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PREFACE TO THE
TENTH EDITION

In the twenty years that have elapsed since our last complete revision of this
textbook, entomology has developed greatly, both in extent and depth.
There are now over 8ooo publications on the subject each year (excluding
the applied literature) and the difficulty of incorporating even a fraction of
the more important new results has occupied us considerably. We have
nevertheless retained the original plan of the book, especially as it has the
merit of famiharity for many readers, but we have made a number of ap-
preciable changes in the text as well as innumerable smaller alterations. We
have decided, with some reluctance, to dispense with the keys to families
that were formerly given for most of the orders of insects. These are increas-
ingly difficult to construct because specialists tend to recognize ever larger
numbers of families, often based on regional revisions and therefore applic-
able with difficulty, if at all, to the world fauna. Our revision of the text has
also entailed extensive changes in the bibliographies, which have been
brought more or less up to date. In doing this we have had to be rigorously
selective and we have tended to give some emphasis to review articles or
recent papers at the expense of older works. We recognize that this has
sometimes done less than justice to the contributions of earlier authorities,
but the immense volume of literature left little alternative and we apologize
to those who feel our choice of references has sometimes been almost arbi-
trary.

Every chapter has been revised in detail, many of them include new
sections, and some have been extensively rewritten. In a few groups such as
the Plecoptera and Heteroptera the higher classification has been recast;
more often we have made smaller amendments in the number and arrange-
ment of families so as to bring the scheme into broad but conservative
agreement with modern views. The general chapters now include some
information on ultrastructure and we have retained and tried to modernize
the physiological sections; as non-specialists in this field we owe a great debt
to the textbooks of Wigglesworth and of Rockstein. Inevitably the book has
grown in size with the development of the subject. It may, indeed, be argued
that the day of the general textbook has passed and that it must be replaced
by a series of special monographs. We believe, however, that there are some
advantages in a more unified viewpoint and it is our hope that the new
balance we have reached between the various aspects of entomology will
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seem as appropriate now as the original balance was when Dr A. D. Imms’
textbook was first published over fifty years ago.

There are 35 new figures, all based on published illustrations, the sources
of which are acknowledged in the captions. We are grateful to the authors
concerned and also to Miss K. Priest of Messrs Chapman & Hall, who saved
us from many errors and omissions, and to Mrs R. G. Davies for substantial
help in preparing the bibliographies and checking references.

London O.W.R.
May 1976 R.G.D.
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THE ORDERS OF INSECTS



THE CLASSIFICATION
ANDPHYLOGENY
OF INSECTS

The classification of insects has passed through many changes and with the
growth of detailed knowledge an increasing number of orders has come to be
recognized. Handlirsch (1908) and Wilson and Doner (1937) have
reviewed the earlier attempts at classification, among which the schemes of
Brauer (1885), Sharp (1899) and Borner (1904) did much to define the more
distinctive recent orders. In 1908 Handlirsch published a more revolutionary
system, incorporating recent and fossil forms, which gave the Collembola,
Thysanura and Diplura the status of three independent Arthropodan classes
and considered as separate orders such groups as the Sialoidea,
Raphidioidea, Heteroptera and Homoptera. He also split up the old order
Orthoptera, gave its components ordinal rank and regrouped them with
some of the other orders into a subclass Orthopteroidea and another subclass
Blattaeformia. This system was modified somewhat by Handlirsch (1926)
and as such has influenced Brues, Melander and Carpenter (1954), Weber
(1933), Martynov (1938) and Jeannel (1949). More recently, general classifi-
cations of the insects have been set out by Beier (1969), Hennig (1953, 1969)
and Mackerras (1970).

Most classifications of the insects have tended to reflect their authors’
opinions on the evolutionary relationships of the major groups. Unfortun-
ately, the palaeontological record does not provide a very satisfactory basis
on which to reconstruct insect phylogeny, while attempts to infer it from the
comparative morphology of recent species are also subject to many uncer-
tainties and qualifications. Until there is wider agreement on phylogenetic
issues, therefore, it seems best not to insist on a taxonomic scheme whose
detailed structure depends on too many evolutionary hypotheses, however
interesting these may be in their own right. We have therefore simply
enumerated the 29 orders of insects recognized in this book without group-
ing them in a formal hierarchical system of superorders, subclasses and so
on. The various alternative arrangements of these orders are then discussed
in connection with the palacontological data and some of the more probable
phylogenetic interpretations. In addition to the detailed studies cited below
there are modern accounts of the general phylogeny of the insects by Wille
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(1960), Rohdendorf (19694) and especially by Hennig (1953, 1969) and
Kristensen (1974). The fossil groups have been reviewed by Handlirsch
(1937-39), Martynov (1938), Laurentiaux (1953), Martynova (1961) and
Rohdendorf (1962, 19694) as well as in many special studies, some of which
are listed on pp. 427-31. Details of the fossil record are tabulated by Crowson
et al. (1967).

The first four orders, the Apterygote insects, are primitively apterous
forms with only a slight metamorphosis; they usually moult several times
after attaining sexual maturity and the adults have one or more pairs of
pregenital appendages. The mandibles usually articulate with the head-cap-
sule at a single point.

Order 1. THYSANURA
Order 2. DIPLURA

Order 3. PROTURA

Order 4. COLLEMBOLA

The remaining 25 orders are the Pterygote insects and their adults are
winged or secondarily apterous. Their metamorphosis is varied, the adults
do not moult and they have no pregenital abdominal appendages. Unless
highly modified, the mandibles articulate with the head-capsule at two
points.

The Pterygotes fall into two sections. Orders 5 to 20 below constitute the
Exopterygotes, normally with a simple, incomplete (hemimetabolous)
metamorphosis. There is usually no pupal instar, the wings develop exter-
nally, and the immature stages (known either as larvae or nymphs) usually
resemble the adults in structure and habits.

Order 5. EPHEMEROPTERA }Palaeopteran
Order 6. ODONATA orders

Order 7. PLECOPTERA

Order 8. GRYLLOBLATTODEA

Order 9. ORTHOPTERA

Order 10. PHASMIDA | Orthopteroid
Order 11. DERMAPTERA orders

Order 12. EMBIOPTERA

Order 13. DICTYOPTERA
Order 14. ISOPTERA

Order 15. ZORAPTERA J
Order 16. PSOCOPTERA

Order 17. MALLOPHAGA

Order 18. SIPHUNCULATA Hemipteroid
Order 19. HEMIPTERA orders
Order 20. THYSANOPTERA

The 9 remaining orders are the Endopterygotes, with a complete
(holometabolous) metamorphosis, accompanied by a pupal instar. The wings
develop internally and the larvae differ from the adults in structure and
habits.
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Order 21. NEUROPTERA

Order 22. COLEOPTERA

Order 23. STREPSIPTERA

Order 24. MECOPTERA

Order 25. SIPHONAPTERA

Order 26. DIPTERA Panorpoid orders
Order 27. LEPIDOPTERA

Order 28. TRICHOPTERA

Order 29. HYMENOPTERA

The Apterygote orders are a rather diverse assemblage which seem to
represent more than one evolutionary line and which should probably not be
grouped together as a single subclass, the Apterygota, as was done in older
classifications. Manton (1964, 1972, 1973) adopts an extreme position in
believing that all four Apterygote orders and the Pterygotes evolved their
hexapod condition independently from more primitive Myriapod-like stock,
thus supporting those entomologists who, since the time of Handlirsch
(1908), have treated them as separate subclasses or classes. Certainly the
Thysanura, Diplura, Protura and Collembola are very different from one
another, but the Lepismatidae resemble the Pterygota in several apparently
fundamental respects (p. 439) and the Diplura, Protura and Collembola all
have entognathous mouthparts. Manton also regards entognathy as a conver-
gent feature but Hennig (1969), Tuxen (1959, 1970), Lauterbach (1972) and
Kristensen (1975) unite the three orders into one supposedly monophyletic
group, the Entognatha, which they contrast with the Ectognatha
(= Thysanura + Pterygota). Associated with these differences of opinion
are variations in the use of the names Insecta and Hexapoda and in the
taxonomic status accorded to the groups so named. Among recent authors,
Kristensen (1975) restricts the name Insecta to the ectognathous orders,
treating them and the Entognatha as the two components of a larger mono-
phyletic unit, the Hexapoda. Beier (1969) retains the comprehensive class
Insecta with subclasses Entognatha, Ectognatha (= Thysanura) and
Pterygota. Manton (1973) refers to the Hexapoda as a subphylum of her
Uniramia (p. 5), but presumably regards it as a polyphyletic group. To all
these discussions on the mutual relationships of the Apterygote insects,
palaeontology has contributed little. The earliest known insect, the Devonian
Rhyniella praecursor, seems to be a normal Collembolan and therefore does
little to elucidate their relationships (Scourfield, 1940). Two species of
another Apterygote, Dasyleprus, from the Upper Carboniferous and Lower
Permian, are also somewhat uninformative; though treated as the sole
representatives of a distinct order, the Monura, by Sharov (1957), they seem
to be not far removed from the Machilidae (Hennig, 1969), as is also the
Upper Triassic Triassomachilis uralensis (Sharov, 1948). Whether the
Thysanura (sens. lat.) should be divided into two groups, each of ordinal
status, is discussed on p. 439.

Of the origin of the winged insects, nothing certain is known. The
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Devonian Eopterum and Eopteridium, formerly regarded as the oldest
Pterygote fossils, are now known to be Crustacean remains (Rohdendorf]
1972). In the lower part of the Upper Carboniferous, however, there occur a
few fossils belonging to the Odonata (Erasipteron larischi), the
Auchenorrhynchan Homoptera (Protoprosbole straeleni) and the extinct order
Palaeodictyoptera (Kukalova, 1969—70), as well as some others of uncertain
position such as Ampeliptera and the Miomoptera. The Pterygotes had thus
already achieved appreciable diversity by an early geological stage and the
presence of characteristic Pterygote features in the mouthparts, tentorium,
ovipositor, tracheal system and embryonic membranes of the Lepismatidae
suggests strongly that they and the Pterygotes had a common ancestry
(Kristensen, 1975). This is the basis for recognizing a large monophyletic
taxon composed of all or some of the Thysanura plus the Pterygotes. Marty-
nov (1925, 1938) has emphasized that the Ephemeroptera and Odonata,
unlike other Recent winged insects, are unable to flex their wings over the
abdomen into a position of repose. They also have an atypical wing articula-
tion, and they retain an anterior median vein and the primitive alternation of
concave and convex veins. Martynov formalized these distinctions by placing
the Ephemeroptera and Odonata in one taxonomic section, the Palaeoptera,
with all other Recent Pterygote orders forming a second, much larger sec-
tion, the Neoptera. An inability to flex the wings seems also to have charac-
terized the extinct Palaeozoic orders Palaeodictyoptera, Protephemeroptera,
Archodonata, Protodonata (Carpenter, 1961), Megasecoptera (Kukalova—
Peck, 1974) and Campylopterodea. The mayflies and dragonflies are thus the
survivors of a large and varied Palaeozoic fauna, but though the two orders
share the Palaeopteran features mentioned above they differ considerably in
many other respects. Indeed, Kristensen (1975) prefers to regard the
Odonata + Neoptera as a monophyletic group, to be contrasted with the
Ephemeroptera.

Among the Neopteran insects one finds Carboniferous representatives of
an Orthopteroid group of orders, sometimes collectively known as the
Polyneoptera or Paurometabola. As conceived by Sharov (1968), this com-
plex contains four purely fossil orders, the Protoblattoidea (Carboniferous to
Jurassic), the Protorthoptera (Carboniferous), the Protelytroptera (Permian;
see Carpenter and Kukalova, 1964; Kukalova, 1966) and the Titanoptera
(Triassic). The remaining nine Orthopteroid orders are the extant
Plecoptera, Grylloblattodea, Orthoptera, Phasmida, Dermaptera, Embio-
ptera, Dictyoptera, Isoptera and Zoraptera. Viewed morphologically they
are characterized by, or easily derivable from forms characterized by: (i) un-
modified mandibulate mouthparts; (ii) presence of a large anal lobe in the
hind wing; (iii} presence of cerci; (iv) presence of numerous Malpighian
tubules and (v) presence of several separate ganglia in the ventral nerve-
cord.

While the Orthopteroid orders almost certainly make up a monophyletic
group, their mutual relationships have proved difficult to unravel
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(Kristensen, 1975; Carpenter, 1966). The Dictyoptera include the cock-
roaches (Blattaria) which probably had a common ancestry with the
Protoblattoidea and though the latter died out in the Upper Carboniferous,
the rich Palaeozoic Blattoid fauna gave rise to modern descendants. The
anatomy of Recent Mantids shows that they are undoubtedly close relatives
of the cockroaches, but as the earliest indubitable fossil Mantids date only to
the early Tertiary the details of their origin remain obscure. Comparative
anatomy also makes it very probable that the Isoptera were originally little
more than cockroaches which adopted a peculiar mode of social organization
but the fact that no Isopteran fossils are known before the Cretaceous
Hodotermitid Cretatermes carpenteri (Emerson, 1967) makes their precise
origin uncertain. Tillyard (1937) has shown, however, that the mode of
folding of the hind wing of Mastotermes resembles that of Palaeozoic cock-
roaches rather than Recent ones (see also McKittrick, 1965). There is some
justification for including the cockroaches, termites and mantids all in a
single taxon, though whether this should be ordinal or supraordinal is not
agreed.

The saltatorial Orthoptera can be traced back to the fossil
Sthenaropodidae (L.ower Permian) and Oedischiidae (Carboniferous), but
their relationship with the Protorthoptera is not well established (Carpenter,
1966). Also unclear are the affinities of the Phasmida; they have a poor fossil
record and Timema, perhaps their most primitive living member, needs
further study. Sharov (1968) relates them and the Titanoptera to a family of
Permian Orthoptera, the Tcholmanvisiidae. The Grylloblattodea combine
primitive and specialized features; they have been regarded as the remnants
of a Protorthopteran stock (Zeuner, 1939) and as close to the ancestor of
both the Blattoid and Orthopteran lines of descent, but neither hypothesis is
well supported. There are many resemblances between the Grylloblattodea
and the Dermaptera (Giles, 1963); the suggestion of a close phylogenetic
relationship between the two orders has been challenged (Kristensen, 1975)
but it is perhaps more convincing than various alternative theories which ally
the Dermaptera with the cockroaches, phasmids, Plecoptera, Embioptera, or
even the beetles. The Plecoptera and Embioptera are, in fact, two very
isolated Orthopteroid orders despite the repeated suggestions that they are
quite closely related to each other (Zeuner, 1936, and others). The
Plecoptera have been associated with the fossil Paraplecoptera (see, e.g.,
Illies, 1965); their uncertain affinities with other Recent orders has led to a
variety of proposals for the taxonomic subdivision of the Orthopteroid com-
plex.

The remaining Exopterygote orders alive today form, on anatomical
grounds, what might be called an Hemipteroid group (Konigsmann, 1960),
also known as the Paraneoptera. They may be defined as those which (i)
possess specialized mandibulate or suctorial mouthparts; (ii) lack a large anal
lobe in the hind wing; (iii) lack cerci; (iv) possess only a few Malpighian
tubules and (v) show a more or less highly concentrated group of ganglia in
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the ventral nervous system. The distinction between the Hemipteroid and
Orthopteroid groups is not sharp because the Zoraptera have a reduced
wing-venation, few Malpighian tubules and a somewhat concentrated ner-
vous system. The Zoraptera have therefore been considered a primitive
Hemipteroid order though the specializations just mentioned may have been
acquired convergently. Both anatomically and on palaeontological grounds
the Psocoptera may be regarded as a generalized Hemipteroid stock, appear-
ing first in the Lower Permian. Directly connected with them, though fossil
lice are lacking, are the Mallophaga, which share with the Psocoptera a
unique type of hypopharynx. The Siphunculata, in turn, are probably
closely related to some Mallophaga, which they resemble not only in many
features of external and internal anatomy and in habits, but also in spiracular
structure and in the mode of hatching from the egg. Indeed, it may be more
satisfactory to group the biting and sucking lice together in a single order,
the Phthiraptera, comprising three main sections (Konigsmann, 1960; Clay,
1970; and see p. 664). The Protoprosbolidae from the Upper Carboniferous
are probably to be regarded as the earliest known Hemiptera. In the Lower
Permian other Homopteran wings similar to the Permian Psocoptera have
been found, as well as Paraknightia, which seems to be the earliest
Heteropteran (Evans, 1963, 1964). Many insect classifications assign the
Homoptera and Heteroptera to separate orders but there is no doubt that
they together form a monophyletic group, though it is one whose further
natural classification presents problems (Hennig, 1969; Kristensen, 1975;
and see p. 702). The affinities of the remaining Hemipteroid order, the
Thysanoptera, are obscure, though alleged representatives are known from
the Permian.

Despite the isolation of the Coleoptera, Strepsiptera and Hymenoptera,
there is little doubt that the Endopterygote insects are a monophyletic
group. Its origin is not known and the claim for ancestors among the fossils
assigned to the Protoperlaria is not very strong (Adams, 1958). Apart from
the three orders mentioned above, the Endopterygotes have been regarded
since the classical work of Tillyard (1918—20, 1935) as forming a Panorpoid
complex of orders. This is centred on the Mecoptera with the Neuroptera
forming a somewhat distinct branch that is often separated from the
Panorpoid orders sensu stricto (Hinton, 1958; Mickoleit, 1969). Among the
Neuroptera there is little doubt that the Megaloptera (Lower Permian-
Recent) include some of the most primitive Endopterygotes; the inter-
relationships of the Sialoidea, Raphidioidea and Plannipennia are not
altogether clear (Achtelig and Kristensen, 1973) but there seems no need at
present to give each of these groups ordinal status. The Mecoptera are
known first from the Lower Permian, where members of the suborder
Protomecoptera are found. The Boreidae are a distinctive family which
Hinton (1958) places in an order of its own, the Neomecoptera, though
this has not yet been widely accepted. From early Panorpoid stock there
probably arose on the one hand the Diptera and Siphonaptera, and on the
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other hand the Trichoptera and Lepidoptera. The position of the
Micropterigidae is interesting in this connection since although traditionally
classed with the Lepidoptera, its members are actually more primitive than
any other known Lepidoptera or Trichoptera and Hinton (1946; 1958) has
therefore urged that it be given the rank of a distinct order (Zeugloptera).
There has been considerable discussion of the phylogenetic relationships of
the lower Lepidoptera (e.g. Friese, 1970; Niculescu, 1970; Kristensen, 1971;
Common, 1975) but several adult features favour the retention of the
Micropterigidae in the Lepidoptera. The Siphonaptera are very distinct in
their imaginal structure but the larvae are not unlike those of some
Nematoceran Diptera (Mycetophilidae) and it is likely that if not of early
Dipteran origin they are at least derived from a Panorpoid stock.

With the Hymenoptera, Coleoptera and Strepsiptera one reaches unsolved
phylogenetic problems, to which palaeontology has contributed very little
since the few Mesozoic Symphytan wings are apparently Xyelids (Riek,
1955) and therefore already relatively specialized while the fossil remains of
the earliest (Lower Permian) beetles are mostly fragmentary elytra, impos-
sible to relate to more generalized orders. Handlirsch attempted to derive the
Hymenoptera from Protorthopteran stock, but his arguments are not con-
vincing and the similarity of Symphytan larvae to those of Panorpoid insects,
together with the fact that the wing-venation of the Symphyta can, without
great difficulty, be derived from a Megalopteran pattern (Ross, 1936),
inclines many to regard the Hymenoptera as having had a common ancestry
with the Neuroptera and other Panorpoid orders. The Coleoptera have also
been thought to have arisen independently of the other Endopterygote
insects (either from a Protoblattoid-like stock or some earlier group) but
there is little real evidence for this and most authorities now favour a deriva-
tion from Neuropteran-like ancestors (Crowson, 1960; Mickoleit, 1973). The
Strepsiptera (with no pre-Tertiary fossils) are generally considered to be
related to the Coleoptera though this is debatable (Crowson, 1968;
Kinzelbach, 1971).
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Ovder 1

THYSANURA (BRISTLE-TAILS;
SILVERFISH)

Apterygota with ectognathous mouthparts, adapted for biting. Antennae many-
segmented, but only the basal segment provided with intrinsic muscles. Compound
eyes present or absent. Tarsi with 2—5, commonly 3, segments. Abdomen 11-
segmented, with a variable number of lateral, styliform, pregenital appendages, a
pair of many-segmented cerci, and ending in a segmented median process. Trach-
eal system and Malpighian tubules present. Metamorphosis skhight or wanting.

This order includes some of the most primitive insects and is very widely
distributed; about ¢ species have been found in the British Isles out of a total
of over 550. Its members live a concealed life in the soil, in rotting wood,
under stones, or in the leaf-deposits of forest floors; a considerable number
occur in the nests of ants and termites. Unlike many Collembola they are not
usually found among living herbage. The ‘silverfish’, Lepisma saccharina
(Fig. 204) and Crenolepisma lineata and C. longicaudata occur in buildings in
many parts of the world, where they are destructive to paper, book-bindings,
etc., while Thermobia domestica frequents warm buildings. Petrobius
brevistylis and P. maritimus (Fig. 205) inhabit rocky coasts, close to the sea.
Although the order includes a number of minute species, the majority are
larger than the Collembola, though they do not exceed 2 cm in length. Most
species are brownish, grey or white, and the scaled forms exhibit a metallic
sheen.

External Anatomy — The body is more or less spindle-shaped in outline,
depressed in the Lepismatoidea and somewhat compressed in the
Machiloidea. It is clothed with scales except in some Meinertellidae and
Nicoletiidae. The antennae are long and filiform, often consisting of 30 or
more segments, the absence of muscles in the flagellar segments distinguish-
ing them from those of the Diplura (Imms, 1939; Slifer and Sekhon, 1970).
Compound eyes are well developed in the Machiloidea where they are ap-
proximated or contiguous dorsally, but in the L.epismatoidea they are con-
siderably reduced (Brandenburg, 1960; Elofsson, 1970). The latter group
also usually lacks ocelli but in the Machilidae median and paired ocelli
occur. They are variable in form with the retinal cells in small groups
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FIG. 204 FIG. 205

Lepisma saccharina (magnified). Petrobius  maritimus  (magnified).
Britain Britain

After Lubbock. After Lubbock.

surrounding a rhabdom-like structure (Hanstrom, 1940; Marlier, 1941). The
head (Chaudonneret, 1951; Bitsch, 1963) often exhibits the ‘epicranial suture’
and both the labrum and clypeus are well developed. The mouthparts
(O’Harra and Adams, 1942; Chaudonneret, 1949) are normal and exserted
and in Petrobius and other Machilids they are relatively generalized struc-
tures from which the mouthparts of all the other Apterygote orders and the
Pterygotes might well have evolved (Manton, 1964). The mandibles are long
and pointed organs, with a transverse strengthening ridge and a well-defined
projecting molar area. The superlinguae are exceptionally well developed;
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each organ is attached by membrane to the base of the hypopharynx, and
exhibits differentiation into two lobes together with a small palp-like
process. The maxillae are composed of the typical sclerites and their palps
are 7-segmented. In the labium the mentum and submentum are broad
plates, the prementum is paired, and the palps are 3-segmented. Paired
glossaec and paraglossae are present and the latter are longitudinally sub-
divided into three lobes. In Lepisma the mandibles are each provided with
two cephalic articulations instead of the one found in Machilidae and in the
labium the glossae and paraglossae are single organs on either side. The
cephalic endoskeleton comprises anterior and posterior tentorial arms which,
in some Lepismatids, are united into a structure essentially similar to that of
the Pterygote insects (Snodgrass, 1952).

The thorax (Barlet, 195154, 1967; Manton, 1972) consists of three well-
defined segments. The prothorax is somewhat narrower than the other two
in Machilids and in some Lepismatoidea the terga are produced laterally into
paranotal lobes, tracheated in a way that recalls a small Pterygote wing-pad
(p. 67). Functionally, the skeletomuscular system of the Thysanuran thorax
differs from that of the Pterygotes and the other Apterygote orders and may
perhaps have evolved independently (Manton, 1972).

The legs have 3 tarsal segments in the Machiloidea and 2-5 in the
Lepismatoidea; paired pretarsal claws are always present. In some
Machilidae (Fig. 206) the coxae of the 2nd and 3rd pairs of legs each bear a
small, movable, unsegmented style, but in other members of this family they
are absent or occur only on the posterior pair of legs.

The abdomen is composed of 11 segments (Bitsch, 1973—74; Rousset,
1973; Birket-Smith, 1974). The 10oth segment is reduced and bears no ap-
pendages while the 11th is also small but carries the cerci and its tergum is
prolonged into the median cerciform appendage. The abdominal sterna (Fig.
206) are exhibited best on the pregenital segments (1—7 inclusive) where each
may be divided transversely, as in Nicoletia, or be composed of a triangular
sternum with, in some cases, a pair of laterosternites. Typically, each seg-
ment possesses a pair of laterally placed appendages made up of a basal,
plate-like coxite and a small terminal style. These appendages are probably
serial homologues of the thoracic legs but the extent to which they are
developed varies considerably in different genera. In the Machilidae coxites
and styles are present on segments 2—9 inclusive but styles do not occur on
the 1st segment. In the Lepismatoidea styles are found on segments 2—9 in
Nicoletia but other genera have fewer, Lepisma and its allies rarely having
more than 3 pairs (segments 7—9). In some cases the coxites are fused with the
sternal plate to form a compound coxosternum. Each appendage of the
pregenital segments may be provided medially with one or two eversible vesicles
(Fig. 206). The latter can be extended by blood-pressure and retracted by
special muscles: their function is uncertain but they may be concerned in
respiration or water-uptake. The vesicles are absent from many Lepismatidae
but Nicoletia has 6 pairs (segments 2—7). They are always present in Machilidae
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(almost invariably on segments 1—7) and in some genera (e.g. Machilis and
Petrobius) segments 2—5 each carry two pairs.

The 8th and gth abdominal segments are modified through the develop-
ment of external genitalia (Figs. 45 and 48). In the female, both segments
bear a pair of coxites and styles and articulated basally with each coxite is a
long, annulated gonapophysis. The four gonapophyses fit together to form
the ovipositor; a gonangulum is present in the Lepismatoidea but not in the

FIG. 206
Petrobius maritimus. Britain

A, hind margin of 5th abdominal seg-
ment showing vesicles v and styles s. B,
left leg of 3rd pair; ¢, coxa; s, style.

Machiloidea (p. 77). In the male the genital segments likewise usually
possess a pair of coxites and styles and in a few Machilids (e.g. Machilis) there
is a pair of small gonapophyses on the 8th segment. In all other cases,
however, it is only the gth segment of the male which bears a pair of small
gonapophyses (‘parameres’) and between them lies the median penis. The
genitalia of the Thysanura are of considerable morphological interest because of
the light they are believed to throw on the homologies of these organs in
Pterygote insects (Gustafson, 1950; Scudder, 1971).

Internal Anatomy (Barnhart, 1961) — The alimentary canal (Fig. 207) is
usually a simple straight tube, but in Lepisma the hind intestine presents a single
convolution. Thereisalarge gizzard in Lepisma and in this genus and in Machilis
enteric caeca are present. Salivary glands are generally present (Philiptschenko,
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1907—08) while the Malpighian tubules are well developed and number 12 to 20
in the Machilidae, and 4 to 8 in the Lepismatidae. The nervous system (Hilton,
1917; Watson, 1963; Rousset, 1975) is generalized with 3 thoracic and 8
abdominal ganglia, and double longitudinal connectives throughout (Fig. 66A).
The tracheal system exhibits differences in the two best-known families. In the
Machilidae there are g pairs of spiracles: the 1st pair is located between the pro-
and mesothorax, the 2nd pairis placed near the hinder border of the mesothorax,
and the remaining pairs are placed on the 2nd to 8th abdominal segments. The
tracheae associated with the abdominal spiracles remain unconnected with

FIG. 207

Alimentary canal of Perrobius

oe, oesophagus; ¢, large caeca; ¢;, smal-
ler caeca; m, mid intestine; mi,
Malpighian tubules; 7, rectum. Afier
Oudemans.

those of adjacent segments (Stobbart, 1956). In the Lepismatidae 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
developed; 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
tracheae of opposite sides (Sulc, 1927).

The heart in Machilis (Bar, 1912, Barth, 1963) extends from the 1oth
abdominal segment into the mesothorax, passing anteriorly into the aorta.
There are 11 pairs of dorsally situated ostioles and, in the 8th and gth
segments, two pairs of ventral ones. 11 pairs of alary muscles are said to be
present. See also Rousset (1974).

The reproductive system (Fig. 208) exhibits some differences in the two
main families. In the female, the panoistic ovarioles number 5 on each side
in Lepismatidae and 7 in Machilidae. In the latter family the ovarioles join a
lateral oviduct one behind the other so as to present a metameric appearance,
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though a strict segmental disposition does not seem to be preserved. The
two oviducts join to form a short vagina which, according to Gustafson
(1950), opens behind the 7th abdominal segment in Lepisma and Neomachilis
and behind the 8th in Nicoletia. In the Lepismatidae a spermatheca and a
pair of accessory glands (unpaired in Nicoletia) are present, but the

FI1G. 208 Reproductive organs of Petrobius. Ventral
side
A, male; B, female. 1, 1st thoracic segment; 13,
1oth abdominal do.; ¢, testis; ve, vas efferens;
vd, vas deferens; e, ejaculatory duct; s, blind
sac; ae, aedeagus; ov, ovariole; od, oviduct; g,
genitalia. Adapted from Oudemans.

Machilidae do not possess them. In the male the testes comprise a group of
lobes, each apparently made up of several follicles. The number of lobes
varies considerably (many in Nicoletia, 6 in Lepisma, 3 in Petrobius). The
vasa deferentia are more or less convoluted and in Petrobius each is double
throughout the greater part of its length, the two canals thus formed being
united by a series of 5 transverse connecting tubes (Fig. 208, A). According to
Gustafson (1950) in Lepisma and Crenolepisma the vasa deferentia of opposite
sides do not join but extend separately into the penis on which they open by a
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pair of gonopores. In other cases there is a short median ejaculatory duct. For
further anatomical and histological information see Bitsch (1968a, 4, ¢), Barth
(1962), Torgerson and Akre (1969) and Wygodzinsky (1959).

Biology and Postembryonic Development — Despite their well-
developed external genitalia the Thysanura do not copulate but transfer
sperm indirectly after a more or less complicated courtship. The male spins
a thread or threads with the aedeagus and deposits sperm droplets on them;
the female then encounters the thread and takes up the sperm into her
reproductive tract (Sturm, 1955—56). The absence or rarity of males in some
species suggests that parthenogenesis may occur (e.g. Janetschek, 19545).
The eggs of Thysanura are relatively large, somewhat variable in shape and
the number laid in one season does not exceed about 30. The growth and
postembryonic development of several species has been summarized by
Delany (1957). Hatching takes place with the aid of a cephalic spine and the
early instars may lack scales and styles on the coxae and abdomen. External
genital rudiments first become apparent at the fourth instar in Petrobius
brevistylis and the eighth in Ctenolepisma longicaudata, and sexual maturity is
reached after a further five or six moults. The changes which occur during
development are slight and the different instars can sometimes only be
recognized biometrically. Moulting continues into the adult stage and the
total number of moults may be considerable — from 25 to 66 have been
recorded in Ctenolepisma and from 19 to 58 in Thermobia. For further
details of postembryonic development see Delany (1959, 1961), Sweetman
(1952), Lindsay (1940), Sahrhage (1953), Bitsch (1964) and Larink (1969).
Longevity depends on the species and the environmental conditions, but
most investigated species live from one to four years; moulting and growth
cease during the winter in temperate zones. At each adult moult the
cuticular lining of the spermatheca is lost, together with its contents, so that
copulation has to occur in each adult instar in order that fertile eggs may
continued to be laid (but see Sahrhage, 1953).

Affinities — The Lepismatoidea and the Pterygota share a number of specialized
features which do not occur in the Machiloidea. Hennig (1953, 1969) and Kristensen
(1975) have therefore argued that the Thysanura (in the wide sense adopted above)
should be divided between two monophyletic groups. One of these is the
Machiloidea, to which the ordinal name Microcoryphia (= Archaecognatha) is
sometimes applied. The other consists of the Lepismatoidea (order Zygentoma or
Thysanura s.str.) plus all the Pterygote orders. The specialized features shared by
the Lepismatoids and the Pterygotes include: (i) presence of two mandibular
articulations; (ii) presence of a gonangulum; (iii) origin of ventral mandibular and
stipital adductors on the tentorium; (iv) absence of ‘fulturae’ in the cephalic endo-
skeleton; (v) presence of longitudinal and transverse tracheal trunks in the abdo-
men; and (vi) the closed amniotic cavity of the embryo. While some of these
features probably deserve fuller scrutiny, there seems little doubt that the Lepismatoids
resemble the Pterygotes far more than do the Machiloids. This important distinction
may be adequately recognizéd for the present by placing the Lepismatoidea and
Machiloidea in distinct suborders of the Thysanura.
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Classification — The higher classification summarized below is based on
Remington (1954). For taxonomic keys or monographs on smaller groups or
regional faunas, see especially Delany (1954), Escherich (1904), Janetschek
(19544, b), Paclt (1963, 1967), Palissa (1964), Womersley (1939) and

Wygodzinsky (1941, 1963, 1970, 1972).

Suborder MICROCORYPHIA

Eyes large, contiguous, with many ommatidia; median and paired lateral
ocelli present; mandible with one articulation, distinct molar area and long,
pointed incisor process; maxillary palp 7-segmented; paraglossae 3-lobed;
meso- and metathoracic coxae often with styles; eversible vesicles usually on
2nd to 7th abdominal sterna; no gonangulum.

Superfamily Machiloidea (Bristletails)
(With characters of the suborder)

FAM. MACHILIDAE. Sterna large, triangular; at least one and often two
pairs of eversible vesicles on 2nd to 6th abdominal segments; scales present at least on legs
and base of antenna. Mainly a Northern hemisphere group. Dilta, Petrobius, Machilis
and others.

FAM. MEINERTELLIDAE. Sterna small; never more than one pair of
abdominal vesicles on abdominal segments; antennae and legs unscaled. Mainly from the
Southern hemisphere, e.g. Allomachilis, Nesomachilis.

Suborder ZYGENTOMA

Eyes small and separate or absent; ocelli absent; mandibles with anterior and
posterior articulations, molar and incisor areas confluent; maxillary palps 5-
segmented; paraglossae simple; coxae without styles; eversible vesicles absent
Or one pair present on some segments.

Superfamily Lepismatoidea
(With characters of the suborder)

FAM. LEPIDOTRICHIDAE. Tricholepidion gertschi, described by
Wygodzinsky (1961) from beneath bark and rotting logs of Douglas Fir in
California, is the only living representative of this very primitive family. The body is
unscaled, eyes and ocelli are present, the abdominal sterna and coxites are well-
developed, with styles present on the 2nd to gth segments and eversible vesicles on
the 2nd to 6th. In some respects, therefore, it provides exceptions to the subordinal
characters listed above.

FAM. NICOLETIIDAE. Eyes and ocelli absent; scales usually absent; male
gonapophyses long, subterranean, myrmecophilous or termitophilous species. Nicoletia is
widely distributed. Atelura formicarius is a small myrmecophilous form from Central
Europe.
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FAM. LEPISMATIDAE (SILVERFISH). Eyes present but no ocelli;
scales usually present; male gonapophyses short, rarely myrmecophilous, usually free-
living or domestic. A large family with representatives in all regions. Most of the
species live outdoors but a few are closely associated with houses, greenhouses or
stores. Lepisma saccharina and Thermobia domestica are the best known but species of
Ctenolepisma, Acrotelsa and Peliolepisma are domestic insects in various parts of the
world; their natural distribution has been widely extended by commerce.
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Order 2

DIPLURA

Apterygota with entognathous mouthparis. Antennae many-segmented, flagellar
segments provided with muscles. Compound eyes and ocelli absent. Tarsi 1-
segmented. Abdomen with lateral styliform appendages on most or all of the
pregenital segments and ending in paired cerci of variable form. Terminal
median filament absent. Tracheal system present; Malpighian tubules vestigial or
absent.

Like the Thysanura, with which they were formerly united in a single
order, the Diplura are a group of widely distributed insects living in con-
cealed situations under stones, in dead wood, among fallen leaves or in soil
(Paclt, 1957). The Campodeidae are well represented in the Holarctic region
while the other families occur mainly in the tropics and subtropics of all
regions. About 600 species are known, of which 11 species of Campodea (Fig.
209) are British (Delany, 1954). The Diplura are usually small insects, the
largest forms occurring in the genus Heterojapyx (Fig. 210) where H. soules,
for example, measures up to 50 mm in length.

External Anatomy — The integument is generally thin and pale and
scales occur only in a few Campodeidae (e.g. Lepidocampa; see Bareth,
19634). The head-capsule (Frangois, 1970) is oval or quadrangular in outline
and is subdivided in some forms by the ecdysial cleavage line and the
postoccipital sulcus while the clypeus and labrum are distinct sclerites. The
antennae are more or less elongate structures with 20 to 40 or more seg-
ments, all except the last being provided with intrinsic muscles (Imms,
1939). The reduced mouthparts (Fig. 211) are partially sunk into the head-
capsule and resemble those of the Collembola (Snodgrass, 1952; Manton,
1964). The mandibles are elongate, apically toothed structures with a conical
base fitting loosely into a corresponding socket on the head-capsule and in
the Campodeidae and Projapygidae a prostheca is present. In the maxilla the
cardo is small, the stipes rather elongate and a small 1- or 2-segmented palp
may also occur. A lacinia and galea can be recognized, the former often
serrated. The labium is sub-divided into pre- and postmentum and bears a
pair of small papilla-like palps (absent in Parajapyx) and a ligula which is
divided into glossae and paraglossae. Lateral to the prementum is a pair of
sclerites of uncertain homologies — the admental plates of Silvestri (1933). A
well-developed hypopharynx occurs with large superlinguae. As in the
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FIG. 209

Campodea (X  circa
15). Britain

After Lubbock.

Collembola, the cephalic endoskeleton is not fully understood. Manton
(1964) regards it as composed of transverse mandibular and maxillary ‘ten-
dons’ and the posterior tentorial arms, but others believe that the arm-like
structures supporting the hypopharynx (‘fulturae’ or ‘intermaxillary
brachia’) are not really tentorial (Snodgrass, 1952; Francois, 1970). Itis also a
matter of controversy whether the entognathous condition has been evolved
independently in the Diplura, Collembola and Protura (see p. 32).

The 3 thoracic segments are clearly separated, the prothorax being the
smallest (Carpentier and Barlet, 1951; Barlet and Carpentier, 1962). The
sterna and sometimes also the terga are subdivided by transverse sutures but
there is no general agreement on the homologies of the sclerites so delimited.
The pleural sclerites are reduced but indications of the primitive anapleural
and coxopleural arcs have been claimed to occur in some genera. Manton
(1972), however, considers that the thoracic sclerites of the Diplura evolved
independently of those in the three other Apterygote orders and in the
Pterygotes and that it is misleading to seek homologies between the various
groups. The 3 pairs of legs differ little, the tarsi are 1-segmented and there
are usually 2 pretarsal claws, though an additional median claw-like appen-
dage occurs in Japyx, Anajapyx and Lepidocampa. There is a single sternal
articulation between coxa and pleuron.



446 GENERAL TEXTBOOK OF ENTOMOLOGY

The abdomen is composed of 10 well-developed segments and a small
11th segment which bears the cerci. The abdominal sterna, at the front of
which narrow transverse presternites are sometimes delimited, bear a var-
iable number of lateral styliform appendages. These occur on segments 1—7
in the Japygidae and Projapygidae and on 2—7 in the Campodeidae, the 1st
segment in the latter family being provided with a pair of larger, lobe-like
appendages which may show sexual differences. Paired eversible vesicles

FIG. 211 Mouthparts of Heterojapyx (after Snodgrass, 1952). A. Maxilla and Hypopharynx.
B. Ventral view of head.
ca, cardo; ga, galea; hphy, hypopharynx; im.b, intermaxillary brachium; /Jac, lacinia; /bm,
labium: /.p/p, labial palp; /g, interbrachial ligament; w4, mandible; m.plp, maxillary palp; sz;,
first thoracic sternum; s, stipes.

resembling those of the Thysanura are found on the 2nd to 7th abdominal
segments of the Campodeidae and Anajapygidae, on the 2nd and 3rd sterna
of Parajapygids and on the st to 7th in the Japygids; in the Projapygidae
there are no vesicles. The vesicles of Campodea absorb solutions of methy-
lene blue experimentally and may therefore be sites of water uptake
(Drummond, 1953). In some Japygidae the cuticle of the 1st abdominal
segment is differentiated just medial to the styles to form a pair of setose
‘subcoxal organs’ between which may lie an unpaired glandular structure.
The eighth abdominal segment bears small papillaec associated with the
gonopore (Pagés, 1962). The cerci assume very different forms in the three
families. In the Campodeidae they are long, many-segmented, antenna-like
structures and the Projapygidae also retain segmented cerci though they are
here short, robust organs perforated apically by the opening of a gland. In
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the Japygidae the cerci are represented by stout, strongly sclerotized forceps
which the insects use in catching their prey (Kosaroff, 1935).

Internal Anatomy — The alimentary canal is a straight tube. In
Anajapyx the mid gut is very short but the oesophagus is of great length,
extending into the 4th abdominal segment. Campodea has a large rectum
which can be extended by dilator muscles and the epithelium of its mid gut
undergoes partial or complete degeneration and renewal at intervals during
postembryonic development (Bareth, 1969). The head contains several
paired exocrine glands, seven of which have been distinguished in Campodea
by Bareth (19684). Three pairs open to the exterior while the other four
discharge into the pre-oral food cavity. Of the latter, one pair is long and
tubular, with a terminal sac, and is perhaps excretory (‘labial nephridia’),
while another is bilobed and apparently salivary. Malpighian tubules are
represented in some Diplura by small papillae of which Campodea has 16,
Projapyx 5 and Anajapyx 6, but in Fapyx these structures are entirely absent.

The nervous system shows little concentration, the ventral cord including
eight abdominal ganglia in the Japygidae and Parajapygidae and seven in the
other families. Neurosecretory cells are present in the brain and ventral
ganglia and the stomatogastric system, corpora cardiaca and corpora allata
are like those of the Collembola (Cazal, 1948; Bareth, 19685). The respiratory
system shows several unusual features. In Campodea it is poorly developed
and opens by 3 pairs of thoracic spiracles (2 on the mesothorax and 1 on the
metathorax). The tracheae from each spiracle remain unconnected with
those from the others, the tracheal intima lacks spiral thickenings (Marten,
1939) and the whole system is said to be absent from newly-hatched
nymphs. Abdominal spiracles are absent in Campodea. In Heterojapyx and
Japyx solifugus (Fig. 1o1) there are 11 pairs of spiracles, of which 4 are
thoracic and 7 abdominal. The 1st, 2nd and 4th pairs correspond with the 3
pairs of thoracic spiracles of Campodea: the 3rd pair is situated on the
metathorax in front of the 4th pair. A longitudinal trunk unites the tracheae
on either side of the body into a single system, but there is only a single
delicate transverse commissure which is situated near the junction of the gth
and 1oth abdominal segments. In Parajapyx isabellac there are g pairs of
spiracles; those homologous with the 2nd and 4th pairs of Japyx solifugus
being unrepresented. In Projapyx there are 1o pairs — 3 thoracic and 7
abdominal: in Anajapyx there are ¢ pairs of which the 1st and 2nd corre-
spond with the 1st and 3rd of 7. solifugus.

The dorsal vessel is notable because the heart extends into the mesothorax.
In Fapyx it is composed of 10 chambers and in Campodea Marten (1939)
found g pairs of ostia. A pair of posterior glands, possibly repugnatorial,
opens at the apices of the cerci in the Projapygidae and may be homologous
with similar glands in the Symphyla and Diplopoda. In Campodea other
epidermal glands open by setae on the labium and the first abdominal
sternum (Bareth, 1962).

The reproductive organs (Fig. 212) differ considerably within the
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Diplura. In the females, Campodea has a single pair of large polytrophic
ovarioles but in other members of the order they are panoistic. Japyx has 7
metamerically arranged ovarioles on each side (1st to 7th abdominal seg-
ments) while Anajapyx has 2 pairs. In all cases the vagina is extremely short
and the two oviducts combine immediately before opening by the gonopore

FIG. 212 Reproductive systems of Diplura. A. Female Campodea. B. Female Japyx. C. Male
FJapyx. D. Female Anajapyx. E. Male Anajapyx. (Based on Grassi and Silvestri)

N.B. The gonads are stippled, the efferent ducts unshaded.

behind the 8th abdominal sternum. A small spermatheca is present but no
accessory glands are known. In the male, Campodea has a single pair of large
testes with a very short vas deferens on each side. Anajapyx has 2 testicular
lobes on each side, arranged as are the ovarioles of this genus, while Japyx
has 1 pair of testes with long, convoluted vasa deferentia. The ductus
ejaculatorius, when present, is always short; in Campodea it is surrounded by
masses of glandular tissue that secrete the spermatophore material (Bareth,
19685) but otherwise accessory glands are not known. The male gonopore,
like that of the female, opens behind the eighth abdominal sternum.
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Biology and Postembryonic Development — Sperm transfer has been
observed only in the Campodeidae where it is indirect; the male deposits
stalked spermatophores from which the female takes up the terminal sperm-
droplet without courtship (von Orelli, 1956; Bareth, 1966, 19684). The eggs
of Campodeidae and Japygidae are normally laid in a mass of up to 4o,
suspended in a cavity in the soil on a common stalk (Bareth, 19634; von
Orelli, 1956; Gyger, 1960); in Parajapyx, however, each egg is individually

stalked (Smith, 1961). The first instar is a short-lived, incompletely formed
‘prelarva’ and it and the more normal second instar live on the yolk in their
gut (Gyger, 1960; Bareth and Condé, 1965). Simple maternal care of the
aggregated young has been described in the Japygidae. In Campodea the
individuals live for 2—3 years, moulting up to 20 times a year and attaining
sexual maturity after 8—11 moults (von Orelli, /.c.). Japygids may have fewer
instars but they also moult after reaching the adult state. For further infor-
mation on the general biology and development of Diplura see also Condé
(1956), Paclt (1956; 1957) and Pagés (1952, 1967).

Affinities — The Diplura were formerly included in the order Thysanura as a
suborder (Entognatha). Their elevation to separate ordinal status by most modern
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authorities is based mainly on the distinctive mouthparts and leg movements, the
intrinsic flagellar musculature of the antennae and the atypical arrangement of
thoracic spiracles, the latter feature being unique among the Insecta. Although
among the Apterygotes it is the Thysanura which approach most closely to the
Pterygote insects, the Diplura are of considerable phylogenetic interest because of
their resemblance to the Symphyla (Imms, 1936; Smith, 1960). Thus Anajapyx and
the Symphyla agree in the possession of abdominal styli, eversible vesicles and anal
glands opening on the cerci as well as in the structure of the mouthparts, antennal
musculature and legs. The fact that the Symphyla are progoneate is not considered
by Imms (1936) or Tiegs (1945) to preclude the likelihood of the Diplura, and with
them the other insects, having originated from a prlmltlve Symphylan-like stock.
Manton (1964, 1972), however by emphasizing the unique features of the Dipluran
mouthparts and locomotor mechanisms, concludes that they — like each of the other

Apterygote orders — form an isolated hexapodan group (pp. 4-6).

Classification — The monograph by Paclt (1957) lists earlier taxonomic
works. Among later papers are those by Palissa (1964) on the European
species; and by Smith (1960), Condé and Thomas (1957) and Bareth and
Condé (1958) on N. American forms. A classification of the Diplura into two
suborders and six familes, due to Pagés (1959), is summarized below.

Suborder 1. RHABDURA

Mandible with prostheca; abdominal styli soft, setose; abdominal segments
8-10 of same consistency as preceding ones; many-segmented cerci; 7
abdominal ganglia in ventral nerve cord.

Superfamily Projapygoidea

Antennae with trichobothria from 4th or 5th segment onwards; styles on first
seven abdominal segments; 7 pairs of abdominal spiracles; cerci with gland-
openings apically

FAM. ANAJAPYGIDAE. Antennae with trichobothria on segments 5-12;
eversible vesicles on 2nd to 7th abdominal segments; 16 rudimensary Malpighian tubules.
Anajapyx has a few species from Italy, Africa and N. America.

FAM. PROJAPYGIDAE. Antennae with trichobothria on segments 4—22; no
eversible vesicles; no Malpighian tubules. Projapyx from Brazil and W. Africa;
Symphylurinus, with a wide distribution.

Superfamily Campodeoidea

Antennae with trichobothria from 3rd segment onwards; styles on 2nd to 7th
abdominal segments; no abdominal spiracles; cerci closed apically.

FAM. PROCAMPODEIDAE. Trichobothria on antennal segments 3 to 7; 2
pairs thoracic spiracles; 1st abdominal segment without appendages; cerci with mass of
glandular cells near base. Procampodea (Italy and California).
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FAM. CAMPODEIDAE. Trichobothria on antennal segments 3 to 6, 3 pairs
thoracic spiracles: 1st abdominal segment with one pair lobate appendages; cerci without
associated glands. Campodea is a large, cosmopolitan genus with over 150 species;
Plusiocampa from FEurope, China and Mexico; Lepidocampa, tropicopolitan.

Suborder 2. DICELLURATA

Mandible without prostheca; abdominal styli spiniform, with few setae;
abdominal segments 8 to 10 strongly sclerotized; cerci 1-segmented, for-
cipate; 8 abdominal ganglia in ventral nerve cord.

Superfamily Japygoidea
(With characters of the suborder)

FAM. JAPYGIDAE. Antennae with trichobothria at least on segments 4 to 6;
4 pairs thoracic spiracles; very small eversible vesicles on first seven abdominal segments;
cerci without proximal glandular orifices. Contains several large, widely distributed
genera such as Japyx, Indjapyx, Metajapyx and Burmjapyx. Evalljapyx is American.

FAM. PARAJAPYGIDAE. Antennae without trichobothria; 2 pairs thoracic
spiracles; two large eversible vesicles on 2nd and 3rd abdominal segments; cerci with
glandular orifices proximally. Parajapyx is widely distributed, with about 40 species.
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Order 3

PROTURA

Minute insects with entognathous, piercing mouthparts; antennae and eyes
absent. Anterior legs sensory, usually held formard and listle used in walking; all
tarsi one-segmented, with a single claw. Abdomen of 11 segments and a well-
developed telson; first three segments each with a pair of small appendages; cerci
absent. External genitalia associated with eleventh abdominal segment, male with
a pair of gonopores. Tracheal system present or absent. Malpighian tubules
represented by papillae. Metamorphosis slight, accompanied by an increase in the
number of abdominal segments.

The Protura are minute, whitish insects o'5 to 2-5 mm long, occurring in
all zoogeographical regions. Because of their small size they are easily over-
looked, but they are numerous in certain types of moist soil, peat, woodland
litter and turf (Strenzke, 1942; Raw, 1956); they are also encountered under
stones and beneath bark. The order was first recognized by Silvestri in 1907
from Italy, then studied in considerable anatomical detail by Berlese (1909).
For modern general accounts see especially Tuxen (1931, 1964) and
Janetschek (1970).

External Anatomy — The head is prognathous, pyriform and narrowing
anteriorly, with lateral oral folds produced downwards to enclose the mand-
ibles and maxillae in a pair of gnathal pouches (Frangois, 1959, 1969). The
sclerotized parts of the folds do not quite meet ventrally, thus leaving a
median /inea ventralis comparable to that of the Collembola. Otherwise the
sutures of the head-capsule are peculiar to the order and have no general
morphological significance. There are neither compound eyes nor ocelli but
on each side of the head is a small pseudoculus (Bedini and Tongiorgi, 1971;
Haupt, 1972). This is a circular dome of thin, perforated cuticle surmount-
ing a group of 2—6 neurons with ciliary dendritic processes and it may well
be a chemoreceptor.

The labrum is pointed or vestigial, while the mandibles and maxillae are
withdrawn into the head (Fig. 215). The former appendages are stylet-like,
adapted for piercing and are each attached to the head by a single articula-
tion. The maxillae are divided into an outer and an inner lobe, and the palps
are 3~ or 4-segmented; either the inner or both lobes are modified into
piercing organs (Fig. 216). The labium comprises an clongate, basal sub-
mentum and paired mental and premental sclerites while the ligula is com-
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FIG. 214
Acerentomon doderoi (highly magnified). Eur-

ope
A, dorsal; B, ventral. S, styli. A fter Silvestri, 1907.

posed of a pair of pointed structures. The labial palpi are short and 2- or 3-
segmented. Superlinguae appear to be absent, but from the hypopharyngeal
region and the front of the head arises a complicated X-shaped tentorium-
like structure resembling that of the Collembola. Little is known of the
feeding habits of the Protura, but Acerentomon doderoi and Eosentomon tran-
sitorium have been observed feeding on the external mycorhiza associated
with the roots of oak and beech (Sturm, 1959); the mouthparts pierce the
fungal hyphae and the mid gut undergoes peristaltic movements like those of
a sucking pump.

The thorax is clearly defined with the first segment reduced; the meso-
and metaterga and all three sterna are well-developed plates but the pleura
consist of several small sclerites, some arcuate and others less strongly scler-
otized (Prell, 1913; Frangois, 1964). The legs are long with 1-segmented tarsi,
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each terminated by a single claw and an empodial appendage which may be
absent. The abdomen is very long and slender; in the newly-hatched insect it
is composed of 8 segments and a telson and three more segments develop
postembryonically between the telson and the last segment. This anamor-
phosis, or increase in the number of segments after emergence from the egg,
is a generalized Arthropod character. The first three abdominal segments
each carry a pair of small appendages (Fig. 214); in the Eosentomidae they

FIG. 21§ FIG. 216

Acerentulus tiarneus. Ventral view of head Acerentulus confinus

showing right maxilla, left lobe of labium (G#) M, right mandible; M,, left maxilla;
and tentorium-like apodemes (7) Cd, cardo; St, stipes; Pl, palp; GI,
Cd, cardo; G/, galea; Gn, gena; L, labrum; Lc, galea; [, b, lacinia. Afier Berlese,
lacinia; Li, basal sclerite of labium; M, apex of 1909.

mandible; P/, labial palp; Pm, maxillary palp; Si,
stipes; 7gv, tubules of maxillary gland. Afrer
Berlese, 1909.

are 2-segmented, the second segment being reduced and provided with a
protrusible vesicle. In other genera either the first pair or first two pairs are
2-segmented and the others consist of a single minute lobe. Cerci are absent
in the order, and the name Protura is derived from the simple telson. Small
eversible external genitalia occur behind the eleventh abdominal segment.
The male has a pair of two-jointed style-like processes, each carrying a pre-
apical gonopore on its long, distal segment; in females the basal segments of
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FIG. 217 Acerentulus confinus, female: general anatomy
br, brain; g, germarium; g/, abdominal gland; %, hind gut; m, mid gut; ms, excretory papillae; nc,
nerve cord; od, oviduct; oe, fore gut; 0o, oocytes; ov, mature ovum. Adapted from Berlese, 190g.
the styles are relatively much larger and broader and the single gonopore
opens between them proximally.

Internal Anatomy (Fig. 217) — The alimentary canal is a simple straight
tube and its most extensive region is the large cylindrical mid gut. Two pairs
of maxillary glands and a pair of labial (salivary) glands are present. The
Malpighian tubes are represented by six uni- or bicellular papillae disposed
in two groups of three. The nervous system consists of the brain and fused
suboesophageal and prothoracic ganglia, while there are separate ganglia in
the remaining thoracic and the first six abdominal segments. The connec-
tives throughout are double. The terminal ganglion is larger than those
preceding it and there is a supplementary ganglion on each pedal nerve at
the bases of the legs. Beneath and behind the brain lies a median corpus
cardiacum and paired corpora allata (Frangois, 1965), near which is the
anterior end of the dorsal vessel (Aubertot, 1939). In the Eosentomidae
and Sinentomidae, which alone possess a tracheal system (Fig. 218), the

FIG. 218

Tracheal system of
Eosentomon (much
retracted)

trc, cephalic trachea; 1rt,
thoracic do.; ¢ra, abdominal
do. After Berlese, 190g.
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latter communicates with the exterior by two pairs of spiracles — one pair on the
mesothorax and the other on the metathorax. There is no communication
between the tracheae associated with each spiracle and the tracheae are absent
from the first-stage nymph (Tuxen, 1949). The reproductive system in the female
consists of a pair of ovaries and oviducts; the latter combine to form a short
vagina which opens by a median pore. Each ovary extends, when mature, from
the metathorax into the gth abdominal segment and is homologous with a single
panoistic ovariole of other insects. The germarium is situated in the reflexed
apex of the ovaryand from it is derived a single chain of egg-cells. In the male the
testes are a pair of elongate sacs, united anteriorly about the level of the
mesothorax. The vasa deferentia are closely coiled tubes which enter the
genitalia separately. The germarium is apical and the remainder of the testis
contains spermatozoa in various stages of development.

Postembryonic Development — Tuxen (1949) described the five nym-
phal stages of Acerella danica (= Acerentulus danicus) and FEosentomon tran-
sitorium (= armarum). These differ in chaetotaxy and have 8, 8, 9, 11 and 11
abdominal segments respectively. Similar instars have now been described in
other species (Francois, 1960; Tuxen, 1961; Imadaté, 1966); in no case is
there evidence that the adult stage moults as it does in the other Apterygote
groups.

Affinities — The affinities of the Protura are still unsettled. Berlese (1909) placed
them in a class of their own, the Myrientomata, and an isolated position is also
advocated for them by Manton (1973) who has brought forward morphological
evidence that hexapody and the entognathous condition arose independently in the
Protura, Diplura and Collembola. On the other hand, Tuxen (1970) and others have
emphasized the features which the Protura share with the Collembola: entognathy
and the linea ventralis, a reduced tracheal system, the absence of cerci and
Malpighian tubules, and the specialized pretarsus. The embryology of the Protura
remains unknown; it may perhaps eventually help to solve the problem of their
relationships.

Classification — The monograph by Tuxen (1964) supersedes much
previous work and is the basis of modern taxonomic studies. Other present-
day authorities include Condé (1951, etc.), Imadaté (1964—65; 1966) and
Yin (1965) who recently added the family Sinentomidae. Classification de-
pends greatly on the abdominal chaetotaxy and the distribution of setae and
sensilla on the fore tarsus. There are over 200 described species arranged in
four families. The first two of these form the superfamily Eosentomoidea
and the others make up the Acerentomoidea.

FAM. EOSENTOMIDAE. Tracheae and spiracles present; all three pairs of
abdominal appendages 2-segmented. Contains a single large genus, Eosentomon, with
over 100 species from all regions.

FAM. SINENTOMIDAE. Tracheae and spiracles present; only the first pair
of abdominal appendages 2-segmented. Contains only the primitive Sinentomon eryth-
ranum from China.
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FAM.PROTENTOMIDAE. Without tracheae and spiracles; at least the first
two pairs of abdominal appendages 2-segmented. Hesperentomon, Proturentomon and
Protentomon, each with several species and wide distributions, are the most impor-
tant genera.

FAM. ACERENTOMIDAE. Without tracheae and spiracles; only the first
pair of abdominal appendages 2-segmented. A diverse family with some 10 genera, of
which Acerentulus, Acerella, Acerentomon and Berberentulus contain the majority of
species.
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Order 4

COLLEMBOLA (Spring-tails)

Mouthparts entognathous, principally adapted for biting; antennae usually 4-
segmented, the first 3 segments with intrinsic muscles; compound eyes absent.
Abdomen 6-segmented, usually with three pairs of appendages, i.e. a ventral tube on
segment I, a minute retinaculum on I11, and a forked springing organ on IV. A
tracheal system is usually absent and there are no Malpighian tubules. Metamor-
phosis shight.

Collembola are small insects rarely exceeding 5 mm in length, and occur-
ring in almost all situations (Schaller, 1970; Paclt, 1956; Christiansen, 1964;
Butcher ez al., 1971). They are found in the soil, in decaying vegetable
matter, among herbage, and under bark of trees. 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 sub-
merged by each tide. Cavernicolous species have evolved a characteristic
facies by convergence (Christiansen, 1961, 1965). The only condition which
seems essential for their welfare is a certain amount of moisture, for they are
rare in very dry situations. Various works on their biology, especially of the
soil-inhabiting species, are among those listed on pp. 471—5. The order is
world-wide and is remarkable for the extensive distribution of many of its
genera and species (Salmon, 1949).

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, pollen grains and fungal spores or
mycelium often being eaten (MacNamara, 1924; Poole, 1959).

External Anatomy (Figs. 219—222) — In most species the body is clothed
with hairs but some genera, notably Tomocerus and Lepidocyrtus, are scaled
(Maiwald, 1972). 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 head (Denis, 1928; Bruckmoser, 1965) is
pro- or hypognathous with the labrum distinctly marked off and sometimes
also the clypeus and frons. The cephalic endoskeleton is not fully under-
stood. Manton (1972) describes anterior and posterior tentorial arms and
transverse segmental ‘tendons’ between the mandibles and maxillae, but
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others have denied that the cephalic apodemes constitute a true tentorium
(Denis, 1928; Francois, 1972). The antennae vary greatly in length and the
distal segments may be secondarily annulated. They are typically 4-
segmented; the maximum number of six is found in Orchesella. In the
Neelidae the antennae may be shorter than the head, while in some of the
Entomobryidae they are longer than the whole body. Sensory organs of
varied types are usually present on the last two segments and take the form
of cones, rods, pits or papillae. In some Sminthuridae the second and third
segments of the male antenna form a gripping organ armed with bristles and
other cuticular processes (Massoud and Betsch, 1972). A variable number of
ocelli is generally present on each side of the head behind the antennae; there
are never more than eight to a side and often many fewer. Each ocellus
typically has 8 retinular cells, a crystalline cone, corneagen cells and a simple
or subdivided rhabdom (Barra, 1971; Paulus, 1972). Marlier (1941) has
described additional ocelliform structures on the head of some genera. Im-
mediately behind the antennae of some Collembola is a very characteristic
structure known as the postantennal organ (Dallai, 1971; Karuhize, 19715
Altner et al, 1970—71). This occurs in most Poduroidea and some
Entomobryoidea but not in a typical form in the Symphypleona. It assumes
a great variety of forms among different genera, being simple and ring-like
in Isotoma, in the form of a rosette in Anurida, while in Onychiurus it attains
considerable complexity of structure. Histologically, it comprises a sense-cell
and several enveloping cells and the way in which dendrites of the sense-cell
pass to porous regions of the cuticle suggests that it may be a chemoreceptor.
The mouthparts (Manton, 1964; Goto, 1972) are deeply withdrawn into the
head and are greatly elongated, which allows of their freedom of movement
when protruded. Their deeply seated position is a secondary acquisition and
has been brought about in the following manner. In the embryo, the sides of
the head develop from a pair of lateral evaginations of the germ band. These
evaginations eventually fuse with the developing labrum and labium and, in
this way, form a kind of enclosing box which, by further growth, comes to
surround the remaining mouthparts. The mouth-cavity is roofed over by the
labrum and clypeus. The mandibles (Fig. 219) are slender organs usually
with toothed extremities; they undergo rotary movements and are apparently
provided with only a single main articulation with the head-capsule. They
are rarely absent, as in Brachysiomella. The maxillae each consist of a com-
plex apical portion or ‘head’ which possibly represents a lacinia. In some
species a digit-like palpifer carries a vestigial palp and the galea. The cardo
and stipes are variable in form and sometimes rod-like. The superlinguae are
well developed lamellate structures overlying the hypopharynx: as a rule
they are undivided but in Isotomurus palustris they are bilobed. The labium
is very much reduced and, although it exhibits evidences of a paired structure,
neither glossa nor paraglossae are separately developed. Labial palps have been
detected in the early embryo but as a rule they subsequently atrophy. In
Neanura and its allies the mouthparts are specialized for sucking and piercing:
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the labrum and labium together form a conical tube enclosing the rest of the
mouthparts, the latter being modified into stylets (Wolter, 1963).

The thorax of the more generalized forms consists of three very similar
segments but in the Entomobryoidea the prothorax is greatly reduced, and

F1G. 219 Structural details of Collembola

A, Axelsonia. p, pigment surrounding eyes; v, ventral tube; 4, hamula; m, manubrium; d, left
dens and mucro mc. (Adapted from Carpenter.)

B, Tomocerus, retinaculum. &, hamula; ¢, corpus; r, ramus. (Afier Willem, 1900.)

C, Mouthparts of Orchesella, dorsal view. ¢, cardo; g, galea; h, hypopharynx; 4’ posterior
tentorial apodemes; /, lacinia; /g, anterior apodemes; /m, labium; m, right mandible; p,
maxillary palp; pf, palpifer; s, stipes; s/, superlingua. (Partly after Folsom.)

its tergum is fused with that of the mesothorax (Manton, 1972). In the
Symphypleona the thorax becomes intimately fused with the abdomen and
its segmentation is largely obsolete. The legs have no separate tarsal seg-
ments and the tibiotarsi generally terminate in a pair of claws, an upper and
a lower, though the latter, which possibly represents a modified empodium
rather than a true claw, may be vestigial or wanting. A group of short setae
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on the trochanter forms the so-called trochanteral organ, a structure of some
taxonomic importance. 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 more than that number present. In some
Arthropleona the 4th and s5th, 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 (Rippel, 1953; Sedlag, 1952). Itis
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

FIG. 220
Anurida maritima

A, dorsal. B, ventral. «, anus; g, genital pore,
v, ventral tube; vg, ventral groove. C, D, E:
transverse sections of ventral groove in
regions of the head, prothorax and meta-
thorax respectively. F, eyes and postantennal
organ, right side.

latter are commonly shallow sacs though in some genera they are long and
tubular. The cavity of the ventral tube communicates freely with that of the
body and contains blood; the vesicles are everted by blood-pressure and
withdrawn by the contraction of special muscles. Many divergent opinions
have been expressed with respect to the function of the ventral tube. It has
been supposed by some to be respiratory, and Noble-Nesbitt (1963) has
shown that it is a site of water absorption. It also acts as an adhesive organ,
enabling the insect to walk over smooth or steep surfaces; according to some,
the surface of the vesicles is moistened by the secretion of cephalic glands
which is discharged into the commencement of the ventral groove (Fig. 220).
This is a cuticular channel passing down the middle ventral line of the body;
it arises just behind the labium and terminates on the anterior aspect of the
ventral tube. The ultrastructure of the epidermis of the tube also suggests an
osmoregulatory function (Eisenbeis and Wichard, 1975). 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 retinaculum or hamula, and it serves to retain the furca in
position, when the latter is stowed away under the abdomen while not in use.
Most Collembola carry a jumping organ or furca, associated with the fourth
abdominal segment. This is usually thought to represent a highly modified
pair of segmental appendages, though studies of the musculature and of
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FI1G. 221 Structural details of Collembola

a, Podura, claw of left leg; b, left mucro; ¢, Isotoma, eyes and postantennal organ; d, left
mucro; e, Lepidocyrtus, claws of left leg; f, Onychiurus, right postantennal organ; g, Sminthurides,
left mucro. Adapted from Folsom.

embryonic development do not fully confirm the homology (Pistor, 1955;
Bretfeld, 1963). The mechanism whereby the furca is suddenly moved
downwards and backwards to strike the substrate and so propel the insect
into the air 1s also not fully understood. Earlier anatomical studies suggested
that the furca was moved from its resting position by extensor muscles
(Pistor, Bretfeld, loc. c¢ir.). Manton (1972), however, has given detailed
reasons for believing that the so-called extensor muscles have only a stabiliz-
ing function; the jumping movement is thought to result from a rapid
increase in the hydrostatic pressure of the blood when the body is com-

F1G. 222

Collembola, Symphypleona (mag-
nified)

A, Sminthurides aquaticus. After Willem.
B, Neelus folsomi. After Caroli.
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pressed through contraction of thoracic and abdominal muscles. The com-
mon basal piece of the furca is termed the manubrium; it carries a pair of
distal arms or dentes, each bearing a very variably shaped claw-like process
or mucro. The furca varies greatly in size; in Entomobrya, for example, it
extends at rest to beyond the ventral tube; in Hypogastrura it is often very
short, while in Neanura and Anurida it is wanting. Males and females are
similar in Collembola, there being no external genitalia although the gon-
opore and the region around it may differ slightly in the sexes (Agrell, 1937).
The genital aperture is near the hind margin of the 5th sternum and the anus
on the 6th sternum.

Internal Anatomy (Fig. 223) — The alimentary canal (Boelitz, 1933;
Toth, 1942) is usually a simple straight tube, passing from mouth to anus

FIG. 223 Hypogastrura viatica, longitudinal section
a, anus; b, brain; f, furca; g, genital pore; gd, gonoduct; 4, hamula; 7, mid intestine; 7, nerve-
cord; v, dorsal vessel; v, ventral tube. After Willem, 1900.

without convolutions. The greater portion is formed by the extensive mid
intestine which in Neelus forms four subequal chambers. The head contains
one or two pairs of salivary glands whose secretion enters the pre-oral food
cavity and which, in Bilobella massoudi, contain some cells with giant poly-
tene chromosomes (Cassagnau, 1968). There is also a pair of tubular ‘labial
nephridia’ whose terminal sac can accumulate experimentally injected
dyestuffs selectively and which may play some excretory role (Feustel, 1958;
Altner, 1968). The central nervous system is considerably specialized and
consists of the cerebral ganglia and a ventral nerve-cord composed of four
ganglionic centres — the suboesophageal and three thoracic ganglia, which
are united by double connectives. There are no separate abdominal ganglia,
the nerve centres of that region having fused with the metathoracic ganglion.
In the Sminthuridae the ventral ganglia are closely merged together and
there are no intervening connectives. The stomatogastric nervous system and
associated endocrine structures are not unlike those of the Pterygote insects,
but the corpora allata are innervated from the suboesophageal ganglion
(Cassagnau and Juberthie, 1967-68). The /eart, in the more generalized
forms, consists of six chambers with paired lateral ostia and alary muscles at
each constriction. Anteriorly, it is prolonged into the aorta and in Anurida
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the latter surrounds the fore gut as a cylinder which opens in the head
beneath the brain. There are no Malpighian tubules and excretion is chiefly
performed by the fat-body (Feustel, 1958). This contains numerous concre-
tions of ammonium urate which increase in size with the age of the
individual and are not eliminated from the insect. The epithelium of the mid
gut also performs an excretory function. Its cells contain 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
discharged into the lumen of the gut. They are removed from the body
during each ecdysis, and a regeneration of the epithelium takes place
(Folsom and Welles, 1906; Humbert, 1974). According to Boelitz (1933) the
urate concretions of the mid gut are actually transported to this position
from the fat-body by phagocytes (see also Ichikawa, 1931; Jura, 1958;
Thibaud, 1968).

Respiration in the majority of Collembola is cutaneous (Rippel, 1953) but
tracheae are present in Acraletes and the Sminthuridae while vestiges of a
tracheal system are said to occur in Dicyrtoma fusca. They are well developed in
Sminthurus where there is a single pair of simple spiracular openings between
the head and prothorax (Fig. 224). Tracheal branches are distributed to the
head, legs and abdomen, but no anastomosis takes place between the tracheae of
opposite sides of the body (Davies, W. M., 1927).

The reproductive system is extremely simple; the gonads consist of a pair of
large sacs, their ducts are extremely short and they unite to form the vagina
or ejaculatory canal as the case may be. The ovaries contain groups of
vitellogenous cells and developing eggs but there is no arrangement into
ovarioles, and the testes are filled with dense masses of developing sper-
matozoa and associated secretions. Unlike other insects, the germarium in
both the ovaries and testes is lateral and not apical in position. There are no
well-defined accessory glands but the ejaculatory duct of the male is

FIG. 224

Sminthurus  fuscus. Tracheal
system

h, head; s, spiracle. After Willem,
1900.
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modified in order to produce the characteristic spermatophore (Schliwa,
1965).

Postembryonic Development and Biology — Sperm-transfer is indir-
ect (p. 3o1); the male deposits spermatophores on the substrate, each consis-
ting of a stalk surmounted by a droplet of spermatozoa that is taken up into
the reproductive tract of the female when she moves over it (Schaller, 1953;
Mayer, 1957). There may be a loose behavioural association between the
sexes at this time (Bretfeld, 1971) and in the closer forms of epigamic be-
haviour (e.g. in Hererosminthurus) the male grips the female with his modified
antennae. The eggs of 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. Agrell (1949)
finds that the number of moults which occur before the maximum size is
attained is six in Arrhopalites pygmaeus, seven in Hypogastrura sahlbergi and
eight in Folsomia 4-oculata, the external changes which accompany postembry-
onic development being relatively slight (e.g. secondary annulation of antennal
segments and differentiation of the trochanteral organ, the teeth of the claws and
the genital region). Sexual maturity is attained before maximum size —after five
moults, for example, in Folsomia 4-oculata. For further information see, for
example, Hale (19654, #), L.indenmann (1950), Milne (1960), and Thibaud
(1967). Some species show appreciable structural differences according to the
environment in which they have developed, an effect referred to as ecomor-
phosis (e.g. Cassagnau and de Izarra, 1969, but cf. Willson, 1960).

Collembola make up a major component of the soil fauna (Butcher ez al.,
1971) and some species play an active part in breaking down dead vegetation
to humus (Schaller, 1950; Dunger, 1956). Different soils may be charac-
terized by quantitative and qualitative features of the Collembolan fauna and
characteristic Collembolan associations have 