally to form a pair of prominent fleshy lobes or labella. Recently 
Crampton (1921) has brought forward evidence which suggests that the 
latter organs are the reduced and modified labial palpi. In most Nema
tocera the labella are free, but in the higher Diptera coalescence takes place 
to a greater or lesser degree. With the beginning of coalescence fine trachea
like food channels or pseudotrachece become evident: they attain their most 
complete development in the Calypterre where the fusion reaches its 
maximum. In the majority of Diptera a posterior chitinized plate (theca) 
is present near the base of the labella and is probably the counterpart of 
the mentum (Fig. 564), while the submentum is represented by the median 
membranous area behind the theca. (5) The hypopharynx is probably 
universally present and is either in the form of a lanceolate organ or a greatly 
attenuated stylet. It is perforated by the salivary duct and is frequently 
considerably developed. 

The mouth-parts attain their fullest development in members of the 
Orthorrhapha which have blood-sucking habits. In these forms the trophi, 
with the exception of the palpi and labium, are either stylet-like or blade
like, and adapted for piercing. The females, moreover, are unique among 
Diptera in possessing mandibles. In 'the males the latter organs are rarely 
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present and are usually atrophied, except in the Simuliidre where they are 
evident in both sexes. The labrum-epipharynx in these blood-sucking 
forms is grooved or n-shaped, and the hypopharynx flattened: when 
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L 

FIG. 562.-MoUTlI-PARTS OF I, CULEX; 2, GLOSSINA PALPALIS. 

A, antenna; H. hypopharynx; L, labium; LE, labrum·epipharynx; ~/, 
mandibles; M" maxilla> and MP, palpi; (2 after Stephens and Newstead). 

apposed, the two 
elements constitute 
a closed channel 
through which the 
blood is drawn by 
the pumping action 
of the pharynx. The 
hypopharynx con
veys the saliva to 
the distal orifice of 
the channel where it 
mixes with the blood. 
The wound on the 
host is made either 
by the mandibles 
alone, or in conjunc
tion with the galere 
of the maxillre. The 
labium takes no part 
in piercing: it i~ 
grooved dorsally and 
serves as a sheath 
retaining the other 
appendages when at 
rest (Fig. 562). In 

the Tabanidre (Fig. 563) both mandibles and maxillre are flattened a.ad 
blade-like, minutely serrated distally: the labrum-epipharynx is shaped 
like a double-edged sword, 
and overlies a similar but 
more slender hypopharynx. 
In addition to functioning 
as a sheath for the other 
mouth-organs, the labium in 
Tabanids is also an organ 
for imbibing liquid matter 
from moist surfaces, which 
is absorbed by the pseudo
trachere present on the 
labella. In the Culicidre 
(Fig. 562) specialization has 
been carried a step further, 
all the mouth-parts are more 
elongated and the piercing 
organs are modified into ex
tremely fine needle-like sty
lets. The labella have many 
sensory hairs on their dis

H 
M 

FIG. 563.-CHRYSOPS. LATERAL VIEW OF HEAD X 15. 

A. antenna; other lettering as in Fig. 562. After Surcouf and Gon
zalez-Rincones. 

tal margins and are mainly tactile in function: the method of feeding 
in this family is dealt with on p. 619. In the predaceous Brachycera 
(Asilidre and Empidre) the labium is hardened and horny with the labella 
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small, and usually with poorly developed pseudotrachere. The galere are 
rigid and blade-like, being seemingly adapted for perforating the prey: 
both the labrum-epipharynx and hypopharynx are large and strong. 

In most Cyclorrhapha all the mouth-organs contribute to the formation 
of the proboscis. Its morphology is difficult to appreciate owing to the 
modification which has resulted through the reduction of the maxillre, and 
the increased development of membranous areas, in order to impart to the 
organ the maximum flexibility. The anatomy of the proboscis has been most 
fully studied in the Muscidre (Fig. 564). In Musca (Krrepelin, 1883 ; Hewitt, 

FIG. S64.-PROBOSCIS OF CALLlPIIOR.(. A, FRONTAL, B, LATERAL VIEW. 

A,apodeme(stipes); CL,clypeusj DS,discaisclerite; F,fufca; FU,fulcruI!li H,hypopharynx; HY,hyoidsclerite; 
L, labellum; LE, labrum-epipharynx; M, mouth; AlP, maxillary palp; OG, oral groove; P, course of pharynx; PS, 
pseudo-trachea3j PT, peiistomial teeth;- 5D, salivary duct; T, theca. 

1914) it consists of a proximal and somewhat cone-shaped basal portion 
or rostrum, and a distal portion or haustellum. Morphologically the rostrum 
belongs to the head and carries anteriorly the maxillary palpi. Situated 
within this region is a complex framework of chitin known as the fulcrum, 
which forms a kind of case enclosing the pharynx, and is present in almost 
all Diptera. The proximal portion of the fulcrum is quadrangular in 
section, and the distal portion U-shaped, the anterior or roof-like portion 
being wanting in this region. The superficial or anterior portion of the 
fulcrum is hinged basally to the oral margin. Between the lower end of 
the fulcrum and the base of the labrum-epipharynx is a small U-shaped 
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hyoid sclerite which lies on the pharyngeal wall, and serVE!S to keep the lumen 
of the pharynx distended. The haustellum carries the labrum-epipharynx 
and the hypopharynx on its anterior (or dorsal) face, and these organs are 
situated in a furrow formed by its projecting membranous sides. The 
haustellum is continuous with the apex of the rostrum and, on its posterior 
aspect, it is strengthened by the theca. The latter articulates distally with 
a short rod or furca, and arising therefrom are two divergent arms which 
form the principal skeleton of the oral lobes. The membrane investing 
the oral or distal surface of the labella contains a series of food channels 
or pseudotrachece which pass from its outer edges to the inner margins. 
These channels are kept open by a framework consisting of a series of 
incomplete chitinous rings which impart to them an appearance resembling 
trachece. Each ring is bifurcate at one end and single at the other-the 
single and bifurcate extremities alternating. The pseudotrachece open on 
the external surface of the oral lobes by means of the spaces which lie 
between the forked extremities of the chitinous rings: inwardly they com
municate with the oral aperture. The latter is situated in a small oral pit 
between the labella: the sides of the depression are bordered by a row of 
peristomial teeth which are greatly developed in Ochromyia and blood
sucking Muscids. The proboscis is adapted for sucking up liquids, and 
none but the most minute solid particles are able to enter the food channels. 
When the proboscis is protruded, the rostrum is extended by means of the 
distension of the lateral air-sacs at its base, and probably of certain of the 
cephalic air-sacs also. The haustellum, on the other hand, is brought into 
use by means of the contraction of its extensor muscles and, finally, the 
labella are extended and rendered turgid by means of blood-pressure. The 
retraction of the proboscis is brought about by the contraction of its 
numerous muscles. For a detailed account of the musculature, and 
mechanism of action of the proboscis, the reader is referred to the tEl*t
books of Hewitt (I9I4) and Patton and Cragg (I9I3): the structure and 
physiology of the labella in Calliphora have been the subject of detailed 
investigation by Graham Smith (I9II and I9I3). 

In the piercing blood-sucking' Muscidce and Pupipara the proboscis' 
itself has become modified to form the principal organ of penetration. It 
differs from that of most Cyclorrhapha in its horny consistency and swollen 
bulbous base: owing to the elongation of the haustellum the proboscis 
can no longer be concealed when retracted. In Stomoxys the labella are 
small oval lobes, devoid of pseudotrachece, and have their outer membrane 
provided with plate-like chitinous teeth adapted for cutting. The labrum
epipharynx and hypopharynx are shorter than the proboscis and, conse
quently, do not perform any part in the making of the wound: they have, 
furthermore, thin and flaccid distal extremities. In Glossina (Fig. 562) 
the proboscis is embraced by the elongate palpi when at rest, and special
ization has proceeded still further. The labella are even less evident, and 
the slender labrum-epipharynx lies throughout in close contact with the 
labial groove and, for this reason, has lost much of its rigidity. In Hippo
bosca, Olfersia and their allies the basal portion of the probosci~ is sunk 
within the head, the distal part of the organ alone being visible. It bears 
no labella but the cutting teeth exhibit a bi-Iateral arrangement. The 
labrum-epipharynx is much stouter than in the preceding genera and, 
instead of lying within the labial groove, it forms the roof of the latter. 
The hypopharynx in Hippobosca is a slender flattened organ containing 
the salivary duct between its two layers: at its upper end the dorsal lamina 



THE THORAX 599 
fuses with the epipharynx and the ventral lamina merges into the lining of 
the labial groove. 

The principal general papers regarding the mouth-parts of Diptera are 
those of Dimmock (1881), Hansen (1883), Meinert (1881), Kellogg (1899), 
Peterson (1916), and Frey (1921): for the blood-sucking forms the reader 
is referred to the textbook of Patton and Cragg (1913). 

The Tentorium is characterized by three pairs of arms and a reduced 
body: the primitive invaginations persist to a greater or less degree in most 
Diptera as intra-cranial tunnels. As a rule the most prominent invagin
at ions are those of the anterior arms (well seen in Chironomus and Anopheles) 
which are situated some distance below the antennre, and are often located 
within the arms of the V-shaped suture. The invaginations of the dorsal 
arms lie just below the bases of the antennre, but as a rule they are wanting: 
those of the posterior arms are situated near the ventro-Iateral margins of 
the occiput (Peterson, 1916). 

The Thorax (Fig. 565) is characterized by the great development of its 
median segment which carries the wings, and the correlated reduction of 
the segments in front and behind it. The two latter regions are little more 
than anterior and posterior bands, whose active function is the support of 
the fore and hind legs. The consolidation of the three segments is so 
complete, particularly in the higher Diptera, that it is difficult to determine 
the homologies of the various plates with any degree of certainty. The 
views that are held on this subject are so divergent, and the terminology 
so unsettled, that it is only possible to deal with it very briefly in the space 
available. The sclerites are well exhibited for preliminary study in Tipu
!idee, but among Cyclorrhapha real difficulty will be experienced owing to 
the specialization which has resulted. 

The pronotum iIi Tipulids is represented by a band-like scutum and 
scutellum, but is still more reduced in the higher Diptera. The meSOllotum 
forms the greater part of the dorsal aspect of the thorax and is clearly 
divisible into prescutum, scutum and scutellum: the post-scutel~t1m of 
this segment is well developed in Tipulidee, Culicidre, and other Nematocera, 
but is narrow in Tabanidre and Athericera. The boundary between the 
scutum and scutellum is known as the transverse suture and, although 
complete and V-shaped in Tipulids, it is generally incomplete in the middle 
line in other Diptera. On the mesonotum are certain more or less prominent 
lateral swellings on either side, which are recognized by systematists, and 
known as calli or callosities. The pre-alar callus is situated just above the 
root of the wing, while the humeral callus forms the antero-dorsal angle of 
the prescutum, and the post-alar callus constitutes the prominent postero
dorsal angle of the scutum. The 'metanotuni is always reduced and band
like, and is continuous laterally with the epimera. 

The pleura do not present any serious difficulties in Culicidre, Tipulidre 
and other Orthorrhapha, and both episterna and epimera can be recognized 
in each segment. Among Cyclorrhapha, however, the interpretation of 
the pleurites is in a far from satisfactory condition, and the extensive use 
of chretotaxy for classificatory purposes demands the definition of these 
plates with precision. The terminology of Osten-Sacken, although of 
limited application, has much to recommend it for the somewhat paradoxical 
reason that it has no strict morphological value. In cases where homologies 
are uncertain and extremely difficult to determine, a purely conventional 
terminology presents more chances of fixity, and can coexist with the growth 
of a more scientific system, based upon increasing knowledge of comparative 
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morphology. In Osten-Sacken's nomenclature the pleural regions are 
identified in relation to certain well-defined sutures. (I) The notopleural 
suture, running from the humeral callus to the wing base, thus separating 

2 

FIG. S6S.-THORAX OF A, LUOlLIA 02ESAR X II; B, COMP-

SILURA OONOINNATA, DORSAL VIEW X II. 

A, alula j AS, antisquama; C, calyptra; H, hypopleuron j He, humeral 
callus; HL,haltere; laf, mesopleuron; M1.metapleuron; P,pteropleuron; 
PC, pre-alar callus; PIC, post-alar callus; S, sternopleuron; TS, trans
verse suture; lV, wing-base. The numerals refer to the chcetotaxy, vide 
p. 601. Adapted from Surcouf and Gonzalez-Rincones. 

the mesonotum from the 
pleuron: (2) the sterno
pleltral suture, running 
below the notopleural 
suture and. separating the 
mesopleura from the ster
,nopleura: (3) the meso
pleural suture, passing 
downwards from the wing
base to the middle coxa. 
The mesopleuron is the 
area in front of the root of 
the wing between the noto
and sterno-pleural 
sutures: the pteropleuron 
lies below the root of the 
wing and behind suture 3 : 
the sternopleuron is situ
ated below suture :2 and 
above the anterior coxa: 
the metapleuron lies behind 
the pteropleura ap.d to 
the outside of the meta
notum: the hypopleuron 
is the region above the 
middle and posterior-rnxce 
and below the meta
pleuron (vide Fig. 565). 
For further information 
oIll, the thorax of Diptera 
vide Snodgrass (1909), 
Osten-Sacken (I884) and 
Hewitt (I9I4). 

C hreto tax y.- The 
study of the arrangement 
of the macrochcetce or 
differentiated bristles of 
flies is termed by Osten
Sacken chcetotaxy. His 
important paper (I884) 
emphasized the value of 
these structures for classi
ficatory purposes, and 
their application has been 
greatly extended by more 
recent writers, notably 

Girschner. A knowledge of chcetotaxy is essential for the systematic study 
of Diptera and the following are the most important of the macrochcetce 
(Figs. 559, 565). 

A. CEPHALIC BRISTLES.-I. Vertical,' inner and outer pairs situated close to and 
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rather behind the upper inner corner of the eye. 2. Pastvertical: just behind the 
ocelli. 3. Ocellar: one pair in the ocellar triangle. 4. Frontal: a double row in 
front of the ocelli. external to the frontal suture. often descending to the base of the 
antenna!. 5. Fronto-orbital: one or more on each side of the front near the orbit. 
behind 4. and immediately below I. 6. Facial: a series above 7. on either side of 
the face external to the antenna!. 7. VibrissaJ: stout. placed close to the sides of 
the epistoma. 8. Post-orbital: a row nearly parallel with the posterior margin of 
the eye. 

B. THORACIC BRISTLES. I. Humeral: one or more on the humeral callus. 2. 

Posthumeral: near the inner edge of the humeral callus. 3. Notopleural: one pair 
between the humeral callus and the base of the wing. 4. Presutural: one or more 
immediately in front of the transverse suture on either side. 5. Supra-alar: between 
3 and 7. above the root of the wing. 6. Intra-alar: several between 5 and 8. 7. 
Post-alar: behind 5. on post-alar celJus. 8. Dorso-central: a rowan either side of 
9. on the inner part of the mesonotum. 9. Acrostichal: a row along each side of 
median line. 10. Scutellar: along the margin of the scutellum. 

c. LATERAL THORACIC BRISTLES. 1 I. Prapleural: immediately above coxa! of 
fore-legs. 12. Mesopleural: on the mesopleura. 13. Sternapleural: on the meso
sternum. 14. Metapleural (trichostichal): on the metapleura. 15. Hypopleural: 
on the hypopleura. 

D .• ABDOMINAL BRISTLES. I. Marginal: inserted dorsally on the margins of 
the segments (Tachinida!). 2. Discal: one or more pairs near the middle of the 
segments. 3. Lateral: one or more near the lateral margins of the segments. 

The Legs do not call for any detailed mention and, except in a few 
abnormal forms, the tarsi are 5-jointed. In many Acalypterce a differen
tiated bristle is present on the outer border of the tibice, a short distance 
below the apex, and quite distinct from the tibial spurs. It is known as 
the preapical bristle and considerable importance has been ascribed to it 
for classificatory purposes. For the same reason the pads of the feet are 
noteworthy: thus, pulvilli may be wanting or vestigial in many Orthor
rhapha, or may be replaced by a single pad-like empodium (Scatopsince). 
In the Stratiomyidce, Tabanidce, etc., both the pulvilli and the empodium 
are pad-like, while among the Asilidce the latter structure is stiff and bristle
like. Two pad-like pulvilli are the rule among Cyclorrha pha. 

Wings are usually present but are wanting or vestigial in a certain 
number of forms. Apterous or sub-apterous species are principally found 
in maritime and insular genera (Clunionince, Ephydridce, etc.), parasites 
(Pupipara), and among species inhabiting ant's and termite's nests (Phoridce, 
Termitomastus). Occasional apterous species, not associated with the 
above modes of life, occur in various families. notably Chiol1ea, Epidapus 
(female) and certain Borboridce. 

The venation of the more generalized members of the order shows a 
tolerably close approximation to the hypothetical primitive type, the chief 
differences being the atrophy of CU z and the v~stigial condition of 2A and 
3A. Neither accessory nor intercalary veins are developed, and only the 
chief cross-veins are present. A very primitive dipterous wing is seen in 
the Tipulid Protoplasa which exhibits all four branches of Rs and M, while 
there is no tendency towards the apical coalescence of adjacent veins. It 
has been pointed out by Comstock that in all Nematocera, in which Rs is 
3-branched, Rz and R3 remain distinct: while in those Brachycera that 
ha;ve Rs 3-branched (Fig. 567) R4 and Rs are separate. Among certain 
other of the Brachycera Rs is 2-branched only, and this condition obtains 
among the Cyclorrhapha. According to Tillyard Cu) of Comstock is in 
reality M4, while its basal section is Comstock's m-czt cross-vein. The 
lettering of the venational figures is in accordance with this interpretation. 

On the posterior margin of the wing, near the base, there is frequently 
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a free lobe or alula, and on the inner side of the latter there are often one or 
two additional lobes or squamce (erroneously termed tegulre). When two 

FIG. S66.-DROSOPHILA JJELANOGASTER: MUTANT 
WITH HAL TERES REPLACED BY HIND WINGS 

W. 
After T. H. Morgan. Publ. Carnegie lnst. 327. [923. 

squamre are present, the one 
nearest the alula is known as 
the antisquama (antitegula), the 
squama being the lobe nearest 
the thorax (Fig. 565). In the 
Calypterre the squama is large, 
usually covering the haltere, 
and is often referred to as the 
calyptron - (or calypter). All 
three lobes are well seen in 
Musca and Calliphora. 

With the exception of a few 
degenerate apterous forms (ex. 
Melophagus, Braula, etc.), hal
teres (balancers) are universally 
present among Diptera. They 
develop from the dorsal meta
thoracic wing-buds, and are 
consequently the highly modi
fied counterparts of the pos
terior wings. Further proof 

of their alary origin is also afforded by certain mutations described by 
Morgan in Drosophila in one of which the halteres are replaced by hind
wings with clearly re
cognizable v e nat ion 
(Fig. 566). Each hal
tere consists of a 
dilated basal portion or 
scabellum, which sup
ports a delicate pedicel 
or stalk, surmounted 
by a knob-like ex
tremity or capitellum. 
The scabellum articu
lates freely with the 
metathorax,. and is 
moved by four muscles 
arising from its proxi
mal border (Lowne): 
the halteres are, ·there
fore, freely movable 
and are capable of 
vibration. It is in the 
s cab e 11 u m that the 
principal sensory struc-

A 

Sc 
I 

R, 

Cu, 

tures of the halt ere FIG. S67.-VENATlON OF BRACHYCERA. A, Sarg1ts; B, 

are located. The s e Leptis. 
consist in Calliphora of 
three groups of minute so-called chordotonal organs invested by a thin 
integument, and three highly sculptured elevations of the cuticle containing 
larger and more complex structures-the two scapal organs (scalre of Lowne) 
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and the basal organ (cupola of Lowne). Both scapal and basal organs 
exhibit thin transparent areas, each of which overlies a minute vesicle 
enclosing a central refractive spot. The cavity of the halt ere contains 
blood and a fine tracheal branch. The nerve supplying this appendage is 
the largest in the thorax. Binet (1894) has' demonstrated that the majority 
of its fibres arise from the brain, and traverse the thoracic ganglia on 
their course to the metathoracic centre; from there they pass onwards 
to the scabellum, and are distributed to the several sense organs (vide 
Lowne, 1890, and Weinland, 1890). Very diverse views have been held 
with regard to the function of the halteres (J ousset de' Bellesme, 1878). 
They are usually regarded as static organs receiving sensations enabling 
the insect to co-ordinate its movements during flight: it is likely also that 
they are capable of appreciating sound vibrations. Experiments conducted 
with certain species show that, if the capitellum and part of the pedicel of 
a halt ere be amputated, flight becomes clumsy and difficult: if both halteres 
be treated alike the power of flight is almost entirely lost, and insects so 
mutilated can only fly a few centimetres, and usually fall vertically when 
thrown into the air. 

In the Abdomen the first segment is usually atrophied and the second 
much reduced. Of the segments that follow the 3rd-nth are present in 
Tipltla, but among the Cyclorrhapha the number is difficult to ascertain, 
and rarely more than. 4 or 5 are evident without dissection. In I!acus 
Miyake (1919) finds II segments present in both sexes, the 1st segment 
being represented by its reduced sternum. In the female Musca the visible 
segments are the 3rd to the 6th, while the 7th to loth segments form the 
retractile ovipositor. The latter organ is formed in this manner in the 
majority of Diptera, but in the Tipulidce a valvular ovipositor is present 
(Snodgrass, 1897). In the male certain of the apical segments are curved 
beneath the body forming what is termed the hypopygium. The genitalia 
are extremely varied in that sex and, although detailed studies have been 
made of these parts in various families, no comprehensive account appiicable 
to the order as a whole is available. The principal clasping organs are 
borne on the 9th sternum, but a confusing terminology exists with reference 
to these structures and their associated parts (vide Edwards, Ann. Trop. 
Med. and Parasitol. 1920). 

Internal Anatomy 
The Alimentary Canal is generally but little convoluted among Nema

tocera, but is more coiled among Brachycera. In the Athericera it exhibits 
greater complexity, its length being much increased mainly owing to the 
greater extension of the mid-intestine (Fig. 98). 

The buccal cavity and pharynx, or the latter alone, form the sucking 
apparatus by means of which the food is drawn up through the proboscis 
and passed into the resophagus. The original circular lumen in these parts 
becomes modified, and the chitinous lining is developed as two or three 
hardened plates. The latter afford a basis for the attachment of dilator 
muscles, and are capable of being drawn apart by their contractions. In 
this manner the lumen is increased, and the food sucked up through the 
siphon formed by the mouth parts. In Tabanus both buccal and pharyngeal 
pumps are present, but in Bombylius the pharynx alone performs the suc
torial function. Similarly in Eristalis, Musca and other Cyclorrhapha, the 
chief pumping agents are the dilator pharyngeal muscles, the buccal cavity 
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only functioning as a conducting chamber. In Culicidce the buccal cavity 
is provided with dilator muscles but the principal pumping apparatus, or 
pharynx, differs from that of other Diptera in being situated behind the 
brain. The blood is first pumped into the buccal cavity and from thence 
it passes into the pharynx, a valve situated between these two regions pre-
cluding a return flow. . 

The cesophagus passes through the neck into the thorax where it divides. 
One branch enters the proventriculus and the other is continued backwards 
as the slender duct of the food reservoir. The proventriculus is the homo
log~e of the gizzard and has a well marked musculature: it never contains 
denticles and a valve is usually present. The proventriculus is wanting in 
Phlebotomus, Simuliwnt and Culicoides, is elongate and tubular in Taba1l1ts 
and in Cyclorrhapha it is much reduced and disc-like, mainly consisting of 
its valvular portion. The jood-reservoir (or crop) is the most characteristic 
feature of the digestive canal. It is situated in the anterior region of the 
abdomen and is, morphologically, a diverticulum of the resophagus. Al
though present in most families it is wanting in certain Asilidce, CEstridce 
and in Hippobosca and Melophagus. In Musca it is a bilobed sac with very 
thin walls composed of a single layer of small flattened cells, external to 
which is a network of muscle fibres; internally it is lined by a delicate 
cuticle. The usual position of the food reservoir and its duct is ventral, 
but in Tabanus these parts are dorsal. In the Culicidce, instead of a single 
sac, three resophageal diverticula are present, of which two are dorso-lateral, 
while a third and larger sac is ventral. The function of the food reservoir 
is that of a storage chamber into which the nutriment is passed as it is 
sucked up: its contents then become gradually emptied into the mid-gut. 
The time the food remains in the reservoir varies greatly: thus in Mttsca 
it may not be emptied for several days, while in Tabanus it is usually empty 
and possibly its contents are quickly regurgitated into the mid-gut W-atton 
and Cragg). As a rule, after a meal the reservoir is distended with food, 
as has been demonstrated by allowing flies to feed upon a coloured liquid. 

The mid-intestine in Nematocera is a pyriform or fusiform sac: in the 
Culicidce its anterior region, or cardia, is elongat<i and tubular, and leads 
into a dilated chamber or stomach. Among Cyclorrhapha the mid-gut is 
no longer dilated but is tubular throughout, and thrown into numerous 
convolutions. It is divisible into an anterior region-the ventricultts or 
chyle stomach, followed by a narrower and much longer proximal i11testine. 
The M alpighian tubes are generally four in number: in most Cyclorrhapha 
they arise in pairs from a common duct on either side. Psychoda and the 
Culicidce are exceptional in possessing five Malpighian tubes: in Cttlicoides 
there are only two (Bugnion). 

The hind-intestine is divisible into the distal intestine and rectum. The 
former, in many Diptera, is naturally separable into a narrow coiled ilettm 
and a wider region or colon. The rectum is a pyriform or rounded chamber 
provided with a variable number of papillce which may be either two 
(Chirononms), four (Mttsca, Calliphora, etc.), or six (Anopheles and Tabantts). 

The Salivary Glands are usually elongate and tubular but exhibit 
great variation in length. In the Culicidce they are situated in the thorax 
and each gland is trilobed: a layer of secretory cells surrounds the cavity 
of each lobe, and the smaller central lobe (formerly known as the poison 
gland) differs somewhat in histological features. The common salivary 
duct passes to the base of the hypopharynx, where it expels the secretion 
down the salivary groove to the apex of that organ. In the Tabanidce the 
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glands extend into the anterior part of the abdomen, while in Musca they 
are considerably longer than the total length of the body. 

Labial Glands are frequently present on the proboscis at the bases of 
the labella. In Musca they are spherical aggregations of gland cells. 
According to Hewitt (1914) the ducts are intra-cellular, each arising from a 
vacuole. They pass outwards from the gland to form a number of larger 
ducts which unite and open into the oral pit by means of a pair of median 
pores. The secretion of the labial glands serves to moisten the surface of 
the labella. 

The Nervous System (Brandt, 1879, Kunckel d'Herculais, 1879) 
presents many modifications, almost every transition being found between 
the Nematocera, with 3 thoracic and 7 abdominal ganglia, and the Calyp
terc:e in which all of the ganglia of the ventral chain are fused into a single 
thoracic mass (Fig. 57). There is, furthermore, a marked relation between 
the degree of concentration of the nervous system and specialization in other 
directions. A graduated series illustrating the progressive concentration 
of the nervous system may be exemplified as follows. 

I. Two or three thoracic centres and always six abdominal centres: 1st abdominal 
ganglion united with the metathoracic and the 7th and 8th abdominal ganglia fused (most 
N ema to cera also Asilid<e, Em pid<e, Born by Jid<e and X ylophagus) . 2. Three thoracic and 
five abdominal centres (Scenopinid<e). 3. Two thoracic and four abdominal centres 
(Therevid<e). 4. Two thoracic and no abdominal centres (Dolichopodid<e). 5. One 
thoracic and five abdominal centres (Tabanid<e, Stratiomyid<e). 6. One thoracic 
and two abdominal centres (Syrphid<e). 7. One thoracic and one abdominal centre 
(Conopid<e and most Acalypter<e). 8. A single thoracic centre (Calypter<e and Pupi
para). 

In the Nematocera, and also the Leptidc:e and Asilidc:e, the nervous 
system of the imagines exhibits only a slightly greater concentration than 
in their latvc:e. Stratiomyidc:e, Syrphidc:e, Conopidc:e and certain Acalyp
terc:e exhibit decentralization in the imago compared with the larva. In 
the Calypterc:e and Pupipara the concentration of the larval nervous, system 
is persistent in the imago. In Musca and other Calypterc:e the nervous 
system exhibits the highest stage of concentration. The brain and infra
oesophageal ganglion are closely united to iorm a compact mass perforated 
by a foramen for the oesophagus. The thoracic and abdominal ganglia 
are. intimately fused to form a common ganglionic mass situated in the 
thorax. Posteriorly, the nervous system is prolonged as a median ab
dominal nerve giving off lateral segmental nerves, two pairs in the thorax, 
and the remainder in the abdomen (Fig. S7D). 

In the Female Reproductive System there is a variable number of 
polytrophic ovarioles (Fig. 568). The latter are fewest in number in larvi
parous species: thus in Glossina, Musca bezzi and Termitoxenia, a single 
ovariole is present on each side, while in Melophagus and Hippobosca there 
are two. The majority of Diptera, however, are oviparous and the ovarioles 
are much more numerous, their number varying from about 5 to over 
roo. In Chirol1omus the morphology of the ovaries is peculiar: each 
consists of a central axis radiating out from which is a large number of 
short ovarioles, the whole being enclosed in a delicate membrane (Miall 
and Hammond). 

Spermathecc:e are universally present: they are usually conspicuous 
dark brown or black globular sacs, lined with chitin. There may be a 
single spermatheca present (Anopheles, Simulium), or two (Mansonia, 
Phlebotomlts, Daclts) , or three (Culex, Stegomyia, the Tabanids and most 
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Calypterre). A pair of tubular accessory glands is usually present opening 
into the dorsal region of the vagina. Small and unpaired in Anopheles, 
they are large in Tabanids, elongate and filiform in Musca, Hypoderma, 
and most other Calypterre. Their normal function apparently is to 
secrete a viscid substance which enables the eggs to adhere to one 
another or to the substratum upon which they are laid. In Glossina and 
the Pupipara they secrete a milky fluid which serves to nourish the intra
uterine larva. 

Viviparity is not infrequent among Calypterre and is of general occur
rence in the Pupipara: among Orthorrhapha it is exceedingly rare but 
occurs in Chironomus stercorarius. Viviparous Diptera may be divided 
into two main groups as follows (Keilin I9I6) :-

GROUP I.-Species whose larVa:! hatch from the eggs in the uterus of the parent 
but exhibit no special adaptations to an intra-uterine life. Included in this group 

FIG. S68.-FEMALE REPRODUCTIVE ORGANS. A, GLOSSINA PALPALlS, ADAPTED FROM 
ROUBAUD, 1908; B, MELANOCHELlA RIPARIA AFTER KElLIN, 1917. 

ag, accessory glands j d, dilator muscle of vagina v; pd, pv! dorsal and ventral protractor muscles of uterus, u; Y, retrac
tors of same; ov, ovary; s, sperrnatheca. The numerals in A refer to the relative ages of the Docytes. 

are numerous Tachinida:! which produce a large number of minute eggs and the larVa:! 
emerge within the uterus which is greatly elongated for their reception. In some 
species the larVa:! hatch outside the parent, immediately after the eggs have been laid. 
Larviparity is characteristic of the Sarcophagida:!, but in this family the eggs are larger 
and fewer: usually 40 to 80 are produced at a time and the larVa:! are deposited in 
their first instar. In a number of other species (Theria muscaria, Mesembrina meridi
ana, Hylemyia strigosa, Musca larvipara, Dasyphora pratorU1n, etc.) a single very 
large egg is produced at a time and the parentaJ uterus is enlarged to form an incubat
ory pouch. In these instances the larva is retained for a variable time within the 
parent before deposition and the extreme condition is afforded by Dasyphora pratorum 
in which it has attained its 3rd instar at the time of extrusion. 

GROUP II includes Glossina and the Pupipara. The larva lies in the uterus of the 
parent and is nourished by the product of special nutritive glands. The secretion is 
discharged at the apex of a papilla and absorbed directly through the mouth of the 
larva. The following special adaptations to an intra-uterine life are exhibited. The 
buccal apparatus is reduced to a single basal sclerite: the mid-gut is a closed sac 
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which does not communicate with the hind intestine and, moreover, is greatly elon
gated to form a food reservoir; there are no salivary glands. The hind intestine is 
greatly shortened and forms a receptacle for the accumulation of waste products 
excreted by the Malpighian tubes. The larv<B when deposited are mature and shortly 
afterwards pupate. 

In the Male Reproductive System (Keuchenius, 1913) the testes are, 
as a rule, ovoid or pyriform and frequently pigmented. The vasa deferentia 
are generally short and become confluent distally to form a common ejacu
latory duct. In association with the latter, in many Diptera, is a muscular 
ejaculatory sac probably concerned with regulating the discharge of the 
seminal fluid. Paired accessory glands are often present. 

In Chironomus, Phlebotomus and Tabanus the first portion of the common 
genital canal is enlarged and functions as a vesicula seminalis from which a 
narrow ejaculatory duct leads to the redeagus; in these genera accessory 
glands are wanting. In Culex each vas deferens enlarges distally to form a 
vesicula seminalis, and two pyriform accessory glands open into a very 
short ejaculatory duct. In Musca there are no accessory glands and the 
ejaculatory duct is a long winding canal: Calliphora (Fig. I48) resembles 
Musca but differs in the presence of accessory glands. In Dacus the latter 
consist of about 16 blind tubuli (Miyake, 1919), while in Hypoderma there 
is a small unpaired globular gland. In the Pupipara the genital organs 
attain their greatest complexify, and the testes are in the form of compactly 
coiled tubuli resembling balls of thread. The reproductive organs of Glossina 
resemble those of the Pupipara rather than the Muscidre, the testes being 
similar densely coiled tubes. The ejaculatory sac is an organ of variable 
structure: in Musca it contains a chitinous, phylliform ejaculatory apodeme 
which aids in propelling the seminal fluid along the genital canal during 
copulation (Hewitt). In Dacus the ejaculatory sac is very large, while in 
Phlebotomus its place appears to be taken by an organ termed by Grassi 
the" pompetta "-a piston-like chamber provided with a movable rod: 
since the opening of the ductus ejaculatorius is near the lower end oj this 
chamber, the latter is believed to regulate the seminal flow after the manner 
of a Ipump. 

Tile Heart has been very little investigated: in Musca (Hewitt) and 
Calliphora (Lowne) it is divided into four large chambers, corresponding 
to the visible abdominal segments, and a small anterior chamber: each 
chamber in Musca has a pair of dorso-lateral ostia at its posterior end. 
Anteriorly the heart is prolonged as a tube of narrow calibre. 

The most important feature of the Tracheal System is the great 
development of air-sacs, particularly among Cyclorrhapha. In Musca 
and Volucella the air-sacs occupy more space than any other organs, 
and the hremocreLe is consequently much reduced. The largest and most 
prominent of the air-sacs are the abdominal: numerous sacs are also 
present in the thorax and head (Hewitt, 1914; Kunckel d'Herculais, 
1879). 

Literature. General works on the anatomy of adult Diptera are 
extremely few: a good deal of information will be found in the writings 

. of Dufour (ISSI) and the text-book of Patton and Cragg (1913). For the 
detailed structure of individual types vide Miall and Hammond (I900) for 
Chirol1omus; Nuttall and Shipley (I90I---{)3) for Anopheles; Kunckel 
d'Herculais (1879) for Volucella; Hewitt (1914) for Musca; Lowne (1890) 
for Calliphora; Tulloch (1906) for Stomoxys; Cragg (1912) for Hcematopota ; 
and Roubaud (1909) for Glossina. 
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Metamorphoses 
No other order of insects presents so great a diversity of larval habits 

as the Diptera. Four families only have the great majority of their species 
phytophagous in the larval state, i.e. Cecidomyidre, Trypaneidre, Agromy
zidre and Oscinidre, while the Mycetophilidre and Platypezidre are fungi
vorous. Excluding the Tachinidre and CEstridre, the saprophagous habit 
is largely in evidence among the Calypterre. Other notable scavengers are 
the Bibionidre, Sepsidre, Phoridre, Helomyzidre and Cordyluridre. True 
parasitism, either internal or external, obtains in the Tachinidre, Sarco
phagidre, CEstridre, Pipunculidre, Conopidre, Bombyliidre, Cyrtidre and 
Nemestrinidre. Next to the parasitic Hymenoptera, the Diptera constitute 
the most important natural controlling agency over the increase of other 
insects. The predaceous habit occurs in many families, particularly among 
the Brachycera, and in numerous members of the Syrphidre, Muscida!, and 
Anthomyidre. With the exception of many Sciomyzidre and Ephydridre, 
the truly aquatic larvre belong to the Orthorrhapha and more particularly 
to the Nematocerous families. 

In their larval instars many Diptera affect the operations of man or his 
person. The four phytophagous families enumerated above include some 
of the most serious pests the agriculturist and fruit grower have to contend 
with. The larvre of the pear and wheat midges, of the Mediterranean 
fruit fly, the frit and gout flies are cases in point. Among the Anthomyidre, 
the larvre of the cabbage root fly and onion fly bring about great losses to 
growers of those vegetables. 

The science of parasitology is concerned with many dipterous larvre 
which directly affect the bodies of man and domestic animals. Under the 
term myiasis are included all affections produced by dipterous larvre among 
vertebrates, and more particularly mammals. The species concerned-are 
either parasitic or saprophagous, and it is frequently possible to distinguish 
between primary myiasis, which is induced by true parasites, and secondary 
myiasis which is brought about by saprophagous larvre. The latter only 
follows on diseased conditions, wounds, and usually where there is microbic 
infection. . 

From the clinical standpoint myiasis in man may be grouped as follows :-

1. CUTANEOUS MYIASIS: the larv<E primarily ~oncerned are those of Dermatobia, 
Cordylobia and Bengalia. Species of Hypoderma and Gastrophilus also occasionally 
induce myiasis. 2. MYIASIS OF THE CRANIAL CAVITIES (orbital, nasal, and auditory) : 
caused by larv<E of (Estrus, Rhincestrus, Gastrophilus and Dermatobia. When of a 
secondary nature it is commonly due to larv<e of Sarcophaga, Musca, or Chrysomyia: 
auditory my~asis appears to be always of a secondary nature and follows some puru
lent affection of the ear. 3. MYIASIS OF THE DIGESTIVE CANAL: larv<e of at least 
18 genera have occurred in the alimentary tract, but probably many pass through 
without causing recognizable symptoms. 

In almost all cases of human myiasis the occurrence of dipterous larvre 
is occasional, and their presence is a departure from their normal host or 
mode of life. 

Dipterous larvce (Fig. 558) are devoid of true legs, locomotion often either 
taking place by means of pseudopods, or by the aid of groups of shagreen
like spinules, frequently located on swellings of the body-wall. The greatest 
number of undoubted segments present is twelve, e.g. three thoracic 
and nine abdominal. Departures from this generalized condition are not 
infrequent: thus in some larvre the number is less than twelve, atrophy or 
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.fusion of one or more of the somites having taken place. In larvre possessing 
more than twelve apparent segments (Rhyphidre and Therevidre) two 
explanations have been offered. Either certain segments have undergone 
secondary division, or the intersegments have become greatly enlarged so 
as to assume the appearance of true segments. Keilin (I915) has shown 
that six groups of sensory organs are present in all Dipterous larvre, and 
are in direct relation with the imaginal leg-buds, thus occupying the positions 
of the ancestral thoracic limbs. 

The number of families in which a well developed head is present is 
small; it is fully formed in the Culicidre, which are described as being 
" eucephalous," as well as in most other Nematocerous larvre (except Ceci
domyidre and Tipulidre). At the opposite extreme, is the so-called" ace
phalous " condition present in the Cyclorrhapha, where the head is vestigial 
(Fig. 558). Many dipterous larvre (e.g. Brachycera) are in a ".hemi
cephalous" or intermediate condition, a reduced head or" jaw-capsule" 
being present. This type of head is incomplete posteriorly and can be 
withdrawn into the thorax. A similar condition is found in the Tipulidre, 
the skin of the neck being attached to the middle region of the head 
with the result that the latter is incomplete 
posteriorly, and permanently. imbedded 
within the body. 

The antennca are variously formed, very 
rarely prominent, and are composed of 1; to 
6 joints. They are best developed in active 
larvre which need to seek out their tood 
(Nematocera). In the Mycetophilidre, many 
Brachycera and most Cyclorrhapha they 
are reduced to the condition of small 
papillre. 

1 

The mouth-parts are variable in character 
among Orthorrhapha and are exhibited in FIG. 56

9. O:~~B~~-~AR;:I.OF LAR? 

their least modified condition in certain I, mandible; 2, maxilla; P, palp; lJ/, 

families of Nematocera. Thus, in Bibio (Fig. mala. 3, L, labium; H, hypopbarynx. After Morris. . 
569) there is a definite labrum, mandibles are 
well developed and move in the horizontal plane and the maxillre are repre
sented by a single lobe or mala and an evident palpus on either side. The 
labium is in the form of a median plate with a strongly chitinized hypo
pharynx lying above it on the pharyngeal aspect: labial palpi are wanting. 
Among the Brachycera the same parts, although variously modified, are 
more or less evident but the mandibles, on the other hand, work in the 
vertical plane. In the CycIgrrhapha the typical mouth-parts have under
gone atrophy in correlation with the reduction of the head: the maxillre 
and labium are scarcely recognizable other than by the papillre representing 
their palpi. In this group of Diptera there is a very characteristic frame
work of articulated sclerites, the whole being known as the cephalo
pharyngeal skeleton (Fig. 570). This structure is a secondary development 
and is composed of the following principal scIerites. The most anterior 
are the mouth-hooks or mandibular sclerites which articulate basally with 
the hypostomal or intermediate sclerite. The latter is H-shaped, its halves 
being joined by a transverse bar: the hypostomal sclerite receives the 
opening of the salivary duct. Behind this sclerite is the much larger basal 
or pharyngeal sclerite. The latter is formed of two lateral, verticallamellre 
which unite ventrally forming a trough in which is lodged the pharynx. 

G.T.E·-39 
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In many species a chitinous arc (dentate sclerite) unites the bases of the man
dibular sclerites: various other small accessory sclerites are frequently 

1. 

A 

M 

LP 

present, not -
ably in carni
vorous species. 

FIG. 57o.-CEPHALO-PHARYNGEAL SKELETON OF LARVlE OF I, MusOA 

DOMESTIOA AND 2, MJ;;LANOOHELIA RIPARIA. 

Keilin has 
shown that in 
saproph ago u s 
larva: the floor 
of the pharyn
geal sclerite is 
beset with 
long i t u din a 1 
ridges w h i c h 
project into the 
cavity of the 
phar-ynx: larva: 
feeding on liv
ing animal or 
vegetable tis
sues are devoid 
of pharyngeal 
ridges or, if the 
latter be pre
sent (as in 
Pegomyia) they 
are re d u c e d 
(Fig. 571). 
F urthermore;"in 
phytophag 0 u s 

A, antenna; AS, dentate sclerite; H, hypostomal sclerite; LP, labial paIp; M, man
dibular sclerites; f,[P, maxillary paIp; OS, accessory oral sclerites; P, pharyngeal sclerite; 
S, saliyary duct. Adapted from Keilin, Parasitology, 9, 1917. 

larva: the mandibular sclerites are usually toothed, and in carnivorous 
larva: they 
are sh arply 
pointed: in the 
parasitic forms 
th e buccal 
armature un -
dergoes marked 
reduction. 

The pro
found changes 
wl_lich have led 
to the reduction 
of the head and 
the atrophy of 
the normal 
biting mouth
parts III the 
larva: of the 
Cyclorr hap h a 
appear to be 

1. z. 
FIG. 57 I.-TRANSVERSE SECTIONS OF THE PHARYNX OF DIPTEROUS 

LARVlE. I, MuseINA ASS1J.IILIS (SAPROPHAGOUS). 2, PEGOMYIA 

NIGRITARSIS (PHYTOPHAGOUS). 3, SYRPHUS RIRESII (CARNI
VOROUS). 

m, dilator muscles; p, cavity of pharynx; r, ridges; s, salivary duct. After Keilin, 1915. 

correlated with the two series of factors. Firstly, degeneration consequent 
upon a life passed in the immediate proximity of an abundance of food 
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and also a change in the manner of feeding. Secondly, to the backward 
shifting of the brain and the development of the imaginal head within the 
larval metathorax. For a general discussion of the head and its modifica
tions among Dipterous larvce, and the structure of the mouth-parts, the 
student is referred to the writings of Holmgren (1904), Becker (1910), de 
Meijere (1916) and Keilin (1915). 

Although Dipterous larvce are apodous in the true sense of the term, 
pseudopods are present in numerous genera. Thus in Chironomus, Orph
nephila and Simulium a pair is present on the pro thoracic and anal segments. 
In Dicranota five pairs are evident on segments 7 to n: in Eristalis there 
are 7 pairs while in A therix and Clino
cera there are 8. Circlets of pseudopods 
are present in the abdominal region in 
Laphria and the Tabanidce. 

The tracheal system presents features 
of great systematic value and the most 
prevalent type is the amphipneustic 
one (Fig. 572). The primitive or peri- 7 
pneustic condition is almost entirely 
confined to Nematocera: the maxi
mum number of pairs of spiracles pre
sent is 10 (Bibio) while 9 pairs occur 
i'n Scatopsince, Cecidomyidce and a few 
others. Indications of a former peri
pneustic condition are seen in other 
forms in the presence of solid stigmatic 
cords leading from spiracular scars to 
adjacent trachece. The larvce of Cyclor
rhapha, when newly hatched, are meta
pneustic, becoming amphipneustic in 
the 2nd and 3rd instars. Among the 
Ascbiza, the prothoracic spiracles in 
some genera are apparently non-func
tional, the tracheal system being 
physiologically met apneustic. The pro
pneustic condition is extremely rare 
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FIG. 572. - AMPHIPNEUSTIC TRACHEAL 
SYSTEM OF 3RD INSTAR LARVA OF 
HYLEMYIA (ANTHOMYID.IE). 

but is stated to obtain in Polylepta. 
Apneustic larvce are found in Chao
borus, in Chironomidce, and also in 
Ceroplatus and Atherix. 

In peri- and amphi-pneustic larvce ps: ;~::;ri~~ ~~.Dorsal View. AS, anterior spiracle; 

the 1st pair of spiracles is carried on 
the pro thorax : in the fOJ:mer condition the 2nd pair is borne on the meta
thorax or 1st abdominal segment, never on the mesothorax. The segmental 
position of the posterior pair of spiracles is variable: it is frequently on 
the last segment whether it be the nth, as in many Brachycera, or the 12th 
segment, as in Dicranota, Ptychoptera, and numerous Cyclorrhapha. In 
the Culicidce and certain Brachycera the spiracles are situated on the pen
ultimate segment, and in the Therevidce and Scenopinidce on the ante-pen
ultimate segment. In certain met apneustic larvce (Culicidce, Dixa, Psychoda, 
some Tipulidce, etc.) the two main tracheal trunks give off a plexus of fine 
tracheal branches in the neighbourhood of the spiracles, and pass to the 
walls of the posterior region of the heart. These branches are very thin 
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walled, and it appears probable that the blood is brought into close contact 
with the oxygen contained therein, and in this way they function as a kind 
of lung (Imms, I907). 

Accessory respiratory organs in the form of gills are found among aquatic 
larvre. In certain Chironomids two pairs of blood gills are situated on the 
IIth segment, and a similar number of smaller blood gills are present around 
the anus. The caudal retractile processes of Pedicia, and other aquatic 
Tipulid larvre are probably of a similar nature. Tracheal gills are much 
more frequent than blood gills: they may be ventral as in the two pairs 
on the last segment of Dicranota, segmental as in Phalacrocera, caudal as 
in Culicidre, or rectal as in Simltlium and Eristalis. 

The alimentary canal in larvre of the Nematocera, and certain Erachycera, 
is a short tube but littl,e convoluted. In most Cyclorrhapha (Guyenot, I907) 
it is greatly lengthened and complexly coiled upon itself. The <:esophagus 
is prolonged backwards into the mid-gut to form an <:esophageal valve, or 
cardia, of varying complexity. In many Cyclorrhapha a food reservoir is 
present as in the adult. The usual number of Malpighian tubes is four, 
which may arise separately from the hind-gut, as in Tabanus and Stomoxys. 
In Musca and most other Cyclorrhapha they unite basally in pairs, each 
pair communicating with the hind-gut by means of a short duct, In the 
Culicidre, Psychoda, Ptychoptera, and the Blepharoceridre five Malpighian 
tubes are present. 

Salivary glands are found in all dipterous larvre and generally take the 
form of hollow vesicles lined with a single layer of cells. Mandibular glands 
occur in Sciara and extend almost the whole length of the body (Keilin, 
I9I3). Metamerically arranged hypodermal glands are found in Tipulid 
larvre (Fig. I35), and small peristigmatic glands are found in association 
with the spiracles of many dipterous larvre. 

The heart consists of a series of eight chambers in Anopheles and otn4»f 
Nematocera. In species of Chironomus it is formed of a single enlarged 
chamber situated in the nth segment and provided with two pairs of ostia. 
In M1tsca it comprises three . chambers situated in the terminal segments, 
while in Dicranota no distinct chambers are evident (Miall). In all cases 
the heart is prolonged through the thorax as the aorta, which terminateS' 
in the head near the brain. A short distance behind the latter it is sur
rounded and supported by a collar of irregular cell-tissue-the cardiac ring 
(" anneau de soutien " of Pantel), which is generally present throughout 
the order. 

The nervous' system in Nematocerous larvre (Brandt, I882; Brauer, 
I883) consists of the usual supra- and infra-<:esophageal ganglia and, as a 
rule, 3 thoracic and 8 abdominal ganglia. Among the Brachycera this 
generalized condition of n post-cephalic ganglia is present in the Leptidre, 
Asilidre, Therevidre, and Dolichopodidre. The Tabanidre are intermediate 
between these families and the Cyclorrhapha, reduction and concentration 
resulting in only I thoracic and 5 abdominal ganglia being present. In 
Stratiomyia all the ganglia are fused into a single ovoid ganglionic mass and 
a similar condition is the rule throughout the Cyclorrhapha (Fig. I32). 
The position of the brain varies among Nematocera; although usually 
present in the head as in Culex, in Tipula and Ptychoptera it is situated 
partially in the head and prothorax, while in Dicranota, Psychoda and certain 
Chironomidre it lies wholly in the prothorax. In Calliphora and other 
Cyclorrhapha it is situated in the metathorax. 

The Pupa.-Dipterous larvre, as a general rule, cast their skins three 
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times during growth, and pupation takes place by one of two methods. 
In the Orthorrhapha the skin is normally cast at the time of pupation but 
in the Stratiomyidre the exuvire persist and loosely enclose the pupa. In 
the Cyclorrhapha the pupa is coarctate; the larval skin hardens forming 
an outer shell or puparium which encloses the pupa within. The puparium 
is ovoid or barrel-shaped and quite immobile (Fig. 191). A. pupal shelter 
is formed in several N ematocerous families and among the Brachycera a 
cocoon is present in certain Dolichopodidre. Among Cyclorrbapha it is very 
rare but is found in a few genera of Anthomyidre. In the Orthorrhapha 
prothoracic and 7 pairs of abdominal spiracles are usually evident; aquatic 
Nematocera, however, are propneustic. In the puparia of the Cyclorrhapha 
remains of the larval spiracles can be seen. In M2tSCa communication with 
the air is maintained by means of a pair of pupal spiracles in the form of 
small spine-like projections between the 5th and 6th segments of the 
puparium (Hewitt). Similar, though more prominent, respiratory struc
tures are prevalent in other Cyclorrhapha. 

Literature on the Larval and Pupal Stages. The only general 
work on Dipterous larvre is that of Brauer (1883). A great deal of informa
tion dealing with the metamorphoses of Orthorrhapha is given by Malloch 
(1917), whose paper is accompanied by useful family keys. Verrall's work 
(1909) contains an account of the larvre of the Brachycera (by Sharp), while 
Perris' paper (1870), though old, contains a good deal of information con
cerning various species. Aquatic Dipterous larvre have been frequently 
studied, particularly by Meinert (1886), Miall (1895), Hart (1895), and 
Johannsen (1903-95). For the larvre of Cyclorrhapha the student is re
ferred to Banks (1912) and the writings of Keilin (1915, 1917). Information 
on the internal anatomy of Dipterous larvre is extremely scattered: among 
the more important morphological papers are those of Brandt (1882), Becker 
(1910), Guyenot (1907), Holmgren (1904), Keilin (1915, 1917), De Meijere 
(1916) and Vaney (1902). 

Classification of Diptera 
In the generally accepted classification of Brauer, the Diptera are sep

arated into two sub-orders on characters afforded by the metamorphosis, 
and more especially by the method of eclosion of the imago. In the Orthor
rhapha the latter emerges from the pupa case by means of a dorsal T
shaped or longitudinal dehiscence. In the Cyclorrhapha the imago emerges 
by means of an annular dehiscence at the anterior end of the puparium, thus 
pushing off a kind of circular cap or lid. Later research has shown that 
there is much greater variation in this respect than Brauer anticipated, 
and there are certain ambiguities in the expressions "orthorrhaphous" 
and "cyclorrhaphous." For instance, the term orthorrhaphous was 
originally used by Brauer with reference to the dehiscence of the larval skin 
at pupation. . Subsequently he modified his views, and it is not clear whether 
the definition applies to the larval or pupal integument, or to both. Further
more, in some Cyclorrhapha, the lines of dehiscence mark out a triangular 
ventral plate which can be turned back, as on a hinge, to allow of the escape 
of the imago. In Drosophila the hinged plate is dorsal in position, and in 
Calliphora the whole thorax becomes completely detached from the 
puparium. The only constant feature afforded by the imagines of the two 
sub-orders is the presence or absence of the frontal lunule and ptilinum, 
which is often a difficult matter to determine. For practical purposes the 
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student will do best to regard the Diptera as being divided into the four 
series Nematocera, Brachycera, Athericera and Pupipara and rely for their 
identification upon characters enumerated below. 

Sub-order A. Orthorrhapha 
o 

Series I. NEMATOCERA. Larvce with a well-developed exserted head and hori
zontally biting mandibles; pupa free. Antennce of imago many jointed, longer 
than the head and thorax, the majority of the joints usually alike; arista wa.nting. 
Palpi usually 4 or 5-jointed, pendulous. Discal cell generally absent, cubital cell 
when present widely open. 

Series 2. BRACHYCERA. Larvce with an incomplete head, usually retractile, 
and with vertically biting mandibles; pupa free. Antennce of imago shorter 
than the thorax, very variable, generally 3-jointed with the last elongate; arista or 
style when present terminal. Palpi porrect, I or 2-jointed. Discal cell almost always 
present, cubital cell contracted before the wing margin or closed. 

Sub-order B. Cyc10rrhapha 

Series 3. ATHERICERA. Larvce with a vestigial head; pupa coarctate. An
tennce of imago 3-jointed; arista usually dorsal. Palpi I-jointed. Frontal lunule 
present, ptilinum usually present. 

Series 4. PUPIPARA. Head closely united with the thorax or folded back on 
the same. Usually flattened flies of a leathery or horny texture, adapted for an 
ectoparasitic life on warm-blooded vertebrates. Wings well developed, vestigial or 
wanting. Reproduction larviparous, pupa coarctate. 

Literature.-The only general text-book on Diptera is that of Williston 
(I908), and Wingate's analytical tables (I906) constitute the only compre
hensive paper on British species. References to the more important liter
ature on the latter are given by. Grimshaw (I9I7). The more advanced 
student will find the work of Schiner (1862-64) and Kertesz' catalogue"""Of 
the palcearctic species (1903-05) indispensable. The latter author has also 
issued a catalogue of the Diptera of the world (1902) but it has not been 
completed; the work of Aldrich (I905) contains a useful bibliography of . 
the order. Brunetti's volume (19I2) will serve as a:q. introduction to th~ 
Nematocera; for the Brachycera Verrall's standard work (1909) is the 
best introduction and includes most of the British families, while Lund
beck's treatise on the Danish forms is also of great value to the English 
student. Among Athericera, for the British Aschiza see Verrall (I901); 
for the Calyptene, the series of papers by Brauer (I897-99), and Brauer 
and Bergenstamm (1899--05) are important, also those of Girschner (1893), 
Stein (1916), Seguy (I923), and Townsend (1908, etc.). There is no general 
treatise dealing with Acalypterce. 

Series 1. Nematocera 

A certain number of members of this section exhibit exceptional morpho
logical characters. Thus, among the Culicidce the palpi are stiff and pro
jecting, not pendulous as in other families. When the antennce are short, 
and apparently only annulated (Simuliidce and Bibionidce), the widened 
cubital cell and pendulous palpi indicate their affinities with this sub-order. 
When the palpi are I or 2-jointed (certain Cecidomyidce) the antennal and 
venational characters remove all doubts . 

. The following key will serve for the identification of the families :-
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I (4).-Discal cell (1St M 2) present.' 
2 (3).-Thorax with V-shaped suture on mesonotum. 

3 (2).-V-shaped suture absent. 

4 (I).-Discal cell absent. 
5. (6).-Small moth-like flies, body and wings clothed with 

coarse hairs. 
6 (5).-Not as above. 
7 (ro).-Wings with network of vein-like creases. 
8 (9).-Mouth-parts and true venation absent. 

9 (8).-MoutJ;-parts and true venation present. 

10 (7).-Wings without such network. 
II (12).-Scales present on the wings: usually with slender 

piercing proboscis. 
12 (II).-Not as above. 
13 (I8).-Antenn<e shorter than thorax. 
14 (I5).-Antenn<e apparently 2-jointed with a terminal 

'style : anterior wing-veins not markedly 
thickened. 

15 (14).-Antenn<e many-jointed, with no terminal style: 
anterior wing-veins more strongly developed 
than posterior. 

16 (I7).-Ocelli large: mandibles wanting. 

17 (I6).-Ocelli absent: mandibles present. 

IS (I3).-Antenn<e longer than thorax. 
19 (20).-Antenn<e terminating in a filamentous prolonga

tion: wing with 10 veins extending to margin. 
20 (I9).-Antenn<e without such prolongation: wing with 

fewer than 10 veins extending to margin. 
21 (22).-Wing-veins very few: anal vein absent. 

22 (zI).-Wing-veins not greatly reduced: anal vein, or 
vestige, present. 

23 (z4).-Tibi<e without spurs: cox<e not elongate: ocelli 
absent. 

24 (23).-Tibi<e spurred: cox<e elongate: ocelli present. 

6r5 

TIPULIDlE 
(p. 615) 

RHYPHIDlE 
(p. 627) 

PSYCHODIDlE 
(p. 616) 

DEUTEROPHLEBIIDlE 
(p. 626) 

BLEPHAROCERIDlE 
(p. 626) 

CULICIDlE 
(p. 61 7) 

ORPHNEPHILIDlE 
(p. 626) 

BIBIONIDlE 
(p. 624) 

SIMULIIDlE 
(p. 625) 

DIXIDlE 
(p. 61 7) 

CECIDOMYIPlE 
(p. 621) 

CHIRONOMIDlE 
(p. 620) 

MYCETOPHILIDlE 
(p. 623) 

FAM. TIPULIDJE (Daddy-long-legs or Crane Flies).-ANTENNlE LONG, 6- TO MANY
JOINTED, OCELLI WANTING. LEGS ALWAYS LONG AND FRAGILE, MESONOTUM USUALLY 
WITH V-SHAPED TRANSVERSE SUTURE, DISCAL CELL PRESENT. OVIPOSITOR VALVULAR, 
HORNY. LARVlE METAPNEUSTIC, ANAL EXTREMITY WITH FLESHY RETRACTILE PROCESSES. 

The Tipulid<e include some of the largest species of Nematocera. The number of 
antennal joints is extremely variable and they are occasionally pectinate or serrate 
in the male, but not plumose. The front of the head is prolonged forwards to a greater 
or lesser degree, and in a few genera an elongate proboscis is present: except in 
Trichocera ocelli are absent. The V-shaped mesonotal suture separates the family 
from other Nematocera: in the Ptychopterinre, however, it is indistinct, and it is 
wanting in the apterous genus Chionea.· 

The larv;:e are usually hemicephalous, the head being deeply imbedded in the pro
thorax and incomplete posteriorly: in Ptychoptera and Trichocera it is exserted and 
eucephalous as in most other Nematocera. The antenn<e are well developed, the 
labium is large and toothed anteriorly, and there is usually a large and heavily chit
inized hypopharynx. The body is elongate-cylindrical, either with or without 
pseudopods, II or I2-segmented, and usually ashy grey or brownish in colour. Fre
quently the first 6 abdominal segments are subdivided and, as a rule, the anal segment 
is truncated, and bears the spiracles. Around the latter is a series of fleshy retractile 

'Except in Mycetobia. 
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processes; in aquatic species these processes are often fringed with hairs and pro
trusible blood-gills are present. In the terrestrial forms the hair fringes and gills are 
usually greatly reduced. The pupre are very elongate, and the thoracic respiratory 
horns are either slender or plate-like. 

The larvre of Tipula may be taken as representative of the family, and live among 
grass, roots, etc., decaying vegetation, or are aquatic (vide Brown 19IO, del Guercio 
r913). The larva of Dicranota lives in the beds of ponds and streams where it preys 
upon the worm Tubifex. It is characterized by paired retractile pseudopods on seg
ments 6-10, and on the 12th segment there are 3 pairs of outgrowths of the nature of 
gills (Miall, 1893). The larva of Ctenophora and its anatomy has been studied by Anthon 
(Journ. Morph., 1908) and that of Holorusia by Kellogg (r90r): descriptions of the 
larvre and pupre of many other genera are given by Malloch (1917) and Alexander (1920). 

Larvre of the Ptychopterinre (MiaIl, r895) are found in damp sitpations, usually 
in muddy water where they feed upon the vegetable matter contained therein. They 
are long and slender with well developed pseudopods armed with spinules: the 

FIG. 573.-PI1LEIJ01'O~fU8 8P., FEMALE, SUDAN. 

X 12. 
Reproduced by permission of the Trustees of the British 

Museum .• 

spiracles are minute, and are borne at 
the apex of an extremely slender tube 
formed by the greatly prolonged ter
minal segments of the body. The 
pupal respiratory organs' are unequal 
in length, one being many-times longer 
than the other. 

The larvre of the Cylindrotomina 
group are very remarkable: they are 
green in colour, and aquatic or terres
trial, feeding upon mosses or Angio
sperms. The body is provided either 
with filaments or leaf-like outgrowths: 
Miall and Shelford (r897) have made a 
detailed study of the larva of Phalacro
cera which is aquatic, feeding upon 
mosses, and the whole body is invested 
with numerous elongate filamentous 
processes. In Cylindrotoma (Cameron, 
Ann. Ent_ Soc. Am., 1918) the larva 
is terrestrial with lateral plafe":lTke 
outgrowths: it feeds openly like a 
caterpillar on various phanerogamic 

plants, and the pupa is attached to the food-plant by means of the partially cast 
exuvire. A;mong the Limnobiinre the most interesting larva is that of Trichocem (vide 
Keilin, 1912) which is amphipneustic, and lives in fungi andl decaying vegetation: its 
affinities are nearer to tIle Rhyphidre than the present family. 

FAM. PSYCHODJDlE (Moth-flies, Sand-flies).-MINUTE MOTH-LIKE FLIES, THE 
LEGS, BODY AND WINGS CLOTHED WITH LONG COARSE HAIRS, OFTEN ADMIXED WITH 
SCALES. NO OCELLI; WINGS WITH MANY LONGITUDINAL VEINS AND NO OBVIOUS 
CROSS-VEINS. LARVlE USUALLY AQUATIC OR SAPROPHAGOUS, OF VARIABLE STRUCTURE, 
GENERALLY AMPHIPNEUSTIC. 

These fragile insects are to be found in close proximity to the larval habitat and 
are commonly met with in dark or shaded damp situations; some are frequent on 
windows and are often attracted to a light at night. Females of the genus Phlebotomus 
(Fig. 573) feed by sucking the blood of vertebrates and in some species the male has 
this habit also. In addition to man, reptiles are used as hosts; and in the case of 
P. minutus lizards and geckos are probably the principal animals preyed upon. The 
well known" Pappataci " or "three-day" fever was proved in 1908 by Doerr, in 
Herzegovina, to be carried by P. papatasi; possibly other species of the genus also 
function as carriers. The disease is prevalent in S. Europe, N. Africa, and apparently 
varieties of the same occur in India. Townsend has brought forward evidence 
indicating that the disease known as Verruga in Peru is transmitted by another species 
of Phlebotomus. The eggs in this genus are elongate and dark brown; the larvre 
have mostly been found in damp, dark places such as crevices in rocks and stone walls, 
in drains, unclean cellars, moist earth, etc. Their minute size, however, renders them 
extremely difficult to discover and further information is greatly needed with reference 
to their habitat. When fully grown the larva is about 2 mm. long, and provided with 
elongate caudal bristles which may be almost as long as the body. Decaying vege-
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table matter appears to be their chief food. The pupa is found in similar situations 
and usually carries the larval exuvi~ at its anal extremity. For further information 
on this genus reference should be made to papers DY Grassi (1907), Newstead (19I1) 
and Larrouse (1920). 

The Psychodin~ have very doubtfully been accused of the blood-sucking habit 
which, at any rate, is extremely rare 'in this sub-family. Their larv~ possess a well 
developed head and 12 trunk segments, the first and last carrying a pair of spiracles 
(vide Dell, 1905, Malloch, 1917, and Miall and Walker, 1895). The last segment is 
drawn out and provided with 4 fleshy outgrowths clothed with elongate hairs. By 
this means it forms a kind of siphon surrounding the posterior spiracles, and is pro
truded to the surface of the water. The thoracic and 1St abdominal segments are 
transversely divided, the remaining abdominal segments being triannulate. Dorsally, 
the larva carries a series of strongly chitinized plates bearing sensory hairs. These 
plates are present on each segment (Pericoma) or only on the posterior segments 
(Psychoda). The larv~ are aquatic, or live in fluid organic matter of various kinds, 
including sewage filter-beds. Those of Ulomyia and Maruina live in cascades. In 
the latter genus they are provided with ventral sucker discs as in Blepharocerid larv~, 
and moreover are metapneustic (Muller, 1895). The larVa! of Trichomyia lives in 
decaying wood (Keilin, 1914). It is narrowly cylindrical, smooth, and devoid of 
dorsal plates and set~; the segments are undivided, and the tracheal system is 
amphipneustic with no respiratory siphon. In the remarkable genus Termitomastus 
Silv., found in the nests of neotropical termites, the wings are reduced to strap-like 
rudiments: two other termitophilous genera, Termiiodipteron Holmg. and Termita
delphos Holmg., occur in the nests of Eutermes in Peru. 

FAM. DIXIDAL-INSECTS ALMOST DEVOID OF HAIRS AND SCALES, ANTENNlll 
ELONGATE, ABOUT 16-JOINTED, FILIFORM APICALLY. VENATION AS IN CULICIDlll; 
PROBOSCIS SOMEWHAT PROJECTING, NOT ADAPTED FOR PIERCING: OCELLI ABSENT. 
LARVlE METAPNEUSTIC AND AQUATIC, USUALLY ASSUMING A U-SHAPED ATTITUDE. 

A very small family comprising the genus Dixa which is largely hoI arctic and 
includes about two dozen species. These insects have been variously included in the 
Culicid~ and Tipulid~. They are readily separable from most of the latter by the 
absence of the discal cell and the v-shaped thoracic suture: the filiform non-plumose 
antenn~ are totally different from those organs in the Culicid~, and find their parallel 
in Trichocera. They closely resemble the Culicid~, however, in their venation but 
differ therefrom in the absence of scales from the wings. The larva of Dixa frequents 
shady, weedy pools or streams and might be mistaken for that of Anopheles. It is 
eucephalous with 12 trunk segments, the 4th and 5th each bearing a pair of ventral 
pseudopods armed with curved spinules: segments 5-10 in certain species cArry a 
dorsal shield fringed by set~. The pupa closely resembles that of the Culicid~. For 
the British species vide Edwards (Ent. Month. Mag., 1920). 

FAM. CULICIDJE (Gnats or mosquitoes).~VERY SLENDER FLIES, GENERALLY 
WITH AN ELONGATE PIERCING PROBOSCIS AND NO OCELLI: THE PALPI STIFF AND NOT 
PENDULOUS. LEGS LONG, ANTENNlE DENSELY PLUMOSE IN THE MALES, PILOSE IN 
THE FEMALES. WINGS FRINGED WITH SCALES ALONG THE POSTERIOR MARGIN AND 
THE VEINS. LARVlE AND PUPlE AQUATIC AND VERY ACTIVE: THE.FORMER META
PNEUSTIC, WITH AN ENLARGED THORACIC MASS. 

The remarkable discoveries in their life-histories, and the part played by the adults 
as disease carriers, has given an enormous stimulus to the study of mosquitoes. More 
than 1,500 species have been described and at least 25 species occur in Britain. 
Culicid~ are almost world-wide in distribution, but the tropics are much richer in 
genera and species than northern latitudes. In arctic regions they are extremely 
abundant during the short summer, though few in species. In these parts they often 
occur far from the haunts of man and frequently in regions uninhabited by quad
rupeds. In Lapland their numbers even exceed those of most tropical region$.. For 
a full account of the biology of the family the student is referred to the standard 
treatise by Howard, Dyar, and Knab (1912). For the anatomy of mosquitoes vide 
Nuttall and Shipley (1901-03), and Christophers (1901). For the larval anatomy of 
Anopheles vide Imms (1907-08) and of Culex vide Raschke (1887). The mouth
parts of a mosquito have already been described (p. 596): in the Chaoborin~ they 
are very short, concealed, and not adapted for piercing. Except in a few genera the 
whole body, legs and wings are in part, or entirely, clothed with scales. 

The eggs are deposited on or near the surface of the water, and the number laid 
by a single individual varies from 40-100 (Anopheles maculipennis) up to 300 or more 
(Culex pipiens). They may occur singly, as in Anopheles or Stegomyia, or collectively 
to form a compact mass or egg-raft as in Culex (vide Miall, 1895) and other genera. 
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The eggs vary _in _shape in different genera: those of Anopheles are boat-shaped with 
a conspicuous float on either side: in Culex they are fusiform, in Megarhinus some
what club-shaped, while those of Stegomyia are ovoid and surrounded by a series of 
small air chambers which aid in floating. 

Mosquito larv<e have a well developed mobile head: the eyes vary according 
to the age of the larva and, as a rule, both the primitive larval eyes and the 
developing compound organs of the imago are present. A pair of dense tufts of 
long hair, or feeding brushes, are present over the mouth on either side of the head. 
By means of the movement of these brushes a current is set in motion which wafts 

r 

A 

B 

microscopic food-particles towards the mouth. The 
thoracic segments are fused to form a single broad 
rounded region. Nine abdominal segments are pre
sent, and the anal somite is surrounded at its apex 
by four tracheal gills. These organs are small in 
surface feeders such as Anopheles, but larger in Stego
myia which is a bottom feeder. The respiratory sys
tem is metapneustic, and opens on the dorsal surface 
of the 8th segment. The spiracles are placed either 
on a quadrilateral area raised slightly above the pre
ceding segment (Anophelin<e), or more usually at the 
apex of a respiratory, siphon. The lan~e of Chao
borus (vide Akehurst, Journ. Roy. Mic. Soc. I9ZZ) is 
a highly specialized type, being almost completely 
transparent and apneustic. It is provided with a 
pair of pigmented air-sacs in the thorax and a second 
pair in the 7th abdominal segment: these struc
tures act as organs of flotation, respiration being 
cutaneous. 

When at rest, and during feeding, the larv<e of 
Anophelines float horizontally just beneath the sur
face-film with the palmate hairs and spiracular area 
in contact with the latter. In the Culicines the larv<e 
bring the apex of the siphon in contact with the sur
face and hang head downwards, inclined at an angle 
with the surface film. 

In their feeding habits, mosquito larv<e may"""Tle 
phytophagous or carnivorous. As a rule they feed 
upon minute alg<e and other particles contained in 
the water. Certain forms, however, are carnivorous. 
These may be readily recognized either by the mouth
brusp.es being replaced by s~out spines, which serv~ 
to seize the prey, or by the prehensile antenn<e (Chao
borin<e). The organisms most frequently preyed 
upon are other mosquito larv<e. 

As a rule, mosquito larv<e are only able to exist in 
small numbers in permanent waters on account of the 
presence of predaceous organisms, such as fish and 
insect larv<e. Their habitat is extremely varied, 
thus Anopheles lutzi breeds in the cups of epiphytic 
and pitcher plants. Those of A. rossi frequent 

FIG. 574.-CULEX PJPJENS. shallow rain-filled pools such as abound in India 
A, larva; B, pupa; T, respiratory si. during the monsoon. A. ludlowi occurs in pools 

phon; t, tracheal gills. From Folsom's flqoded by the sea at high tides: larv<e of Tamio
.. Entomology." rhynchus live at the roots of aquatic plants in 

swamps, inserting their modified siphons into the 
tissues, and thus deriving their supply of oxygen. A. listoni frequents sub-Hima
layan hill streams; A. chaudoyei lives in the waters of Saharan oases containing 
40 grms. of chlorides per litre and A. stevensi abounds in Bombay, living in the 
waters of wells and cisterns. The pup<e are very active, and respire by means 
of a pair of breathing trumpets communicating with the anterior spiracles. They 
float at the top of the water with their trumpets attached to the surface 
film. 

When at rest Anophelines can usually be distinguished from other mosquitoes 
by the fact that they settle with the proboscis and the long axis of the body in one 
straight line, while in the Culicines the abdomen is usually parallel with, or inclined 
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towards, the surface upon which the insect rests (Fig. 575). The length of the life
cycle of mosquitoes is prim.arily dependent upon temperature: thus, that of S. 
jasciata is normally I5-20 days, but may be as short as II days. The adult refuses 
to feed below 23° C. and is quite inactive at 20° C. 

Economically mosquitoes are of the utmost significance owing to their functioning 
as the intermediary hosts of malaria, yellow fever, filariasis, dengue and other diseases. 
Increased knowledge of these insects, and the diseases transmitted by them, has 
rendered vast areas of tropical countries no longer a menace to the life of the European. 
The experimental researches of Ross, on the malaria Plasmodium, have conclusively 
proved that this parasite passes through two periods of multiplication during its life
cycle: the first is one of asexual reproduction (schizigony) and occurs in the blood 
of man. The second or sexual cycle (sporogony) takes place in the mosquito, and 
commences with the entry of blood containing suitable forms of the parasite into the 
stomach of the insect. After fertilization the xygote bores into the gut-wall where 
it becomes encysted. The cyst increases enormously in size, and eventually ruptures, 
liberating great numbers of 
sporozoites into the h<emocoelic 
cavity of the insect. Those 
sporozoites, which bore their 
way into the salivary glands, are 
then able to be transmitted to 
another human being through 
the punctures of the mosquito, 
and there continue their de
velopment. 

When the female mosquito 
feeds the tip of the labium is 
first brought against the skin, 
and then the pointed mandibles 
and maxil1<e are inserted. The 
labrum is also inserted into the 
puncture along with the hypo
pharynx. The labium is then 
doubled back in the form of a 
loop as the mouth-parts become 
more deeply inserted. The re- FIG. 575.-RESTING ATTITUDES OF A, ANOPHELES 

mainder of the process accord- B, CULEX. 

ing to Hindle (I914) is briefly Reproduced by permission of the Trustees of the British lIJuseum. 

as follows. The amount of CO2 
in the trache<e increases owing to the proximity of the insect to the skin of its host 
and, as a result, the muscular contractions are considerably augmented. The increase 
of the latter causes compression of the cesophageal diverticula and their contents, 
which consist of a fungus and bubbles of carbon dioxide. Both are expelled through 
the proboscis into the. puncture caused by the insect, and the presence of carbon 
dioxide is supposed to retard the coagulation of the blood. The fungus causes the 
great irritation and local swelling which usually supervene: similar effects can be 
induced by inoculating the host with the contents of the ventral diverticulum, although 
the artificial introduction of the salivary glands, by means of a puncture of the skin, 
does not produce any ill effects. 

A number of Anopheline mosquitoes are now known to be carriers of the plasmodia 
of one or more forms of malaria and, as the habits of these species greatly vary, a 
knowledge of their-bionomics is of the highest importance from the standpoint of 
public health. Among the more important carriers are Anopheles maculipennis 
(Europe, parts of United States), A. culicijacies (India), A. costalis and A. junestus 
(Africa), A. albimanus (Central and S. America), A. quadrimaculatus (U.S.). 

Stegomyia jasciata (calopus) 1 is one of the commonest mosquitoes of the tropics 
and subtropics of the world, and occurs largely along coasts and the courses of the· 
larger rivers. In I88I Finlay observed the incidence of this mosquito and yellow 
fever in Cuba, and succeeded in transmitting the disease through the agency of its 
punctures. In I899 an American Commission sent to Cuba definitely proved that 
yellow fever is carried by S. jasciata. As the result of anti-Stegomyia measures in 
the Panama Canal zone, which was at one time a notorious region for this disease, 

1 The most recent name for this species Aedes argenteus. 
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yellow fever has become practically non-existent. The eggs of this mosquito are 
laid upon any accumulation of stagnant water however small, old tins, broken 
bottles, holes in trees often being utilized. The larva of this species may be recog
nized by its comparatively colourless appearance, and the short black respiratory 
siphon, t the length of the abdomen. The adult is most easily identified by the 
lyre-shaped white mark on the thorax: it is essentially a domestic species rarely 
found away from towns and villages. 

Culex jatigans is an almost tropicopolitan mosquito of great economic significance. 
Along with other species it is a carrier of Filaria bancrojti which produces elephanti
asis. Both C. jatigans and Stegomyia jasciata are able to transmit the virus of 
dengue from one human being to another. Anopheles maculipennis, Culex pipiens, 
Stegomyia jasciata, etc., are intermediary hosts of Filaria immitis of the dog and 
several species of Culicidce transmit the Plasmodium of avian malaria from one bird 
to another. 

Various measures concerned with the control of mosquitoes have been introduced. 
Freedom from the attacks of these inseCts is largely obtained by living in mosquito 
proof dwellings or by utilizing mosquito curtains while sleeping. A variety of 
deterrent substances have been recommended for application to the exposed parts of 
the body: essential oils of various kinds have been more especially advised. The 
destruction of adult mosquitoes in dwellings may be carried out by the fumigation 
of rooms by means of cresyl: traps in the form of boxes, lined with dark blue cloth, 
which may be readily closed, have also been recommended. The removal of herbage 
from the neighbourhood of dwellings is a further measure. The elimination of all 
standing water, and the drainage of marshy lands, afford the principal means for 
reducing the larval breeding places. The screening of tanks and wells, etc., is also 
of importance. Application of larvicides such as kerosene, which will form a film 
on the surface of standing water, prevents the larvce from coming to the surface to 
breathe, and provides a deterrent to egg-laying females. Tanks and irrigation canals 
in the tropics may be stored with certain fish (Cypriondontidce, etc.) which are known 
to devour mosquito larvce. 

The literature on Culicidce is very extensive and one of the best general works on 
the family is that of Howard, Dyar and Knab (1912) which deals with the species of 
North and Central America. The palcearctic species have been revised by Edwards 
(Bull. Ent. Res., 1921) and those of the world have been monographed by Theobald 
(1901-10). A useful handbook of the British mosquitoes has been writtel1...Ji.y 
Lang (I920). 

FAM. CHIRONOMID.tE (Midges).-DELICATE GNAT-LIKE FLIES: ANTENNJE 
CONSPICUOUSLY PLUMOSE IN THE MALES, PILOSE IN THE FEMALE. HEAD SMALL, 
OFTEN CONCEALED BY THE THORAX: OCELLI ABSENT. MOUTH PARTS USUALLY POORLY 
DEVELOPED, SELDOM ADAPTED FOR PIERCING. ANTERIOR WING-VEINS MORE STRONGLY 
MARKED THAN POSTERIOR. LARVJE APNEUSTIC: AQUATIC od TERRESTRIAL. 

These insects bear a general resemblance to Culicidce but may be distinguished 
by the wings being unscaled. The adults occur in great numbers in the vicinity of 
lakes, ponds and streams: many appear on the wing just before sunset, and exhibit 
a characteristic gregarious habit of " dancing" in the air in swarms. During these 
evolutions the number of females present does not appear to be large and, when 
pairing is accomplished, the mated couple leave the swarm. Considerably over 
1,000 species have been described: in Britain nearly 200 species are listed by Verrall, . 
but many more await discovery. The antennce are 6- to I5-jointed and, except in 
the Ceratopoginince, the mouth-parts are poorly developed. In Chironomus no food 
is taken during adult life and the digestive canal is consequently shrunken and empty. 
In the Ceratopoginime blood-sucking habits are frequent and, in such cases, a short 
piercing proboscis is present. Species of Culicoides (especially C. pulicaris L.) often 
cause a good deal of annoyance by means of their sharp punctures: several species 
of the sub-family have been observed to suck the inner contents of caterpillars and 
other insects. 

The eggs of Chironomidce are laid in a mass, enveloped by transparent mucilage 
secreted by the gluten gland of the female: these egg-masses or ribbons vary in shape 
and number, and arrangement of the eggs therein, in different species. The larvce 
usually inhabit slow streams and ponds, or even puddles or water troughs. A few 
species can live at great depths, having been obtained from the bottom of Lake 
Geneva and Lake Superior. Several species occur in the sea, both in shore pools 
and at a depth of 15-20 fathoms: vast numbers frequent the salt lakes adjoining 
the Suez Canal. A typical kind of Chironomid larva, such as that of C. dorsalis, 
has a well-developed head and I2 trunk segments, with a pair of pseudopods on 
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the prothorax and last abdominal segment: in other forms pseudopods are 
present on the prothorax only or, more rarely, are absent. Two pairs of elongate 
blood-gills may be present on the IIth segment, and two pairs of papilla-like anal 
gills are placed around the anus. In C. dorsalis the tracheal system is greatly reduced 
and limited to the thorax, where there are two pairs of closed spiracles. A number 
of species are red, owing to the presence of h::emoglobin dissolved in the blood-plasma, 
and are commonly known as "blood-worms." It was pointed out many years ago 
by Lankester ·that h::emoglobin occurs among invertebrates when increased facilities 
for oxidation are required, as by burrowing forms and those which lurk in the mud of 
stagnant pools. Surface-haunting Chironomid larv::e are generally green. The 
larv::e usually live in tubes either free, or attached to stones, etc., and composed of 
mud particles or of vegetable fragments, sticks, particles of green leaves, Conferv::e, 
etc. The pup::e may be active (Tanypus), float at the surface of the water, or remain 
at the bottom of the water: in the latter case they rest in the old larval tube which 
is often provided with the addition of an operculum. The pupal respiratory organs 
either consist of a pair of much branched filaments, or of simple tubes: they are 
rarely absent. 

The Ceratopogonin::e fall into two groups-those with aquatic, vermiform larv::e 
whose imagines are more or less bare-winged (Culicoides, Bezzia) and those with 
terrestrial larv::e found in sap, under bark or in decaying organic matter. The latter 
include Forcipomyia and Dasyhelea whose imagines have hairy wings. The distinc
tions, however, are not absolute as some larv::e of Culicoides are terrestrial and certain 
of those of Forcipomyia are aquatic. 

The Clunionin::e include certain remarkable maritime genera whose larv::e live 
among alg::e, and the adults are apterous. Among them are Belgica Jac. from Pata
gonia, Halirytus Eaton, Kerguelen I, and the European Clunio Hal, the males of 
which are winged. 

Parthenogenesis is known to occur in a few Chironomids and results in the pro
duction of females only. The first observations were made by Grimm on Tanytarsus 
in 1870 and have been confirmed by Zavrel. Both the pup::e and newly-emerged 
imagines are parthenogenetic. Corynoneura celeripes Winn. and Chironomus clavati
cornis Kieff. also lay parthenogenetic eggs (Edwards, 1919). P::edogenesis has been 
ascertained to occur in the larva of Tanytarsus dissimilis by Johannsen in America 
(Science, 1-910, p. 768). 

For the classification of the family vide Kieffer (1919), and a good deal of general 
information will be found in the works of Johannsen (1905), Malloch (1915, 1915A), 
and Miall and Hammond (1900). 

FAM. CECIDOMYIDJE (Gall Midges).-MINUTE DELICATE FLIES WITH/LONG 
MONILIFORM ANTENNA;: ADORNED WITH CONSPICUOUS WHORLS OF HAIR; OCELLI 
PRESENT OR ABSENT. WINGS WITH FEW LONGITUDINAL VEINS, FOR THE MOST PART 
UNBRANCHED, AND WITH NO OBVIOUS CROSS-VEINS. COXA;: NOT ELONGATE, TIBIA;: 
DEVOID OF SPURS. LARVA;: PERIPNEUSTIC WITH A REDUCED HEAD AND USUALLY A 
STERNAL SPATULA. 

The Cecidomyid::e include a large number of fragile and often very minute insects. 
The antennal characters, and th~ greatly simplified venation, enable these midges 
to be easily recognized. Among the best known species is the Hessian fly (Mayetiola 
destructor) whose larv::e are often destructive to wheat (vide Enoch, 1891); from 
Europe it has been introduced into N. America and New Zealand. The Pear Midge 
(Contarinia pirivora) is one of the most serious pests of that fruit in Europe; its 
larv::e feed gregariously in the young fruitlets, which become deformed and sub-
sequently decay.. . 

The best general monograph on the family is that of Kieffer (1900) while the plant 
galls are described and catalogued by Houard. A good deal of information is also 
given in the numerous reports of Felt, and most of the British galls are dealt with in 
the works of Connold and Swanton; for the Cecidomyids affecting cereals vide 
Marchal (1897). 

Larval Cecidomyid::e exhibit great diversity of habits and may be classified as 
follows: 

1. Zoophagous species of which very few are true parasites: Keiffer instances 
Endaphis pervidus Kief. which parasites Drepanosiphon platanoides Schr. A con
siderable number are predaceous, preying mainly upon Homoptera, but others attack 
.Acari; a few (species of Lestodiplosis) attack dipterous larvee and pupee, including 
those of other Cecidomyidee. 

II. Saprophagous species. Kieffer records species which live among the excre-
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ment of Tipulids and lepidopterous larv<e, and a few are found among decaying 
vegetable matter. 

III. Phytophagous species which may be divided into a.-Those which live on 
or within various parts of plants without producing any gall formation. A number 
of species live on the spikelets of Gramin<e, others in the flowers of Composit<e, in 
fruit, or among Fungi. b.-Gallicolous forms: a few live in galls formed by Cole
optera, Trypaneid<e, and other Cecidomyid<e. c.-Cecidogenous or true gall-making 
species. The vast majority of the family come under this category and all parts of 
the plant may be affected. Felt (1911) computed that 438 species, included in 44 
genera, of American Cecidomyid<e affected In plant genera comprised in 66 families. 
Of these 146 species formed bud-galls, 44 fruit-galls, ZI8 leaf-galls, 130 stem-galls, 
and 4 formed root-galls. The Composit<e, Salicace<e and Gramine<e are the most 
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FIG. 576.-A, LARVA OF CONTARINIA PJRIYORA, DORSAL VIEW; 
s, spiracles. B, VENTRAL ASPECT OF 1ST THORACIC SEGMENT 
(1) SHOWING STERNAL SPATULA SP. C, ANTENNAL JOINT OF 
XYLODIPLOSlS PRJEOOX MALE SHOWING CIRCUMFILI C. 

Adapted from Kieffer, A nn. Soc. Ent. Fr. 1900. 

frequently selected 
both in AmeI·ica and 
Europe. One of the 
most generalized of 
true gall-makers is 
Rhabdophaga which 
is partial to Salix, 
producing s imp Ie 
de f O"T mit i e s such 
as bud and subcu
ticular galls. pasy
neura also £ 0 rm s 
comparatively 
simple leaf- and 
bud-gallS on various 
plants. 

The larval struc
ture is dealt with at 
length by Kieffer, 
and the larv<e are 
usually rather short 
and somewhat nar
rowed at both ex
tremities. TheYVary 
in colour, being fre
quently white, yel
low, orange or bright 
red, and oecasion
ally brown. The 
head is very small 
and incompletely 
differentiated; pig
ment spots are pre
sent but there are 
no eyes. Thirteen 
trunk segments are 

evident, the first being intercalated between the head and prothorax. There are 
nine pairs of spiracles situated on the prothorax and first 8 abdominal segments. 
According to Kieffer the larva of Rhinomyia perplexa is exceptional in possessing 10 
pairs, the additional pair being situated on the anal segment. The most character
istic structure associated with Cecidomyid larv<e is the sternal spatula or so-called 
" breast bone" (Fig. 576), which is situated mid-ventrally on the thorax. It is an 
elongate, chitinized sclerite either toothed, pointed, or bi-Iobed anteriorly: in some 
genera it is wanting. The function of this organ has been variously interpreted as 
an organ of perforation used for abrading pla~t tissues, as a locomotory organ, or 
for changing the position of the larva in its cocoon or case. Many larv<e possess the 
power of leaping (Contrarina, etc.) and, according to Giard, in performing t.his act 
the anal crochets lock into the extremity of the spatula. The larva is thus curved 
into a loop, perpendicular to the surface upon which it is resting. By means of 
a sudden release of the tension it may be projected a distance of several centi
metres. 

Two methods of pupation occur in Cecidomyid<e. In the usual method the pupa 
is enclosed in a coc~on which may.be either single or double: in C. pini, for example, 
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the outer cocoon is of resinous matter and the inner of fine threads; in Holoneurus 
the outer cocoon consists of a white or brown pellicle. In Mayetiola and Chortomyia 
the outer layer has the appearance of a puparium, and is formed by the persistent 
larval skin which, although separated from the underlying pupa, is not actually 
moulted. Beneath this outer skin is a silk-like layer formed by interlacing threads. 
The genus Miastor exhibits the rare phenomenon of pa;dogenesis which probably 
occurs in other Heteropezina; also (vide p. 154). 

FAM. MYCETOPHILIDJE (FUNgus Gnats).-sMALL FLIES PROVIDED WITH 
OCELLI, ANTENNlE LONG, USUALLY LACKING WHORLS OF HAIR IN THE MALE; COXlE 
ELONGATE, TIBIlE SPURRED. LARVlE SMOOTH AND VERMIFORM WITH A SMALL DARK 
HEAD, EIGHT PAIRS OF SPIRACLES, AND LIVING GREGARIOUSLY IN FUNGI OR DECAYING 
VEGETABLE MATTER. 

The fungus gnats are delicate flies of a small or medium size, often bearing a 
resemblance to gnats or midges, and exceedingly numerous in individuals and species. 
Upwards of 2,000 species are known, and the geographical range of the family is very 
wide. In coloration fungus gnats are seldom striking-blacks, browns and yellowish 
hues predominating. The body is elongate and compressed, with the thorax more 
or less arched, and sometimes markedly so. The antenna; (Fig. 561) are almost 
always long and filiform, and composed of 12-17 joints, 16 being a common number. 
The tibia; are slender and armed with apical spurs, and the tarsal claws are toothed 
or pectinate. Sexual dimorphism occurs in a few species of the Sciarinm. In Sciara 
semialata Rdw. for example, the male possesses greatly reduced wings while the female 
is normal. In Epidapus scabiei Hop. the female is destitute of both halteres and 
wings, while the male exists in two forms-one with reduced and the other with 
normal wings. 

The larva; of a number of species have been described and the valuable paper by 
Osten Sacken (IS62) should be consulted together with more recent work by Malloch 
(1917) and Keilin (ISI9A). They are soft and whitish, with a small black or brown 
strongly chitinized head, and 12 body segments. They are elongate and vermiform 
in shape, and generally sufficiently transparent to reveal much of their inner anatomy. 
The cuticle is smooth and devoid of hairs or seta;; on the ventral surface there are 
often transverse swellings which, in many cases, are furnished with minute spines 
aiding in locomotion. The antenna; are always very short and frequently almost 
absent; they are better developed in Bolitophila than in most other genera. Situated 
below the antenna; an oval pellucid spot is often present (Bolitophila, Mycetophila, 
Leia, Epidapus, etc.) which is probably of the nature of an ocellus. The respiratory 
system is peripneustic with S pairs of spiracles. The latter are found on the pro
thoracic and first 7 abdominal segments, the prothoracic pair being the l;i,rgest. 
Exceptional genera include Ditomyia and Symmerus with 9 pairs of spiracles (Keilin, 
19I5A) ; Platyura is stated to be devoi<;l. of spiracles and provided with protrusible anal 
gills and Polylepta, according to Schmitz, is propI}.eustic. 

The imagines are found in a variety of situations, most commonly in damp or dark 
places, where there is fungoid growth, or decaying vegetation. Cellars, sheds, manure 
heaps and damp secluded parts of woods furnish many species. One of the charac
teristic features of these flies is their power of leaping, the hind-legs being adapted for 
the purpose; many species simulate death when disturbed. The popular name of 
fungus gnat is derived from the fact that the larva; feed upon fungi more often than 
any other substance. A number of species however are found in rotting wood and 
other decaying organic matter, including leaf-mould and manure. The larva; are 
markedly gregarious, and many species construct a loose slimy web on their pabulum. 
Those of Leia, Sciophila arid Ceroplatus are very active, gliding with great facility, 
either backwards or forwards, enveloped by the tube-like sheath of threads composing 
the web. Others, such as Exechia, burrow within their substratum lining the tunnels 
with a slimy secretion. The larva of Mycetophila ancyliformans Holmg. is exceptional 
in its mode of life, having been found living singly and exposed on the leaves of a 
b.amboo in S. America. It is protected by a remarkable covering of excrementous 
particles which may be readily mistaken for an A ncylus shell, so close is the resem
blance. 

Larva; of the Sciarina; have been found in decaying apples, pears, turnips, potatoes, 
etc., and sometimes attack seedlings. In certain species of Sciara they exhibit the 
curious habit of travelling in vast numbers, so closely together as to almost constitute 
a single mass. This phenomenon is not infrequent at certain seasons in woods in 
Germany, Sweden, Russia and also in N. America. The migratory columns are elon
gate in form, and have been termed" snake worms" in the United States, on account 
of theIr snake-like movements and appearance, which are said to resemble a thin gray 
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reptile. They progress as a single mass with the larvre several deep over each other, 
and the movement is stated to be at the rate of about an inch a minute. In Europe 
they have been termed the" army worm," but in America this expression is more 
properly applied to certain Noctuid caterpillars. Lintner mentions the stream of 
larvre as often being 12-15 ft. long, 2-3 inches broad, and perhaps! inch in thickness. 
In the United States one species has been reared and identified as Sciara fraterna ; 
the common European" army worm" is Sciara militaris. No satisfactory explana
tion has yet been advanced to account for the assemblage of these hordes of footless 
larvre. Berthold regards the phenomenon as a collection of larvre for the purpose 
of mutual protection prior to pupation. Beling believes that they are marching for 
the purpose of moving to a fresh feeding ground, but as they are usually fully fed 
when the phenomenon occurs this explanation is open to doubt. 

Several species exhibit luminosity, which appears to have been first observed in 
the larvre and pupre of Ceroplatus sessiodes by Wahlberg in 1838. A particularly 
brilliant light was observed by Hudson in a New Zealand species (Bolitophila 
luminosa), who remarks that the light emitted from a single larva kept in a caterpillar 
cage may be seen streaming out of the ventilators at a distance of several feet. 
Wheeler and Williams (1915) describe it as being emitted from the distal portion 
of the malpighian tubes. The pupa and female imago are also strongly luminous 
but, according to Norris (Ent. Month. Mag., 18~4), the male doe~ !lot exhibit this 
property. 

Some Mycetophilids spin true cocoons for pupation while others construct a fragile 
case of earthy material: the pupa in Leia is simply suspended by means of loose 
threads. In Epicrypta the larval skin is adapted to form a shell in which to pupate 

but the pupa itself is 
free. The eggs are 
laid singly or in small 
groups, occasionally 
in strings, on what
ever substance serves 
as food for the larvre. 
Many species pass 
through s eve r a I 
generations in the 
course of a y __ , and 
as a general rule 
larval and pupal life 
is of short duration 

FIG. 577·-B1BIO MAROl, VENATION. although c e r t a i n 
species hibernate as 

pupre. According to Johannsen the time occupied from t'he egg to the adult may not 
exceed two weeks in midsummer. Edible mushrooms are frequently attacked by 
larvre of Sciara, Exechia and Mycetophila. They completely riddle the plants and 
may ruin a whole mushroom bed. 'Not infrequently they are introduced into the 
mushroom cellars through the agency of the manure used in the beds. According to 
Hopkins there are fotms of potato scab and rot which are not due to fungoid disease, 
but are the direct result of the attacks of species of Sciara and Epidapus. Sciara 
tritici Coq. damages roots and stems of young wheat plants, and Johannsell remarks 
that there is no lack of evidence that Sciarinre damage the roots of cucumbers, grass 
and potted plants. 

The most important recent works on the family are the monographs of .r ohannsen 
(1909) and Brunetti's account of the Indian species (1912). Information concerning 
British Mycetophilids is given by Edwards (1913). 

FAM. BIBIONIDlE.-ANTENNJE 8 TO 16-JOINTED, USUALLY SHORTER THAN THE 

THORAX, THE JOINTS BEAD-LIKE AND CLOSELY APPOSED (Fig. 561). WINGS LARGE, 

ANTERIOR VEINS MORE STRONGLY MARKED THAN POSTERIOR (Fig. 577). EYES ~N 
·MALES HOLOPTIC OR APPROXIMATED, OCELLI PRESENT. LARVJE TERRESTRIAL, PERI
PNEUSTIC. 

The Bibionidre are robust flies, often pubescent with shorter legs and wings than 
.most other Nematocera. In the males the eyes often occupy nearly the whole of the 
head and the upper facets are much larger than the lower, the two series being sharply 
differentiated. Certain species exhibit colour dimorphism, the females often being 
reddish-brown while the males are entirely black. 

The species of the sub-family Bibionidre frequent meadows, grassy hillsides or 
decaying vegetation and often appear in great numbers. Their larvre feed at the roots 
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of grasses, cereals, hops and in leaf mould. Those of Bibio (vide Morris, 1921-22) 
are often gregarious and, structurally, they are the most primitive of all dipterous 
larv<e. They are 12-segmented with a large exserted head, well developed mouth
parts and are devoid of pseudopods (Fig. 57S). Each segment is provided with a 
band of short fleshy processes, the latter attaining their greatest length on the 11th 
and 12th segments: the first segment is transversely divided and carries two bands 
of these processes. Open spiracles are present on each segment except the 2nd and 
lIth, the hindmost pair being considerably larger than its fellows. Pupation occurs 
in an earthen cell 
below ground. Ss 

5" 5, 

u. c 
FIG. 57S.-BIBIO MARCI. 

a, larva: S1' sr;, $12) spiracles of their respective segments; b, pupa; '-, egg-mass in 
subterranean chamber. After Morris, Bull. Entom. Res. 192I. 

The Scatop
sin<e are regarded 
by some authori
ties as constitut
ing a separate 
family. Their 
larv<e live in de
caying or g ani c 
matter and pupa
tion takes place 
in the persistent 
larval skin. In 
Scatopse (Morris, 
19I5) the larva 
is provided with 
longitudinal and 
transverse bands 
of hairs: n i n e 
pairs of spiracles 
are present on the 
1st segment and on the 4th to lIth segments respectively, the hindmost pair being 
carried on stout chitinous pedicels. The lIth segment bears two posteriorly directed 
processes fringed with long hairs. 

FAM. SIMULIIDJE-SMALL STOUTLY BUILT FLIES WITH SHORT LEGS AND ELONGATE 

MANDIBLES. WINGS BROAD, ANTERIOR VEINS THICKENED, THE OTHERS FAINT. ANTENNlE 

II-JOINTED, SCARCELY LONGER THAN THE HEAD: OCELLI WANTING, THE MALES HOLOPTIC. 

LARVlE IN RUNNING WATER ATTACHED TO ROCKS BY THE ANAL EXTREMITY, SPIRACLES 

FIG.579.-SIMULIUM VENUSTUM Say (= REPTANS L.), FEMALE. 
X 12. N. AMERICA. 

CLOSED. 

A small family of world
wide distribution and in
cluding the familiar" buf
falo gnats" of America 
(Fig. 579). In the males 
the eyes have the upper 
facets markedly larger 
than the lower, and the 
I st tarsal joint is usually 
much dilated. Both sexes 
possess elongated piercing 
mandibles which are 
broader in the female than 
in the male. The females 
of certain species are 
active blood-suckers and 

Reproduced by permission of the Trustees of the British Museum. in some countries are 
veritable scourges. S. in

dicum, the " potu" fly, is a troublesome pest in parts of the Himalayas, and S. 
columbaczense Schoub. is at times a great scourge of man and domestic animals, par
ticularly in regions bordering on the Danube. It often appears in enormous swarms 
and the flies attack the orifices of the body entering the ears, nostrils, margins of 
the· eyes, etc., in great numbers, and their punctures produce an inflammatory fever 
often resulting in death. Certain other species are pests in many parts of N. America: 
S. meridionale Riley causes the death of numerous turkeys and chickens in Virginia, 
and S. pecuarum Riley is the common American buffalo gnat. In a few instances 
species of this genus have been observed to suck the blood of other insects. Sambon 

G.T.E·-40 
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has advanced the theory that the disease in Italy known as pellagra is transmitted by 
Simulium. Outbreaks of this complaint are stated to be confined to those districts 
infested by the fly and to those periods when the insect is on the wing. 

Adult Simuliidee occur in the neighbourhood of streams and rivers; the eggs are 
laid either on herbage or stones, above or beneath the surface of the water. Britten 
(Ent. Month. Mag., 1915) has observed the female of S. maculatum Mg. submerged 
to a depth of I foot during oviposition: the eggs are laid on vegetation and are coated 
with a gelatinous secretion. 

The larvee are invariably aquatic and require swiftly flowing water for their 
environment, and for this reason they are often found congregated in the vicinity of 
rapids and waterfalls, etc. Information concerning the metamorphoses of the family 
is given by Johannsen (1903-05), Meinert (1886), Miall (1895) and Jobbins-Pomeroy 
(U.S. Agric. Dept. Bull. 329). In the larvee the head is complete and is characterized 
by the large maxillee and the prominent mouth brushes. On the ventral aspect of 
the thoracic region there is a foot-like protuberance provided with hooklets: it func
tions as a kind of sucker and is formed by the fusion of a pair of pseudopods. On the 
anal segment there is a second sucker, armed with concentric series of stout hooklets 
and, associated with the anus, is a group of rectal gills which vary in number in 
different species. Nine pairs of minute spiracles are present from the mesothorax 
to the 7th abdominal segment; but respiration is performed by means of the rectal 
gills, which contain blood and are supplied with tracheoles (Taylor, 1902). The larvee 
fix themselves to their substratum by means of the anal sucker and, as a means of 
locomotion, they loop the body after the manner of Geometrid caterpillars, bringing 
the anal extremity forwards beside the anterior sucker. Before pupation the larva 
forms a pocket-like cocoon open above; the pupal respiratory organs are composed 
of long tube-like filaments, which protrude from the cocoon and obtain oxygen from 
the moving water. For the British species of Simulium and their larvee reference 
should be made to papers by Edwards (1915, 1920). 

FAM. BLEPHAROCERIDJE.-ELONGATE FLIES WITH LONG LEGS: EYES IN BOTH 

SEXES_ OFTEN HOLOPTIC, AND USUALLY BISECTED INTO AREAS OF DIFFERENT SIZED 

OMMATIDIA: OCELLI PRESENT. THORAX WITH TRANSVERSE SUTURE: WINGS WITH A 

COMPLEX NETWORK OR PERMANENT FOLDS. MOUTH-PARTS IN FEMALE ADAPTED FOR 

LACERATING. LARViE AQUATIC, ONISCIFORM, WITH VENTRAL SUCKERS. 

A small family of very wide but discontinuous geographical range. It is confined 
to hilly or mountainous districts and is unrepresented in the British Isles. The_~ults 
frequent the borders of streams; they are weak fliers, and are less often met with than 
the larvee. The females are predaceous, preying upon small Diptera, and the males 
probably feed upon nectar. The wings possess a fine network, or " secondary vena
tion," of creases or folds in the membrane, which have not been obliterated after 
emergence from the pupa. The larvee inhabit swiftly running hill streams where 
they fix themselves by means of their ventral suckers to rdcks and stones, usually. in 
places where the current is swiftest. The head, thorax and first two abdominal seg
ments are fused together, and the remaining segments are deeply incised laterally. 
A longitudinal row of median ventral suckers, usually six in number, is th'eir most 
characteristic feature: to the outside of each sucker is a group of digitate processes 
which are regarded by Kellogg as being tracheal gills. The tracheal system is peri
pneustic; the spiracles are minute and situated ventrally, but in all probability are 
closed. The pupee are broad, and flattened beneath, adhering tenaciously to rocks, 
etc.: the respiratory horns are lamellate, and the legs extend almost to the apex of 
the abdomen. For a bibliography of the family together with a table of the larvee 
vide Bezzi (1912); Kellogg's monograph (1907) and his earlier paper on the N. 
American species (1903) should also be consulted. 

FAM. DEVTEROPHLEBIIDJE.-ANTENNiE FILIFORM, VERY ELONGATE. WINGS 

WITH A NETWORK OF CREASES: OCELLI, MOUTH-PARTS AND TRUE VENATION ABSENT. 

This small family consists of a single genus, Deuterophlebia, which is perhaps allied 
to the Blepharoceridee and occurs in the mountains of Kashmir (vide Edwards, Ann. 
Mag. Nat. Hist. IX, 1922). 

FAM. ORPHNEPHILIDJE-ANTENNJE OF TWO APPARENT JOINTS TERMINATED 

BY A 10- OR II-JOINTED STYLE-LIKE APPENDAGE: PALPI LONGER THAN ANTENNiE : 

EYES HOLOPTIC IN BOTH SEXES. LARViE AQUATIC, AMPHlPNEUSTIC, CHIRONOMID

LIKE. 

A small family readily distinguishable from all other Nematocera by the structure 
of the antennee. The adults are small sluggish insects and in Britain Orphnephila 
lestacea may be swept from grass and other herbage bordering hill-streams. The 
larva of this species has been described by Theinemann (Ann. BioI. lacus., 4, 1909), 
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and in general appearance it resembles that of a Chironomid. Pro thoracic and anal 
pseudopods are present, together with paired dorsal anal blood gills, and spiracles are 
evident on the first and penultimate segments. The pupa is almost entirely covered 
with small warts which even extend on to the short respiratory horns. Its anal seg
ment is provided with a pair of slender upwardly directed processes and two elongate 
~t::e. 

FAM. RHYPHID.tE.-DISCAL 'CELL PRESENT: EYES IN MALE OFTEN HOLOPTIC, 

OCELLI EVIDENT. ANTENNlE 16-]OINTED, ABOUT AS LONG AS THORAX. LARVlE 

AMPHIPNEUSTIC, SAPROPHAGOUS. 

A small family of gnat-like flies represented in all zoogeographical regions. In 
the presence of a discal cell Rhyphus (Fig. 30) differs from other Nematocera excep#ng 
the Tipulid::e, but is separable from the latter on account ofthe absence of the v-shaped 
mesonotal suture and the presence of ocelli. The whitish larva of this genus is well 
known (Perris, 1870; Malloch, 1917) and lives in decaying vegetable matter and 
manure. It is about 10 mm. long, elongate-cylindrical, and devoid of pseudopods. 
The thoracic segments are longer than broad, and those of the abdomen are separated 
by intercalary rings, giving the appearance of an increased number of segments. 
Spiracles are present on the prothoracic and last abdominal segments. The larva of 
Mycetobia 1 resembles that of Rhyphus (vide Keilin, 1919) and occurs in sap and in 
fungi found about decaying parts of trees. The pup::e of this family are elongate with 
the thoracic respiratory organs but little elevated. Mycetobia was placed for m'any 
years in the Mycetophilid::e until its affinities were reinvestigated by Edwards (1916) 
and Keilin. 

Series II,. Brachycera 

Included herein are 14 families which have been grouped into super
families in various ways. For purposes of identification the accompanying 
key will be useful for all except the more divergent forms. The antennal 
characters of the Brachycera are so varied, that the student will probably 
recognize many of its members more readily by means of the venation and 
the short porrect palpi. This applies particularly in the case of Xylophagus, 
Rhachicerus and Camomyia where the 3rd antennal joint is annulated to 
such an extent as to resemble the flagellum of some Nematocera and, 
furthermore, the style is wanting. It is also noteworthy that the discaycell 
is absent in the Dolichopodidee and certain Empidee. For a discussion of 
the affinities of the Brachycera and their larvee the student is referred to the 
introductory pages of Verrall's work (1909). With the exception of the 
Stratiomyidee, the head in brachycerous larva; is usually retractile within 
the thorax. The tracheal system is typically amphipneustic, and rarely 
peripneustic or met apneustic. If we except Stratiomyidee, the pupa is 
free and not enclosed in the larval skin: very rarely a cocoon is present 
(Dolichopodidee and Drapetis). The pupee may be recognized by their 
thorny appearance, spines being present on the antennal sheaths and other 
regions of the head and thorax. The abdominal segments are also usually 
provided with girdles of spines and the terminal somite is armed with pointed 
processes. The prothoracic respiratory organs are usually sessile. 

Table of the Families of Brachycera:-
I (I2).-Empodium pad-like nearly or quite as large as the two 

pulvilli. 
2 (II).-Wing veins never running parallel with hind margin 

of the wing. 
3 (8).-Third antennal joint annulated. 
4 (5)·-Vein C not entirely surrounding the wing. STRATI OMYIDlE 

(p. 628) 

1 The imago of Mycetobia is more closely related to the Mycetophilid::e than the 
Rhyphid::e.and the dis cal cell is absent. 



628 .... DIPTERA 

S (4)·-Vein C entirely surrounding the wing. 
6 (7).-Squam<e large. 

7 (6).-Squam<e vestigial. 

8 (3).-Third antennal joint not annulated, or, if annulated, 
an elongate flagellum present.· 

9 (IO).-Squam<e extremely large: globular flies with small 
head. 

10 (9).-Squam<e vestigial: not such flies. 

II (2).-A number of veins running parallel with the hind margin 
of the wing. 

12 (I).-Empodium absent or represented by a bristle. 
13 (I6).-Flies clothed with dense furry pile. 
14 (IS).-Ma,M4 separate except at apices: proboscis short. 

IS (I4).-Ma,l\Ij. fused: proboscis usually elongate. 

16 (I3).-Flies not clothed with dense furry pile. 
17 (20).-Flies devoid of bristles except in some cases on the legs. 
18 (I9).-Antenn<e not terminating in a jOinted club: Rl short. 

19 (I8).-Antenn<e terminating in a club: Rl long. 

20 (I7).-Bristly flies. 
21 (24).-Cubital cell long and pointed. 
22 (23).-Ml terminating before the apex of the wing: proboscis 

not adapted for piercing. 
23 (72).-Ml terminating a good way beyond the apex of the 

wing: proboscis horny and adapted for piercing. 
24 (2I).-Cubital cell usually short. 
25 (26).-Proboscis horny, often long: very rarely metallic 

green flies. 
26 (2s).-Proboscis short and fleshy: metallic green or bluish 

flies. 

TABANIDLE 

(p. 630) 
ACANTHOMERIDA;: 

(p.630) 

CYRTlDlE 

(p. 632 ) 
LEPTlDlE 

(p. 62 9) 
NEMESTRINIDlE 

(p. 63 2 ) 

THEREVIDlE 

(p. (34) 
BOMBYLIIDlE 

(p. 63S) 

SCENOPINIDlE 

(p. 633) 
MYDAIDlE 

. (p. 633) 

APIOCERIDlE 

(p. 633) 
ASILIDlE 

(p. 634) 

EMPIDlE 

(p. 636) 
DOLICHOPODIDlE 

(p. 637) 

FAM. STRATIOMYIDJE.-BRISTLELESS FLIES WITH THE 3RD ANTENNAL JOINT 
ANNULATED, SQUAMlE VERY SMALL, TIBIlE ALMOST ALWAYS WITHOUT SPL'RS; AND 

THE SCUTELLUM CONSPICUOUSLY DEVELOPED, OFTEN WITH SPINES OR PROJECTIONS. 

WING VEINS CROWDED NEAR COSTA AND MORE STRO~GLY MARRED THAN THOSE 

BEHIND: C NOT ENCOMPASSING THE WING. PULVILLI AND EM PODIUM PAD-LIRE. 

The Stratiomyidre (Fig. 581) are small to rather large flies, more or less flattened 
and usually with white, yellow, or green markings: in the Sarginre, however, the 
prevailing colour is metallic green. Considerably over 1,000 species are known and 
of these about 50 are British. They are not strong fliers and occur on umbelliferous 
and other flowers and herbage, especially in damp situations. The Xylomyinre are 
the most aberrant members both as regards their venation and the presence of tibial 
spurs: they are annectant between this family and the Leptid<e. Many authors 
have united Xylotnyia with the Leptid genus Xylophagus to constitute a separate 
family-the Xylophagid<e, but we follow Osten-Sacken and Verrall in retaining the 
latter group in the Leptid<e. 

The metamorphoses of a considerable number of Stratiomyid<e are known: the 
eggs are laid on plants near the edge of water, or even on the surface of water, also in 
dung or in the soil. The larv<e are carnivorous or saprophagous, and either terrestrial 
or aquatic, the terrestrial larvre being largely scavengers: those of the Xylomyin<e 
occur in rotting wood. Stratiomyia ~arvre exhibit considerable diversity of form: 
all have a peculiar thick leathery skin impregnated with calcareous matter. The 
head is small and exserted, and there are I I trunk segments, none of which bear 
pseudopods (Fig. 580). Although often described as being peripneustic, it is doubtful 
whether they are functionally so: they appear to be physiologically metapneustic 
or in some cases amphipneustic. The lateral spiracles, with the exception of the pro
thoracic pair, are minute and difficult to detect. In Stratiomyia 9 pairs are present; 
they are situated on the Ist and 3rd thoracic segments, and on each of the first 7 
abdominal segments. Although stated by Brauer to be peripneustic, Miall remarks 
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that the lateral spiracles are closed. The terminal or posterior spiracles are always 
open and are situated in a horizontal fissure, fringed with hairs in th~ aquatic forms. 
The larv<e of Siraliomyia and Odontomyia are greatly elongate and taper towards the 
anal extremity. In the former genus the last segment is much drawn out and tubular: 
these larv<e live in water or mud, 
and hang from the surface film 
by means of the tail coronet of 
feathery hairs which is spread 
out in an asteriform manner. 
When the larva descends, the 
hairs are drawn inwards and 
enclose a large air bubble: as 
the latter becomes used up the 
larva returns to the surface. 
The larva of Xylomyia resembles 
that of Sargus, being broad 
with parallel sides, and the 
usual leathery skin is impreg
nated with calcareous matter. 
It is regarded as being amphi
pneustic with prothoracic and 
terminal spiracles: according 
to Lundbeck non-functional 
lateral abdominal spiracles are 
also present. Stratiomyid pup<e 
differ from other Brachycera in 
being enclosed within the larval 
skin. Tables of the larval char
acters for each sub-family are 
given by Verrall (1909) : further 
information will be found in the 
works of Lundbeck (lg07) and 
Hart (1895). 

FAM. LEPTIDJE.-BRISTLE-
LESS FLIES; WITH THE 3RD 

A B c 

Sp 

FIG. S80.-LARV./E OF BRACHYCERA. A, MIORO. 

CHRYSA; sp, spiracles. B, TABANUS. C, LEPTIS. 

A and C after Cameron, J ourn. Econ. BioI. 8; B after King. 

ANTENNAL JOINT USUALLY NON-ANNULATED WITH A TERMINAL STYLE (Fig. 561). 
SOME OR ALL THE TIBIlE SPURRED, SQUAMlE PRACTICALLY ABSENT., WING 
VEINS WELL DEFINED, NOT CONTRACTED ANTERIORLY. PULVILLI AND EMPODIUM 
PAD-LIKE. 

FIG. S8I.-STRATIOJf1'lA l'OTAJIlDA, FEMALE. x 4. BRITAIN. 

The Leptid<e include 
rather elongate flies of 
sombre coloration, usu
ally thinly pilose or 
almost bare (Fig. 582). 
Over 300 species have 
been described, of which 
about Ig are British. 
Normally they are pre
daceous upon other in
sects, but it is recorded 
that the female of Sym
phoromyia in America 
and Spaniopsis in Tas
mania are blood
suckers; the same 
habit has been stated 
to occur in Leptis, but 
further observations on 
the latter genus are After Verrall. 

needed. The Xylopha
gin;_e and. <?cenomyin<e are aberrant groups with the 3rd antennal joint annulated; 
theIr posltron has long been under discussion, and both have been elevated to 
family rank by several dipterists. 

The met~morphoses of I?any Lept~d<e have been followed (Beling, 1875, i882) and 
the larv<e (FIg. 580) are cylmdncal, wIth a small exserted head succeeded by II trunk 
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segments, which mayor may not bear pseudopods. The abdominal segments often 
possess transverse denticulate, ventral swellings which aid in locomotion. The last 
segment is modified and marked by longitudinal folds or grooves, or provided with 
hairy processes. Leptid larv<e are carnivorous preying upon other insects or their 
larv;e: according to Marchal the larva of L. tringaria lives upon small Oligoch<etes. 
Their usual habitat is in the earth or in leaf mould: A therix, however, is aquatic. 
The larva of Xylophagus differs from that of other Leptid<e in the head being prolonged 
into an elongate pointed process, which bears a small terminal opening, through 
which the mandibles are protruded. The thoracic and posterior abdominal segments 
have strongly chitinized dorsal areas, and two powerful anal hooks are evident. This 
curious larva is adapted for making its way through rotting wood and beneath bark, 
and is stated to be predaceous; it is figured by Verrall (1909), Perris (1870) and Malloch 
(1917). The larva of Camonzyia has been described by Beling and also Malloch (1917) : 
it exhibits affinities with that of Xylophagus, having somewhat similar chitinized 
dorsal areas. It occurs in decaying wood and in earth near trees. The larva of 
Atherix has been described by Dufour, Brauer, and more recently by Malloch (1917) : 
the head is minute and each abdominal segment bears a pair of pseudopods capped by 
spines. The sides of the body are fringed with numerous filamentous processes which 
have been regarded as gills, no spiracles having been detected. The anal segment 
carries a pair of prominent, hairy, backwardly directed processes. The females of 
Atherix deposit their eggs in masses on dry twigs, etc., overhanging water, into which 

the larv;e fall upon hatch
ing out. Many individuals 
lay their eggs on the same 
cluster, and afterwards die 
on the spot, often in num
bers. As their dead bodies 
adhere together, large in
crustatio~ns are thus 
formed. In Oregon the 
Indians at one time col
lected these masses of eggs 
and flies for food (Aldrich). 
Females of Verinileo lay 
their eggs in sanq......e-nd 
the larv<e construct coni
cal pitfalls for the capture 
of their prey, after the 
manner of "ant lions." 
The 5th segment of the 

FIG. S82.-LEPNS SCOLOPAOEA, MALE. X 3· BRITAIN. larva bears a ventral 
After Verrall. mobile pseudopod which 

assists in seizing and hold
ing the prey. The roth and 11th segments each carry a transverse row of long hook
lets which serve as organs for boring and fixation. 

FAM. ACANTHOMERIDJE.-VERY LARGE BRISTLELESS FLIES WITH THE 3RD 

ANTENNAL JOINT ALWAYS ANNULATED. ANTERIOR VEINS NOT APPROXIMATED NEAR 
THE COSTA, C ENCOMPASSING THE WHOLE WING: SgUAMlE ABSENT. MIDDLE TIBIlE 
ONLY WITH A SPUR (RUDIMENTARY), PULVILLI AND EMPODIUM PAD-LIKE. 
. A very small family consisting of about 20 species of relatively gigantic flies occur
ring in Central and South America and the West Indies. They are stated to inhabit· 
forests, often alighting on tree trunks. The antenn;e exhibit a remarkable sexual 
difference, an annulated flagellum being present in the female which, in the male, 
is much shorter and terminates in an arista. The eyes of the latter sex are 
holoptic with enlarged facets on the frontal and upper regions. The proboscis 
is short and not adapted for piercing, and in the female there is a conspicuous 
several-jointed ovipositor. Very little is known concerning their life-histories: the 
larv<e have been found in the wood of trees and descriptions thereof are given by 
Brauer (1883) and Fiebrig (Zeits. Insektenbiol., I906). They are thick-skinned, shortly 
cylindrical, with a small head and large prothoracic segment. The last segment is 
chitinized dorsally, and armed with a double series of hooklets and the spiracles are 
concealed by an overlying flap. The relations of the family appear to be with the 
Stratiomyid;e on the one hand, and with the Leptid;:e and Tabanid<e on the other. 

FAM. TAllANIDJE (Horse flies and Clegs).-BRISTLELESS FLIES OF STOUT BUILD 
WITH THE 3RD ANTENNAL JOINT ANNULATED BUT DEVOID OF A STYLE (Fig . .56r). EYES 
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VERY LARGE, LATERALLY EXTENDED; PROBOSCIS PROJECTING, ADAPTED FOR PIERCING 

IN THE FEMALE (Fig. 563). SgUAMlE LARGE, PULVILLI AND EM PODIUM PAD-LIKE. 

An ext.ensive family of moderate to large sized flies (Fig. 583), including about 
2,000 species, which are distributed over the whole world: 5 genera and 21 species 
are British. They are more or less flattened insects and, as a rule, mottled brown, 
tawny or grey in colour; Chrysops, however, has more conspicuous hues. During 
life the eyes are iridescent, ~xhibiting brilliant shades of green marked with bands or 
spots of brown or dark purple. In British Tabanids the proboscis is always rather 
short, but almost every transition may be found among the various genera of the 
family culminating in species of Pangonia, where it·may be more than twice the length 
of the body. 

Horse flies are active on warm sunny days, and the females are well-known blood
suckers, whereas the males mostly subsist upon honeydew and on the juices of flowers. 
In the absence of blood, the females will also imbibe these same substances (Hine). 
Many species are swift fliers, and those of Tabanus are particularly troublesome to 
horses and cattle, approaching their victims with a loud hum. The piercing action 
of the proboscis is often painful, but is seldom accompanied by inflammation. Ex
perimental evidence indicates that the disease of horses known as Surra is transmitted 
by the punctures of T. striatus, and other species, and that these flies play an important 
part in spreading the infection. According to Leiper Chrysops dinzidiata is a vector 
of Filaria loa which is responsible for the affection known as Calabar swellings among 
the natives of West Africa. 

Pangonia may often be 
found hovering over flowers 
on the borders of forests; 
species have been observed 
to attack both man and 
cattle in various parts of the 
world. Their method of at
tack varies considerably in 
the experience of different 
observers. The labium is not 
adapted for piercing, the 
latter operation probably 
being performed by the other 
trophi, the proboscis only 
being used for sucking up the 
blood. In some species this 
is performed on the wing, in 
others it is stated to take 

FIG. 583.-TABANUS JJIACULICORN1S, FEMALE. X 3. BRI-

TAIN. I 
After Verrall. 

place after the insect has alighted (Tetley, Bull. Ent. Res., 1918). The species of 
Hamzatopota or " clegs " are voracious blood-suckers and especially frequent damp 
meadows. They are notable for their quietness of approach, and often the pricking 
sensation of their punctures is the first intimation of their presence. H. pluvialis is 
the most abundant English Tabanid, and is particularly troublesome to man. Accord
ing to Portchinsky, in parts of Russia, these flies are so numerous and offensive that 
agricultural operations have to be carried out at night. By covering the pools fre
quented by Tabanids with a thin layer of petroleum he succeeded in destroying large 
numbers of these troublesome insects, which were killed by the oil adhering to their 
bodies. . 

The eggs of Tabanid<e are spindle-shaped and white, brown, or black; they are 
deposited in compact masses on the leaves and stems of plants, growing in water or 
marshy places. The larv<e (Fig. 580) are 12-segmented with a relatively small retrac
tile head, well-developed antenn<e and strong mouth-hooks. The trunk is cylindrical, 
tapering at both extremities, and usually longitudinally striated; there is a circle of 
prominent fleshy pseudopods around each of the first abdominal segments. They 
are metapneustic with the spiracles placed closely together in a vertical fissure at the 
anal end of the body. Near the hind extremity of the larva of Tabanus is a pyriform 
sac, narrowing posteriorly into a fine tube which opens at the surface between the 
last two segments. Within the sac is a series of capsules, each containing a pair of 
minute black pyriform bodies which are attached to the walls by means of delicate 
pedicels. The whole "tructure is known as Graber's organ, and can readily be seen 
through the integument of the living larva. It is well supplied by nerves and is pre
sumably sensory in function. The larv<e of Tabanus and Chrysops are closely alike 
but according to Malloch (1917) in Chrysops the thoracic segments are either smooth, 
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or less markedly striated than the abdominal, and the apical antennal joint is much 
longer than the one preceding. In Tabanus the striation is uniformly well developed 
over the body, and the terminal antennal joint is shorter than the preceding one. 
The larva of Goniops differs from the usual Tabanid form in that the hindmost seg
ments are stouter than those preceding thereby imparting to the body a pyriform or 
club-shaped appearance (McAtee, Proc. Ent. Soc. Wash., I9II). The larva of 
Hcenzatopota resembles that of Tabanus but according to Perris (1870) and Lundbeck 
(1907) it is amphipneustic. . 

Tabanid larv<e have been found in a variety of moist situations-in damp soil 
bordering ponds and streams, under stones in similar places, in mud, wet rotting logs, 
etc. They are carnivorous, devouring small earthworms, crustacea and insect larv<e. 
The pup<e are markedly elongate and cylindrical. They are characterized by the 
thoracic spiracles being connected subcutaneously with a large cavity on either side 
of the median line, near to the anterior margin of the thorax. Each abdominal seg
ment carries 1-2 dorsal bands of closely contiguous set<e and a weaker series ventrally. 
The terminal segment is armed with six stout pointed projections. 

The literature on the family is considerable and for a general account, induding 
the British species, consult Verrall (1909), Lundbeck (1907), and the work of Austen 
(1906). For the morphology and biology vide Cragg (1912) on Hcenzatopota, the text
book of Patten and Cragg (1912) and the recent paper of Marchand (Monog. Rockfeller 
Inst., 13). 

FAM. CYRTIDJE (Acrocerid<e).-BRISTLELESS FLIES WITH THE HEAD VERY SMALL 
AND ALMOST ENTIRELY COMPOSED OF THE EYES WHICH ARE HOLOPTIC IN BOTH SEXES. 

THORAX HUMPED,' SQUAMJE EX
CEEDINGLY LARGE: ABDOMEN 
GREATLY INFLATED AND GLOBU
LAR. PULVILLI AND EMPODIUM. 
PAD-LIKE. 

A small family of medium
sized flies including about 200 
species which are readily distin
guishable from all other Brachy
cera. Although occurring in all 
parts of the world Cyrtid<e are 
local and uncommon: two 
genera, Oncodes and A crocera 
(Fig. 584) are found in the 
southern portion of -England 

FIG. 584.-AoROOERA GLOBULUB, MALE. X 7·5. BRI- (Verrall, 1909). So far as known, 
TAIN. their larv<e are parasitic upon 

After Verrall. spiderslliving in the egg-cocoOI~S, 
or attached to the abdomen of 

their host. The eggs are black, and have been noted on dead twigs and on Equi
setum: those of Oncodes are laid in masses (Maskell, Trans. N.Z. Inst., 1888). The 
life-history of Pterodontia has been partially followed by King (1916). The newly
hatched larva bears a striking resemblance to the triungulin of Stylops: it is strongly 
chitinized, and armed dorsally and ventrally with segmental bands of powerful spines 
and pectinate scales. At the caudal extremity of the 8th abdominal segment is a 
sucker, which is flanked by a long anal seta on either side. In addition to a looping 
leech-like movement, the larva is able to leap by standing erect upon its sucker, with 
the caudal set<e bent beneath the body: a sudden straightening of the set<e lifts the. 
larva 5 or 6 mm. in the air. The insect bores its way into the host by penetrating the 
articular membranes of the legs, and lives endoparasitically: according to King there 
are no spiracles. The older larv<c in this family are short and stout, and apparently 
amphipneustic: Konig (1894) and Maskell state that the younger larv<e, of presumably 
Oncodes, are metapneustic; they similarly possess leaping powers. According to 
Brauer (1869), the larva of Astonzella lives within the abdomen of the spider, with its 
hind spiracles penetrating the lung-hooks of the latter. The pupre in this family are 
devoid of spines or bristles, and differ from those of other Diptera in the great size of 
the thorax, which exceeds the abdomen in length. 

FAM. NEMESTRINIDJE.-RATHER LARGE BR1STLELESS FLIES WITH MANY OF 
THE VEINS RUNNING PARALLEL WITH THE HIND MARGIN OF THE WING: SC AND Rl 
VERY LONG. THIRD ANTENNAL JOINT SIMPLE WITH A TERMINAL STYLE, PULVILLI 
AND EMPODIUM PAD-LIKE BUT OFTEN MINUTE. 

A family of about 150 species (Fig. 585), none of which occur in the British Isles 



BRACHYCERA 

and, according to Verrall (1909), only eight are European. They are for the most 
part inhabitants of hot and arid regions where there is a minimum of rainfall. They 
mainly frequent flowers, hovering over them while imbibing the nectar. The proboscis 
is very variable and often long, or very long; in Nemestrina longirostris it is about 
four times the whole length of the insect. 

The larv<e of this family have a very small retractile head and 12 trunk segments: 
the tracheal system is amphipneustic, with the posterior spiracles spaced apart in 
a transverse fissure. The life-history of Hirmoneura has been partially observed by 
Brauer (SB. Akad. Wein., 88) and Handlirsch (Wein. Ent. Zeit., 1882). Its habits 
resemble to some extent those of the Bombylid<e and hypermetamorphosis also occurs. 
The young larva is slender and provided with a pair of pseudopods on the 6th and 
12th segments, which are not present at a later stage. It appears that this .species 
is parasitic upon Rhizotrogus solstitialis, and probably upon' other Coleoptera. The 
eggs are deposited in clusters within the burrows of Coleoptera (other than Rhizotrogus) 
from whence the newly-hatched larv<e issue in large numbers. They are stated to 
place themselves in an erect position by means of their terminal hooklets, and are 
blown away by the wind. Their subsequent history is unknown, but it is believed 
that they attach themselves to the body of the female Rhizotrogus, and are thus carried 
to the place in the earth where the latter lays her eggs. 

FAM. APIOCERIDJE.-RATHER LARGE ELONGATE BRISTLY FLIES: ANTENNlE 

FIG. 585.-NE~{ESTRINA PEREZI, FEMALE. X 3'25. 
After Verrall. 

WITH OR WITHOUT A SHORT STYLE, PALPI SPATULATE. VENATION RATHER SIMILAR 
TO MYDAIDlE, M1 TERMINATING BEFORE WING APEX. TWO PULVILLI ARE PRESENT 
AND THE EMPODIUM IS WANTING OR BRISTLE-LIKE. 

A very small family comprising about 30 species, none of which are European. 
They are thickly pilose insects with a non-piercing proboscis; their life-history has 
not been investigated. 

FAM. MYDAIDlE.-VERY LARGE FLIES DEVOID OF BRISTLES AND OBVIOUS PUBES
CENCE. ANTENNlE TERMINATING IN A JOINTED AND USUALLY CLUBBED STYLE. 
VENATION COMPLEX; R1 VERY LONG RECEIVING SEVERAL SUCCEEDING VEINS BEFORE 
ITS APEX, R4 , R5 AND Ml + 2 BENT FORWARDS TOWARDS THE APEX OF THE WING. 
PULVILLI MODERATELY LARGE, NO EMPODIUM. 

A family of mostly exotic forms with a few moderate-sized species occurring in 
Southern Europe. It includes the largest known Diptera, and the adults are stated 
to be predaceous, but only very scanty observations are available. The larv<e have 
been found in decaying wood and, in some cases, are known to be predaceous upon 
coleopterous larv<e. 

FAM. SCENOPINIDlE (Omphralid<e).-NARROW OBLONG FLIES DEVOID OF TRUE 
PUBESCENCE OR BRISTLES. FIRST TWO ANTENNAL JOINTS SHORT, THE THIRD ELONGATE 
AND DEVOID OF A STYLE OR ARISTA. VEIN M1+2 TERMINATING BEFORE THE APEX 
OF THE WING, Rl SHORT. PULVILLI SMALL, EM PODIUM BRISTLE-LIKE. 

This. family includes· rather small dark coloured flies and scarcely 50 species are 
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known. The adults are occasionally found on windows, or about stables and out
buildings. The larva of Scenopinus (vide Perris, 1870) resembles that of Thereva. 
It is amphipneustic, white and vermiform, with serpent-like movements. The head 
is brown and well-developed, and is followed by 20 apparent segments. Most of the 
abdominal somites are subdivided by a strongly marked constriction, thus giving the 
appearance of an increased number of segments: the terminal segment bears two 
small styles. At one time it was believed that these larv<e fed upon neglected carpets, 
horse-rugs, etc.: there is little doubt, however, that they are predaceous upon the 
larv<e of Tinea pellionella and of other insects. Scenopinid larv<e have also been found 
in Polyporus, in branches of trees, and other situations. 

FAM. ASILIDJE (Robber Flies).-USUALLY ELONGATE BRISTLY FLIES WITH A 
HORNY PROBOSCIS ADAPTED FOR PIERCING, AND THE PALPI NEVER SPATULATE. VEIN 
Rl VERY LONG, Ml TERMINATING SOME DISTANCE BEYOND THE APEX OF THE WING. 
LEGS POWERFUL AND PREHENSILE: PULVILLI LARGE, EM PODIUM BRISTLE-LIKE. 

The Asilid<e are moderate to very large sized flies (Fig. 586), always bristly, and in 
Laphria also densely hairy. They constitute the largest family of Brachycera, number
ing at least 3,000 species: in the British Isles 23 species are recognized by Verrall 
(1909). The adults are predaceous in habit, their powerful legs being adapted for 
grasping the prey. TJ?e proboscis is firm and horny, directed downwards or obliquely 

FIG. S86.-PHILONICUS ALBICEPS, MALE. x 3. 
After Verrall. 
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forward. A prominent 
tuft of hait:S, forming a 
"mouth beard," and 
the protuberant eyes 
are characteristic of the 
family. The conspicu
ous male genitalia and 
the corneous ovipositor 
are also well marked 
features. 

The prey of Asilid<e 
is extremely varied and 
information on the sub
Ject has been collected 
by Poulton (1906). It 
appears that the females 
are far more comriiOrily 
found with prey than 
the males; it is remark
able, as Poulton adds, 
that the stings of 

I Aculeates, the distaste
ful properties of the 
Danain<e, Acr<ein<e, and 
of the 0 d 0 r i fer 0 u s 

Lagria, the hard chitin of Coleoptera, and the aggressive powers of the Odonata 
are alike insufficient protection against these voracious insects. Whether Asilids 
inject any poison into their victims or not has yet to be ascertained. It has been 
recorded that the captured insect collapses very rapidly after being perforated by 
the proboscis, which suggests that some toxic secretion may be present. 

Asilid larv<e live in soil, sand, wood, or in leaf-mould, and are either predaceous 
or scavengers. They are cylindrical with a small, dark coloured, pointed head and 
are amphipneustic, the spiracles being situated on the prothoracic and penultimate 
segments. The mouth-parts comprise a hook-shaped labrum, knife-like mandibles, 
and large broad maxill<e with 2-jointed palpi. Small papilla-like antenn<e are 
present but no eyes. The anterior abdominal segments are provided either with 
ventral intersegmental areas, or circlets of pseudopods (Laphria) resembling those 
of Tabanid larv<e. Ten or eleven segments are present, the higher number depending 
upon whether a short and indistinct segment~like swelling at the anal extremity is 
regarded as a true somite or not. The pup<e are remarkably spined about the head: 
the abdominal segments have a dorsal girdle of spines, a ventral girdle of bristles, 
and the apex of the abdomen also bears spinous projections. The larva of Laphria 
has been found beneath bark and in the burrows of Longicorn larv<e living in Pinus: 
it has been figured by Perris (1870) and later by Sharp (vide Verrall, 1909). For the 
metamorphoses of other genera vide Beling (1882) and Lundbeck. 

FAM. THEREVIDJE.-MORE OR LESS ELONGATE DENSELY PUBESCENT FLIES 
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WITH SLENDER NON-PREHENSILE LEGS. THIRD ANTENNAL JOINT WITH AN APICAL 
(SOMETIMES JOINTED) STYLE. Rl USUALLY LONG, CELL Ma PRESENT. EMPODIUM 
ABSENT, OR REPRESENTED 
BY A WEAK BRISTLE. 

A small family includ
ing about 300 described 
species (Fig. 587) of which 
about a dozen are British. 
They exhibit a resemb
lance to some Asilid<e, but 
the weaker legs and the 
non-protuberant eyes en
able them to be readily 
separated. In habits these 
flies are commonly stated 
to be predaceous, but very 
few direct observations 
appear to have been made. 
The proboscis is rather 
prominent, and provided 
with fleshy labella, instead 
of the horny apex as in 
the Asilid<e. The larv<e FIG. 587.-THEREVA NOBILITATA, MALE. X 4. BRITAIN. 
(Fig. 588) of several species After Verrall. 
are known to be predace-
ous upon those of other insects, including wireworms, etc. They live in the soil, 
among leaf mould, in fungi, decaying wood, etc., and exhibit quick serpent-like 

p -- - . 

FIG. S88.-LARVA 
OF THEREVA AND 
ANAL SEGMENT 

movements. They are smooth and vermiform, bearing an ex
tremely close resemblance to the larv<e of Scenopinus (vide p. 
634). The larva of Thereva (Malloch, IgI5B) has a small though 
distinct head, followed by 20 segment-like divisions. The labrum 
is hook-like, and the mandibles also exhibit a hooked form: 
small antennal papi1l<e are present but .no eyes. A pair of 
prominent latera-ventral bristles are found on each thoracic 
segment, and three pairs of bristles on the 10th abdominal seg
ment: the tracheai system is amphipneustic. At the anal ex
tremity are two small styliform processes. The pupa has thorn
like, projecting antenn<e and a long curved spine at the b<j.'se of 
each wing. 

FAM. BOMBYLIIDLE (Bee Flies).-DENSELY PUBESCENT 
WITH ELONGATE SLENDER LEGS, AND OFTEN A LONG PROJECTING 
PROBOSCIS. THIRD ANTENNAL' )OINT SIMPLE, STYLE SMALL OR 
VESTIGIAL, AND NOT MORE THAN 2-]OINTED (Fig. 561). CELL Ma 
ABSENT. PULVILLI SOMETIMES AND AN EMPODIUM ALWAYS RUDI
MENTARY. 

Most of the flies of this family are moderate or rather large 
in size and, although often bearing bristles, the latter are 
hidden by the dense pubescence (Fig. 589). The proboscis is 
usually very long and projecting forwards, but is sometimes 
short with broad labella. The wings are often darkly marbled 
and, when at rest; they remain half opened or outspread. 
Although only 9 species frequent Britain probably considerably 
over 2,000 are known. 

The larv<e are parasites and when young, they are elongate 
"and slender, with a very small head, and 12 trunk segments. 
They are stated to be metapneustic; each thoracic segment 
bears a pair of long set<e, and a further pair is carried at the 
anal extremity. They undergo hyper-metamorphosis and, when 

MORE ENLARGED. fully grown, are cylindrical or somewhat flattened, with a small 
a, anterior and p, pos- retractile head and no eyes: the spiracles are found on the pro-

terior spiracles. thoracic and penultimate segments. The pup<e are very 
characteristically spined on the head, with bands of hooklets 

across the dorsal side of the abdomen. 
The larv<E of A rgyram{Eba Schin. are parasites on those of solitary bees and 

fossorial wasps. The life-history of A. trifasciata Mg. has been observed by Fabre 
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(Souv. Entom., 3). The eggs are deposited on the ground, near the nest of the host 
(Chalicodoma muraria), and it appears that the young larva has to make its way into 
the cell of the bee. The pupa is armed with cephalic spines for the purpose of 
piercing the masonry enclosing its host. A rgyral1ueba anthrax (sinuata) has been 
bred from nests of Anthophora, Chalicodoma and Osmia and an account of its life
history is given by Verhoeff (1891). 

Several species of Anthrax Scop. are parasitic upon Noctuid larvre or pupre, 
aculeate Hymenoptera, and also upon the eggs of Orthoptera. Other members of 
the genus are hyperparasites attacking hymenopterous or dipterous parasites of 
Lepidoptera. 

The larvre of Bombylius L. are parasitic upon solitary bees (Andrena, Halictus, 
Colletes, etc.): those of B. minor have been studied by Nielsen (1906) who states 
that the young larva is very like that of Argyrammba in form. At this stage it feeds 
upon the pollen stored in the cell of Colletes, but when it attains a length of 2 mm. 
it attacks its host larva: it subsequently moults, becoming maggot-like and amphi
pneustic. The. life-history of B. m.ajar has been observed by Chapman (Ent. Month. 
Mag., 1878): the eggs were deposited on a sloping bank while the fly was on the wing, 
and descriptions of the larva and pupa agree in the main with those of B. minor. 

Larvre of Systmchus live as parasites in the egg-cases of the locusts CEdop'oda and 

FIG. 589.-BoIJIBYLJUS M.A.JOR, MALE. X 3. BRITAIN. 

Alter Verrall. 

Stauronotus: the larva 
and pupallf S. areas are 
described and figured by 
Riley (1880). Accord
ing to Kiinckel d'Hercu
lais (1905) the larva of 
Systrapus parasitizes 
larvre of the Lepidop
teron Limacodes. Spon
gostylum is parasitic 
upon Xylocapa, and 
other bees, and is also 
recorded from. two 
genera of Coleoptera: 
for the life-history of 
S. ana Ie Say., a~~ra
site of Cincindelid larvre, 
vide Shelford (1913). 

FAM. EMPIDJE.
BRISTLY FLIES WITH A 

HORNY PRO B 0 SCI S 

ADAPTED FOR PIERC

ING; THE STYLE. OR 

ARISTA (IF PRESENT) 

ALMOST ALWAYS TER-

MINAL. CELLS M AND 1ST M2 SEPARATE, CELL CU GENERALLY SHORT. EMPODIUM 
LINEAR-MEMBRANOUS, OR SETIFORM. 

A family of medium to very small sized flies of grey, yellowish, or dark coloration, 
very rarely metallic. About 1,600 species are known, and in Britain there are over 
200 representatives. The proboscis is of variable length, and is generally rigid and 
downwardly projecting. The legs often display sexual characters,. the male exhibiting 
special structural features such as thickened femora, tibire or tarsi (Fig. 590). Empidre 
may be distinguished from the Asilid;e by the absence of the face-beard and the much 
shorter cubital cell. Their species are predaceous upon smaller insects and, according 
to Poulton (1906), they prey most frequently upon Diptera; in this feature triey are 
sharply contrasted with the Asilidre. 

Species of Empis, Hilaria and Rhamphomyia may often be observed" dancing" 
or swarming in the air after the manner of Chironomids-a behaviour which is con
cerned with the meeting of the sexes. Either one or both sexes may perform these 
aerial evolutions and, in many species of the above genera, the males catch the prey, 
and kill but do not devour it. On meeting a female the latter receives the prey and 
feeds upon it during coitus: when copUlation 'is accomplished the female drops the 
prey. The true significance of this remarkable habit is not understood (vide Hamm, 
Ent. Month. Mag., 1909). An American species, Empis poplita Sw., makes a curious 
frothy balloon, enclosing a small prey, which is probably transferred to the female 
during copulation; it is often released after the latter function is accomplished. 



BRACHYCERA 6.37 
Species of Hilaria envelop their prey in a slight web before offering it to the female: 
the web appears to be constructed by the male from a secretion of glands opening at 
the mouth. H. sartor Beck. constructs a more extensive web than other species, 
and a whole literature has grown up around the subject of the origin and significance 
of this structure. 

Larval Empida! are cylindrical, more or less spindle-shaped, with a very small 
retractile head and I I trunk segments. They are amphipneustic, and most of the 
abdominal segments are provided with transverse ventral swellings, or more strongly 
developed pseudopods. The anal segment is somewhat rounded, and provided with 
a small terminal protuberance or spine, above which lie the posterior spiracles. 
Empid larva! live in soil or among leaves and humus, in decaying wood, among moss, 
etc.: a few, such as Hemerodromia, are aquatic. Only scanty observations have 
been made with regard to their feeding habits but, in a few cases, they have been 
found to be carnivorous. The larva! of several genera are briefly described by Beling 
(1882, ~888); the metamorphosis of Hemerodromia is dealt with by Brocher (Ann. 
BioI. lacus., 1901) and that of Rwderoides by Needham and Betten (1901). Kieffer 

FIG. 590.-EMPlS TRIGRAJIMA, MALE. X 6. BRITAIN. 

A fler Verrall. 

(1900) has described the larva and pupa of Empis meridionalis and Brauer (1883) 
figures the larva of Hilaria lurida. 

FAM. DOLICHOPODIDAL-SMALL BRISTLY METALLIC GREEN OR BLUE-GREEN 

FLIES WITH A DORSAL OR TERMINAL ARISTA, AND A SHORT FLESHY PROBOSCIS. CELLS 

M AND 1ST M2 CONFLUENT, CELL CU VERY SHORT. TWO PULVILLI AND A LINEAR, OR 

NARROWLY LOBIFORM, EMPODIUM. 

A large family comprising more than 10400 species of which nearly 200 are British 
(Fig. 591). The various species occur among grass and low herbage, generally in 
damp situations; several genera frequent the sea-shore. 

The venation of the family is very similar to that of the Ephydridtl!, which certain 
species also resemble in their behaviour and habitat. The secondary sexual 
characters in the males attain a remarkable degree of development and may affect 
almost any of the outer parts of the body. 

In adult life the Dolichopodida! are predaceous upon minute soft-bodied insects, 
etc., which they envelop by means of the labella while extracting the juices. According 
to Becker (1882) some amount of mastication of the prey takes place on account of 
the mobility of the labrum during feeding. In America, according to Malloch, many 
species occur on flowers and undoubtedly feed upon nectar. It is likely that both 
habits are of frequent occurrence, though further observations are needed. 
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The larva;) of this family have been found in a variety of situations and live beneath 
the ground, in rotten wood, among humus, etc., while others are aquatic. In 
Aphrosylus the larva lives among cast-up weed on the sea-shore, while those of several 
species of Medeterus prey upon the larva;) and pUpa;) of wood-boring Coleoptera. Most 
of the larva;) of this family are probably carnivorous. They are elongate and cylin
drical, 12-segmented, with a small retractile head, and most of the abdominal segments 
bear pseudopods armed with locomotory spinules. The last segment is obliquely 
truncated, often slightly swollen, and carries four short protuberances. The 

tracheal system 
is amphipneustic, 
and both pairs of 
spiracles are 
small : exceptions 
are met with in 
Medeterus (peri
pneustic) and 
A rgyra (meta
pneustic). 

The pUpa;) are, 
as a rule, short 
am:l.-stout with a 
pair of elongate 
thoracic respira
tory horns. Lund
beck states that 
larva of Dolicho
pus forms an 
earthen pupal cell, 
lining the interior 
thereof with a 
secretion forming 
a dense jilm-like 
layer. At one ex
tremity the latter 
is wanting QW a 

FIG. 59I.-DoLlOIIOPU8 POPULAR18, MALE. X 7'5. BRITAIN. smaller area 
After Verrall. through which the 

pupal horns pro
trude. As the cocoon is apparently impenetrable to air Lundbeck thus explains the 
significance of the long pupal horns, so characteristic of the family. In other cases 
the cocoon is constructed of wood fragments, etc., and is llined by silken material. 
Although the metamorphoses of a number of species have been described the life
history has rarely been followed in any detail. Marchand (Ent. News, 1918) has 
described the larva and pupa of Argyra, Perris (1870) those of Medeterus, and 
Thrypticus has been studied by Johannsen and Crosby (Psyche, 1913) and also by 
Lubben (1908). 

Series III. Athericera 

This extensive series is extremely difficult to classify, and the two 
sections enumerated below are based on unsatisfactory characters which 
are hard to ascertain. As a rule, however, the cell Cu is elongate in the 
Aschiza and reaches almost to the wing margin, except in the Phoridce. This 
family, on the other hand, can be recognized by its peculiar venation and 
antennal characters. In the Schizophora the cell Cu is short or vestigial, 
but exceptions are found in the Conopidce and in aberrant genera of other 
families. The Athericera are connected with the Brachycera through the 
Lonchopteridce which are sometimes placed at the end of the latter 
series. 

The series is classified as follows:-
Section A.-ASCHIZA. Frontal sutbre obscure or restricted, ptilinum non-persistent., 
Section B.-SCHlZOPHORA. Frontal suture well developed, ptilinum persistent., 
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Section A. ASCHIZA. 
FAM. LONCHOPTERID.iE (MusidoridiB).-THIRD ANTENNAL JOINT ROUNDED OR 

GLOBULAR WITH A LONG TERMINAL OR SUB-DORSAL ARISTA. WINGS POINTED AT THE 
APEX AND WITH NO OBVIOUS CROSS VEINS, Rs WITH ITS TWO BRANCHES CLOSELY APPROX
IMATED AT THE WING APEX. EMPODIUM WANTING. 

This family includes a few small, slender, bristly 
flies, usually pale coloured, and often found along 
the borders of shady streams. The larviB of Lonchop
tera have been found among leaves and other vege
table matter. According to de Meijere (1900) they 
are amphipneustic, much flattened and with long an
terior and posterior setiB. The head is vestigial and 
there are only 10 apparent trunk segments, of which 
the last appears to be of a composite nature, and 
bears a pair of widely separated spiracles (Fig. 592). 

FAM. PHORID.iE.-ANTENNlE APPARENTLY CON
SISTING OF ONE LARGE JOINT, WHICH CONCEALS THE 
OTHERS, AND BEARING A LONG APICAL OR SUB-DORSAL 
ARISTA. WINGS OFTEN VESTIGIAL OR ABSENT. ANTER
IOR VEINS VERY HEAVILY DEVELOPED, AND JOINING 
COSTA ALONG THE PROXIMAL HALF OF THE LATTER: RE
MAINING VEINS WEAK AND ABNORMALLY DISTRIBUTED. 

A family of small or minute greyish-black or 
yellowish flies (Fig. 593): they are active runners 
and present a curious humped appearance. Their 
habits are varied but the adults are frequently met 
with among decaying vegetation, while others occur 
in the nests of ants and termites. The wings exhibit a 
wide range of variation as regards degree of develop
ment, especially among the females; certain apterous 
and micropterous genera are only known from that 
sex. In Ecitomyia (female) for example, the wings 
are narrow and strap-like, and in Puliciphora (female) 
they are totally wanting. 

FIG. 592.-LARVA OF 
OPTERA; MAGNIFIED. 
TAIN. 

LONCH

BRI-

The affinities of PhoridiB have been more frequently discussed than perhaps any 

FIG. 593.-PHORA URB.;NA, MALE. X 10. 
After Verrall. 

BRITAIN. 

other family of Diptera 
(B rue s, I 90 7); 11'0 m e 
authorities place them at 
the end of the Brachycera 
while others regard their 
true position as being 
among the Athericera-a 
conclusion which is sup
ported by their meta
morphoses. 

The larviB of Phora 
(vide Keilin, I9II) live in 
decaying vegetable matter 
and dead animals, especi
ally Helix (Schmitz, 1917) : 
others are mymecophilous 
and some are parasites. 
They resemble those of 
other A thericera in their 
general morphology and 
consist of a reduced head, 
3 thoracic and 8 abdomi
nal segments. Further
more, they agree with this 
sub-order in being meta

pneustic in the 1St instar and amphipneustic subsequently. Each segment bears 
metamerically arranged bands of papilliB. Pupa,tion takes place in the larval skin, 
and the pupa carries a pair of elongate processes on the 2nd abdominal segment, 
which appear as the anterior respiratory horns on the puparium. 
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One of the most remarkable of all Phoridce is Termitoxenia which has the wings 
reduced to minute vestiges and inhabits termites' nests: according to \'Vasmann 
(1900) it has lost its larval and pupal stages and is consequently ametabolic. This 
observer concludes that it is hermaphrodite and the same individual becomes 
successively male and female. There are, furthermore, two types of individuals 
present-stenogastric and physogastric. In the former the chitin is extremely soft 
and the abdomen retracted: in the latter chitinization is normal, but the abdomen 
is greatly enlarged and swollen. Neither ametaboly nor hermaphroditism are proven, 
and Bugnion (1913) only found female organs present in T. peradeniyce. A sperma· 
theca containing a spermatophore is evident, and it is possible that this organ 
has been mistaken for a testis by Wasmann (1900) and Assmuth (1910). In Pulici
phora de Meijere (1912) has found stenogastric and physogastric individuals, along 
with larval and pupal stages. On the other hand, according to Schmitz (1917) 
Wandolleckia is ametabolic, and has both types of individuals present: it is presumed 
to be a proterandric hermaphrodite. It is evident, therefore, that renewed investi
gation of t).lese remarkable genera is greatly needed. As Keilin remarks (1919), the 
only way to prove that proterandric hermaphroditism exists is the discovery of sper
matogenesis in the stenogastric forms. Thaumatoxenia is probably the most highly 
modified of all Phoridce (vide Tragardh, 1908: Borner, 1908) : . originally regarded 
as belonging to the Hemiptera, further study has shown that it is a Dipterous insect. 

FAM. PLATYPEZIDlE.-SMALL THINLY PILOSE FLIES WITH TIm HIND TARSI 
REMARKABLY DILATED. THIRD ANTENNAL JOINT ELONGATE AND OFTEN PYRIFORM, 
ARISTA TERMINAL. CELL Rs OPEN. 

A small family including about 70 species of which less than a score are British 
(Verrall, 1901). They are usually to be met with dancing in the air in companies or 
running over herbage. Their most striking feature is afforded by the hind tarsi whose 
basal three or four joints are dilated, flattened, or ornamented in a curious manner, 

·and very different in the male from the female. 
An account of metamorphosis of Callimyia is given by de Meijere (1900); Willard 

(Psyche, 1914) also figures the larva and pupa of Platypeza agarici Will. The larvce 
are broad and flattened with the sides bordered by long setce: in Callimyia the whole 
margin is deeply incised, each incisure being strongly serrated. The trunk comprises 
10 or I I segments, the head and first segment being wholly ventral. The tracheal 
system is amphipneustic, with the anterior spiracles placed beneath the body; the 
posterior pair is inconspicuous and rather widely separated. So far as kno~ the 
larvce live in Agaracini. 

FAM. PIPUNCULIDlE.-THINLY PILOSE OR ALMOST BARE FLIES WITH A VERY 
LARGE SUBHEMISPHERICAL MOBILE HEAD FORMED ALMOST ENTIRELY OF THE EYES. 
ANTENNlE WITH A USUALLY LONG DORSAL ARISTA. WINGS MUCH LONGER THAN THE 
ABDOMEN, CELL Rs OPEN; TIBIlE DEVOID OF SPURS. OVIPOSITOR HORNY, EXSERTED. 

A very distinct family of small dark flies, the great mb.jority of which pertain to 
the genus Pipunculus. They have a markedly hovering habit, and are usually to be 
taken on flowers, or by sweeping miscellaneous herbage. Their most striking feature 
is the great size and mobility of the head; the third antennal joint is of peculiar 
shape, being sometimes prolonged into a curious beak-like process. For general 
information on the family the reader is referred to the works of Perkins (1905) and 
Verrall (1901). 

The larvce are endoparasites of other insects, mainly Homoptera. They are 
narrowed anteriorly, and capable of a good deal of extension and retraction: segment
ation is obscure but apparently IO or II somites are present. The anterior spiracles 
are small, and situated a short distance behind the mouth; the posterior palr is dark 
coloured, approximated, and placed some distance in front of the anal extremity. 
The puparium is provided with a pair of anterior spiracular tubercles, while the 

- posteiior spiracles are very much as in the larva. Dehiscence of the puparium usually 
occurs by the detachment of the dorsal plate through which the spiracular horns 
project. The head of the larval parasite is directed towards that of the host, and 
the fully grown parasite fills the greater part of the abdomen of the latter. In certain 
cases it has been found that" castration parasitaire" results, and the abdomen of 
the female host is stated to undergo structural modification (vide Giard, Compo Rend., 
1889; Keilin and Thompson, C.R. Soc. BioI. Paris, 1915), but further research is 
greatly needed. When the Pipunculid larva quits its host, it usually escapes at the 
junction of the metathorax and abdomen, either above or below, the segments being 
ruptured at that point. It falls to the ground and buries itself beneath the soil or 
among rubbish, etc. 

FAM. SYRPHIDlE (Hover Flies).-MoDERATE TO LARGE SIZED FLIES WITH 
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BRIGHTLY COLOURED .MARKINGS, ALMOST ALWAYS BRISTLELESS. ARISTA, WITH FEW 

EXCEPTIONS, DORSAL. CERTAIN OF THE VEINS FORMING A KIND OF SECONDARY MARGIN 

PARALLEL WITH THE OUTER WING-MARGIN: CELL RS CLOSED; VENA SPURIA PRESENT 
BETWEEN RAND M. 

The Syrphid<e are one of the largest and most sharply defined families of Diptera. 
They are usually very brightly coloured flies and may be striped, spotted or banded 
with yellow on a blue, black, or metallic ground-colour. The black and yellow 
coloration often imparts to them a superficial resemblance to wasps: other species 
are densely hairy and resemble bumble bees. Nearly all members of this family 
are attracted to flowers and may frequently be observed poised in the air, their wings 
vibrating with extreme rapidity, hence the name of "hover flies." The vena spuria 
(Fig. 595) is one of their most char
acteristic features and is found in 
no other family of Diptera. It is 
a vein-like thickening of the wing 
membrane and may be distin
guished from true veins in being 
fainter, and terminating without 
association with other veins. 

The larval habits of Syrphid<e 
are extremely varied. They may 
be: (a) Phytophagous, feeding ex
ternally upon plants (Mesogramma 
polita) or internally in bulbs (Mero
don equestris, Eumerus strigatus) , 
or within stems or in fungi (Chilo
sial. (b) Carnivorous, living pre
daceously upon aphids and the 
nymphs of other Homoptera 
(species of Pipiza, Paragus, Mela
nostoma, Baccha, Syrphus, etc). (c) 
Saprophagous, living in decaying 
organic material, dung, liquid mud, 
or dirty water (species of Eristalis, 
Helophilus, Platychirus, Sericomyia, 
Syritta, Tropidia, etc.); in the sap 
and wet, rotting wood of diseased 
parts of trees (Xylota, Mallota, 
J.1fyriatropa, Myiolepta, Ceria, etc.) : 

5 

4 
FIG. 594.-SYPHUS NITENS. 

or as scavengers. in the nests of 
ants and termites (Microdon) or of 
Aculeate Hymenoptera (Volucella). 
Verrall remarks that probably all ... 
the European species of Volucella 
are scavengers in the nests of large 
Aculeates, feeding upon diseased 
larv<e or pUp<e, etc.: so far as 
known they are not predaceous 
and the association is consequently 
friendly and not resented by the 
hosts. V olucella bO'/flbylans. occurs 

I, Larva X 7'S; A, antenna; B, posterior respiratory organ. 
2, Anterior spiracle more enlarged. 3, End view of posterior 
respiratory organ X 75. 4, Postero-ventral view of same X 75. 
5, Puparium, dorsal view X 7'5. Adapted from Metcalf. Bull. 
253 Maine Agric. Exp. Sta. 

in the nests of Bombus while the 
species zonaria, pellucens and inanis 
are found in the nests of Vespa. 

Morphologically, Syrphid larv<e (Fig. 594) may be recognized by the following 
characters. The head is greatly reduced and carries a pair of short fleshy, sensory 
processes. The cuticle is tough or leathery, and segmentation is obscure owing to 
the transverse corrugation of the body, but apparently II somites are present. The 
tracheal system is amphipneustic with the anterior spiracles on the 2nd apparent 
segment: the posterior pair is situated on two tubes of very variable length, which 
are fused together down the median line. 

Three principal types of Syrphid larv<e may be recognized. I. The aphidivorous 
type with the ventral aspect flattened, the body much attenuated anteriorly, and 
the posterior respiratory tubes very short. The body is frequently marked with 
green or brown, and the general appearance is rather slug-like; all have a marked 

G.T.E·-41 
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capacity for changing their shape (Syrphus, Melanostoma, etc.). 2. The short-tailed 
filth-inhabiting type with the body cylindrical and not attenuated anteriorly, and 
the respiratory tubes short. Three pairs of lateral fleshy protuberances are present 
on the 11th segment, and groups of branched plumose hairs are placed around the 
hind spiracles (Syritta, Tropidia, etc.). 3. The rat-tailed type with the body ter
minating in a long flexible respiratory process which, in some species, is capable of 
being extended several times the length of the body (Eristalis, Helophilus, etc.). 

In addition to the above three types there are several anomalous larvre. That of 
Microdon is broadly ovoid in outline and flattened ventrally, and is bordered by a 
row of marginal spines. The dorsal surface is convex and there is no evident segment
ation or anterior spiracles. In general appearance it is slug-like and, when first 
described, it was regarded as a new genus of land Mollusca. This curious larva has 
been studied in detail by Cerfontaine (1907) and others. In the boring larva of 
Merodon equestris Fab. the body is cylindrical and much contracted, with rounded 
extremities: it comes nearest to type 2, but there are no fleshy protuberances on the 
11th segment. In Volucella bombylans the larva is rather broad and fleshy, tapering 
anteriorly. The body is provided with numerous small lateral spinous outgrowths 
and larger terminal processes on the last segment (Kiinckel d'Herculais, 1875). 

Prior to pupation Syrphid larvre come to rest in some suitable place on, or near, 
their habitat. In many species the caudal segments are cemented to a leaf, twig or 
other support with a secretion apparently derived from the hind-gut-:- in other cases 
the larva buries itself in the sailor other medium. The puparium, as a rule, is con
siderably inflated dorsally and laterally: spiracles are present on the puparium in 

FIG. 595.-VENATION OF ER1STALlS. 

s, vena spuria. 

the region of the 4th or 5th larval segment and may be either sessile (Melanostoma) 
or elevated upon conspicuous horns (Volucella, Eristalir). Eclosion of the imago 
usually takes place by means of a dorsal rupture of the puparium and is therefore 
different from what obtains in almost all other Cyclorrhapha. A good deal of 
information concerning the structure and biology of Syrphid larvre will be found in 
the writings of Metcalf (1916-17) and Lundbeck. The internal anatomy of both 
the larva and imago is dealt with by Kiinckel d'Herculais (1875) in his monograph 
on Volucella. The larva of Eristalis is described by Miall (1895) and Batelli (1879) 
and its tracheal system has been studied in detail by Wahl (1889). 

Economically, the predaceous larvre of this family are notable in being important 
enemies of Aphididre, Coccidre and other Homoptl':ra. The capacity of Syrphid 
larva:! for the rapid destruction of aphids is remarkable and Metcalf states that a 
larva of Syrphus nitens, which had not been fasting previously, caught and destroyed 
21 examples of the large Aphid Pterocomma flocculosa in 20 minutes. The entire 
insect is never devoured, bu.t only the soft and readily assimilated body-contents 
are sucked out. Notwithstanding the great size of the family, and its varied larval 
habits, very few Syrphids are in any sense injurious to man. The" Corn-feeding 
Syrphid Fly," Mesogramma polita, occurs in several states of N. America where its 
attacks are occasionally considered serious: the larv~ feed upon the pollen grains 
and the saccharine cells in the axils of the leaves. Larvre of Merodon and Eumerus 
attack and destroy bulbs of Narcissus, Amaryllis, etc., and may occur separately or 
in association. They are well known pests in Europe and have been introduced, 
along with their host plants, into N. America and other parts. Larvre of a few species 
of the family, more particularly those of Eristalis, have been found as accidental 
paraSites in the human body causing myiasis of the intestIne. 
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Section B. SCHIZOPHORA 

The Schizophora are divided into the two undermentioned superfamilies. 
I.-ACALYPTER.iE (HOLOMETOPA).-Squamce small or vestigial, usually not con

cealing the hal teres. Small or very small flies, the males not holoptic. Thorax 
without a distinct transverse suture: cell Rs almost always widely open. 

II.-cALYPTER.iE (SCHIZOMETOPA) .-Squamce well developed, usually concealing 
the halteres. Moderate sized flies, the males often holoptic. Thorax with a distinct 
transverse suture: cell Rs open or closed. 

So 

R ... s 

ClL~:d-IA 

FIG. 596.-VENATJON OF ACALYPTERlE. A, CHLOROPS l',ENIOPUS; B, TRYPE1'A l'USSILAGINIS. 

Superfamily 1. ACALYPTERLE 

The following table (partly after Williston), although admittedly im
perfect, is drawn up as an aid to the recognition of typical members of the 
group, but it must be pointed out that many of the characters arey slight 
and often ill-defined. 

I. 

2. 

Hymenopterous-like flies with long proboscis, jointed 
near the middle: ovipositor elongate. 

Eyes on lateral stalk-like prolongations of the head. 

3. Beetle-like flies: scutellum very large, covering wings 
and abdomen. 

4. Small dark littoral flies with thorax and abdomen 
flattened: head bristly. . 

5. Not as above (1-4). 
6 (2S).-SC distinct, Rl usually terminating near middle of 

costa. 
7 (I2).-Vibrissce present. 
S. Costa spiny, tibice with spurs and preapical bristles. 

9. 

10. 

II. 

Small, shiny flies, usually black, with basally constricted 
abdomen, wings often with a stigma-like spot. 

Somewhat elongate flies with long wings; cross-veins 
often approximated, Rl terminating near Sc. 

Rather large flies: Sc and Rl well separated. 

12 (7).-Vibrissce absent. 
13 (14).-Femora thickened, hind tibice often dilated, scutellum 

large. 
14 (13)·-Not such flies. 
15 (IS).-Legs long and slender: cell Rs narrowed or closed. 

CONOPID.iE 
. (p.644) 

DIOPSID.iE 
(p. 64S) 

CEL YPHID.iE 
(p. 64S) 

PHYCODROMID.iE 
(p. 64S) 

HELOMYZID.iE 
(p. 64S) 

SEPSID.iE 
(p. 64S) 

HETERONEURID.iE 
(p. 64S) 

CORDYLURID.iE 
(p. 647) 

RHOPALOMERID.iE 
(p. 64S) 
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16 (17).-Eyes very large, tarsi longer than tibire. 

17 (16).-Eyes small, tarsi shorter than tibire. 

18 (15).-Legs not noticeably long and slender: wings often 
marbled or clouded: cell R6 widely open. 

19 (22).-Ovipositor horny: no preapical bristle. 
20 (il).-Cubital cell often pointed: upper fronto-orbital bristles 

only present. 
21 (20).-Cubital cell rounded distally: a single fronto-orbital 

bristle. 

22 (19).-Ovipositor not horny: preapical bristle present. 
23 (24).-Two fronto-orbital bristles: 2nd antennal joint not 

elongated. 

24 (23).-Fronto-orbital bristles present or absent; 2nd antennal 
joint often long. 

25 (6).-Sc absent or incomplete, R t terminating before middle 
of wing. 

26 (27).-Hind metatarsi dilated and shortened. 

27 (26).-Hind metatarsi not dilattld and always longer than 
succeeding joint. 

28 (33).-Cells M and 1st M2 usually confluent. 
29 (32).-Vibrissre rarely distinct. 
30 (31).-No lower fronto-orbital bristles: arista usually bare. 

31 (3o).-Lower fronto-orbital bristles present: arista rarely 
bare. 

32 (29).-Vibrissre distinct: arista plumcse, eyes usually red. 

33 (28).-Cells M and 1st M2 separate. 
34 (37)·-Vibrissre usually present. 
35 (36).-Upper fronto-orbital bristles only .present, no meso

pleural or prothoracic bristles: arista bare. 
36 (35).-Lower fronto-orbital bristles present, and convergent, 

mesopleural and one prothoracic bristle also present: 
arista usually pubescent. 

37 (34)·-Vibrissre absent. 
38 (39).-Wings conspicuously marbled, Sc sharply curved up

wards. 
39 (38).-Wings not conspicuously marbled, Sc absent or in

distinct. 

TANYPEZIDlE 

(p. (48) 
MICROPEZIDlE 

(p. (48) 

ORTALIDJg 

(p. 645) 
SAPROMYZIDlE 

(Lonchreinre) 
(p. (45) 

SAPROMYZIDlE 

(Sapromyzinre) 
(p. 645) 

SCIOMYZIDlE 

(p. 648) 

BORBORIDlE 

(p. (48) 

OSCINID1E 

(p. (47) 
EPHYDRIDlE 

(p. (46) 
DROSOPHILlDlE 

(p. (46) 

PIOPHILID.i'E'._ 

(p. (48) 
AGROMYZIDlE 

(p. 646) 
and 

GEOMYZIDlE 

(p. 648) 

TRYPANEIDlE 

(p. (45) 
PSILlDlE 

(p. 648) 

FAM. CONOPIDJE.-HEAD LARGE, BROADER THAN THORAX: ANTENNlE PORRECT 

RATHER LONG, 3RD JOINT CLUBBED WITH AN APICAL STYLE OR DORSAL .ARISTA. 

PROBOSCIS USUALLY LONG AND SLENDER, FOLDING NEAR ITS MIDDLE. CUBITAL CELL 

VERY LONG. GENITALIA CONSPICUOUS AND CURVED BENEATH THE BODY. 

A family of more or less elongate, moderate-sized flies, thinly pilose or almost 
bare, and frequently bearing a striking resemblance to solitary wasps or other 
Hymenoptera. Most species visit flowers; they are slow fliers and less than 20 kinds 
occur in the British Isles. The larvre are endoparasites of adult bees and wasps or 
of Orthoptera (vide de Meijere, 1903, 1912). The species of Conops parasitize Bombus, 
Odynerus, Sphex, Vespa, etc. : Psilocephala parasitizes APis, Xylocopa, and Bombus, 
while Myopa is known to attack Andrena, Bombus and Vespa. 

The eggs of the Conopidre are elongate oval with a group of hooks, filaments, or 
other outgrowths at the micropylar end. In certain cases the eggs are stated to be 
deposited on the bodies of the hosts during flight. The larvre are generally found in 
the region of the anterior abdominal segments of the host, and are attached by their 
hinder extremity to a large trachea or air-sac: the exact relation between the Conopid 
larva and the tracheal system of the host is in need of further investigation. The 
mouth-parts are greatly reduced and the larvre are mainly hremophagous. In general 
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shape the larvie are ovoid or pyriform with considerable powers of changing their 
form. Their most conspicuous features are the large convex plates of the posterior 
spiracles. The latter are complex structures; and distributed over the surface of 
each spiracle is a series of small sieve-like areas. 

FAM. ORTALIDlE.-FRONT BROAD IN BOTH SEXES: LOWER FRONTO-ORBITAL 

BRISTLES AND VIBRISSJE ABSENT. WINGS ALMOST INVARIABLY MARBLED, SC AND Rl 

ENTIRELY SEPARATED THOUGH OFTEN CLOSELY APPROXIMATED. MIDDLE TIBlJE 

ALONE SPURRED, NO PREAPICAL BRISTLE. OVIPOSITOR CORNEOUS, 3-JOINTED. 

A large family many of whose members have mottled wings and consequently 
resemble Trypaneidie. Unlike the latter family, Sc meets the costa at an acute angle 
and is not abruptly elbowed distally. In the male there are 5 evident abdominal 
segments and an elongate rolled up iedeagus: in the female there are 6 abdominal 
segments with a flattened corneous ovipositor. The flies are commonly met with 
wherever there is abundant vegetation, and rather more than 2 dozen species are 
British. According to Banks (1912) the larvie are usually more slender than those 
of the Muscidie; the anterior spiracles have about 10 lobes and the posterior pair 
are borne on two slight processes, each spiracle being provided with three short slits. 
The larva of Platysoma umbrarum is described by Perris (1855) and that of Euxesta 
nitidiventris Lw. by Brues (1902). The latter species lives beneath the bark of dead 
trees and is II-segmented with the head nearly as long as the first two thoracic seg
ments. The larva of E. notata Wied. attacks oranges, apples,. onions, cotton bolls, 
etc., and has also been found in human excrement. 

FAM. TRYPANEIDlE (Trypetidre).-FRONT BROAD IN BOTH SEXES, LOWER 

FRONTO-ORBITAL BRISTLES PRESENT, VIBRISSJE WANTING. WINGS MOTTLED WITH A 

BROWN OR YELLOWISH PATTERN: SC SHARPLY BENT DISTALLY TOWARDS COSTA, 

BECOMING INDISTINCT NEAR THE APEX. MIDDLE TIBlJE SPURRED, NO PREAPICAL 

BRISTLE: OV·IPOSITOR PROMINENT, CORNEOUS, 3-JOINTED. 

The Trypaneidie or " fruit flies" form an easily recognizable and nat:ural family 
of almost cosmopolitan distribution. According to Bezzi 875 species were known 
up to 1913, of which 64 are British: the wings as a rule are conspicuously marbled 
and the venation (Fig. 596) is the most complete among Acalypterie (Loew). The 
horny, flattened ovipositor is very characteristic and in Toxotrypana it exceeds the 
total length of the insect. It is noteworthy that a corneous ovipositor is also found 
in LonchrEa and the Ortalidie but, in the latter, the lower fronto-orbital bristles are 
wanting, and Sc is distinct throughout. The standard systematic work on the family 
is that of Loew (1862): the important papers of Bezzi (1913) and Enderlein (1911) 
should also be consulted. The larvie are phytophagous and those of several species 
are well known. When fully grown they are rounded or barrel-shaped: a, pair of 
rounded anal tubercles are present, and the posterior spiracles each contain three 
simple slits. The prothoracic pair are many-lobed, from about 14 to 38 processes 
being present. 

Trypaneid larvie may be grouped under four headings with reference to their 
habits. (I) Living in fruits, preferably of the fleshy type: Dacus, Ceratitis, etc. 
(2) Living in the flower heads of Compositie: Trypanea, Urophora, etc. (3) Leaf
miners, or living in stems or buds: Acidia, Spilographa, etc. (4) Gall formers on 
various parts of plants. 

Ceratitis capitata Wied. is the well known Mediterranean fruit fly (Quaintance, 
1912) whose larva attacks almost all commercial and other succulent fruits, and 
becomes extremely injurious wherever established. The eggs are deposited inside 
the fruit, and the whole life;cycle occupies.about 30 to 40 days, pupation taking place 
in the ground. This species occurs throughout the tropics and warmer regions, 
including the Mediterranean countries of Europe. Acidia heraclei L. (vide Smith and 
Gardner, 1922) is the celery fly whose larvie cause considerable damage by mining 
the leaves of that plant and the parsnip: it also affects certain wild Umbelliferie. 
The life-history of Ur.ophora solstitialis is described by Wadsworth (Ann. App. BioI., 
1914) and that of Dacus cucurbitrE by Back and Pemberton (U.S. Bull., 471). 
Observations on the anatomy of the larva and imago of Dacus tsuneonis are given 
by Miyake (1919). 

FAM. SAPROMYZIDlE.-FRONT WITH A SINGLE ROW OF BRISTLES ON EITHER 

SIDE, VIBRISSJE WANTING: 3RD ANTENNAL JOINT MORE OR LESS ELONGATE. SC 

DISTINCT THOUGH OFTEN APPROXIMATED TO ·R1. TIBIJE USUALLY WITH PREAPICAL 

BRISTLE, MIDDLE PAIR SPURRED. OVIPOSITOR PROMINENT, USUALLY NOT HORNY. 

A family of small flies often with marbled wings. Williston includes in the group 
the Lonchieidie of Loew and others, which are frequently regarded as a separate 
family. The larvie of Sapromyza are scavengers, and possess a dorsal transverse 
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row of conical tubercles on the penultimate segment which is absent in Lonchcea. 
The larva of the latter genus has been. fully described by Cameron (Trans. Ent. Soc., 
1913) and Silvestri (1917A): that of L. chorea has been found in cow-dung, rotting 
vegetation and diseased bulbs and roots. In L. aristella the larval existence is passed 
in the flowers and fruit of the olive in Italy. The body is narrow and cylindrical, 
tapering somewhat anteriorly: the prothoracic spiracles are 9-lobed, and the 
posterior pair is provided with three slits placed at right angles to one another. In 
Lauxania cenea Fall. the larva mines the leaves of clover (Marchal, Bull. Soc. Ent. 
Fr., 1897). 

FAM. AGROMYZIDlE.-FRONT BRISTLY OR OTHERWISE, VIBRISSlE USUALLY 

PRESENT. ARISTA BARE OR PUBESCENT, NOT DEFINITELY PLUMOSE. WINGS RATHER 

BROAD, SC VESTIGIAL OR ONLY SEPARATE BASALLY FROM R1 ; CELLS M AND CU 

ALWAYS SMALL, FORMER SOMETIMES CONFLUENT WITH 1ST M 2. 

A family of small to minute flies, of ill-defined limits which graduate through 
certain genera into the Geomyzid<e. The life-histories have been followed in a 
number of cases and the larvee are usually leaf-miners. Their range of food plants 
varies greatly; thus Phytomyza chrysanthemi is apparently confined to the Compositee 
while Agromyza pusilla Mg. utilizes species belonging to many natural orders. A. 
ceneiventris Fall. is stated to tunnel into the roots and leaves of clover, while A. 
pruinosa Coq. mines the cambium of birch and hazel. Larvee of Leucopis have the 
unusual habit of preying upon aphids and coccids. The majority of-species of the 
family pass through several generations in the year-five or more in the case of 
Agromyza pusilla. The larvee are cylindrical, tapering somewhat anteriorly, and 
more or less truncated posteriorly. The mouth-parts are conspicuous on account 
of their dark colour and strong chitinization: on the ventral surface of the anal 
segment is a small sucker-like organ. The posterior spiracles are situated at the 
apices of backwardly projecting processes of variable length, usually contiguous 
and porrect. The puparia are broadly fusiform with the segments well defined: 
both the anterior and posterior spiracles are prominent and projecting. Pupation 
either occurs in the larval mine or in the soil. For information on the metamorphoses 
of various species reference should be made to the papers of Perris (1870) for Leucopis ; 
Phillips (] ourn. Agric. Res., 1914) for Agromyza parvicornis; Malloch (1915A) for 
A.·pruni; 'Webster and Parks (Jount. Agric. Res., 1913) for A. pusilla; Miall and 
Taylor (1907) and Smulyan (Mass. Exp. Sta. Bull. 157, 1914) for Phytomyza; and 
Smith and Compere (1916) for Cryptochcetum (Lest(Jphonus). The larva of the JaJ;ter 
is perhaps the most remarkable in the whole family: it is an endoparasite of Icerya, 
and is provided with paired filamentous caudal processes greatly exceedi.ng the 
length of the body. 

FAM. DROSOPHILID.tE.-FRONT WITH CONSPICUOUS BRISTLES, 3RD ANTENNAL 

JOINT ROUNDED OR OVAL, ARISTA PLUMOSE OR PECTINATE: VIBRISSlE EVIDENT, EYES 

USUALLY RED; SC VESTIGIAL, Rl VERY SHORT AND THE tOSTA INCISED NEAR ITS 

TERMINATION; CELLS M AND 1ST M2 USUALLY CONFLUENT. 

The flies pertaining to this family usually have a somewhat swollen appearance, 
with light red eyes, and are commonly taken by sweeping herbage. Others are 
prevalent about decaying fruit, cider presses, wine vats, vinegar factories, etc., where 
they are attracted by certain by-products of fermentation. The eggs of Drosophila 
are often spindle-shaped, bearing elongate processes at one extremity: as the eggs 
are frequently submerged in fluid media, with the filaments at the surface, it has 
been suggested that the latter are concerned with respiration. The larva is II

segmented with each segment surrounded by a girdle of minute hook-like spines 
(D. junebris) , or the body may be uniformly invested with these structures (D. 
jenestrarum). Three pairs of conical lateral outgrowths are borne on the anal 
segment, together with a longer median retractile process, carrying the posterior 
spiracles. In addition to being found in fermenting fruit (D. ampelophila) , in vinegar 
vats (D. junebris) or in excrement, other larvee mine the leaves of various plants. 
The pupee are fusiform with the anterior dorsal surface flattened to form an ovoid 
plate which is forced upwards to allow of the eclosion of the imago. Arising from 
this plate is a pair of stalked, digitate or plumose spiracular processes. Traces of 
the anal processes of the larva are also evident upon the puparium. For an account 
of the life-history of D. junebris vide Unwin (1907). 

FAM. EPHYDRIDlE.-ARISTA PLUMOSE, OR PECTINATE DORSALLY, RARELY 

BARE; ORAL CAVITY USUALLY VERY LARGE, VIBRISSlE INDISTINCT. SC FOR THE MOST 

PART CONFLUENT WITH R1, SEPARATE ONLY BASALLY; COSTA INTERRUPTED NEAR 

POINT OF JUNCTION WITH THIS VEIN. CELL M CONFLUENT WITH 1ST M 2, CELL CU 

USUALLY VESTIGIAL. MIDDLE TIBllE SPURRED, NO PREAPICAL BRISTLE. 



ACAL YPTERJE 

The flies of this family are black or darkly coloured, inhabiting marshy places, 
damp meadows, etc. The family is closely related to the Drosophilid<£ and clear 
distinctions are sometimes difficult to recognize. Jones (1916) has described the 
life-history of Ephydra millbrm which is aquatic. The eggs are partially clothed 
with hairs and are attached to floating vegetation, etc. The amphipneustic larv<£ 
are densely covered with short pubescence, with the anterior spiracles 7-branched, 
and a pair of respiratory tubes emerge from a terminal anal siphon. Eight pairs of 
conspicuous pseudopods, armed with hooks, are present on the abdomen. The 
puparium is provided with an elongate siphon whose apex rests at the surface of the 
water. Larv<£ of Notiphila occur in the stems of water plants, while those of HydreUia 
modesta L. are found in the leaves of Potamogeton and are metapneustic throughout 
life (Keilin, 1915). Other larv<£ occur in salt or alkaline waters, particularly those 
of Ephydra hians Say and E. calijornica Pack. which often appear in such vast 
numbers as to have been used by the N. American and Mexican Indians as food.' 
An account of the anatomy of the larva of E. riparia is given by Triigardh (1903) and 
the metamorphosis of Teichomyza jusca by Vogler (Ill. Zeits. Ent., 1900). 

FAM.OSCINIDJE (Chloropidre).-ARISTA USUALLY BARE, ORAL CAVITY SMALL, 

VIBRISS.iE RARELY PRESENT. SC VESTIGIAL OR WANTING, CELLS M AND 1ST M2 CON-

FLUENT, CELL CU VESTIGIAL OR ABSENT. TIBI.iE WITHOUT PREAPICAL BRISTLE. 

Small, bare, often light-coloured flies, plentiful among miscellaneous herbage 
about roadsides, meadows, etc. Although closely allied to the Ephydrid<£ they may 
usually be separated therefrom by the absence of lower fronto-orbital bristles, the 
small oral cavity, and the bare arista. The larv<£ are essentially phytophagous, 
although those of a few species 
are predaceous. The larva of 
Oscinis jrit (Hewitt, 1914) is very 
narrow in proportion to its 
length. The anterior spiracles 
are 4-lobed, and the posterior 
pair open at the apices of short 
tubular projections at the hind 
extremity of the body: each 
spiracle has three circular open
ings separated by chitinous 
ridges. In Oscinosoma the larva 
is less elongate and more musci
form, with ambulatory swellings 
on the abdominal segments: 
the spiracles closely resemble 
those of Oscinis (vide Silvestri, FIG. 597·-0SCINIS FRIT. 

1917). The larva of Chloropisca Reproduced by permission of the Ministry of Agriculture. 

glabra is predaceous on aphides 
and its life-history has been followed by Parker (] ourn. Econ. Ent., 1918), and 
the anatomy of the larva of Platycephala by Wandolleck (1899). The" frit-fly" 
Oscinis jrit (Fig. 597) is a pest of cereals in Europe. The flies of the first generation 
oviposit in May on the leaves or stems of spring oats and various grasses. The larv<£ 
migrate to the shoots causing the death of the central leaves. Flies of the second 
generation oviposit during July on the ears of oats, and the larv<£ feed on the spikelets 
and young grain. Oviposition in the third generation occurs during September on 
winter cereals and various IVasses. Winter is passed in the larval condition at the 
bases of the shoots which they ultimately destroy. The" gout fly " Chlorops tmniopus 
lays its eggs during June on the leaves of spring barley or occasionally on couch grass. 
The larv<£ migrate into the shoots which become thickened and the leaves are dis
torted. If the barley ear is about to be formed the larva eats a groove down one side 
of it and the internode. The ear fails to grow away from the ensheathing leaf. The 
flies of the second generation oviposit from the middle of August until the middle 
of October mainly on couch grass, but sometimes on self-sown or winter cereals. The 
shoots become greatly thickened, the leaves distorted, and no ear is formed. 

FAM. CORDYLURIDJE (Scatomyzidre) .-FRONT BRISTLY AND WELL DIFFEREN

TIATED FROM ORBITS, VIBRISS.iE PRESENT. WINGS RATHER LARGE, SC CLEARLY 

SEPARATED.FROM R I . TIBI.iE SPURRED, ABDOMEN WITH AT LEAST 5 EVIDENT SEGMENTS. 

These flies are never very small, and are usually conSiderably larger than most 
Acalypter::e. They frequent meadows and moist places and many, particularly 
Scatophaga, are found about dung in which the larval life is spent. A few species 
have been bred from insect larv;,e, Cqttereil (Proc. Zool. Soc., 1920) has described 
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the life-history of Scatophaga stercoraria, and the adults of this genus may often be 
observed to prey upon other Diptera, but their predaceous habits have been very 
little investigated. Certain members of the family closely resemble the Anthomyid<B 
but ma,y be distinguished by the eyes being wide apart in both sexes and by the 
absence 6f squam<B. The life-history of Hydromyza conjluens has been described by 
Welch (Ann. Ent. Soc. Am., 7, 1914), this species being aquatic in the larval instars. 

In addition to the foregoing there are a number of families of minor importance 
which need a brief reference. The MICROPEZIDJE are a small family represented in 
Britain by about a dozen species: their members bear a resemblance to the smaller 
Tipulid<B on account of their long slender bodies and legs. The TANYPEZlIDJE are 
mostly comprised in the genus Tanypeza and are sometimes classified with the 
preceding family but are clearly distinct: they do not occur in Britain. The SEPSIDJE 
are not unlike the Micropezid<B but have rudimentary palpi: rather fewer than 30 
species are British. The PIOPHILIDJE are closely related to the Sepsid<B. Piophila 
casei is the best known member and its larva lives in ham, bacon, cheese, etc. Its 
biology has been described by Banks (1912) and by Herrick. On account of their 
peculiar habits of leaping the larv<B are known as "cheese skippers": the leap is 
performed by the larva seizing the edge of the anal extremity with its mouth-hooks 
and suddenly releasing it when in a state of tension. The PSILIDJE include the well 
known carrot fly Psila ros{[! whose larv<B cause much damage by eating. into the tap 
root of the carrot (vide Smith and Gardner, 1922). The RHOPALOMERIDJE inhabit 
Central and South America and the GEOMYZIDJE are a small ill-defined family often 
difficult to separate from the Agromyzid<B: their larv<B have been found in the stems 
of plants. The CELYPHIDJE and DI0PSIDJE are small tropical families of very aberrant 
structure and easily recognized by the characters given in the key on p. 643. The 
PHYCODROMIDJE mainly inhabit the seashore among weed cast up by the tide: they 
are typically represented by the common littoral fly Cwlopa jrigida. The BORBORIDJE 
are small black or brownish flies often abundant near decomposing organic matter: 
several are apterous and Anatalanta from Kerguelen 1. lacks the halteres also. The 
HETERONEURIDJE are not often met with but occur among herbage near streams, etc. : 
the larva of Heteroneura albimana Mg. is described by Perris from rotting wood. The 
HELOMYZIDJE are usually recognizable by the bristly costal margin to the wings. 
Their larv<B have been found in carrion, dung and fungi: for the metamorphosis of 
Helomyza livens vide Gercke (Verh. Ver. Hamb., 1884,4). The SCIOMYZIDJE frequent 
damp situations, their larv<B being aquatic or sub-aquatic. The metamorphos~ of 
Sepedon and Tetanocera are described by Needham (1901). Both adults and larv<B 
of Actora {[!stuum frequent the sea-shore and are often subjected to immersion in salt 
water. According to Joseph (Zool. Anz., 1880) the adults are protected by a waxy 
exudation which is constantly renewed. 

Superfamily II. Calypteroo 

Key to the families:
I (z).-Mouth-parts vestigial. 

2 (I).-Mouth-parts well developed. 
3 (7).-Hypopleural set<B present: 2 anterior and I posterior 

sternopleural set<B: cell Rs narrowed or closed. 
4. Abdomen markedly bristly: "arista bare or sometimes 

pubescent. 
5. Abdomen without dis cal bristles: arista bare distally. 

6. Abdomen with apical bristles only: arista pubescent 
to apex. 

7 (3)·-Hypopleural set<B absent: I anterior and 2 posterior 
sternopleural set<B or more: cell R5 variable. 

8 (9) .-Cell R6 generally narrowed or closed: arista usually 
pubescent to apex. 

9 (8).-Cell R5 generally widely open: arista pubescent, hairy 
or bare. 

CESTRIDJE 
(p. 651) 

TACHINIDJE 
(p. 653) 

SARCOPHAGIDJE 
(p. 652 ) 

MUSCIDJE 
(Calli phorin<B) 

MUSCIDJE 
(p. 649) 

ANTHOMYIDJE 
(p-. 648) 

FAM. ANTHOMYIDJE.-ARISTA PLUMOSE, PUBESCENT OR BARE. ABDOMEN 
RARELY BRISTLY. M1 + 2 PASSING STRAIGHT OR NEARLY STRAIGHT TO WING-MARGIN 
LEAVING CELL R5 WIDELY OPEN (Fig. 598). 



MUSCID~ 

A very extensive family comprising small to rather large flies bearing, for the 
most part, a general resemblance to the house-fly. Although there is seldom any 
difficulty in recognizing its members certain genera such as Muscina, Myospila, etc., 
are annectant between Anthomyids and Muscids, and Fucellia connects the family 
with the Cordylurid<e (vide Townsend, 1914). 

Many of the larv<e are vegetable feeders, or live in saprophytic matter-, while others 
are carnivorous (vide Keilin, 1917). The majority of Anthomyid larv<e are 12-
segmented (excluding the segment-like region following the head), cylindrical, and 
taper towards the anterior extremity. They are truncated posteriorly with the anal 
end margined with a variable number of short fleshy tubercles, and the tracheal 
system is amphipneustic. The anterior spiracles have about 6-13 lobes and the 
posterior organs have three short radially disposed slits. The body is provided with 
locomotory areas beset with minute spinules, which usually commence on the 5th 
segment. In Fannia the larv<e are totally different, the body is somewhat flattened, 
and provided with filamentous processes of the body-wall (vide Hewitt, 1912). 
Perhaps the most remarkable larv<e are those of Passeromyia which are blood-sucking 
parasites of birds (Rod- • 

5c: hain and Bequ<ert, 
1916). The larv<e of 
certain species of My
dma are also subcutane
ous avian parasites 
(Nielsen, 19II). The 
larva of Chortophila 
brassicm is extremely 
destructive to vege
tables of the Brassica 
tribe and also affects 
wild Crucifer<e. I t de
stroys the roots of those 
plants and the eggs are 
deposited around the 
stem near the soil level 
(vide Slingerland, 1894). 
The larva of A nthomyia 
spreta Mg. feeds on the 
fungus Epichloe which 
attacks grasses (Trii
gardh, Arkiv. Zool., 
1913). Hylemyia coarc
tata Fall is the" Wheat 
bulb fly" which is a 
serious pest in many 
parts of Europe (Pether
bridge, Journ. Agric. 
Sci., 1921). The larv<e 
of Pegomyia are leaf
miners, and the biology 

A 

B 

FIG. 598.-VENATION OF A, HYLEMY/A. STRIGOSA. AND B, CALLI-

PHOEA ERYTHROOEPHALA. 

of P. hyoscyami has been observed by Cameron (Ann. App. BioI., 1914). 
FAM. MUSCIDJE.-ARI~TA PLUMOSE TO THE APEX, SOMETIMES ABOVE ONLY, 

RARELY BARE. CELL Rs GENERALLY CLOSED OR NEARLY SO (Fig. 598). ABDOMEN 
DEVOID OF BRISTLES EXCEPT AT THE APEX. 

Species and individuals of this family are abundant almost everywhere, and many 
have become very widely spread through human agencies. Musca domestica (the 
house-fly) is practically cosmopolitan, being found wherever man has established 
himself, while species of Lucilia, Calliphora and Stomoxys also have an extremely wide 
distribution. Although the family includes a number of well-known blood-sucking 
genera, which constitute the sub-families Stomoxydin<e and Glossinin<e, nevertheless 
they only represent a small proportion of its total number of species. The blood
sucking habit is common to both sexes. 

Musca domestica L. may be taken as a typical representative of the family. It 
is, as a rule, most abundant during the hottest months of the year and in Europe and 
N. America attains its greatest numbers from July to September. According to 
Roubaud, the insect usually does not hibernate but continues reproduction during 
winter in warm rooms and stables, but further research is much needed with par-
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ticular reference to various climatic conditions. The eggs are cylindrical-oval, 1 mm. 
long, with two curved rib-like thickenings along the dorsal side: they are laid in 
masses of 100-150 and the usual number deposited by a single fly in a life of about 
2t months is probably 600-1,000. 1 The chief breeding places are accumulations 
of horse manure or stable refuse, but human and other excrement is often selected, 
and also most kinds of fermenting animal and vegetable substances, particularly the 
contents of ash bins, etc. At a temperature of 25° C.-35° C. the larv<e hatch in 8-12 
hours. The first instar larva is 2 mm. long, metapneustic, and each posterior spiracle 
opens by a pair of small, oblique, slit-like apertures. This stadium lasts 24-36 hours 
under favourable conditions. The second instar larva is amphipneustic with larger 
posterior spiracles and, at a temperature of 25° C.-35° c., the stadium lasts about 
24 hours. The third instar is also amphipneustic and measures about 12 mrll. long 
when fully grown. The anterior spiracles have 6-8 processes, and each posterior 
spiracle is a D-shaped ring surrounding three sinuous slits. Incubated at 35° C. this 
stadium lasts 3-4 days, and the pupal stadium averages 4-5 days. The develop
mental cycle, from the egg to the eclosion of the imago, varies in different parts of the 
world with the temperature and other factors. According to Herms it varies from 
an average of 44.8 days at 16° C., to an average of 10'4 days at 30° C. Roubaud 
states that, in a heap of actively fermenting manure in warm weather, the life-cycle 
may only require six days. The house fly has an important bearing upon the welfare 
of man as a carrier of the germs of summer diarrhcea, typhoid ana possibly other 
diseases: there is also evidence pointing to the probability of its acting as a carrier 
of the eggs of certain species of intestinal worms. Preventive and remedial measures 
are numerous, and of these the most important is the elimination of the larval breeding 
places, or the rendering of the latter fly-proof or unsuitable for the insect. The 
destruction of adult flies must also form part of any system of eradication: this may 
be brought about by the use of fly traps baited with attractive chemotropic substances, 
by means of adhesive fly-papers, or by poison baits such as formaldehyde. The 
literature on this species has assumed extensive proportions: a general account of 
the insect and its relation to man is given by Hewitt (1914), Observations on its 
breeding habits are given by Newstead (1907) and Roubaud (Ann. Inst. Pasteur, 1922), 
while the relation of the insect to medical science and sanitation is dealt with by 
Graham-Smith (1914), Additional observations on this insect and other common 
flies will be found in papers by the latter author (1916 and 1919). 

The biting house-fly Stomoxys calcitrans breeds principally in horse man~ and 
stable refuse, but the larva may also be found in grass mowings, sewage be~s, etc. 
The life-history has been studied by Newstead (1906), Bishopp (1913), Mitzmain 
(1913), and others. The duration of the life-cycle depends upon temperature, 
humidity and the nature of the food supply, while the minimum period for complete 
development is 23-32 days. According to Newstead two important conditions are 
necessary for development-an absence of light and an al:hmdance of moisture. The 
ova are laid in batches of 60-70 and about 600 is the greatest number deposited by one 
female (during 65 days). At an average day temperature of 72° F., and 65° F. by 
night, the larv<e hatch out in 2-3 days. When fully grown they measure II-12 mm. 
long, and differ from the larva of the house-fly in that the hind spiracles are rounded 
and smaller, with the three apertures on each plate only slightly curved instead of 
being sinuous. In England, during August, the larval period lasts 2 to 3 weeks and 
9 to 13 days are spent as a pupa: in the tropics the pupal stage may only last 4 days. 

The" cluster fly" Pollenia rudis is a parasite of earthworms of the genus Altolo
bophora (Keilin, 1915). The eggs are laid in the earth in September, and the young 
larva probably makes its way through the genital aperture into the vesicula seminalis 
of its host, where it remains during the winter. At the beginning of May it awakens 
and enters the body-cavity, if it has not already done so earlier. For a period of 1 
to 4 days it migrates forwards and, during the last part of the journey, its spiracular 
extremity is directed towards the prostomium of the worm. Arriving at the latter 
region, it wears through the body-wall by means of the denticles around the anal 
segment, and the spiracles are thus placed in communication with the exterior. Six 
to ten days after perforating the prostomium the larva moults and, growing consider
ably, eats its way into the pharynx of the worm. After a further period of 9 days it 
passes into the 3rd instar, and gradually eats its way backwards until only the hinder 
segments of the host remain: pupation subsequently takes place, and the imago 
appears in 35 to 45 days. 

1 Dunn (Bull. Ent. Res. 13) states that in Panama a single female may deposit 
2,387 eggs during 31 days after emergence. 



CESTRIDlE 

The larva of A ucheromyia luteolata F. is the Congo " floor-maggot" frequenting 
the floors of native huts, and is an ecto-parasite sucking human blood (Roubaud, 
1913). Lucilia includes the well known" green bottle flies." The almost cosmo
politan L. casar L. breeds in carrion and excrement while L. sericata, the "sheep 
maggot fly," lays its eggs on the wool of sheep: its larvre bore into the flesh, causing 
death when present in large numbers. Protocalliphora azurea Fall. is an ectoparasite 
in the nests of swallows, larks, sparrows and other birds. Its larvre suck the blood 
of the nestlings by perforating the skin, and attach themselves by means of a suctorial 
disc present on the 1st segment (vide Coutant, 1915, Roubaud, 1917). The genus 
Calliphora includes the well known "blue bottles" or "blow flies" whose larvre 
occur in carrion, flesh, etc. 

The species of'Glossina or Tsetse flies (vide Austen, 19II; Austen and JIegh, 1922 ; 
Roubaud, 1909) are now we.ll known to be the carriers of the pathogenic agents 
of certain virulent diseases in Africa. Thus Glossina palpalis (Fig. 599) transmits 
Trypanosoma gambiense, the causal agent of sleeping sickness, from man to man by 
means of its piercing mouth-parts. In a similar manner G. morsitans transmits 
Trypanosoma rhodesiense which is responsible for the more local or Rhodesian form 
of that disease. Glossina morsitans is also the chief carrier of Trypanosoma brucei 

FIG. 599.-GLOSSINA PALPALlS, FEMALE. X 5. 

Reproduced by permission of the Trustees of the British Museum. 

which causes the disease known as nagana among domestic animals. Although 
widely distributed through tropical and sub-tropical Africa, species of Glossina do 
not occur continuously throughout that area, but are largely restricted to patches of 
forest and bush where there is warmth, damp, and shade, such tracts being known as 
" fly belts," The larvre in -this genus are nourished within the uterus of the parent 
and, when mature, are deposited singly and at intervals in a shady situation on the 
ground. When newly born, the larva is yellowish-white, with a black posterior 
extremity bearing a pair of polypneustic spiracular lobes. It speedily burrows or 
otherwise conceals itself and pupates, the imago appearing about a month later. 

FAM. <ESTRID.tE (Warble or Bot Flies).-STOUTLY-BUILT, MORE OR LESS HAIRY 
FLIES WITH VESTIGIAL MOUTH·PARTS. ANTENNlE SHORT AND PARTIALLY SUNKEN. 
VENATION OF MUSCOID TYPE (EXCEPT GASTROPHILUS) ; CELL Rs NARROWED OR CLOSED: 
SQUAMlE USUALLY LARGE. LARVlE ENDOPARASITIC IN VERTEBRATA. 

A comparatively small family remarkable mainly on account of the larval habits 
(vide Brauer, 1863). The adults are usually more or less pilose, often bee-like in 
appearance. They are infrequently met with and only nine species occur in the 
British Isles. Gastrophilus differs markedly from other CEstrids in the widely open 
cell Rs and the small squamre: on account of these and other features recent taxono
mists )lave separated the genus from the rest of the family. The ovipositor in CEstrids 
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is extensile, and often long, but not adapted for piercing: the eggs are laid on the 
body-hairs of their hosts and are provided with special clasping flanges. 

The life-histories, with few exceptions, are very incompletely known owing to 
difficulties attending observation of the instars in the living animal. Their larva: 
are more frequently met with than the adults, and a number of species have been 
described from the former stage only. Parasitism occurs in three ways: in the stomach 
and intestines, in the nasal and pharyngeal cavities, and beneath the skin. As a 
rule each species parasitizes a single species of host, and each genus or group of allied 
species attacks allied hosts. The larva:, when fully grown, are broadly cylindrical 
or somewhat barrel-shaped, narrowing relatively little at the extremities, and never 
tapering anteriorly in a manner comparable with other cyclorrhaphous larva:. Twelve 
segments are present with the first two much reduced and annular. The body-wall 
is very tough with lateral swellings and groups of spinules. As a rule ffistrid larva: 
are metapneustic; in Gastrophilus the anterior spiracles are sieve-like, and apparently 
functional, and the tracheal system is consequently amphipneustic. Carpenter and 
Pollard (1918) have detected the presence of 6 pairs of vestigial lateral abdominal 
spiracles in Hypoderma and CEdemagena. Mouth-hooks are present in all 1st stage 
ffistrid larva: but subsequently they may become reduced or vestigial. 

The larva: feed upon the serous and other exudations into the tissues of their hosts, 
which fluids are usually either altered or increased owing to irritation induced by the 
presence of the parasites. When mature the larva: leave their hosts-and pupate in 
the ground or among surface litter. 

Hypoderma includes the well known ': warble flies," H. bovis and H. lineatum. 
The adults are active from May to August and the eggs are mostly laid on the hairs 
of the flanks, legs, and feet of cattle. According to Hadwen H. lineatum lays 1-14 
eggs on a single hair, usually between the point of the hock and the ischium, and on 
the inside of the legs. H. bovis lays its eggs singly on the hairs, chiefly about the 
legs. In both species they hatch in 4 to 5 days, and the larva: bore their way beneath 
the skin, and migrate for several months through the body, until they reach the wall 
of the gullet. Here they are found from late summer until winter: from December 
onwards they commence to arrive beneath the skin of the back. Later, the skin is 
pierced and the posterior spiracles then communicate with the exterior. From 
February until Mayor later the fully grown larva: are found in the swelilings or 
" warbles" on either side of the spine of the host-animal. Ultimately each larva 
works its way out and falls to the ground where it pupates. The pupal instar.lasts 
about 5-6 weeks. Squeezing out the larva: is the best remedy at present available 
as no efficient preventive methods have been devised. The injuries caused by the 
perforation of the hide, and the deterioration of the flesh, and reduction in the milk 
occasioned by the presence of these larva:, entail great losses to the trades concerned. 
Further research is needed to ascertain the course followed by the young larva:, during 
their migration from the skin to the gullet. Not infrequen'tly they are found in the 
spinal canal having apparently deviated from their normal path after leaving the 
gullet. Most of what is known of their biology is contained in the papers of Hadwen 
(1912, 1916) and Carpenter and his co-workers (1908 onwards). 

The horse bot-flies (Gastrophilus) also lay their eggs on the hair (vide Dove, 1918 ; 
Hadwen and Cameron, 1918). In G. intestinalis they are found on various regions, 
preferably the fore-legs. The young larva: hatch upon the application of moisture 
and friction supplied by the licking of the horse: they are ingested, and attach 
themselves to the walls of the stomach. G. nasalis oviposits on the hairs beneath 
the jaws, and to some extent on the shoulders, etc. The larva: attach themselves to 
the pharynx, stomach, and duodenum. G. hcemorrhoidalis lays its eggs singly on the 
hairs around the lips: the larva: attach themselves to the stomach-wall, eventually 
migrating to the rectum, where they become re-attached. Before leaving the host 
they again become attached close to the vent and protrude therefrom. In all three 
species the larva: are ultimately voided through the anus and pupate in the ground. 
Oviposition in Dermatobia appears to be very remarkable and evidenc~ points to the 
eggs being laid upon blood-sucking Diptera, particularly the mosquito] anthinosoma. 
The female Dermatobia probably captures the mosquito and attaches its eggs thereto 
in such a position that they will come in contact with the skin of any animals attacked 
by the carrying insect (Sambon, 1915). 

FAM. SARCOPHAGIDJE (Flesh Flies)-ARISTA PLUMOSE TO THE MIDDLE OR A 
LI~TLE BEYOND, BARE DISTALLY (Fig. 561). MACROCHlETlE USUALLY ONLY PRESENT 
ON DISTAL PORTION OF ABDOMEN, DISC RARELY BRISTLY. CELL Rs NARROWED OR 
CLOSED. SQUAMlE LARGE. 

This family includes comparatively few genera but numerous species, often very 
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much alike. For the most part they are uniformly coloured flies, with a grey longi
tudinally striped thorax, and marbled abdomen (Fig. 600). The larva:! (vide 
Thompson, 1921) are of the Muscid type and taper anteriorly with the posterior 
extremity rounded. Transverse bands of denticles differentiate the segments, and 
the posterior spiracles are situated in a deep stigmal pit bearing, as a rule, three 
straight subparallel slits. The larVa:! occur in decaying animal or vegetable matter 
or are parasites of insects-and other animals (vide Aldrich, 1915). Their hosts include 
Orthoptera, Lepidopterous larVa:!, adult Coleoptera, scorpions, earthworms, etc.; 
snails are also not infrequently utilized as hosts. According to Pantel (1910) the 
parasitic larVa:! lie free within the body of their insect hosts, and do not acquire any 
organic connection with the latter as in Tachinids. Species of Sareophaga (or flesh 
flies) are larviparous, with large eggs, and the uterus is greatly enlarged to form an 
incubatory pouch: on an average a female will deposit 40-80 larVa:! in their 1st instar. 
Although mainly living in decaying flesh the habits of this genus are extremely varied. 
Several species parasitize' grasshoppers (Kelly, Journ. Agrie. Res., 1914), their larVa:! 
boring beneath the body-wall of the host soon after deposition. Others have been 
found beneath the skin of tortoises, in the stomachs of frogs, in snails (Keilin, 1919) 
or causing nasal myiasis in man: S. hcematoides, however, is coprophagous. Fabre 
observed that the carrion fly S. earn aria will deposit its larVa:! from a height of 26 
inches, and that the ordinary wire meat cover affords imperfect protection, since the 
larVa:! can fall 
through the mesh 
unless the latter 
is very fine. Sar
eophaga magnifica 
Sch. (w 0 If art i 
Port.) is abundant 
in Russia causing 
great suffering to 
domestic animals 
owing to even the 
smallest wound 
becoming infected 
with its larva:!: 
in man it often 
causes myiasis of 
the ear, nose, 
eyes, etc. The 
fly is probably 
concerned wit h 
the spread of foot 
and mouth dis
ease, but does not 
occur in Britain. 
In Helieobosea 

FIG. 600.-SAROOPHAGA OARNARIA. 

After Brumpt, "Precis de Parasitologie." 

x 3. 

musearia Mg., a parasite of snails, the larviparous method of reproduction reaches 
a high degree of specialization: the female produces a single enormous egg which 
gives rise to a correspondingly large sized larva (Keilin, 1916). 

FAM. TACHINID IE (including Dexiidre).-ARISTA USUALLY BARE, ABDOMEN 
WITH MARGINAL, LATERAL, AND DISCAL BRISTLES. CELL R6 NARROWED OR CLOSED. 

The Tachinida:! are thick-set conspicuously bristly flies, thinly or not at all pilose, 
and with the abdomen sometimes beset with short suberect spines. The Dexiina:! 
are regarded by many authorities as meriting family rank, and their more typical 
members are recognizable by the usually plumose or pubescent arista, and the long 
slender legs. The habits of adult Tachinids are very similar and they are most often 
found about vegetation, particularly on flowers. Over go genera and about 175 
species have been recognized in Britain (vide Meade, 1891-92, 1894). 

Tachinid larVa:! are uniformly parasites and, although they may select as hosts 
larval and adult Coleoptera, Orthoptera and Hemiptera, they mainly parasitize larVa:! 
of Lepido·ptera and to a lesser degree those of Hymenoptera: in a very few instances 
they are known to select larval Diptera. Tachinid larVa:! are usually broadly cylin
drical, tapering but little towards the anterior extremity and with rather indistinct 
segmentation. The anterior spiracles are small but the posterior pair is conspicuous, 
and often darkly coloured owing to strong chitinization. The tracheal system is 
almost always metapneustic In the Ist instar, becoming amphipneustic subsequently. 
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Much of what is known concerning the biology of the family is due to the researches 
of Pantel (18g8-1glO), Nielsen (lg09), and Townsend (lg08A). The eggs are either 
deposited on the host or, more rarely, on the leaves of the food plant of the latter. 
Certain species are larviparous, thus Dexodes nigripes Fall. and Compsilura concinnata 
Mg. deposit their larv<e beneath the skin of the host: Ernestia rudis FalL, on the 
other hand, deposits its larva on the skin of its host (Tamiocampa stabilis) and, accord
ing to Townsend, Eupeleteria magnicornis Z. deposits its larv'<e on .leaves. 

Within their hosts the larval life of Tachinids presents many variations but, in 
some stage of existence, they respire free air either by means of a perforation in the 
body-wall of their host, or by means of a secondary connection with the tracheal 
system of the latter. In either case, the larva is enclosed in a sheath (" gaine de 
fixation" of Pantel, funnel or siphon of other observers) which may ,be either primary 
or secondary. 

(I) The PRIMARY SHEATH: this is always cutaneous in origin, and is formed as 
an ingrowth from the lips of the original perforation by means of which the lan~a 
enters the host. This perforation persists as an air-hole (" soupirail" of Pantel) 
and the larva hangs, head downwards, with its spiracles respiring free air through the 
aperture. The sheath consists of an inner layer of chitin and an outer layer of 
hypodermis; it grows around and closely embraces the parasite and maintains the 
latter in position. The sheath may be complicated by the adherence of the degener
ating surrounding tissues which are often soldered together by the premse secretion 
of chitin by the hypodermis. In this manner muscle fibres, fat-body and trache<e, 
along with dead phagocytes may become involved, the whole forming a dense, 
compact sheath surrounding the parasite. This type of sheath occurs in Echinomyia 
jera, W inthemia 4-pustulata, etc. 

(2) The SECONDARY SHEATH: this may be either cutaneous or tracheal in origin 
according to the position of the air-hole. In species in which this type of sheath 
obtains, the parasite lives for a while free in the body cavity of its host as in Thrixion 
or within some particular organ (nervous system, muscles, etc.) as in Plagia trepida 
and Sturmia sericarim (vide more especially Pantel, Ig0g, Sasaki, 1886). Sooner 
or later; owing to the respiratory needs of increasing growth, it seeks communication 
with the air. By means of the anal extremity the larva gradually bores its way 
either through the integument, or into a tracheal trunk, and thus forms a secondary 
air hole. Whichever situation is chosen, a sheath grows round the larva either by 
means of an ingrowth of the integument (Thrixion) or as an outgrowth from the wall 
of a trachea or of an air-sac (Blepharidea, Siphona, Gymnosoma). In either cas-e""'the 
parasite becomes enclosed as in the primary sheath. Whichever way 'it is formed, the 
sheath is a pathological reaction of the host against irritation and microbic infection 
induced by the presence of the parasite. In Compsilura and Sturmia the parasite 
acquires a direct connection with a spiracle of the host, and the sheath under these cir
cumstances is little more than a collar-like rim around the caudal end of the parasite. 

The mode of life of the parasite within its host varies not only among different 
Tachinids, but also during the life of an individual species. Thus in Thrixion, for 
example, the larva devours only the blood and fat-body and forsakes the host while 
the latter is alive. Furthermore, it does not void excretory matter until it leaves its 
host. In similar cases, in which the first diet of the larva consists of the blood plasma 
of the host, the surrounding sheath is closed, absorption taking place according to 
Pantel by means of " physiological filtration": at a later stage the buccal armature 
pierces the sheath and the larva then commences to devour the fat-body. The 
greater number of Tachinids rupture the surrounding sheath in the 3rd instar and, 
becoming free in the body-cavity of the host, they commence to devour the vital 
organs of the latter. In certain other Tachinids a still more complex mode of life is 
followed: thus in Sturnzia sericarim (Sasaki, 1886), which parasitizes the silkworm, 
the eggs are deposited on mulberry leaves and are swallowed along with the leaf-tissue 
by the host. The eggs hatch in the gut of the latter, and the young larv<e bore their 
way through the wall of the digestive canal, and penetrate into the ganglia of the 
nervous system. At a later stage they forsake the latter, and acquire connections 
with the spiracles of their host. Other species similarly live an intra6rganic life 
within the nervous system, muscles, etc., of the hosts, during part of their existence 
{Pantel, Ig0g, IgIO). Such species have remarkably small eggs adapted for being 
swallowed by their host. Pupation in Tachinids takes place as a rule in the soil: in 
some species, however, such as Carcellia gnava, which is a parasite of Malacosoma 
neustria, the pupal stage occurs within the pupa of the host. Lists of Tachinids and 
their hosts are given by Brauer and Bergenstamm (18g5) and in the catalogue of 
Pal<earctic Diptera (vol. 3, Ig07). 



PUPIPARA 

Series IV. Pupipara 

A remarkable group of Diptera whose structure has been greatly modified 
in accordance with an ectoparasitic life. The winged forms do not fly any 
considerable distance, and all species are adepts at clinging to their hosts 
and working their way among the hairs or feathers. The claws are highly 
developed, and toothed or spined for the purpose. The abdomen is in
distinctly segmented and, like the rest of the body, tough and leathery. 
With the exception of Braula all species are blood-sucking ectoparasites of 
mammals and birds, but do not utilize man as a normal host. The larvre 
(excepting those of Braula) are retained within the uterus of the parents, 
where they are nourished by the secretion of the greatly developed accessory 
glands. When fully mature they are. deposited on the ground, or in the 
abodes of their hosts, and almost immediately change to pup~. A list of 
the palrearctic species arranged according to their hosts is given by Becker 
and Bezzi (1895). For the structure of the proboscis vide Muggenberg 
(1892) and for the general biology and morphology of the family consult 
Massonnat (1908). The phylogeny and distribution is discussed by Speiser 
(1908) who has also monographed the world's genera. The group owes its 
existence more especially to the similarity in reproduction and parasitic 
habits exhibited by the adults. In all probability they are to be regarded 
as degraded members of the Athericera. 

FAM. HIPPOBOSCIDJE.-HEAD SUNK INTO AN EMARGINATION OF THE THORAX. 

PALPI NEITHER LEAF-LIKE NOR FORWARDLY PROJECTING, FORMING A SHEATH TO 

THE PROBOSCIS. EYES ROUND OR OVAL, OCELLI PRESENT 

OR ABSENT. ANTENNlE INSERTED INTO A DEPRESSION, 1-

JOINTED, WITH OR WITHOUT A TERMINAL BRISTLE OR LONG 

HAIRS. LEGS SHORT AND STOUT, CLAWS STRONG AND OFTEN 

TOOTHED. WINGS PRESENT OR ABSENT. 

These insects (Fig. 601) are dorsa-ventrally flattened and 
of a tough leathery consistency, both features being corre
lated with an ectoparasitic life. The family includes such 
well known insects as the .. forest fly" Hippobosca equina 
which affects horses and cattle, and the sheep .. tick" or 
.. ked" Melophagus ovinus. Among other British species 
Ornithomyia avicularia is a parasite of many wild birds and 
Lipoptena cervi is found on deer. All these species have a 
very extensive geographical range and O. avicularia has been 
carried by birds almost all over the world. The degree of FIG. 60I.-HIPPO-

development of the wings differs greatly in various members ROSOA RUFIPER. x 2. 

of the family. In Hippobosca and Ornithomyia they are fully S. Africa. 
formed: in A llobosca they are vestigial, while in Melophagus of ~~~~~~~~~s ~ &e;~~~~i~~ 
(Fig. 602) wings and halteres are absent. Both sexes of Museum. 
Lipoptena cervi are winged but upon discovering a host the 
females soon cast their wings near the bases: wingless males similarly occur. The 
palpi in this family are rigid organs projecting forwardly downwards and forming a 
partial sheath to the proboscis. The latter is curved and slender, protrusible, and 
hidden from view when retracted. Whether both sexes are equally active blood
suckers does not appear to have been definitely asce(tained, but their punctures are 
seldom painful. The females produce at intervals single larv<:e which are whitish, 
or pale yellow, with a black cap at the posterior end which involves the spiracles. 
They are immobile with little or no traces of segmentation, and very soon trans
form into puparia. For the genera of the family consult Speiser (1899) and an 
account of the structure of Melophagus is given by Pratt (1893) : the British species 
are discussed and figured by Austen (1903). 

FAM. NYCTERIBIDJE.-HEAD FOLDED BACK AT REST IN A GROOVE ON DORSUM 

OF THORAX, EYES AND OCELLI WHEN PRESENT VESTIGIAL; ANTENNlE 2-JOINTED, 

TERMINATED BY BRISTLES INSERTED ON TUBERCLES. A FAN-SHAPED COMB OF 
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BRISTLES (CTENIDIUM) INSERTED IN A HOLLOW AT THE ANTERIOR END OF THE THORAX; 
LEGS ELONGATE, WINGS ABSENT. 

A very small family of highiy modified and completely apterous insects (Fig. 603) 
parasitic upon bats. They are more par
ticularly characteristic of tue Old World,' 
the countries bordering on the Indian 
Ocean being especially rich in species; only 
Nycteribia is British. In view of their host's 
power of distribution it is not surprising 
that certain species have a very wide geo
graphical range. Frequently, a single species 
of Nycteribid may utilize several species of 
host which may be of different genera or, 
more rarely, of different families. Con
versely a species of bat may support several 
species of Nyceteribids: thus, at least 9 
.species of the latter have been recorded 
from Miniopterus schreibersi in various 
countries. Information on the general struc
ture and classification of the family is 
given by Speiser (I900A)-:- the papers of 
Kolenati (1863) and Scott (1917) should 
also be consulted. Rodhain and Bequ<£rt 
(I9r6A) have published a detailed account of 
the behaviour of eyelopodia greefi Karsch. 
The larv<£ are deposited in a less advanced 

FIG. 602.-MELOPHAGUS OVINUS, MAGNI- stage of development than those of certain 
FlED. Hippoboscid<£ and the spiracles are postero-

dorsal in position. The puparia were found 
adhering to the perches and parts of the cages in which the hosts were confined. 
According to Muggenberg (r892) a ptilinum is wanting in this family. 

FAM. STREBLIDlE.-HEAD NOT FLEXED ON DORSUM OR THORAX; EYES WHEN 

FIG. 603.-PENIOILLl])lA JENYNSI, FORMOSA; DORSAL VIEW OF MALE WITH VENTRAL VIEW 
OF THORAX AND ABDOMEN ON RIGHT. ENLARGED. 

PRESENT SMALL, NO OCELLI; ANTENNlE IN PITS, 2-JOINTED. PALPI LEAF-LIKE, 

PROJECTING IN FRONT OF THE HEAD BUT NOT SHEATHING THE PROBOSCIS. HIND COXlE 

ENLARGED, CLAWS NOT DISTINCTLY TOOTHED. WINGS WELL DEVELOPED, VESTIGIAL 

OR ABSENT. 
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A small family widely distributed throughout the tropics and warm regions of 
the world. In habits they are almost exclusively parasitic upon bats, and most of 
what is known concerning the family is included in a paper by Speiser (1900). 
Ascodipteron ~dens. (Queensland, E. Indies) is one of the most remarkable of Pupipara 
and is unique on account of the degeneration undergone by the female. Both sexes 
are winged but exhibit marked differences in the structure of the proboscis: in the 
female the labellar teeth are very large and blade-like, on the other hand, in the male, 
the teeth are exceedingly small. On reaching its host (Miniopterus) the female makes 
a way beneath the skin near the base of the ear, and casts both legs and wings. In 
this situation she develops into a greatly enlarged, flask-shaped sac, with the hinder 
extremity communicating with the ex
terior (Muir, 1912). Typical genera of 
the family include Nycterobosca Speis. 
which extends into Europe, Raymondia 
Frfld. and Strebla Wied. Very little is 
known concerning their biology but 
Speiser states that they are larviparous. 

FAM. BRAULIDlE.-MINUTE LOUSE-
LIKE INSECTS WITH SHORT THICK LEGS, 
VESTIGIAL EYES, AND DEVOID OF WINGS 
AND HALTERES. THE LAST TARSAL JOINT 
FURNISHED WITH A PAIR OF COMB-LIKE 
APPENDAGES. 

Included herein is the single genus 
Braula Nitz. which lives in beehives. 
The species Braula cceca Nitz. (Fig. 604) 
is usually found clinging to the thorax 
of the queens and drones but Dubini 
states that he has seen queens almost 
entirely covered with this parasite. The 

FlG. 604.-BRAULA C(ECA. x 24. 
After Carpenter. 

external structure of this remarkable creature has been studied to some extent 
by Meinert (IB90, p. 216) and Borner (I90B). According to Muggenberg (IB92) a 
ptilinum is present and the mouth-parts agree in their essential morphology with 
those of the Hippoboscid<e. Braula. is oviparous and according to Skaife (Trans. 
Roy. Soc. S. Africa, 1921) the eggs are laid among the brood combs. They hatch 
out into musciform larv<e which feed upon the nutriment collected by the bees for 
their own larv<e. Pupation takes place in the cells and the imagines find their way 
to the bodies of the bees. The systematic position of this family is extremely d9ubtful 
and in some respects it appears to be allied to the Phorid<e. 
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Order 23. APHANIPTERA (Siphonaptera: Fleas). 

SMALL, APTEROUS, LATERALLY COMPRESSED INSECTS WHOSE ADULTS ARE 

ECTOPARASITES OF WARM-BLOODED ANIMALS. EYES PRESENT OR ABSENT: 

ANTENNlE SHORT AND STOUT, REPOSING IN GROOVES: MOUTH-PARTS MODI

FIED FOR PIERCING AND SUCKING, MAXILLARY AND LABIAL PALPI PRESENT. 

THORACIC SEGMENTS FREE: COXlE VERY LARGE, TARSI 5-JOINTED. LARVlE 

ELONGATE, ERUCIFORM AND APODOUS. PUPlE EXARATE, ENCLOSED IN COCOONS. 

The Aphaniptera, or fleas, may be readily distinguished from other 
apterous parasitic insects since they are strongly compressed laterally 
instead of being dorso-ventrally flattened. They constitute a very sharply 
defined order of insects quite devoid of close connection with any other 
group. Their origin is very obscure, as no undoubted traces of wings have 
been discovered in any stage of their existence, and their general structure, 
although specialized in some directions, is simplified in others. They are 
presumed to have arisen from far-off winged ancestors but all traces of such 
descent have been deleted, and the simplifications of structure which they 
exhibit seem to suggest that their origin may have been relatively low down 
in the endopterygote series. In their metamorphoses they possess certain 
features in common with the Diptera Nematocera. 

Fleas are blood-sucking ectoparasites of mammals and birds. They 
are negatively heliotropic and respond to warmth: when a host dies-the 
fleas leave as soon as the body cools and seek fresh hosts which are not 
always of the same species. Many kinds are apparently confined to one 
species of animal while others infest a range of hosts. The relation between 
different species of fleas and their hosts, however, is1not a very close one, 
and in the absence. of the elective species of the latter, many will feed readily 
on the blood of other animals. Their powers of walking are slight,. their 
chief method of progression being by leaping. According to Mitzmain the 
maximum vertical height attained by the leap of Pulex irritans is 7t inches, 
while the horizontal range may extend to I3 inches. 

About 500 species of the order have been described of which 46 are 
known to occur in the British Isles (vide Rothschild, I9I5). During the 
past twenty-five years the work of the Indian Plague Commission, and of 
many independent observers, has resulted in a great increase of knowledge 
relating to these insects. At least eleven species have proved capable of 
transmitting bubonic plague. In India the species mostly implicated is 
the rat flea, Xenopsylla cheopis (Fig. 605). The rat is particularly suscep
tible to this disease, and the flea itself becomes infected with the plague 
bacillus by feeding upon an infected animal. When the latter dies, the 
fleas desert the body, and many find their way to man, particularly when 
the human popUlation lives under crowded conditions in rat-infested 
quarters. It is impossible here to detail the evidence as to the manner in 
which the rat flea transmits the disease to man as the problem is a com
plicated one. It may be pointed out, however, that while feeding, the 
contents of the gut of the flea, which contain the pathogenic bacilli, are 
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voided from time to time. This excretory matter, if it be introduced be
neath the skin by scratching or other means, is liable to produce infection. 
Baco~ and Martin have demonstrated that plague-infested fleas may convey 
the dIsease by a method comparable to inoculation. When placed on a 
host they suck vigorously but owing to the fact that, in a certain number 
of th~ in.sects, the dig~s~ive canal is blocked by a dense mass of rapidly 
mulhplymg plague bacIllI, the blood that is imbibed fails to enter the stomach 
and is regurgitated into the puncture. Since this blood is now contaminated 
with bacilli derived from the previous host, the disease is thus transmitted 
to the new host. Rats are not the only animals attacked by plague, squirrels 
and ?ther r?dents being also liable to the disease; consequently fleas of any 
~peCles, WhICh attack both ground rodents and man, in lands where plague 
IS prevalent, are to be regarded as possible agents in the transmission of the 
malady. 

One of the most familiar 
of these insects is the cos
mopQlitan human flea Pulex 
irritans. Although man is 
its favourite host it is often 
found on the badger, also on 
the fox and other mammals. 
The extensive genus Xeno
psylla includes the plague 
flea par excellence (X. che
oPis) which has been pre
viously alluded to: it is 
alm<?st tropicopolitan and is 
a scarce vagrant in the 
British Isles. Ctenocephalus 
(Fig. 606) includes the dog 
and cat fleas (C. canis and 
C. felis) both of which occur 
on dogs and cats. The rab
bit flea (SPilopsylltts cuni-' 
culi) commonly affects the 
ears of hares and rabbits, and 
sometimes becomes trans
ferred to cats while the latter 

FIG. 605.-XENOPSYLLA CJ1EO!,IS, MALE. X 20. 

After Waterston. Reproduced by permission of the Trustees of the 
British Museum. 

are hunting those animals. The genus Ceratophyllus includes a number of 
species, some affecting birds and others mammals. Of the former, C. 
gallince is frequent in hen-houses and in the nests of many wild birds: C. 
penicilliger, among the mammal-infesting forms, is common on numerous 
hosts including voles, mice, and stoats, while C. fasciatus is the common rat 
flea of cool countries. Leptopsylla musculi is harboured by the mouse and 
species of Nycteriopsylla and Ischnopsyllus are essentially bat parasites. 
In addition to the foregoing species, which occur in Great Britain, mention 
needs to be made of the well known " jigger" or " chigce" (Dermatophilus 
penetrans) of the tropics whose females remain attached to the skin in one 
position for the greater part of their existence. The modifications of external 
structure associated with this habit are so marked that the abdomen be
comes distended to the size of a small pea, the insect bearing a close resem
blance to a tick. It has a large number of hosts and its attacks are usually 
confined to the feet: in man it particularly affects the toes. Instead of 
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remaining at the surface of its host, the fertilized female burrows into the 
flesh, until it may become completely embedded. 

External Anatomy.-The body in the Aphaniptera is strongly com
pressed, and well chitinized, with the evident advantage of enabling these 
insects readily to work their way among the hair or feathers of the host. 
There is usually a prominent armature of spines and bristles which are 
sharply inclined backwards, thus aiding forward progression, and the claws 
of the feet are strong in conformity with the necessity for grasping. The 
head is very closely attached to the thorax without the intervention of a 
cervicum. Situated on the middle line of the frons there is, in many species, 
a chitinous tubercle which probably functions as an organ for the imago 
to cut through the pupa case and cocoon during emergence. The eyes are 

FIG.606.-Cl'ENOC'EPHALUS CANIS. 

a, egg; b, larva in cocoon; c, pupa; d_, imago; I, antenna of i,mago; 
e, Ceralophyllus fascialus, larva. From BlShopp, U. S. Dept. Agru:. Ent. 
Bull. 248 (all except e, afler Howard). 

non-faceted, and may be 
deeply pigmented but, in 
a number of species, they 
are vestigial or absent. 
The latero-ventral border 
of the head often carries 
a row of powerful spines 
forming the genal comb 
which is present on either 
side: these organs are 
frequently referred to as 
ctenidia and are well 
seen, for example, in 
Ctellocephalus. The a n
tenl1CB are lodged in anten
nal grooves and are short 
and stout with three-evi
dent joints. The terminal 
portion is pectinated and 
exhibits a number of an
nu~ar divisions, which vary 
in completeness of ae
velopment in different 
genera, and sometimes in 
d i ff ere n t sexes. The 
mouth-parts (Fig. 607) are 
adapted for piercing and 
sucking, and the most im
portant organs are the 

mandibles. These structures are rather broad blades which are serrated along 
the distal two-thirds of their length. Proximally, the inner surfaces of the 
mandibles are in contact with the short hypopharynx and, where the latter 
organ terminates, they are closely opposed to the epipharynx above. Each 
mandible is distally grooved along its inner aspect from the point where the 
hypopharynx ceases, and they form together a channel through which the 
saliva is ejected. Basally, the mandible articulates with the head capsule by 
means of a small rod-like sc1erite which imparts to it considerable freedom of 
movement. The labrum-epipharynx is a long slender organ which is ventrally 
grooved, and closely approximated to the mandibles, the combined organs 
thus forming an afferent channel through which blood is sucked up. The hypo
pharynx is a small sc1erite which is concave ventrally and incurved at the 
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margins: within the area thus defined the salivary pump and its operating 
muscles are lodged. Anteriorly, the hypopharynx is prolonged into a small 
process, which is perforated by the salivary duct, and extends for a short 
distance between the epipharynx and the mandibles. The maxillee each 
consist of a single lobe or blade, on either side of the mouth, and a 4-jointed 
pal pus : they are not cutting organs and apparently do not enter the 
puncture made by the mandibles. The labium is formed of an oblong 
basal plate or mentum, which carries distally a pair of labial palpi: the 
latter are elongate and usually 5-jointed but the number of joints varies 
between 2 and 17. In transverse section the labial palpi are slightly con
cave and, when placed together, they form a kind of sheath which encloses 
the piercing mouth-parts. When a flea desires to feed it punctures the skin 
by means of the combined piercing organ formed by the labrum-epipharynx 
and mandibles. The muscles of the salivary pump inject saliva into the 
perforation thus formed and the aspiratory action of the pharynx draws up 
blood from the now congested wound, through the afferent channel, and 
so into the stomach. Considerable difference of 
opinion exists as to whether the labrum-epipharynx 
exercises any piercing function at all: several 
observers maintain from the structure of its apex 
that it is incapable of perforation and, if this view 
be the correct one, it is evident that the wound is 
made solely by the mandibles. 

The thorax is composed of three quite distinct 
segments which admit of a certain amount of 
movement. In many species the hind margin of 
the pronotum carries a row of stout spines forming 
the prol1otal comb. The terga are simple, broad, 
arched plates and the metathorax is characterized 
by its greatly developed epimera which overlie the 
base of the abdomen. The legs are adapted for FIG. 607.-DIAGRAII1 OF 

clinging and leaping with large flattened cox~, THE MOUTH-PARTS OF A 

f d 1 FLEA. short stout emora an e ongate 5-jointed tarsi. 
hJ head; Ie, labrum -epi-

The abdomen is composed of 10 segments, the pbarynx; IP, labial palp; m, 

first of which has the sternum wanting, and the _:::~~gj~~~; pal';~' maxilla; mp, 

last three segments are modified for sexual pur-
poses. The ninth segment in the male is of a complex nature. Its tergum 
bears a dorsal sensory plate or pygidium and the sides of the former region 
are modified to form accessory copulatory organs or claspers. The ninth 
sternum is represented by a pair of boomerang-shaped sclerites each of 
which consists Qf an internal vertical and a ventral horizontal arm, the 
latter projecting beyond the eighth sternum. The penis is an organ with 
complex chitinous parts projecting between the clasping organs and the 
ninth sternum. The tenth segment is greatly reduced and represented by 
two small plates, one above and the other below the anus. In the female 
the terminal segments are less modified than in the male. The ninth tergum 
similarly carries a dorsal sensory plate while the sternum of that segment 
forms the ventral wall of the vaginal cavity. The tenth tergum consists 
of a small plate bearing a conical setiferous process known as the stylet and 
the corresponding sternum is represented by a small ventral plate. 

Internal Anatomy.-What may be regarded as the mouth is situated 
at the base of the epipharynx and forms the definitive opening into the 
alimentary canal. The first region of the latter is the pharynx which is an 
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elongate chamber with strongly chitinized dorsal and ventral walls. In 
virtue of its powerful dilator muscles the pharynx functions as a pumping 
organ for imbibing blood from the host. It is followed by a long resophagus 
of very small calibre, which leads into a somewhat conical organ termed 
the proventriculus. The inner walls of the latter are beset with a series of 
long backwardly directed chitinous rods. The function of this arrangement 
appears to be to prevent the regurgitation of the stomach contents when 
the pharynx is dilated in the act of sucking. The stomach, when fully 
distended, occupies a large part of the abdominal cavity and, near its junc
tion with the hind intestine, are found the insertions of the four Malpighian 
tubes. Near the termination of the hind intestine there are six rectal 
papillre resembling those found among Diptera. The salivary glands consist 
of a pair of ovoid sacs on either side: their ducts eventually combine to 
form a common canal which enters the salivary pump beneath the hypo
pharynx. The nervous system 1 is exceptionally primitive in that the 
ventral nerve cord consists of three thoracic and seven abdominal ganglia: 
these centres are very much approximated owing to the great-reduction in 
length of the intervening connectives. The male reproductive organs consist 
of a pair of fusiform testes whose contents pass down extremely fine vasa 
deferentia: the latter unite to form a single passage opening into a small 
vesicula seminalis. The ejaculatory duct is associated with a copulatory 
organ of complex structure. The female reproductive organs are composed 
of a pair of ovaries, each formed of from four to eight panoistic ovarioles. 
Attached to the vagina there is a strongly chitinized spermatheca whose 
shape and size differ among various species. The respiratory system: is well 
developed and communicates with the exterior by ten pairs of spiracles: 
two pairs of the latter are located on the thorax, the remainder being 
abdominal in position . 
. Biology and Metamorphosis (Fig. 606).-The eggs of these i11'St!cts 

are ovoid and white or cream in colour: unlike those of many ectoparasites 
they are not glued to the hair or feathers of the host. When deposited 
on the body of the latter they readily fall off and are normally found in the 
haunts or sleeping-places of the animal parasitized. I In houses fleas breed 
in the cracks of floors, under matting or beneath carpets and almost always 
in uncleanly dwellings. Rat fleas often breed in granaries, barns, etc., 
particularly in those where there is an accumulation of floor litter. The 
dried excrement,. feathers, straw, etc., which accumulate in chicken houses 
also afford a favourable environment. The incubation period varies on an 
average from three to ten days, according to temperature, and the young 
larva ruptures the chorion by the aid of a hatching-spine on the dorsal side 
of the head. The larvre (vide Bacot and Ridewood, I9I4: Harms, I9I2) 
are active, whitish, vermiform objects usually measuring about 4 mm. in 
length when fully grown. They are non-parasitic and feed upon particles 
of organic matter found in the host's lair, or among the dust and dirt which 
collects on the ground in the vicinity. In some species, however, blood 
which has passed through the body of adult fleas appears to be a necessary 
part of their nutriment. Larval Aphaniptera possess a well developed head 
but are devoid of both eyes and legs: in their general characters they 
resemble the larvre of certain Nematocera. The antennre are single-jointed 
but rather prominent, the mandibles are very definitely toothed and the 
maxillre assume a curious brush-like form with small2-jointed palpi: each 

1 According to Minchin (1915) there are seven abdominal ganglia in the female of 
Ceratophyllus jasciatus and eight in the male. 
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labial palp is composed of a short basal joint surmounted by stout set;,e. 
The trunk consists of three thoracic and ten abdominal somites, each of 
which is armed with a band of outstanding bristles. Spiracles are present 
on the thorax and first eight abdominal segments. After undergoing two 
ecdyses, the larva spins a cocoon which is concealed by the fine particles 
of debris adherent to its outer surface. The adults remain quiescent for 
a variable period before emerging from the cocoons, and they often issue in 
large numbers in response to slight mechanical stimuli. The vibrations 
set up by persons walking about a disused room, for example, have been 
explained as being the cause of the emergence of an abundance of fleas 
within a very short time. When newly emerged, the adults can remain 
alive for a considerable period without food, but they take the first oppor
tunity of reaching their particular host. As a general rule the female needs 
to imbibe the blood of the normal host before becoming capable of laying 
fertile eggs. 

The period occupied by the complete developmental cycle varies in 
different species and in different countries. Thus Pulex irritans in Europe 
requires from 4 to 6 weeks while Xenopsylla cheopis in India passes through 
a complete generation in about 3 weeks: on the Pacific coast the life-cycle 
of the latter species occupies, according to Mitzmain, 9 to II weeks. 

Classification.-The following key (adapted from Rothschild) of the 
families of Aphaniptera refers to the British species only. 

I (4).-Anterior part of head (= frons) not overlapping 
the posterior (= occiput) dorsally. 

2 (3) .-Abdomen without spines on the edge of any 
segment: 1st joint of middle tarsus shorter than 
2nd. Pulex, Xenopsylla, Ctenocephalus. PULICIDlE 

3 (2).-Abdomen with apical spines on some of the terga : 
1st joint of middle tarsus as long as 2nd. Cerato-
phyllus. CERATOPHYLLIDlE 

4 (I).-Anterior part of head overlapping posterior 
dorsally. 

5 (8).-Head without two ventral flaps anteriorly on each 
side: genal combs present. 

6 (7).-Abdomen without lateral combs at apices of 
segments. Leptopsylla. , LEPTOPSYLLIDlE 

7 (6).-Abdomen with lateral spines or combs on some of 
the segments. Hystrichopsylla. HYSTRICHOPSYLLIDlE 

8 (5).-Head with two ventral flaps anteriorly on each 
side: no genal combs. Ischnopsyllus. ISCHNOPSYLLIDlE 

The Dermatophilid;:e (Sarcopsyllid;:e) may be recognized by the greatly contracted 
thoracic segments and by the metathoracic epimera extending over two or three 
abdominal segments. The gravid females have the abdomen more or less distended 
and live embedded in the skin. Dermatophilus is widely spread in the tropics. 

Literature on Aphaniptera 
BACOT and RIDEWOOD, 1914.-0bservations on the Larv;:e of Fleas. Parasit

ology. 7. BAKER, 1904.-A Revision of American Siphonaptera, etc. Proc. U.S. 
Nat, Mus. 27 (also vide Ibid. 29, 1905). BISHOP, 1915.-Fleas. U.S. Dept. Agric. 
Bull. 248. HARMS, 1912.-Untersuchungen uber die Larve von Ctenocephalus canis. 
Arch. Mic. Anat. 80 (2). JORDAN and ROTHSCHILD, 1906.-Revision of the Sarco
psyllid;:e, a Family of the Siphonaptera. Thompson Yates and Johnston Lab. Reports. 
7. -- 1908.-Revision of the Non-combed Eyed Siphonaptera. Parasitology. I. 

MINCHIN, 1915.-Some Details in the Anatomy of the Rat-flea, Ceratophyllus jasci
atus Bosc. Journ. Quekett Mic. Club. 12. MITZMAIN, 1910.-General Observations 
on the Bionomics of the Rodent and Human Fleas. U.S. Pub. Health Bull. 38. 
ROTHSCHILD, 1915.-Synopsis of British Siphonaptera. Ent. Month. Mag. (3) 3. 

Vide also" Reports on Plague Investigations in India," published in Journ. Hyg. 
between 1905 and 1914: also textbooks of parasitology and medical entomology. 



ADDENDA 

P. 146. The redeagus.-It has been shown in most cases, where the development 
of this organ has been followed, that it is formed from paired rudiments which subse
quently fuse. Its origin in Coleoptera. as an unpaired organ, appears to be exceptional. 

P. 228. Grylloblattidre.-A new genus and species-Galloisia nipponensis has 
recently been described from Japan by Caudell and King (Proc. Ent. Soc., Washington, 
26, 1924). 

P. 271. Intestinal Protozoa of termites.-The theory of symbiosis has received 
strong support from recent work by Cleveland (Bioi. Bull. 46, 1924) woonas shown 
that termites are unable to digest wood when deprived of Protozoa: when reinfected 
they are able to utilize wood and live indefinitely. 

P. 342. The Pseudovitellus or Mycetome.-For further information on this 
organ with special reference to its development, vide Uichanco (PhilipPine Journ. 
Sci. 24, 1924). 

P. 370. Development of Neomargarodes.-According to Marchal (Compte Rendus, 
174) both sexes undergo hypermetamorphosis as follows. 1st Instar: primary, 
hexapod larva. 2nd Instar: apodous, cystoid, fixed larva. 3rd Instar: melo
lonthoid, mouthless larva. The male undergoes two or three further ecdyses. 

P. 371. Literature on Hemiptera.-The following references have been omitted. 
AWATI, 1914.-The Mechanism of suction in the Potato Capsid Bug, Lygus :pabu
linus Linn, Proc. Zool. Soc. BERLESE, 1893-95.-Cocciniglie Italiane. Rev. di 
Pat. Veget. 2-5. CARY, 1903.-Plant-House Aleyrodes. Maine Agric. Exp. S~ 
Bull. 96. 

P. 379. The Sympherobiidre.-It should be pointed out that this family is 
usually included among the Hemerobiidre. 

P. 390. Salivary glands of Panorpa.-L. Mercier (Arch. Zool. Exp. 55, 1916) 
states that these glands attain much greater development iIi the male than in the 
female. This feature is correlated with the secretion, in the male, of a globule of 
saliva. The latter is discharged on the ground and while it is imbibed by the female, 
pairing takes place. 

P. 626. Deuterophlebia.-Pulikovsky (Trans. Ent. Soc. Land., 1924) has recently 
described the larva and pupa from streams in the Altai Mountains. The larva is 
provided with seven pairs of large segmental outgrowths bearing suckers and it 
respires by means of anal blood-gills. 
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Abraxas, venation, 447 
abdomen, 41 ; literature on, 44; appendages, 

42, "166 ; ganglia, 54, 57; glands, I4I ; 
muscles, 50 ; pouch, 440, 443 

Acalla, 430 
Acalypter<B, 643 
Acanthaspis, 350 
Acanthiid<B, * 350, 351 
Acanthomerid<B, 628, 630 
Acanthopsyche, 434 
Acanthoscelides, 502 
Acanthosoma, 346 
Acanthoterrnes, 275 
accessory glands, 147, 150 
accessory pulsatory organs, 124, 125 
Acentropus, 432 
Acerentomon, 210, 213 
Acerentulus, 213; mouth-parts, 211 ; general 

anatomy, 212 
Acherontia, 444; digestive system, 407; 

glands, 139 
Achorutes, 214, 218, 219 
Acidalia, 402 
Acidia, 645 
A cilius, larval ocelli, 76 
Aciptilia, 139 
acone eyes, 7S. 
Acrma, 440 
Acridiid<B, 228, 232; digestive system, 224; 

ovipositor, 43; tympanal organ, 83, 84 
Acridiin<e, 234 
Acrocera, 632 
Acrocerid<B, * 632 
Acronycta, 406 
Acrotelsa, 209 
Actaletes, 218, 219 
Actora, 648 
Aculeata, 543, 547 
aculei,8 
Adalia, 487,488 
Adela, 420, 422, 429 
Adephaga, 473; male genital organs, 467 
adfrontal sclerites, 402, 403 
Adimerid<B, 486 
Adopma, 139 
<Bdeagus, 146, 668 
.lEdes, 619 
lEgeriid<e, * 427 
lEgialitid<e, 498 
.lEgocera, 45 I 
lElothripid<e, 326 
.lEnictopechys, 349 
lEpophilid<B, 346, 349 
.lEpophilus, 349 
.lEpus, lI5 
.lEschna, 187, 320; peritrophic membrane, 

101; ovipositor, 313; nymph, 316; rectal 
trache<B, 318 
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lEschnid<e, 320 
Afrodecius, 350 
Agaonella, 553 
Agaonid<e, 553 
Agapetid<e, * 439 
Agaristid<e, 451 
Agathidium, 482 
Agdistis, 433 
Agenia, 578 
Ageniaspis, 555 ; egg, 154 
Aglossa, 432 
Aglycyderid<B, 506, 510 
Agnatha, * 200 
Agrilus, 494 
Agrion, 309, 321 
Agrionid<e, 321 
Agriotes, 495 ; larva, 496 
Agriotypus, 549 
Agromyza, 646 
Agromyzid<B, 644, 646 
Agrotis, 402, 452 ; thorax, 414 
air-sacs, 114 
Alaptus, 556 
alary muscles, 122, 124 
alder flies, 375 
Aleochara, 470, 481 
Alelia, 413, 452, 551 
Aleyrodid<B (Aleurodid<B*), 359, 360; spir

acles, 337 
Aleyrodes, 361 ; c?lour reactions, 81 ; set' also 

A sterochilon 
alimentary canal, see digestive system 
Allobosca, 655 
Allotria, * 559 
alpha-female, 565 
alternation of generations, 153, 554, 

558 
alula, 602 
Alydus, 329 
Alysia, 550 
Amara, 475 
Amatid::e,* 450 
Amauris, 416 
amazons, 571 
Amblycera, 294 
ambrosia beetles, 510 
Ametabola, 176 
Ammobia, * 531 
Amrnophila, 531, 580 
amnion, 161 ; amniotic folds, 161 ; amniotic 

cavity, 161 
amcebocytes, 125, 126 
Amphiops, 457 
Amphizoa, 476 
Amphizoid<B, 474, 476 
Ampulex, 579 
Ampulicid::e, 579 
Anabolia, larva, 396 
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Anajapyx, 3, 205, 209 
anal veins, 35 
Anwflhes,5s6 
A naphoidea, 540 
Anaphothrips, 322 
Anapterygota, * 200 
Anarta, 405 
Anasa, 338, 347 
Anaspis, 499 
A natalanta, 648 
Anax, 320; nymph, 317 
Ancistrona, mouth-parts, 293 
Andrena, 526, 584; stylopization, 520 
Andrenid<e, 583, 584 
Andricus, * 558 
androconia, 138, 416 
aner, 564 
Anergates, 564,571 
Angeronia, stridulation, 92 
angles of wings, 28 
angoumois grain moth, 428 
A nisolabis, 239 
Anisoptera, 310, 312, 320 
Anisopteryx, 402, 447 
A nisotonza, 482 
Anisozygoptera, 321 
Anobiid<e, 493 
Anobiunz, 493 ; sound production, 90 
A nomalon, 549 
Anonzalopteryx, 393 
Anomosetid<e, 426 
Anopheles, 617-20 
Anopleura, 290; spiracles, 107; see also 

Siphunculata 
Anoploternzes, 261, 270, 275 
Anopthalnzlts, 465, 476 
ante-clypeus, 13, 16 
ante-coxal piece, 24, 25 ; of mandible, 14, 

16 
antenn<e, 14, 15 ; muscles of, 52 
antennary (antennal) lobes, 56, 57 ; nerves, 

57; sclerites, 13, 14 
Antennophorus, 571 
anterior notal process, 29 
A ntherea, 448 
Anthicid<e, 498, 501 
Anthicus, 501 
A nthidiunz, 585 
Anthocaris, colour reactions, 81 
Anthocorid<e, 346, 350 
Antlzocoris, 351 
A nthonzyia,. 649 
A nthonzyidce, 648 
Antlzononzus, 148, 508 
Antlzoplzora, 183,586 
Anthophorabia, * 555 
Anthophoridie, 583, 586 
A ntlzrax, 636 
Antlzrenus, 488 
antisquama, 602 
antler moth, 452 
Antliarrhinus, 507 
ant lion, 384, 385 
ants, 562 ; tropisms, 69 ; fat-body, etc" 134; 

sensill<e, 87; spiracles, 110; stridulat
ing organ, 92 

Anltrida, 214, 216, 217, 219; eye, 71 
anus, 97 
aorta, 124, 172 
Apanteles, 549 
Apate, 493 
Apatid<e, * 493 
Apatura, 440, 441 ; genitalia, 420 

Aphaniptera, 662; external anatomy, 664 ; 
internal anatomy, 66S; biology, 666; 
classification, literature, 667 

Aplzanocephalus, 483 
Aphelinus, 524, 537, 539, 55 1, 555 
Aphelochirus, 352 
Aplzelopus,,574 
Aphidid<e, 359, 361 ; salivary glands, 340 ; 

dorsal vessel, 341 ; fecundity, 328, 367 
Aplzidius, 537, 549, 550 
aphids, fecundity, 328, 367 
Aplzilanthops, 581 
Aphis, life-cycle, 363, 364; wax cells, 126 
Aphodius, 514 
Aplzroplzora, 356; ocellus, 70 
Aphrosylus, 638 
Aplzyclts, 555 
Apid<e, 523, 583, 58T 
Apiocerid<e, 628, 633 
Apion, 508 
Apis, biology, 587; comb, 588; digestive 

system, 535; genital organs, 537, 538 ; 
mouth-parts, 527 ; salivary glands, 535, 
536 ; sensil1<e, 67 ; social life, 523 ; sting, 
533 ; thorax, 528; see also bee 

apneustic respiratory system, I 17 
Apocrita, 542, 546 
apodemes, 45 
Apoderus, 507 
Apoidea, 543, 582 
Apontoptera, * 200 
apophyses, 47 
appendages, 12 
Appias, 442 
apple-blossom weevil, 508 
apple sucker, 359, 360 
apposition image, 79 
Aptera, * 200 
Apterona, 434 
apterous insects, 30 
aquatic insects, 115, 116 
Aptericola, 292 • 
Apterobittaclts, 388, 391 
Apterygota, 200, 203 
Apterygogenea, * 199 
Arachnida, 2 

Aradid<ei 346, 348 
A radus', 348 
Arasclznia, 441 
Arbelid<e, 429, 430 
archedictyon, 35, 36 
Archoternzopsis, 250, 275; digestive system, 

254; galleries, 263 ; genital system, 256, 
257,261 ; mouth-parts, 253; wings, 252 

Arctia, 406, 408, 451; glandular set<e, 138 
Arctiid<e, 450 
arculus, 312 
argentine ant, 572 
Argynnis, 440 
Argyra, 638 
ArgyranzQlba, 635 
Argyresthia, 413 
Argyratypid::e, 430 
Arilus, 350 
arista, 594 
Arixenia, 239, 242; viviparity, 240 
Arixeniid::e, 242 
Arnziternz8s, 275 
army worm, 452, 624 
aralia, *27 
A rthrolips" 483 
Arthropleona, 219 
Arthropoda, I; literature on, 5 
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articular sclerites, 29 
Ascalaphid:e, 378, 385 
Ascalaphus, 385 
Aschiza, 638 
A scodipteron, 657. 
Asilid:e, 628, 634 
A silus, foot, 27 
asparagus beetle, 503 
Aspidiotus, 368 
Aspidiphorus, 494 
assembling, 68 
A status, 581 
A sterochiton, 361 ; see also Aleyrodes 
A stomella, 632 
Ate/ura, 570 
Alemeles, 480 
Athalia, 537, 546 
Athericera, 614, 638 
Atherix, 630 
Athous, 496 
Atomaria, 486 
Atractocerus, 30, 492 
atrium, 106, 109 
Atropos, 288 
Attacus, 5, 406, 420, 448 
Attaphila, 570 
Attelabus, 507 
Attini,568 
Auchenorhyncha, 344, 354 
Aucheromyia, 651 
auditory organs, 81; of Orthoptera, 224; 

sensill:e, 82 ; see also chordontonal organs, 
tympanal organs 

Aulacidea, 558 
Aulacus, 548 
auricular valve, 123 
Attstrogomphus, rectum of nymph, 318 
A ttstroperla, 247 
AXelsonia, 215 
axillary cord, 29 
axillary sclerites, 29 

Baccha, 641 
Bacilltts, 232; corpora allata, 127 
Bagous, 507 
bag-worm moths, 434 
Balaninus, 507; mandibles, 458 
bark beetles, 508, 509 
basal articulations, 24, 25 
bas alar sclerites, 23, 30 
basement membrane, 7 
basipodite, 19 
bat parasites, 351, 656, 657 
bean weevil, 502 
bed-hug, 350 
bedeguar, 558 
bee: air-sacs, 114; campaniform sensill:e, 

87 ; embryology, 160; embryonic 
spiracles, 106; eye, 73; peritrophic 
membrane, WI; wax glands, 137; see 
also Apis 

bee louse, see Braula,' bee flies, 635 
bees, 582 
oeetles, 456 
behaviour, see sense organs 
Belgica, 621 
Belostoma, 4, 339, 340, 341, 352 
Belostomatid:e, 352 
Belytid:e, 560 
Be,lyta, 560 
Bembecid;:e, 579, 581 
Bembex, 581 
Bengalia, 608 

Berosus, 490 
Be-rotha, 381 
Berothid;:e, 379, 381 
Berytid;:e, 345, 347 
Bethylid;:e, 543, 573, 574 
Bezzia, 621 
Bibio : antenna, 594; eye, 72; larval 

mouth-parts, 609 ; metamorphosis, 625 ; 
wing, 624 

Bibionid;:e, 615, 624 
Biorhiza, 558 
bird lice, 290 
Biston, 447 
biting house-fly, 650 
biting lice, :290 
Bittacid;:e, 391 
Bittacus, 387, 391 
black termite, 269; black fly, see Simulium 
Blaps, 498 
blastoderm, 158, 159 
blastokinesis, 162 
Blastophaga, 535, 537, 538, 55 1, 553, 1;54 
BlastotMix, 538, 551, 555; Iar.Ya, 55:~ 
Blatta, 222; head, 13; mouth-parts, 16; 

leg, 27; ootheca, 227, 229; respiratory 
movements, 118; tentorium, 45; thor
ax, 24 

Blattella, 229, 230 
Blattid:e, 228, 229; digestive system, 224 ; 

glands, 226; hypocerebral ganglion, 58 
Blenllocampa, 545 
Bleph,aridea, 654 
Blepharocerid;:e, 615, 626 
Blissus, 347; digestive system, 338 
blister beetles, 499 
Blitophaga, 482 
Blochmann's corpuseles, 158 
blood, 124, 125 
blood-gills, 115, II6 
blood worms, 621 
blow fly, 651 
body-cavity, 121, 171 
body-louse, 295 
body-wall, 6, 171 
Boletobia, * 452 
Bolitophila, 96, 623; luminosity, 624 
bollworm, 451, 452 
bombardier beetle, 476 
Bombay locust, 234 
Bombid;:e, 583, 586 
Bombus, 156, 526, 535, 537, 573, 586; social 

life, 587 
Bombycid:e, 444, 449 
Bombyliid:e, 628, 635 
Bombylius, 636, antenna, 594 
Bombyx, 139, _I83, 421, 422, 449; head, etc., 

of larva, 403, 407; exuvial glands, 138 
booklice, 285 
Borborid:e, 644, 648 
Boreus, 389, 391 
Boreid:e, 391 
Bostrichid:e, 493 
bot flies, 65! 
Bothrideres, 486 
Botys, venation, 431 
Brachelytra, * 480 
Brachinus, 465, 476 
Brachycera, 614, 627 
Brachytarsus, 506 
Brachytron, nymph, 316 
Brachytrypes, 235 
Braconid:e, 549 
Brahm;:eid;:e, 444, 449 
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brain, 55; functions of, 61; literature on, 
62; volume of, 61 

branchi<e, 12, 115; see also gills 
BrauIa, 655, 657 
Braulid<e, 657 
Brenthid<e, 506 
Brenthis, 440 
Brephos, 447 
bristles, 8 
bristle-tails, 203 
bromatia, 568 
brown tail moth, 453 
Bruchid<e, 502 
Bruchophagus: egg, 152, 554 
Bruchus, 502 
Bryophila, 452 
bubonic plague, 662 
buffalo gnats, 625 
bull-dog ants, 566 
bumble bees, 596 
Bupalis, gynandromorphism, 144 
Buprestid<e, 494 
burnet moths, 436 
bursa copulatrix, 148, 151, 468 
burying beetles, 481 
butterflies, 438, 401 
Byrrhidw, 489 
Byrrhus, 489 
Bythoscopus, 358 
Byturid<e, 484 
Byturus, 485 

caddis flies, 392; caddis worms, 395 
Ccecilius, 285 
Ccenis, 305 
Calabar swellings, 631 
Calandra, 508 
calcium carbonate in ·Malpighian tubes, 132 
Calicurgus, 578 
Caligo, 440 
Caliroa, 545, 546; urate cells and fat-body, 

134 
Callidulid<e, 437, 438 
Calliephialtes, 548, 549 
Callimorpha, 450 
Callimenin<e, 235 
Callimyia, 640 
Calliphora, 550, 555, 651; digestive system, 

100; fat-body, 197; head, 594; imaginal 
buds, 191, 192; larval spiracles, 109, 
110; male genital organs, 146; Mal
pighian tubes, 130; phagocytosis, 194; 
proboscis, 597; sound-pro~uction, 94; 
wing, 649 

Calliphorin<e, 648 
Callirh4pis, 491. 
Callosamia, 406 
callus, 599 
Caloptenus, 232; brain, 55; phagocytic 

organ, 128; tympanal organ, 84 
Calopterygid<e, 320 
Calopteryx, 321; genitalia, 313; germ band, 

162, 163; mask, 317; nymph, 316; 
thora;x;,311 

Calosoma, 475 
Calotermes, 257, 261, 263, 275; antenna, 15 ; 

nymph,39 
Calypter<e, 643, 648 
calyptron, 602 
Camnula, 234 
campaniform sensill<e, 87 
Campodea, 20, 205, 209; tracheal system, 

112 

Campodeid<e, 209 
campodeiform larva, 179,469,470 
canker worms, 448 
Cantharid<e, 49'1; photogenic organ, 95 
cantharidin, 500 
Cantharis, 492 
Canthon, leg, 26 
Capnia, 247; thorax, 24,25,243,244 
Capniid<e, 247 
caprification, 553 
Capritermes, 262, 275 
Capsid<e, 346, 351; hemelytron, 334; saliva, 

141 
Carabid<e, 475 
Carabus, 476; antenna, 15; digestive 

system, 464 
Carausius, 227,231, 232 
Carcellia, 654 
Carcinocoris, 349 
carder bees, 586 
cardiac valve, 99, 101 
cardinal beetles, 500 
cardioblasts, 169, 171 
Cardiophorus, 496 
carpenter bees, 585; carpenter moths, 429 
carrot fly, 648 
caryolytes, 197 
Cassida, 10 
Cassidin<e, 504 
caste~ 257, 522, 563 
Castnia, 436 
Castniid<e, 434, 436 
castration, 155; parasitic (" castration para-

sitaire "), 271, 575, 640 
caterpillar, 180 
Catharsius, 514 
Catoprochotid<e, 486 
Catops, 482 
Catopsila, 442 
Catoxantha, 494 
caudate larva, 541 
Cebrio, 496 
Cecidomyid<e, 615, 621 
celery fly, 645 
cells of wing, 37 
Celyphid<e, 643, 648 
cenchri, 545 
central body, 56 
Centrotus, 357 
cephalic arteries, 124 
cephalo-pharyngeal skeleton, 609, 610 
Cephalothrips, mouth-parts, 324 
Cephid<e, 543, 544 
Cephus, 544 
Cerambycid<e, 502, 504 
Ceraphrionid<e, 560 
Ceratinid<e, 583, 585 
Ceratitis, 645 
Ceratocampid<e, 444, 449 
Ceratocombid<e, 346, 350 
Ceratophyllus, 663, 664, 666, 667 
Ceratopogon, eye spot, 71 
Ceratopogonin<e, 621 
Ceratopteru s, 478 
Cerceris, 537, 581 
cerci, 42, 166 
Cercopid<e, 355, 356 
Cercyon, 490 
Ceresa, 357 
Ceria, 641 
Cerophytin<e, 496 
Ceroplatus, 623, 624 
cerumen, 589 
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Centra, 409,447 
cervical ampulla, 226; cervical sclerites, 21, 

24 
cervicum, 12, 21 
Cetonia, 9, 17, 512 
Ceuthorrhynchus, 508 
ch<etotaxy, 8, 600 
Chaitophorus, 363 
Chalastogastra, * 542 
Chalcidid<e, 553, 554 
Chalcidoidea, 543, 550; antenna, 15 
Chalcis, 554; embryo, 541 
Chalcosiin<e, 436 
Chalicodoma, 554, 585 
Chaoborus, 14, 618; chordotonal organs, 83 ; 

hydrostatic organs, 115; Johnston's 
organ, 86; tracheal system, II7 

Charceas, 402, 452 
Charagia, 31, 426; wing, 417 
Charips, 559 
Charaxes, 440, 441 
Chauliodes, 376 
cheese skipper, 648 
Cheimatobia, 30, 447, 448; genital organs, 

422 
Cheirochela, 352 
chemotropism, 68 
Chennill1n, 48r 
Chermes, 365, 366 
Chermid<e, * 359 
Chiasognathus, 16, 458 
chigoe, 663 
Chilo, 432 
Chilocorus, 487, 488 
Chilopoda, 2 

Chilosia, 641 
chinch bug, 347 
Chionea, 615 
Chionaspis, 368, 369 
Chironomid<e, 615, 620 
Chironomus, 611, 620; blood gills, 115; 

embryonic envelopes, 168; imaginal 
buds, 190, 191; nervous system, 59, 
60; viviparity, 606 

Chirothrips, 325 
chitin, 7 
Chlmon, 302, 303, 304, 307; eye, 72; gills, 

115; ocellus, 70 
Chlorion, 531 
chlorophyll, 9, 405 
Chloropid.:e, * 647 
Chloropisca, 647 
Chlorops, 647; wing, 643 
chordotonal organs, 81; types of, 83; physi-

010gy,87 
chorion, 151 
Chorista, 391 
Chortophila, 649; imaginal buds, 190 
chrysalis, 184 
Chrysidid<e, 543, 572, 575 
Chrysiridia, 449 
Chrysis, 575 
Chrysobothris, 494 
Chrysocoris, 346 
Chrysomela, 503 
Chrysornelid<e, 502; larva, 470, 504 
Chrysomyia, 608 
Chrysopa, venation, 382; larva, 383 
Chrysopid<e, 379, 381 
Chrysopolomid<e, 434, 435 
Chrysops, 631; mouth-parts, 596 
Cicada, 342, 344, 355; sound-producing 

organ, 93; wings, 335 

Cicadellid.:e. * 357 
Cicadid<e, 355; Cicadoidea, 354 
Cicadetta, 355 
Cicindela. 9, 475. 573; external anatomy, 

460; leg, 26 
Cicindelid<e, 475 
Cidaria. sound production, 92 
Cilex, 437 
Cimbex. 537, 546 
Cimex, 350; genital organs, 341; organ of 

Berlese, 342 
Cirnicid<e, 345. 350 
Cioid<e, 494 
Cionus, 507, 508 
circulatory system. 122 
circumgenital glands, 369 
Cis, 494 
Cissid<e. 494 
Cistela, 499 
Cistelid<e, 497. 498 
Cithcerias, 440 
Citheroniid<e, * 449 
citrus white fly. 361 
claspers, 42, 43 
classification, 199; of Borner, 200; of 

Brauer, 199; of Handlirsch, 201; of 
Sharp, 200; of Shipley, 200; literatUre 
on, 202; system adopted, 201 

Clavicornia,484 -
Claviger, 481 
clavola. 14, 15 
clavus, 334 
claws, 27 
clear wings, 427 
cleavage, 158, 160 
clegs, 630. 631 
Cleonymid<e, 553, 556 
Cleptes, 575 
C(erid<e, 492; spiracles, 109 
click beetles, 495 
Climacia, 380 
Clistogastra, * 542 
clothes moths, 428 
Clothilla, 288 
clothing hairs, 8 
Clothoda, 280. 2821 
clotting of blC)od, 125 
club, 14, 15 
Clunio, 30, 621 
cluster fly, 650 
clypeus, 13, 16 
Clytra, 503. 570; embryology, 159 
elytus, 504 
Cnaphalodes, 365 
Cnemidotus, 477 
Cnethocampa, 445 
coarctate pupa. 185 
Coccid<e, 359, 367; digestive system, 339; 

salivary glands, 340; spiracles, 337 
Coccidotrophus, 485 
Coc~inella, 487 
Coccinellid<e, 487 
Coccus. 369. 370, 55 1, 555 
cochineal. 371 
Cochlidid<e, 434, 435, 436 
Cochlidion, 435 
cockroach, 222, 229 
cocoon, 186; cocoon cutter, 4II 
Cocytius, 444 
codling moth, 430 
ccecum, 102. 465 
Cmlioxys, 585 
ccelom, ccelom sacs. 20, 161, 168 
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CceZopa, 648 
Ccenolnyia, 627, 630 
Coleophora, 428 
Coleoptera, 456; classification, 473; exter

nal anatomy, 457; germ band, 163; 
internal anatomy, 464; larval ocelli, 71 ; 
literature, 514; metamorphoses, 468; 
myrmecophilous forms, 570; sound pro
duction, 91, 463; termitophilous forms, 
270 

Collembola, 214; classification, 219; exter
nal anatomy, 214; eyes, 71; growth, 
218; internal anatomy, 217; literature, 
2~9 

colleterial glands, 147, 150 
Colletes, 583 
Colletid<e, 583 
Collyris, 475 
colon, 102 
Colorado beetle, 503 
coloration, 8; of larva;, 405 
Colydiida;, 486 
combination colours, 9 
commissures, 54; of brain, 56 
compass termite, 264 
complete metamorphosis, 178 
compound eyes, 69, 72, 78 
COlnpsilura, 654; ch<etotaxy, 600 
Comys,* 555 
concave veins, 35, 303 
conchuela, 347 
Conchylis, 430 
condyle, 16 
Congo floor maggot, 651 
Coniopterygid<e, 378, 385 
connectives, 54 
Conopid<e, 644 
Conops,644 
Conorhinus,* see Triatoma 
Contarinia, 621 ; larva, 622 
convex veins, 35, 303 
Conwentzia, 386 
Copidosoma, 555 
Copiuln, 348 
Copri" 17,464, 514 
Coptotermes, 262, 263, 275 
Coranus, 336 
corbicula, 532 
Corethra, * see Chaoborus 
Cordulegaster, 308, 320; mouth-parts, 311 ; 

genitalia, 313 
Cordylobia, 608 
Cordylurid<e, 643, 647 
Coreid<e, 345, 347; wings, 334; chemotrop-

ism in, 68 
corium, 334 
Corixa, 354 
Corixid<e, 353; sound-production, 336 
cornea, 69, 73 
corneagen, 69, 73 
cornicles, 362 
Corotoca, 480 
corpora allata, 127 
Corydalis, 375; head of larva, 16 
Corylophid<e, 480, 483 
Corynetes, 492 
Corynoneura, 621 
Cosilid<e, 573 
Cossid<e, 429; venation, 418 
COSSltS, 183, 421, 429 
costa, 28, 34 
cotton boll weevil, 508; bollworm, 451, 452 ; 

stainer, 330, 347, 348 

coxa, 25, 27; coxa vera, 26, 27; coxal 
process, 23, 25 

coxopodite, 19 
crab louse, 296 
Crabro, 582 
Crabronidre, 579, 582 
Crambin<e, 432 
Cramblts, 432 
craneflies, 615 
cremaster, 41 I 
crickets, 235 
Ori'oceris, 503, 555 
Croce, 383, 384 
crochets, 403, 404 
crop, 98, 510 
Crossotarsus, 506, 5 I 0 
cross-veins, 36, 37 
Crustacea, 2; appendages, 19 
Cryptocephalus, 503 
Cryptocerata, .342, 532 
Cryptoc'haJtum, 646 
Cryptophagus, 486 
Cryptophagid<e, 485 
Cryptotermes, 263 
crystalline cone, 73 
Ctenocephalus, 663, 664 
Ctenophora, 616 
Ctenucha, 450 
Cubitermes, head, 251 
cubitus, 35 
cuckoo-spit, 356; cuckoo wasps, 575 
Cucujida;, 485; larva, 470 
cucujos, 95 
Culex, 617; antenna, 15; larva, 618; 

mouth-parts, 596; resting attitude, 
619 

Culicid<e, 615, 617 
Culicoides, 620, 621 
cuneus, 334 
Cupedidre, 475, 479 
Cupes, 479 
Curculionidre, 507; head, etc., 459;. larva, 

470; mandibles, etc., 458 
Cursoria, 228 
cuticle, 6 
cuticular appendages, 7; colours, 9; pro-

cesses, 8 
cut worms, 452 
Cyathoceridre, 489 
Cyelopodia, 656 
cyclopoid larva, 541 
Cyclorrhapha, 613, 614; larva, 592; head, 

593; ptilinum, 593 
Cydia, 408, 430 
Cylindrotoma, 616 
(;ymatophoridaJ, 445, 446 
Cymbidoe, 451 
Cynipidre, 557 
Cynipoidea, 543, 556 
Cynips, 558 
Cyphoderus, 214, 219, 570 
Cyphus, 507 
Cyrtacanthacris, 234 
Cyrtidoe, 628, 632 

Dacnina;, 485 
Dactylopius, 371 
Dacus, 645; chemotropism in, 68; abdomi-

nal segments, 603 
Dalceridre, 436 
Danaina;, 439 
Danais, 413, 420, 439; scales, 415 
Daphnis, 444 
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Dascillid<e, 490 
Dascillus, 490 
Dasyhelea, 621 
Dasyneltra, 622; egg, 152 
Dasyphora, 606 
death's head moth, 445; see also Acherontia 
death watch, 288, 493 
decapitation, effects of, 62 
Deilephila, 444; eye, 81 
Deiopia, 451 
Delphacid<e, 358 
Deltocephalus, 358 
dentes, 215, 217 
Deporaiis, 507 
Depressaria, 428 
Derbid<e, 359 
Dermaptera, 238; external anatomy, 239; 

internal anatomy, 240; growth, classifi
cation, .241; literature, 242 

Dermatobia, 608, 652 
Dermatophilid;:e, 667 
Dermatophilus, 663, 66, 
Dermestes, 488 
Dermestid<e, 488 
dermis, 6 
Derodontid<e, 486 
desmergat' , 565 
Deticlts, tympanal organ, 85 gizzard, 

101 
Deuterophlebia, 626, 668 
Deuterophlebiid<e, 615, 626 
deutocerebrum, 20, 55, 56 
deutoplasm, 158 
development, 157 
Dexiid<e, 653 
Dexodes, 654 
Dialeurodes, 361 
diamond beetles, 507 
Diapria, 560 
Diapriid<e, 560 
Diapus, 510 
Dicellura, * 201 
dichoptic eyes, 592 
dichthadiigyne, 565 
Dicranota, 616 
Dicranura, 409, 446 
digestive system, 97; physiology, 102; speci

a�ized types of digestion, 103; meta
morphosis of, 195; literature on, 103 

Dilar, 379 
Dilarid<e, 379 
Dimera, 288 
Dinarda, 480, 570 
Dindymus, 348 
dinergate, 565 
Dinoderus, 493 
Diopsid<e, 643, 648 
Dioptin<e, 451 
Dioxys, 585 
Diphlebia, 321 
Diplatys, cerci, 241 
Diplopoda, 2 

Diploptera, * 572 
Diplura, * 200 
Dipseudopsis, maxilla, 393 
Diptera, 592; air-sacs, 114; chemotropism 

in, 68; ch<etotaxy, 600; classification, 
613; external anatomy, 592; imaginal 
buds, 190; internal anatomy, 603; 
literature, 657; metamorphoses, 608; 
myrmecophilous forms, 570; phagocy
tosis, 194; termitophilous forms, 270; 
viviparity, 606 

direct metamorphosis, 178 
Ditomyia, 623 
Diltrnea, 30 
Diversicornia, 474, 483 
divided eyes, 72, 80 
Dixa, 617 
Dixid<e, 615, 617 
Docophorus, 295 
Dolichopodid<e, 628, 637 
Dolichopus, 638 
Dolichztrus, 579 
Donacia, I3I, 50I, 503 
dor beetles, 514 
dorsal diaphragm, 122, 123; ocelli, 69, 70; 

organ, 167; vessel, 122, 124, 171 
Doryctes, 534, 535, 537 
dorylaner, 564 
Dorylin<e, 566 
Dorylus, 525 
dragonflies, 308 
Drapetis, 627 
Drepana, 437 
Drepanid<e, 437 
Drepanosiphum, 363 
Drepanulid<e, * 437 
Drilus, 492 
driver ants, 566 
drone, 587 
Drosophila, 646; chemotropism in, 68; egg, 

152; mutation, 602; olfactory sense, 
67 

Drosophilid<e, 644, 646 
Dryinin<e, 574 
Dryophanta, 537 
Dryophorus, 507 
Dryopid<e, 489 
Dryops, 489 
Dulichius, 329 
dulosis, 571 
dung beetles, see Scarab<eid<e 
Duomitus, 429 
Dyar's law, 183 
Dynastes, 456 
Dynastin<e, 512 
Dysdercus, 328, j338, 348 
Dytiscidal, 474, 477 
Dytiscus, biology, 477; digestion in, 103; 

digestive system, 465; histology of 
muscle, 48; labium, 458; leg, 26; 
ocellus, 71 

earwigs, 238 
ecdysis, 182 
Echinomyia, 654 
Echinophiriid<e, 300 
Echinopthirius, 297, 300 
Echthrodelphax, 574 
Ecitomyia, 639 
Eciton, 525, 538, 567 
eclosion, from egg, 176; of imago, 186, 

187 
ectadenia, 146, 147, 467 
ectoderm, 161 
Ectognatha, 209 
ectotrachea, I II 

Ectrephid<e, 493 
egg, 151, 152; egg-calyx, 148, ISO 
Elachistid<e, 428 
Elasmid<e, 556 
Elaterid<e, 495; antenna, 15; photogenic 

organs, 95 
Elenchus, 521 
Ellipoptera, * 200 
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Elmis, 490 
elytra, 30, 460, 462; elytral nerve, 62 
Ematurga, 420, 42 I 
Embaphion, mouth-parts, 471 
Embia, 277; spinning glands, 279; vena-

tion, 280; nymph,281 . 
Embiidre, 282 
Embioptera, 277; tunnels, 278; external 

anatomy, 279; internal anatomy, de
velopment, 281; classification, litera
ture, 282 

embolium, 334 
embryo, 164, 165; dorsal closure, 166, 167 
embryology, 158; literat\lre on, 174 
embryonic envelopes, 161; degeneration of, 

166 
Emenadia, 4<:)9 
Empidre, 628, 636 
Empis, 637; antenna, 594 
Empoascd, 358 
empodium, 27 
Empretia, 435 
EnaUagma, 321 • 
Encyrtid<e, 552, 555 
Enc:yrtlts, 540, 555 
Endaphis, 621 
end-cells, 111 
endites, 19 
endoderm, 169 
Endomychid::c, 487 
Endomychus, 487 
endopleurites, 47 
endopodite, 19 
Endopterygota, 202 
endoskeleton, 45; literature on, 47 
endosternites, 47 
endotergites, 46 
endotrachea, I I I 

Endromidre, 437, 438 
Endromis, 438 
Eneopterinre, 236 
Enoicyla, 393, 395 
enteric creca, 99, lOI, 338 
Entimus, 507 
Entognatha, 209 
Entomobrya, 217, 219 
Entomobryidre, 219 
Eosentomidre, 213 
Eosentomon, 212, 213 
Epmcus, 564 
Epeolus, 586 
Ephemera, 178, 302, 305 
Ephemeroptera, 301; external anatomy, 43, 

302; internal anatomy, 303; oviposi
tion, metamorphosis, 304; literature, 
30 7 

Ephestia, 432 
Ephippigerinre, 235 
Ephydra, 647 
Ephydridre, 644, 646 
Epiblema, 430 
Epicauta, 181, 500 
Epichnopteryx, 434 
Epicopeia, 449 
epicranial suture, 13 
epicranium, 13 
Epicrypta, 624 
Epidapus, 623 
epidermis, 6 
Epilachna, 487 
epimeron, 23 
epineural sinus, 171, 172 
epinotum,* 41 

Epiophlebia, 309, 321 
epiopticon, 56, 57 
epipharynx, 16 
epipleura, 460, 461 
epipodite, 19 
Epiponinre, 523, 577 
episternum, 23 
epistoma, 457, 593 
Epyris, 574 
Erebia, 440 
Erebus, 5 
ergatandromorph, 564 
ergataner, 564 
ergate, 564 
ergatogyne, 564 
Erias, 451 
Ericerus, 137, 371 
Eriocephala, * see Micropteryx 
Eriocrania, 425 
Eriosoma, 362; wax glands, 137 
eri silk, 448 
Eristalis, 6II, 641, 64-
ermine moths, 451 
Ernestia, 654 
Erotylidre, 485 
eruciform larva, 179, 180 
Erycinid::c, * 441 
erythropsin, 80 
Eublemma, 452 
Eubrychius, 507 
eucephalous larvre, 609 
Eucharidre, 552, 555 
Euchloe, 442 
Euchroma, 495 
Euchromia, 450 
E11clea, 436 
Eucleidre, * 435 
Eucoila, 539, 541, 559 
eucoiliform larva, 541 
Eucneminre, 495 
eucone eye, 74 
Euglossa, 526, 586 
Euglossidre, 583, 586 
Euliphrya, 442 
Eulophidre, 553, 555 
Eumenes, 576 
Eumenidre, 572, 575 
Eumerus, 641 
Eumicrosoma, 560 
Eunausibius, 485 
Eunotinre, 555 
Eupelmus, 555 
Eupholus, 507 
Euplectrus, 55 1, 555 
Euplcea, 439, 440 
Euproctis, 453 
Eupterote, 446 
EupterotidaJ, 444, 445 
Eurymetopus, digestive system, 293 
Eurytoma, 554 
Eurytomidre, 553, 554 
Euschemon, 436, 438, 444 
eusternum, 24, 25 
Eusthenia, 247 
Eustheniidre, 244, 247 
Eutermes, 256, 275; head, 251 ; wings, 253 ; 

nasute soldier, 261; termitarium, 265; 
habits, 269 

Euxesta, 645 
EvaUjapyx, spiracles, lO6 

Evania, 548 
Evaniid::c, 548 
Evetria, 430 
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exarate pupa, 184 
excretory organs, 130 
Exechia, 623, 624 
exocone eye, 75 
exopodite, 19 
Exopterygota, 202 
external chiasma, 56 
external digestion, 103 
external medullary mass, 56 
exudation theory, 271 
exuvial glands, 138 
eyes, 69; development of, 76 

faceted eyes, 69 
facets, 72 
facial ridges, 593 
fairy flies, 556 
Fannia, 649 
fat-body, 133; metamorphosis, 197 
fecundity of Hemiptera, 328, 370; of 1sop-

tera, 268 
female reproductive organs, 147 
femur, 27 
Feniseca, 442 
fig insects, 553 
Figitid.e, 559 
Filaria, 620, 631 
Filippi's glands, 408 
filter chamber, 339 
flagellum, 14, 15 
Fla tid.e, 358 
fleas, 662 
flesh flies, 652 
flies, 592 
flight, 37; muscles of, 52 
fluted scale, 368 
Frenus, * 548 
food-reservoir, 604 
footmen, 451 
Forcipomyia, 621 
fore-intestine, 97 
Forftcula, 238; labium, 18; nervous system, 

54; phagocytic organs, 128; reproduc
tive organs, 145, 148; forceps, digestive 
system, 240; nymph,241 

Forficulid.e, 241 
Formica, 185, 565, 566,571; imaginal buds, 

195 
Formicid.e, 562 
Formicoidea, 543, 562 
fossil insects, venation, 35, 36; prothoracic 

processes, 38 
Fossores, 572 
free pupa, 184 
frenulum, 31, 418 
frit fly, 647 
fritillaries, 440 
frog hoppers, 356 
frons, 13, 16 
front, 593 
frontal ganglia, 55, 58; gland, 255, 262; 

nerve, 58; suture, 593; triangle, 593 
Fucellia, 649 
fulcrum, 597 
Fulgora, 340 
Fulgorid.e, 359 
Fulgoroidea, 358 
Fumea, 421 , 434 
fungi and insects, 103, 269, 510, 568, 649 
fungus gnats, 623 
funicle, 14, 15 
furca, 25, 47, 597, 598 
furcula, 216 

galea, 17, 18, 19 
Galerucella, 504; phagocytosis, 195 
Galleria, 420, 432; Malpighian tubes, 130 
galls, 360, 365, 546, 558, 622, 645 
gall midges, 621; wasps, 557 
ganglia, 54 
ganglionic layer, or plate, 56 
Gargara, 357 
garland-like cell chain, 132, 133 
Gascardia, 371 
gaster, 562 
Gasteruption, 548 
gastral groove, 160 
gastric creca, 99, 101, 338 
Gastrodes, 348 
Gastrophilus, 608, 651, 652; tracheal cells, 

III, 112 
Gelechia, 428 
Gelechiid.e, 428 
gena, 13, 16 
genital organs, see reproductive system 
genital aperture, 143; ducts, development of, 

173 
genitalia, 43, 44 
Geometrid.e, 444, 447 
Geomyzid<e, 644, 648 
Georyssid<e, 489 
Georyssus, 489 
Geotrupes, 514 
germarium, 145, 149 
germ band, 160 
Gerris, 349 
Gerydus, 442 
giant water bugs, 352 
gills, 115; of Plecoptera, 246; of Ephemer-

optera, 305; of Odonata, 319 
Gilson's glands, 397 
ginglymus, 16 
gipsy moth, 453 
gizzard, 98, 99 
glands, 136 
glandular hairs, 405; set.e, 8, 138 
Glischrochilus, 485 
glossa, gloss.e, 16, 17, 19 
Glossina, 555, 573, 651; larval spiracles, 110 ; 

mouth-parts,1 596, 598; uterus, etc., 
606; viviparity, 606 

glow-worm, 491 
gnats, 617 
GnopJ\omyia, glands, 136, 139 
goat moth, 429 
gold tail moth, 452 
Gomphus, 320 
gonads, 143: see also reproductive system 
gonapophyses, 42 
Gonepteryx, 442 
Gongylus, 231 
Goniodes, 295 
Goniops, 632 
Goniozus, 574 
Gorytes, 580 
gout fly, 647 
Graber's organ, 88, 631 
Gracilaria, 428 
granular spheres, 193, 194 
Graptolitha, 430 
grasshoppers, 232, 234 
green-fly, 361; fecundity, 367 
Gripopteryx, 247 
ground pearls, 371 
grouse locusts, 232 
growth, I83 
Gryllid.e, 228, 235; tympanal organs, 84 
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G'I'ylloblatta, 228, 229 
Grylloblattid::e, 228, 668 
Gryllotalpa, 236; leg, 26 
Gryllus, 235; myology, 50 
gula, 14, 18 
gulamentum, 14 
gular sutures, 457 
gustatory sensill::e, 66 
Gymnetron, 508 
Gymnocerata, 344 
Gymnosoma, 654 
gymecaner, 564 
gyn::ecoid, 565 
gynandromorph, 144, 564 
Gyrinidm, 474,478 
Gyrinus, 478; eye, 72 
Gyropid::e, 295 
Gy'l'opus, 295 

Habrosyne, 445, 446 
Hadena, 452 
Haimatobia, 555 
Hmmatomyzid::e, 300 
Haimatomyzus, 297, 300 

Hmmatopinid::e, 300 
Haimatopimts, 297, 300 
Haimatopota, 631 
h::emocoele, 122 
h::emoglobin, 120 
h::emolymph, 124 
Haimonia, 501, 503 
Haitera, 440 
Halesus, 392 
Halias, 92, 451 
Halictophagus, 521 
Halictus, 584 
Haliplid::e, 474, 477 
Haliplus, 477 
Halirytus, 621 
Halobates, 349 
halteres, 3D, 88, 602 
Haltica, 503; Malpighian tubes, 131 
Hamitermes, 251, 264, 275 
hamula, 215, 216 
hamuli, 31, 314 
Harmolita, * 554 
Harpactor, 350 
Harpalu5,475 
hatching spines, 176 
hausteIlum, 597 
hawk moths, 445 
head, 13; muscles of, 51 
head louse, 295 
heart, 123, 127 
Hebrid::e, 346, 348 
Hebrus, 348 
Helicobosca, 653 
Heliconin::e, 440 
Heliocop'l'is, 514 
Heliopathes, sound production, 91 
Heliopeltis, 351 
Heliothis, 452 
Heliothrips, 326; mouth-parts, 324 
Helochares, 490 
Helodes, 491 
Helodid::e, 491 
Helomyza, 648 
Helomyzid::e, 643, 648 
Helophilus, 641, 642 
Helophorus, 490 
Helorid::e, 560 
Helotid::e, 484 
Hemaris, 445 

hemelytra (hemi-elytra), 30, 333 
Hemerobiid::e, 378, 379 
Hemerobius, 379, 380 
Hemerodromia, 637 
hemicephalous larv::e, 609 
Hemicordulia, 309 
Hemimerid::e, 242 
Hemimerus, 240, 242 
Hemimetabola, 178 
hernipneustic respiratory system, 117 
Hemiptera, 328; external anatomy, 329; 

alary polymorphism, 334; sound-pro
ducing organs, 336; spiracles, 107; wax 
glands, 137; internal anatomy, 337; 
metamorphoses, 343; classification, 344 ; 
literature, 371, 668 

Hemiteles, 549 
Henicocephalid::e, 346, 349 
Hepialid::e, 31, 417, 426 
Hepialus, 421, 426; odoriferous glands, 139 
Heptagenia, nymph, 305, 306 
hermaphrodites, 144 
Hesperiid::e, 439, 443 
hessian fly, 621 
Heterocera, * 423 
Heteroceridm, 490 
HetJrogenea, 435 
Heterogeneid<e, * 435 
Heterogyna," 562 
Heterogynid::e, 434 
Heterogynis, 434 
Heterojapyx, 203, 206, 209 
Heteromera, 474, 496 
Heterometabola, 178, 202 
Heteroneura, 427 
Heteroneura, 648 
Heteroneurid::e, 643, 648 
Heterophaga," 542 
Heteroptera, 344 
Hexagenia, 305 
Hexapoda,l 
Hierodula, 231 
Hilaria, 636, 637 
Himanopterus, 436 
Himera, 447 
hind-intestine, 102 
Hippobosca, 655 ; larval spiracles, 110 ; 

proboscis, 598 
Hirmoneura, 633 
Hispa, 503 
Hister, 483 
Histerid::e, 480, 483 
Histia, 436 
histoblasts, 189 
histogenesis, 193 
histolysis, 193, 194 
hive bee, see bee 
Hodotermes, 261, 268, 275 
Hodotermopsis, 254, 275 
Hololepta, 483 
Holometabola, 178, 202 
Holometopa, * 643 
Holoneurus, 623 
holopneustic respiratory system, 116 
holoptic eyes, 592 
Holorusia, 616 
Homoneura, 417, 425 
Homoptera, 344, 354 
honey ants, 569; honey bee, sec bee; honey 

dew, 362, 370; honey comb, 588 
hook tips, 437 
Hormaphis, 363 
horn tails, 544 
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horse flies, 630 
house fly, 649; chemotropism, 68; sound 

production, 92; see also Musca 
hover flies, 640 
human flea, 663 
humeral lobe, 31 
humming bird moth: 444 
Hybernia, 30, 447, 448 
Hydrellia, 647 
Hydrobius, 490 
Hydrocampa, * 432 
Hydrocampin<e, 432 
Hydrocharis, 490 
Hydrometra, 348, 349 
Hydrometrid<e, 346, 348 
Hydromyza, 648 
Hydropedeticus, 220 
HXdrophilid<e, 490 
Hy'drophilus, biology, 490; ocelli of larva, 

77; embryonic envelopes, 167; head, 
457; thorax, 461 

Hydrophylax, 556 
Hydropsyche, case, 395 
Hydropsychid<e, 398, 399 
Hydroptila, 392, 394; case, 395 
Hydroptilid<e, 398, 399 
Hydroscapha, 483 
Hydroscaphid<e, 480, 483 
Hydrous, * 490 
Hygrobia,* 476 
Hylastes, 509 
Hyleccetus, 492 
Hylemyia, 649; larva, 592; viviparity, 

606;_ tracheal system, 611 ; wil,lg, 649 
Hylobius, 507, 508 
Hylophila, * 451 
Hylotoma, 545 
Hymenoptera, 522; external anatomy, 525 ; 

internal anatomy, 534; air-sacs, 114; 
fat-body and urate cells, 134; meta
morphoses, 538; classification, 542; 
literature, 589 

Hypatima, 428 
Hypena, 452 
Hypera, 507, 508 
Hyperaspis, 488 
hypergamesis, 342 
Hypermegethes, 36 
hypermetamorphosis, 181, 470, 481, 499, 540 
Hyphantria, 554 
Hypoborus, 550 
hypocerebral ganglion, 55, 58 
HYP9derma, 608, 652 
hypodermal colours, 9 
hypodermis, 7; metamorphosis of, 198 
Hyponomeuta, 427, 428, 555 
hypopharynx, 16, 17, 19 
hypopleuron, 600 
hypopygium, 603 
hypothetical venation, 32 
Hypsa, 453 
Hypsid<e, 450, 453 
Hypsipyla, 432 
Hystrichopsylla, 667 

Ibalin<e, 558 
Icerya, 368, 487 
ichneumon flies, 548 
Ichneumonid<e, 184, 548 
Ichneumonoidea, 543, 547 
I diocerus, 357 
Idolothripid<e, 326 
ileum, 102 

imaginal buds or discs, 189 
imago, 176; devc[opment of, 189 
incomplete metamorphosis, 178 
Incurvaria, 422 
Indian meal moth, 432 
indirect metamorphosis, 178 
indusium, 164 
infra-buccal chamber or pocket, 534, 568 
infra-epimeron, 24 
infra-episternum, 23 
inner layer, 161 
Ina, 436 
Inocellia, 376 
Inoslemma, 561 
Insecta, definition of, 1; affinities,3; general 

structure, 3; number and size of, 4; 
general literature on,s 

insects, 1 
instar, 176 
integument, 6 
intercalary segment, 20, 165 
intermediate types of larv<e, 180 
internal chiasma, 56 
internal medullary mass, 56 
intersegmentalia, II 
I phiclides, 443 
I pid<e, * 508 
Ips,* 485 
Ips, 509 
Iridomyrmex, 572 
iris, 70; iris cells-primary, 73, secondarY,/4 
ischiopodite, 19 
Ischnopsyllus, 663, 667 
Is.chnura, 321; coloration, 309 
Isocratus, 555 
I sogenus, 244 
Isoptera, 249; external anatomy, 250; 

tentorium, 46; internal anatomy,. 254 ; 
fat-body, 134; frontal gland, 255,262 ; 
castes, 257; habitations, 263; biology', 
266; swarming, 267; fecundity, 268; 
fungus gardens, 269; termitophilous 
insects, 270; polymorphism, 270; social 
symbiosis, 270; relations with Protozoa, 
272, 668; metamorphoses, 273; quies
cent phase, 2;4; classification, llitera
ture, 275 

Isosoma, 524, 554 
Isotoma, 214, 217, 219 
Ithomiin<e, 439 
Ithone, :378, 379 
Ithonid<e, 379 

Janthinosoma, 652 
Janus, 544 
Japygid<e, 209 
J apyx, 209; tracheal system, 106, 113 
J assid<e, 355, 357 
jigger, 663 
johnston's organ, 86 
jugal bristles, 30,31; lobe, 30, 31 
jugum, 31 
Julus, eyes, 77 
jumping plant lice, 359 

Kala-azar, 350 
Kallima, 441 
katydids, 234 
Krause's membrane, 48 

labellum, 527; labella, 595 
Labia, 238 
labial glands, 132, 140; palpus, 16, 18 
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Labidura, 238, 240, 241 
labium, 16,17,18 
labrum, 13, 16 
lac, 138, 371 ; lac glands, 138 
lace bugs, 348 
lace wings, 379, 38r 
Lachnosterna, 514, 560 
Lachnus, 362 
lacinia, 17, 18 
lackey moth, 438 
Lacosoma, 435 
Lacosomid<B, 434, 435 
lady-birds, 487, 488 
Lcemobothrium, mouth-parts, 293 
Lcemophlceus, 485 
Lee/ilia, 432 
Lagoa, 138, 435 
_Lagoid<B, * 435 
Lqgria, 498 
Lagriid<B, 497, 498 
Lamellicornia, 474, 510 
Lamprinlls, 570 
Lamprophorus, 491 
Lampyris, 95, 491 
lappet-moths, 437 
large intestine, 102 
Lariid<B, *' 502 
Larra, 581 
Larrid<B, 579, 581 
larva, 178 
Lasiocampid::e, 437" 
Lasiocampina, 424, 437 
Lasioderma, 493 
lateral apodermes, 47; ocelli, 69, 71 ; plates, 

160 
latero-sternite, 24, 25 
Lathridius, 486 
Lathriid::e, 486 
Lathrimceum, 480 
Lauxania, 646 
leaf-cutting bees, 584 
leaf-hoppers, 355, 357; fecundity, 328 
leaf-insects, 231, 232 
Lebia, 132,470 
Lecanium, * see Coccus 
Lectocoris, 35 I 
legs, 25, 26, 39; muscles, 51 
Leia, 623, 624 
Leistus, labium, 458 
Lema, 503 
Lemoniidre, * 441 
lens, 69 
Lepidocampa, 209 
Lepidocyrtus, 214, 217 
Lepidoptera, 401; androconia, 138; anten

n::e, 15; classification, 423; egg, 402; 
embryonic envelopes, 168; external 
anatomy, 412; exuvial glands, 138; 
imaginal buds, 189; internal anatomy, 
420; larva, 402; ocelli of larva, 71; 
literature, 453; odoriferous glands, 
139; pupa, 409; stridulating organs, 92 

Lepidosaphes, 339, 368, 370 
Lepisma, 203, 204, 209; gonads, 143; germ-

band, 161, 162 
Lepismid::e, 209 
Leptid::e, 629 
Leptinellus, 482 
Leptinid::e, 480, 482 
Leptinotarsa, 9, 503; embryo, 166 
Leptimts, 457, 482 
Leptis, 630; antenna, 594; foot, 27; larva, 

629; wing, 602 

Leptocircus, 443 
Leptocerid::e, 398, 399 
Leptocorisa, 347 
Leptoperla, 247 
Leptoperlid::e, 247 
Leptopsylla, 663, 667 
Leptothorax, 538 
Lestes, 321 
Lestid::e, 321 
Lethocerus, 352 
Leto, 426 
Leucania, 452 
leucocytes, 125, 126 
Leucophcea, 229 
Leucopis, 646 
Leucorrinia, 320 
Leucospis, 540, 554 
Leucotermes, 263, 267, 275; castes, 257; 

frontal gland, 255 
'Leuctra, 247; sternum, 24, 25; thorax, 

242 
Libelilfla, 309, 320 
Libellulid::e, 320 
Liburnia, 359 
Libythea, 441 
lice, 290, 295 
Limacodid::e, * 435 
light-producing organs, 95 
ligula, 18, 19 
Limnerium, 548, 549, 554 
Limnophilid::e, 398, 399 
Limnophilus, mouth-parts, 393 
Limonius, 496 
Limothrips, 322 
lingua, 19 
lingula, 361 
Linognathus, 300 
Liotheid::e, 295 
Liparid::e, * 452 
Lipeurus, 291, 292, 295 
Liphyra, 442 
lipochromes, 9 
Lipoptella, 655 
Lipoptera, * 200, 290 
Lipura, 95, 214 
Lissodema, 499 
Lithob,ius, eyes, 77 
Lithocolletis, 428, 555 
Lithosiidre,* 450 
Litodactylus, 507 
Litomastix, 555 
Litus, 556 
Livia, 360 
locomotion, 28, 39 
locust, 232, 234 
LOGusta, 233: see also Phasgoneura 
Locustid<B, 228, 234; digestive system, 224 ; 

indusium, 164; tympanal organs, 84 
Lohita, 348 
Lomechusa, 480, 570 
Lonchcea, 646 
Lonchoptera, larva, 639 
Lonchopterid::e, 639 
long-horned grasshoppers, 234 
Longicornia, * 504 
Lophopter.yx, 446 
Lophyrus, 545, 546 
Loricera, larva, 469 
lorum, 527 
Lucanid::e, 5II 
Lucanus, 16, 512; air-sacs, 466 
I uciferase, 96 
luciferin, 96 
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Lucilia, 550, 649, 65!; digestion in larva, 

103 ; thorax, 600 
Luciola, 95, 491, 492 
luminous organs, 95 
lunule, 593, 594 
Lycama, 421, 441 
Lyc<enid<B, 10, 439, 441 
L ycin<e, 491; spiracles, II 7 
Lyctid<B, 493 
Lyctus, 494 
Lyda,* 545 , 
Lyg<eidre, 345, 347, 348; hemelytril:, 334; 

digestive system, 338 
LygtEonematus, 546 
LygtEus, salivary glands, 340 
Lygocerus, 539, 561 
Lyglts, 351 
Lymantria, 453 
Lymantriidre, 450, 452, 453 
Lymexylon, 492 
Lymexylonid<B, 492 
lyocytosis, 194 
Lyonetia, 428 
LyroptEus, 491 
Lysiognatha, 547 
Lytta, 5°O 

Machmrota, 357 
Machilid<e, 3,17, 209 
Machilis, 209; genitalia, 42, 43; nervous 

system, 60 
rnacraner, 564 
rnacrergate, 564 
Macrocephalid<B, * 349 
Macrodontia, 4 
M aaoglossa, 444 
rnacrogyne, 564 
Macronychzts, 490 
Macrosiphum, 367 
Macrothylacia, head of larva, 403; integu-

ment, 7 
MacrotollZa, 504 
macrotriclJia, 7, 28 
Macroyela, 530 
mala, 17 
Malachiidre, * 492 
Malachius, 492 
Malacodermid<e, * 491 
Malacosoma, 402, 437, 438 
malaria, 619 
malaxation, 580 
male reproductive organs, 144 
Mallophaga, 290; hosts, external anatomy, 

292 ; internal anatomy, 293; classifi
cation, 295; literature, 300 

Mallota, 641 
Malpighian tubes, 130, 170 
lvlammestra, sensillre, 66 
mandibles, 13, 16 
mandibular glands, 139, 140, 408 
Mantid<e, 228, 230; digestive system, 224 
Mantis, 230, 560; ootheca, 227 
Mantispa, 385 
Mantispid<B, 378, 385 
manubrium, 215, 217 
many-plume moths, 433 
Margarodes, 370, 37J, 668, 
margins of wings, 28 
Maruina, 617 
Masarid;:e, 572, 575 
]vIastotermes, 253, 254, 261, 263, 274, 275 
Mastotermidre, 275 
maxill;:e, 17, 18 

maxillary glands, 140; palpus, 17, 18; 
pleurites, 14, 16 

maxillul;:e, * 18 
may-fiies, 301 
Mayetiola, 621, 623 
meal-worm, 498 
mealy-bugs, 368 
meconium, 187 
Mecoptera, 387, 668 ; external anatomy, 388 ; 

internal anatomy, metamorphoses, 390; 
classification, literatUre, 391 

Medeterus, 638 
media, 35 
median segment, * 41 
Mediterr<ijlean flour moth, 432; fruit fiy, 645 
Megaehile, 535, 537, 584 
Mcgachilidae, 583, 584 
Megaloptera, 375 
Megalopygid<e, 434, 435 
Megalothorm~, 219 
Megalleura, 308 
Mega,thinus, 618 
Megaso'!1a' 4 
Megastigmus, 554-
Megathymiime, 444 
Megathymus, 436 
Melandryid;:e, 497, 499 
melanin, 9 
Melanitis, 440 
Melanoehelia, cephalo-pharyngeal skeleton, 

610; female genital o~gans, 606 
Melanoplus, 47, 234; air-sacs, 114: labium,221 
Melanostoma, 641,642 
Melanotus, 496 
Melaris, 495 
Melasina, 429 
Melasoma, 502; germ-band, 165 
Meleeta, 526, 58n 
Meligethes, 485 
Melipona, 589; social life, 523 
Melitma, 440 
Melittobia, 555 
Melittomma, 492 
Melliuid<e, 579, 580 
Mellinlts, 581 I 
1kleloe, 14, 500 
Meloldae, 497, 499 
Melolontha, 513; air-sacs, 1I4; antenna, 

15; digestive system, 464; Malpi
ghian tubes, 130; muscular powers, 52 ; 
spiracles, ro8, 109 

Melophagus,655, 656 ; imaginal buds, 190,193 
Melydridce, 492 
Membracid;:e, 355, 357; digestive system, 

338, 339 
Mengea, 521 
Mengeid<e, 52! 
Menopon, 291, 292, 295 
Mermis, 564, 571 
mermithaner, 564 
mermithergate, 564 
mermiihogyne, 564 
Merodon, 641, 642 
meron, 26, 27 
Meropid;:e, 391 
mesadenia, 146, 147, 467 
Mesembrina, 606 
mesenteron, 169 
mesoblastic somites, 168 
Mesoehorus, larva, 541 
mesoderm, 168 
Mesogramma, 641, 642 
Mesotermitid;:e, 275 
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Mesovelia, 348 
Messor, 567 
Metabola, 176 
metamorphosis, 176; types of, 178; liter-

ature, 198 
metanotal gland, 226 
meta pneustic respiratory system, II 7 
MetatermitidiB, 275 
Methoea, 573 
Me/weltS, 499, 577 
Metopina, 571 
Miastor, 154, 623 
micraner, 564 
micrergate, 564 
Mieroehrysa, larva, 629 
Mierodon, 570, 641, 642 
Micragaster, 541, 549 
microgyne, 564 
MicromalthidiB, 492 
Mieromalthus, 492 
11Iicronecta, 354 
l1).icroorganisms and digestion, 103 
Micropeplus, 481 
Micropezid::e, 644, 648 
Mieroplitis, 549 
MicropterygidiB, 417, 422, 425 
Mieropteryx, 422, 425 
micropyle, 152 
MicYotermes, 251, 275 
microthorax, 21 
microtrichia, 6, 8, 28 
middle plate, 160 
midges, 620 
mid-gut, 99 
mid-intestine, 99 
migratory flight, 233, 309, 322, 442 
migratory locusts, 233 
mimicry, 443 
Mirid::e, * 351 
Mirotermes, 256, 275; head, 251 
MiscogasteridiB, 553. 556 
Mnemonica, 403, 426; venation, 417 
Mnesarchcea, 426 
Mogoplistus; 236 
MolannidiB, 398, 399 
mole cricket, 236 
MonodontomoYlts, 554 
Monommid::e, 497, 499 
MonomychidiB, 352 . 
Monophlebus, 369 
l'donotoma, 485 
Monotomid::e, 485 
Mordellid::e, 497, 499 
JJ;I ardellistena, 499 
M{trmolyee, 465, 476 
Morpho, 440; scales, 416 
mosaic theory of vision, 78 
mosquitoes, 617 
moths, 401 
moth-flies, 616 
moutt, 176 
mouth,98 
mouth-parts, 15, 20; muscles of, 51 
mucro, 215,217 
muga silk, 448 
Muller's organ, 83, 84 
Mltrgantia, 347 
Musca, abdomi.nal segments, 603; biology, 

649; cephalo-pharyngeal skeleton, 610 ; 
egg, 152, 158; labial glands, 605; 
nervous system, 60; proboscis, 597; 
spiracles of larva, 109, 110; viviparity, 
606; see also house-fly 

G.T.E·-44 

Muscid::e, 649; imaginal buds, 192 
Muscina, 649; pharynx of larva, 610 
Muscular system, 48; muscle, histology of, 

48; metamorphosis 9f, 194; muscular 
power, 52 

mushroom bodies, 56 
mushroom-shaped gland, 226 
Musidorid::e, * 639 
mussel scale, 368 
mutation theory of castes, 273; mutation in 

Drosophila, 602 
Mutilla, 537, 573; stridulating organ, 92 
MutiIlid::e, 573 
Mycetcea, 487 
Mycetobia; 627 
mycetome, see pseudovitellus 
MycetophagidiB, 486 
Mycetophila, 593, 623 
MycetophiIid::e, 615, 623; antenna, 594 
Mydma, 649 
MydaidiB, 628, 633 
myiasis, 608, 642 
MyiodactylidiB, 379 
Mylabris; 500 ' 
MymaridiB, 5, 552, 556 
myology, 49 
Myopa, 644 
Myospila, 649 
Myriatropa, 641; Malpighian tubes, 131 
Myrientomata, * 210 
'~rmecolax, 571 
Myrmeeophila, 236, 570 
Myrmedonia, 480, 570 
ll.Jyrmeleon, 384, 385 
MyrmeleonidiB, 378, 384 
Myrmwcia, 570 
Myrmosa, 573 
Myrmosidre, 573 
]'-/[yrsidea, tracheal system, 292 
Myzinid::e, 573 

NabidiB, * 349 
Naeerdes, 499 
nagana, 651 
naiad, 178 
Nannochorista, 389, 391, 
Nanophyes, 508 
Nanosella, 482 
N asonia, 555 
nasute soldier, 261 
Naucorid<e, 352 
Naucoris, 352 
naupliiform larva, 541 
Nebria, mouth-parts, 18; larva, 469; mus

cular power, 52 
Necrobia, 492; antenna, 15 
Necrophorus, 457, 481; head, 458; larva, 

482 
Neelid<£, 219 
Neelides, 217, 219 
Neelus, 219 

Nematocera,614 
Nematois, 421, 422 
Nematus, larva, 545', 546 
Nemeobiid::e, 438, 439, 441 
Nemeobius, 441 
N emestrina, 633 
Nemestrinid<e, 628, 632 
Nemobius, 236 ; leg, 26; digestive system, 99 
Nemopterid<e, 378, 383 
Nemosoma, 484 
Nemoura, 247; wings, 244, 246; trachea

tion, 245 
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Nemourid<:e, 247 
Neocastniid<e, 450, 453 
Neoconocephalus, 234 
Neomargarodes, 668 
Neostylops, 518 
neoteinic individuals, 258 
Neotermes, 263 
Nepa, 353; egg, 343; spiracles, 337 
nephrocytes, 132 
N ephotellix, 358 
Nepid<e, 353 
Neptiellla, 422, 428 
nervous system, 54; development, 170; 

physiology, 61 
Jlervures, 31 
neuromeres, 20, 170 
Neuromus, 376 
Neuroptera, 374; literature, 386 
Neurot'erus, 558; gall, 557 
Neurothemis, 311 
Nieolelia, 209 
night-eyes, 80, 81 
Nilionid<:e, 499 
Nina, 384 
Niponius, 483 
Nitidulid<:e, 485 
Noctuid<e, 185,451, 452 
Noctuina, 424, 450 
nodus, 312 
Nola, 406 
Nomada, 526, 585 
Nomadid<:e, 583, 585 . 
Nonagria, 452; digestion in larva, 103 
Nosodendrid<e, 489 
Nosodendron, 489 
Notiothaumid<e, 391 
Notiphila, 647 
Notodonta, 446; 31 
Notodontid<:e, 444, 446 
Notodontina, 424, 444 
Notolophus,* 453 
Notoneela, 353; salivary glands, 340; spir-

acles, 337 
Notonectid<:e, 353 
Noloxus, 501 
notum,23 
Novius, 487 
nun moth, 453 
Nyclalam!on, 449 
Nycteolin<e, 451 
Nycleribia, 656 
Nycteribid<e, 655, 656 
Nyeleriopsylla, 663 
Nycterobosca, 657 
nymph,l77 
Nymphalid<e, 439 
Nymphalime, 439, 440 
Nymphid<e, 379 
Nymphula, 432; gills, 115 
Nysson, 580 
Nyssonid<e, 579, 580 

oak apple, 558 
obtect pupa, 185 
occiput, 13, 16 
ocellar lobes, 56; nerves, 56; triangle, 593 
ocelli, 69; vision by, 78 
Ocneriid<e, * 452 
Ochromyia, 598 
ocular sclerites, 14 
Oeypus, 458, 480, 481, 556; labium, 458; 

segmental glands, 139 

Odonata, 308; branchial basket, 318; classi
fication, 320; coloration, 309; embry
ology, 163; endostermites, 47; external 
anatomy, 310; internal anatomy, 314 ; 
metamorphoses, 315; respiration, 320; 
literature, 321 

Odontocerid<e, 398, 399 
Odonlocerum larval case, 395 
Odontolabis, 512 
Odonlomyia, 629 
Odonlolermes, 260, 275; fungus bed, 269 
odoriferous glands, 340 
Odynertts, 537, 575 
(Eeanlhus, 235; embryonic envelopes, 167; 

metanotal gland, 141, 226 
CEcophorid<e, 428 
(Eeophylla, 442, 566 
(Edemagena, 652 
(Edemera, 499 
CEdemerid<e, 497, 499 
CEdipodin<e, 233 
cenocytes, 127, 128 
CEnoplhira, 430 
msophageal ganglia, 55, 58; valve, 99. 101 
cesophagus, 98 
CEstrid<e, 648, 651 
(Eslrus, 608 
oil beetles, 499 
olfactory lobes, 56, 57; sensill<e, 66 
Olibrus, 486 
Oligoneuria, 301; nymph, 305' 
oligopod phase, 179 
Oligoloma, 279, 282; venation, 280 
Oligotomid<e, 282 
Olophrum, 480 
ommatidium, 72, 74 
Omophron, 475 
Omphralid<e, * 633 
Oneodes, 632 
Oniseigasler, 307 
Onlhophagus, 514 
onychium,* 27 
Onychiurus, 214, 217,219 
Onychophora, 1 
ootheca, 227, 231, ~04 
Ophion, 549 
Opostega, 428 
optic lobes, 57; nerve, 56 
opticon, 56, 57 
Orasema, 540, 555, 564, 571 
Orehesella, mouth-parts, 215 
Orehestes, 508 
orders of insects, 199 
organ of Berlese, 342 
Orgyia, 406, 453 
Orina, 503 
Orneodid<e, 431, 433 
Orneodes, 433 
Ornithomyia, 655 
Ornithoptera, 10, 443 
Orphnephila, 626 
Orphnephilid<e, 615, 626 
Ortalid~, 644, 645 
Orlhezia, 370 
Orthaperus, 483 
Orthoptera, 220; external ana.:tomy, 220; 

internal anatomy, 224; phagocytic 
organs, 128; growth, 226; classifica
tion, 228; literature, 236 

Orthorrhapha, 613 
Oryetes, 512, 513; alimentary canal, 472; 

sound production, 91 
Oryssid~, 543, 544 
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Oryssus, 544 
Oscinido:e, 644, 647; wing, 643 
Oscinis, 647 
Oscinosoma, 647 
osmeterium, 404 
Osmia, 584 
Osmylido:e, 379, 380 
Osmytus, 380 
Osphya, 499 
ostia, 123, 126 
Othniido:e, 498 
Otiorrhynchus, 507; parthenogenesis in, 508 
ovariole, 147, 150 
ovary, 147 
oviduct, 147, 150 
oviposition, 157 
ovipositor, 42, 43, 532, 533 
Oxybelus, 573, 582 
Oxybelido:e, 579, 582 
Oxycorynus, 506 
Oxythyrea, 512 
O~yura, * 559 

Pachymerus, 502 
Pachyneuron, 555 
PachypsyUa, 359 
Pachytylus, 233 
p<edogenesis, 154, 621, 623 
Palo:eodictyoptera, 35, 36 
Palo:eosetido:e, 426 
Pateacrita, 448 
Palpicornia, * 473 
palpifer, 17, 18, 19 
palpiger, 17, 18,19 
palpus, 17, 18 
Pamphilius, 545, 530; head of larva, 546 
Panesthia, 253 
Pangonia, 631 
Panisclts, 549 
Panorpa, 387; mouth-parts, 388; salivary 

glands, 668; wings, 389, 391 
Panorpid<e, 391 
Panurgido:e, 583, 584 
Panurgus, 526, 584 
papataci fever, 616 
Papitio, 9, 408, 442; egg, 152 
Papilionido:e, 442; leg, 439 
Papilionina, 424, 438 
paraglossa, 16, 17, 19 
paragnaths, 18, 20 
Paragus, 641 
parallel series, 362 
parameres, 42, 43 
Paraneuroptera, * 308 
Paraponyx,* 432 
paraptera, * 30 
Parascotia, 452 
parasites, respiration of, 120 
Parasitica, 543, 547 
parasitic castration, 156 
parasitism, in Anopleura, 290, 295 : in Coleop

tera, 470, 481, 482, 499; in Strepsiptera, 
519; in Hymenoptera, 523; in Diptera, 
608,655; in Aphaniptera, 662 

parastipes, * 17 
Parnassius, 421, 443 
'Parnid<e, * 489 
parthenogensis, 153; in Thysanoptera, 323 ; 

in Hemiptera, 361, 363, 370; in Cole
optera, 508; in Hymenoptera, 524, 545, 
558,574; in Diptera, 621 

Passalido:e, 5Il 
Passalus, 511 

G.T.E.-44* 

Passeromyia, 649 
patagia, 23, 414 
Paurometabola, 177, 178 
Pauropoda, 2 

Paururus, 544 
Paussido:e, 475, 478 
Paussus, 478 
Pawlowsky's glands, 299 
pear midge, 621; pear sucker, 360 
pectus, 24 
pedicel, 14, 15, 532, 562 
Pedicinus, 300 
Pediculid<e, 300 
Pediculus, 295, 300; anatomy, 297; gynan

dromorphism, 144; nephrocytes, 132; 
relation to disease, 296 

Pegomyia, 577, 649; pharynx of larva, 
610 

PelecineUa, 556 
Pelecinido:e, 559, 560 
Pelecinus, 560 
pellagra, 626 
Pelobius, 476 
Pelobiido:e, 474, 476 
Pelocoris, leg, 26 
Pelogonid<e, 352 
Pemphigus, 363 
Pemphredon, 582 
Pemphredonid<e, 579, 582 
PeniciUidia, 656 
Pentastomida, 2 

Pentatoma, 347 
Pentatomid<e, 345, 346; egg, 343; head, 

329; sound-production, 336 
Pentozocera, 521 
Pepsis, 578 
Pericapritermes, head, 251 
Pericoma, 617 
Pericopin<e, 451 
Perilampid<e, 553, 554 
Perilampus, 540 
perineural sinus, 122, 123 
periodical cicada, 355 
periopticon, 56, 57 
Peripatus, I 

peripheral sensory nervous system, 59, 63 
Periplaneta, 229, 548; circulatory system, 

123, 124; digestive system, 98, 99; 
genital ducts, germ band, 173 ; myology, 
50, 51; ovipositor, 42; pulsatile' organs, 
124; reproductive organs, 145, 147,225, 
226; salivary glands, 140; spiracles 
107; tracheal system, 113; venation, 222 

periplasm, 158 
peripneustic respiratory system, 117 
peripodial cavity, 33, 189; membrane, 33, 

189 
peristigmatic glands, 106 
peritreme, 106, 109 
peritrophic membrane, 101, 535 
FlerkinsieUa, 359; polymorphism, 334 
Perla, 244, 246, 247 
Perlaria, * 243 
Perlido:e, 247 
Perlodes, 247 
Perophorido:e, * 435 
Perothopino:e, 496 
Petalura, 320 
Petiolata, * 542 
petiole, 532 
Petriid<e, 499 
Petrobius, 17,203,204,205,207,208,209 
Petrognatha, 504 
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Phamocephalid<e, 483 
phagocytes, 125, 126, 193, 194 
phagocytic organs, 128 
phagocytosis, 194 
Phalacrid<e, 486 
Phalacrocera, 616 
Phalacyus, 486 
Phalera, 421, 446 
PhallCEltS, leg, 26 
Phaneropterin<e, 235 
Phallopate, 91 
Pharsalia, 547 
pharyngeal ganglia, 58 
pharynx, 98 
Phasgonura, 235 ; • ovipositor, 43 
Phasmid<e, 224, 228, 231 
Phaudin<e, 436 
Phaltsis, 491 
Pheidole, 555, 562. 564 
Phenax, 359 
Phengodes, 95, 491 

Phigalia, 420, 447, 448 
Philcenus, 356 
PhiJanthid<e, 579, 581 
Philanthus, 581 
Philon~cus, 634 
Philonthus, 179 
Philopotamid<e, 398, 399 
Philopotamus, 393, 395 
Philopterid<e, 295 
Philopterus, 292 
Philosamia, 448 
Philotrypesis, thorax. 529 
Phl<eothripid<e, 326 
Phlebotomus, 616 
Phlogophora, eye, 81 
Pholidoptera, 235 
Phora,639 
Phorid<e, 639 
Photinus, 95, 492 
Photurus, 492 
photogenic organs, 95, 491 
phragma,46 
Phromllia, 358; wax glands, 137 
Phryganea, gills, 115; case, 395; thoracic 

glands, 397 
Phryganeid<e, 392, 398, 399 
Phthirz"us, 296, 297, 300 
phthisaner, 564 
phthisergate, 564 
phthisogyne, 564 
Phybalosoma, 4 
Phycitin<e, 432 
Phycodromid<e, 643, 648 
Phyllium, 232 ; ootheca, 227 
Phyllobius, 507 
PhyUocnistis, 402, 404, 428 
Phyllodromia, * see Blaltella 
Phyllopertha, 514 
Phyllotreta, 503 
Phylloxera, 365; ovaries, etc., 342; static 

organ, 88 
Phymatid<e, 346, 349 
Physodera, 95 
Ph'ysokermes, 369 
Physopoda,* 322 
Physostomum, male sexual organs, 293 
Phytobius, 507 
Phytodee;ta, 503 
Phytomyza, 646 
Phytophaga. 474, SOl, 542 
Phytopthires, * 359 
Pierid<e, 442; leg, 439; venation, 418 

Pieris, 442, 555; chemotropism, 68; larva, 
180, 189; pupa, 410; sensory pit, 68 ; 
venation, 418; wing-buds, 33 

pigmentation, see coloration; pigment cells, 
70 

pilifer, 409, 412 
Pimpla, 549; larva, 539 
Piophila, 648 
Piophilid<e, 644, 648 
Pipiza, 641 
PipunculidCE, 640 
Pipullculus, 640 
Pissodes, 459, 508 
Plagia, 654 
Plagithmysus, 504 
plague fiea, 663 
planidium, 540 
Planipennia, 377 
planta, 403 
plant bugs, 328; lice, 361 
Ptatycephata, 647 
Platychirus, 641 
Platycnemis, 321 
Ptatygastcr, 181, 561 
Platygasterid<e, 561 
Platymischus, 532 
Platynaspis, 488 
Platypeza, 640 
Platypezid<e, 640 
Platypodin<e, 508 
Platypsyllid<e, 480, 482 
Pilltypsyllus, 482 
Platypus, 510 
Platyrrhinid<e, * 506 
Platysoma, 483, 645 
Platyura, 623 
Plea, 353 
Plecoptera, 243; classification, 247; litera-

ture, 248 
Plectronemia, 395 
Plectoptera, * 301 
Plectrotarsus, 393 
plerergate, 565, 569 
Plesiocoris, 177, 351 
pleural arm, 47; ridge, 47; suture, 23; 

wing proces~, 29 
pleuron, pJeurites, I I 

Pleuropterus, 478 
Plodia, 432 
plume moths, 433 
plumose hairs, 8 
Plusia, 31, 88, 451 
Plutella, 428 
Plutellid<e, 428 
Podagrion, 554 
podical plates, 41 
Podisus egg, 152 
Podura, 217, 219 
Podurid<e, 219 
poison glands, 533, 534, 538 
Polistes, 577 
Pollenia, 650 
Polycentropid<e, 398, 399 
Polyctenes, 35 I 
Polyctenid<e, 351 
Polydrusus, 507 
polyembryony, 154, 555 
Polyergus, 571 
Polygnotus, 155 
Polygonia, egg, 152 
Polylepta, 6ll, 623 
polymorphism, 257, 270 , 563 
Polynema, 556 
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Polyphaga, 473, 479 
Polyplax, 297, 300 
PolyplQcid<e,OO 445 
polypneustic lobes, 1I0 
polypod phase, 179 
Polyptyehus, 444 
Polystceehutes, 379 
Polystigmata, 326 
Pompilid<e, 572, 578 
Pompilus, 578 
pond skaters, 348 
Ponera, 566, 567 
Pontania, 546 
PoropaJa, 540, 556 
POTthesia, 452 
post-antennal organ, 214, 216, 217 
posterior notal process, 29 
postgena, 13, 16 
postnotum, 23 
postphragma, 47 
poststernellum, 24, 25 
potu fly, 625 
powder-post beetles, 493 
PraJmachilis, 206, 209 
pr<etarsus, 27 
praying insects, 230 
preapical bristle, 601 
precipitin reactions, 125 
precoxal bridge, 24, 25 
pre-episternum, 23 
prementum, 16, 17, 18 
Prenolepis, 569 
prephragma, 46 
prepupa, 185 
prescutum, 23 
presternum, 24 
Prestwiehia, 556 
primary larv<e, 181, 540, 541 
primary ocelli, 69, 70 
Prionoxystus, 418, 429 
processes of body-wall, 12 
processionary moth, 445 
proctod<eum, 97, 170 
Proctotrypid<e, 560 
Proctotrypoidea, 543, 559 
Prodoxid<e, 429 
Prodoxus, 429 
Projapygid::e, 209 
Projapyx, 207, 209 
prolegs, 403 
prominents, 446 
Prolluba, 429 
propneustic respiratory system, I 17 
propodeum, 41, 528 
Prosopid::e, 583 
Prosopis, 583 
Prosopistoma, 306, 307 
Prospaltella, 555 
protective resemblance in larv::e, 405 
protresthesis, 64 
ProtaJlia, 512 
protentomon, 3 
Protermitid<e, 275 
Proterhinidre, 506, 510 
Prothalmus, 506 
Protoealliphora, 651 
protocerebrum, 20, 55 
Protoparce, 444, 445 ; circulatory system, 125 
Protopaussus, 478 
Protoplasa, 601 
protopod phase, 179 
Prototheorid::e, 426 
Protozoa, 271, 668 

Protura, 210; external anatomy, 210; in
ternal anatomy, 211; affinities, 212; 
classification, 213; literature, 219 

proventriculus, 98 
Psammocharidre, * 578 
Psammotermes, 275 
Psectra, 379 
Pselaphidre, 479, 481 
Psephenus, 489 
pseudoceUi, 88, 2 I 0 
Pseudococcus, 368, 369 
pseudocone eyes, 75 
pseudogyne, 565 
Pseudomyrminre, 568 
pseudopod, 12 
Pseudoptynx, 385 _ 
pseudotrachere, 595, 597, 598 
pseudovitellus, 342, 668 
Psila, 648 
Psilid<e, -644, 648 
Psilocephala, 644 
Psithyrus, 526, 587 
Psocida, 285; external anatomy, 285; in

ternal anatomy, 287; growth, classifi
cation, 288; literature, 289 

Psocoptera, 283 
Psyche, 421, 422 
Psychidre, 434 
Psychina, 424, 433 
Psychoda, 617 
Psychodidre, 615, 616 
PSYGhomyidre, 398, 399 
PSYGhopsidre, 379, 381 
Psycltopsis, 38r, 382; venation, 37 
Psylla, 359, 360 
PsylJidre, 359; spiracles, 337 
pteralia," 29 
pterergate, 565 
Pterocroce, larva, 384 
Pterodecta, 438 
Pterodela, 285 
Pterodontia, 632 
Pteroloma, 457 
Pteromalidre, 552, 555 
Pteromalus, 555 
Pteronarcidre, 247 
Pteronarcys, 244, 247 
Pteronus," 545 
Pterophoridre, 431, 433 
Pterophorus, 433 
pteropleuron, 24, 600 
Pterothysanidre, 437, 438 
Pterygota, 202 
ptilinum, 593, 594 
Ptinidre," 493; sound production, 90 
Ptinus, 493 
Ptychoptera, 615; histology of gut, lOI 

Ptychopterinre, 616 
Ptyelus, 357 
Pulex, 662, 667 
Puliciphora, 639 
pulsatile organs, 124, 125, 341 
pqlvillus, 27 
pupa, 184, 188 
pupre incompletre, 4II; liberre, 411; obtec-

t<e,4 II 

pupal protection, 186; wings, 32 
puparium, 185, 613 
Pupipara, 6r4, 655 
pygidial glands, 137, 465 
pygidium,41 
PyraJidre, 431 
Pyralidina, 425,431 
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Pyralis, 432 
Pyrameis, 441 
Pyraustin<e, 433 
Pyrgomantis, 230 
Pyrochroa, 501 
Pyrochroid<e, 498, 500 
Pyrrhocorid<e, 345, 348 
Pyrrhocoris, 348 
Pyrrhosoma, 321 
Pythid<e, 497, 499 
Pytho, 499 

quadrilateral, 312 
Quedius, 570 
queen, 523; bee, 586, 588; termite, 266; 

ant, 564; wasp, 576 

radial sector, 34 
radius, 34 
Ralli cola, 292 
Ranatra, 336, 341, 342, 343, 353 
Raphidia, 377 
Raphidiid<e, 375 
Raphidioidea, 376 
Ratarda, 430 
Ratardid<e, 429, 430 
Raymondia, 657 
receptaculum seminis, 148, 150 
rectal papill<e, 102 
rectum, 102 
recurrent nerve, 55, 58; functions, 62 
red bugs, 348 
Reduviid<e, 345, 349; dimorphism, 335; 

head, 329; prosternal furrow, 336 
Reduvius, 350, 336, 340 
reflex-bleeding, 126, 487 
relapsing fever, 296 
replete, 565, 569 
reproduction, types of, 152 
reproductive system, 143; development, 172 
repugnatorial glands, 141, 404; in Blattid<e, 

226 ; in Hemiptera, 340 
respiration, lI8 
respiratory system, 105; types of, II6 
Reticulotermes,* see Leucotermes 
retina, 70 
retinaculum, 216, 4J8 
retinuh:e, 70, 74 
retort-shaped organs, 33J, 370 
rhabdom, 70, 74 
Rhabdophaga, 622 
Rhabdura,* 201 
Rhachicerlts, 627 
Rhagadochir, 282 
Rhagonycha, 492 
Rhagovelia, 348 
Rhamphomyia,. 636 
Rhinoestrus, 608 
RhinDmacer, 506 
Rhinomacerin<e, 507 
Rhinomyia, 622 
Rhinosomlls, 499 
Rhinotermes, 188, 262, 263, 275 
Rhipicerid<e, 491 
Rhipiphorida', 497, 499 
Rhizobilts, 362 
Rhizophagus, 485 
Rhizotroglts, 633 
Rhodites, 558 
RhDdoneura, 431 
Rhogas, 549 
Rhopalidiin<e, 52 3, 577 
Rhopalocera,* 438 

Rhopalomerid<e, 643, 648 
RhopalDsiphum, 363 
Rhopalosoma, 573 
RhyacDphila, 394, 395 
Rhyacophilid<e, 398, 399 
Rhynchites, 507 
Rhynchophora, 474, 505 
Rhynchophorus, 508 
Rhynchota, * 328 
Rhynocypha, 310 
Rhyphid<e, 615, 627 
Rhyphus, 627; venation, 35, 37 
Rhysodes, 479 
Rhysodid<e, 474, 479 
Rhysopaussid<e, 498 
Rhyssa, 548 
Rielia, 560 
Riodiniin<e, 441 
robber flies, 634 
Rocky mountain locust, 234 
RaJderoides, 637 
rose chafer, 512 
rostrum of Hemiptera, 3311_ of Coleoptera, 

457; of Diptera, 597 
ruby-tailed wasps, 575 

Sabatinca, mouth-parts, 425 
Sagin<e, 235 
Sagra, 503 
Salda, 351 
Saldid<e, 345, 351 
Salius, 578 
saliva, action of, 140 
salivary glands, 140; development, 171; 

metamorphosis, 195, 197 
Salpingus, 499 
Saltatoria, 228 
Samia, 422; larva, 448 
sand-flies, 616 
San Jose scale, 368 
Sanninoidea, 427 
Saperda, 504, 505 
Saprinus, 483 
Sapromyza, 645 
Sapromyzid<e, 644, 645 
Sapyga, 574 l 
Sapygid<e, 572, 574 
sarcolemma, 48; sarcolytes, 197; sarcomere, 

48 
Sareophaga, 608, 653; antenna, 594· 
Sarcophagid<e, 648, 652 
sarcoplasm, 49 
Sarcopsyllid<e, * 667 
sarcostyles, 48 
Sargin<e, 628 
Sargus, 602 
Saturnia, 448; development of eye, 77; 

spinning glands, 408 
Saturniid<e, 444, 448 
Satyrin<e, 439 
saw-flies, 544 
scales, 9, 415 
scale insects, 367 
scape, 14, 15 
Scaphidiid<e. 480, 483 
Scaphidium, 483 
3caphistoma, 483 
Scarab<eid<B, 5Il, 512; larva, 470 
Scarabceus, 513 
Scatomyzid<e, * 647 
Scataphaga, 647 
Seatapse, 625 
Scelimena, 220 
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Scelionid<e, 560 
Sceliphron, 580 
Scenopinid<e, 628, 633 
Scenopinus, 634 
scent scales, 416 
Schedius, 538 
Schistocerca, 223, 233 
Schizometopa, * 643 
Schizophora, 638, 643 
Sciara, 623, 624; mandibular glands, 139 
Sciomyzid<e, 644, 648 
Sciophila, 623 
sclerites, II 
Sclerodermus, 574 
scoli, 12, 404 
Scolia, 573 
Scoliid<e, 573, 574 
scolopale, 82 
Scolopendra, eyes, 77 
scolophore, 81 
Scolytid<e, 506, 508 
Scolytus, 509 
scopa, 532 
Scoparia, 433 
scorpion fly, 387 
Scraptia, 499 
Scraptiid<e, 497, 499 
scrobe, 457 
scrotum, 145 
SCHtel/ista, 555 
scutellum, 23 
Scutigera, eyes, 77 
scutum, 23 
Scydmamid<e, 480, 481 
Scydmcenus, 481 
Scymnus, 488 
segmental glands, 139 
segmentation, fI; of abdomen, 41; of 

embryo, 165; of head, 19; of thorax, 22 
Semper's rib, 31 
sense organs, 64 
sensilhe, 64 
sensory set<e, 8 
Sepedon, 648 
Sepsid;e, 643, 648 
sequence of development, 174 
Sericomyia, 641 ; sensory pit, 67 
Sericostomatid;e, 398, 399 
Serinetha, 68 
serosa, 161 
Serphoidea, * 559 
Serricornia, 490 
Serritermes, 275 
Sesia, 421,422,427 
Sesiid;e, 427 
Sessiliventres, * 542 
set;e, 7 
setiferous sense organs, 64 
sex cells, 151 
Shantung silk, 448 
sheep ked, or " tick," 655, 656 
sheep maggot fly, 651 
shield bugs, 346 
short-horned grasshoppers, 232 
Sialioidea, 375 
Sialis, 115, 375, 376 
Siettitia, 477 
Sigara, * 354 
silk, 141, 285, 378, 448, 548, 549, 566 
silk glands, 141, 278, 407, 408; meta

morphosis, 197 
silkworm, 183,449; embryo, 166 ; peripheral 

nervous system, 59; see also Bombyx. 

Sitpha, 482; labium, 458 
Silphid<e, 480, 481 
Silvanus, 485 
Simuliid<e, 615, 625 
Simulium, 6II, 625; eye, 72 
Sinodendron, 512 
Sinoxylon, 493 
Siphona, 654 
Siphonaptera, * 662 
Siphunculata, 295; relation to disease, 296 ; 

external anatomy, 297; internal ana
tomy, classification, 299; literature, 300 

Sirex, 544, 549 .. ovipositor, 43 ; thorax, 528 
Siricid;e, 544 
Sisyra, 381 
Sisyrid;e, 379, 380 
Sitaris, 500 
Sitodrepa, 493 
Sitones, 508 
Sitotroga, 428 
skippers, 443 
slave-making ants, S7I 
sleeping sickness, 65'1 
small intestine, 102 
Smerinthus, 405, 406, 421 
Smicra, * 541 
Sminthurid;e, 219 
Sminthurides, 217, 219 
S't1Iinthurus, 214, 219; tracheal system, 218 
snake flies, 375; snake worm, 623 
social bees, 586, 587; wasps, 576 
social symbiosis, 571; parasitism, 571 
soldier, 260, 565 
Solenopsis, 555 
sound-producing or stridulating organs, 90; 

of Orthoptera, 223; of Hemiptera, 336 ; 
of Coleoptera, 463 

Spalangia, 540, 555 
Spaniopsis, 629 
Spanish fly, 500 
Spathegaster,* 558 
Sperchelts, 490 
spermatheca, 148, 150; gland of, 148, 150 
spermatophore, 151 
spermatozoa, 151 
Spermophorella, 381 
Sphceridiu1n, 490 
Sph;eriid;:e, 480, 483 
Sph;eritid<e, 484 
Sphcerites, 484 
Sphcerularia, 156 
Sphecid<e, 579 
Sphecius, 580 
Sphecoidea, 543, 578; venation, 531 
Sphecoides, 584; 146 
Sphegid;:e, * 579,1 
Sphenoptera, 494 
Sphex, 580 
Sphindid;:e, 494 
Sphindus, 494 
Sphingid<e, 444 
Sphinx, 100, 127, 139, 183,406 
Spilographa, 645 
Spilopsyllus, 663 
Spilosoma, 407 
spina, 25, 47 
spines, 8 
Spirachtha, 480 
spiracles, 105 
splanchnic nerves, 59 
splenic organs, 128 
Spongostyluln, 636 
spring tails, 214 
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spurs, 8 
squama, 602 
squash bug, 347 
stadium, 176 
stag beetles, 5 I I 

Stagomantis, leg, 26 
Staphylinid<e, 461,480,481,570; larva, 179 
Staphylinoidea, 473, 479 
Staphylinus, external anatomy, 461 
static organs, 88 
Stauropus, 405, 408, 446 
Stegomyia, 618 
Stelidid<e, 583, 584 
Stelis, 584 
stem saw-flies, 544 
Stenobothrus, 232 
Stenodictya, 38, 39 
Stenoperla, 245, 247 
Stenopodius, 501 
Stepbanid<e, 547, 550 
Stephanitis, 348 
sternellum, 24 
sternopleuron, 23, 600 
Sternorhyncha, 344, 359 
sternum, sternites, I I, 24 
stick insect, 231 
Stictococcus, 370 
stigmata, 105 
stigmatic cords, II7 
Stigmatomma, 567 
sting, 533 
stipes, 17, ·18 
Stizid<e, 579, 580 
Stizlts, 580 
stomach,99 
stomachic ganglion, 58 
stomatogastric nervous system, 58 
stomod<eum, 97, 170 
Stomoxys, 555, 649, 650; proboscis, 598 
stone-flies, 243; meta thorax, 23 
Stratiomyia, 628, 629; nervous system, 60 
Stratiomyid<e, 628 
Strebla, 657 
Streblid<e, 656 
Strepsiptera, 517; biology and host rela-

tions, 519; classification, literature, 521 
striated hem, 100 
stridulating organs, 90 
structural colours, 9 
Sturmia, 654 
style, stylus, 26, 43, 594 
Stylops, 517, 521 
Subco(;cinella, 488 
sub-costa, 34 
sub-galea, 17, 18 
sub-imago, 301 
submentum, 16, 17, 18 
subcesopbageal ganglion, 55, 57, 61 
sucking lice, 295 
sucking stomach, 98 
superlingu<e, 17, 18,20 . 
superposition image, 80 
super-triangle, 3.12 
supplementary ichneumon flies, 549 
supra-epimeron, 24 
supra-episternum, 23 
suranal plate, 41 
surra, 631 
suture, I I 

swallow-tails, 442 
swarming of termites, 267; of aphids, 362 ; 

of ants, 565 
swift moths, 426 

Sycophaga, 553 
Sycoryctes, 554 
Sycosoter, 550 
symbiosis, !O3, 270, 338, 342, 569 
Syrnbius, 499 
Symmerlts, 623 
sympathetic nervous system, 58 
Sympetrum, 320 
Sympherobiid<e, 379, 668 
symphiles, 270, 570 
Symphoromyia, 629 
Symphyla, 2 

Symphyta, 542 
Symphypleona, 219 
Synaphe, 432 
Synchloe, 442 
synechthrans, 270, 570 
Synemon, 418 
Synergin<e, 558 
Synlestes, 321 
synoeketes, 270, 570 
Synopeas, 561 
Syntelia, 4.84 
Synteliid<e, 484 
Syntomaspis, 554 
Syntomid<e, 450 
Syntomis, 450 
Syntomium, 481 
Syritta, 641, 642 
Syrphid<c, 640, 642; sound production, 94 
Syrphus, 641, 642; pharynx of larva, 610 
Systcechus, 636 
Systropus, 636 

Tabanid<e, 628, 630 
Tabanus, 631; antenna, 594; eye, 72; 

larva, 629; venation, 35, 36 
Tachardia, 138, 3(8, 371, 428, 452, 551 
Tachinid<e, 648; biology, 653; ch<etot~: 

600; blood-gills, II6; heart of farva, 
124 

Tachytes, 581 
tactile sensilhe, 65, 66· 
Tceniochorista, 391 
Tceniopteryx, 247 
Tceniorhynchus, 61's 
Tceniothrips, 323, 326 
Tanytarsus, 154, 621 
Tanypeza, 648 
Tanyp~zid<e, 644, 648 
Tanypus, 621 
tapetum, 80 
Tardigrada, 2 
tarnished plant-bug, 351 
tarsal pads, 27 
tarsus, 27 
tasar silk, 448 
Tasmanoperla, 247 
T ectocoris, 346 
tegmen, tegmina, 30 
tegula, 29, 414 
tegumentary nerve, 57 
Teichomyza.647 
Telamona, 357 
Telea, 183, 407, 448 
teleaform larva, 541 
Teleas, 560; larva, 541 
Telephorid<e, * 491 
Telephorus, 492; alimentary canal, 472 
telson, 41 
Temnochila, 484 
tendon, 48 
Tenebrio, 146. 188. 498 



GENERAL INDEX 

Tenebrioides, 484 
Tenebrionid<e, 497, 498 
tenent hairs, 28 
tent caterpillars, 438 
Tenthredinid<e, 543, 544; antenna, 15; 

chemotropism, 68; mouth-parts, 526; 
ocelli, 71 ; venation, 530 

Tenthredinoidea, 543 
tentorium, 45, 46 ; of Diptera, 599 
Teracolus, 9 
Terebrantia, 324, 326 
tergite, tergum, 1 I 

Termes, 275; digestive system, 254; fecun
dity, 268; ovary, 259, 260; royal cell, 
266; sound production, 90; termi
tarium, 264; tracheal system, 112 

terminal filament, 148, 149 
Termitadelphos, 617 
termitaria, 263 
termites, 249 
Termitogeton, 275 
Termitomastus, 6 17 
Ter1nitomimus, 480 
termitophilous insects, 270 
Termitoxenia, 640 
Termopsis, 253, 254, 263, 275 
Tessaratoma, 346; sound-production, 336 
testicular follicle, 145 
testis, 144 
T etanocera, 648 
Te'ramorium, 571 
Tetrastichus, 555 
Tetrigin<e, 232 
Tetrix, 233 
Tetropium, 505 
Tettigonid<e, * 234 
Thais, 443 
Thalessa, 548 
Thautmatopma, 139, 445 
Thaumatoxenia, ()40 
theca, 595, 597, 598 
Thelia, 357 
Thereva, 635 
Therevid<e, 628, 634 
Theria, 606 
Thernzobia, 203 
Thersilochus, 547, 549 
thoracic ganglia, 54, 57, 62; glands, 141 
thorax, 22; muscles, 51 
Thorictidre, 486 
Thridopteryx, 434, 435 
Thripid<e, 326 
Thripoctenus, 555 
thrips, 322 
Thrixion, 654 
Throscidce, 496 
T hrosclts, 496 
Thrypticus, 638 
Thymalus, 484 
Thymaridce, 436 
Thynnid<e, 573 
Thynnus, 573 
Thyridid<e, 431 
thyridium, 394 
Thyris, 431 
Thysanoptera, 322; external anatomy, 323 ; 

internal anatomy, 325; metamorphosis, 
classification, 326; literature, 327 

Thysanura, habits and external anatomy, 
203; internal anatomy, 206; labial 
glands, 132; tracheal system, 113; 
post-embryonic growth, 208; classifi
cation, 209; literature, 219 

thysanuriform larva, 179 
tibia, 26, 27 
tiger beetles, 475; moths, 450 
Timarcha, 501; Malpighian tubes, 130 
Tincegeriid<e, 429 
Tinea, 420, 421, 428; pupa, 410 
Tineid<e, 428. 
Tineina, 424, 427 
Tingid<e, 346, 348 
Tiphia, 574 
Tipula, 616 
Tipulid<e, 615; eyes, 78; glands, 136, 139 
Tiresias, 488 
Titanus, 504 
Tomocerus,.214, 215, 219 
Tomoxia, 499 
toon moth, 432 
torm<e, 13, 593 
tortoise beetles, 504 
Tortricid<e, 429, 430 
Tortricina, 424, 429 
Tortrix, 430 
Torymlts. 55 1, 554 
Torymid<e. 553, 554 
Toxoptera, 550 
Toxotrypana. 645 
trache<e. 105, 111 
tracheal gills, 115 
tracheal system, 105; development. 171; 

·metamorphosis. 198 
tracheoles. 105, 111 
Trachymyrmex. 568 
Trama.353 
transverse suture. 599 
tree hoppers. 357 
Tremex. 544. 549 
trench fever, 296 
triangle, 312 
Triatoma. 349 
Tribolium. 498 
Tricentrlts, digestive system, 338 
Trichacis. 561 ; larva, 541 
Trichocera. 615, 616 
Trichodectes, 292. 295; spiracles. 107 
Trichodectidce. 295 . 
Trichogramma. 551, 556 
Trichogrammidw, 553. 556 
Trichoma, 381 
Trichiosoma. 546 
Trichophaga. 428 
Trichoptera. anatomy. 392; ocelli, 71; 

renocytes. 128; metamorphosis, 395; 
classification, literature, 399 

Trichopsocus, 288 
Trichopterygid<e. 5. 480. 482 
Trichoptylus, 433 
Trichura, 450 
Tricondyla.475 
Tricorythus, nymph. 305. 307 
Trictenotoma, 501 
Trictenotomidce. 498. 501 
Tridactylus. 236 
trigamma. 416 
Trigona. 589; social life, 523 
Trigonalidce. 572• 574 
Trigonalis. 574 
Trigonidium, 235 
Trimera, 288 
Trinoton. 295 
Trioza.359 
Triphleps, egg, 152 
Trithemis, 320 
tritocerebrum. 20. 55, 57 
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triungulin, 181, 500, 519, 520 
trochanter, 26, 27 
trochantin, 23, 24; of mandible, 13, 14, 16 
Troc/es, 285, 288 
Trogositid<e, 484 
trophallaxis, 523 
trophamnion, 154, 164, 541, 561 
trophi, IS 
Tropidia, 641, 642 
trophocytes, 197 
trophothylax, 568 
Trox, 514 
Truxalinoe, 233 
Trypallea, 645 
Trypaneid<e, 644, 645; wing, 643 • 
Trypetid<e,* 645 
Trypodendron, 510 
Trypoxylonid<e, 579, 581 
Trypoxylon, 581 
tsetse fly, 651 
Tubulifera, '324, 326, 5.P 
turnip flea beetle, 503 
tussock moths, 452 _ 
tympanal organs, 82, 84, 419 
tympanum, 82 
Typhlocyba, 358 
typhus fever, 296 

Udamoselis, 361 
uta, glands, 136 
Ulomyia, 617 
Ulula, 385 
ungues, 27 
Urania, 449 
uranidine, 125 
Uraniid<e, 444, 449 
urate cells, 134 
urates, 132, 134 
Urocerida;, * 544 
Urodon, 502 
uromeres, 41 
UrlJphora, 645 
Urothripida;, 326 
urticating hairs, 405; set<e, 138 
uterus, ISO 

t. 

vagina, 148, ISO 
Vanduzea, 357 ' 
Vanessa, 9, 440; scale development, 415 
V (lrichceta, 554 
vas deferens, 145 
vas efferens, 145 
vasiform orifice, 361 
veinlets, 36, 37 
veins, 31 
Velia, 348 
venation, 32, 34 
ventral diaphragm, 122, 123; groove, 216 ; 

plate, 159; sinus, 122, 123; sympa
thetic nervous system, 59; tube, 216 

ventricular ganglion, 58 
Verlusia, wings, 334 
Vermileo, 630 
verrucoe, 404 
verruga, 616 
Verson's cells, 145 
verteX', 13, 16 
vesicle-bearing larva, 541 
vesicula seminalis, 146 
Vespa, biology, 576; mouth-parts, 526; 

nervous system, 537; poison glands, 
534; sensi!1oe, 66; social life, 523 

Vespid<e, 572, 576; social life, 523 
Vespoidea, 543, 572 
vibriss<e, 60 I 
visceral nervous system, 58, 63; sinus, 122, 

123 
vision, 78 
visual cells, 70 
vitellarium, 149 
vitelline membrane, 151 
vitreous body, 70 
viviparity, 152,606 
Volucella, 577, 641, 642 

Wandolleckia, 640 
warble flies, 651 
wasps, 572, 575, 576, 577 
water beetles, 476, 477, 478, 483, 489,490 
water scorpions, 353 
wax, 371; wax cells, 126; wax glands, 137, 

340; wax insect, 137 
weevils, 507 
wheat bulb fly, 649 
wheel bug, 350 
white ants, 249; white fly, 360 
wing-coupling apparatus, 30, 31, 418 
wings, 12, 28, 39; muscles, 52; origin of, 

38; structure and development, 31, 32 
wing-veins, 31 
W1nthemia, 654 
wireworm, 496 
wood-wasps, 544 
worker ant, 564; bees, 586, 587; termite, 

260; wasps, 576 

Xantholinus, 570 
xanthopsin, 80 
Xenocerlts, 506 
Xenopsylla, 663,667 
Xenos, 518, 521 
Xestobium, 493 
Xiphidium, 43; indusium, 164; cenocytes, 

128 
Xiphydria, 544 
Xyelin<e, 545 
XyZeborus, 509, 510 
XyloooccltS, 570 
Xylocopa, 585 
Xylocopid<e, 583, 585 
Xylodiplosis, 622 
Xylomyia, 628, 629 
Xylophaglts, 627, 628, 630 
Xylophilid<e, 498, 501 
Xylophilus, 501 
Xylorictid<e, 429 
Xylota, 641 

yellow fever, 619 
yolk, 158; yolk cells, 159 
Yucca, pollination of, 429 

ZabY<ls, 475 
Zaitha, * 352 
Zeugloptera, * 426 
Zcugophora, 503 
Zeuzera, 402, 430 
Zicrcnza, 346 
Zoraptera, 283 
Zorotypus, 283; venation, mouth-parts, etc., 

284 
Zygcena, 421, 436; blood corpuscles, 126 
Zyg<enid<e, 434, 435 
Zygoptera, 310, 312, 320 




