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P R E F A C E 

T h e present book is an a t t e m p t to review a n d appra ise the basis of 
existing knowledge a b o u t the ecology of insect vectors of disease, wi th 
pa r t i cu la r reference to the p rob lems of sampl ing adu l t vector popu la -
tions. T h e grea t bulk of informat ion a b o u t the a b u n d a n c e , d is t r ibut ion 
a n d behav iour of the m a n y different types of insect which t ransmi t 
h u m a n a n d an ima l disease is based essentially on d a t a provided by a 
var ie ty of cap tu re or sampl ing methods , a n d on the in te rpre ta t ion p u t 
on such d a t a . 

T h e review examines the m a n n e r in which the in ter- re la ted p rob lems 
of insect ecology, behav iour a n d popu la t ion sampl ing have been 
explored over a wide r ange of investigations on disease vectors. Par t i cu la r 
a t ten t ion has been given to the blood-sucking dipterous insects such as 
tse-tse flies, mosquitoes, black-flies, midges etc. b u t an appra isa l has also 
been m a d e of re levant studies on house-fly a n d blow-fly popula t ions . 
T h e special p rob lems encounte red in s tudying ecology of the wingless 
vectors of disease have been exemplified by the extensive work carr ied 
ou t on fleas, no t only in their role as vectors of p lague , b u t also in 
relat ion to myxomatos is . 

I t is hoped t ha t this comprehens ive review, a n d its crit ical analysis 
of c o m m o n problems a n d objectives, will be of interest no t only to the 
medica l entomologists a n d epidemiologists most directly involved, b u t 
also to a wider r ange of ecologists concerned wi th genera l p rob lems of 
an ima l popula t ions a n d the quan t i t a t ive a p p r o a c h to an ima l ecology. 

A C K N O W L E D G E M E N T S 

I a m indeb ted to Dr . T . A. M . Nash for some very helpful commen t s 
on a very early draft of the chap te r on tse-tse flies, a n d I a m par t icu lar ly 
grateful to M r . W . H . Potts for corrections a n d suggestions m a d e on the 
final draft of the same chap te r . I a m also grateful to M r . J . Hadj in icolau 
for kindly al lowing m e to use his unpubl i shed d a t a on which Fig. 5 is 
based. T o M r . C. J . W e b b a n d his staff of the Visual Aids D e p a r t m e n t 
of the L o n d o n School of Hygiene a n d Trop ica l Medic ine I a m great ly 
indeb ted for the p r epa ra t i on of all the char ts a n d his tograms presented 
in Figs. 1-13. 

May 1968 R . C . M U I R H E A D - T H O M S O N 

ν 



P R E F A C E 

T h e present book is an a t t e m p t to review a n d appra ise the basis of 
existing knowledge a b o u t the ecology of insect vectors of disease, wi th 
pa r t i cu la r reference to the p rob lems of sampl ing adu l t vector popu la -
tions. T h e grea t bulk of informat ion a b o u t the a b u n d a n c e , d is t r ibut ion 
a n d behav iour of the m a n y different types of insect which t ransmi t 
h u m a n a n d an ima l disease is based essentially on d a t a provided by a 
var ie ty of cap tu re or sampl ing methods , a n d on the in te rpre ta t ion p u t 
on such d a t a . 

T h e review examines the m a n n e r in which the in ter- re la ted p rob lems 
of insect ecology, behav iour a n d popu la t ion sampl ing have been 
explored over a wide r ange of investigations on disease vectors. Par t i cu la r 
a t ten t ion has been given to the blood-sucking dipterous insects such as 
tse-tse flies, mosquitoes, black-flies, midges etc. b u t an appra isa l has also 
been m a d e of re levant studies on house-fly a n d blow-fly popula t ions . 
T h e special p rob lems encounte red in s tudying ecology of the wingless 
vectors of disease have been exemplified by the extensive work carr ied 
ou t on fleas, no t only in their role as vectors of p lague , b u t also in 
relat ion to myxomatos is . 

I t is hoped t ha t this comprehens ive review, a n d its crit ical analysis 
of c o m m o n problems a n d objectives, will be of interest no t only to the 
medica l entomologists a n d epidemiologists most directly involved, b u t 
also to a wider r ange of ecologists concerned wi th genera l p rob lems of 
an ima l popula t ions a n d the quan t i t a t ive a p p r o a c h to an ima l ecology. 

A C K N O W L E D G E M E N T S 

I a m indeb ted to Dr . T . A. M . Nash for some very helpful commen t s 
on a very early draft of the chap te r on tse-tse flies, a n d I a m par t icu lar ly 
grateful to M r . W . H . Potts for corrections a n d suggestions m a d e on the 
final draft of the same chap te r . I a m also grateful to M r . J . Hadj in icolau 
for kindly al lowing m e to use his unpubl i shed d a t a on which Fig. 5 is 
based. T o M r . C. J . W e b b a n d his staff of the Visual Aids D e p a r t m e n t 
of the L o n d o n School of Hygiene a n d Trop ica l Medic ine I a m great ly 
indeb ted for the p r epa ra t i on of all the char ts a n d his tograms presented 
in Figs. 1-13. 

May 1968 R . C . M U I R H E A D - T H O M S O N 

ν 



C H A P T E R 1 

I N T R O D U C T I O N 

T h e intensive studies carr ied ou t in m a n y countr ies on all the major 
vectors of insect-borne h u m a n a n d an ima l disease since the beginning 
of this cen tury have p roduced a most impressive body of informat ion 
a b o u t their habi t s , dis t r ibut ion, a n d role in disease transmission. Cer-
ta in groups of these insects such as the mosqui to vectors of mala r ia , the 
mosquitoes involved in sylvan or " j u n g l e " yellow fever, a n d the tse-tse 
flies responsible for the transmission of h u m a n a n d an ima l t rypanoso-
miasis have been the object of par t icu la r ly intensive s tudy by specialists 
in m a n y disciplines (entomology, parasi tology, ecology, a n d publ ic 
hea l th ) . 

D u r i n g the last ten years or so there has been a very grea t intensifica-
t ion of the a t tack against insect-borne disease, on an in te rna t iona l scale as 
well as on a na t iona l one. Alongside this there has been a progressively 
increasing d e m a n d for more accura te information a b o u t the insect 
vectors ' p a r t in the complex ecology a n d epidemiology of the various 
diseases concerned. T h e r e has also been a d e m a n d for new a n d more 
precise quan t i t a t ive d a t a a b o u t vector densities, d is t r ibut ion a n d be-
haviour , not only wi th a view to p lac ing vector control p r o g r a m m e s on a 
m u c h sounder scientific basis, b u t also to enable the effects of var ious 
types of control p r o g r a m m e to be accura te ly assessed a n d evalua ted . 

I n addi t ion , the rap id changes in m a n y developing countr ies have 
t ended to intensify or create new publ ic hea l th problems in areas where 
existing knowledge of vectors involved m a y be qui te i nadequa t e . T h e 
in t roduc t ion a n d deve lopment of entirely new potent ia l me thods of in-
sect vector control involving sterile ma le techniques a n d genetic m a n i p u -
lat ion have also p roduced a sudden need for information a b o u t cer ta in 
specialized aspects of vector ecology which have received very little 
a t ten t ion in the past . 

A l though the accumula t ed knowledge of vector ecology is undoub ted ly 
impressive by most s tandards , nevertheless these events in recent years 
have shown tha t there is cer tainly no reason for complacency. Informa-
tion on m a n y aspects of ecology still r emains very pa tchy a n d incom-
plete, a n d even appa ren t ly well-established beliefs have on occasion 
proved to be inaccura te or mis leading on crit ical re -examina t ion . 

T h e object of the present s tudy is to review cur ren t knowledge abou t 
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the ecology of insects which t ransmi t disease, a n d in par t icu la r to make a 
critical assessment of the various methods developed by different groups 
of entomologists in their investigations on basic problems of dis t r ibut ion, 
a b u n d a n c e , ecology a n d behaviour of vectors. I n the light of t ha t re-
view it m a y then be possible to see in w h a t way the more progressive or 
positive features can be further developed to meet the cont inuing need 
for more accura te quan t i t a t ive information on vector ecology. Th is 
exercise would also be well in keeping wi th cu r ren t t rends in an ima l 
ecology as a whole where there is increasing emphasis for more accura te 
a n d rel iable d a t a on popula t ion dynamics . 



C H A P T E R 2 

G E N E R A L P R O B L E M S O F V E C T O R E C O L O G Y 

If we view the ecology of vec tor -borne disease as a whole , it appears 
enormously complex, not only wi th regard to the range of h u m a n dis-
eases a n d re levant vec tor -borne zoonoses, b u t also wi th the r ange a n d 
var ie ty of the insect vectors concerned, to say no th ing of the r ange of 
o ther a r th ropods involved. I n view of this complexi ty it is not surprising 
tha t work on vector-borne disease has for long been compar tmen ta l i zed , 
some workers be ing entirely concerned wi th mala r ia , others wi th filaria-
sis, wi th t rypanosomiasis , wi th yellow fever a n d so on . Wi th in each of 
these disciplines there have been further inevi table subdivisions, ma in ly 
on a geographica l basis, wi th the result t ha t some workers have devoted 
their working life to a s tudy of, say, tse-tse in one single l imited p a r t of 
Africa, or to the ma la r i a vectors pecul iar to a single coun t ry or even 
l imited p a r t o f t h a t count ry . N a t u r a l l y there are exceptions to th is : some 
medica l research workers in South-Eas t Asia have moved wi th grea t 
success from s tudy of ma la r i a to t ha t of filariasis, a n d to mosqu i to -borne 
viral disease, while in Brazil one g r o u p of workers has m a n a g e d to in-
vestigate successfully a n d successively the vectors of ma la r i a , filariasis, 
Chagas disease, leishmaniasis and , finally, the snail in t e rmedia te hosts 
of bilharziasis. 

Nevertheless, the genera l t endency has been towards increasing 
specialization, wi th each worker finding t h a t the business of do ing his 
own specialized work a n d keeping u p wi th his own specialized l i te ra ture 
is a full-time occupat ion . Occas ional a t t empts to take a look a t the 
world outside one 's own par t i cu la r groove t end to be discouraging. For 
example , the newcomer w h o a t t empts to familiarize himself wi th the 
p rob lem of tse-tse fly a n d African t rypanosomiasis finds himself con-
fronted wi th such a voluminous a n d complex l i te ra ture a n d wi th such a 
bewilder ing ecological kaleidoscope of tse-tse, game , cat t le , h u m a n 
habi ts , vegeta t ion types, c l imat ic differences a n d so on, t ha t it is only 
too easy to be discouraged. I n the same w a y ma la r i a e radica t ion on a 
wor ld-wide basis now deals wi th such a r ange of condit ions a n d p r o b -
lems, a n d has to a d a p t itself to such rap id ly chang ing events, t h a t it is 
becoming a highly specialized subject comprehens ib le only to those 
closely involved. 

However , a m o m e n t ' s reflection will show tha t all these special ized 
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disciplines have so m a n y fundamenta l points in common , t ha t there is 
no longer any real justification for each to pursue its i ndependen t course, 
uninfluenced a n d u n a w a r e of the other . Workers in each of these m a n y 
fields of insect-borne diseases are all concerned wi th such basic consider-
ations as ident i ty of adu l t vectors a n d non-vectors , d is t r ibut ion of 
vectors, seasonal incidence of vectors, b i t ing habi t s in relat ion to m a n , 
na tu r a l infection rates, capaci ty to acqui re infection exper imenta l ly , 
me thods of ca tch ing a n d t r app ing vectors, a n d the assessment of the 
efficacy of various control measures , inc luding the use of insecticides. 
Al though the workers on these entomological problems are en tomolo-
gists, wi th the same basic entomological t ra in ing, the studies in each 
specialized field tend to develop on different lines. T h e inevi table result 
of this is t ha t some aspects of vector biology are more thoroughly in-
vestigated in one par t i cu la r field, while in ano the r field special progress 
m a y be m a d e in ano ther direct ion. T h e logical deduc t ion from this is 
tha t each specialized field has disclosed some aspect of general vector 
biology which m a y be of considerable value in o ther fields. Conversely, 
each specific field is no t so self-contained tha t it can afford to ignore 
re levant advances in allied fields. 

O f all the various points in c o m m o n to the s tudy of insect vectors, 
pe rhaps the most i m p o r t a n t is the quest ion of sampl ing popula t ions of 
adul ts . T h e entomologists in all the fields men t ioned above are con-
cerned wi th the various ways in which they can find or ca tch their 
par t icu la r vectors, a n d in the way in which such catches can be a d a p t e d 
or s tandard ized in order to provide a reasonably close est imate of change 
in the density of the vector popu la t ion as a whole , according to season, 
according to hab i t a t or geographical r ange , a n d according to various 
control measures appl ied. I n addi t ion the entomologist is concerned 
wi th the composit ion of his ca tch according to the stage of h u n g e r cycle 
or ovar ian development , p ropor t ion of young a n d old insects, p ropor t ion 
infected a n d infective, a n d so on. H e is also concerned wi th the extent 
to which this a rb i t ra ry ca tch or sample is really representat ive of the 
adu l t popula t ion a t large, or of a par t i cu la r popula t ion in which he is 
interested. H e m a y find tha t one par t icu la r ca tch ing me thod yields the 
highest ca tch, b u t is only representat ive of one section of the popula t ion . 
T h e in te rpre ta t ion of so m a n y vector activities is closely b o u n d u p wi th 
the validity of the sampl ing methods used. Sampl ing confined main ly to 
a single convenient me thod m a y give rise to very erroneous ideas a b o u t 
blood feeding, choice of host, longevity, infection ra te a n d so on. 

I n the past m a n y of the methods which have been adop ted for the 
rout ine cap tu re or sampl ing of insect vector popula t ions have been 
de te rmined by the fact t ha t in any representat ive a rea the dis t r ibut ion of 
these insects is l iable to be extremely pa tchy , wi th high concentra t ions 
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or aggregat ions in cer ta in restricted envi ronments such as a thicket, a 
h u m a n hab i ta t ion , or in the vicinity of an an ima l host. I n m a n y cases 
pract ica l dictates of t ime a n d l abour have restr icted sampl ing to one 
par t icu la r type of aggregat ion site — not always clearly defined — 
which happens to be the most convenient or easily accessible one in the 
c i rcumstances . 

T h e n a t u r e of the cap tu re or sampl ing m e t h o d used has also p layed a 
major p a r t in studies on the behav iour of adu l t vectors u n d e r different 
condit ions or a t different periods. W h e n we talk a b o u t studies on be-
hav iour it is often assumed t ha t this implies the cont inued observat ion 
of one insect or a g roup of insects r a the r after the m a n n e r of the old 
classical studies of F a b r e a n d others . But as far as insect vectors of disease 
are concerned, ideas of behaviour have more often been based on in-
direct inference t h a n on cont inued direct observat ion. I n the case of 
noc tu rna l vectors such as most species of mosqui to , or of elusive day-
t ime vectors such as tse-tse flies, con t inued observat ion on single insects 
is extremely difficult u n d e r n a t u r a l condit ions in the field. I n such cases 
ideas of behav iour have been inferred from a series of samples which m a y 
differ in total number s or in composi t ion, according to age, h u n g e r 
condi t ion, ovar ian deve lopment , etc. According to these differences it is 
deduced tha t vectors of a cer ta in physiological condi t ion are only active 
a t cer ta in periods of the night , a re or are not a t t rac ted to an ima l bai t , 
a n d do or do not rest in cer ta in places a n d so on. I n the case of vectors 
like mosquitoes which m a y enter h u m a n habi ta t ions to feed or rest or 
bo th , such noc tu rna l movements canno t readi ly be observed directly, 
b u t can only be inferred from their movements in a n d ou t of the house 
as j u d g e d by the use of a var ie ty of ca tching, sampl ing , or t r app ing 
methods . Clearly, if the design of these sampl ing methods is uncr i t ical 
or biassed, it is only too easy to arr ive a t very erroneous ideas a b o u t 
vector activity a n d vector react ions. 

T h e need for a reappra isa l of these sampl ing methods is par t icular ly 
u rgen t in the m a t t e r of in te rpre t ing the effects of various control meas-
ures, par t icu lar ly control by insecticides. Sampl ing methods appl icable 
u n d e r no rma l un touched condit ions m a y be found to be qui te un t enab le 
or unrealist ic after the wide-scale appl ica t ion of insecticide. If new 
sampl ing methods have to be devised a t this stage, the further quest ion 
arises as to how far these new d a t a are directly comparab l e to those 
ob ta ined by older methods . 

I n the last few years m a n y entomologists, par t icu lar ly those working 
wi th tse-tse a n d wi th anophel ine mosquitoes have become increasingly 
aware of all these difficulties a n d pitfalls, a n d increasingly critical of 
long-established basic sampl ing methods . For this reason p rominence 
will be given in this survey to those two independen t fields which have 
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been pursu ing paral lel courses for so long wi th the m i n i m u m of exchange 
or in te rchange . 

I n a review of this kind in which a general appra isa l mus t necessarily 
include developments outside one 's own speciality, there are clearly 
cer ta in pitfalls a n d l imitat ions. T h e reviewer has to rely on such p u b -
lished information as is avai lable, which usually describes work which 
was completed a year previously or usually more . I n this necessarily 
selective s tudy of the l i tera ture there is a real danger , too, of overlooking 
significant contr ibut ions which m a y have been m a d e in the form of less 
accessible reports . I t is hoped tha t due al lowance will be m a d e for these 
deficiencies in a general appraisa l of this kind. For this reason, therefore, 
the present repor t should be regarded not as an exhaust ive review or an 
o lympian j u d g e m e n t on t rends in different fields, bu t r a the r as a first 
a t t e m p t to d r a w the a t ten t ion of different workers to c o m m o n prob lems 
in vector ecology, and to in t roduce workers in one field to significant 
developments and significant l i tera ture in o ther fields. 

T h e bulk of this review will be concerned wi th the i m p o r t a n t winged 
dipterous vectors of disease, namely mosquitoes, tse-tse flies, black-flies, 
house flies and others. T h e very different problems entai led in the s amp-
ling of wingless vectors, which spend a grea t deal of their lives in close 
association or a t t a c h m e n t to their hosts, is exemplified by the flea which , 
in its role as vector of h u m a n a n d roden t p lague — as well as m u r i n e 
typhus — has been the subject of a considerable a m o u n t of research since 
the beginning of this century . T h e general p rob lem of flea sampl ing a n d 
flea behaviour will also be i l luminated by the more recent studies on the 
r abb i t flea as a vector of myxomatosis . 

N o a t t e m p t has been m a d e in this review to deal wi th the problems of 
sampl ing i m m a t u r e stages of insect vectors. T h e r e is a grea t deal of 
scattered information abou t sampl ing mosqui to la rvae , eggs a n d p u p a e in 
various types of wa te r body , abou t black-fly la rvae in s treams a n d rivers, 
abou t tse-tse p u p a e in soil, a n d abou t larvae of midges a n d sand-flies 
which live in m u d or d a m p soil. A n analysis of this par t i cu la r aspect of 
sampl ing could only be done adequa te ly on the basis of compar ison 
wi th experience in allied fields, such as fresh-water biology, snail ecology, 
fishery research, a n d studies on soil fauna. W i t h one or two notab le ex-
ceptions there have not been a sufficient n u m b e r of detai led studies on 
the vector side to justify a separa te review, bu t chang ing d e m a n d s m a y 
yet create the need for m u c h more critical studies on larval popula t ions 
a n d other i m m a t u r e stages of vector insects (Knight , 1964). 

Al though the subject of this present review m a y a p p e a r to be one of 
r a the r l imited scope in the general context of entomology or an ima l 
ecology, it is hoped t ha t the wider implicat ions of this analysis a n d 
appraisa l will not be overlooked. F u n d a m e n t a l l y similar basic p rob lems 
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of popula t ion sampl ing in ecology are being encountered in a wide 
r ange of biological studies (Andrewar tha , 1961 ; A n d r e w a r t h a and Birch, 
1960; Morr i s , 1960; Wil l iams, 1964; Sou thwood 1966; Clark etal 1967). 
Medica l entomologists should be able to benefit to a m u c h greater 
extent not only from each other , b u t also from the experience gained by 
investigators in agr icul tura l entomology, in fishery research, a n d m a n y 
o ther b ranches of an ima l ecology. I t is hoped tha t the benefit will be 
reciprocal a n d tha t ecologists in general m a y learn something of advan -
tage from this analysis of basic ecological methods . 



C H A P T E R 3 

T S E - T S E F L I E S 

T h e study of tse-tse fly ecology in Africa is par t icular ly instructive in 
t ha t m a n y of the classical investigations — carr ied out continuously over 
several years — have provided unusua l insight in to the complex rela-
t ionship between vector behaviour a n d sampl ing vector popula t ions in 
general . T h e a p p r o a c h to tse-tse ecology also provides an interest ing 
contrast to paral lel studies on the ecology of mosquitoes, black-flies, 
sand-flies, and midges, in tha t bo th male a n d female tse-tse are blood-
suckers and vectors of disease, a n d tha t consequent ly sampl ing and 
cap tu re techniques have h a d to take bo th sexes in to account . M a n y of 
these investigations in Africa have been concerned wi th tse-tse as vectors 
of an ima l trypanosomiasis , par t icular ly of domestic stock, while others 
have been pr imar i ly devoted to tse-tse as vectors of h u m a n disease. Th i s 
distinction does not affect the present review undu ly as m a n y of the 
tse-tse studied are capable of t ransmi t t ing bo th h u m a n and an ima l 
trypanosomiasis , a n d essentially the same entomological methods have 
been used, or at least tr ied out , over a wide range of species. Several 
reviews which have appea red in the last few years provide an excellent 
coverage to the m a n y var ied aspects of tse-tse a n d disease, for example , 
the general p rob lem of tse-tse a n d trypanosomiasis (Nash, 1960; 
Ashcroft, 1959), the ecology of the m a i n vectors (Langr idge et al. 1963), 
the dis tr ibut ion a n d a b u n d a n c e of tse-tse (Glasgow, 1963) and more 
recent fundamenta l work (Glasgow, 1967). T h e whole subject of tse-tse 
ecology a n d sampl ing methods was reviewed by Buxton (1955) in his 
masterly treatise which will long r ema in a classic. 

T S E - T S E S A M P L I N G A N D E C O L O G Y 

T h e subject of tse-tse sampl ing a n d ecology is a peculiar ly difficult one 
to discuss impar t ia l ly . Experiences of different workers tend to vary con-
siderably depend ing on the geographical region in which they work, a n d 
on the par t icu la r species or groups of species which they are investi-
gat ing. I n this chap te r there will na tura l ly be emphasis on cer ta in fea-
tures or t rends which a p p e a r to be of par t icu la r interest in the context of 
vector sampl ing as a whole . This emphasis should no t be taken as indi-
ca t ing any par t isanship, or as any claim to superior j u d g e m e n t abou t 
the merits of different methods in the definitive field of tse-tse biology. 
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T h e r e is one par t icu la r direct ion in which tse-tse workers have m a d e 
an ou t s tand ing cont r ibu t ion towards a be t te r unde r s t and ing of vector 
popula t ions in general , name ly in the design of field exper iments involv-
ing the cap tu re , mark ing , release a n d recap tu re of adu l t tse-tse, a n d in 
the analysis of the d a t a ob ta ined . As the sampl ing a n d ecological p r o b -
lems involved in this me thod of investigation have m u c h in c o m m o n wi th 
the more recent work carr ied ou t on blow-fly popula t ions , they will be 
discussed concurrent ly in a la ter chap te r . 

O f the m a n y different sampl ing methods which have been used there 
are four which mer i t special ment ion . 

1. T h e fly r o u n d 
2. T h e use of s ta t ionary bai t 
3 . T r a p p i n g 
4. C a p t u r e of resting tse-tse 

1. The fly round 
I n the fly r ound in its classic form as designed in East Africa main ly 

for those species of tse-tse which r o a m far a n d wide in s avannah count ry , 
a p a t h is laid ou t crossing a r ange of vegetat ion types. A g roup of fly 
boys w h o act as combined ba i t a n d catchers move a long this p a t h , 
s topping from t ime to t ime to collect the tse-tse which follow t h e m or a re 
a t t rac ted to t hem. M a l e tse-tse usually m a k e u p the bulk of this ca tch — 
u p to 9 0 % . I n recording the d a t a for the ca tch , the teneral males — tha t 
is, those which are recently emerged a n d are compara t ive ly soft bodied 
— are rejected, a n d the ca tch is recorded as the " n u m b e r of non- tenera l 
males per 10000 y d " . Th i s figure is often referred to as the " a p p a r e n t 
dens i ty" . 

Th is m e t h o d is designed par t icular ly for those species of tse-tse which 
are a t t r ac ted by h u m a n bai t — e.g. Glossina morsitans. I n cer ta in cases it 
has been found tha t the use of a bai t cow — ra the r t h a n h u m a n bai t — 
in the fly r o u n d is necessary to a t t r ac t cer ta in more elusive species such 
as G. pallidipes. For m a n y species of tse-tse a n d for m a n y par t s of Africa 
this m e t h o d has been found to be the most convenient , even though 
entomologists have long been conscious of its l imitat ions a n d deficiencies. 
However , it has come in for considerable criticism and reappra isa l in the 
last few years , a n d it would therefore be instructive to inqui re more 
closely in to the ra t ionale of this sampl ing t echn ique . 

T h e first poin t is tha t , a l though bo th sexes of tse-tse a re bloodsuckers, 
a n d disease vectors, the fly-round ca tch yields main ly males of the 
savannah species. F r o m the n a t u r e of this m e t h o d one would assume 
tha t the basic pr inciple is the a t t rac t ion of a h u n g r y fly to a t t rac t ive 
bai t . However , the si tuat ion appears to be r a the r more compl ica ted t h a n 
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this. M a n y of the males caugh t are not hungry , and it has therefore been 
assumed tha t they follow the bai t or moving object as pa r t of the genera l 
search for female tse-tse. 

T h e second point is tha t , even in areas where all o ther evidence points 
to the total tse-tse popula t ion r ema in ing stable for weeks on end, there 
are l iable to be considerable day- to-day fluctuations in the fly-round 
catch. I t is evident t ha t this sampl ing me thod is not necessarily a meas-
ure of the t rue popula t ion , because condit ions which reduce the activity 
of the fly, such as cl imatic changes, will reduce the chances of its moving 
wi thin the sphere of influence of the fly boys. This activity factor, a long 
with others, is referred to as the "ava i lab i l i ty" of the fly, a n d it is evident 
tha t the fly-round catch, or " a p p a r e n t dens i ty" , is in some way deter-
mined by the t rue popula t ion a n d by the availabil i ty a t t ha t pa r t i cu la r 
t ime (Jackson, 1949, 1953, 1954). A m o n g the o ther factors which go to 
make u p "ava i lab i l i ty" is the d iu rna l cycle of b i t ing activity whereby 
some tse-tse show greater feeding activity a t cer ta in times of the day . 
O n e can visualize t ha t a t very low tse-tse densities there would need to 
be some synchronizat ion of fly r o u n d wi th peak activity. 

Despite these freely admi t t ed imperfections in the fly r o u n d m e t h o d of 
sampl ing, as appl ied to the wood land savannah species of East Africa, it 
is still considered sufficiently app rox ima te to indicate major a l terat ions 
in the tse-tse popula t ion such as would be expected as a result of heavy 
insecticide pressure, for example in j u d g i n g the effect of aircraft appl ica-
tion of insecticide to tse-tse bush (Foster et al. 1961, Burne t t et al. 1961, 
1965). I n the fly r o u n d used in the la t ter instances, an addi t iona l record 
is kept of females and teneral males . 

O n e of the possible sources of error in the n o r m a l fly r o u n d is the 
h u m a n one involved in leaving it to fly catchers to decide exactly where 
to hal t , a n d how long to spend a t each place. A n a t t e m p t to overcome 
this var iable has been m a d e (Ford et al. 1959, Glasgow, 1961) by in t ro-
duc ing the idea of the " t ransec t fly r o u n d " . Ins tead of being divided into 
a few long sections according to the investigators ' assessment of the 
vegetat ion, the new round follows a rb i t r a ry s traight lines, a n d is divided 
into numerous short sections of equal length. T h e ca tch ing pa r ty hal ts 
a t the posts defining the sections, a n d ca tch ing takes place only at these 
halts . This me thod appears to have advantages in being more s t anda rd -
ized t h a n the older me thod , a n d less exposed to h u m a n variables . 
W h e t h e r it can deal wi th the more basic var iables of the fly r ound de-
scribed above remains to be seen. 

T h e Belgian workers have also been interested in further developing 
the basic fly r ound wi th a view to ob ta in ing more representat ive samples 
of Glossina morsitans u n d e r a wide range of condit ions in the Congo. 
After d rawing a t tent ion to some of the recognized l imitat ions of the 
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convent ional fly round , they have developed a sampl ing p lan based on 
cap tu r ing flies a long the four sides a n d two diagonals of a n u m b e r of 
squares 1 0 0 m χ ioo m, each square forming p a r t of an assembly of 
squares wi th in a rec tangu la r a rea whose exact dimensions a re deter -
mined by the var ie ty a n d dis t r ibut ion of hab i ta t s . (Lambrech t , 1958; 
v a n den Berghe a n d L a m b r e c h t , 1962) Flies cap tu red in these rounds are 
m a r k e d a n d released in order to e l iminate the chance of recording the 
same fly more t h a n once. As the fly cap turers car ry out the collecting to 
a dep th of 10 m on each side of the s t raight p a t h const i tut ing the sides 
a n d diagonals of each square uni t , a h igh p ropor t ion of the tota l a rea of 
each square is actual ly sampled . I t would a p p e a r a priori t h a t this 
modification in sampl ing techn ique would provide a closer a p p r o a c h to 
real fly density ; b u t a l though a t r ia l was designed to compare the rela-
tive meri ts of the two different fly rounds u n d e r similar condit ions, the 
oppor tun i ty for mak ing a valid compar ison be tween square fly r o u n d a n d 
l inear fly r o u n d did not arise. 

I n the l ight of all the experience gained in tse-tse studies in Africa, 
these workers la ter proposed a new type of fly r o u n d designed to meet a 
wide range of requi rements (van den Berghe a n d L a m b r e c h t , 1963). 
Th i s new type of t ransect fly r o u n d involved at least 3 rounds of 1 000 m, 
each r o u n d hav ing a separa te fly-boy t eam, a n d be ing subdivided 
into 50 m sections. O n e of these rounds would be close to h u m a n settle-
ments a n d habi ta t ions ; one would be laid ou t in typical fly h ab i t a t a n d 
g a m e hab i t a t , a n d one r o u n d would be designed to inc lude possible 
fly/game concent ra t ion points du r ing the d ry season. Each r o u n d would 
be sampled du r ing 2-hour periods four t imes a day , once a week, a n d 
thus provide addi t iona l d a t a on activity a t different t imes of the day . 
Flies caugh t in such rounds a re recorded as to sex a n d h u n g e r stages, 
then marked a n d released, wi th the except ion of those engorged. Res t ing 
flies are also searched for in order to ob ta in addi t iona l specimens replete 
wi th blood. A note is also m a d e a b o u t the frequency wi th which g a m e 
are observed du r ing fly rounds . These fly rounds would provide the 
usual d a t a abou t mon th ly densities, sex ratios, recaptures , etc. But they 
would also provide information a b o u t (a) fly activity a t sampl ing sta-
tions at different times of the d a y ; (b) informat ion on any changes in 
feeding hab i t t ha t occur, a n d (c) a compar ison of the feeding habi t s in 
re la t ion to the three different types of te r ra in a n d h ab i t a t t raversed by 
the fly rounds . 

A n o t h e r example of addi t iona l information which can be provided 
by in t roduc ing slight modifications in the basic fly-round technique comes 
from N o r t h e r n Niger ia ( J o r d a n , 1965). I n catches of Glossina morsitans 
submorsitans m a d e in the course of the fly round , separa te records were 
m a d e of the n u m b e r s of flies caugh t on the body of one of the ca tch ing 
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T A B L E ι 

Number of Glossina morsitans submorsitans caught on bodies of catchers, 
and on the vegetation or ground (after Jordan , 1965). 

T o t a l C a t c h M a l e s F e m a l e s 
F e m a l e s as 

% o f total 

B o d y 2 378 1 5 3 4 8 4 4 3 5 - 8 % 

V e g e t a t i o n 

or g r o u n d 5 0 3 4 4 7 5 0 2 8 4 5 -6% 

par t i t ion of the two sexes be tween the two sites. I n the case of the males, 
7 5 % of the total n u m b e r were taken on vegetat ion and on the g round , 
as compared with 2 5 % on the body. O f the total females, the propor-
tions were reversed wi th 2 5 % on vegetat ion a n d g round , a n d 7 5 % on 
the catcher . If these figures are expressed in ano the r way it is seen tha t 
of the total tse-tse popula t ion taken, the females formed 3 6 % of those 
taken on the body, bu t less t h a n 6 % of those taken on vegetat ion a n d 
g round . 

T h e fly r ound has also been developed in Nigeria , West Africa a n d 
adap t ed to deal wi th sampl ing of the riverine tse-tse — especially G. 
palpalis and G. tachinoides — which are closely associated wi th m a n . T h e 
m e t h o d long used in Niger ia is to lay ou t a l inear fly round to sample 
G. palpalis a long a selected p a r t of a s t ream. T h e sections are subdivided 
into 100-yd long subsections a n d — in order to prevent a ca tching-out 
effect — all flies are recorded, ma rked a n d released. These fly rounds 
were carr ied out a long a fixed route at regular intervals over a per iod 
of six years in a s tudy of a p p a r e n t density, longevity, a n d m o v e m e n t of 
ma rked flies in relat ion to season a n d vegetat ion, etc. (Nash a n d Page , 
1953). A similar technique was used later for s tudying the effect of 
obstruct ive clearing directed against G. palpalis (Nash a n d Steiner, 1957). 
This r iverine fly r ound is considered par t icular ly efficient because it 
samples the very area to which the r iverine tse-tse are l inearly confined. 
I n contrast to the experience wi th the savannah species of East Africa is 
the fact tha t al lowing for cer ta in seasonal variat ions, this r iverine fly 
r ound samples males a n d females in approximate ly equa l propor t ions . 

T h e fly r ound technique has also, been used in Niger ia to s tudy G. 
longipalpis, a species which does not feed readi ly on m a n (Page, 1959a). 
Ini t ial ly a 3200-ft t rack, divided into six sections a n d subdivided into 
100-yd subsections, was used. But later, due to the l imited per iod of 

t eam, and the n u m b e r taken on vegetat ion a n d on the g round in the 
vicinity of the t eam. T h e results (Tab le I) show a wide difference in the 
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daily fly activity, only cer ta in representat ive subsections were sampled . 
As this species has a p ronounced dai ly r h y t h m of activity (being in-
active below a b o u t 23°C) fly rounds were no t s tar ted unt i l t ha t t empera -
ture was reached . I t is interest ing to note t ha t wi th this species the bulk 
of the flies t aken in the fly r o u n d were caugh t on vegeta t ion r a the r t h a n 
in the vicinity of the bai t . T h e effect of type of bai t on the sex ra t io of 
flies was also a striking fea ture ; wi th m a n bai t , females formed only 
1-9% of the total , while wi th ox bai t , they formed 3 9 % . 

2. Stationary bait 
While the fly round , based on collections carr ied ou t in a three or 

four mile t ransect of different vegeta t ion types, has proved of consider-
able pract ical use wi th the g a m e tse-tse, such as G. morsitans which are 
widely dispersed t h r o u g h grea t areas of s a v a n n a h wood land a n d wi th the 
r iverine tse-tse in cer ta in areas such as Niger ia , experience in o ther pa r t s 
of West Africa such as G h a n a has shown tha t the species l imited to 
r iverine forests (G. palpalis) or to forest c lumps or thickets (G. tachinoides) 
can be effectively sampled by a s ta t ionary t e a m confined to a well-
defined hab i t a t , such as a r iver crossing (Morris , 1961a, b ) . 

W i t h the s ta t ionary t e a m it is found more feasible to extend the 
per iod of ca tch ing to eight hours , or even the whole d a y (Page, 1959a, 
b , c) . I n this way any variables d u e to dai ly fluctuations in the activity 
cycle will be au tomat ica l ly dea l t wi th . T h e extended per iod of observa-
tion also serves an addi t iona l function — sometimes the m a i n function 
— of being able to record tse-tse a t very low densities. W i t h G. palpalis 
in par t i cu la r — the m a i n vector of h u m a n Trypanosoma gambiense — it is 
frequently found t ha t tse-tse densities m a y be extremely low even in 
areas where there is a h igh incidence of h u m a n trypanosomiasis (Nash, 
1952, 1960). U n d e r those condit ions it m a y requi re a whole day ' s ca tch 
to detect the occasional fly. 

T h e s ta t ionary-bai t m e t h o d has been used in East Africa in studies on 
G. pallidipes in connect ion wi th transmission of an ima l t rypanosomiasis 
(Leggate a n d Pilson, 1961 ; Pilson a n d Leggate , 1962a; Har ley , 1965; 
Pilson a n d Pilson, 1967). Cont inuous ca tching of tse-tse is carr ied ou t 
on a te thered black ox from before d a w n unt i l after dusk. T h e advan tage 
of this m e t h o d is tha t , firstly, it can deal adequa te ly wi th tse-tse which 
show a marked peak of b i t ing activity a t cer ta in periods of the day — 
for example , G. pallidipes has a large evening peak of bi t ing. Secondly, 
it catches bo th males a n d females. Th i rd ly , by al lowing flies to actual ly 
feed on the ox before they are cap tu red , the cap tu re can be in te rpre ted 
strictly in terms of h u n g r y flies. O n this basis it is possible to record the 
observat ion in te rms of ' ' m e a n n u m b e r of non- tenera l flies feeding on ox 
per d a y " . I n view of the fact t ha t some species of tse-tse a re l iable to be 
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taken on bai t a t any hour of the day or n ight (Rober tson, 1962) the 
logical deve lopment of the 12-hour day catch is to extend it to the full 
diel or 24-hour per iod. This ref inement has now been appl ied to three 
species of tse-tse in U g a n d a known to differ in activity cycle, a n d a 
careful hour - to -hour record has been kept of bo th males a n d females of 
these species, wi th regard to different seasons of the year , as well as wi th 
reference to whe the r the bai t an ima l was sited in the open or in the 
shade (Har ley, 1965). 

A great deal of new information has been ob ta ined in this way which 
has an i m p o r t a n t bear ing on the relat ion between sampl ing procedures 
and the different activity pa t te rns of the tse-tse flies concerned. For the 
present purpose it would be sufficient to i l lustrate this by means of the 
par t icu lar figures referring to the ca tch of females taken on bai t in open 
sites in the d ry season (Fig. 1). F r o m this it is seen tha t Glossina pallidipes 
shows a steady increase in bi t ing activity th roughou t the course of the 
day, with a peak in the late afternoon. G. palpalis fuscipes shows low 
activity in the early morn ing a n d late afternoon, wi th peak activity in 
the middle period of the day . G. brevipalpis has very low bi t ing activity 
th roughou t the day, b u t exhibits two sharp peaks a t d a w n a n d at dusk, 
immedia te ly before sunrise and immedia te ly after sunset. Slight differ-
ences exist in the ac tua l form of the curve be tween males a n d females 
a n d there are also slight differences in pa t t e rn accord ing to the season of 
the year , a n d whe the r the ba i t is sited in the open or in a shady posit ion. 

O n e feels t ha t in the general context of vector sampl ing it would be 
an addi t ional advan tage to have some idea of the effective a t t rac t ion 
radius of a single, isolated host an imal . Possibly, synchronized collecting 
on a n u m b e r of isolated oxen te thered at equa l intervals — which could 
be varied from exper iment to exper iment — th roughou t blocks of bush 
might clarify this point , and migh t even be used as a me thod of est imat-
ing the total tse-tse popula t ion in an exper imenta l block. T h e var iab le 
a t t rac t ion of different bai t animals m a y also have to be taken in to 
account . I n N o r t h e r n Nigeria , for example , it was found tha t a whi te 
Zebu bull proved to be the best bai t for one par t i cu la r species of tse-tse. 
Exper ience elsewhere has shown tha t for ano the r species, G. pallidipes, 
black catt le a t t rac t significantly more tse-tse t h a n whi te and b rown ones, 
a l though no preference between b rown a n d whi te was observed. I n still 
ano ther series of observations involving two black Zebu oxen of similar 
size, it was noted tha t one of the bai t animals consistently a t t rac ted 
larger number s of all the species of tse-tse caugh t (Saunders , 1964). 
Presumably , indiv idual a t t rac t ion of bai t animals m a y be l iable to vary 
for o ther reasons, size, odour , etc. T h e general a t t rac t ion to the te thered 
bai t m a y also be influenced by the presence of a l ternat ive hosts in the 
ne ighbourhood , or by the increased tse-tse activity associated wi th high 
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tse-tse popula t ions or with the presence of big g a m e (Power, 1964). For 
p redomina te ly day- t ime bi t ing flies like tse-tse, one migh t also expect 
t ha t seasonal changes in the vegetat ion, e.g. prolific g rowth of long grass 
in the wet season, migh t l imit the r ange of visual a t t rac t ion . 

G. brevipalpis 

G. p. fuscipes 

25 

20 

15 

10 

-jj^Î^^-i , 
0 6 12. 18 2 4 

G. pallidipes 

F I G . 1. Act iv i ty pattern o f three species o f tse-tse, Glossina brevipalpis, G. p. fuscipes a n d 
G. pallidipes as exempl i f i ed by records o f females s a m p l e d in o p e n sites. (Har ley , 1965) . 

3. Trapping 
A varie ty of t raps have long been used for tse-tse studies, no t only as 

addi t ional sampl ing methods , b u t as a basis for control w h e n adop ted 
on a sufficiently large scale. T h e design a n d use of these t raps has var ied 
somewha t according to the investigator, the ecology of the species 
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studied, a n d the par t icu la r use for which the t r a p is designed. R a t h e r 
t h a n deal wi th the r ange employed, it would be more instructive from 
the point of view of sampl ing in general to describe one par t icu la r 
design which has been the subject of special s tudy, not only in West 
Africa where it or iginated, b u t also in East Africa where its use has been 
extended to a different r ange of tse-tse species. This type has been 
designated the " a n i m a l t r a p " (Morris a n d Morr is , 1949; Morr is , 
1960, 1961a, b , 1962) a n d is designed to resemble a small host an ima l 
abou t the size of a goat . T h e most i m p o r t a n t features are the cylindrical 
shape of the body, p roduc ing highlights a n d shadows. This curved body 
of hessian or cloth is open at the bo t tom. A slit a long the u p p e r surface 
has a cage super imposed into which the flies are a t t rac ted — th rough a 
non- re tu rn slit — from unde r the body. W h e n the use of this t r a p was 
extended to East Africa it was found necessary to use a larger design 
(4 ft long, 2 ft deep and 4 ft high) to a t t rac t the species there . I n util izing 
these t raps to the best effect considerable emphasis is laid on appropr i a t e 
siting wi th regard to open feeding grounds of tse-tse, such as ferries, 
water-holes, etc. T h e a t t r ibutes of a " g o o d " site have never really been 
elicidated, a n d in m a n y instances the exact location of the most p ro -
duct ive sampl ing or t r app ing sites is arr ived at simply by trial a n d error 
according to local circumstances. O t h e r requisites are the regular 
presence of na tu ra l hosts in the locality, good visibility of the t r a p from 
a wide angle, and a r r angemen t of t raps a t r ight angles to lines of move-
ments of flies. 

Original ly the an ima l t r a p was used in studies on G. palpalis a n d 
G. tachinoides. W i t h G. palpalis this design of t raps appears to be m u c h 
more effective t h a n several o ther accepted designs (for example , twenty 
times more t h a n the Har r i s t r ap , ten t imes the Swynner ton t r ap , and 
seven times the Chorley t r a p ) . W h e n used wi th care a n d discr iminat ion 
it appears tha t this t r a p has cer ta in advantages in sampl ing, par t icular ly 
in pr imit ive countries where the var iable h u m a n factors m a y influence 
o ther ca tching methods . T r a p s can also be used simultaneously over a 
wide area to indicate preferred habi ta t s , a n d as they can be left in situ 
for long periods they are less affected t h a n other methods by density 
fluctuations th roughou t the day , or from day to day . 

I t is c la imed tha t the efficiency of these t raps is self-evident when they 
are used on a mass scale, as they m a y collect such a h igh sample of the 
popula t ion as to p roduce vi r tual eradicat ion in an area . I n such a case 
the t r ap figures recorded could approx ima te closely to a t rue popula t ion 
count . For rout ine sampl ing this feature of the technique could be a 
compl ica t ing factor in tha t , if a large n u m b e r of t raps are used, the 
figures m a y indicate a sharp initial fall in the popula t ion which is 
followed by a more uniform ra te of ca tching. This is an interest ing 
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si tuat ion in which the sampl ing m e t h o d is also functioning as a control 
measure (Morr is , 1961a, b , 1962). Op in ions a m o n g tse-tse workers 
themselves a b o u t the genera l va lue of this m e t h o d of sampl ing t end on 
occasions to be conflicting a n d controversial . Pe rhaps the most objective 
way of eva lua t ing this t echn ique is to examine the results of carefully 
control led tests in which t r app ing is c o m p a r e d wi th one or more alter-
nat ive sampl ing methods in the same locality. Observat ions of this k ind 
are described la ter in the chap te r . 

Before cont inuing wi th the review of o ther sampl ing methods used in 
tse-tse studies it would be useful a t this stage to po in t ou t t ha t the 
potential i t ies of artificial animal- l ike t raps have also been explored — 
qui te independen t ly in m a n y cases — wi th o ther groups of day- t ime 
bi t ing flies, par t icular ly horse-flies a n d deer-flies ( Tabanidae) a n d black-
flies (Simuliidae). I n connect ion wi th the former g roup of insects, studies 
in C a n a d a have been par t icu lar ly instruct ive, especially those concerned 
wi th the deve lopment of the " M a n i t o b a fly-trap". (Bracken et al. 1962; 
Thors te inson et al. 1965). Th is work or iginated in the observat ion t h a t 
horse-flies were a t t rac ted to a wea the r bal loon, a n d a bal loon of this type 
was tested by inflating it to 24 in. d i amete r coat ing it wi th tanglefoot, 
a n d suspending it 4 ft above the g round . La te r , spheres which could be 
coloured, were suspended as a decoy below a fly-trap wi th a t rans lucent 
canopy . La t e r still, the r u b b e r balloons were replaced by polystyrene 
spheres inflated to 20 in. d i ame te r a n d the non- re tu rn t r a p was charged 
wi th sodium cyanide in o rder to kill the flies immedia te ly on entry . I n 
its final stage, the M a n i t o b a fly-trap consisted of a spherical decoy 
target m a d e from two hemispheres constructed of black acrylic plastic 
sheets. T h e t r a p c h a m b e r is capacious enough to hold approx imate ly 
2000 horse-flies, a n d the t r a p per formance can be j u d g e d by the fact 
t h a t in some areas cap tu re ra tes of the order of 1 000 female T a b a n i d a e 
per hou r were recorded. T r a p cap tu re d a t a have formed the basis of 
informat ion a b o u t seasonal a n d geographica l dis t r ibut ion of T a b a n i d a e 
in M a n i t o b a , as well as essential d a t a on species composi t ion ( H a n e c 
a n d Bracken, 1964). 

Behaviour studies a imed a t analysing the a t t rac t ion of these si lhouette 
t raps to horse-flies (Bracken a n d Thors te inson, 1965), have examined 
such factors as colour, shape, m o v e m e n t of target , t r app ing site a n d so 
on, all of which features d e m a n d equa l considerat ion in any a t t e m p t at 
analysing the a t t rac t ion of tse-tse flies to " A n i m a l t r a p s " . 

Pe rhaps even closer to the p rob l em of sampl ing tse-tse by means of 
" a n i m a l t r a p s " , are the paral le l studies on " a n i m a l or si lhouette t r a p s " 
for sampl ing day- t ime b i t ing Simulium in N o r t h Amer i ca (Fredeen, 
1961). These will be discussed in m o r e detai l in a la ter chap te r (page 99) 
bu t suffice to say at the m o m e n t t ha t these t raps constructed in the form 
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of a 4-legged an imal (cow silhouette a n d sheep silhouette) appea r to be 
very close in principle and design to the tse-tse " a n i m a l t r a p s " discussed 
previously. Again , analysis of the various factors de te rmin ing the a t t r ac -
t ion of these silhouettes to Simulium, together wi th allied work in 
G e r m a n y on the a t t rac t ion of different species of Simulium to specific 
par ts of an ima l a n d b i rd silhouettes (Wenk, a n d Schlorer, 1963) m a y 
prove of direct value in apprais ing the role of this t r app ing or sampl ing 
m e t h o d in tse-tse work. 

4 . The resting population 
For m a n y years tse-tse sampl ing methods were main ly concerned wi th 

the active fly caugh t in the course of the fly round , or coming to t raps 
a n d an ima l bai t . Studies on the resting or inact ive fraction of the 
popula t ion only received due a t ten t ion at a m u c h later stage (Nash a n d 
Davey, 1950), p robab ly because the search for resting tse-tse — as 
distinct from active flies which have settled temporar i ly — appea red 
laborious a n d un reward ing . T h e recent increased s tudy of resting 
popula t ions pe rhaps owes its st imulus to the following causes : 

i T h e real izat ion tha t as females of most s avannah tse-tse form such 
a small p ropor t ion of the accessible tse-tse popula t ion (as j u d g e d 
by fly-round catches) they mus t obviously be resting somewhere 
in large numbers , in accordance wi th the est imate t ha t there are 
more females t h a n males in the popu la t ion (Isherwood, 1957). 

ii T h e need in survey work to detect the presence of tse-tse species 
which do not come readi ly to h u m a n bai t , a n d which con-
sequently m a y be overlooked a l though they are epidemiological ly 
impor t an t (Nash a n d Davey, 1950; Nash , 1952; Page , 1959c; 
van den Berghe and L a m b r e c h t , 1954). 

iii Intensification of the search for resting engorged flies — as 
distinct from those conta in ing digesting blood taken in the fly 
r o u n d — in order to provide bet ter samples for precipi t in studies 
on the blood preferences of different species of tse-tse (Weitz a n d 
Glasgow, 1956; J o r d a n et al. 1960, 1961). 

iv T h e need for more precise knowledge of tse-tse resting sites 
according to location a n d vegetat ion in connect ion wi th the 
efficacy of insecticide appl ica t ion from the air or from the 
g round (McDona ld , 1960a, b ; K e r n a g h a n , 1961 ; Chadwick 
et al. 1965). 

Day- t ime studies on the resting popula t ion of G. swynnertoni (Isher-
wood, 1957) disclosed, as expected, a m u c h higher p ropor t ion of 
females t h a n in the active ca tch . These studies also showed tha t in the 
search for the day- t ime resting popula t ion the results are l iable to be 
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affected by the fact tha t active flies follow the collectors a n d settle on 
the trees. Th is var iable was deal t wi th as far as possible by collecting 
active flies first. 

A most interest ing further deve lopment in the sampl ing of the resting 
popu la t ion has been the investigation of noc tu rna l resting places. I n 
West Africa rest ing females of G. palpalis p roved very elusive b u t were 
observed by d a y on twigs a n d leaf petioles a b o u t one me t re above the 
g round where they would r e m a i n motionless for several hours 
( M c D o n a l d 1960). By using fluorescent pa in t as a m a r k i n g agent , 
wi th subsequent detect ion by ul tra-violet l ight (see also Jewel l , 1956), 
the n ight - t ime resting sites could be investigated for the first t ime. I t 
was shown tha t resting rarely took place a t a h igher level t h a n 2 m 
above the g round , half the l ibera ted flies resting on leaves a n d small 
twigs (never on tree-trunks) wi th in 30 c m of the g round . 

Re la ted observations in East Africa, using as a m a r k i n g agent 
microscopic glass beads such as those used in road reflecting pa in t , 
have no t only literally " t h r o w n l igh t " on the n a t u r e of the n ight - t ime 
resting places of G. swynnertoni, b u t have also shown tha t after dusk 
resting tse-tse move to a different type of resting site from tha t occupied 
by day (Jewell , 1958; Rennison et al. 1958; Southon , 1958). A modifica-
t ion of the same technique has been used to s tudy the rest ing sites of 
Glossina morsitans in Z a m b i a (Robinson, 1965). C a p t u r e d flies were 
immobi l ized a n d m a r k e d wi th a reflecting p a t c h (white Scotchlite) 
easily visible a t n ight a t a dis tance of 20 -30 yds by the b e a m of a torch 
light. M a r k e d a n d released flies h a d the chance of feeding on a te thered 
calf a n d they were thus encouraged to rest nea r the release poin t . By 
means of a g r a d u a t e d pole it was found t h a t (22%) a considerable 
n u m b e r of morsitans were rest ing above 4 m a n d t h a t the highest level 
was 20 ft. I t is wor th not ing t ha t information of this k ind, deal ing wi th 
the exact resting sites, h a d a direct bea r ing on the p l ann ing of a c a m -
pa ign against this species based on spraying rou t ine . 

A further deve lopment of the t echn ique of sampl ing the resting 
popu la t ion of tse-tse has been based on the use of the marking-release-
r ecap tu re m e t h o d (Chap te r 8 ) . T h e object of these studies carr ied ou t 
in Sou the rn Rhodes ia (Pilson a n d Leggate , 1962b) was to find inact ive 
Glossina pallidipes in given vegeta t ion types, a n d also find if resting 
behav iour var ied wi th season a n d / o r t ime of day . 

Flies caugh t on a te thered ox were al lowed to feed, a n d were then 
marked on the 25000 system (see C h a p t e r 8) , all details of sex a n d 
physiological condi t ion be ing recorded . T h e m a r k e d flies were then re-
leased, and a subsequent search for resting tse-tse was carr ied ou t in the 
vicinity of the ox over a n a rea of a b o u t one acre on all possible rest ing 
sites, inc luding the u p p e r b ranches of some trees u p to a he ight of a b o u t 



20 E C O L O G Y O F I N S E C T V E C T O R P O P U L A T I O N S 

T A B L E I I 

Distribution of Glossina pallidipes on boles, branches and rot holes 
in the Zambesi valley in the hot season of October (after Ford, 1962). 

T i m e o f 

observat ion 
Boles Branches R o t holes 

0 9 0 0 - 1 0 h 10 13 41 

1 0 0 0 - 1 1 h 17 2 5 4 

1 1 0 0 - 1 2 h 2 9 1 112 

1 2 0 0 - 1 3 h 2 9 — 152 

1 3 0 0 - 1 4 h 41 — ? 

1 4 0 0 - 1 5 h 4 3 — 75 

1 5 0 0 - 1 6 h 2 3 — 87 

1 6 0 0 - 1 7 h 18 — 12 

1 7 0 0 - 1 7 4 5 h 4 5 1 

demons t ra te t ha t du r ing the hea t of the d a y b r a n c h sites are evacuated 
a n d rot holes become at t ract ive . I n addi t ion , there is a general move to 
lower sites, 3 ft or less. W h e n the same basic methods were later used to 
s tudy the resting habi ts of G. morsitans (Pilson a n d Pilson, 1967), the 
search for resting flies was initially confined to 4 transects, each 20 ft 
wide a n d 200 ft long, rad ia t ing out from the s ta t ionary ox in four 
directions. I t was hoped tha t this design would show whe the r tse-tse 
which h a d fed on ox would rest near , or well away from it. T h e search 
for tse-tse was a ided by 6 ft a n d 25 ft ladders , a n d it was found t ha t the 
tse-tse could be detected wi th ease a t he ight ranges from 4 to 40 ft. H o w -
ever, the impossibility of searching u p p e r b ranches of trees prevented a 
composite p ic ture of overall d iu rna l resting being ob ta ined . 

I n the context of vector sampl ing in general , one of these tse-tse 

45 ft. U n d e r those condit ions the recovery ra te was h i g h : 1 0 - 3 0 % of 
m a r k e d males, a n d 1 0 - 1 7 % of m a r k e d females. Eighty-nine per cent 
of the total resting flies were taken a t the 0 -9 ft level. T h e ca tch also 
revealed tha t there were seasonal variat ions in resting behaviour , the 
percentage seen a t 3 ft a n d u n d e r being m u c h greater in the late ho t 
d ry season. I n the ra iny season a n d cool season, flies were found mostly 
on branches . 

I n a follow-up of these observations (Ford, 1962) some precise figures 
were ob ta ined abou t the change in preferred sites at different t imes of 
the day . T h e figures for Glossina pallidipes a re shown in T a b l e I I , a n d 
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investigations on rest ing popula t ions (Chadwick , 1964) has been 
par t icular ly i l luminat ing in t h a t it a t t empts to answer a basic quest ion, 
viz. w h a t p ropor t ion does the resting popu la t ion form of the total vector 
popula t ion in an a r e a ? I n T a n z a n i a a wide r ange of potent ia l resting 
sites were examined , a n d it was found t ha t for the tse-tse in quest ion — 
G. swynnertoni — 6 5 % of rest ing flies were found on the undersides of 
b ranches . A n a t t e m p t was then m a d e to relate the n u m b e r of flies found 
on branches to the total n u m b e r of flies expected to be in the a rea 
searched. T w o fly boys carr ied ou t a n o r m a l fly r o u n d (see page 9) 
while th ree searchers examined a str ip 40 yd wide , for some 20 sectors, 
each 100 yd long. T h e " a p p a r e n t dens i ty" was worked ou t using a 
s t anda rd availabil i ty of 1 0 % a n d the observat ion t ha t there are twice 
as m a n y females as males in any given area . T h e figures a re shown in 
T a b l e I I I . 

T A B L E I I I 

Relation between number of tse-tse flies {Glossina swynnertoni) 
recorded on branches, and the total number of flies expected to be in the 

area searched (after Chadwick, 1964). 

Tria l 

N u m b e r o f flies 

f o u n d rest ing 

o n branches 

A p p a r e n t 

dens i ty 

(from fly-round) 

N u m b e r o f 

flies 

e x p e c t e d f 

% f o u n d 

1 100 307 2 3 8 4 2 % 

2 33 122 8 5 3 9 % 

3 4 5 174 128 3 5 % 

t In 40 yd wide strip 

Subject to error , the results a re in te rpre ted as suggesting broad ly t ha t 
in the a rea in quest ion a b o u t one th i rd of the tota l tse-tse fly popula t ion 
could be found resting on the undersides of b ranches . 

T h e r e a re o ther vectors such as anophe l ine mosquitoes a b o u t which 
a grea t deal is now known concerning ou tdoor resting captures as com-
p a r e d wi th indoor collections a n d ba i t collections. But it has no t yet 
been possible to be any th ing more t h a n highly speculat ive w h e n t ry ing 
to est imate w h a t p ropor t ion of the total mosqui to popu la t ion in an a rea 
is represented by any one of these samples. 

C O M P A R I S O N S B E T W E E N T R A P P I N G A N D O T H E R M E T H O D S 

O F S A M P L I N G T S E - T S E 

I t is often difficult to apprec ia te the advan tages or l imitat ions of a 
par t i cu la r sampl ing m e t h o d in absolute te rms. A s imul taneous com-
parison wi th o ther sampl ing methods can however provide the first step 
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towards sounder evaluat ion. Brief reference has a l ready been m a d e to 
the compara t ive results ob ta ined wi th the an ima l t r a p in compet i t ion 
with o ther t r a p designs. M o r e instructive, however , is a compar ison 
between t raps and the convent ional fly-round or fly-boy ca tch . T h e r e 
are i l luminat ing figures on this point from bo th West Africa, ma in ly 
G. tachinoides, a n d East Africa, G. pallidipes. 

I n West Africa a compar ison was m a d e th rough a complete year 
be tween t r a p samples (150 t r a p days) a n d fly rounds , 20 fly-boy days 
month ly , working simultaneously (Morris a n d Morr is , 1949). These 
figures showed tha t the relative efficiency of the two methods differed 
at different seasons of the year (Fig. 2) . I n J a n u a r y , the d ry season, 

lOOr 

8 0 h 

I 0 0
L 

F I G . 2. Re la t ive efficiency of t w o s a m p l i n g m e t h o d s — s tandardized " a n i m a l " trap 
ca tch a n d fly-boy ca tch — for Glossina tachinoides at different seasons o f the year in 
G o l d Coast ( G h a n a ) (after Morris a n d Morris , 1949) . 

dur ing the period of the cool, d ry " h a r m a t t a n " the t raps were ten times 
more efficient t h a n the fly boys. A t the o ther extreme, in Sep tember a t 
the end of the ra iny season, the t raps caugh t only one qua r t e r of the fly-
boy ca tch . 

A similar compar ison was m a d e be tween " a n i m a l t r a p s " a n d fly-boy 
ca tch in East Africa (G. pallidipes) (Morris , 1960). O v e r a per iod of six 
weeks, eight t raps which were easily supervised by one boy clearing 
t h e m five t imes a day , were compared wi th a fly-boy t e a m of two, 
m a k i n g morn ing a n d afternoon rounds . T h e results were as follows, a t 
a t ime of h igh fly density : 
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T r a p s : 1586 flies wi th 8 2 % female 
Boys: 165 flies wi th 1 3 % female 

At lower densities, in a five week tr ial , the results were : 

21 t raps visited da i ly : 30 flies wi th 7 3 % female 
2 boys, 2 rounds per d a y : 9 flies wi th 3 0 % female 

These figures b r ing out clearly no t only the high gross ca tch of the 
t raps , b u t also the m u c h higher p ropor t ion of females taken. I n fact, the 
p ropor t ion of females is very close to w h a t is es t imated to exist in n a t u r e . 
( T h e two sexes of tse-tse are known to emerge from p u p a r i a in approxi -
mate ly equa l numbers , b u t as females have a considerably longer life 
span t h a n males, a wild popula t ion of tse-tse is reckoned to conta in 
7 0 % - 8 0 % of females (Jackson, 1949).) This consistently high propor-
t ion of females taken in t raps has been encountered in all species of tse-
tse tested, indica t ing tha t from tha t po in t of view the sample appears to 
be more representat ive of the whole popula t ion . I t should be po in ted 
ou t t ha t in this exper iment wi th G. pallidipes, the marked superiori ty of 
the " a n i m a l t r a p " is a little misleading in t ha t it is being c o m p a r e d wi th 
a single a l ternat ive sampl ing m e t h o d which has long been known to be 
r a the r unproduc t ive of this species. G. pallidipes, unlike G. morsitans, is 
no t great ly a t t rac ted to h u m a n bai t in the no rma l fly round , m u c h p re -
ferring oxen or catt le whe the r moving or s ta t ionary. W i t h this in m i n d 
the following exper iment , involving a l ternat ive a n i m a l bai t , is pe rhaps 
a more realistic compar i son . 

A n extended compar ison using three different me thods of tse-tse 
sampl ing — " a n i m a l t r a p " , cat t le ba i t a n d fly r o u n d — has been 
carr ied ou t in U g a n d a (Smith a n d Rennison , 1961). T h e exper iment 
was based on the 8 x 8 La t in square design using oxen of different 
colours a n d t raps of two colours, black a n d b rown . T h e fly r o u n d was 
carr ied ou t on two pa t t e rn s : 

i. two or three t imes weekly, from 08.00 hours to 09.30 hours , a long 
a p a t h 3000 yd long divided in to 50-yd sections, 

ii. 1000 yd por t ion of fly round , a long which exper imenta l 
methods of ca tch ing were used, was traversed seven t imes dai ly 
in each direct ion be tween 08.00 hours a n d 18.30 hours . 

T h e results of the first series of observations are shown in T a b l e I V . 
This shows tha t more flies were taken on cat t le t h a n in t raps , b u t the 

t raps recorded a h igher p ropor t ion of females. O n some days t r a p catches 
were almost nil a t a t ime w h e n cat t le con t inued to a t t rac t numerous 
flies. I n addi t ion , the per iod of the day w h e n most flies were t aken 
differed in t raps a n d on ca t t l e ; wi th the cat t le most flies were taken in 
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T A B L E I V 

Numbers and sex ratio of non-teneral Glossina pallidipes caught by 
three different sampling methods used simultaneously, Morris 
("animal") traps, bait oxen, and fly round (after Smith and 

Rennison, 1961). 

M e t h o d o f capture 
M a l e s 

N u m b e r o f flies 

F e m a l e s 

B r o w n trap 1341 3 9 1 6 

Expt 1. Black trap 8 8 4 2 0 1 3 

O x e n 8 3 4 4 5 2 9 2 

F ly r o u n d 2 1 3 123 

B r o w n trap 2 1 3 5 0 4 

Expt 2. O x e n 3 0 1 1 1 7 7 4 

F ly r o u n d 6 0 4 97 

F ly r o u n d 2 9 9 159 

the morn ing a n d the evening. I n the t raps most flies were taken be tween 
12.20 a n d 14.00 hours , a n d least in the morn ing . F r o m these a n d o ther 
d a t a it appears t h a t the t raps are sampl ing a different p ropor t ion of the 
popula t ion from t h a t a t t rac ted to the cat t le . T h e t raps , despite thei r 
animal- l ike appea rance a n d design, are no t s imply functioning as sub-
sti tute a n n i m a l s ; they must be prov id ing an add i t iona l a t t rac t ion for 
those flies, especially females, seeking a shaded rest ing place in the 
hot ter , br ighter per iods of the day . Conf i rmat ion of these findings is 
provided by observat ions in the ra in forest a rea of Liber ia , West Africa 
(Foster, 1964) which indicate t h a t the theoret ical basis for the a t t rac -
t ion of " a n i m a l t r a p s " is still very doubtful . A l though the t r a p is designed 
to resemble a host an ima l , the live a n i m a l itself, e.g. goat , does no t 
a t t rac t G. palpalis in t ha t a rea . 

F r o m the fly-round catch it was shown tha t the n u m b e r of females 
taken followed the same general t r end as females caugh t on the oxen, 
suggesting tha t females taken in the fly r o u n d are main ly h u n g r y flies. 
Th is exper iment also showed tha t , while the fly-round catch was fairly 
uniform in the wet season a n d in the d ry season, bo th oxen a n d t r a p 
catches were twice as high in the rains as in the d ry season. 

A s imultaneous evaluat ion of four different methods of sampl ing tse-
tse has been carr ied ou t on Glossina swynnertoni wi th reference to the 
h u n g e r cycle of the non- tenera l males (Bursell, 1961). T h e methods 
used were : 
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i. flies caugh t app roach ing or a t tacking a ca tch ing p a r t y (au thor 
a n d two African assistants). Th is was referred to as the 
" S t a n d a r d " c a t c h ; 

ii. flies caugh t a t t empt ing to p robe skin of young heifer, referred to 
as the " B a i t " ca t ch ; 

iii. flies caugh t on perch ing places on trees, the " R e s t i n g " c a t c h ; 
iv. flies a t t r ac ted to s low-moving lorries, the " V e h i c l e " ca tch . 

T h e h u n g e r cycle of the ma le tse-tse starts wi th the engorged fly, a n d is 
m a r k e d by a h igh ra te of digestion of the blood meal , the products of 
digestion being conver ted in to fat. Par t i a l digestion follows, a n d the 
cu lmina t ing phase is h u n g e r a n d fat deplet ion. A n analysis of the 
catches taken by these different sampl ing methods showed, no t 
a l together unexpectedly , t ha t the different stages of the hunge r cycle 
were no t equal ly represented in each ca tch ing me thod . Whi le the 
gorged flies were unresponsive to the stimuli of moving objects a n d to 
ba i t animals , the react ion of the la ter stages of the h u n g e r cycle were 
less pred ic tab le . Whi le activity in genera l increases, the penu l t ima te 
stage of the h u n g e r cycle is well represented in the resting ca tch , a n d 
has also a lowered a t t rac t ion to moving objects. 

A considerable advance in our knowledge a b o u t the relat ive val idi ty 
of different sampl ing methods was m a d e possible by developments in 
age-grouping techniques (Saunders , 1960, 1962). By means of a careful 
s tudy of the ovar ian deve lopment of female tse-tse it b ecame possible to 
g rade females u p to the fifth cycle of ovulat ion, i.e. u p to the t ime the 
insect is a b o u t 50 days old, b u t no t beyond. 

Age g roup ing by this m e t h o d was carr ied ou t on G. pallidipes popu la -
tions sampled by four different me thods : 

i. modified Morr i s " a n i m a l " t r a p s ; 
ii. by h a n d in s t anda rd fly r o u n d (au thor a n d two assistants) ; 

iii. on ba i t an ima l (Zebu ox te thered in shade) ; 
iv. resting flies on branches in thickets. 

These investigations showed t ha t female G. pallidipes enter ing Morr i s 
t raps are older t h a n those caugh t in the fly round , while those caugh t 
on ba i t an ima l are in te rmedia te in age s t ruc ture . Corre la ted wi th age 
s t ructure is an increase in the propor t ions of females car ry ing th i rd-
instar la rvae . I n general , therefore, the oldest females a n d those most 
advanced in p regnancy are more readi ly taken in t raps , while the 
youngest a n d least advanced in p regnancy are more l iable to be taken 
in the fly round . 

Female tse-tse cap tu red in these exper iments could be classified in to 
five groups ( Ο , I , I I , I I I a n d IV) accord ing to the n u m b e r s of ovulat ions 
comple ted . This still m e a n t however t ha t the last g roup — I V — was 
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m u c h less clearly defined t h a n the others as it inc luded all flies which 
h a d ovula ted four or more t imes, a n d therefore embraced a very wide 
range of older flies. La te r refinements in this t echnique worked out wi th 
o ther species of tse-tse (Challier, 1965; Har ley , 1967a, b) have now 
m a d e it possible to extend this physiological age-grading to eight groups 
( O - V I I ) according to the n u m b e r of ovulat ions, thus enabl ing a more 
precise subdivision of the older fraction of the female popula t ion — u p 
to abou t 80 days old. Tse-tse workers poin t ou t however t ha t even this 
no tewor thy advance in t echn ique still does no t extend far enough to 
give a reasonable p ic ture of the age composit ion of a wild popu la t ion of 
female tse-tse. 

These advances in physiological age-grading of female tse-tse flies 
have opened u p new possibilities of investigating the real or ca lendar 
age (in days) of wild caugh t females, a n d have also renewed the 
possibility t ha t this work in t u rn migh t th row light on the equal ly 
i m p o r t a n t p rob lem of the age composit ion of the male tse-tse popula -
t ion. As the techniques used to establish the relat ionship be tween 
physiological age and real or ca lendar age have been based on the 
marking-re lease-recapture me thod , this aspect will be discussed m o r e 
fittingly in C h a p t e r 8 a long wi th similar p roblems encountered in o ther 
fields of vector ecology. T h e appl ica t ion of these new age-grading 
techniques to sampl ing problems has been well b rough t ou t in a very 
comprehensive compar ison of no less t h a n seven different sampl ing 
methods carr ied out s imultaneously on Glossina pallidipes a n d G. fuscipes 
in the Lake Victor ia region of U g a n d a (Har ley , 1967a, b ) . T h e methods 
used were as follows, 

i. Flies caugh t on a s ta t ionary black ox a t t ended by two catchers . 
ii. Flies caugh t on a moving (walking) black ox a t t ended by two 

catchers . 
iii. Flies caugh t on a moving vehicle (driven a t walking pace) 

a t t ended by two catchers . 
iv. Flies caugh t in a Morr is t r a p a n d a modified version of a Har r i s 

t r a p placed three yards a p a r t a n d from which flies were removed 
hour ly . 

v. Flies caugh t while a t rest on bushes a n d trees, the flies following 
the 4 - 6 searchers hav ing been caugh t a n d killed as far as possible. 

vi . Flies caugh t on two s ta t ionary m e n . 
vii. Flies caugh t on two moving (walking) men . 

I n the first of two series of exper iments the collections on s ta t ionary 
a n d moving part ies took place in the same locality, the moving pa r ty 
walking, or dr iving, r o u n d the circumference of a circle a b o u t 12 yd in 
d iameter , a n d the s ta t ionary catch being m a d e a t the centre of the 
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circle. Seven ca tching stations were used, each ca tch ing m e t h o d being 
used for one d a y a t each of the stations in a r andomized m a n n e r . I n a 
second series, the moving catches were carr ied ou t a long tracks th rough 
the bush, a n d therefore sampled completely different a n d m u c h larger 
areas c o m p a r e d wi th the s ta t ionary ca tch . 

Females of the two species of tse-tse cap tu red in the first series of 
exper iments were divided into the eight physiological age grades, O - V I I , 
described above , thus provid ing informat ion on the age composi t ion of 
the different samples in addi t ion to the information a l ready provided 
abou t relat ive number s caugh t by different methods , a n d relative p ro -
port ions of males a n d females. 

I n accordance wi th the m a i n t heme of this pa r t i cu la r investigation, 
males a n d females of the different samples were also dissected for 
t rypanosome infection, a n d consequent ly the exper iments provided 
an impressive mass of informat ion a b o u t m a n y different aspects in 
the ecology of these two tse-tse flies. For present purposes, however , the 
appl ica t ion of the age-grading t echn ique to sampl ing problems is the 
most no tewor thy feature of this comprehens ive exper iment . Differences 
in age-composi t ion be tween the different samples were m u c h more 
m a r k e d in the case of G. pallidipes t h a n G. fuscipes, a n d the former has 
therefore been selected to best i l lustrate the extremes likely to be en-
countered (Fig. 3) . M a k i n g a l lowance for the fact t ha t the samples of 
resting flies a n d flies caugh t on m a n are no t strictly comparab l e wi th 
the o ther samples (as low catches in the first series m a d e it necessary to 
inc lude addi t ional d a t a from further catches) the findings do b r ing ou t 
the striking difference in age-composi t ion be tween samples caugh t in 
t raps a n d on oxen, a n d those caugh t on a moving vehicle, on m a n , or 
while resting. 

T H E E F F E C T O F A D V E R S E C O N D I T I O N S — N A T U R A L O R M A N -

M A D E — O N T H E V A L I D I T Y O F T S E - T S E S A M P L I N G 

Some very s t imulat ing informat ion on this aspect of sampl ing, wh ich 
is one of direct concern in m a n y o ther fields of vector control , has been 
provided from three different sources: 

1. Eva lua t ion of aircraft spraying wi th insecticide as a m e t h o d of tse-
tse control (Foster et al. 1961 ; Burne t t et al. 1961, 1965). 

2. Studies on outbreaks of h u m a n trypanosomiasis in no r the rn 
G h a n a (Scott, 1960; L a Croix, 1960); 

3 . Studies on the ex te rmina t ion of tse-tse, G. morsitans, by fire 
exclusion a n d by discr iminat ive clear ing in N o r t h e r n Rhodes ia 
(Glover et al. 1955). 
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1. Insecticide spraying by aircraft 
Some very i l luminat ing features have emerged from recent work on 

the aircraft appl ica t ion of insecticide against the tse-tse of the s avannah 

Moving ox Stationary ox 

Traps 

5 0 r 

4 0 1 -

3 0 1 -

20 H 

101-

Resting flies Men 

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 

Ovarian age category 

F I G . 3 . A g e compos i t ion o f samples o f f emale Glossina pallidipes co l lec ted b y different 
m e t h o d s (first series) (after H a r l e y , 1967) . 
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woodland of East Africa (Foster et al. 1961 ; Burne t t et al. 1961 ; Burnet t , 
1961a, b , 1962). Eva lua t ion of this measure was based main ly on the 
a p p a r e n t density, i.e. the n u m b e r of non- tenera l males caugh t per 
10000 yd of t he fly p a t h . I n add i t ion to this, however , t he ca tch 
recorded the n u m b e r of tenera l males in o rder to indica te the extent to 
which flies cont inue to emerge , after insecticide appl ica t ion, from p u p a e 
which are unaffected by insecticide. T h e n u m b e r of females, bo th 
tenera l a n d non- tenera l , was also recorded . Search was m a d e once or 
twice a week on seven fly rounds in the exper imenta l block. I n the fly 
r o u n d h u m a n ba i t was used for G. morsitans, a n d ei ther cow bai t or 
hessian cloth on wooden screens for G. pallidipes. T h e in te rpre ta t ion of 
these catches is m a d e difficult by two i m p o r t a n t factors. Fema le flies, 
which are in general longer-lived t h a n the males, only come to m a n 
main ly in the first three weeks of life; t he older reproduct ive fraction of 
tse-tse is therefore no t readi ly avai lable by fly r o u n d a n d o ther me thods 
employing h u m a n bai t . I n addi t ion , older females are also less sus-
cept ible to insecticide t h a n younger females, a n d m a y persist despite a 
"h igh ki l l" of younger females, a n d males , which are mostly young a n d 
susceptible. As a result, the very fraction of the popu la t ion l iable to 
survive a n d rep roduce is the one which is least likely to be recorded by 
the sampl ing techniques used. 

2. Outbreaks of human trypanosomiasis 
O f the two vectors of h u m a n t rypanosomias is in no r the rn G h a n a , 

G. palpalis is the one of major impor t ance , a n d the one which is the 
pr incipal , if no t the sole vector responsible for h igh incidence a n d out -
breaks of this disease. I n some of these ou tb reak areas G. palpalis is 
app roach ing the limits of its n a t u r a l dis t r ibut ion, c l imatic condit ions 
restr ict ing the fly to a n a r r o w riverine hab i t a t . I t is u n d e r these very 
condit ions t ha t man-fly contac t will be a t its closest a n d most dangerous . 
T h e epidemiological implicat ions of this a re of considerable significance, 
b u t for the purpose of the present review the m a i n lesson is t h a t sampl ing 
based on the use of "f ly-boys" or h u m a n ba i t u n d e r those condit ions will 
va ry considerably in its efficiency or val idi ty according to the size a n d 
degree of aggregat ion of the tse-tse popula t ion . Tse-tse occurr ing a t very 
low densities in unfavourable areas m a y be m u c h more readi ly avai lable 
for cap tu re simply because they are m u c h more concent ra ted into 
strictly l imited localities t h a n the larger popula t ions which occur 
wherever sui table hab i ta t s are widespread a n d tse-tse a re no t confined 
to a pa r t i cu la r concent ra t ion site. Similar difficulties in in te rpre t ing 
sampl ing d a t a a t cl imatically unfavourable t imes of the year have been 
disclosed in more recent observations in Rhodes ia (Bursell, 1966). I n 
Rhodes ia it is general ly found t ha t du r ing the hot dry season fly-round 
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catches are very m u c h higher nea r r iverine vegeta t ion t h a n elsewhere. 
This has led to the belief tha t tse-tse popula t ions a t this t ime of the year 
are dependen t on r iverine vegetat ion for survival . However , by employ-
ing two types of sampl ing (fly-round catch , a n d ca tch on s ta t ionary ox 
bait) in four different vegetat ion types, it appears t ha t such differences 
in fly-round catch show only tha t the sexually appet i t ive males are con-
cent ra ted on riverine vegetat ion, a n d tha t o ther elements of the tse-tse 
popula t ion m a y be qui te evenly dis t r ibuted be tween different vegeta-
tion types. 

3 . Fire exclusion and discriminative clearing 
I n a control scheme based on the densification of wood land by means 

of fire exclusion and on discriminat ive clearing, the fly r o u n d showed an 
a p p a r e n t density of abou t 50 before control s tar ted. I n the following 
years after the first clearing the figures were 15, 1-7, 0-1 a n d finally 0-0. 
I n 1942 when fly number s h a d a l ready been great ly reduced , an 
uninseminated , bu t non- tenera l female was found (normally, all females 
which have taken their first blood meal are insemina ted) . I n the follow-
ing year 9 % of non- tenera l females were un insemina ted , 2 0 % in the 
next year, and 2 9 % in the subsequent year . Allowing for the fact t ha t 
a t these very low a p p a r e n t densities the exact figures m a y become a 
little unrealist ic, this example provides still ano the r factor for considera-
tion when deal ing with sampl ing of very low vector popula t ions a n d 
with the evaluat ion of suspected "vector e rad ica t ion" . W h e n a vector 
popula t ion is drastically reduced by adverse condit ions or by appl ied 
control methods , there must be some point a t which the rap id ly 
decreasing chances of contact be tween male a n d female m a y become 
a l imit ing factor. Ve ry little is known a b o u t this critical level, or its 
possible r ange of var ia t ion wi th different vector insects. T h e subject is 
clearly one requi r ing further a t ten t ion in the general context of sampl ing 
at very low vector densities and in the in te rpre ta t ion of low-density da t a . 
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A N O P H E L I N E M O S Q U I T O V E C T O R S O F 
M A L A R I A 

O f all insect vectors of disease, anophe l ine mosquitoes have received 
the most universal a t ten t ion over the longest per iod of t ime. As a result 
there is a vast l i tera ture deal ing wi th every count ry in which ma la r i a 
has occurred , a n d wi th the wide range of species responsible for t rans-
mi t t ing t ha t disease. 

I n m a n y countr ies of the O l d Wor ld in which so m a n y of the original 
classical studies on Anopheles were carr ied out , the close association 
be tween the m a i n vectors a n d bo th m a n a n d his habi ta t ions was early 
emphasized . M a n y of the pr inc ipa l vectors of ma la r i a in Europe , Asia 
a n d Africa were recognized as be ing " d o m e s t i c " mosquitoes in t ha t the 
female mosqui to not only entered houses to feed in large number s , bu t 
also r ema ined in these houses or hab i ta t ions du r ing the day , provided 
t ha t sui table dark , day- t ime resting places were avai lable . I t was early 
recognized t ha t there were exceptions to this general concept , a n d 
workers in the Phil ippines, in M a l a y a a n d in Cen t ra l a n d South-
Amer i can countr ies found tha t , while their pa r t i cu la r vectors would 
readi ly enter houses a t n ight in o rder to ob ta in blood meals , they 
seldom rema ined there in apprec iab le n u m b e r s by day . However , in 
general the house or stable formed the m a i n centre of ca tch ing a n d 
sampl ing activities ; a n d this house-catch, usually by day , provided the 
great bulk of the informat ion a b o u t dis t r ibut ion of vectors, seasonal 
a b u n d a n c e , effect of ma la r i a control by ant i la rva l methods , etc. I n all 
these catches the m a i n object of a t ten t ion was the blood-feeding female 
mosqui to . T h e ma le mosqui to usually received only inc identa l a t ten t ion 
w h e n it was taken resting indoors a long wi th the females. Occasional ly, 
a h igh p ropor t ion of males in the day-ca tch was used to indica te 
proximi ty of b reed ing g r o u n d s ; in the same way, persistence of males 
in the ca tch was also used as an indica t ion of con t inued emergence 
from breed ing g rounds . 

A further impe tus to the s tudy of house-rest ing or house-haunt ing 
mosqui to popula t ions was provided by the work carr ied ou t pr ior to 
a n d in the first years of W o r l d W a r I I on the control of anophel ines by 
regular house spraying (space spraying) wi th p y r e t h r u m in kerosene. 
T h e idea of the house as the m a i n cent re of a t tack against adu l t 
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mosqui to vectors of ma la r i a developed still further wi th the discovery 
a n d appl icat ion of the residual insecticides. These developments p ro -
vided further impetus to the use of the house or hab i t a t ion as a sampl ing 
centre , often to the exclusion of o ther me thods or o ther non-domest ic 
collecting sites. As a result of this p reoccupa t ion it was too readi ly 
assumed tha t the house-resting ca tch was a t rue reflection of the vector 
popula t ion as a whole, a n d some of the r emarkab ly drast ic results 
c la imed in the early years of D D T appl ica t ion in ma la r i a control cam-
paigns were based on the almost comple te d i sappearance of the day-
t ime resting popu la t ion from t rea ted houses. 

Wi th in the last few years the increase in deve lopment of the global 
ma la r i a eradicat ion p r o g r a m m e has d e m a n d e d a new a n d more critical 
app roach to the question of evaluat ion a n d to the quest ion of the 
validity of various ca tching a n d sampl ing methods . Th is new critical 
self-appraisal, very similar in t rends to t ha t described in the s tudy of the 
tse-tse popula t ions , has been encouraged by the increasing facility for 
exchange of information a n d by the increasing oppor tuni t ies for workers 
from different countries to meet those from other countries where con-
ditions and experience m a y be totally different. 

I n this present review no a t t e m p t will be m a d e to do full just ice to 
the vast a n d expand ing l i tera ture on the ecology a n d sampl ing of 
anophel ine mosquitoes. O n l y a general out l ine will be possible in which 
references will be m a d e to a compara t ive ly l imited n u m b e r of studies 
which have been selected because of their bea r ing on the general thesis 
of vector popula t ions as a whole . Ful l details of a wide range of cap tu re 
a n d sampl ing techniques, wi th special reference to the entomology of 
ma la r i a eradicat ion, can be found in a m a n u a l p roduced by the Wor ld 
Hea l th Organ iza t ion ( W . H . O . 1963). 

T h e sampl ing methods at present in use in anophel ine ecology can 
most convenient ly be discussed u n d e r the five headings below. I n view 
of the fact t ha t there are several sampl ing methods which could well be 
discussed u n d e r more t h a n one of these headings , these headings should 
not be considered to be sharply-defined categories. For example , the 
bed-net t echnique a n d its modifications, long used by the M a l a y a n 
g roup of workers for t r app ing mosquitoes which enter houses to feed a t 
night , b u t which do not r ema in indoors by day , could be equal ly well 
discussed u n d e r headings 1, 3, a n d 4 below. As it is, the use of this 
par t icu lar t echn ique indoors is examined in C h a p t e r 5 on culicines, a n d 
its appl ica t ion to ou tdoor bi t ing anophel ines is discussed u n d e r head ing 
4 below. 

1. Ca tch of day- t ime resting popula t ions indoors, supp lemented on 
occasions by n ight - t ime collections of resting mosquitoes. 
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2. Catches of the day- t ime resting popu la t ion in ou tdoor resting 
places. 

3 . Catches of female mosquitoes bi t ing h u m a n a n d an ima l bai t in-
doors a n d outdoors . 

4. T r a p p i n g methods for the a u t o m a t i c cap tu re of mosquitoes coming 
to ba i t or a t t empt ing to leave houses a n d habi ta t ions after feeding. 

5. Combina t ions of different me thods . 

All these methods are pr imar i ly concerned wi th the ca tch of female 
mosquitoes a n d are all closely re la ted to the cyclical r h y t h m of feeding, 
blood digestion a n d deve lopment of ovaries, a n d oviposition followed by 
further blood feeding, k n o w n as the gonot rophic cycle. Whi le a few 
"h igh ly domes t i c" vectors m a y spend the grea ter p a r t of this cycle 
(normal ly two to three days in t ropical countries) indoors ; others m a y 
feed indoors b u t leave for ou tdoor resting places half-way t h rough the 
cycle or after a n even shorter in terval . T h e different degrees of behav iour 
in this respect, shown by different species of Anopheles, p lay a n im-
p o r t a n t p a r t in their availabil i ty by different sampl ing methods . As this 
behav iour in relat ion to feeding a n d rest ing is l iable to be considerably 
affected by the mass spraying of houses wi th residual insecticides in 
ma la r i a eradica t ion p rog rammes , it follows t ha t the relat ive significance 
of the different concent ra t ion sites, which form the m a i n foci of sampl ing 
activities, m a y likewise be drast ical ly a l tered. A n apprec ia t ion of this 
po in t is no t only essential for eva lua t ing the effect of insecticide pressure 
on vector popula t ions , b u t it is also essential for a clear unde r s t and ing 
of the extent to which the validi ty of a sampl ing me thod m a y be de-
p e n d e n t on the behav iour of a pa r t i cu la r vector species. 

1. Catch of day-time resting populations indoors 
Sampl ing of the anophe l ine popu la t ion in their day- t ime resting 

places, par t icu lar ly in habi ta t ions , has long been a s t andard m e t h o d in 
the s tudy of ma la r i a vectors. Th is m e t h o d has been par t icular ly popu la r 
wi th some highly domest ic species which feed indoors to a considerable 
degree a n d r ema in resting there by day , provided the house offers suit-
able , dark , day- t ime resting places. W i t h such species a s tandard ized 
day- t ime catch in suitable houses has not only provided all the original 
informat ion a b o u t the local a n d geographical dis t r ibut ion of vector 
species as well as seasonal a b u n d a n c e a n d shor t - te rm fluctuations, etc. , 
b u t has provided the sole sample of the popula t ion on which such 
i m p o r t a n t indices as infection rates, h u m a n blood ratios, a n d more 
recently age-grouping, have been based. 

W i t h such samples of the house-resting popula t ion , there are three 
l imitat ions which have long been apprec ia ted . Firstly, the l imitat ions of 



3 4 E C O L O G Y O F I N S E C T V E C T O R P O P U L A T I O N S 

the methods used in enabl ing the complete house-resting fraction to be 
de tec ted ; secondly, the l imitat ions of the me thod in est imat ing the 
house-enter ing popula t ion , and , thirdly, the l imitat ions of the house-
resting collection as an index of the vector popula t ion as a whole . W i t h 
regard to the first point , the me thods used for m a n y years were based 
on a careful search by means of a flashlight of all suitable resting places 
indoors, a n d subsequent cap tu re of resting mosquitoes by means of 
ca tching tube or sucking tube . These methods were often surprisingly 
product ive , especially in the hands of t ra ined catchers a n d with reference 
to suitable " g o o d " houses. W h e n careful search in such selected houses 
failed to reveal resting adul ts by day , vector scarcity or absence was 
usually assumed. T h e in t roduct ion of the use of p y r e t h r u m spraying 
indoors, in which dead or "knocked d o w n " mosquitoes are collected on 
sheets previously spread over the entire floor a n d o ther hor izonta l sur-
faces, early revealed tha t this t echnique almost invar iably yielded a 
m u c h higher collection of mosquitoes t h a n could be recorded by even 
the most thorough visual search a n d h a n d catch. This discrepancy was 
par t icular ly marked at low densities in which space spraying could 
frequently reveal number s of resting vectors in houses declared negat ive 
by h a n d catchers. T h e l imitat ions of the h a n d ca tch as a sampl ing 
me thod are par t icular ly marked in high-roofed nat ive houses where so 
m a n y of the resting mosquitoes settle in situations no t readily accessible 
by h a n d catch, even when a l ight-weight l adder is used. T h e me thod 
now recommended for sampl ing the house-resting popula t ion is h a n d 
ca tching (in order to ob ta in live, hea l thy mosqui to mater ia l and to 
de te rmine the exact resting places), followed by p y r e t h r u m space spray-
ing in the same rooms or houses. This general r ecommenda t ion also 
deals satisfactorily wi th cer ta in flimsy, open types of hab i ta t ion in which 
the space spraying me thod itself has cer ta in l imitat ions. 

Wi th regard to the second point , it has long been recognized tha t 
cer tain species of Anopheles bite indoors, b u t only r ema in resting indoors 
by day to a l imited extent . W i t h such species, the house catch, a l though 
used occasionally, has usually been a b a n d o n e d as a rout ine in favour of 
o ther methods . For example , it has been shown tha t wi th An. aquasalis, 
a widespread vector in Cen t ra l a n d South Amer ica , the day- t ime resting 
popula t ion indoors is only 1-3% of the total feeding there by n ight 
(Senior-White 1951, 1952). An. aquasalis is one of these species which 
exists in enormous number s in cer ta in areas or a t cer ta in favourable 
periods of the year . I n such cases the 1*3% fraction remain ing indoors 
m a y a m o u n t to a high house catch, giving the impression of "domes -
t ici ty". At the other ex t reme, mosquitoes m a y be extremely difficult to 
find resting by day indoors at a t ime when there is still a high vector 
popula t ion as a whole . I n the case of An. albimanus, ano ther Cent ra l 
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Amer ican vector, it has been shown in one a rea tha t , of each 100 females 
enter ing a house a t night , only a b o u t eight r ema in indoors on the follow-
ing d a y ; o f t h a t eight only a b o u t one m a y be detected by visual search-
ing a n d h a n d ca tching. These figures are based on a series of three 
catches, viz. (a) the use of the w indow t r a p to t r a p the females escaping 
from an occupied h u t at n ight a n d a t d a w n ; (b) this is followed by h a n d 
ca tching in the house, which in t u rn is followed by (c) space spraying in 
the same house to detect the total resting popula t ion . ( M u i r h e a d -
T h o m s o n a n d Mercier , 1952.) 

Whi le these two cases are wel l -known ext reme examples of species in 
which the day- t ime resting popula t ion is only a small fraction of the 
house-enter ing popula t ion , it is be ing increasingly realized tha t , even 
wi th the so-called "h ighly domes t i c " species normal ly a b u n d a n t in-
doors by day , the house-resting popu la t ion m a y give only a var iab le a n d 
incomple te idea of the total house entry . By means of the w indow- t r ap 
or exi t - t rap t echn ique (see p . 44) , it has been shown tha t , even in houses 
provid ing ideal , day- t ime resting places, a var iable popula t ion m a y leave 
the house a t d a w n after feeding. A further var iable propor t ion , wi th the 
blood mea l half digested a n d the ovaries half developed, m a y leave a t 
dusk of the following evening ( M u i r h e a d - T h o m s o n , 1951 ; Gillies, 1954, 
1955). W i t h regard to the th i rd point , it appears tha t , in view of these 
var ia t ions a n d variables noted above, even u n d e r ideal condit ions wi th 
a highly domest ic species a n d sui table day- t ime resting places indoors, it 
is unlikely t ha t the house-rest ing popu la t ion provides any th ing more 
t h a n a very app rox ima te a n d unre l iable indicat ion of the vector popu la -
t ion as a whole . 

2. Day-time captures in outdoor resting places 
I n view of the points m a d e above tha t some vector species are poorly 

represented in the day ca tch indoors , considerable a t ten t ion has been 
devoted to the search for n a t u r a l resting places outdoors , a n d to the 
appl ica t ion of this knowledge to develop a rout ine sampl ing me thod . 
Rou t i ne collection of An. minimus flavirostris in shady s t ream banks a n d 
ravines in the Phi l ippines as a recognized s t anda rd me thod was estab-
lished over 30 years ago (Russell, 1931 ; Russell a n d Sant iago, 1934). 
M o r e recent ly a further impetus has been given to the deve lopment of 
regular methods of sampl ing ou tdoor resting popula t ions by the fact 
t ha t the i r r i tan t effect of D D T deposits in houses great ly reduces the 
a t t rac t ion of such places as indoor resting sites. M a n y of the mosquitoes 
enter ing a n d feeding in these t rea ted houses are i r r i ta ted before they 
have absorbed a le thal dose of insecticide a n d leave the house to seek 
ou tdoor resting places. T h e methods of sampl ing outdoor-res t ing popula -
tions of anophel ines m a y be divided convenient ly into (a) the use of 
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n a t u r a l resting places, e.g. vegetat ion, shady ravines, crevices, caves, 
etc. a n d (b) the use of artificial shelters specially const ructed to form 
at t ract ive concent ra t ion sites. 

(a) N a t u r a l Rest ing Places 
T w o good examples of this me thod come from the Amer i can Region . 

I n T r i n i d a d the low day- t ime catches of An. aquasalis in houses a n d 
stables, combined wi th the very high night-bi t ing popula t ion , all po in t -
ed to the existence of extensive ou tdoor resting by d a y (Senior W h i t e , 
1951, 1952). Rest ing places were finally found in low scrub, a n d a sam-
pl ing rout ine was worked out on a direct search a n d cap tu re basis. As 
m a n y as 78 females have been recorded per m a n - h o u r by this me thod , 
the m e a n ca tch covering a wide range being 8-3 females per m a n - h o u r . 
I n T r i n i d a d this outdoor-rest ing popu la t ion not only provided the basis 
for est imation of local incidence a n d seasonal a b u n d a n c e , bu t also p ro -
vided ample mate r ia l for the analysis of infection rates, blood-feeding 
preferences a n d age grouping . A n example of a compar ison be tween day 
catch in an un t r ea t ed house a n d in the su r round ing scrub was carr ied 
out in one of the villages, wi th the results shown in T a b l e V . 

T A B L E ν 

Comparison of day-time catch of Anopheles aquasalis in untreated 
house in Trinidad, with simultaneous catch in the scrub surrounding 

the village (after Senior-White, 1952). 

J u n e J u l y A u g . Sept . O c t . N o v . D e c . 

An. aquasalis 

females per m a n 6 2 16-8 9 2 4-9 0-7 0-6 1-2 

hr resting outs ide 

An. aquasalis 

House-res t ing 1-4 1-7 0-8 0-8 0-6 0-2 0-2 

females per m a n hr 

Studies carr ied ou t in Eas tern Colombia showed t ha t the grass of the 
s avannah formed not only the d iu rna l resting place of the local anophe -
line mosquitoes, bu t also the t rue hab i t a t of several species (de Zu lue t a , 
1950, 1952). Rou t ine sampl ing was carr ied out by means of a square 
muslin-covered tent , 2 m long by 2 m high, kept in position by four rods. 
T h e grass u n d e r n e a t h was then sprayed wi th repellent . T e n t captures of 
this kind were m a d e in series a long a s t ra ight line, a n d compared wi th 
s tab le - t rap captures and wi th captures of mosquitoes flying at n ight (by 
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means of two large butterfly nets a t t ached to poles ex tending a t each 
side to a vehicle travell ing a t a b o u t 30 k m per h o u r ) . 

(b) Artificial O u t d o o r Res t ing Places 
I n order to provide a t t ract ive concent ra t ion sites to facilitate the 

sampl ing of outdoor-res t ing popula t ions a wide range of modifications 
have been worked out . T h e original "ear th - l ined t r a p " used for An. 
minimus flavirostris in the Phil ippines has a m o d e r n coun te rpa r t in the 
" b o x shel ter" . T h e more recent "artificial pi t shel ter" has proved a very 
a t t ract ive concent ra t ion site for several species of African a n d or ienta l 
Anopheles ( M u i r h e a d - T h o m s o n , 1958, 1960a, 1963). I n addi t ion such 
methods as barre l shelters, hor izonta l culvert shelters a n d "na i l k e g " 
shelters, have all p layed a p a r t in sampl ing the outdoor-res t ing popu la -
tions of Anopheles ( W . H . O . 1963). Whi le these methods have been ex-
t remely useful wi th some vector anophel ines , there are still species which 
do not appea r to be a t t rac ted to the present wide range of artificial 
resting sites avai lable , a l though large outdoor-res t ing popula t ions are 
known to exist. An. sundaicus in the or iental region a n d An. albimanus in 
the neo-tropical region are in this category. T h e use of these artificial 
ou tdoor resting places for rout ine sampl ing has found its fullest expres-
sion in m a n y ma la r i a eradica t ion p rog rammes where convent ional 
methods of sampl ing indoor-rest ing popula t ions have revealed severe 
l imitat ions after the house has been t rea ted wi th insecticide. I n theory, 
the outdoor-res t ing popula t ion should consti tute a more representat ive 
cross-section of the popu la t ion as a whole t h a n perhaps any o ther me thod . 
Th is is because this m e t h o d of sampl ing, if carr ied ou t well away from 
habi ta t ions , would not a p p e a r to be biased by the presence of m a n or 
animals (as in houses a n d stables) which migh t a t t rac t mosquitoes in 
differing degrees. However , despite the considerable advances which 
have been m a d e in using these artificial concent ra t ion sites to est imate 
changes in composit ion of the popu la t ion (with regard to age grad ing , 
p ropor t ion engorged, etc .) , or to est imate density changes de te rmined by 
season or the influence of total spray coverage, in te rpre ta t ion of these 
ou tdoor samples is still in a compara t ive ly early a n d uncri t ical stage. 

As the n a t u r e a n d availabil i ty of ou tdoor resting places in general 
m a y vary widely according to seasonal changes in c l imate a n d vegeta-
tion cover, it follows tha t the a t t rac t ion of artificial shelters, which are in 
compet i t ion wi th n a t u r a l resting places, mus t also be subject to cer ta in 
variables according to season a n d topography . A striking example of a 
seasonal change in the relat ive val idi ty of two ou tdoor sampl ing methods 
is provided by observations on An. rufipes a n d An. pretoriensis in Sou thern 
Rhodes ia ( M u i r h e a d - T h o m s o n , 1960a). Ne i the r of these species was 
associated wi th houses or habi ta t ions , b u t bo th could be taken regular ly 
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An. rufipes 

Pit shelter N a t u r a l rav ine T o t a l 

" N o . f ound 108 2 7 8 3 8 6 

D r y season 

( J u l y - O c t . ) < 

22 co l lec t ions 

. % o f total 2 8 % 7 2 % 

r
 N o . found 3 4 1 0 4 1 3 

R a i n y season 

(Feb . -March)< 

6 co l lect ions 

, % o f total 1% 9 9 % 

An. pretoriensis 

Pit shelter N a t u r a l rav ine T o t a l 

r N o . found 51 163 2 1 4 

D r y season < 

I % o f t o t a l 2 4 % 7 6 % 

N o . found f 1 2 5 3 2 5 4 
R a i n y Season 

% o f t o t a l L 0 - 5 % 9 9 - 5 % 

T h e figures for bo th species show tha t the relative a t t rac t ion of the two 
sites differs considerably between the d ry season a n d the ra iny season. 
I n the d ry season the artificial pi t shelter recorded 2 8 % of the total out -
door catch of An. rufipes, bu t only 1 % of the total in the ra iny season. 
W i t h An. pretoriensis the percentage fell from 1 2 % in the d ry season to 
0*5% in the ra iny season. I t is clear t ha t samples restricted to the ar t i -
ficial pit shelter migh t be useful in the d ry season for bo th these species, 
b u t in the ra iny season migh t fail completely to reveal the existence of 
these anophelines, even at high popula t ion densities. P resumably such 

in cer ta in na r row, shady, ravines. Both species were also recorded in 
artificial pit shelters which h a d been constructed locally for the rout ine 
sampl ing of An. gambiae and An. funestus. A n analysis of rout ine cap -
tures carr ied ou t regular ly t h roughou t all mon ths of the year in bo th 
types of ou tdoor sites revealed interest ing differences, as shown in T a b l e 
V I . 

T A B L E V I 

Number of blood-fed and gravid females of Anopheles rufipes and An. pretoriensis 

and taken in parallel collections in artificial pit shelters and in natural ravines 
according to season (Southern Rhodesia), (Muirhead-Thomson, 1960a). 
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differences might also be expected, irrespective of season, in areas or 
localities which differ in the degree of na tu r a l vegetat ion or availabil i ty 
of na tu r a l resting places, in such a way tha t the use of artificial con-
cent ra t ion sites migh t well be feasible or valid in one locality bu t qui te 
misleading in another . 

3 . Catches of female mosquitoes biting human and animal bait indoors and 
outdoors 

Catches on h u m a n a n d an ima l ba i t have been used extensively in 
studies on anophel ines , very often wi th the dua l objective no t only of 
securing a sample of the vector popula t ion , b u t also wi th the idea of 
g leaning informat ion abou t host preferences, blood-feeding habi t s , a n d 
degree of vec to r /man contact . I n this review we are pr imar i ly concerned 
wi th the validi ty of these methods from the sampl ing point of view, al-
though na tura l ly the host-preference aspect must also be taken into 
account as it m a y be a factor de te rmin ing the use a n d l imitat ions of such 
sampl ing methods . A good example of a ba i t ca tch provid ing the m a i n 
sampl ing me thod for rout ine use is shown by An. albimanus in J a m a i c a . 
I n t ha t a rea of its dis tr ibut ion, the vector could no t readi ly be taken in 
houses, nor were the ou tdoor resting places known. However , the exis-
tence of a very sharp sundown peak of bi t ing enabled a rout ine to be 
established for collecting the An. albimanus b i t ing a donkey outdoors for 
th i r ty minutes a t sunset. A t the most favourable season of the year 
several h u n d r e d females could be taken bi t ing in the course of a single 
ca tch by this me thod ( M u i r h e a d - T h o m s o n a n d Mercier , 1952). Col-
lections of anophel ines bi t ing ba i t (par t icular ly h u m a n bait) a re being 
increasingly used in ma la r i a eradica t ion p rog rammes where vectors in 
areas u n d e r total spray coverage m a y be difficult to find by o ther sam-
pl ing methods based on indoor-rest ing ca tch . I n some places the results 
have been i l luminat ing, in others d isappoint ing. T h e general me thod has 
been used ra the r sporadical ly in special investigations, a n d it is com-
para t ive ly rarely appl ied on a sufficiently uniform basis to be classified 
as a rout ine sampl ing me thod . I n order to qualify as a recognized sam-
pl ing me thod as distinct from an empir ica l index of man-b i t ing activity, 
considerable uniformity would be necessary as regards (a) t ime a n d 
per iod of exposure ; (b) n u m b e r a n d type of hosts, a n d (c) location in-
doors or outdoors . Clearly, wi th regard to (0), the t ime a n d per iod of 
exposure must be in accordance wi th the known bi t ing activities of the 
vector. W i t h An. gambiae, for example , h u m a n - b a i t collections in the 
first qua r t e r of the n ight frequently give d isappoint ing results because 
the m a i n bi t ing activity of t ha t species normal ly takes place in the la t ter 
two-thirds of the night . Perhaps for this reason the use of s t anda rd 
h u m a n - b a i t ca tch in the Pare T a v e t a ma la r i a control scheme in East 
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Africa proved to be the least satisfactory of several sampling methods 
used in evaluat ion of the spraying operat ions. 

Uniformity of host as to type a n d n u m b e r has also been disclosed as a 
vital factor de te rmin ing the validi ty of this sampl ing method . Ear ly 
observations on mosquitoes in East Africa showed how the a t t rac t ion of 
h u m a n bai t increases enormously wi th increase in the n u m b e r of bai t -
boys exposed ( H a d d o w , 1942). Accordingly, the use of a convent ional 
one- or two-man bai t migh t prove i nadequa t e or misleading in c i rcum-
stances where e igh t - ten h u m a n bai t would be necessary for sampl ing a 
vector at low densities. T h e adequacy of the h u m a n bai t exposed is also 
liable to be influenced by the an ima l compet i t ion in the vicinity. For 
example , exper iments were carr ied out on An. melas in West Africa in 
which the a t t rac t ion of a fixed n u m b e r of an ima l hosts (three to four 
goats, one pig and one cow) was compared wi th an increasing n u m b e r 
of h u m a n s from two to four, and finally to six. U n d e r those condit ions 
the propor t ion of mosquitoes a t t rac ted to the an imal hosts fell from 6 2 % 
to 1 0 % , a n d finally to 2 % , respectively, of the total ( M u i r h e a d - T h o m -
son, 1951). 

Observat ions in J a m a i c a also indica ted how dependen t the validity 
of the h u m a n - b a i t ca tch is on the presence of deviat ing animals nea r by. 
T h e a t t rac t ion of two separate family groups was compared wi th t ha t of 
a te thered donkey and then with donkey plus cow, wi th the results shown 
in T a b l e V I I . 

T A B L E V I I 

Relative numbers of hungry female Anopheles albimanus attracted to 
human bait (family groups) and to alternative animal host near by. 

Observations made during 30-min peak of biting outdoors at 
sundown (Jamaica) (after Muirhead-Thomson and Mercier, 1952). 

Expt. 1. H u m a n g r o u p A (2 adul ts 

a n d 6 chi ldren) 

1 d o n k e y ( tethered 10 y d a w a y ) 

N u m b e r o f 

An. albimanus 

c a u g h t 

96 

8 6 

% attracted 

to a n i m a l host 

4 7 % 

Expt. 2. H u m a n g r o u p Β (2 adul ts 

a n d 4 chi ldren) 119 

4 9 % 

1 d o n k e y 126 

Expt. 3. H u m a n g r o u p A (2 adul ts 

a n d 6 chi ldren) 

1 d o n k e y 

1 c o w 

127 

307 \ 

2 0 0 J 

8 0 % 
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These figures show strikingly h o w the roughly equa l dis t r ibut ion of bites 
be tween h u m a n bai t a n d the single an ima l is violently upset by the 
addi t ion of one more an imal , the p ropor t ion a t t rac ted to m e n falling to 
2 0 % of the total . 

W i t h regard to the use of bo th indoor a n d ou tdoor ba i t catch, some 
observations on anophel ines have shown tha t , wi th some species, sea-
sonal var ia t ions in the degree of indoor versus ou tdoor bi t ing m a y 
necessitate special care in using such sampl ing methods to indicate 
general t rends in popula t ion density. For example , a series of catches of 
An. albimanus in J a m a i c a were m a d e on a donkey te thered outdoors , 
while s imultaneous collections were m a d e in a donkey-bai ted t r a p (hut 
plus w indow- t r ap ca tch ) . I n the dry, s u m m e r season the findings were 
very uniform in showing t h a t the a m o u n t of feeding indoors was less 
t h a n 2 % of t ha t feeding outdoors . T h e results were consistent enough to 
suggest an overwhelming preference on the p a r t of An. albimanus to feed 
outdoors . However , w h e n the observations were cont inued in the cool, 
r a iny season, there was a sha rp increase in the n u m b e r s bi t ing indoors 
wi thou t any corresponding increase in the n u m b e r s b i t ing outdoors . 
F u r t h e r observations wi th h u m a n family groups sitting outdoors a t n ight , 
a n d then moving indoors a n d sleeping there , showed tha t in t ha t season 
the ou tdoor bi t ing was only slightly in excess of the indoor bi t ing. F r o m 
these results it appears t ha t restriction of the sampl ing to indoor bi t ing 
would have given misleadingly low results a t a t ime in the dry, summer 
season w h e n anophel ines were a b u n d a n t b i t ing outdoors . I n the same 
way, restriction of samples to ou tdoor bi t ing migh t well have unde r -
est imated the grea t increase in vector density in the ra iny season, this 
increase being main ly reflected in the indoor sample . 

T h e r e is evidence tha t , where reasonable uniformity as to type a n d 
n u m b e r of host, t ime a n d locality has been established, the rout ine ba i t 
ca tch can be used to indicate approx imate ly the seasonal t rends in 
anophel ine popula t ions . For example , the seasonal density of An. 
gambiae a n d An. melas was investigated in Liber ia by means of regular 
al l-night catches on a t w o - m a n ba i t t e a m sitting outside u n d e r the over-
hang ing eaves of a hu t . Compar i son of these figures wi th o ther sampl ing 
methods used in the same locality revealed a close agreement at all stages 
(Gelfand, 1955; Fox, 1957) (see Fig. 4 ) . 

4 . Trapping methods for the automatic capture of mosquitoes coming to bait or 
attempting to leave houses and habitations 

T h e use of m a n or an imal -ba i ted t raps has developed a long several 
different lines in ma la r i a studies. Fo r the purposes of this review it would 
be convenient to g roup t h e m in two categories : 

(a) T h e use of simple artificial t raps in the form of a large box or 
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cage occupied by h u m a n or an ima l bai t . Mosquitoes seeking a 
blood meal have easy access to this t r a p by means of hor izonta l 
slits or louvres, bu t are prevented from leaving by the mosqui to 
net t ing or wire gauze which forms a large pa r t of the wall a rea . 
These t raps differ in pr inciple from those in category (b) below 
in tha t no special a r rangements are m a d e to direct the mos-
quitoes to one par t icu lar egress poin t when they t ry to escape. 

01 
Jul'55Aug Sep Oct Nov Dec Jon'56 Feb Mar Apr May Jun Jul 

F I G . 4 . Compar i son of m o n t h l y ca tch per m a n - n i g h t o f Anopheles gambiae b y e a c h o f 
three co l lect ing techniques (after F o x , 1957) . 

(b) T h e use of fixed house or hu t - type t raps buil t according to local 
design a n d mater ials in which mosquitoes, which a t t e m p t to 
leave the h u t after enter ing or feeding, are a t t rac ted to the light 
coming in at one pa r t of the house where they are t r apped by 
ne t t ing screens (Shannon t r a p or v e r a n d a h t raps) , or a t t rac ted 
to the light coming th rough a restricted window opening (usually 
1 ft sq.) over which a de tachab le lobster-pot type of window t r a p 
is fixed. This la t ter design is the well-known exper imenta l h u t or 
t r ap hu t , normal ly occupied by h u m a n or an ima l bai t . 

a. Simple Artificial T r a p s 
T h e development of simple t raps of this k ind has taken place in two 

ra the r different directions. O n e type takes the form of an artificial stable 
t r ap , provided wi th a roof, a n d wi th walls constructed of wire mosqui to 
gauze on a wooden framework. Mosquitoes gain access th rough hor i -
zonta l slits or louvres in the walls, a n d are h a n d collected inside the t r a p 
on the following morn ing . Baited wi th horse, donkey or calf, t raps of this 
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kind ( " M a g o o n " t raps , " E g y p t i a n " t raps , etc.) have been used exten-
sively in some countr ies for es t imat ing popula t ion changes and seasonal 
t rends in vector densities. T h e y are considered to be satisfactory in areas 
where the par t i cu la r local vectors of ma la r i a occur at very high densities, 
e.g. Anopheles albimanus in Cen t ra l Amer ica , a n d An. pharoensis in Egypt . 
T h e i r performance a t low vector densities is however more deba tab le : 
as egress is non-direct ional there is likely to be some escape of mosqui-
toes t h rough the ingress baffles, and , in addi t ion , the performance of the 
t r a p will be influenced by the extent to which a par t i cu la r species of 
mosqui to will actual ly enter a roofed or partly-roofed s t ructure in o rder 
to feed. 

A r a the r different deve lopment of the same principle is the bai ted ne t 
t r a p . This takes the form of a large mosqui to net, the corners of which 
are suppor ted by four poles, the ne t be ing suspended in such a way as to 
leave a gap of a b o u t 12 in. be tween the lower edge a n d the g round . 
E i ther m a n or an ima l can be used to provide the lure or bai t . T h e ne t 
t r a p is easily por tab le , a n d can be set u p a n d dismant led quickly a n d 
easily. This type of t r ap , wi th no solid walls or roof, has given good re-
sults wi th those anophel ines which prefer to feed outdoors in the open . 
I t has also the advan tage of re ta in ing its efficiency a t low vector densi-
ties (see page 48) . Mosqui toes t r a p p e d inside this suspended cage 
can convenient ly be hand-col lec ted at d a w n , b u t a useful var ia t ion is to 
construct an artificial pi t shelter inside the cage (or set u p the cage over 
an existing pi t shelter) a n d thus provide a n a t t rac t ive aggregat ion site 
in to which mosquitoes, unab le to escape from the cage, will move from 
sunrise onwards (Hadj inicolau, 1963). S o m e w h a t the same pr inciple of 
sampl ing has been used in M a l a y a n studies in a very different context , 
namely , investigations on the anophe l ine vectors of monkey ma la r i a 
( W h a r t o n et al. 1963). I t has long been recognized tha t there a re pecu-
liar difficulties in the way of sampl ing mosquitoes a t t rac ted to monkeys 
in their na tu r a l env i ronment . T h e m e t h o d eventual ly found to be the 
most rel iable was to use a modification of the original M a l a y a n bed-ne t 
t r a p (in which the h u m a n bai t was p ro tec ted from mosqui to bites by a 
bed-net) (see C h a p t e r 4) to a c c o m m o d a t e an expanded meta l cage in 
which the monkey ba i t was fully exposed to the bites of mosquitoes en-
ter ing the t r ap . T h e t r a p differed slightly in design a n d in opera t ion 
from the net t r a p discussed above in t ha t mosquitoes entered the t r a p 
th rough r a the r wider side open ing — 22 in wide in the larger of the 
two models — a n d are manua l ly cap tu red inside by h u m a n collectors at 
hour ly or 2-hourly intervals t h roughou t the night . 

b. Exper imen ta l H u t s or T r a p H u t s 
T h e use of the exper imenta l h u t t echn ique has received increasing 
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at tent ion in recent years in keeping wi th the growing need for more 
accura te information concern ing the movements of mosquitoes in a n d 
out of occupied houses. T h e sampl ing of these different fractions of the 
mosqui to popula t ion , combined wi th recording their morta l i ty , forms 
a vital phase in evaluat ing the effect of t rea t ing houses wi th insecticide 
for the control of ma la r i a vectors. I t is par t icular ly i l lumina t ing to see 
w h a t modifications the basic design has unde rgone according to the 
different condit ions encountered , or accord ing to chang ing needs. I n its 
or iginal a n d pe rhaps simplest form, the exper imenta l h u t was a small 
rec tangula r h u t wi th m u d walls a n d t h a t c h roof; it was constructed 
according to local design, bu t in such a w a y t h a t the only obvious l ight 
enter ing the h u t was t h rough a 1-ft sq. w indow opening , over which a 
simple lobster-pot type of exit t r a p was fixed. T h e h u t is occupied du r ing 
the hours of darkness by one or two m e n or boys w h o provide the h u m a n 
bai t . H u n g r y mosquitoes can enter the h u t t h r o u g h the i n n u m e r a b l e 
small gaps a n d chinks formed where the t h a t c h eaves rests on the m u d 
walls. F r o m inside the hu t , however , the only visible l ight coming in from 
outside, by day or by n ight , is t h r o u g h the window opening . Mosqui toes 
leaving the hu t , usually after feeding on the occupants , a re a t t rac ted to 
this opening, which is still clearly visible on the darkest night , a n d are 
automat ica l ly t r apped in the window cage, which can then be de tached 
or replaced. 

I n this kind of hu t , samples are ob ta ined of the fraction of mosquitoes 
which r ema in resting indoors du r ing the day , a n d the fraction which 
leaves the hu t ei ther at dusk or at d a w n . W i n d o w cages are de tachab le 
a n d in te rchangeable , a n d can be used to check the egress of mosquitoes 
from the h u t t h roughou t the 24 hours . O n e of the earliest modifications 
in t roduced w h e n the basic design was appl ied to o ther house-frequent-
ing mosquitoes in different countries was to construct ent ry slits or 
baffles in the walls in order to facilitate ent ry of mosquitoes (Whar ton , 
1951; Davidson, 1953; Coz et al 1965) (Shalaby, 1963) see W . H . O . 
1963). I n o ther cases the n u m b e r of w indow openings wi th exit t raps 
has been increased, sometimes u p to 4, i.e. wi th one w indow in each wall 
(Hadj inicolau, 1963). 

I n cer ta in favourable condit ions w h e n isolated t r a p huts have p ro -
vided an unusual ly a t t ract ive focus for h igh mosqui to popula t ions , re-
versal of the no rma l exit t raps has enabled the mosqui to popula t ion to 
be sampled as it enters the occupied h u t (Ber t ram and McGregor , 1956). 
W i t h such ingress t raps it has been possible to show tha t the m a i n mos-
qui to invasion m a y come from different directions according to wind 
direct ion and other condit ions. 

T h e form of the exit t r a p itself has undergone modification at the 
h a n d s of different workers, wi th the slit-type of exit being used by some, 
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a n d the cone-type by others . O n e worker , very conscious of the possibility 
t ha t even the most efficient design of exit t r a p migh t still provide some 
obstacle to the n a t u r a l egress of mosquitoes, used a simple open egress 
cage wi thou t any funnel or baffle. A t regular short intervals a sliding door 
closes off the w indow cage al lowing the sample of mosquitoes to be 
removed, a n d the cage to be quickly replaced by another . I t was con-
sidered t h a t this frequent change of exit cage, a n d removal of the con-
ta ined mosquitoes, would ensure t ha t mosquitoes which entered the 
cage u n i m p e d e d would be collected before they showed a n y tendency to 
move unobs t ruc ted back in to the h u t aga in (Rachou et al. 1965). 

I n some instances it has been found t ha t h u m a n bai t is no t sufficiently 
a t t rac t ive to the local anophe l ine vector of ma la r i a to provide a d e q u a t e 
n u m b e r s for observat ion in exper imenta l huts . I n J a m a i c a for example 
a simple t r a p h u t of exactly the same design as h a d previously been used 
successfully in Africa, was ba i ted wi th a donkey a n d proved extremely 
a t t rac t ive to Anopheles albimanus ( M u i r h e a d - T h o m s o n a n d Merc ier , 
1952). I n Indones ia it was found t h a t the h u m a n - b a i t e d t r a p h u t or 
exper imenta l h u t was suitable for one of the local vectors of ma la r i a , 
Anopheles sundaicus, b u t no t for the o ther vector, An. aconitus. For the 
la t ter species the use of a n an ima l bai t , par t icu lar ly wa te r buffalo, 
p roved highly successful (Soerono et al. 1965). Similarly in Ind i a , it was 
found t ha t a ba i t calf a t t r ac ted m a n y m o r e Anopheles culicifacies t h a n a 
h u m a n bai t . I n pract ice it was found useful to a d o p t a design of t r a p 
h u t wi th a low par t i t ion across the inside, the h u m a n bai t /col lector 
sleeping on one side a n d the calf ba i t on the other . I n this la t ter example 
it is wor th not ing t ha t this p a t t e r n did in fact conform closely to the 
local housing condit ions where there was a prevalence of " m i x e d " 
dwellings in which m a n a n d domest ic animals shared the same room 
a n d roof (Shalaby, 1963 see W . H . O . 1963). 

Entomologists working wi th t r a p huts or exper imenta l huts have 
long been aware of possible sources of error w h e n using this t echn ique to 
ob ta in an accura te sample of the egressing fraction of the mosqui to 
popula t ion . T h e y have real ized t ha t modifications used to facilitate 
ent ry of mosquitoes, e.g. en t ry slits, louvres or baffles, migh t a t the same 
t ime provide a l ternat ive means of egress. Checks on this possibility 
carr ied out on the pro to type h u t described above — by lowering a very 
large mosqui to ne t over the whole t r a p h u t before d a w n — did confirm 
tha t wi th the par t i cu la r species concerned egress by means o ther t h a n 
the window t r a p was negligible. However , the extension of this pr inciple 
of sampl ing to o ther house-frequenting mosquitoes, a n d the in t roduc t ion 
of var ious modifications in the way of ingress baffles a n d design of exit 
t raps , d e m a n d e d a constant reappra isa l of this possible source of error . 
This was found to be par t icu lar ly necessary w h e n the t r a p h u t design is 
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used to evaluate the effect of house- t rea tment with new types of synthetic 
insecticide, whose effect on mosquitoes migh t differ in m a n y ways from 
tha t of D D T , dieldrin a n d other well-known chlor inated hydrocarbons . 

T h e whole quest ion of h u t - t r a p efficiency has lately been critically 
re -examined in East Africa and has led to the deve lopment of a v e r a n d a h 
t r a p h u t (Smith, 1965a, b ) . This consists basically of the s t anda rd type 
of exper imenta l h u t on to which ve randahs are constructed on all four 
sides. By the addi t ion of mosqui to wire screens to one of the ve randahs , 
it is converted into a t r a p for cap tu r ing those mosquitoes which escape 
from the h u t by the eaves at or before d a w n (as distinct from the w indow 
t rap) on tha t pa r t i cu la r side. W i t h the w indow t r a p in position, the 
v e r a n d a h t r a p would record the previously unassessed fraction of mos-
quitoes leaving th rough the eaves. T h e results showed tha t wi th Ano-
pheles gambiae, of all gonot rophic stages leaving the hu t , 8 5 % of the 
egress occurred in the window t r a p , a n d 1 5 % by the eaves. I n the case 
of the prevalent house -haun t ing culicine mosqui to in t h a t a rea (Mansonia 
uniformis) there was a considerably grea ter egress by the eaves; of all 
freshly-engorged females leaving the hu t , only 3 4 % of the egress took 
place via the window t r a p . 

T h e exact propor t ions will doubtless tend to vary a grea t deal ac-
cording to the exact design a n d construct ion of the hu t , eaves, ingress 
baffles a n d exit t r ap , bu t undoub ted ly the v e r a n d a h t r a p marks a new 
a n d critical app roach to this aspect of mosqui to popula t ion sampl ing. 

T h e general type of t r a p h u t described so far is usually designed to 
s imulate local condit ions of housing a n d housing mater ia l . Nevertheless, 
the technique does involve some artificialities in construct ion, a n d in 
hav ing the n u m b e r a n d m o v e m e n t of ba i t animals strictly control led. 
T h e r e still remains some uncer ta in ty therefore as to how far the sampl ing 
d a t a based on such an exper imenta l h u t are really representat ive of 
condit ions in no rma l , occupied, ru ra l habi ta t ions , where there a re so 
m a n y uncont ro l lab le var iables . Somet imes, the technique can be 
appl ied directly to cer ta in well-constructed occupied houses which al-
r eady possess a w indow opening over which a cone-type exit t r a p can be 
fitted. I n some areas , however, the local houses are of closed cont ruc t ion , 
wi th solid walls a n d no window openings. I n such cases the modifica-
tion adop ted has been to replace existing doors wi th well m a d e close-
fitting ones, into which a 1-ft sq. opening has been cut to form a window 
opening for the exit t r ap . W h e n the t r a p is not actual ly being used, the 
square piece of wood, h inged to the top of the opening, can be closed to 
form a shut ter a n d can be bolted from inside (Service, 1963). I n such 
t ightly closed houses the window t r a p can be inver ted to function as an 
ingress t r a p as well. I n all cases involving sampl ing anophel ine mos-
quitoes in no rma l occupied ru ra l habi ta t ions , success or failure m a y be 
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entirely dependen t on the good-will a n d co-operat ion of the occupiers . 
Somewha t similar developments are tak ing place in Cen t ra l Amer ica 

where a very prevalent type of ru ra l hab i t a t ion has walls constructed of 
a latt ice of sticks provid ing i n n u m e r a b l e openings th rough which the 
l ight penet ra tes . U n d e r such condit ions the convent ional exit t r a p is of 
l imited use, as mosquitoes can leave or enter by any of the m a n y al ter-
nat ive routes. As the anophel ines in some of those countries t end to leave 
habi ta t ions a t d a w n to a grea t extent , the m e t h o d developed to sample 
the house-frequenting popu la t ion has been to construct a whole de -
m o u n t a b l e ba t te ry of exit cages which can be set u p to cover the ent i re 
wall of a house if necessary. 

5. Combination of different sampling methods 
I n view of the now recognized l imitat ions of any single sampl ing 

m e t h o d used alone, there is an increasing tendency in anophel ine studies 
to use a combina t ion of two or more sampl ing me thods . I t is now n o r m a l 
pract ice to supp lement indoor sampl ing of the day-rest ing popu la t ion 
by ou tdoor sampl ing of resting adul ts a n d by n ight - t ime catches on 
h u m a n or an ima l bai t . A l though this deve lopment has arisen u n d e r the 
pressure of ma la r i a eradica t ion projects in which more accura te me thods 
of entomological evaluat ion are urgent ly requi red , it is a deve lopment 
of considerable significance in the wide context of sampl ing procedures 
in general . I n some cases two sampl ing methods , employing different 
principles, have been used s imultaneously over a sufficiently long per iod 
to form a reasonable idea of their compara t ive validi ty. I n a formerly 
BHC-sprayed a rea in Sou the rn Rhodes ia , even after spraying h a d been 
w i t h d r a w n for two or three years, the m a i n vectors, An. gambiae a n d 
An. funestus, were found to be feeding a n d resting almost entirely out-
doors wi th very little evidence of the h igh degree of house contac t 
which existed pr ior to spraying ( M u i r h e a d - T h o m s o n , 1963). O n e 
entomologist worked out a sampl ing m e t h o d based on the use of ar t i -
ficial ou tdoor pi t shelters constructed on a s t anda rd pa t t e rn . A later 
entomologist concen t ra ted on working out a t r app ing technique wi th 
h u m a n a n d an ima l bai t . Final ly, bo th methods were carr ied ou t simul-
taneously th roughou t a whole season in the same village (see Fig. 5) 
(Hadj inicolau, 1963). 

T h e results ind ica te t h a t in the per iod Oc tobe r to M a r c h , which 
corresponds to the cooler r a iny season of the year , m u c h higher number s 
of bo th An. gambiae a n d An.funestus were recovered from the ba i ted net 
t r a p t h a n the p i t shelters. T h i s is par t icu lar ly striking in the m o n t h of 
m a x i m u m mosqui to densi ty — M a r c h — at the end of the ra iny season. 
I n the d ry hot ter season, from Apri l to Sep tember , the p i t shelters be-
come as product ive — on occasions more product ive — t h a n the ba i ted 
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net t r ap . Th i s compar ison also reveals tha t , while the pi t shelter is a 
useful sampl ing t echn ique for some vectors, it is obviously unsui ted for 
o ther vectors such as An. coustani ( and An. squamosus) wh ich are always 
more readi ly t aken by ba i t t h a n by pi t shelter. 

T h e present t r end towards a wide spec t rum sampl ing of anophe l ine 
mosqui to popula t ions is well i l lustrated by the two following examples . 
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F I G . 5. Seasonal a b u n d a n c e o f three species o f Anopheles v iz . An. gambiae, An.funestus 
a n d An. coustani in Southern R h o d e s i a (as ind ica ted b y m e a n m o n t h l y n u m b e r s per 
co l lec t ion in e ighteen pit shelters a n d o n e ba i t ed net t rap) , together w i t h part i t ion o f 
mosqui toes b e t w e e n ne t trap a n d pit shelter accord ing to season. ( A d a p t e d from 
H a d j i n i c o l a u , 1963.) 
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I n entomological evaluat ion of ma la r i a eradica t ion operat ions in 
M o z a m b i q u e , Africa, the me thods used for sampl ing the two m a i n 
vectors of mala r ia , An. gambiae a n d An.funestus embod ied the combined 
experience of m a n y different entomologists w h o have s tudied these 
species, so closely associated wi th m a n a n d his habi ta t ions ( W . H . O . 
1963). Sampl ing methods used were as follows : -

i. Vec tor popula t ions rest ing indoors by day as j u d g e d by the 
p y r e t h r u m space-spray collection. 

ii. O u t d o o r day- t ime resting popula t ions by means of artificial 
pi t shelters. 

iii. Baited ne t ca tch in which the t r a p ne t can be ba i ted wi th m a n 
indoors or outdoors , a n d wi th cow outdoors . 

iv. W i n d o w t r a p ca tch to sample mosquitoes leaving the house after 
feeding or rest ing. 

I n me thods i, ii a n d iv a record was also kept of the female vectors cap -
tu red wi th regard to "un fed" , " f ed" a n d " g r a v i d " . 

T h e second example is p rov ided by investigations carr ied ou t in 
M a l a y a u n d e r very different condit ions (Moorhouse a n d W h a r t o n , 
1965). These studies were concerned wi th three known ma la r i a vectors 
in M a l a y a , a n d three suspect vectors. F o u r of these six species of 
Anopheles a re forest or swamp-forest mosquitoes which show widely 
different degrees of contact wi th h u m a n set t lements. O f these, two species 
are rare ly taken outside the forest fringe, while the o ther two readi ly fly 
in to h u m a n sett lements from the forest a t n ight . Fou r sampl ing sites were 
selected represent ing a r ange of env i ronmenta l condit ions, such as 
swamp-forest edge, coastal k a m p o n g ( h u m a n set t lement) , a n d foothill 
a rea . At each site the following me thods were used : -

i. M a n - b i t i n g catches inside houses. 
ii. M a n - b i t i n g ca tch outside house. 

iii. M a n - b a i t e d ne t t r a p empt ied once every hour . 
iv. M a n - b a i t e d ne t t r a p empt ied every 2 hours . 
v. P y r e t h r u m knock-down ca tch inside house. 

I n addi t ion , a cont inuous 24-hour ca tch on h u m a n bai t was carr ied 
ou t a t bo th the swamp-forest sites. 

T h e value of this b r o a d front a p p r o a c h to sampl ing was very evident . 
T h e 24-hour ba i t ca tch for example no t only revealed large n u m b e r s of a 
par t i cu la r species, An. roperi, h i ther to regarded as u n c o m m o n in M a l a y a , 
bi t ing m a n in the forest shade , b u t also revealed a r emarkab le peak of 
bi t ing activity in the h o u r before sunset, in which per iod over 5 0 % of 
the tota l b i t ing took place . These workers considered tha t a l though the 
24-hour ca tch is r a the r too laborious for rout ine use, it has a fundamenta l 
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role to p lay in the design of sampl ing methods . T h e range of sampl ing 
techniques also revealed t ha t of the several species which m a y enter 
houses to feed, only An. campestris regular ly rests indoors by day . T h e 
net t r ap , normal ly occupied by h u m a n bai t protected by mosqui to 
net t ing, was found to sample the mosqui to popula t ion enter ing the settle-
m e n t at night , while the ac tua l bai t or bi t ing ca tch sampled the feeding 
fraction of the popula t ion . T h e use of bo th methods revealed t ha t a 
considerable propor t ion of the anophel ine popula t ion arr ived in the 
sett lements early in the evening, b u t rested for a significant period before 
feeding. 

I n invest igat ions on forest-dwelling mosqui toes in south a n d centra l 
Amer ica , a n d in Africa, extensive use has been m a d e of tree platforms 
to s tudy the b i t ing activity of mosqui toes on exposed h u m a n ba i t a t 
different levels from g round to forest canopy . T h e bulk of t h a t work — 
as will be described in the next chap te r — has been concerned wi th 
culicine mosquitoes , b u t in the course of t h a t work a grea t deal of new 
informat ion abou t anophe l ine mosqui toes has also come to light, some 
of which concerns major vectors of ma la r i a such as Anopheles gambiae in 
Africa a n d An. darlingi in centra l a n d south Amer ica . 

O u t of the grea t wea l th of new informat ion, it will be sufficient for the 
m o m e n t to quo te a par t icular ly i l lumina t ing example — somewhat 
s imilar to t h a t of An. roperi noted above . I n studies in the forests nea r 
Beiern in Brazil, cap tures were m a d e s imultaneously on h u m a n ba i t a t 
g round level, a n d on platforms 5, 10 a n d 15 metres above the g round 
(Deane et al. 1953). 

I n the case of the m a i n ma la r i a vector An. darlingi, 5 0 % of the 
mosquitoes were taken a t g round level c o m p a r e d wi th 1 2 % at 15 metres . 
W i t h two o ther species of Anopheles however, An. mediopunctatus a n d An. 
shannoni, 6 0 % of the b i t ing was recorded a t the highest plat form com-
pa red wi th only 3 - 4 % at g round level. Previous rou t ine entomological 
surveys carr ied ou t in houses a n d on exposed ba i t a t g round level h a d 
revealed compara t ive ly few adul ts of these two species, even though thei r 
la rvae could be found readi ly in g round pools a n d rivers which provided 
the breed ing places. 
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C U L I C I N E M O S Q U I T O E S 

As has been poin ted ou t earlier in this repor t , me thods of sampl ing 
mosquitoes have tended to develop a long different lines accord ing to the 
different diseases, or groups of diseases, they t ransmi t . Th is d icho tomy 
is due , no t so m u c h to fundamenta l ly different principles involved, as to 
the fact t ha t specialists in one par t i cu la r insect-borne disease inevi tably 
tend to become isolated from paral le l developments in the s tudy of 
o ther diseases. This applies even wi th in the m o r e restricted field of 
culicine vectors of disease where i ndependen t me thods have t ended to 
develop accord ing to the different ideas of isolated groups of workers . 

S A M P L I N G O F M O S Q U I T O E S I N S Y L V A N Y E L L O W F E V E R S T U D I E S 

U n d o u b t e d l y the most extensive sampl ing of culicine mosquitoes bo th 
wi th regard to absolute n u m b e r s a n d to weal th of species is t ha t which 
has been carr ied ou t in Cen t ra l a n d Sou th Amer ica a n d in Africa, 
originally in connect ion wi th studies on j ung l e or sylvan yellow fever, 
b u t lat ter ly more concerned wi th studies on the increasing n u m b e r of 
a rbor viruses be ing recorded. T h e u l t imate choice of sampl ing m e t h o d in 
these studies has been largely influenced by the original objective of this 
work, namely , the extensive screening of sylvan mosquitoes for virus, 
a n d the investigation of the vectorial l ink be tween sporadic infection in 
the h u m a n host a n d the reservoir of infection in a rborea l monkeys or 
o ther forest an imals . For the u n d e r s t a n d i n g of this la t ter aspect it was 
necessary to find ou t m u c h more a b o u t the b i t ing activity of the var ious 
culicines a t different t imes of the d a y a n d the night , a n d a t different 
levels in the forest according to the hab i ta t s of the an imals forming the 
reservoir of virus. 

For this a n d o ther reasons the ba i t ca tch has been the m e t h o d of 
choice, a n d has been developed to a h igh pi tch of refinement, no t only 
wi th regard to comple te representa t ion in t ime — the 24-hour ca tch — 
b u t also wi th regard to comple te representa t ion concerning height from 
the forest floor to the forest canopy ( H a d d o w , 1954). I n Cen t ra l Africa 
the g roundwork for the s t a n d a r d m e t h o d finally adop ted h a d been laid 
in previous critical studies on the a t t rac t ion of Anopheles to h u m a n bai t , 
in which it was shown tha t the degree of a t t rac t ion var ied considerably 
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from individual to individual , a n d was also influenced by the n u m b e r 
of individuals forming the ba i t a n d by whe the r the ba i t was washed or 
unwashed ( H a d d o w , 1942). These a n d o ther h u m a n variables d ic ta ted 
a basic bai t of not less t h a n three boys as a convenient n u m b e r to coun-
teract individual var ia t ion in a t t rac t ion , a n d a t the same t ime to provide a 
considerably greater source of a t t rac t ion t h a n a single h u m a n . T h e bulk 
of the ca tch was carr ied ou t wi th units of three boys, one boy a t a t ime 
actively ca tching off himself a n d the o ther two. W i t h a complete un i t of 
five, a staggered uni t system could be used, each boy act ing as ca tcher 
for the first hou r after coming on du ty . W h e n he h a d finished ca tch ing 
he h a d two hours ' l ight du ty , t h e n two hour s ' rest. Broadly speaking 
two m a i n classes of bi t ing activity were defined. I n the first g roup there 
is, a t some t ime du r ing the 24 hours , a single short , very p ronounced 
wave . This m a y b e so sharp as to be main ly restricted to the single hou r after 
sunset, for example Aedes africanus. A sub-type of this g roup is where two 
distinct waves occur. I n the second g roup the phase of bi t ing is prolonged, 
either noc tu rna l or d iurna l , a n d the bi t ing cycle is usually i r regular . 

O u t of the great weal th of mater ia l emerging from these studies, we 
must restrict ourselves to those salient features which bear on the sam-
pling aspect. Al though this work was no t pr imar i ly designed to sample 
or est imate the popu la t ion as a whole or to follow seasonal fluctuations 
in number s , m u c h of the inc identa l informat ion on this poin t is very 
instruct ive. 

Wi th regard to seasonal changes it was found tha t in general the 
pa t t e rn of the 24-hour bi t ing cycle r ema ined m u c h the same, b u t a t 
lower numer ica l values in the d ry season. However , wi th Anopheles 
gambiae which h a p p e n e d to be taken in large number s in some of the 
forest areas, catches restricted to the early p a r t of the n ight (a per iod 
of low activity) a p p e a r to give unusual ly low figures in the d ry season 
because the propor t ion feeding in t ha t p a r t of the n ight is only abou t 
2 - 2 % in the d ry season as compared wi th 6 - 7 % of the n ight ca tch in the 
rains. As the au tho r says "Sma l l seasonal changes in the form of the 
bi t ing cycle m a y affect qui te profoundly the est imate of seasonal inci-
dence unless the whole 24-hour per iod is u sed" ( H a d d o w , 1954). These 
studies also showed tha t loss of bi t ing cycle m a y occur in the following 
circumstances : -

(a) the use of ba i t not normal ly a t tacked by the mosquitoes con-
ce rned ; several species only bi te m a n or pr imates casual ly; 

(b) ca tching in an unfamil iar env i ronmen t ; 
(c) cases where mosquitoes a re travell ing, for example between 

breeding grounds a n d some dis tant bi t ing centre such as a 
village ( H a d d o w , 1961). 
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Anothe r interest ing example , from outside the field of culicine studies, 
i l lustrat ing the influence of ext raneous condit ions on bi t ing activity a n d 
on the val idi ty of sampl ing based on the use of the ba i t catch, is p ro-
vided by studies on Chrysops, the t a b a n i d vector of h u m a n loiasis. Sam-
pl ing of Chrysops — a d iu rna l bi ter — is based on s t anda rd h u m a n bai t 
exposed d u r i n g two consecutive periods of the day , 8 a .m. to 1 p . m . a n d 
1 p . m . to 6 p . m . (Duke, 1959a, b ) . T h e n u m b e r of flies t aken per ten 
boy-days du r ing the m o n t h is used to denote the " m o n t h l y b i t ing 
dens i ty" . I n collections a t g r o u n d level, in the ra in forest of the C a m e r -
oons, it was observed t ha t the n u m b e r of man-b i t i ng Chrysops c augh t by 
a single fly boy was increased w h e n he sat nea r a wood fire. T h e effect 
of this wood smoke on s t imula t ing bi t ing was twice as grea t in C. silacea 
as on C. dimidiata. T h e bi t ing react ions of these two species were also in-
fluenced by whe the r the ba i t was moving or s tat ionary, C. dimidiata 
being more efficient a t finding a s ta t ionary host. 

Paral lel studies on forest mosquitoes in connect ion wi th sylvan yellow 
fever in Cen t ra l Amer ica (Gal indo et al. 1950) were also based main ly 
on catches taken on h u m a n bai t in the open, a t different times a n d a t 
different levels. As the j ung le mosquitoes involved in the virus t rans-
mission cycle were main ly d iu rna l , the comple te 24-hour bi t ing cycle 
was no t used as a rout ine , most catches being carr ied ou t a t regular in-
tervals be tween 8.30 a .m. a n d 5.30 p .m . one day each week t h r o u g h o u t 
the year . O f par t i cu la r interest in connect ion wi th the subject of the 
present repor t is the fact t ha t these s t anda rd bai t catches were used as a 
basis for es t imat ing the a n n u a l cycle of a b u n d a n c e , the mosqui to cap-
tures be ing recorded as "mosqui toes per ten man-hour s per m o n t h " . I n 
this way the m a x i m u m mon th ly rates of Haemagogus sp ( the m a i n vec-
tors) found in the s tudy a rea in P a n a m a were c o m p a r e d wi th those ob -
ta ined in endemic centres of yellow fever in South Amer ica . I n this 
connect ion the au thors m a d e a highly significant c o m m e n t . " I t mus t be 
noted , however , t ha t w h a t we record here are no t t ruly 'densities ' of the 
popula t ions of these mosquitoes, b u t only the relat ive n u m b e r s a t tacking 
m a n . I t m a y be tha t these mosquitoes m a y have preferred hosts for blood 
meals a b o u t which we have no in format ion ." Again , commen t ing on 
the low captures recorded in the d ry season, they s ta ted : " W e canno t 
exclude the possibility t ha t they m a y have o ther preferred hosts du r ing 
the d ry season, a b o u t which we know n o t h i n g " . 

I n the Cent ra l African studies some observations in addi t ion to the 
more regular rout ine of platform catches provided some interest ing d a t a 
on the val idi ty of the ba i t ca tch u n d e r different condit ions (Lumsden , 
1951). S imul taneous catches were carr ied out t h roughou t the 24 hours 
on h u m a n bai t in four different envi ronments frequented by m a n in 
sett lements nea r the forest: (a) the forest floor, (b) b a n a n a p lanta t ions , 
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(c) open space, and (d) hu t . Each catch was divided into two compo-
nents : 

i. the ca tch du r ing the per iod t ha t the pa r t i cu la r env i ronment was 
liable to be occupied by h u m a n s , a n d 

ii. when it was not normal ly occupied by h u m a n s , e.g. h u t by day 
or forest floor and p lanta t ions be tween the hours of 19.00 a n d 
05.00. 

Preference was given to collections m a d e d u r i n g periods of n o r m a l 
occupancy. T h e results showed tha t some species have a p r e d o m i n a n t 
preference for one site over the other , e.g. Aedes simpsoni in p lan ta t ions 
occupied by m a n , Aedes circumluteolus main ly in the forest-floor ca tch . 
Anopheles gambiae was taken in all envi ronments , mostly irrespective of 
t ime of occupat ion by m a n . 

A somewhat similar extension of the 24-hour ca tch in order to repre-
sent a wider range of bi t ing habi ta t s has character ized recent work on 
Aedes aegypti, a n d other allied species of culicines in West African villages 
(Boorman, 1960a, b ) . Those 24-hour catches were m a d e cont inuously 
on a shift system over a period of four days a t regular intervals — as far 
as possible du r ing the last week of each m o n t h — a n d were carr ied ou t 
in the following different types of ca tch ing station : -

(a) platform in tree at 65 ft 
(b) a t foot of t ree 
(c) by the side of a p a t h 400 yd from the centre of the village 
(d) nea r the centre of the village 
(e) inside a par t ly comple ted hu t . 

I t is no tewor thy tha t large number s of male culicines were also taken a t 
these bai t catches, and tha t the catches were used to give an est imate of 
seasonal density of bo th males a n d females. T h e total n u m b e r of each 
species taken each m o n t h was expressed as a percentage of the total ca tch 
of tha t series. T h e arr ival of the non-bi t ing male culicines a t ba i t was 
recorded in terms of an "act iv i ty cyc le" of males after the m a n n e r of 
the bi t ing cycle of females. 

T h e regular occurrence of male culicines coming to ba i t was also 
noted in studies on the 24-hour activity cycle of domestic Aedes aegypti 
in T a n g a n y i k a (Lumsden , 1957). I n t ha t s tudy catches were m a d e inside 
a h u t and on the v e r a n d a h outside. T h e results indicated tha t bo th 
inside the h u t a n d outside abou t two-thirds of the total bi t ing activity 
took place by day . Similar observations in the coastal region of K e n y a 
(Teesdale, 1955) revealed consistent early morn ing a n d late afternoon 
periodicity of activity in Aedes aegypti. I n t ha t work it was also observed 
tha t a t the very start of a catch, when the host suddenly became available, 
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there was usually sharp bi t ing activity irrespective of the t ime the ca tch 
s tar ted . Th is was par t icu lar ly not iceable in houses where the sudden 
en t ry of catchers in to a confined space p roduced a sha rp bi t ing wave . I n 
this connect ion it is interest ing to recall tha t , in the classic studies on 
Aedes aegypti as a vector of u r b a n yellow fever in the Americas , sampl ing 
or collection of adul ts was almost entirely confined to the house-resting 
popu la t ion (Soper et al. 1943), a n d t ha t it is only in recent years t ha t 
sampl ing by bai t ca tch has been appl ied to this highly domest ic culicine. 

I n the last two years the rout ine platform catches using h u m a n bai t 
have been supplemented in the Cen t ra l African studies by l ight - t rap 
catches a t different levels ( H a d d o w , et al. 1961 ; Corbet , 1961). I n these 
catches males formed near ly 8 5 % of the total culicines. Studies on 
Mansonia — which formed the bulk of the culicine ca tch — showed t h a t 
the great majori ty of the females were unfed a n d did no t conta in visible 
eggs. N o gravid females were caught . A most interest ing feature which 
emerged was tha t flying females were preva lent t h roughou t most of the 
n ight , inc luding those species wi th a sharp , clearly-defined bi t ing peak. 
T h e bi t ing peak therefore does not a p p e a r to be necessarily de te rmined 
by a corresponding peak of general activity. (See also C h a p t e r 4.) 

A fairly general conclusion from all those experiences wi th l ight t raps 
is t ha t they a t t rac t the photo tac t ic p a r t of the mosqui to night-flying 
popula t ion , bu t only a t t imes when they are not preoccupied wi th o ther 
activities, such as swarming, bi t ing, a n d oviposit ing (Corbet , 1961 ; 
Standfast , 1965). 

I n view of this, a n d of the m a n y var iable factors influencing the ba i t 
ca tch , increasing a t ten t ion has been given to the deve lopment of non-
a t t r ac t an t methods , such as the suction t r a p (Lumsden , 1958; Min te r , 
1961). T h e possible va lue of this sampl ing technique has now been 
thoroughly explored in the Cen t ra l African studies, suction t r app ing 
being carr ied ou t a t all seven levels (0-120 ft) of the specially constructed 
h igh steel tower on which so m u c h of this work has been based in recent 
years (Goma , 1965). T h e most i m p o r t a n t conclusions from this s tudy were 
as follows. Firstly, there was a surprising pauc i ty of males of the culicine 
mosquitoes in these t raps , suggesting t ha t a p a r t from activities associated 
wi th swarming , or wi th a t t rac t ion to l ight, males are very inact ive. T h e r e 
was also a pauc i ty of gravid a n d engorged females, aga in suggesting 
compara t ive ly low flight activity a t those phases. Also no tewor thy was 
the finding t ha t very few mosquitoes were caugh t in these suction t raps 
above the forest canopy as c o m p a r e d wi th the considerable n u m b e r in 
l ight t raps a n d man-ba i t ed t raps . 

O n e par t icu lar ly significant po in t which emerges from those intensive 
studies in Cen t ra l Africa is t h a t they deal almost exclusively wi th m e t h o d 
of t r app ing or sampl ing the adu l t mosqui to popu la t ion a t periods w h e n 
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they are normal ly active or in flight. Sampl ing of the outdoor-res t ing 
popula t ion dur ing periods of inactivity — usually by d a y — has received 
m u c h less a t tent ion, a n d in fact surprisingly little is known a b o u t the 
no rma l sheltering sites of even such well-studied mosquitoes as Aedes 
africanus, a key species in the complex epidemiology of sylvan yellow 
fever. This g a p in knowledge refers in par t i cu la r to the regular ly re-
curr ing periods be tween feeds, w h e n the female's blood mea l is digesting 
and the ovaries are developing. F r o m an appraisa l of condit ions else-
where in Africa (Service a n d Boorman , 1965) it is evident t ha t there is 
in general a r emarkab le lack of information a b o u t this i m p o r t a n t phase 
in the lives of adul t culicine mosquitoes, a n d tha t a great deal of basic 
research will have to be done before there is any hope of developing 
sampl ing methods a t all comparab le to those which have been devised 
for various anophel ine mosqui to vectors of ma la r i a in ou tdoor resting 
places. 

C U L I C I N E S A M P L I N G I N O T H E R V I R U S S T U D I E S 

Observat ions a n d trials on culicine sampl ing in Singapore have p ro -
vided some very i l luminat ing d a t a on the general ra t ionale or val idi ty of 
ba i t catches (Colless, 1959). For m a n y years entomologists in M a l a y a , 
faced wi th the difficulty of finding a d e q u a t e anophel ine ma la r i a 
vectors in houses, have been accustomed to use the " M a l a y a n h u m a n 
bai t t r a p " for rout ine catching. This is a large mosqui to net , 6 χ 6 χ 
6 ft, wi th doors t ha t are closed by flaps which can be d ropped by a 
simple device opera ted from inside. Inside this large net is ano the r 
smaller net u n d e r which the opera tor , w h o acts as bai t , sleeps. A t 
intervals he rises, lowers the outside flaps, a n d catches the t r a p p e d 
mosquitoes. 

Real iz ing tha t one of the obvious defects of this design for culicine 
sampl ing was tha t some species, unab le to bi te , would quickly fly out , 
a modified t r a p was designed. This consisted of a large net only wi th a 
single open doorway, a n d wi th two or three m e n collecting all n ight . 
A m o n g the first r a the r unexpected results was the finding, by means of 
the precipi t in test, t ha t some of the blood-fed mosquitoes taken in the 
t r a p h a d evidently fed elsewhere before enter ing the t r a p . I n addi t ion , 
large catches of all stages were regular ly taken in an unba i t ed t r a p of 
this type. T h e results of catches revealed two different types of react ion 
to these baits a n d t raps . Culex tritaeniorhynchus, for example , enters the 
t raps in numbers , bu t only a small p ropor t ion — less t h a n 1 % — 
actual ly fed on the h u m a n bai t . Culex fatigans on the o ther h a n d was no t 
strongly a t t rac ted to the h u m a n bai t , bu t once it found its way in to the 
cage it fed readily on the bai t . F r o m the point of view of host preference 
studies it appea red tha t figures based only on the number s a t t rac ted to 
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the bai ted t r a p migh t be misleading, a n d t ha t in fact unba i t ed t raps 
proved m u c h more useful for ob ta in ing relatively unbiased samples of 
engorged mosquitoes for precipi t in testing. I t is clear t ha t in the wider 
context of popula t ion sampl ing by means of ba i t ca tch these findings 
have considerable significance. 

O t h e r workers in M a l a y a (Reid , 1961 ; W h a r t o n , 1951) have p ro -
vided an interest ing compar ison of the relat ive p ropor t ion of different 
mosqui to species, bo th culicine a n d anophe l ine , a t t rac ted to the same 
bai t u n d e r two different t r app ing condit ions, viz. the M a l a y a n type of 
net t r a p a n d the window t r a p hu t . W h e n different species are offered a 
choice of host ( two m e n versus one cow) in two net t raps , a n "a t t r ac t ion 
r a t i o " can be established for each species indica t ing the par t i t ion 
be tween the two types of host (see T a b l e V I I I ) . W h e n the mosquitoes 

T A B L E V I I I 

Relative attraction of Malayan mosquitoes to human and animal bait 
according to capture method adopted. (Comparison of the man : calf 

attraction ratios obtained with net traps and with window trap 
huts) (after Reid, 1961 — Wharton, 1951). 

_ . _ N e t traps W i n d o w trap huts 
Spec ies of 

m o s q u i t o R a t i o l o r 2 R a t i o 

2 m e n l c a l f m e n : ca l f m e n l c a l f m e n : ca l f 

Culex pipiensfatigans 9 0 9 531 1-7 : 1 4 4 2 111 4 : 1 

Culex "annulus" 166 353 1 : 2 · 1 4 8 9 4 2 1 : 2 0 

Mansonia uniformis 2 4 3 6 8 7 1 : 2 · 8 16 582 1 : 3 6 

Anopheles "hyrcanus" 6 36 1 : 6 · 0 0 61 1 : > 61 

Culex gelidus 6 8 8 5 3 2 8 1 : 7 · 8 2 5 2 6 5 8 1 : 106 

Anopheles vagus 12 9 8 5 1 : 8 2 0 122 1 : > 122 

are offered a choice of the same m a n / a n i m a l hosts in window t r a p huts , 
the bias towards the preferred host — m a n in the case of C.p. fatigans a n d 
calf in the case of the o ther five species — is great ly intensified, u p to 
ten-fold or more wi th some species. I t appea r s , therefore, t h a t even wi th 
a s t anda rd choice of host designed to a t t r ac t a r ange of species w i th widely 
different host preferences, the val idi ty of the ba i t ca tch as a sampl ing 
m e t h o d can still be great ly influenced by the ac tua l design or t echn ique of 
t r app ing . A para l le l cri t ical appra i sa l of all t he var iab le factors affecting 
the ba i t ca tch a n d its in te rpre ta t ion has been m a d e by a g r o u p of workers 
in qui te a different p a r t of the world , n a m e l y in Niger ia , Wes t Africa 
(Service a n d Boorman, 1965). Exper ience there , wi th bo th culicine a n d 
anophel ine mosquitoes, has shown clearly t ha t in addi t ion to such 
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factors as locality, t ime of day and year , na tu r e of bai t a n d so on, the 
quest ion of var ia t ion be tween individual t raps must be taken in to 
account w h e n in te rpre t ing ba i t ca tch da t a , qu i te a p a r t from differences 
in the ac tua l type or design of t r a p . Sampl ing m a y be biased by t r a p 
idiosyncrasies which are highly significant for the mosqui to a l though 
they m a y not be readi ly a p p a r e n t to the h u m a n eye. 

Factors affecting the use of ba i ted t raps were also studied critically in 
the ecological studies on J a p a n e s e B. encephal i t is virus in J a p a n (Scherer 
et al. 1959; Buescher et al. 1959). I n those studies considerable use was 
m a d e of two kinds of t r a p ; small g round t raps ba i ted wi th birds or 
chickens and larger Magoon- type t raps or modifications which could 
be bai ted wi th m a n or with larger animals . I n these compara t ive trials 
the n u m b e r of animals was adjusted so as to give approximate ly similar 
body areas, for example , more small b i rds were used per t r a p t h a n large 
ones. T h e exper iments took the following form : -

(a) compar ison of seven different b i rd genera ; 
(b) compar ison of Black Coa ted Nigh t H e r o n (the most preva lent 

local b i rd ) , pigs a n d m a n as a t t r ac t an t s ; 
(c) effect of a l t i tude on mosqui to recovery, wi th bai ted t raps u p to 

50 ft above g round level; 
(d) effect of mic rohab i ta t a n d o ther t r a p variables . 

A m o n g m a n y o ther points of interest these observations showed t ha t the 
Heron-ba i t ed t r a p which was very satisfactory at h igh vector densities 
revealed cer ta in l imitat ions a t low end-of-season densities, a t which 
point the pig-bai ted t r a p became a more sensitive indica tor of Culex 
tritaeniorhynchus popula t ions . I t was also observed tha t mosquitoes still 
entered t raps empty of bai t — as in the Singapore exper iments referred 
to above — bu t the number s declined after three days. T h e analysis of 
catches also revealed the i m p o r t a n t point t ha t the engorgement r a te of 
mosquitoes a t t rac ted to the bai t can be qui te i ndependen t of the a t t r ac -
tion ra te to t ha t par t icu la r bai t . (See also Colless, 1959a, b ; Nelson a n d 
C h a m b e r l a i n , 1955; D o w et al. 1957.) 

I n striking contrast to these well-established sampl ing conclusions 
worked out in J a p a n , it was found tha t in somewhat similar encephali t is 
studies in T a i w a n the reactions of Culex tritaeniorhynchus to different 
sampl ing techniques followed a r a the r different pa t t e rn ( H u a n d 
Grayson, 1962). I n the la t ter studies three different methods of sampl ing 
were tr ied out:— 

(a) cat t le ba i t ou tdoors ; 
(b) modified M a g o o n t r a p (as used in the J a p a n e s e studies) ; 
(c) l ight t r ap . 
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These observations showed t h a t the modified M a g o o n t r a p , so 
va luable in a t t rac t ing Culex tritaeniorhynchus in J a p a n , gave poor results 
in T a i w a n . Th is species was re luc tan t to en te r these t raps , whe the r 
bai ted wi th pig, m a n or ox, a t a t ime w h e n it could be taken a b u n d a n t l y 
by h a n d ca tch on ox ba i t outdoors (Tab le I X ) . 

T A B L E I X 

Mosquitoes caught in a Magoon trap operated 24 h/day, 
compared to individual collection from oxen for 3 h after sunset at 

Ghung-ho village, Taiwan (after H u and Grayson, 1962). 

N u m b e r s of M o s q u i t o e s 

M a g o o n T r a p H a n d - c a u g h t from o x e n 

Bait Culex 

tri. 

Culex 

pipiens 

fatigans 

Anopheles 

sinensis 

Culex 

tri. 

. . Anopheles 
pipiens . . 
r . sinensis 

jatigans 

1 8 - 3 0 J u n e 

8 - 1 1 J u l y 

P ig 

O x 

2 5 

121 

8 

71 

2 0 

2 

6 796 

3 4 3 4 

73 2 722 

0 9 7 5 

These studies also provided addi t iona l informat ion directly bear ing on 
the genera l p rob l em of using ba i t for sampl ing, name ly tha t the n u m b e r 
of mosquitoes a t t rac ted to an ox or a wa te r buffalo did no t va ry signifi-
cant ly from one a n i m a l to ano ther . 

I n s t anda rd bi t ing catches on h u m a n bai t , especially those catches 
which are ex tended th roughou t the 24 hours , it would seem reasonable 
to assume tha t all vector species, whose impor t ance depends on thei r 
b i t ing contac t wi th m a n , would be readi ly taken. I n investigations on 
a r th ropod-borne virus in Togo land in Sou th Africa it was found t ha t 
one of the most i m p o r t a n t species, as j u d g e d by virus isolations from 
n a t u r a l samples a n d by l abora to ry transmission exper iments , was 
Aedes {Banksinella) circumluteolus (de Mei l ion et al. 1957; Brook W o r t h et 
al. 1961). H u m a n ba i t catches a t different t imes only yielded small 
n u m b e r s of this species. O t h e r me thods such as ba i ted t raps a n d l ight 
t raps also proved disappoint ing, unt i l the m e t h o d finally adop ted was 
to search for day- t ime resting Aedes on vegetat ion a n d grasses wi th a 
t e a m of t ra ined African ma la r i a assistants. T h e members of the t e a m 
systematically combed th rough a t rac t of bush. Mosqui toes which were 
d is turbed were wa tched unt i l they settled a n d then cap tu red in glass 
tubes . T h e investigation, which was concerned pr imar i ly wi th virus 
isolation, was no t cont inued long enough to enable one to tell h o w far 
this m e t h o d could have been developed as a rout ine sampl ing me thod , 
a n d to w h a t extent the ca tch represented stages o ther t h a n h u n g r y 
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females or freshly engorged ones. T h e i m p o r t a n t poin t is tha t this 
me thod of sampl ing, which has m u c h in c o m m o n wi th t ha t developed 
specifically for Anopheles aquasalis in T r i n i d a d (see page 36) , was successful 
where the more convent ional 24-hour ca tch revealed unexpected 
l imitat ions. 

Brief reference has a l ready been m a d e (page 55) to the convent ional 
sampl ing methods long used for Aedes aegypti in its role of vector of u r b a n 
yellow fever in the Americas . For m a n y years sampl ing of this classical 
"yellow fever mosqu i to " was l imited to de te rmin ing easi ly-obtainable 
indices of infestation, ei ther of adul ts resting in houses or of larvae breed-
ing in domestic a n d peri-domestic wa te r collections. T h e need to have a 
crit ical reappraisa l of these indices has been s t imulated by recent 
intensification of the Aedes aegypti e radicat ion p r o g r a m m e in the Un i t ed 
States (Tinker , 1967). So far, this reappra isa l has been l imited to various 
methods adop ted for measur ing infestation of larvae in breeding 
receptacles, such as the "ave rage n u m b e r of infested receptacles per 
inspected premises" , or, " t h e percentage of inspected premises tha t are 
infested". T h e emphasis on larval r a the r t h a n adu l t sampl ing is deter-
mined by pract ical considerations in large-scale survey work, a n d by the 
fact t ha t it is considered tha t for Aedes aegypti the larval stage is the one 
in which the popula t ion is most readily avai lable, a n d where it is most 
concent ra ted . T h e r e seems little doub t t ha t this new app roach to an old 
subject will lead to the deve lopment of more var ied and sensitive 
methods for sampl ing the adu l t popula t ion as well, a n d tha t long over-
due progress in this direct ion will be further s t imulated by the increas-
ing impor tance of this mosqui to , a n d its close allies such as Aedes 
albopictus, as vectors of various new manifestations of dengue ( W . H . O . 
1967a). 

S A M P L I N G T H E C U L I C I N E V E C T O R S O F F I L A R I A S I S 

T h e methods of collecting a n d sampl ing the culicine vectors of 
filariasis have developed a long r a the r different lines according to 
whe ther the ma in mosqui to studied was Culex pipiens fatigans, the 
classical vector of u r b a n filariasis, Aedes a n d o ther culicine vectors of 
Pacific filariasis, or Mansonia a n d its allies as vectors of ru ra l filariasis. 
I n general , sampl ing of Culex p. fatigans popula t ions has followed con-
vent ional methods of day- t ime hand-ca t ch ing in houses or stables on 
the same lines as those long practised in the s tudy of domestic anophel ine 
mosquitoes (Giglioli, 1948; R a c h o u et al. 1958). By s tandard iz ing the 
n u m b e r of houses, stables, or m a n - m a d e shelters searched by day , 
records have been p roduced of the mon th ly a n d seasonal density of 
Culex popula t ions . Considerable variat ions have been noted in a n n u a l 
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densities es t imated in this way, b u t the sampl ing me thod appears to 
have been the obvious selection d u e to the extremely high n u m b e r s of 
Culex l iable to be found resting indoors, sometimes hund reds or even 
thousands per house. 

I n I n d i a n studies on popula t ions of Culexp.fatigans as a vector of u r b a n 
filariasis a n a rb i t r a ry collecting p rocedure has been widely used, namely 
the rout ine day- t ime collection of mosquitoes from h u m a n dwellings a n d 
cat t le sheds from 7 a .m. to 10 a .m. (Wat t a l a n d K a l r a , 1960). A similar 
rout ine has also been used in the studies of bo th Culex a n d Mansonioides 
popula t ions in ru ra l filariasis studies (Joseph et al. 1962). I n these a n d 
several o ther studies on Culex p.fatigans in I n d i a a n d Ceylon (Chow a n d 
Thevasagayan , 1957) the h igh n u m b e r s of Culex p.fatigans t aken indoors 
have been m a r k e d in cont ras t to the very low n u m b e r s yielded from a 
var ie ty of ou tdoor rest ing places a n d n a t u r a l shelters. Some interest ing 
figures to demons t r a t e this po in t have been p roduced in studies on 
culicines as vectors of filariasis in Sou th I n d i a (Pal et al. 1960). By m e a n s 
of rou t ine searches indoors a n d outdoors , the compara t ive densities could 
be assessed on a m a n - h o u r basis. W i t h Culex p.fatigans the per m a n - h o u r 
densi ty indoors var ied in different mon ths from 17 to 59, contras ted 
wi th an ou tdoor density of 0-082 per m a n - h o u r — tha t is less t h a n one 
adu l t mosqui to per ten man-hou r s of searching. W i t h Mansonioides, the 
vectors of Brugia malayi, the s i tuat ion was very different. W i t h M. 
annulifera the per m a n - h o u r resting densities were , indoors 4-23, out -
doors 8-0. W i t h M. uniformis the figures were , indoors 0·98, outdoors 
6-62. I n this series of investigations a n d in one or two others these day-
t ime resting densities have been supplemented a t intervals by n ight 
collections in fixed cap tu re stations a t two hour ly intervals from 6 p . m . 
to 6 a .m. 

T h e ease wi th which adu l t Culex pipiensfatigans can normal ly be found 
resting indoors, often a t h igh densities, combined wi th the a p p a r e n t 
difficulty in finding adul ts in ou tdoor resting places has led m a n y 
observers to believe tha t no really significant fraction of the adu l t 
popu la t ion exists in sites away from h u m a n habi ta t ions a n d associated 
a n i m a l shelters. However , this concept now needs drast ic revision in 
view of the observations m a d e by the W o r l d H e a l t h Organ iza t ion 
Filariasis Research T e a m in R a n g o o n , Burma , in the last few years (de 
Meil lon et al. 1967). T h e y have shown tha t in addi t ion to the usual 
house-rest ing adu l t popu la t ion , a highly significant p ropor t ion of the 
rest ing popu la t ion evidently uses a var ie ty of na tu r a l shelters outdoors 
by day , a n d t ha t this ou tdoor popu la t ion includes females a t var ious 
stages of b lood-meal digestion a n d ovar ian development . 

Th i s t e a m has also developed addi t iona l cap tu re or sampl ing 
techniques which are of pa r t i cu la r interest in the present review in 
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t ha t they are designed to s tudy the gravid female fraction of the popu la -
t ion (de Meil lon et al. 1966, 1967). I n connect ion wi th studies on the 
na tu ra l ovipositing habi ts of female C. p. fatigans, especially in re la t ion 
to septic tanks, a simple gauze t r a p has been designed to fit over the 
m a n h o l e of a tank . A louvered en t rance a little less t h a n a foot from the 
bo t t om of the cage allows access to gravid females a t t rac ted to the site. 
A gauze bar r ie r a t the bo t tom of the cage prevents the t r a p p e d females 
from passing th rough to the inter ior of the t ank to lay their eggs. 

As so m u c h information abou t the behaviour a n d ecology of this 
i m p o r t a n t mosqui to , wi th regard to blood feeding habi ts , infection rates 
a n d so on has in the past been based main ly on cap tu re a n d examina t ion 
of the house-frequenting popula t ion , there has long been a need for a 
fresh app roach to m a n y long-cherished ideas concerning this cos-
mopol i t an vector of disease. T h e r e is a l ready ample evidence tha t the 
R a n g o o n t e a m is no t only m a k i n g striking advances in ecological 
knowledge on a b road front, b u t is also provid ing a new stimulus a n d 
incentive to further critical studies in o ther par t s of the tropics. 

I n some regions the need for a wider sampl ing spec t rum has been 
acutely felt, no t only to deal wi th more critical s tandards requi red for 
the evaluat ion of filaria control measures , b u t also to deal wi th a possible 
range of culicine vectors differing in hab i t a n d availabil i ty. A good 
example of this deve lopment is provided by the filariasis research work 
carr ied ou t in Fiji, 1957 to 1959 (Symes, 1960; Burnet t , 1960). T h e 
sampl ing methods used were as follows 
(a) Dayl ight catches in houses wi th insecticide fog generators a n d 
groundsheets — usually be tween 8 a .m. a n d noon . This m e t h o d was 
found to be twice as efficient as hand-ca tch ing . 
(b) Bush catches — these were m a d e by two men , one act ing as ba i t for 
the other . 

i. A " s t a n d a r d " ca tch consisting of seven five-minute catches start-
ing from a house a t the edge of a village a n d proceeding in a 
s traight line towards the ca tch points a t 25, 50, 100, 150, 300 
a n d 400 yd respectively. 

ii. A " t r a c k " ca tch star ted from the village a n d following a footpath 
wi th halts a t the same distance as for the " s t a n d a r d " catch. 

iii. "Se lec ted" catches were m a d e in places offering shelter a n d 
likely to provide h id ing places for adu l t mosquitoes, anywhere 
wi th in abou t 500 yd of villages. 

(c) N igh t ca tches : these were m a d e by means of a small canvas h u t fitted 
wi th window cages a n d adjustable shutters . Mosqui toes entered by way 
of the eaves, the shutters of which were closed du r ing collection. 
(d) Night -ba i t ca tch : one m a n (the bait) sat in his house wi th his shirt 
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removed . T h e ca tcher was smeared wi th repel lent . Catches were m a d e 
for one h o u r a t a t ime in different houses be tween 7 p . m . a n d 11 p . m . 
(e) Al l -day catches were also m a d e by two different methods , the 
" t r a c k " ca tch a n d the "se lec ted" ca tch repea ted a t two-hour intervals 
from 7 a .m. to 5 p . m . 

A n addi t iona l m e t h o d was the car ry ing out of a compar ison of n ight -
ba i t collection a n d m o r n i n g fog collection to see to w h a t extent cer ta in 
vectors left t he house a t or before d a w n a n d thus escaped the fogging. 
W i t h Culex p. fatigans the fog collection was m u c h grea ter t h a n the ba i t 
ca tch suggesting a bu i ld -up over the n igh t wi th little exodus. 

I n the M a l a y a n studies on Mansonia (Whar ton , 1962) popula t ion 
changes were studied over a per iod of four years by t r app ing mosquitoes 
in stable t raps ba i ted wi th goa ts ; this m e t h o d was chosen as a result of 
trials which demons t ra ted t ha t a goat a t t rac ts roughly the same n u m b e r s 
as m a n , a n d t ha t a stable t r a p caugh t approx imate ly the same n u m b e r 
of the i m p o r t a n t Mansonia dives\bonneae g roup as did a h u m a n bai t net 
t r a p . 

M a l a y a n Mansonia have long been recognized as exophilic, the grea t 
major i ty of those which feed indoors leaving for ou tdoor shelters a t or 
before d a w n . T h e search for this outdoor-res t ing popu la t ion has been 
pursued very vigorously by a var ie ty of methods . Apa r t , however , from 
l imited success in k a m p o n g areas using box shelters, the searches in the 
forest for the elusive blood-fed popu la t ion has been disappoint ingly un -
product ive . Th is has created a wide g a p in the sampl ing spec t rum not 
un l ike tha t in the African studies on forest culicines (q.v.) . I t seems very 
likely t h a t increasing light on the val idi ty of different sampl ing methods 
for adu l t Culex a n d Mansonia will be t h r o w n by the cu r ren t q u a n t i t a -
tive a p p r o a c h to mosqui to ecology. T h e need for more exact numer ica l 
d a t a on the mor ta l i ty of the aqua t i c stages — egg, larvae , a n d p u p a e — 
par t i cu la r ly wi th regard to mor ta l i ty due to predators , has necessitated 
the deve lopment of emergence t raps to record the day to d a y o u t p u t of 
adu l t mosquitoes emerging na tu ra l ly from breed ing places (Laurence , 
1966). I t seems t ha t progress in perfecting these emergence techniques 
could well poin t the way to a more ambi t ious a t t e m p t to est imate the 
o u t p u t of adu l t mosquitoes from un i t a rea in un i t t ime, a n d thus give a 
be t ter idea of the tota l or absolute popu la t ion likely to exist in select 
exper imenta l areas. Against this background it migh t be possible to view 
sampl ing d a t a in a t ruer perspective, a n d ob ta in a clearer idea of exactly 
w h a t p ropor t ion of the mosqui to popu la t ion is actual ly be ing t a p p e d by 
different sampl ing methods . 

T h e present a p p r o a c h to the ecology of culicine mosquitoes, 
par t icu lar ly the vectors of filariasis, is be ing increasingly influenced by 
the deve lopment of new techniques for age g rad ing females in the 
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popula t ion (see also page 98). These techniques were originally worked 
out on anophel ine mosquitoes by the Soviet workers (Detinova, 1962) 
bu t have since been appl ied to Mansonia, Culex a n d others (Ber t ram a n d 
Samarawick rema , 1958). These techniques are based on changes in the 
appea rance of the female ovary associated wi th each gonot rophic cycle, 
i.e. the regular physiological cycle of feeding, ovar ian development , 
ovipositing, a n d feeding once more . I n its simplest form this age-grading 
technique enables a sample of the female popula t ion to be classified in to 
nul l iparous, i.e. those which have not yet comple ted one ovar ian cycle; 
and parous , i.e. those which have comple ted one or more cycles. I n its 
more advanced form, which is technically m u c h more difficult a n d 
t ime-consuming, the bulk of the pa rous fraction of the female popula -
tion can be further subdivided into those which have unde rgone 1, 2, 3 , 
4 or possibly more ovar ian cycles. 

T h e simpler technique dist inguishing parous from nul l iparous females 
makes it easier for larger samples to be dissected a n d has been widely 
used in mosqui to studies. A grea t deal of t ha t work has been concerned 
wi th investigating the na tu r a l mor ta l i ty of mosqui to popula t ions using 
the pr inciple t ha t w h e n the n o r m a l du ra t ion of the gonot rophic cycle 
has been de te rmined (usually by direct observat ion on caged mosquitoes 
in the l abora tory) , estimates of the dai ly morta l i ty of the popula t ion can 
be worked out mathemat ica l ly from the parous ra te (Laurence , 1963; 
R e u b e n , 1965). Both the simple a n d the more advanced age g rad ing of 
female mosquitoes have also been employed to s tudy the relat ionship 
be tween the age of the mosqui to a n d its ra te of infection wi th filarial 
parasites of different stages (Whar ton , 1959; Samarawick rema , 1962, 
1967), in m u c h the same way as recent work on the relat ionship be tween 
age of tse-tse flies a n d their degree of infection wi th t rypanosomes. 

I n the present context of the interrelat ions be tween problems of 
ecology a n d those of popula t ion sampling, some of the recent investiga-
tions on Culex pipiens fatigans in B u r m a a n d Ceylon are of par t icu la r 
significance. I n Rangoon , Burma , simple age g rad ing of females based 
on the propor t ion parous and nul l iparous has been used to s tudy changes 
in the popula t ion following control of b reed ing places (de Meil lon a n d 
K h a n , 1967). I n one case successful control by d ra in c leaning was 
followed by a sharp fall in the density of adul ts , accompanied by an 
increase in the propor t ion parous , indicat ing tha t no newly emerged 
mosquitoes were being added to the popula t ion . I n ano the r instance a 
critical investigation by age-grading methods was m a d e in connect ion 
wi th a sudden invasion of a par t i cu la r culicine mosqui to — Aedes vexans 
— recorded in the course of rout ine h u m a n bai t captures . Both before 
a n d after this sha rp invasion only negligible n u m b e r s of this species were 
found. Examina t ion of the females caugh t du r ing the peak showed tha t 
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only 1 % were parous , indica t ing t ha t these mosquitoes h a d very likely 
all recently emerged a b o u t the same t ime from the same prolific breed-
ing source. 

I n Co lombo , Ceylon, the more advanced age-grad ing t echn ique has 
been appl ied to the same mosqui to — Culex pipiens fatigans — enabl ing 
the female popu la t ion to be divided in to five categories, viz. nul l iparous 
u p to 4-parous (Samarawickrema , 1967). Th i s age g rad ing was appl ied 
to samples ob ta ined by three qui te different cap tu re techniques , namely , 
the house-rest ing popula t ion , the b i t ing popula t ion , a n d the oviposit ing 
popu la t ion (gravid females caugh t as they al ighted on the sides of open 
ca tch pi ts) . I n addi t ion age g rad ing was carr ied ou t on samples collected 
on h u m a n ba i t a t different periods t h roughou t the n ight . T h e results 
showed t h a t the samples collected by the three different cap tu re me thods 
showed close similarity wi th regard to the age composit ion of the females. 
O n the o ther h a n d the n ight collections on h u m a n bai t disclosed some 
differences in the bi t ing habi ts or b i t ing activity of the females accord-
ing to age. T h e nul l iparous females, which formed 4 4 % of the popu la -
t ion, reached a peak of b i t ing a t 02.00 hours . T h e peak of the 1-parous 
was a t 01.00 hours , while in the case of the 3 a n d 4 parous g roup (which 
formed 7 - 3 % of the popula t ion) the peak of b i t ing activity was reached 
earlier, be tween 22.00 hours a n d midn igh t . 

G E N E R A L P R O B L E M S O F M O S Q U I T O S A M P L I N G W I T H L I G H T T R A P S 

T h e use of l ight t raps for sampl ing culicines has only been c o m p a r a -
tively recent ly used in the African studies referred to (p. 55) . However , 
t he N e w Jersey l ight t r a p has long been a s t a n d a r d p rocedure in the 
U n i t e d States, no t only for the sampl ing of nuisance mosquitoes b u t also 
in studies of the culicine vectors of Wes te rn equ ine encephal i t is , St. Louis 
encephali t is a n d others . T h e r e is an immense l i tera ture on this subject 
a n d it is only possible to select a few references which have a par t icu la r 
bear ing on the sampl ing p rob lems in genera l . 

T h e systematic use of the l ight t r a p is i l lustrated by the Californian 
encephali t is surveil lance p r o g r a m m e (Loomis a n d Myers , 1960), which 
is designed to relate seasonal var ia t ions in mosqui to vector density a n d 
incidence of h u m a n disease. Th i s is ma in ly directed towards Culex 
tarsalis, vector of Wes te rn equine encephali t is , St. Louis encephali t is a n d 
others . I n these extensive studies on Culex tarsalis in N o r t h Amer ica light-
t r a p catches have been c o m p a r e d wi th o ther sampl ing methods such as 
mechan ica l sweep-net collections (Love a n d Smi th , 1957), wi th artificial 
ou tdoor shelters (Loomis a n d S h e r m a n , 1959), wi th man-b i t i ng after 
sunset (Beadle, 1959) a n d wi th collections from n a t u r a l a n d artificial 
ou tdoor shelters, a n d t raps ba i ted wi th d ry ice (Hayes et al. 1958). These 
compara t ive studies have revealed some very significant features a b o u t 
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l ight t r app ing and its validity u n d e r different condit ions. I n the com-
parison between the l ight t r a p a n d the mechanica l sweep-net, collec-
tions were carr ied ou t a t weekly intervals t h roughou t an 18-month 
per iod represent ing all seasons. T h e N e w Jersey t raps were fixed at 
elevations of 6, 25, a n d 40 ft in a tower in a wooded area . T h e mechanica l 
sweep-nets were opera ted a t heights of 3, 6, 15, 25, 40, a n d 50 ft above 
the g round , ro ta t ing a t abou t 25 revolutions per minu te . T h e different 
kinds of t raps were opera ted on different nights . A n " index of a t t r ac -
t i o n " of l ight t raps for different species was ob ta ined by dividing the 
total n u m b e r of specimens caugh t in the light t r a p by the total n u m b e r 
taken in the mechanica l sweep-net. This index var ied from 0*24 in the 
case of Psorophoraferox, relatively ra re in light t r a p collections, to 19-04 
wi th Culiseta inornata which was c o m m o n in light t raps bu t relatively 
ra re in sweep-nets. T h e compar ison revealed wi th in these extremes a 
wide range of a t t rac t ion according to different species. For example , the 
three most a b u n d a n t species taken in l ight t raps were Uranotaenia 
sapphirina, Anopheles crucians a n d Aedes vexans. O n the o ther h a n d three 
species of Culex, inc luding C. quinquefasciatus, all showed a very weak 
a t t rac t ion to the light t raps . Similar sampl ing l imitat ions of l ight t raps 
wi th regard to par t i cu la r species were shown in the series of l ight - t rap 
catches carr ied out in Puer to Rico in connect ion wi th the mosqui to fauna 
of the in te rna t iona l a i rpor t (Fox, 1958). These observations confirmed 
t ha t the light t r a p failed to give an indicat ion of the t rue a b u n d a n c e of 
Culex quinquefasciatus, the vector of filariasis, a l though it was c o m m o n in 
the island. I n comparisons of l ight - t rap catches wi th those taken in 
artificial box shelters, it was found t ha t Culex tarsalis was taken in abou t 
equal number s by bo th methods , bu t t ha t considerably larger n u m b e r s 
of Anopheles freeborni were taken in the box collections. 

Wi th in the same species it also appears t ha t the a t t rac t ion to l ight is 
by no means uniform th roughou t the life of the mosqui to . Extensive 
studies on the dispersion of Aedes taeniorhynchus in Flor ida have defined 
the action of this sampl ing m e t h o d more accurate ly by saying tha t " l ight 
t raps sample tha t segment of the popu la t ion which is on wing a n d re-
sponding positively to l igh t" (Provost, 1952, 1957). These studies 
indica ted tha t , wi th this species, the m a i n migra to ry flight occurs 
before the females start the search for blood, a n d before they can react 
positively to light. T h e r e m a y be i m p o r t a n t phases in the life of the 
mosqui to when the l ight t r a p provides no a t t rac t ion . W i t h this species 
at least there is considerable evidence t h a t the a t t rac t ion m a y by 
cyclical, females reac t ing positively to l ight on the seventh day of adu l t 
life, a n d abou t every fifth day afterwards (Nielsen a n d Nielsen, 1953). 

A n i l luminat ing compar ison be tween l ight - t rap catches a n d two 
o ther sampl ing methods using bai t was carr ied out on Culex tritaeniorhyn-
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chus in the extensive ecological studies on J a p a n e s e B. encephal i t is in 
J a p a n (Scherer a n d Buescher, 1959). I n this case the l ight t r a p was used 
as a check on the more extensive b i rd -ba i t ed t r a p p i n g which formed the 
rout ine sampl ing me thod . Both methods indica ted highest density of 
C. tritaeniorhynchus in J u l y , followed by a sha rp decrease in early August . 
However , paral lel collections from a nea r by pig-bai ted t r a p cont inued 
to be large t h roughou t Augus t a n d ear ly Sep tember . T h e suggestion 
was p u t forward t ha t below cer ta in density levels p ig ba i t was more 
sensitive t h a n the b i rd-ba i t ca tch or the l ight - t rap catch, a n d the au thors 
po in t out t ha t this il lustrates once more the uncer ta in ty accompany ing 
the use of a single t r a p p i n g m e t h o d in a t t emp t ing to evaluate total 
mosqui to popula t ions . 

T h e N e w Jersey l ight t r a p was also used in s tudying the ecology of 
West Nile virus in Egyp t ( H u r l b u t a n d Wei tz , 1956; Tay lo r et al. 1956). 
These t raps were opera ted from sunset to sunrise on four nights a week 
t h roughou t the year , a n d provided the basis for seasonal records of 
culicine incidence m o n t h by m o n t h , a n d also for geographical distr ibu-
t ion. T w o of the m a i n culicine species taken, C. antennatus a n d C. 
univittatus, were caugh t in large n u m b e r s a n d bo th showed a m a r k e d 
peak in Augus t a n d Sep tember . T h e th i rd m a i n species, Culex pipiens, 
was also taken in the l ight t r a p , b u t at m u c h lower densities a n d wi th-
ou t showing a m a r k e d peak in the favourable s u m m e r mon ths . Th is is 
appa ren t ly re la ted to the fact t ha t C. pipiens was the only species found 
in large n u m b e r s rest ing indoors by d a y — u p to 515 in a single bed-
room. A tr ial r u n wi th a man-ba i t ed t r a p opera ted s imultaneously wi th 
a l ight t r a p showed t ha t relatively large n u m b e r s of C. pipiens ( and also 
Anopheles pharoensis) were taken in the man-ba i t ed t r a p . Bird-bai ted 
t raps on the o ther h a n d caugh t ma in ly C. univittatus. 

A crit ical examina t ion of var ious factors influencing the efficiency of 
l ight t raps has revealed addi t iona l unexpec ted sources of va r ia t ion (Barr 
et al. 1960, 1963). For example , l ight t raps opera ted wi th in a few feet of 
each o ther still show wide var ia t ions in catch, especially a t h igh 
mosqui to densities. Th is p h e n o m e n o n , somewhat similar to the " t r a p 
idiosyncrasy" revealed in studies on car r ion-ba i ted t raps (Chap te r 6 ) , 
could be counterac ted to a cer ta in extent by hav ing the t raps constant ly 
chang ing posit ion. T h e var ia t ion be tween t raps was also decreased by 
rota t ion, provided the average per t r a p was a b o u t ten mosqui toes ; a t 
low mosqui to densities this seemed to have no effect. A n add i t iona l com-
pl icat ion was disclosed in a series of trials wi th un l igh ted t raps in which 
the l ight bulbs h a d been removed, b u t fans were left opera t ing . These 
unl ighted t raps proved to be a t t rac t ive to some mosquitoes , e.g. Culex, 
almost as m u c h as l ighted t raps . Pe rhaps the a t t rac t ion to unl igh ted t raps 
could be due to the fact that Culex in this case a re real ly seeking a day- t ime 
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shelter, perhaps a t dawn , a n d are mechanical ly sucked in by the fans. 
This critical series of trials also deal t wi th the quest ion of l ight 

intensity, the t raps being equ ipped wi th 25, 50, a n d 70 w a t t incandescent 
bulbs. T h e n u m b e r of mosquitoes collected was directly related to the 
light intensity, a l though in the case of Culex quinquefasciatus the increase 
was not significant. T h e r e was no indicat ion from these exper iments 
t ha t l ight intensity ever reaches the stage of becoming repellent . T h e 
opinion of the au thors on ano the r i m p o r t a n t aspect of l ight t r app ing is 
well wor th quo t ing as it deals wi th a var iable which influences all 
sampl ing methods based on the a t t rac t ion of insects to light, to an ima l 
bai t , to carr ion or to o ther a t t rac tan ts , n a m e l y : " N o way has been 
devised by the writers for de te rmin ing from w h a t dis tance mosquitoes 
are a t t rac ted to a l ight t r ap , b u t the results a n d observat ions recorded 
in the l i tera ture suggest it to be very shor t " . 

Some of the advantages , as well as the l imi ta t ions of using light t raps 
for sampl ing mosqui to popula t ions have been well demons t ra t ed by the 
extensive survey carr ied ou t in P a n a m a over a per iod of three years 
(Blanton et al. 1955). T h e s t anda rd N e w Jersey l ight t r a p proved to be by 
far the most effective me thod for establishing the d is t r ibut ion not only of 
the anophel ine mosquitoes pr imar i ly p l anned for bu t also of a wide range 
of o ther insects of medical impor t ance in the C a n a l Zone a n d in the 
interior of P a n a m a . Th i s survey, involving 138 different localities, was 
the most extensive l ight t r a p opera t ion ever carr ied out in any country . 

Th i s invest igat ion also confirmed one feature of l ight t r ap sampl ing 
which sometimes tends to be overlooked, namely , t h a t p r edominan t ly 
d iu rna l species of mosqui to will a lmost cer ta inly be absent or under -
represented in such l ight t r a p collections. Th i s m a y be r a the r a serious 
deficiency in those cases — as in P a n a m a — where the d iu rna l species 
include several of the culicine Haemagogus which play a vi tal role in the 
t ransmission of yellow fever virus. 

Despite m a n y of the uncer ta int ies affecting the val idi ty of sampl ing 
by means of l ight t raps , the rout ine a n d s tandard ized opera t ion of this 
technique has on occasions been able to demons t ra te d r a m a t i c changes 
in species composi t ion, changes which almost cer tainly reflect on the 
epidemiology of the various vector-borne diseases concerned. For 
example , compar ison of l ight t r a p catches m a d e in south-western 
Georgia , U.S.A. , in a year of n o r m a l rainfall , a n d in a year of low 
rainfall after several successive years of d rought , showed t h a t the three 
d o m i n a n t species — Anopheles quadrimaculatus, An. crucians a n d Uranotaenia 
sapphirina — which composed 9 8 % of the ca tch in n o r m a l years , were 
replaced almost completely in the years of d rough t by Aedes a n d 
Psorophora which now composed near ly 9 8 % of the l ight t r ap ca tch 
(Smith a n d Love, 1956). 



C H A P T E R 6 

B L A C K - F L I E S , S A N D - F L I E S A N D M I D G E S 

I t is convenient to consider these three groups of b i t ing flies together . 
T h e y are all r a the r small , elusive insects, which nevertheless can some-
times occur as adul ts a t such high popula t ion density t ha t they con-
sti tute a serious bi t ing p rob lem. This applies par t icu lar ly to black-flies, 
Simulium sp. a n d midges, Culicoides sp. which in fact have been almost as 
m u c h studied as bi t ing pests of m a n a n d livestock as in their capaci ty as 
vectors of disease. T h e avai lable information on cap tu r ing a n d sampl ing 
these insects therefore comes from several different sources, often qui te 
unre la ted . I t would accordingly be very instructive to see w h a t bear ing 
these different methods a n d experiences have on the m a n y sampl ing 
problems which these three groups in par t i cu la r possess in c o m m o n . 

I t has been a very c o m m o n experience wi th black-flies, Simulium, in 
all par t s of the world, a n d par t icu lar ly in those par t s of Cen t ra l Amer i ca 
a n d Africa where Simulium is a vector of onchocerciasis, tha t , while 
females can readily be taken bi t ing h u m a n bai t outdoors by day , their 
activities a n d habi ts a t o ther phases of adu l t life r ema in pract ical ly un-
known. As far as t ropical Simuliidae a re concerned, therefore, sampl ing 
of the popula t ion has been almost entirely based on the ca tch of females 
a t t rac ted to ba i t (usually h u m a n ) outdoors in the open. 

M a n y investigators have looked for resting vector Simulium, b u t 
general ly wi th d isappoint ing results bo th in t ropical Africa a n d Cent ra l 
Amer ica (Crisp, 1956; D a l m a t , 1955). I n West Africa good collections 
have on occasion been taken by sweeping vegetat ion, bu t the bulk of 
the flies taken have been females obviously a t t rac ted to the h u m a n 
collector. Males have been recorded in this way in small number s , b u t 
as they can occasionally be taken in the h u m a n bai t ca tch — a l though 
they do not suck blood — their presence m a y also have been de te rmined 
by the h u m a n collector. Careful search of a wide var iety of possible 
resting places of engorged or gravid females has been invar iably negat ive 
(Crisp, 1956; M a r r a n d Lewis, 1964; Lamonte l le r ie , 1963; Le Berre, 
1966). T h e ac tua l t echnique of using h u m a n bai t for sampl ing is usually 
based on an a rb i t ra ry exposure, d u r i n g the day , of two or three bai t 
boys, sitting wi th legs a n d ankles exposed, ei ther collecting themselves 
or off each other . If few flies a re taken after exposure of abou t 30 
minutes , the bai t moves a little dis tance a n d sits down again . Some 
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collecting sites seem to be undu ly favourable, while others, perhaps only 
20 to 30 yards distant , are consistently poor . T h e in terval between first 
exposure of the bai t a n d the appea rance of the first fly m a y also be very 
var iable , a n d m a y involve a "wa i t ing p e r i o d " of several minutes even 
where man-b i t ing Simulium is known to be very prevalent (Lewis, 1956). 
A ra the r more systematic deve lopment of this initial r a n d o m collecting 
is the me thod used in Niger ia (Crosskey, 1958; Davies et al. 1962) of 
sampl ing by adu l t fly rounds . A series of ca tching points are a r r anged in 
a par t icu la r sequence a n d visited a t regular intervals for a per iod of 15 
minutes , du r ing which t ime the fly boys ca tch all Simulium settling on 
them. By expressing these catches as "flies caugh t per boy-hour" , density 
figures have been p roduced a n d have been used to record seasonal in-
cidence of adu l t flies a n d changes in density before a n d after insecticide 
t r ea tmen t of the rivers which form the breed ing places. 

I t has also been recognized for some t ime tha t Simulium a t t rac ted to 
bai t a re not equal ly active a t all t imes of the day . I n the case of S. neavei, 
studies in K e n y a showed a distinct biphasic cycle wi th peaks from 9 to 
11.30 a n d again from 2 to 5 p .m . ( M c M a h o n et al. 1958). I n rout ine 
surveys for this species the teams were usually in position by 9 a .m. the 
ca tching units taking u p their positions, 50 yards or metres apa r t , in 
shady sites nea r the river 's edge. T h e ba i t stood perfectly still while the 
searchers caugh t all flies. At the end of 15 minutes the t e a m moved to a 
new site abou t 200 to 300 yards dis tant . A stretch of two to three miles 
of river was sampled each day in this way, a n d the density expressed as 
"flies per boy-hour" . T h e differing degree of activity t h roughou t the 
day was also found to be a feature influencing the availabil i ty of the 
three m a i n species of Simulium concerned wi th the transmission of 
onchocerciasis in G u a t e m a l a (Da lma t , 1955). Al though the bi t ing 
activity of the three species covered the entire day- t ime per iod between the 
hours of 6 a .m. a n d 5.30 p .m. the following differences were revealed. 

S. ochraceum: bites main ly from 7 a .m. to 4 p .m . b u t most active from 
8 to 10 a .m. 
S. metallicum: will cont inue feeding unt i l 5.30 p . m . 
S. callidum: p r epa red to bite from abou t d a w n unt i l abou t 9 a .m., a n d 
aga in from 3 to 4 p . m . unt i l twilight, wi th very little activity in the 
middle p a r t of the day . 

I n order to deal wi th such variables, a further refinement, used 
par t icular ly wi th regard to S. damnosum in Africa, has been to car ry ou t 
12-hour catches from d a w n to dusk using a t e a m of collectors (Lewis et 
al. 1961). U n d e r these condit ions it was found t ha t man-b i t i ng Simulium 
were usually more active in the morn ing a n d in the afternoon t h a n 
a r o u n d midday . By not ing the n u m b e r of nul l iparous a n d parous in the 
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ca tch , it has also been shown tha t in some areas the morn ing a n d after-
noon peaks for parous females occur respectively earl ier a n d la ter t h a n 
those of the nul l iparous (Lewis, 1960). I n o ther areas, however , the 
same species — Simulium damnosum — has exhibi ted a r a the r different 
cycle with no m o r n i n g peak or m i d d a y lull. 

T h e extended 12-hour ca tch on h u m a n bai t is also the ma in sampl ing 
m e t h o d used by the F rench workers in West Africa (Le Berre et al. 1964; 
Le Berre, 1966; O v a z z a et al. 1965) using t eams of two bait /collectors, 
working in relays, w h o collect all the Simulium settling on t hem between 
6 a .m. a n d 7 p .m . Collections are m a d e once a week in this way in 
various localities in order to follow changes in adu l t density t h roughou t the 
year in different envi ronments . Lat ter ly , the catches of female Simulium 
have been divided ei ther in to two — nul l iparous a n d parous — or three 
physiological groups, namely , nul l iparous , young parous , a n d old parous , 
a refinement which has proved of considerable value in t rying to unrave l 
some problems in Simulium ecology (Ovazza et al. 1965a) (see Fig. 6) . 

I n these very empir ical sampl ing methods wi th man-b i t i ng species it 
is usually assumed tha t the methods , despite their admi t t ed imperfections, 

F I G . 6 . C h a n g e s in the c o m p o s i t i o n o f the f emale p o p u l a t i o n of Simulium damnosum 
captured o n h u m a n bai t in the U p p e r V o l t a reg ion o f W . Africa dur ing the per iod in 
the dry season w h e n f low in the m a i n riverine breed ing p laces is progressively d e -
creas ing unt i l it ceases c o m p l e t e l y (after O v a z z a et al. 1 9 6 5 : ) 

— Number of females captured; | | | %nulliparous ; %young parous ; | | | % o l d parous ; 
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are at least a measure of bi t ing ra te or bi t ing activity. This 
assumpt ion is p robab ly well justified in the case of S. damnosum a n d 
some other species. However , some observations on tempera te c l imate 
Simulium indicate t ha t this assumption m a y requi re more crit ical 
examinat ion . W i t h S. ornatum, for example (Davies, 1957a, b) , it was 
found tha t , of flies settling on cows, pe rhaps only a small propor t ion 
actual ly bit and tha t the t ime spent on the host an ima l m a y be great ly 
reduced when fly activity is high a n d when there are more flies settling 
on the cow in uni t t ime. I n the la t ter case there is an increase in the 
propor t ion of flies which m a n a g e to escape cap tu re . 

Whi le progress in sampl ing the vector species of Simulium is obviously 
very slow in developing, experience wi th t empera te c l imate Simulium 
has indicated possible lines of amplification. I n studies on S. ornatum in 
Europe (Davies, 1957a), the popula t ion of gravid females has been 
sampled by the use of a type of sticky t r a p which was originally 
developed in connect ion with aphis studies (Broadbent , 1948; Broadben t 
et al. 1948; Broadbent and Hea thco te , 1961). These t raps consist of 
meta l cylinders 15 cm in d iamete r a n d 30 c m long, covered wi th a 
de tachab le plastic sheet coated wi th commerc ia l t r ee -band ing grease. 
T r a p s suspended horizontal ly over a s t ream caught m a n y females, all 
fully gravid, as well as a small n u m b e r of males . I n the same investiga-
tion no resting gravid females could be found. 

Perhaps the most striking deve lopment in adu l t Simulium cap tu re has 
been the extensive studies carr ied ou t in Scot land over a per iod of 51 
months on black-fly popula t ions taken in light t raps (Davies a n d 
Wil l iams, 1962; Wil l iams, 1962, 1965). Al though Simulium a re normal ly 
considered d iu rna l insects, the success of these l ight - t rap catches in-
dicates an unexpectedly high degree of activity after dark . T h e pro-
cedure adop ted in those studies was to use a l ight t r a p wi th a light 
source of ultra-violet and mixed wave- length light. T h e light was 
automat ica l ly switched on half an hou r after sunset a n d switched off 
half an hou r before sunrise. These studies p roduced an immense a m o u n t 
of d a t a abou t the seasonal dis tr ibut ion o f t e n species of Simulium. F r o m 
this weal th of information one or two points emerged which are of 
par t i cu la r interest in the present context . Firstly, it was clear t ha t this 
me thod of ca tching or sampl ing was not equal ly valid for all species. 
Wi th Prosimulium kirtipes, for example , only seven specimens were taken 
in the five seasons a l though collections of aqua t i c stages showed tha t it 
was the most a b u n d a n t species in the area . O t h e r species, less c o m m o n 
in breeding places, were consistently taken in great a b u n d a n c e . 

T h e l ight- t rap catches wi th Simulium in Scot land were par t icular ly 
va luable in indicat ing seasonal dis tr ibut ion, adul ts of several species 
being taken over a m u c h longer period of the year ( including December 
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in some cases) t h a n h a d been previously considered on the basis of the 
occurence of aqua t i c stages. Both males a n d females were taken in these 
t raps : the p ropor t ion var ied considerably, the availabil i ty of the males 
being par t icular ly subject to var ia t ion . I t is still too early to j u d g e the 
possibilities of developing l ight - t rap methods of sampl ing t ropical 
vectors of onchocerciasis. Tr ia ls wi th a very simple type of l ight t r a p 
in West Africa have shown tha t u n d e r cer ta in condit ions (page 75) 
some species of Simulium, bo th males a n d females, can be taken in this 
way, inc luding a few S. damnosum (Lamontel ler ie , 1963, 1967). However , 
the more sophisticated l ight t r a p used in the Scottish studies described 
above has yet to be given a full a n d fair t r ial wi th vector species. M u c h 
depends on the essential poin t of whe the r these species are a t t rac ted to 
l ight in the first instance, a n d on the extent to which the qual i ty or 
n a t u r e of the light source m a y be a factor de te rmin ing success or o ther-
wise. Cer ta in modifications in basic design are indica ted for the most 
efficient t ropical use, a n d al lowance would also have to be m a d e for the 
possibility t ha t trials migh t have to be done in areas where no mains 
power supply is avai lable . Ful l details of such likely modifications, as 
well as r ecommenda t ion wi th regard to all aspects of opera t ion u n d e r 
t ropical condit ions have been provided by Davies (1965). 

Should it be possible eventual ly to design light t raps which prove 
a t t rac t ive to S. damnosum a n d o ther vector species, m a n y new possibilities 
migh t be opened u p . Such a t echn ique migh t well provide a more 
sensitive index of low adul t vector popula t ions , while a t the same t ime 
sampl ing females of a wider r ange of physiological condi t ion, pe rhaps 
inc luding those wi th blood meals from sources o ther t h a n m a n . T h e r e 
are a l ready indicat ions from the West African work referred to t ha t the 
male popula t ions migh t also be sampled in this way. This , or some 
similar me thod , would be of grea t advan tage for sampl ing vector species 
in areas of their dis t r ibut ion where they do not no rma l ly come to h u m a n 
bai t , e.g. Simulium damnosum in Rhodes ia . 

T h e whole quest ion of Simulium sampl ing was discussed a t a W . H . O . 
sponsored in te rna t iona l mee t ing of Simulium workers in Geneva in 1964, 
( W . H . O . 1965) a n d it was again emphas ized t h a t the pr incipal informa-
tion abou t the density a n d dis t r ibut ion of Simulium damnosum a n d S. 
neavei was still dependen t on the use of h u m a n catchers , in the form of 
"f ly-recorders" or "vector-col lectors" , using themselves as bai t . I n view 
of the long recognized l imitat ions in depend ing on this m e t h o d of 
sampl ing alone (so liable to h u m a n error a n d to differences in a t t rac -
tiveness of the bai t) it was considered essential t ha t a l ternat ive sampl ing 
techniques be developed. A m o n g the me thods which appea red to mer i t 
further investigation wi th regard to the t ropical vectors of h u m a n 
onchocerciasis, a t tent ion was d r a w n to the possibilities of the light t r a p 
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(see above) which has not yet been given a full a n d fair tr ial with these 
species, a n d also to the use of chemical a t t r ac tan t s (or extracts) as 
developed by the C a n a d i a n workers (Fallis a n d Smi th , 1964). Ano the r 
sampl ing me thod wor th trial is the use of suction t raps . These have 
a l ready proved to be a useful addi t iona l me thod in the Scottish l ight-
t r a p investigations described above (Williams, 1965). As this me thod has 
the advan tage of being non-a t t r ac tan t , it migh t prove useful for deal ing 
wi th popula t ions which do not come readily ei ther to ba i t or to light. 

T h e urgen t need to extend the sampl ing spec t rum to the resting 
popula t ion of Simulium, par t icular ly to the females du r ing the stages of 
blood meal digestion a n d ovar ian development , is n o w being in-
creasingly apprec ia ted , a n d clearly d e m a n d s a new a n d vigorous 
app roach . I t is very easy to be discouraged by the fact t ha t so far so 
little success has a t t ended the pa ins tak ing efforts of so m a n y competen t 
S imul ium workers, a n d tha t the chances of detect ing such small insects 
in the mass of unde rg rowth , jungle-covered ravine , a n d tropical forest 
seems doomed to failure. I f these day- t ime or n ight - t ime resting places 
are completely diffuse, wi thou t any tendency for concent ra t ion in a well-
defined microhabi ta t , then the search will undoub ted ly be a long a n d 
a rduous one. But if, as seems pe rhaps more likely, the bulk of the rest ing 
takes place in comparat ive ly restricted loci, then the prospects of detect-
ing these eventually — perhaps by means of entirely new t r a p p i n g 
devices — seems more hopeful. O n e par t icu la r line for investigating the 
specific problems of t ropical vector species is suggested by observations 
m a d e on the movements of adu l t C a n a d i a n Simulium, a n d the techniques 
developed in the course o f t h a t work (Wolfe a n d Peterson, 1960). I n 
tha t investigation, Simulium, p robab ly S. venustum for the most par t , were 
actual ly observed moving to n ight - t ime resting places in the tree tops, 
a n d were again observed a t d a w n flying d o w n from the tops of the 
forest cover. Following this u p , observers c l imbed trees at n ight , shook 
the vegetat ion, a n d collected the dis turbed black-flies by sweeping 
a r o u n d with nets a t 25-30 ft above g round . W h e t h e r any t ropical 
species have similar resting habi ts , or whe the r rest ing is restricted to 
g round level, still remains obscure, b u t it is clear from the C a n a d i a n 
experience tha t the possibility of m a i n resting places being in the trees 
or in the forest canopy canno t be overlooked, a n d t ha t new a n d imagina-
tive collecting techniques will a lmost certainly be requi red . I n this con-
nect ion m u c h gu idance a n d encouragement is provided by the grea t 
progress which has been m a d e in recent years for s tudying day- t ime 
resting habi ts of tse-tse flies in Africa (Chap te r 3) . 

T h e present rel iance on a single sampl ing techn ique is well i l lustrated 
by investigations on two impor t an t aspects of Simulium ecology in West 
Africa. T h e first of these concerns the still controversial question of 
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w h a t happens to Simulium damnosum in s avannah areas where the rivers 
which form the breeding places of this insect stop flowing a n d d ry u p 
du r ing the long d ry season. T h e early colonizat ion of the rivers as soon 
as they begin to flow at the beginning of the ra iny season, a n d the early 
appea rance of adu l t female Simulium a t t ha t t ime, has been a t t r ibu ted 
ei ther to the r ap id reinvasion of s avannah areas by flies from dis tant 
p e r m a n e n t b reed ing sites, or to the possibility of Simulium surviving the 
d ry season in egg or adu l t stage. I n studies in the U p p e r Vo l t a (Ovazza 
et al. 1965b) it was noted t ha t as soon as the rivers stop flowing, or only a 
very short t i m e afterwards, female Simulium a re no longer taken on 
h u m a n bai t . Before this happens , the final collections are composed al-
most entirely of nul l iparous females, a n d young parous , wi th the older 
pa rous g r o u p fading ou t (Fig. 6 ) . As the popu la t ion diminishes therefore, 
its physiological age also decreases. O n e exp lana t ion provided by the au-
thor for this seeming p a r a d o x is t h a t a t this t ime of the d ry season there 
is a n increased morta l i ty , or decreased expecta t ion of life, which prevents 
existing females from reach ing an advanced parous stage. T h e o ther 
possible explana t ion considered by these workers is t ha t a t this t ime the 
older females are less a t t rac ted to m a n , a n d pe rhaps show an increased 
m o v e m e n t to resting places as yet unde tec ted . As a t present the only 
fraction of the Simulium popu la t ion which can be sampled is t ha t taken on 
h u m a n bai t , it is evident t ha t this fascinating ecological p rob l em is likely 
to r ema in unsolved a n d speculative unt i l such t ime as addi t ional sampl ing 
techniques , no t restricted to h u m a n bai t , can be successfully developed. 

H o w va luab le such addi t iona l me thods can be in cer ta in si tuations 
has actual ly been demons t ra ted in t ha t p a r t of West Africa wi th ano the r 
species of Simulium, S. adersi, which at tacks m a n in par t s of the U p p e r 
Vo l t a region (Lamontel ler ie , 1963). By the use of a very simple design 
of l ight t r a p in the form of a 100 w a t t frosted electric l ight bu lb placed 
over a whi te t ray filled wi th water , bo th males a n d females of this 
species have been taken t h roughou t the d ry season in this s avannah zone. 

T h e second of these investigations on ecology of Simulium damnosum 
concerns the long-recognized differences be tween the epidemiology of 
onconcerciasis in the ra in forest areas of West Africa, a n d the s avannah 
zones exposed to a long d ry season. Entomologica l investigations in the 
Ivory Coast a n d in the U p p e r Vo l t a have aga in h a d to rely exclusively 
on h u m a n ba i t captures for sampl ing adu l t vector popula t ions . I n the 
ra in forest a rea there is a h igh a n d m o r e or less cont inuous p roduc t ion 
of Simulium, which disperses over a wide a rea . I n the savannah areas 
there a re wide seasonal differences in vector density, b u t a m u c h closer 
concent ra t ion nea r the b reed ing s t reams a n d rivers a n d associated 
h u m a n set t lements. Examina t i on of bait-collected females has also 
shown tha t there is a progressive increase in the percen tage parous 
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when proceeding from forest zone to s a v a n n a h (Le Berre et al. 1964; 
Le Berre, 1966). I t is this high concent ra t ion of longer-lived females nea r 
the breeding areas which is considered to be the m a i n reason for the 
increased risk of h u m a n infection in villages a n d sett lements in those 
par ts of the savannah . 

Again , one feels t ha t the two envi ronments in which S imul ium is 
being sampled are so marked ly different t ha t rel iance on a single sam-
pling technique is a severe restriction in such an ecological enqui ry . 
Qu i t e apa r t from cl imatic a n d topographica l differences be tween ra in 
forest a n d savannah , the quest ion of a l ternat ive hosts in the ra in forest 
a rea — normal ly thinly popu la ted by h u m a n s — m a y be an i m p o r t a n t 
factor in de te rmin ing the validity of sampl ing based on a t t rac t ion to 
h u m a n bai t . I n addi t ion there are obviously m a n y pitfalls in in terpre t ing 
age-grading da ta , based on h u m a n bai t ca tch alone, in terms of the 
Simulium popula t ion as a whole in such forest areas. 

Closely b o u n d u p wi th the p rob lem of improved sampl ing for Simu-
lium is the need for more accura te information a b o u t the feeding habi ts , 
especially of the vector species, and the range of animals a t tacked. Th is 
is par t icular ly urgent in view of the likelihood tha t Simulium damnosum 
is composed of two or more subspecific groups, each pe rhaps a t t rac ted 
to m a n in a widely different degree (Dunba r , 1966; Duke et al. 1966; 
Lewis a n d Duke , 1966; M c R a e , 1967). Observat ions on C a n a d i a n 
Simulium have shown tha t with one par t icu lar species which normal ly feeds 
on birds, there is an increased tendency to feed on m a n with the onset of 
colder conditions in the a u t u m n (de Foliar t a n d R a o , 1965). Similarly, 
this species shows a change to man-feeding habi ts a t h igher al t i tudes. 

These addi t ional variables further under l ine the l imitat ions of h u m a n 
bai t sampl ing on its own. This m a y be specially per t inen t a t very low or 
negative densities where a false impression of vector scarcity or absence 
could easily be p roduced a t a t ime when the vector was still present, bu t 
for some cl imatic or o ther reason was a t t rac ted temporar i ly to hosts o ther 
t han m a n . T h e use of ba i t animals o ther t h a n h u m a n has been used 
ra the r sporadically in the case of the Simulium vectors of onchocerciasis, 
and often u n d e r condit ions in which results m a y be compl ica ted by the 
presence of the h u m a n catcher , e.g. collecting on horse or cow. T h e 
possibility of developing more refined methods involving rodents or o ther 
small animals or birds as bai t , uninfluenced by any h u m a n presence, is 
suggested by the following. — M e t h o d s worked out in the s tudy of 
insect vectors of myxomatosis in Austra l ia (Myers , 1956; Dyce a n d Lee, 
1962), and which have successfully inc luded Simulium, are based on a 
"cone-d rop t r a p " which is suspended over a one-inch mesh cage con-
ta in ing the single bai t ( rabbi t in this case). T h e cone t raps can be raised 
a n d lowered by cords from a distance of 30 to 40 yards . T h e ba i t is ex-
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posed for 15 minutes a t a t ime, after which the cone t r a p is lowered, a n d 
a collection is m a d e of the insects t r a p p e d in the course of feeding on or 
a t t rac t ion to the bai t . 

T h e same principle , wi th slight modifications, has been used in Simu-
lium studies in N o r t h Amer ica , using various small an imals a n d birds 
as bai t (Anderson a n d de Foliar t , 1961). I n those investigations a da rk 
box conta in ing a small w indow t r a p of ne t t ing is lowered periodical ly 
over the exposed ba i t ; insects a t t rac ted to the ba i t or feeding on it a re 
a t t rac ted into the l ight cage which can then be isolated by a sliding pane l 
to facilitate collecting. 

I n studies on Simulium a t t rac ted to various types of b i rd ba i t in C a n a d a 
(Bennett , 1960) the same pr inciple of ba i t exposure was used. T h e 
birds were placed in o rd ina ry chicken-wire cages for 20 -30 minutes a t 
a t ime, after which they were covered by a fine mesh collecting cage for 
a further 20-30 minutes . Th is al lowed engorged flies to leave the birds 
a n d settle on the walls of the cage where they could be collected by 
aspirator . By means of a simple rope a n d pulley system, the exposure 
cages conta in ing birds could be raised to various heights u p to 20 ft above 
the g round . 

O t h e r work in C a n a d a on the a t t rac t ion of Simulium to b i rd-ba i t has 
disclosed an unusua l degree of specificity on the p a r t of one species a n d 
has led to a discovery of considerable significance in vector ecology as a 
whole (Fa l l i s and Smi th , 1964) (Fallis, 1964). Simulium euryadminiculum is 
strongly a t t r ac ted to the c o m m o n loon {Gavia immer) as a host to such a n 
extent t h a t even a dead loon, or the s tudy skin p r e p a r e d from it, a t t rac ts 
hund reds of flies. These observations strongly suggested t ha t a t t rac t ion 
depended on a specific olfactory st imulus. Th is was tested by exposing a 
dead loon, dead black duck, d e a d ma l l a rd duck a n d b o t h d e a d a n d 
living domest ic duck nea r a lakeshore, a n d collecting the Simulium 
a t t rac ted . W i t h this choice, S. euryadminiculum con t inued to be a t t rac ted 
in hundreds to the dead loon, to the almost comple te exclusion of the 
o ther live a n d dead birds. By m a k i n g extracts of different par t s of the 
body wi th different solvents, a n d exposing on the lakeshore p a p e r 
towels which h a d been soaked wi th these different suspensions a n d 
allowed to dry , a most spectacular react ion was p roduced . W i t h i n 
minutes , hundreds of black-flies swarmed over the pape r towel on which 
a n e ther extract of the loon's tail h a d been poured . I n contrast very few 
flies were a t t rac ted to towels conta in ing extracts from other par t s of the 
body. T h e authors of t ha t work considered tha t the specific olfactory 
react ion was the p r imary st imulus in b r ing ing the flies to the host, b u t 
t ha t a t close range , visual stimuli also appea red to be impor t an t , in-
fluencing the behav iour of the fly wi th regard to l and ing on cer ta in par t s 
of the body, or on raised objects associated wi th the a t t rac t ive source. 
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As Simulium a re almost entirely day- t ime biters, the quest ion of visual 
a t t rac t ion to the host has received a grea t deal of a t tent ion, par t icular ly 
wi th regard to E u r o p e a n a n d N o r t h Amer ican species. At the m o m e n t it 
is difficult to say how far these findings migh t app ly to the t ropical 
Simulium vectors of disease, or how far they will he lp to i l luminate or 
improve sampl ing methods based pr imar i ly on host a t t rac t ion . H o w -
ever, the possible significance of this work canno t be overlooked as it 
deals wi th aspects of activity a n d aggregat ion c o m m o n to a wide r ange 
of o ther day- t ime bi t ing insects, such as tse-tse flies a n d tabanids , as 
well as to those mosquitoes, such as species of Aedes a n d Mansonia which 
are day- t ime or crepuscular feeders. 

I n studies on Simulium arcticum, a n i m p o r t a n t pest of livestock in 
C a n a d a , an artificial an imal - type t r ap , or silhouette t r a p , has been 
designed in order to provide a more satisfactory m e t h o d for rout ine 
sampl ing of black-fly popula t ions (Fredeen, 1961). This t r a p which has 
m a n y features in c o m m o n wi th the " a n i m a l t r a p " used in tse-tse 
studies (see p . 16) is a frame constructed in the form of a four-legged 
an imal . T h e unders ide is left open, b u t direct sunlight is admi t t ed to the 
da rk inter ior only th rough an opening in the top . O v e r this slit is fitted a 
clear plastic cone t e rmina t ing in a removable glass j a r . Black-flies 
a t t rac ted to this silhouette t r a p are therefore mechanica l ly t r apped in 
m u c h the same way as tse-tse. I n exper iments wi th three forms of t r ap , 
viz. cow silhouette, sheep silhouette a n d p y r a m i d silhouette, the first 
was the most effective, confirming tha t the efficiency of such t raps a p -
pears to be a direct function of surface area a n d size of opening, r a the r 
t h a n shape. These t raps caugh t most black-flies du r ing a one or two-
h o u r per iod before and after sunset, t ha t is a t a t ime when an ima l hosts 
are normal ly most severely a t tacked. I t appears t ha t this t r a p only 
samples the a t tacking popula t ion of black-flies, a n d from the strict 
sampl ing point of view is p robab ly subject to m a n y — b u t not all — of 
the variables a t t end ing the use of live an ima l or h u m a n bai t . Unl ike tse-tse 
flies in similar c ircumstances, the t r a p does not a p p e a r to a t t rac t females 
seeking shelter only, or females at in te rmedia te stages of blood digestion. 

T h e quest ion of shape, colour a n d m o v e m e n t of such visual t raps has 
been further examined in N o r t h Amer i can species by means of the 
" M a n i t o b a fly t r a p " in modified form (Peschken a n d Thorste inson, 
1965), a n d in E u r o p e a n species by means of a range of artificial an ima l 
a n d b i rd silhouette t raps (Wenk a n d Schlorer, 1963). T h e methods used 
in apply ing the M a n i t o b a fly t r a p to Simulium were esentially the same, 
on a smaller scale, as those originally developed wi th horse-flies (see 
page 1 7 ) . Flies a t t rac ted to the t r a p were c a u g h t e i ther in the non-
r e tu rn chamber , in which a bag of sodium cyanide was suspended, or 
on tanglefoot appl ied to the target . I n this w a y it was possible to show 
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t ha t s ta t ionary cylinders or p laques were more a t t rac t ive t h a n the same 
targets suspended so as to ro ta te in air currents . By using two-d imen-
sional shapes in various designs it was no ted t h a t solid pa t te rns in the 
form of t r iangle , square or disc proved more a t t rac t ive t h a n broken 
pa t te rns such as X , Y, or • . However , w h e n three-dimensional models 
such as various forms of cube or cyl inder were tested, there was a p p a r -
ently no discr iminat ion. 

I n the studies on E u r o p e a n species of Simulium, a r ange of artificial 
an ima l a n d bi rd silhouettes were ingeniously constructed in such a way 
tha t the ac tua l silhouette of the each an ima l could be var ied as to posi-
t ion of head , ears, tail a n d o ther projections. These observations showed 
tha t different species of Simulium t ended to be a t t rac ted no t only to 
different "hos t s " bu t also to par t i cu la r par t s of the same host. 

O f par t i cu la r significance from the poin t of view of sampl ing fractions 
of the Simulium popula t ion o ther t h a n those obviously a t t rac ted to bai t , 
were the N o r t h Amer i can studies on artificial oviposit ing sites in the 
form of stakes of different colours, p laced ei ther hor izonta l ly or up r igh t 
in a Simulium b reed ing s t ream. T h e a t t rac t ion of different ind iv idua l 
stakes to oviposi t ing female Simulium was j u d g e d by removing the egg 
masses a t intervals a n d weighing t h e m . I n this w a y it was shown t h a t the 
differences be tween the m e a n n u m b e r of eggs laid on stakes of different 
colours were highly significant, w i th the highest a t t rac t ion a t the yellow 
a n d green end of the spec t rum, a n d the lowest a t the red-black end . 
Studies on t ropical vector species of Simulium, such as S. damnosum in 
West Africa, have shown t h a t twigs a n d leaves suspended in contac t 
wi th the tu rbu len t wa te r in select par t s of s treams a n d rivers can provide 
a t t rac t ive sites for mass oviposit ing by females ( M u i r h e a d - T h o m s o n , 
1956c; M a r r , 1962). Possibly a further a n d more critical examina t ion of 
this a t t rac t ion m a y yet provide a va luable sampl ing m e t h o d for the 
grav id fraction of the popula t ion , a b o u t which so little is known. 

M a n y of the p rob lems e n c o u n t e r e d w i th s a m p l i n g black-flies 
{Simulium) app ly equa l ly well to midges {Culicoides) a n d sand-flies 
{Phlebotomus). Culicoides for e x a m p l e has received a g rea t dea l of a t -
t en t ion no t only as a vec tor of h u m a n disease (Filariasis due to Acantho-
cheilonema perstans in the C a m e r o o n s a n d the Nige r Del ta) a n d a n i m a l 
disease (African horse sickness, b lue tongue of sheep) b u t also as a pest 
insect whose mass a t tacks on h u m a n s crea te a nuisance or even a major 
p r o b l e m in m a n y count r ies . 

O n e of the commones t methods of sampl ing pest Culicoides in the 
Amer i can cont inent is a var ia t ion of the h u m a n bai t ca tch , fly densities 
being recorded by " l a n d i n g r a t e s" , i.e. the n u m b e r of flies recorded on 
a n exposed h u m a n a r m du r ing a short a rb i t r a ry per iod. W h e n the 
length of this exposure per iod is s tandard ized , e.g. two minutes , a n d the 



80 E C O L O G Y OF INSECT V E C T O R P O P U L A T I O N S 

l and ing rates recorded a t regular intervals t h roughou t the d a y or the 
season, a comparison of midge a b u n d a n c e in different sites or localities can 
be m a d e . Regu la r observations over a long period can enable estimates 
to be m a d e of seasonal a b u n d a n c e ( J a m n b a c k a n d Wat thews , 1963). 

I n studies on Culicoides in West Africa sampl ing by h u m a n bai t / 
collector has been used, with the refinement t ha t collections of individual 
species of proved or suspect vectors were m a d e du r ing the per iod w h e n 
the species was bi t ing at a high or uniform ra te . For example , the maxi -
m u m bi t ing period for four species were as follows (Nicholas et al. 1953) : 

I n general the use of h u m a n bai t for sampl ing Culicoides has run into all 
the variables a l ready deal t with, such as wind, number s of hosts, exact 
location, t ime of day , etc. (Kett le , 1962). O f par t i cu la r interest has been 
the use of several a l ternat ive methods of sampl ing Culicoides. I n an investi-
gat ion on midge control in Scot land the use of sticky t raps was carefully 
examined . These took the form of b lack-pa in ted cylinders which were 
grease-coated and suppor ted on wooden stakes abou t 6 ft above the g round . 
T r a p s of this kind a r ranged in paral lel rows, a n d in a line extending for 
1200 yd, were used for sampl ing and dis tr ibut ion studies (Ket t le , 1960). 

Sampl ing of the Scottish midges has now been extended to include 
suction t raps in which a Vent -Axia fan sucks flying insects passively in to 
a collecting tube , the catch being sorted au tomat ica l ly into hour ly 
collections (Reuben , 1963). T r a p s were a r r anged wi th their mou ths 6 ft, 
3ft, a n d 6 in respectively above the g round . As this is a passive sampl ing 
me thod which does not involve any ba i t or o ther a t t r ac tan t , it is con-
sidered to give an unbiased est imate of the n u m b e r of insects in a con-
s tant volume of air in a definite per iod of t ime. (Taylor , 1951 ; J o h n s o n a n d 
Taylor , 1955). However , this flying popu la t ion is evidently not t ruly 
representat ive of the popu la t ion as a whole . Males were rarely t aken in 
the t raps , a n d the female ca tch was composed almost entirely of those 
wi thou t blood in t h e gut , a n d a t a very early stage of ovar ian deve lopment . 

Experience wi th the use of light t raps in Culicoides studies has provided 
a n interest ing paral le l to the Simulium s tudies described above in reveal-
ing selection by different species. I n records from Por to Rico (Fox, 1953 ; 
Fox a n d Kohler , 1950) the figures showed t h a t Culicoides furens— the 
c o m m o n h u m a n pest species — m a d e u p only 3 0 . 5 % of the to ta l Culicoides 
catch in three localities, while C. inamollai, which h a d h i ther to been re-
ga rded as an obscure species, m a d e u p 61 % of the to ta l . L igh t t r a p studies 
on Culicoides sanguisuga — an a b u n d a n t pest midge or " p u n k i e " in the 

C. grahami (suspect vector) 
C. inornatipennis 

C. austeni (proved vector) 
C.fulvithorax 
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N . E . U n i t e d States a n d S.E. C a n a d a , have shown t h a t a l t hough h igh 
ca tches of this species can be t aken , t h e collections canno t be considered 
as representa t ive of the popu la t i on as a whole . V e r y few males were taken , 
only abou t 5 per 1 000 females. O f the female popula t ion itself only 2-8 
per 1 000 were gravid, a n d 2-9 per 1 000 conta ined a recent identifiable 
blood mea l . I t is interest ing to note t ha t despite all the var iable factors 
involved, the l ight t r a p counts ex tending over several mon ths showed a 
p a t t e r n of seasonal a b u n d a n c e of this species very similar to t ha t indi-
ca ted by the entirely different sampl ing techn ique of recording s t anda rd 
l and ing ra te counts on the exposed h u m a n a r m ( J a m n b a c k a n d W a t t -
hews, 1963) (Fig. 7a, b ) . 
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These , a n d o ther factors, would clearly have to be taken in to account 
in in te rpre t ing the results of ano the r extensive l ight t r a p s tudy carr ied 
ou t t h rough a comple te a n n u a l cycle, namely , the invest igat ion on 
Culicoides popula t ions in western Texas in connect ion wi th the epide-
miology of b lue tongue virus disease of sheep (Wir th a n d Bott imer, 1956) . 

As in o ther fields of vector ecology, there is an increasing need for 
non -a t t r ac t an t sampl ing me thods for rest ing a n d in-flight popula t ions of 
Culicoides. A m o n g the methods which m a y well be improved a n d exten-
ded is the use of a power aspirator , a n d the use of large nets m o u n t e d on 
vehicles (Bidlingmayer, 1961 ; Nelson, 1966). 

M a n y of the experiences gained, a n d the comments m a d e , on the 
sampl ing of black-flies a n d midges, could app ly equal ly well to ano ther 
g roup of small elusive bi t ing flies, namely sand-flies, Phlebotomus, vectors 
of h u m a n leishmaniasis. Ear ly classical studies on the role of Phlebotomus 
as a vector of K a l a Azar in I n d i a (Short t , 1932) were concerned main ly 
wi th species which were a b u n d a n t in a n d a r o u n d h u m a n dwellings. 
Since tha t t ime investigations in o ther countries have given increasing 
a t ten t ion to collecting or sampl ing Phlebotomus outdoors , bo th in the 
bi t ing phase a t tacking h u m a n s or an ima l hosts, a n d in the resting phase 
in a wide range of ou tdoor shelters. (Kirk a n d Lewis, 1951 ; Petr ischeva, 
1946, 1965). T h e impor t ance of the outdoor-res t ing popula t ion was early 
recognized by various workers, a n d Ki rk a n d Lewis (1947) for example 
concluded tha t survival of sand-flies in some ar id areas of Africa mus t be 
due in large measure to their exploit ing a vast sub te r ranean environ-
m e n t consisting of an ima l burrows, a n d deep cracks a n d fissures in the 
soil in which favourable condit ions of t empe ra tu re a n d humid i ty enabled 
t hem to avoid the severe condit ions above the g r o u n d . 

Sand-flies have always been a difficult g roup to sample , as dist inct 
from jus t cap tur ing . T h e r e are several methods of ca tching, collecting or 
t r app ing Phlebotomus a n d demons t ra t ing a p p a r e n t changes in species 
composit ion a t different seasons, b u t it is still uncer ta in as to how m u c h 
these captures , often restricted to specially favourable concent ra t ion sites, 
really reflect changes in the densi ty of the popu la t ion as a whole , or give 
any th ing app roach ing a t rue idea of vector d is t r ibut ion (Hoogst raa l et al. 
1962 ; Min ie r , 1964; T u r n e r a n d Hoogs t raa l , 1965) . I n add i t ion to the 
more or less convent ional captures on h u m a n ba i t which are widely used, 
roden t -ba i ted t raps or cages are p lay ing an increas ing p a r t in cap tu re or 
sampl ing techniques for Phlebotomus, especially in epidemiological studies 
on the reservoir of l e i shmania infection in wild an imals (Hoogst raa l et al. 
1962 ; T u r n e r a n d Hoogs t raa l , 1 9 6 5 ; Wil l iams, 1965 ; Disney, 1966). 

T h e ac tual design of sand-fly t r a p tends to vary according to the in-
vestigator, a n d there is a l ready evidence tha t differences in the design, 
a n d opera t ion of the t r a p , as well as in the n a t u r e of the host rodent , 
m a y make results difficult to in terpre t in some instances. For example , 
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in the leishmaniasis studies in S u d a n ( T u r n e r a n d Hoogst raa l , 1965) it 
was found tha t Phlebotomus langeront orientalis, a species which at tacks 
h u m a n s in large number s , a n d the suspected m a i n vector of ka la -azar 
in t ha t area , was only taken in insignificant n u m b e r s in t raps ba i ted 
wi th four different species of forest- inhabit ing rodents . I n view of the 
fact t h a t this species of Phlebotomus mus t almost cer tainly have o ther hosts 
besides m a n , the au thors suspect t h a t its re luc tance to enter the t raps 
mus t have been due to some s t ruc tura l feature, such as shape, size or 
ape r tu re of ent ry cone — in m u c h the same way as Aedes africanus in the 
forests of centra l Africa is re luc tan t to enter be tween the well spaced bars 
of a roofed cage ba i ted wi th monkey, a l though it will readi ly bi te monkey 
ba i t in the open. F r o m d a t a on those species of Phlebotomus which do 
readi ly enter such t raps , a n d feed on the roden t bai t , it also appears t h a t 
qui te a p a r t from specific differences, larger sized rodents are more 
a t t rac t ive t h a n smaller ones. I t is wor th not ing t ha t a t t empts to counter 
this bias towards the larger ba i t an ima l s have been m a d e by adjust ing the 
n u m b e r of ba i t an imals in each t r a p in order to ba l ance the a t t r a c t a n t 
mass . T h i s has been done no t only in Phlebotomus invest igat ions (see below 
(Tha t che r a n d Her t ig , 1966)) b u t also in qui te unre la ted studies on feed-
ing hab i t s of mosqui to vectors of J a p a n e s e B. encephal i t i s (see page 58) . 

Investigations in P a n a m a have also yielded a grea t deal of va luab le 
informat ion on the use a n d l imitat ions of t raps ba i ted wi th small an imals 
(Tha t che r a n d Her t ig , 1966). A wide r ange of sampl ing methods was 
used in those studies, inc luding a var ie ty of ba i t ed t raps , oiled papers 
a lone or in combina t ion wi th ba i ted t raps , a n d also collections in repre -
sentative ou tdoor resting sites. Several types of ba i t ed t r a p proved to be 
unsui table for various reasons, a n d the sampl ing m e t h o d finally adop ted 
was based on direct collection of sand-flies from caged bai t . Var ious 
small ba i t animals were set u p in cages in the forest in such a w a y t ha t 
sand-flies have free u n i m p e d e d access to t h e m . T h e t raps were visited 
briefly for a b o u t 5 minutes every half hour , a n d collections m a d e of all 
sand-flies settled on or nea r the bai t . T h e collectors t hen wi thd rew to 
their base 50-100 yd dis tant in o rder to min imize the effect of any 
h u m a n a t t rac t ion . These observat ions showed t h a t the m a n - b i t i n g species 
of Phlebotomus in P a n a m a have a wide host r a n g e a m o n g forest an ima l s . 

A combina t ion of ba i ted t r a p a n d sticky t r a p has been developed in 
leishmaniasis studies in British H o n d u r a s (Disney, 1966), a n d has been 
found par t icular ly va luab le in epidemiological investigations there (see 
page 84). Th i s t r a p was designed in o rder to min imize the effect of 
sand-flies enter ing a ba i ted t r a p a n d m a n a g i n g to escape before collec-
t ion. A cubical r a t cage is set in a t r ay su r rounded by a flat hor izonta l 
surface which is coated wi th a film of castor oil, the whole being p ro -
vided wi th a roof from which the cage a n d t r a p are suspended. 

O n e of the m o r e recent studies on the sampl ing of Phlebotomus, in the 
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S u d a n , illustrates very well the careful app roach to the e l iminat ion or 
selection of suitable sampl ing techniques ( Q u a t e , 1964). T h e oiled 
p a p e r or sticky t r a p me thod was investigated, using 15 c m squares of 
wax pape r coated wi th light oils such as castor oil a n d sesame seed oil, 
a n d suspended in a variety of habi ta t s . W i t h most local species the n u m -
bers caugh t were irrespective of whe the r castor oil or sesame oil was 
used, a n d if t ha t h a d been the only considerat ion castor oil would p r o b -
ably have been adop ted as s t andard because it lasts longer t h a n sesame, 
which needs replenishing daily. However , for one of the most i m p o r t a n t 
species studied, P. orientalis, castor oil evidently h a d some repellence, 
larger catches being recorded on the sesame-treated papers . I n the same 
way a similar type of bias or specific selection was revealed in experi-
ments wi th light t raps , which yielded main ly a less i m p o r t a n t species, 
P. squamipleuris, a n d failed to a t t rac t the others . 

Observat ions on the use of h u m a n ba i t (or h u m a n " lures") confirmed 
how m u c h this sampl ing can be affected by increasing wind movements , 
as follows : -

Below 1-5 m/sec N o effect 
1-5 to 2*5 m/sec Biting l iable to fall off sharply 
O v e r 4-0 m/sec Biting ceases entirely 

This au tho r also draws a t tent ion to ano the r factor which would a p p e a r 
to be equal ly appl icable to a wide range of vectors in addi t ion to Phle-
botomus, namely the " u n k n o w n factor of popula t ion fluctuations of the 
m a m m a l s which serve as hosts for the seasonal sandflies". 

At present, progress towards improved evaluat ion of sampl ing tech-
niques for Phlebotomus is r a the r h a n d i c a p p e d by the fact t ha t in some of 
the m a i n investigations, the exact role of the differing species of Phle-
botomus as vectors of the local form of h u m a n leishmaniasis is still 
obscure, a n d it is no t yet possible to concent ra te studies on only one or 
two species. I n addi t ion , the epidemiological p ic ture is further compli -
ca ted by the need to s tudy the vector in relat ion to possible reservoirs 
of infection in various an ima l hosts. I n British H o n d u r a s for example , 
a b o u t fifteen different species of Phlebotomus have been taken in the 
course of three different cap tu re techniques , namely , collections from 
outdoor resting places (mainly the buttresses of large forest trees), on 
h u m a n bai t , a n d in t raps bai ted wi th eight different species of rodents 
(Williams, 1965). 

Similarly, investigations in the G a m b i a have employed a wide range 
of cap tu re techniques, inc luding sticky bands across bur rows a n d o ther 
aggregat ion sites, box t raps , captures a t l ight, space spraying in houses, 
t r a p hu ts ba i ted wi th m a n or goat a n d sticky t raps nea r catt le (Lewis 
a n d M u r p h y , 1965). Again , a large n u m b e r of species of Phlebotomus 
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were recovered. Th is b r o a d spec t rum sampl ing is well in keeping wi th 
present needs a n d t rends , a n d there seems little d o u b t tha t w h e n studies 
can be concent ra ted on a few key species, l ight m a y well be t h rown on 
m a n y sampl ing prob lems of wide significance in vector ecology in 
genera l . 
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All the groups of D ip t e r a discussed so far can be accura te ly desig-
n a t e d as vectors of disease. I n most cases the disease-producing parasites 
or pa thogens which they acquire in the process of feeding on h u m a n or 
an ima l blood undergo deve lopment a n d mul t ip ly in the insect body . 
After the appropr i a t e interval infective forms of the parasi te a re p ro -
duced which are capab le of being conveyed to a fresh host in the course 
of b i t ing or blood-feeding. W i t h some b i t ing insects, e.g. Tabanus, 
Stomoxys, the disease o rgan i sm m a y be conveyed directly from host to 
host by simple inoculat ion th rough con tamina ted mou thpa r t s . 

T h e c o m m o n house-fly, Musca domestica, a n d its o the r non-bloodsucking 
allies, comes in r a the r a different category, namely t ha t of a passive 
conveyor of disease organisms from excreta or o ther con tamina ted 
sources, to foodstuffs, utensils, a n d other components of m a n ' s immed ia t e 
env i ronment where infection has every chance of be ing picked u p by a 
new host . T h e filth-feeding hab i t s of blow-flies on car r ion (Calliphora, 
Lucilia, etc.) or on excreta (Chrysomyia), a n d the i r close association 
wi th m a n a n d his habi ta t ions , also expose t h e m to suspicion, a l though 
their role as agents of h u m a n disease still needs clarification (Greenberg , 
1964). 

However , in the general context of sampl ing popula t ions of winged 
vectors of disease, the present review would be very incomplete wi thout 
examin ing the pecul iar difficulties presented by house-fly a n d blow-fly 
popula t ions . I n the same way critical studies on blow-fly populat ions , 
connected wi th an imal heal th r a the r t h a n h u m a n disease, have proved to 
have m u c h in c o m m o n wi th similar problems encountered in tse-tse work. 

As the non-bloodsucking house-fly is no t associated wi th any specific 
"hos t " , sampl ing methods have in general been based on estimates or 
counts of flies in known concentra t ion or aggregat ion sites, usually in a n d 
a round h u m a n habi ta t ions . T h e success of these methods depends on a 
considerable knowledge of the range a n d type of concent ra t ion site 
preferred by the fly. These sites m a y vary according to t empera tu re , to 
the t ime of the day or season of the year , a n d m a y shift from indoors to 
outdoors depend ing on condit ions. I n addi t ion to the more obvious 
physical factors such as light, shade, t empera tu re , etc . the degree of fly 
concent ra t ion at a par t icu lar site m a y be influenced by some at t ract ive 



7. H O U S E - F L I E S A N D B L O W - F L I E S 87 

substance, such as ur ine , faecal ma t te r , or offal, pe rhaps t ransient a n d 
difficult to define. 

I n a n a t t e m p t a t numer ica l accuracy one of the most widely used 
sampl ing techniques for house-flies is the coun t based on a s t andard grill 
or grid p laced over k n o w n fly concent ra t ion sites (Scudder , 1947; 
Holway et al. 1951 ; M a d w a r a n d Z a h a r , 1951 ; Schoof, 1955; Hafez 
a n d At t ia , 1958). Th is usually takes the form of a grill or f ramework 36 
in square , w i th twen ty four f - i n w o o d e n strips fixed f in a p a r t . Densit ies 
of flies a re based on grill counts m a d e a t s t a n d a r d t imes or in tervals . 

T h e m e t h o d appears to be subject to m a n y h u m a n errors a n d un -
conscious bias. I n pract ice , it appears t ha t in m a n y cases the numer ica l 
d a t a provided by the grill count can ha rd ly c la im to be more accura te 
t h a n visual est imates of fly densi ty m a d e by an exper ienced opera to r . 
(Welch a n d Schoof) 1953. A n inhe ren t var iab le of the gr id coun t is well 
revealed by Schoof 's observat ions in wh ich he c o m p a r e d gr id counts in 
t he same concen t ra t ion site, us ing grids of two sizes, viz. t he s t a n d a r d 36 
in size wi th 24 slats, a n d an 18 in gr id wi th 12 slats. At low fly densit ies 
w h e n the n u m b e r per gr id coun t r a n g e d from 0 to 5, there was no differ-
ence be tween the two sizes of gr id . A t 6 to 25 flies pe r gr id , t he coun t in t he 
36 in gr id was slightly h igher . A t h igh counts , 51 to 150 flies, t he 36 in 
square gr id recorded twice as m a n y flies as the 18 in gr id (see Fig. 8 ) . 
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F I G . 8. A v e r a g e fly densit ies in areas w i t h differing fly potent ia l s , as d e t e r m i n e d b y 
t h r e e m e t h o d s o f surve i l lance (after Schoof, 1955) : 

Scudder 36 in square gril l ; 18 in square gril l ; Reconnaissance. 
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Anothe r var iable of the grid count , which has to be taken into account 
when more t h a n one species of fly is involved is the fact tha t the p re -
ferred concent ra t ion sites of different species do not necessarily coincide, 
a n d tha t their propor t ions m a y also vary according to the n a t u r e of the 
a t t r ac t an t present . In te rp re ta t ion of grill observations should also allow 
for the fact t ha t two distinct react ions play a p a r t in aggregat ion, viz. 
the aggregat ion due to more flies approach ing the site, a n d aggregat ion 
due to flies spending more t ime on the site (Arevad, 1965), a n d tha t bo th 
reactions m a y be involved. T h e strict analysis of a t t rac t ion sites a n d 
a t t rac tan ts used as a basis for sampl ing should therefore take account of 
the n u m b e r of flies arr iving in un i t t ime, a n d the dura t ion of these visits. 
I n addi t ion , qui te a p a r t from any chemical a t t rac t ion causing fly aggre-
gat ion on sampl ing sites, the physical n a t u r e of the substra te is also a 
per t inen t factor, flies for example usually settle more readi ly on very 
rough surfaces such as s t raw and sacking t h a n on smooth ones such as 
wood or concrete . 

W h a t migh t be regarded as a refinement or a modification of the 
grid count is provided by the technique of collection by v a c u u m or power 
opera ted aspirator (Anderson a n d Poorbaugh , 1964b) which was devel-
oped specially to cap tu re flies on the accumula t ion of droppings in 
poul t ry ranches . Despite the advantages in speed a n d efficiency, a n d 
the abili ty to cope wi th unusual ly high densities of flies, this me thod too 
has its l imitat ions, in t ha t it is no t cont inuous bu t is confined to a single 
po in t in t ime. 

Recent ly , increasing a t ten t ion has been given to fly sampl ing methods 
which t r a p continuously over a period of t ime a n d which thus minimize 
the effect of the considerable shor t - term fluctuations in number s at 
different t imes of the d a y (Raybould , 1964; Anderson a n d Poorbaugh , 
1964a). O n e of the most promising of these methods is the use of the 
sticky t r a p which m a y be regarded as a scientific refinement of the old 
" tanglefoot" fly-paper me thod . Cri t ical studies in East Africa showed 
t ha t sticky t raps m a d e of long thin strips, wi th a propor t ionate ly smaller 
surface area , were m u c h more a t t ract ive t h a n the convent ional form of 
tanglefoot fly-paper. I n addi t ion, improved adhesives have been devel-
oped which re ta in the stickiness for a m u c h longer per iod, wi thout 
deter iorat ion. By releasing known number s of flies in to an empty room 
conta in ing fly-papers of various shapes a n d sizes, the relative a t t rac t ion 
of different lengths a n d widths of sticky strips could be studied, as well 
as the pa t te rns of location, he ight or level, in the rooms. I n compar ing 
the results of sticky t raps wi th those of the convent ional Scudder grill, 
it was found tha t the sticky traps gave figures of greater consistency t h a n 
those of the grill, a n d provided a more accura te indicat ion of weekly 
fluctuations in fly density (Raybould , 1964). 
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T h e relative values of these two entirely different types of fly-sampling 
technique — the sticky t r a p a n d the convent ional grill — have been the 
subject of a par t icular ly i l luminat ing investigation deal ing wi th several 
species of domestic a n d peri-domestic fly in East Africa, bo th indoors 
a n d outdoors (Raybould , 1966a, b ) . For this purpose , ca tch ing station 
of high, m e d i u m , a n d low fly density were selected, a n d the two methods 
of sampl ing were used a l ternate ly for weekly periods. Dur ing the week in 
which t raps were being used in one g roup of stations, grill counts were 
m a d e in a second g roup , the position being reversed in the following week. 

Each fly t r a p consisted of a strip of polythene, 75 c m χ 2 cm, weighted 
at the base and pa in ted wi th an adhesive called " p e r m a n e n t tacky 
adhes ive" (P.T.A.) whose ideal composit ion h a d been worked out in the 
pre l iminary tests described above . I n each ca tching station a single 
sticky t r a p was suspended from the ceiling of the room in quest ion. I n 
low-density stations t raps were left in position for one week, bu t where 
h igher fly densities existed the t raps were replaced before they became 
smothered wi th flies. T h e grill counts were taken four t imes a week, a t 
fixed times in the morn ing a n d in the afternoon. A 3-ft square grill was 
placed on a h igh concent ra t ion focus, a n d the n u m b e r of flies were 
counted a t the end of a 30-minute exposure per iod. T h e results wi th 
reference to Musca domestica a re summar ized in T a b l e X , a n d show tha t 
in pract ical ly all stations the t r a p index great ly exceeds the grill index, 
this superiori ty being in general par t icular ly marked a t h igh fly densi-
ties. 

I t appears t ha t the m a i n advan tage of the sticky t r a p u n d e r those 
condit ions is t ha t it is cont inuous a n d cumula t ive , as compared wi th the 
grill coun t which is confined to a l imited concentra t ions site for a rela-
tively brief per iod of assessment du r ing the hours of dayl ight . T h e grill 
count is m u c h more l iable to be influenced by short t e rm i r regular 
fluctuations in fly density du r ing the course of the day , as well as by 
the more regular d iu rna l changes in which for example the afternoon 
grill count is usually h igher t h a n the morn ing count on the same day . 
T h e close dependence of the grill count on the n a t u r e of the a t t r ac t an t 
a t the concent ra t ion site sampled became very obvious in one of the 
ca tch ing stations sited nea r a bu tchery — G r o u p Β, 1 in T a b l e X — 
where the fly popula t ion fluctuated considerably according to whe the r 
m e a t was exposed for sale or not . T h e l imitat ions of the grill count also 
became a p p a r e n t in sampl ing domest ic blow-flies such as Chrysomyia, 
which tends to disperse when dis turbed by the grill p laced on a con-
cent ra t ion site. 

I n those East African studies an addi t iona l t echn ique was used to 
extend the information provided by the n o r m a l grill count . Th i s was 
the "adhes ive grill c o u n t " in which a n o r m a l Scudder grill was coated 
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T A B L E Χ 

Comparison of fly-trap and grill methods for sampling populations 
of Musca domestica in Tanzania, East Africa, at different population levels 

(after Raybould, 1966a). 

C a t c h i n g Stat ion F ly- trap i n d e x 
Gri l l 
I n d e x 

R a t i o 
F ly - trap / 
gril l 

G r o u p A . 1 2 020-8 8-9 227 : 1 

2 435-1 2-7 160 : 1 

3 441-2 4-4 100 : 1 

4 137-2 2-2 62 : 1 

5 59-0 1-3 45 : 1 

G r o u p B. 1 1 260-3 33-5 38 : 1 

2 382-0 1-0 382 : 1 

3 98-9 2-0 49 : 1 

4 37-5 1-8 21 : 1 

5 0-1 0-1 1 : 1 

with adhesive enabl ing settling flies to be caught , a n d after being soaked 
off wi th kerosene, examined individual ly . I n this w a y a more accura te 
idea could be ob ta ined of the propor t ion of sexes inc luded in the no rma l 
grill count . T h e relative proport ions of males a n d females sampled by 
grill a n d by t r a p differ significantly in the two methods . Perhaps be-
cause female house-flies are more susceptible to food a t t rac t ion t h a n the 
males, the Scudder grill usually records a h igher p ropor t ion of females 
t h a n the non-a t t r ac t an t sticky t raps . I n this pa r t i cu la r investigation the 
use of the adhesive grill count h a d the addi t ional advan tage of enabl ing 
closely related species of Musca — difficult to distinguish visually w h e n 
settled — to be accurately identified. 

Even the most domest ic flies spend some p a r t of their lives outdoors 
as well as indoors. I n addi t ion some peri-domestic flies associated wi th 
m a n are main ly ou tdoor species which do not use aggregat ion sites to the 
same extent as Musca domestica. I n order to sample this ou tdoor popu la -
tion, the possibility of the sticky t r a p technique for ou tdoor use has also 
been closely examined . For this purpose the composit ion of the adhesive 
which h a d been found ideal for indoor purposes, h a d to be modified 
in order to m a k e it s tand u p to the range of wea the r condit ions existing 
in tha t a rea . I n addi t ion, a suitable form of upr igh t t r a p h a d to be 
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designed to replace the suspended t r a p which h a d been used in indoor 
studies. T h e observations showed aga in t h a t the t r a p samples were con-
sistently h igher t h a n the grill counts . A t the same t ime, however , the 
t raps evidently sampled a smaller p ropor t ion of the total popu la t ion 
t h a n they did indoors, p robab ly due to the greater n u m b e r of a l ternat ive 
rest ing places outdoors . 

I n appra is ing the va lue of different sampl ing methods there are grea t 
advantages in be ing able to work wi th known popula t ions whose size 
a n d composi t ion could be accura te ly control led. I n the case of the 
first series of East African exper iments recorded above, this control took 
the form of releasing 200 house-flies a t a t ime into an unfurnished room 
in which different types of sticky t r a p were suspended. W i t h such insects, 
which normal ly spend so m u c h t ime wi th in such compara t ive ly c i rcum-
scribed spaces, there is no th ing u n d u l y u n n a t u r a l or artificial a b o u t this 
controlled release exper iment . T h e results can be even more i l luminat ing 
w h e n such exper iments are designed to cover a r ange of popu la t ion 
densities, as i l lustrated by the following example . 

I n S a v a n n a h , Georgia (Schoof, 1951) exper iments were designed to 
evaluate the efficiency of the Scudder Gril l t echnique a t different 
known fly densities, the observations being m a d e in an exper imenta l cage 
80 ft X 30 ft X 10 ft high, l ined wi th plastic screen a n d set u p in an open 
field. Fou r popula t ion levels of flies were used, viz. 200, 800, 3200 a n d 
12000, the observations involving two species of flesh-fly as well as the 
house-fly, Musca. T h e flies used were all 3-day old adul ts raised by 
s t anda rd insectary methods . I n addi t ion to the basic exper iments in-
volving different popula t ion levels, a n d using different propor t ions of 
the three fly species, the influence of o the r control lable factors in t roduced 
into the cage — such as ba i t (milk-malt a n d s t anda rd ga rbage bai t ) a n d 
the presence of scrubs a n d shelter was studied. 

These observations revealed tha t u n d e r all condit ions the average grill 
count per r u n showed progressive increase wi th popula t ion increase : a t 
t he same t ime the re la t ive p ropor t ion of t he to ta l popu la t i on coun ted 
decreased wi th popu la t ion increase. W h e n ga rbage was present in the 
cage the average grill count was near ly doubled as c o m p a r e d wi th the 
cage wi thou t garbage , a n d u n d e r those condit ions the difference be-
tween the percentage counted on the grill a t h igh a n d a t low levels was 
even more marked . For example , a t a popula t ion of 200 flies in the cage, 
the average grill count was 27 ( 1 3 - 5 % ) ; a t a popula t ion of 12800, the 
average grill coun t was 758 (or 5 -9%) . Ano the r difference revealed was 
tha t the counts a t the 200 popula t ion level were qui te closely g rouped , 
b u t the r ange of counts showed increasing var ia t ion a t the h igher p o p u -
lat ion levels. 

F u r t h e r conclusions d r a w n were t h a t the grill counts were influenced 
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markedly by species composit ion of the fly popu la t ion ; t h a t the inter-
act ion of the cage condit ions a n d the species composit ion also influenced 
grill counts, especially at the h igher popula t ion levels, a n d tha t there 
was no significant difference between the grill counts m a d e by the two 
observers in this series of exper iments . Those observers poin ted ou t t ha t 
while cer tain major factors of possible influence on the validi ty of grill 
counts could be controlled a n d reproduced accurate ly in these cage tests, 
there were o ther uncontrol lable factors which also h a d an influence on 
the results. Such factors as t ime of day , t empera tu re , w ind direct ion, 
relative humidi ty , l ight intensity, sky cover, etc. T h e analysis of these 
uncontrol lable factors, m a n y of t hem not i ndependen t of each other , is 
a complex prob lem, b u t at least the d a t a showed fairly clearly t ha t t ime 
of day has a definite influence, a n d tha t there was a t rend towards higher 
grill counts in the afternoon. I n addi t ion, t empera tu re h a d a marked 
effect on the grill count wi th a fall a t all popula t ion levels wi th falling 
t empera tu re below abou t 70°F. 

As there are m a n y factors which m a y play vary ing roles in de te rmin-
ing the a t t rac t ion of concent ra t ion sites where fly counts a re likely to be 
m a d e , it seems tha t this sampl ing me thod will r ema in largely empir ical 
unti l progress has been m a d e in under s t and ing a n d unravel l ing these 
factors. T w o developments m a y il lustrate the way in which behaviour 
studies will assist in achieving this object. A grea t deal of a t tent ion is now 
being given to the possibilities of house-fly control by insecticides a n d by 
chemosteri lants . T h e most convenient way of ensuring tha t these 
chemicals are ingested by a h igh propor t ion of the fly popula t ion is to 
incorpora te t hem in especially a t t ract ive baits (Rosen a n d Gra tz , 1959). 
T h e first p rob lem therefore is to re-examine the whole quest ion of ba i t 
a t t rac t ion (Dame a n d Fye, 1964), a n d it seems very likely t ha t one of 
the indirect results of tha t work will be to place house-fly sampl ing on a 
sounder scientific basis. O f par t icu la r interest is the fact t ha t the chemo-
sterilant studies lay special emphasis on the feeding habi t s of males, as 
distinct from females, and tha t this refers par t icular ly to the requi rements 
of the young recently-emerged males whose p re -mat ing in take of 
chemoster i lant is a vital factor in de te rmin ing the success or otherwise 
of this me thod of vector control . 

T h e second type of investigation which m a y he lp towards a bet ter 
unders tand ing of the factors involved in sampl ing is an analysis of house-
fly behaviour wi th regard to different objects in the env i ronment (Mour -
ier, 1965). Evident ly house-flies show special behaviour towards " n e w 
objects" in t roduced into familiar surroundings . Init ial ly, such objects 
prove highly a t t ract ive , bu t the a t t rac t ion soon decreases, after pe rhaps 
15 to 20 minutes , a n d the new object ceases to receive any preferential 
t r ea tment . Equal ly impor t an t is the fact t ha t the intensity of this a t t rac -
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t ion to the new object is influenced by the physiological state of the fly, 
flies depr ived of food a n d / o r wa te r showing a specially sha rp react ion. 
As the in t roduct ion of a fly-grid in to the fly's env i ronment would a p p e a r 
to come in the same category of " n e w objects" , it would be interest ing 
to see if fly counts on such grills show a similar fall-off after the init ial 
sha rp a t t r ac t ion . 

I t is possible t ha t this type of sha rp react ion to novel st imuli enters 
in to o the r aspects of insect sampl ing . Personal experience with wood-
land Aedes mosquitoes in E n g l a n d (Mui rhead -Thomson , 1956a) 
showed consistently t ha t the n u m b e r of Aedes cantans a t t rac ted to h u m a n 
ba i t en ter ing the wood by d a y rose quickly to a sharp peak t hen de-
clined after 5 or 10 minutes . W h e n the ba i t moved only a few yards 
away to a new stance, a renewed wave of b i t ing took place, a n d was 
followed by a decline. Final ly the same p h e n o m e n o n occurred w h e n the 
ba i t moved back a few yards to the original s tance. I n the case of the 
re-act ivat ing of Aedes, st imuli m a y have been provided visually by the 
m o v e m e n t of the h u m a n " l u r e " from stance to stance, or it could simply 
have been the renewed presence of the h u m a n host which provided the 
fresh a t t rac t ion of a " n e w objec t" . W h a t e v e r the explanat ion , it is clear 
tha t one more factor mus t be a d d e d to the complex to which even the 
most simple a n d direct sampl ing techniques a re exposed. 

T h e use of ba i ted t raps for sampl ing popula t ions of house-flies a n d 
blow-flies has also been a t t ended by m a n y difficulties a n d var iables , 
par t icu lar ly wi th regard to ob ta in ing a ba i t of uniform a t t rac t ion 
(Davidson, 1962; Norr is , 1965, 1966). Some of the most searching in-
vest igat ions of ba i t s ampl ing have been done on blow-flies a n d car r ion flies 
of ve te r inary impor t ance ( M a c L e o d a n d Donel ly , 1957a, b ; M a c L e o d 
1958). As m a n y of those species s tudied have also been investigated wi th 
regard to their possible role in the epidemiology of poliomyelit is , these 
findings are of a d d e d significance in the strict context of sampl ing insect 
popula t ions of medica l impor t ance (Lindsay a n d Scudder , 1956; 
Nuor teva , 1959). 

As the fly popula t ion of carrion-infesting call iphorines exists in a 
s tate of dispersion a n d low density, it is necessary to use an a t t r a c t an t 
which will concent ra te the majori ty of flies wi th in this influence. T h e 
obvious choice of a t t r ac t an t is carr ion. However , it was shown t h a t even 
a uniform type of ba i t mater ia l , such as r abb i t flesh, does no t exert a 
uniform a t t rac t ion . Th is a t t rac t ion varies according to the stage of dry-
ing or decomposi t ion, which in t u r n is influenced by hot or cool wea the r . 
Different species of carr ion fly t end to be a t t rac ted a t different t imes, 
a n d even wi th in a given species the responses of the two sexes to the 
same bai t m a y vary . T h e effective a rea of a t t rac t ion of ba i t is also sub-
ject] to considerable variat ions, a n d is par t icular ly l iable to be drastically 
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l imited by the presence of other , pe rhaps unknown , a t t r ac tan t s in the 
vicinity. 

O n e of the most in tangible variables is due to the t r a p itself, a n d has 
been designated

 4
' t r a p idiosyncrasy". O t h e r factors being equal , cer ta in 

t raps prove to be consistently bet ter , or worse, t h a n the majori ty. As it 
has been observed tha t t r apped blow-flies a t t rac t o ther blow-flies to the 
t r ap , it would a p p e a r t ha t if one t r a p initially catches more t h a n ano the r 
— perhaps due to t r a p idiosyncrasy — the differences be tween the two 
migh t increase r a the r t h a n decrease. I n an efficient t r ap , n u m b e r s in 
excess of a thousand m a y be caugh t in the ma t t e r of a n hour . This high 
ca tch itself m a y prove a l imit ing factor, in t ha t a poin t m a y be reached 
when the high n u m b e r of t r apped flies apprec iab ly diminishes the light 
intensity, wi th the result t ha t there will be an increasing n u m b e r of 
escapes to ba lance the increasing n u m b e r of en t ran ts . 
I n order to deal wi th these difficulties it would be necessary to : 

(a) curtai l the exposure per iod (not usually prac t icable) ; 
(b) reduce the a t t rac t ion of the ba i t ; 
(c) reduce the efficiency of the t r a p . 

T h e only way to measure the bias which mus t exist in this type of 
sampl ing is to est imate the absolute density of the ba i t - t r ap sampled 
popula t ion , by means of the release-recapture me thod discussed below. 

A different pr inciple of sampl ing has been used in these same studies 
on blow-flies of veter inary impor tance . I n t ha t me thod , unba i t ed tent 
t r aps are used consisting of tents wi th a base of one square met re topped 
by gauze cones t e rmina t ing in t raps . T h e t raps are p u t ou t at n ight rest-
ing on the g round in such a way t ha t flies resting in the unde rg rowth are 
a t t rac ted by the morn ing light shining into the apical t raps . I t is con-
sidered tha t this me thod is p robab ly the one most likely to lead to an 
unbiased sample of the popula t ion , provided it could be done on a 
sufficiently comprehensive scale to allow for the low density a n d i r regular 
distr ibution of rest ing blow-flies. 
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V E C T O R P O P U L A T I O N S T U D I E S B Y 
M E A N S O F M A R K I N G - R E L E A S E - R E C A P T U R E 

T h e mark ing , release a n d subsequent r ecap tu re of marked insects is 
a t echn ique which has been extensively used for m a n y years in studies 
on vector ecology. T h e bulk of those studies have been main ly concerned 
wi th problems of flight r ange , dispersion a n d dis t r ibut ion of adul ts , a n d 
cover a wide r ange of insects, such as house-flies ( Q u a r t e r m a n et al. 
1954; Pickens et al. 1967) mosquitoes (Gillies, 1961; Pausch a n d 
Provost, 1965; L indqu is t et al. 1967) black-flies (Fredeen et aL 1953; 
Bennet t , 1963) a n d taban ids (Beesley a n d Crewe, 1963). A n y a t t e m p t 
to summar ize or assess the mass of information result ing from all t h a t 
work would be r a the r beyond the scope of this book, a n d accordingly 
a t ten t ion will be concent ra ted on two par t i cu la r aspects. Firstly, the 
use of the marking-re lease-recapture t echn ique in popu la t ion studies 
a imed a t es t imat ing the absolute density of vectors in a pa r t i cu la r a rea , 
a n d secondly, the use of the t echn ique in o rder to establish the relat ion 
be tween the physiological age of female vectors accord ing to the con-
di t ion of the ovaries, a n d the real or ca lendar age, in days. 

P O P U L A T I O N S T U D I E S A I M E D A T E S T I M A T I N G T H E A B S O L U T E 

D E N S I T Y O F V E C T O R S 

W h e n appl ied to popula t ion studies the pr inciple involved in this 
a p p r o a c h is the Lincoln or Peterson I n d e x which states t ha t in a select 
s tudy area in which a n u m b e r of indiv idual insects or animals have 
been cap tu red , ma rked a n d released, a n d in which a subsequent ca tch 
in t ha t a rea includes a cer ta in n u m b e r of the original ma rked in-
dividuals , the popula t ion in t ha t a rea will be 

Al though the me thod has been widely used in general ecological studies 
of insects a n d animals , the most significant studies from our point of 
view are those carr ied out on tse-tse in East Africa over m a n y years 

T o t a l individuals cap tu red 
in second ca tch 

N u m b e r of individuals m a r k e d 
a n d released 

X 
N u m b e r of marked individuals 

taken in the second ca tch . 
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(Jackson, 1944, 1947, 1953,), a n d the later studies on blow-fly popula -
tions in Eng land ( M a c L e o d a n d Donelly, 1957; M a c L e o d , 1958). I n the 
classical tse-tse studies nine different, coloured, artist oil paints were 
used. Each tse-tse was marked wi th two different colours at a t ime, 14 
different spots being avai lable for ma rk ing on the dorsal surface of the 
thorax . I n this way it was possible to m a r k u p w a r d of 25000 individuals 
wi thout dupl icat ion, thus avoiding the need for r emark ing on r ecap tu re 
a n d further release. 
I n this work two different methods of calcula t ing tse-tse popula t ions 
were u s e d : -

(a) finding the propor t ion of marked to u n m a r k e d flies a t regular 
intervals after release, a n d ext rapola t ing the p ropor t ion of marked 
to u n m a r k e d flies at the m o m e n t of mark ing (Jackson 's "posit ive 
m e t h o d " ) ; 

(b) m a r k i n g and releasing on a n u m b e r of occasions, a n d then re-
cap tu r ing once (Jackson 's "nega t ive m e t h o d " ) . 

I n the more recent work on blow-flies a variety of ma rk ing methods 
have been u s e d : -

(i) h a n d - m a r k i n g of individuals wi th nitrocellulose paints incor-
pora t ing light-resistant p igments , a n d using at least 10 positions 
for mark ing on the thorax of the fly : 

(ii) mass radio-act ive tagging in which the flies are m a d e rad io-
active by add ing p - 3 2 to dr inking water , labelled flies be ing 
detected by screening: 

(iii) mass powder ing , in which the merest t race of coloured powder on 
a recap tured fly can be detected by means of a few drops of 
acetone which dissolves the p o w d e r a n d stains blot t ing p a p e r : 

(iv) powder ing of radio-act ive tagged flies, the object of this being to 
facilitate detect ion of powder in r ecap tu red flies by l imit ing 
testing to flies a l ready rapid ly picked out by radio-act ivi ty; 

(v) self-marking wi th fluorescent mater ia l , this is an ingenious 
m e t h o d whereby the movemen t of the fly's p t i l inum in the p r o -
cess of forcing its way th rough the soil from a bur ied p u p a , 
ensures tha t the fluorescent mater ia l mixed in the soil a n d sand 
is adequa te ly picked u p , a n d successfully re ta ined a n d protected 
by the subsequent re t ract ion or inversion of the p t i l inum. This 
me thod has also been used more recently wi th tse-tse flies in 
Southern Rhodes ia ( D a m e et al. 1965). 

I t will be not iced tha t the two insects which have been used success-
fully in these mark ing a n d recap tu re studies are not only sufficiently 
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large to allow individual mark ing on the thorax , b u t sufficiently robust 
to s tand u p to the hand l ing . Mosqui toes in general are m u c h less sui table 
subjects for mark ing , a n d a l though indiv idual h a n d - m a r k i n g has been 
used successfully on a small scale in o rder to i l luminate cer ta in features 
of their biology, in general they can be m o r e sui tably mass-marked by 
dust ing, s taining, or by radio-act ive tagging in adu l t or larval form. 

Both in tse-tse studies a n d blow-fly studies the p ropor t ion of m a r k e d 
individuals recovered has been sufficiently h igh to enable calculat ions 
to be m a d e on the basis of the Peterson Index . However , the straight-
forward use of this index is only justified if the cap tu re follows im-
media te ly on the release of the marked flies. As it is, a cer ta in t ime mus t 
be al lowed for recovery of m a r k e d flies a n d for their mixing wi th the 
general u n m a r k e d popu la t ion . Both in the "pos i t ive" a n d " n e g a t i v e " 
methods , therefore, the ac tua l calculat ion is r a the r involved, a n d it 
would be ou t of place in this general review to examine it in detai l . T h e 
reader will find an excellent examina t ion of the whole calculat ion in 
A n d r e w a r t h a (1961), P a r r (1965), a n d Sou thwood (1966). 

Those w h o have been concerned wi th these popula t ion studies a re 
fully aware of the m a n y snags a n d obstacles in t he way of reaching a 
correct in te rpre ta t ion . As ment ioned above , a cer ta in interval must be 
al lowed after release of m a r k e d individuals in the general popu la t ion in 
order to allow free dispersal a m o n g the u n m a r k e d popu la t ion before a 
second cap tu re . O u r calculat ions assume tha t this dispersal will be 
homogeneous , bu t t ha t m a y not be so. I n addi t ion , the very in terval 
al lowed for mixing also pe rmi t s dispersal beyond the collecting or s tudy 
area , a n d it also permi ts the mor ta l i ty factor to in tervene. W e have to 
assume t h a t over a short per iod of days a t least there is no significant 
difference in mor ta l i ty be tween m a r k e d a n d u n m a r k e d individuals . T h e 
me thod of releasing m a r k e d individuals is also highly impor t an t . T h e 
m e t h o d of ca tch ing wild flies, m a r k i n g t h e m a n d releasing t h e m on the 
site of cap tu re seems to deal wi th m a n y objections, a n d would a p p e a r 
to be superior to the use of large n u m b e r s of m a r k e d individuals — 
perhaps b red out in the l abora to ry — being released from a cent ra l 
poin t . Cer ta in methods of release m a y also accen tua te the n a t u r a l 
escape react ion of freshly-released flies, possibly p roduc ing over-
dispersion beyond recap tu re l imits. I n the case of s avannah tse-tse, for 
example , one can imagine tha t if sampl ing is based on the fly r o u n d the 
very flies l iable to be caugh t for ma rk ing — mostly males — migh t by 
those individuals most likely to be r ecap tu red on subsequent catches by 
the same technique . I n this way an artificially high recap tu re ra te would 
grossly underes t imate the real popu la t ion . 

I n the blow-fly studies, ba i ted t raps were used as the sampl ing me thod 
of choice in these recap tu re studies. H e r e the uncer ta in ty arises as to the 
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exact extent of the a rea or zone from which flies are a t t r ac ted to one 
t r a p . I n addi t ion the a t t rac t ion to the ba i t t r a p m a y vary from species 
to species, or be tween the different sexes of the same species, a n d 
possibly at different physiological stages (Norris, 1966). 

A similar source of bias in recap ture was revealed in marking-release 
experiments with house-flies in the southern U n i t e d States (Mur rosh 
and T h a g g a r d , 1966), in which fly-ribbons (sticky fly-papers) were used 
to cap tu re flies. W h e n these fly-ribbons were p u t u p on the same d a y on 
which batches of m a r k e d flies were released, it was noted tha t an un -
expectedly high n u m b e r of marked flies were caugh t on the pape r . This 
was found to be due to the fact t ha t young flies (which m a k e u p the bulk 
of the release batch) have a na tu ra l t endency to fly u p to a grea ter 
extent t han older flies, and were consequent ly more liable to be caugh t 
on the fly-ribbons. This par t i cu la r obstacle was countered by not pu t t ing 
u p the fly-ribbons unt i l the day after release. 

A n i m p o r t a n t factor in the analysis of cap tu re - recap ture d a t a in 
es t imat ing daily popula t ions has emerged from work on dragonflies 
(Parr , 1965), in which it was concluded tha t some methods of analysis 
are likely to be more effective when low recap tu re d a t a are ob ta ined 
from large populat ions , while o ther methods of analysis work best when 
high recap tu re d a t a are ob ta ined from a relatively small popula t ion . 

A G E - G R A D I N G OF M O S Q U I T O A N D T S E - T S E P O P U L A T I O N S 

I n the past few years there have been considerable advances in 
knowledge abou t the changes p roduced in the ovaries of female blood-
sucking flies as a result of the regular cycle of feeding, deve lopment of 
ovaries, egg-laying (or deposit ing of larvae in the case of tse-tse), a n d 
blood-feeding once more . This knowledge has been appl ied to the 
development of methods for es t imat ing the physiological age of in-
dividual females, a n d for age-grading na tu r a l popula t ions . I n the 
simpler form of age grading , which has been widely used in studies on 
mosquitoes a n d black-flies, a distinction is m a d e between the two m a i n 
categories of nul l iparous, i.e. those which have not yet completed one 
ovar ian cycle, and parous , those which have comple ted one or more 
cycles. 

I n the more advanced forms, the age g rad ing techniques enable 
further distinctions to be m a d e wi thin the parous fraction, according 
to whe ther females have undergone 1, 2, 3, 4 or possibly more complete 
ovar ian cycles. T h e appl icat ion of these advanced age-grading methods 
to problems of vector ecology has been par t icular ly marked in the case 
of anophel ine mosquitoes and tse-tse flies. As the length of each cycle 
from oviposition to oviposition (or larviposition to larviposition in the 
case of tse-tse) can be assessed fairly accurately by observations on 
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females in captivi ty, in theory it should be possible to express different 
physiological age categories in te rms of real or ca lendar age. I n the case 
of m a n y t ropical species of anophe l ine mosqui to for example , this cycle 
normal ly covers 3 to 4 days u n d e r favourable condit ions. I n the case of 
tse-tse flies, the cycles be tween each deposit ion of larvae are of r a the r 
longer dura t ion , say 11 to 12 days. 

However , it would clearly be more satisfactory to ob ta in someth ing 
more direct a n d conclusive a b o u t this i m p o r t a n t re lat ionship be tween 
physiological age a n d ca lendar age. I t canno t always be assumed t ha t 
in n a t u r e the cycles conform to a completely regular pa t t e rn . Adverse 
cl imatic condit ions, or obstacles in the way of ob ta in ing a blood mea l or 
in finding a suitable site for laying eggs or deposit ing larvae, migh t p ro -
long the cycle a n d upset calculat ions. T h e marking-re lease-recapture 
technique seems to offer unusua l scope for testing this quest ion in a 
direct m a n n e r . 

I n the mosqui to field, the most i l lumina t ing work on this p rob lem has 
been carr ied ou t on anophel ine mosquitoes (A. gambiae a n d A. funestus) 
in T a n z a n i a (Gillies a n d Wilkes, 1963, 1965). Ear ly a t t empts to app ly 
this specialized t echn ique of advanced age g rad ing to these t ropical 
vectors of ma la r i a h a d been r a t h e r discouraging, bu t eventual ly the 
difficult dissecting t echn ique was mas tered , a n d the age-grading me thod 
was shown to app ly bo th the Anopheles gambiae a n d A. funestus (Det inova 
a n d Gillies, 1964). Th is could be confirmed by dissections of labora tory-
bred females which h a d laid known n u m b e r s of egg batches u p to 
fourteen. 

I n o rder to establish the relat ionship be tween physiological age a n d 
real or ca lendar age, jus t over 10000 female mosquitoes which h a d 
emerged in the labora tory — main ly t h roughou t the ho t season of 1964 
— were m a r k e d by topical appl ica t ion of coloured paints (Gillies, 1961) 
a n d released on seventy-five separa te occasions, mostly in batches of 
100 to 200. Sixty-one of these m a r k e d females were r ecap tu red after 
various intervals, a n d all b u t one dissected for physiological age 
de te rmina t ion . T h e results are shown in T a b l e X I . 

A l though half of the recaptures were nul l iparous or pre-gravid , 
sufficient n u m b e r s of older females were caugh t to give a very good 
indicat ion of the re la t ionship. O f pa r t i cu la r interest is the female re-
cap tu red thirty-four days after release, which was found to have laid 
ten t imes, a n d also to have sporozoites in its salivary glands. Ear l ier in 
this same investigation, age g rad ing de te rmina t ion h a d been carr ied ou t 
on a wild popula t ion of A. gambiae a n d A. funestus c ap tu red in houses, 
a n d in the course of t ha t work a single 12-parous A. gambiae female h a d 
been found, as well as two females of A. funestus which showed a t least 
13 to 14 di la tat ions, indica t ing a t least t ha t n u m b e r of ovipositions. 
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T A B L E XI 

Numbers of marked females of Anopheles gambiae recaptured at each 
calendar age in each physiological age group. Muheza, Tanzania, 

1963-64 (after Gillies and Wilkes, 1965). 

Phys io log ica l 
a g e 

A b d o m i n a l ~ , , . , 
s t â e C a l e n d a r a g e in d a y s 

M e a n 
c a l e n d a r 

1 2 3 4 5 6 7 8 10 11 12 13 14 17 21 2 3 3 4 a g e 

Pre-gravid 8 7 1-5 

Nul l iparous -
Γ F e d 
I G r a v i d 

6 5 2 1 
1 2 

2-9 
3-7 

1 -parous 
Γ F e d 1 3 2 1 5-4 

1 -parous 
I Grav id 2 1 1 6-7 
Γ F e d 2 1 1 8 

2 - p a r o u s V G r a v i d 1 1 10 

3 - p a r o u s 
Γ F e d 3 1 11-

3 - p a r o u s 
I G r a v i d 1 1 13· 

4—parous G r a v i d 1 13 
5 - p a r o u s F e d 1 17 
6 - p a r o u s F e d 1 1 22 
1 0 - p a r o u s F e d 1 3 4 

Despite the possibility noted above t ha t ext raneous condit ions migh t 
p ro long some cycles, the results of this s tudy showed tha t the feeding 
behav iour of the popula t ion could be adequa te ly described in terms of 
3 to 5 days for the first cycle, a n d 5 days thereafter. 

I n the case of tse-tse flies, the p rob lem has been tackled in m u c h the 
same way by studies on Glossina pallidipes a n d others in U g a n d a (Har ley, 
1966, 1967a). O v e r a per iod of a b o u t eleven mon ths jus t over 6000 
newly emerged females — less t h a n 24 hours old — of three species of 
tse-tse were marked by Jackson ' s me thod (see page 96) a n d released. A 
total of eighty females were recap tured , a n d their physiological age 
categories a n d ca lendar ages recorded. T h e d a t a wi th regard to th i r ty 
r ecap tu red females of G. pallidipes a re shown in Fig. 9, a n d indicate t ha t 
each ovulat ion cycle occupies a b o u t eleven days. 

As a l ready noted (page 26) age g rad ing techniques wi th tse-tse flies 
are less precise t h a n wi th mosquitoes, a n d it is not yet possible to m a k e 
further distinctions between females which have ovula ted more t h a n 
seven times, a n d whose age is eighty days or more . 

Wi th regard to ma le tse-tse flies which suck blood a n d p lay a role equa l 
to t ha t of females as vectors of disease, age g rad ing methods based on 
physiological changes in the ovaries na tu ra l ly do not apply . W i t h ma le 
tse-tse, as well as females, the original m e t h o d of age g rad ing based on 
the extent of wing fray has recently been re-examined once more 
(Harley, 1967b), bu t it appears from this t ha t it is still no t possible to 
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relate wing fray accurate ly to ca lendar age, nor to de te rmine the differ-
ence in m e a n ca lender age be tween the two sexes in wi ld-caught flies. 

These two paral le l studies on marking-re lease-recapture as a means 
of i l luminat ing the age composi t ion of na tu r a l popula t ions of anophel ine 
mosquitoes a n d tse-tse flies have bo th been r a the r h a n d i c a p p e d by the 
fact t ha t conclusions have h a d to be based on the compara t ive ly small 
n u m b e r s of ma rked flies which were recap tu red . I n view of this, the fact 
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F I G . 9. C a l e n d a r a g e a n d ovar ian age-categor ies o f 30 recaptured females o f Glossina 
pallidipes (after H a r l e y , 1966) . 

t ha t so m u c h new information has emerged from these investigations is 
very encouraging , and strongly suggests t ha t cont inued effort on those 
lines would be reward ing . Such studies could perhaps he lp us to under -
s tand m u c h more a b o u t ecology of vectors in general , a n d par t icular ly 
the ecology of different age groups . I n tu rn , this migh t be expected to 
t h row light on the extent to which different cap tu re or sampl ing methods 
a re really securing a representat ive cross-section of all ages of the vector 
popula t ion . 
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T h e wingless insects of medical impor tance , such as fleas, lice a n d 
bugs, have a grea t deal in c o m m o n wi th o ther a r t h ropod vectors of disease 
such as ticks and mites, when considered from the point of view of 
sampl ing ecology. Associated wi th their c o m m o n feature of being un -
able to fly, all these vectors tend to be very closely associated wi th their 
h u m a n a n d an ima l hosts a n d their immed ia t e envi ronment . W h e n the 
host is m a n , the immedia t e env i ronment m a y be the house or hab i t a t ion 
in general , a n d the bed or sleeping quar te rs in par t icu la r . Some of the 
wingless insect vectors of disease are no t entirely dependen t on m a n as 
a host and m a y ma in t a in themselves equal ly well on domestic or 
commensal rats or on wild rodents . I n such cases the m a i n aggregat ion 
sites are formed by the nests a n d burrows of the no rma l an ima l host. 
T h e distinction be tween winged a n d wingless vectors, useful from the 
point of view of the present review, is pe rhaps an oversimplification of 
the facts when appl ied to cer ta in insects. For example , in the t rans-
mission of Chagas disease by T r i a tomid bugs, bo th the winged adul ts 
a n d the wingless nymphs act as vectors. Conversely, the c o m m o n bed 
bug , Cimex, which is wingless in the adu l t stage a n d a widely dis t r ibuted 
blood-sucking ectoparasi te of m a n , is only an occasional or accidenta l 
vector of disease. 

T h e problems posed by sampl ing such vector popula t ions are very 
different in m a n y ways from those encountered so far wi th the winged 
vectors. But nevertheless there are still m a n y features in common , a n d 
it soon becomes evident tha t env i ronment factors, a n d the behaviour of 
the insects themselves, p lay an equal ly p r o m i n e n t pa r t in de te rmin ing 
the choice of sampl ing me thod used by various investigators. O f 
par t icu la r interest in the present overall review is the fact t ha t the 
var ied sampl ing techniques for wingless vectors have been developed 
by specialists in the par t icu la r vector-borne diseases involved, a n d tha t 
consequently investigations have usually followed a course qui te in-
dependen t of and qui te unre la ted to similar studies on other vector-
borne diseases. 

Al though it would be desirable to inc lude all wingless insects as 
well as o ther a r th ropods such as ticks a n d mites in this appra isa l , it is felt 
t ha t the problems encountered in s tudying flea popula t ions alone cover 
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such a variety of condit ions, a n d have been intensively studied for so 
long, t h a t they are well suited to i l lustrate the ecological a n d behavioura l 
background to sampl ing wingless vectors in general . 

T h e earliest studies on flea popula t ions were carr ied ou t in connect ion 
wi th the classic p lague investigations in the early p a r t of this century . 
M a n y of these investigations r ema in models of ecological a n d epide-
miological study, a n d they established methods which are still in use 
today . La te r , the s tudy of flea popula t ions extended to those species 
associated wi th wild or campes t ra l rodents involved in the sylvatic 
p lague complex. Addi t iona l information was provided by studies on 
r a t fleas as vectors of m u r i n e typhus (Möhr , 1951). M o r e recently, 
no tab le contr ibut ions to the prob lems of sampl ing flea popula t ions in 
general have been m a d e in the very different field of myxomatosis , 
where the E u r o p e a n r abb i t flea, Spilopsyllus cuniculi has received special 
a t tent ion . 

F L E A C O U N T S O N T R A P P E D R A T S 

Ever since the association be tween rats , r a t fleas a n d p lague was first 
worked out , the p rob lem of es t imat ing the vary ing incidence a n d 
fluctuations in the flea popu la t ion has been of p r i m a r y impor t ance in 
all subsequent studies. 

T h e basic work of the Plague Commission (1906) in B o m b a y in the 
first decade of the cen tury established the general finding tha t p lague 
outbreaks , firstly in domest ic rats a n d subsequent ly a m o n g h u m a n s , 
were usually associated wi th a h igh degree of flea infestation in rats . 
By t r app ing large number s of domest ic rats a n d collecting the fleas 
they carr ied, a figure was ob ta ined for the average n u m b e r of fleas per 
ra t , t ha t is the "flea i n d e x " . A t the t ime w h e n the commission was work-
ing out the fundamenta l facts a b o u t p lague transmission it was no t yet 
realized tha t the Xenopsylla r a t fleas of I n d i a belonged, no t to a single 
species, bu t to three distinct species, X. cheopis, X. astia a n d X. brasiliensis. 
As these three species m a y p lay very different roles in p lague t rans-
mission a specific flea index is now used, such as the cheopis index or the 
astia index. O f these the cheopis index, or average n u m b e r of X. cheopis 
per domestic roden t — based on a t least 100 rats a n d usually m a n y 
more — is of the most universal interest, as X. cheopis still remains the 
most widely dis t r ibuted a n d efficient vector of p lague . 

T h e convent ional flea index makes no distinction be tween male a n d 
females fleas. Both sexes occur as blood-sucking ectoparasites on the r a t 
host, a n d bo th are involved in the transmission of p lague . Al though in 
general bo th sexes of flea m a y be roughly equal ly represented in the 
majori ty of m o d e r a t e or heavy infestations, the relative propor t ions of 
the two sexes do vary , a n d some of these variat ions appea r to be re la ted 
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Correlation between the plague incidence in Colombo over many 
years and the prevalence of X. cheopis (Hirst, 1933) 

Cheop i s index 
H u m a n p l a g u e 
R a t e per 1000 

R o d e n t p l a g u e 
% of total 

N i l to 0-1 0-9 6-6 

O v e r 0-1 5-8 29-9 

O v e r 0 4 22-6 63-4 

I n par ts of Ceylon other t han Co lombo abou t 9 0 % of the bubonic a n d 
septicaemic p lague cases detected occurred in districts showing a cheopis 
index exceeding 1-0. Before the appea rance of p lague in Co lombo in 
1914 ra t fleas collected revealed X. astia a lone, a relatively inefficient 
vector of p lague . T h e first ou tbreak of p lague revealed the presence of 
X. cheopis, a n d subsequent work indicated tha t u n d e r these condit ions, 
when an astia a rea is invaded by cheopis, p lague m a y become endemic 
when the cheopis index is near uni ty . 

Outs ide Ceylon however, it appears t ha t there are few places where 
the cheopis index alone is such a sensitive yardstick of p lague endemici ty . 
T h e r e are m a n y places where there is no obvious relat ion be tween the 
changing incidence of p lague and the vary ing degree of infestation of 
domestic rats with X. cheopis. I n fact extremely high cheopis indices, per-
haps 10 to 15 per ra t , m a y persist in areas in which there has been no 
outbreak of p lague for several years. I n a very tho rough p lague enqui ry 
in the C u m b u m Valley in South Ind ia , (George a n d Webster , 1934) it 

to env i ronmenta l condit ions. I n the case of X. cheopis for example , field 
studies have shown tha t a tmospher ic t empera tu re m a y be one of the 
factors concerned ; Below 70°F females usually p redomina te , while over 
75°F males are caugh t in grea ter n u m b e r (Cole, 1945). T h e fact t ha t 
popula t ions of other fleas are liable to show very marked dispari ty in 
the proport ions of males a n d females found on the host a t cer ta in 
seasons of the year , is well b rough t out in studies on the infestation of 
wild E u rope a n rabbi ts wi th the r abb i t flea, Spilopsyllus cuniculi, (Allan, 
1956) (see page 118). 

I n some par ts of the world it seemed tha t this cheopis index would 
prove, by itself, to be an accura te gauge of the risk of p lague infection. 
For example in Ceylon, Hirs t (1933, 1953) revealed a very close correla-
tion between the p lague incidence in Co lombo over m a n y years a n d the 
prevalence of X. cheopis, as follows. (See T a b l e X I I ) 

T A B L E XII 
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was found t h a t each year there is a peak of p l ague incidence in Apr i l 
a n d M a y a l though the cheopis index is in general lower a t this t ime t h a n 
the rest of the year . T h e decline in p lague incidence sometimes sets in 
before the cheopis index begins to fall a n d the a u t u m n rise in the cheopis 
index is no t necessarily accompan ied by an increased incidence in 
p lague . 

I n the appraisa l a n d assessment of the flea index it mus t be borne in 
m i n d tha t domestic rats , even in p lague endemic areas, show a very 
wide range of infestation wi th Xenopsylla fleas, from zero u p to a h u n d r e d 
or more . T h e low cheopis indices encountered in Co lombo are such t ha t 
m a n y of the rats t r apped h a d no fleas a t all on t hem. M u c h higher 
indices m a y be encountered elsewhere; in a survey in Asyut in Egyp t 
(Petrie a n d T o d d , 1923) a l though not one p lague infected r a t was found 
in the course of two years, flea indices were very high, the average for a 
year from the three c o m m o n rodents there , Rattus norvégiens, Rattus rattus 
a n d Arvicanthis be ing 10-0, 6*6, a n d 8-3 respectively. Even h igher indices 
were recorded in rodents of feluccas, some mon ths giving an average of 
u p to 29 for Rattus norvégiens, Xenopsylla cheopis forming 90 to 1 0 0 % of all 
domest ic roden t fleas. 

Ind iv idua l rats m a y h a r b o u r unusual ly large n u m b e r s of fleas in 
general a n d X. cheopis in par t icu lar . I n a rat-flea survey of M a d r a s 
Presidency (King, et al. 1929) there were several records of rats — 
Rattus rattus — h a r b o u r i n g 29 to 30 X. cheopis, the m a x i m u m n u m b e r of 
fleas of all species on any one ra t in tha t survey being 70. Even higher 
n u m b e r s of fleas have been recorded by the I n d i a n Plague Commission 
(1906) on rats dying of p lague in Bombay . O n one occasion 80 were 
recovered from a dying ra t , a n d in ano the r case abou t 300 were re -
corded from three dead rats . These la t ter figures migh t be regarded as 
except ional as they were recorded a t the height of a severe r a t epizootic 
w h e n the roden t popu la t ion in B o m b a y h a d been dec imated by p lague , 
resul t ing in an unusua l concent ra t ion of ectoparasites on the few re-
ma in ing ra ts . 

I n interest ing contras t to these earlier findings in Ind ia , more recent 
studies carr ied ou t in t ha t count ry on essentially similar lines indica te 
t ha t the X. cheopis index of domest ic ra ts has reached a very low level 
a n d has r ema ined there for several years . Fo r example , in Ca lcu t ta , the 
X. cheopis index in 1951 was 0-03 to 0-32, in 1954 it was 0-6 to 0-58, a n d 
a n d in 1957, 0-01 to 0-17 (Seal, 1960). T h e lowest figure of 0-01 cor-
responds to the recovery of a single flea for every 100 rats examined . 

T h e same investigation revealed the very significant fact t ha t over 
the years there have been changes in the relat ive p ropor t ion of the 
c o m m o n ra t hosts of these fleas. I n B o m b a y for example the p ropor t ion 
of Rattus rattus fell from 6 6 % in 1910 to 2 3 - 2 4 % in 1956. Rattus norvegicus 
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also fell from 2 9 % to 1 6 % over the same per iod. T h e most striking 
change was in the propor t ion of Bandicota bengalensis which formed only 
1 % of the rodents in Bombay in 1910, b u t which rose to 4 9 - 5 0 % in 
1956. 

T h e possibility t ha t similar n a t u r a l ecological changes are occurr ing 
elsewhere, and which m a y interfere wi th the host /parasi te relat ionship 
or affect flea sampl ing in o ther ways, canno t be overlooked. I n San 
J u a n , Por to Rico, for example , there has been a decline in the X. cheopis 
r a t flea popula t ion which has taken place even in the absence of D . D . T . 
dust ing and in areas where ra t control was unsuccessful (Fox, 1956); 
Fox a n d Garc ia -Mol l , 1961). At the same t ime there has been an in-
crease in the o ther ra t ectoparasites. 

I t has long been apprec ia ted tha t r a t fleas only spend pa r t of their 
lives on their hosts, a n d tha t the n u m b e r actual ly caugh t on t r apped 
rats does not necessarily bear a direct re lat ion to the flea popula t ion as 
a whole. But even if we were to assume for the sake of a r g u m e n t t h a t all 
r a t fleas spent all their lives a t t ached to the host ra t , the flea index would 
still be affected by so m a n y var iable factors as to render it very difficult 
to in terpre t in terms of the popula t ion as a whole . T h e effect of the most 
obvious var iable , namely fluctuations in the r a t popula t ion , has a l ready 
been shown clearly in the Bombay figures quo ted above . Evidence t ha t 
these variables are now being more fully considered a n d recorded, is 
for thcoming from more recent flea-index studies in Pakis tan ( R a h m a n 
and A h m a d , 1963). Observat ions in Laho re are t abu la ted in the follow-
ing distinct categories, viz. total n u m b e r of rats collected; n u m b e r of 
rats wi thout fleas; rats infested, a n d average n u m b e r of fleas per infested 
ra t . T h e flea index for twelve mon ths in 1961 expressed in a convenient 
way as 

To ta l n u m b e r of fleas 675 Λ / 1 Λη 

— — :— — was ——- or 0-498. 
To ta l rats examined 1355 
Over the year, the m e a n n u m b e r of rats infested was 20*7% showing 

tha t nearly 8 0 % of the rats examined h a d no fleas at the t ime of 
examinat ion . 

If we really pursued this factor to its logical conclusion we would have 
to start by examin ing critically the methods used to sample the r a t 
popula t ion before we a t t e m p t the m u c h more compl icated p rob lem of 
the flea. Wi thou t digressing too m u c h from the p rob lem of the insect 
vector it is almost cer ta in t ha t the different methods of t r app ing 
employed do not yield uniform samples of the r a t popula t ion (see page 
115). An increase in the r a t ca tch m a y be caused not only by an increase 
in the ra t popula t ion b u t pe rhaps by a scarcity of food, mak ing the 
bai ted t raps more a t t ract ive , or by seasonal rainfall and floods dr iving 



9. S A M P L I N G OF F L E A P O P U L A T I O N S 1 0 7 

the r a t popula t ion neare r h u m a n habi ta t ions a n d t r app ing sites. For 
example in Bombay Province the conclusion of the p lague off-season is 
ma rked by the adven t of the ra iny season which causes rats from outside 
shelters to he rd in to bur rows indoors , great ly increasing the ra t a n d r a t 
flea popula t ions in houses. 

I n in te rpre t ing the flea index or r a the r the cheopis index, the impor -
tance of tak ing the exact t r app ing site in to considerat ion has been well 
b rough t ou t in a s tudy of p lague in H a w a i i a n d the H a w a i i a n Is lands 
(Eskey, 1934). I n t ha t a rea X. cheopis was present in fairly large n u m b e r s 
in every locality where p lague was discovered, b u t it was found im-
possible to predic t the susceptibility of the c o m m u n i t y to p lague , the 
rap id i ty wi th which the disease would spread, or the severity of an 
epidemic from a simple calculat ion of the cheopis index. H i g h cheopis 
indices were recorded in places t ha t h a d r ema ined i m m u n e to p lague . 
T h e highest X. cheopis index recorded du r ing the investigation was in a 
small village which h a d r ema ined free of infection du r ing the 12 years 
p lague was in the vicinity. He re , over 1000 X. cheopis were collected 
from twenty-five rats , all t r a p p e d in the same bui lding. I f t r app ing in 
this sector h a d been confined to rats caugh t outside the bui ld ing the 
cheopis index would have been less t h a n one , t ha t is below a figure con-
sidered essential for the effective transmission of p lague . Despite the 
misleadingly high infestation figures recorded for the ra ts inside the 
houses, the slight infestation of the r a t popula t ion in general as j u d g e d 
by those caugh t outside the buildings did no t pe rmi t the rap id spread of 
p l ague in this g roup of villages. 

I n using the flea index or the cheopis index as a guide to the degree of 
infestation of the local rodents one obvious difficulty is the occurrence of 
the occasional r a t wi th an excessive n u m b e r of fleas. I n the example 
quo ted above the small p ropor t ion of heavily infested rats caugh t inside 
buildings would have raised the cheopis index well above tha t representa-
tive of the r a t popula t ion as a whole . I n such cases the work in H a w a i i 
showed t ha t the "pe rcen tage of ra ts infested" h a d p robab ly more 
significance t h a n the usual form of flea index in indica t ing the extent of 
roden t infestation. Observat ions on three different species of r a t flea 
showed a progressive rise in the average n u m b e r of fleas found per r a t 
wi th each increase in the percentage of infested rats (Fig. 10). T h e three 
species showed decided differences in the ac tua l ra te of increase of the 
indices, being least in the case of Xenopsylla hawaiensis and greatest for 
Echidnophaga gallinacea, b u t all of t h e m show a r emarkab ly progressive 
increase. 

I n the case of X. cheopis, an infestation of less t h a n 3 0 % was found to 
correspond to an index of less t h a n 1, while an infestation from 3 5 % to 
5 0 % indica ted an index be tween 1 a n d 2. W i t h a n 8 0 % infestation the 
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high average of 6 X. cheopis per r a t was reached. A similar relat ion has 
been repor ted elsewhere as for example in Por to Rico (Carr ion, 1930) 
where the highest cheopis indices of 20 to 22 in Apri l a n d M a y correspond 
to the highest percentage of rats infested, 90 to 1 0 0 % . This relat ionship 
m a y possibly be of wider appl icat ion. 
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F I G . 10. C o m p a r i s o n o f average n u m b e r o f fleas per rat, w i t h percentage o f rats in -
fested in H a w a i i (after Eskey, 1 9 3 4 ) : ac tua l c o m p u t a t i o n ; Straight l ine 
b e t w e e n points m a r k e d X . 

T h e relat ion between the percentage of rats infested, the cheopis index, 
a n d the si tuation in which rats were t r apped is well b rough t ou t in 
T a b l e X I I I from the H a w a i i a n survey. Ra t s t r a p p e d inside buildings 
m a y of course include odd individuals tha t have come in from outside, 
b u t the rap id fall of flea infestation wi th increasing distance from the 
bui ld ing suggests tha t this in te rchange of rodents does no t take place to 
any great extent . 

T h e need for dist inguishing be tween the flea infestation of rats 
t r a p p e d inside buildings a n d those caugh t outside is further emphasized 
by the fact t ha t the flea popula t ion on ou tdoor rats is m u c h more affected 
by cl imatic changes. Whi le the indoor flea popula t ion m a y cont inue to 
flourish, the n u m b e r of fleas caugh t on ou tdoor rats m a y be great ly 
reduced by heavy rainfall, or by increased t empera tu re . P resumably 
the shelter afforded by buildings in modifying the effects of h igh 
t empera tu re is an opera t ional factor. I n H a w a i i for example it was 
only a t the h igher al t i tudes, where the m e a n month ly t empera tu re 



9 . S A M P L I N G OF F L E A P O P U L A T I O N S 1 0 9 

T A B L E X I I I 

R e l a t i o n b e t w e e n p e r c e n t a g e o f r a t s i n f e s t e d , t h e cheopis i n d e x , a n d 

t h e t r a p p i n g s i t u a t i o n ( E s k e y , 1 9 3 4 ) . 

S i tuat ion 
% of rats 
infested 

I n d e x 

Ins ide bu i ld ings 5 1 % 3-57 

U n d e r , a n d w i t h i n 5 0 ft 3 6 % 1-66 

51 to 2 0 0 ft 1 9 % 0-50 

201 to 5 0 0 ft 1 5 % 0-36 

O v e r 5 0 0 ft f rom bu i ld ings 7 % 0-13 

r anged from 67 to 60°F. a n d lower, t ha t X. cheopis was encountered in 
apprec iab le n u m b e r a m o n g field rodents . 

T h e relat ionship of X. cheopis infestation to the t r app ing sites of the 
host rats does no t necessarily app ly to o ther species of r a t flea. I n fact 
in this par t i cu la r survey ano the r r a t flea — X. hawaiensis closely re la ted 
to X. astia of the Or i en t — showed a reversed relat ionship, infestation 
being greater on rats t r apped over 1000 ft from buildings t h a n it was on 
those caugh t in close association wi th bui ldings. These differences a n d 
var ia t ion in the flea index in re la t ion to buildings a re p robab ly great ly 
influenced by the n a t u r e of the m a i n flea-breeding sites, which are 
pr incipal ly indoors in the case of X. cheopis. 

A n y a t t e m p t to assess the t rue r a t flea popula t ion by confining a t ten-
t ion to fleas actual ly caugh t on rats will also be influenced by the species 
of ra t . Rattus norvégiens usually yields more fleas a n d a h igher X. cheopis 
index t h a n Rattus rattus. I n the same way, Rattus norvégiens in Co lombo 
showed an X. cheopis index more t h a n double tha t of R. rattus (Hirst , 
1933). T h e fact t ha t the relative propor t ions of the ra t popula t ions in 
towns m a y undergo d r a m a t i c changes, is well i l lustrated by the si tuat ion 
in Bombay (see page 1 0 5 ) . 

I n a p lague enqui ry in U p p e r Egyp t it was found tha t the two most 
a b u n d a n t commensal rats were Rattus rattus a n d Acomys niloticus — the 
Cai ro spiny mouse (Petrie a n d T o d d , 1923). A l though their domest ic 
hab i t s a n d hab i t a t s were very s imilar Acomys h a d only one- ten th the 
fleas carr ied by Rattus. Th i s survey in Egyp t also b rough t ou t ano the r 
interest ing factor bear ing on the in te rpre ta t ion of the flea index. I t was 
found tha t the infestation of fleas on rats increased wi th the size of the 
r a t u p to an o p t i m u m weight , a n d then decreased. Presumably the in-
crease in infestation u p to a cer ta in poin t is re la ted to the fact t ha t the 
adu l t r a t acquires more skill in r idd ing itself of its vermin . As young rats 
are usually caugh t more readi ly t h a n old ones in cage t raps , a further 
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sampl ing error in est imating the flea popula t ion m a y be in t roduced 
(Eskey, 1930). 

W h e n commensal rats o ther t h a n Rattus are taken into account , even 
greater differences m a y be found, p roduc ing wide differences in the 
composit ion of the flea popula t ion . Whi le the emphasis has been on 
X. cheopis the p lague flea p a r excellence, the m a n y o ther species of flea 
l iable to be found on these commensal rodents can no longer be dis-
missed lightly, as unde r cer ta in condit ions they m a y p lay an i m p o r t a n t 
p a r t in p lague epidemiology. 

I n m a n y epidemiological studies on the t ransmission of insect-borne 
diseases, greater impor t ance is usually a t t ached to the popula t ion of 
infected or infective vectors t h a n to the tota l or absolute popula t ion . 
However , wi th cer ta in fleas, such as the c o m m o n Pulex irritans which 
normal ly p lay no p a r t in the t ransmission of p lague from ra t to r a t or 
from ra t to m a n , the concept of to ta l popu la t ion takes on a new signifi-
cance in view of the fact t h a t m a n - t o - m a n transmission can take place in 
p lague epidemics by means of mechan ica l t ransmission b rough t a b o u t 
by mass a t tack of such c o m m o n fleas par t icu lar ly associated wi th 
m a n . 

S A M P L I N G O F F R E E - L I V I N G F L E A P O P U L A T I O N S 

So far we have been concerned wi th t ha t pa r t of the flea popula t ion 
which is actually found on t r apped rats . Even assuming for the sake of 
a r g u m e n t tha t fleas spend the greater pa r t of their lives a t t ached to their 
hosts, the average n u m b e r recorded a t any one t ime in a sample of 
t r a p p e d rats would be great ly influenced by a mul t i tude of var iable 
factors which migh t on occasions give misleading ideas abou t the flea 
popula t ion as a whole . A p p a r e n t changes in the flea popula t ion accord-
ing to season a n d cl imate could easily be caused by fluctuations in the 
n u m b e r s of ra t hosts or changes in their activities. 

W h e n it is realized tha t the flea has an active life qui te a p a r t from its 
hosts, the p rob lem becomes more intr icate a n d a t the same t ime more 
fascinating from the ecological point of view. Al though the pioneer 
workers on p lague were so concerned wi th ra t flea indices, it has long 
been recognized tha t fleas have a life apa r t from the host, ei ther in the 
ra t nests a n d burrows, or as wande r ing fleas which have left the ra t on 
its runways or at food stores. I t was also early recognized tha t du r ing 
the periods of p lague epizootics when ra t popula t ions were dec imated , 
large number s of ra t fleas left the bodies of dead rats a n d great ly in-
creased the popula t ion of free-living fleas. I n order to t r a p this wande r ing 
flea popula t ion , par t icular ly in p lague houses, where people were suffer-
ing from the disease, or where rats infected wi th p lague h a d been found, 
the I n d i a n Plague Commission in B o m b a y worked out simple methods 
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which have a wide appl ica t ion. I n one series of exper iments de-flead 
gu inea pigs were al lowed to r u n a b o u t free in selected houses for 18 to 
40 hours . Subsequent catches of u p to 20 to 30 fleas on the gu inea pig 
"sen t ine ls" were frequently recorded, and on one occasion 106 fleas were 
found on two of these gu inea pigs. A t t ha t t ime the existence of three 
species of Xenopsylla in I n d i a was no t recognized, a n d no exact records of 
flea identification are avai lable for this exper iment . P resumably most of 
the fleas t r a p p e d were Xenopsylla, a n d possibly the majori ty of these were 
X. cheopis. I n ano the r series of exper iments ba i t animals were p u t in 
cages in these houses a n d su r rounded by a six-inch tanglefoot to t r a p 
approach ing fleas. 

T h e use of de-flead gu inea pigs was further developed in the C u m b u m 
Val ley investigations in Sou th I n d i a (George a n d Webster , 1934). Bait 
an imals in pairs were al lowed to r u n overnight in houses; in addi t ion 
individual burrows were tested by in t roduc ing a de-flead r a t te thered 
by wire a n d left overnight . This m e t h o d has also been used to detect the 
presence of wande r ing r a t fleas in impor ted food stuffs, for example by 
al lowing guinea pigs to r u n loose in bullock carts of gra in (George a n d 
Webster , 1934). T h e examina t ion of floor sweepings in houses or hu t s in 
the course of p lague investigations has also proved a profitable m e t h o d 
of picking u p X. brasiliensis the d o m i n a n t flea on domest ic rodents in 
m a n y of the more elevated par t s of Africa (Davis, 1953, 1964). 

T h e r e is no doub t t ha t u n d e r cer ta in condit ions this free-living 
popula t ion of ra t fleas can reach enormous propor t ions . I n the Egyp t i an 
p lague work referred to above, search in p lague houses a b a n d o n e d by 
the owners revealed a huge residue of X. cheopis. Gu inea pigs l iberated 
in the rooms picked u p large n u m b e r s of fleas a n d when the walls were 
d i smembered a n d broken u p it was clearly shown by the prodigious 
n u m b e r of fleas released t ha t the nests a n d burrows were the m a i n 
centres of flea concent ra t ion , a n d the m a i n reservoir of house infesta-
t ion. Norma l ly these reservoirs are in inaccessible sites in the founda-
tions of the thick m u d walls of the local houses (Petrie a n d T o d d , 1923). 

T h e abil i ty of free-living fleas to find a n d a t t ach themselves to the 
occasional host has been very well demons t ra ted exper imenta l ly in the 
case of the r a b b i t flea (Spilopsyllus cuniculi). Groups of fleas were marked 
in distinct ways by removal of the te rmina l subsegment of the tarsus, 
a n d were scattered in an enclosure in to which flea-free rabbi t s were sub-
sequent ly released. T w o h u n d r e d a n d seventy-four fleas were scattered 
in a 2000-sq. yd enclosed pas ture , a n d 3 flea-free rabbi t s were released 
one h o u r afterwards. After 18 hours the rabbi t s were recap tured by 
net t ing , combed several t imes to remove all fleas, then replaced and 
the p rocedure repea ted . By the end of 8 days the overall recovery of 
l ibera ted fleas was 4 5 % (Mead-Briggs, 1964c). 
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T A B L E X I V 

C o m p o s i t i o n o f flea p o p u l a t i o n s o n r a t s a n d i n h u t s ( K a r t m a n , 1 9 4 6 ) . 

R a t s H u t s 

X. cheopis 8 5 - 7 % 0-7% 

E. gallinacea 5-4 8-4 

S. pallidus 3-5 9 0 - 7 % 

S. cards 5-4 0-2 

Dur ing the p lague season the X. cheopis popula t ion as j u d g e d by the 
infestation on rats , r emained low with a cheopis index of a b o u t 0-96, a n d 
it was concluded tha t S. pallidus in view of its a b u n d a n c e a n d close 

I t has now been established tha t in some par ts of the tropics a con-
siderable free-living popula t ion of X. cheopis m a y exist a t a t ime when this 
flea can rarely be found on local rats . This was well shown in M a d a g a s c a r 
where a h u m a n plague-infected case carr ied the disease to an isolated 
area where , despite the fact t ha t there h a d been no p lague a n d no r a t 
epizootics, he was able to pass the infection to o ther member s of the 
family. I n a collection of 126 fleas from the plague-infected house, 122 
were Pulex irritans a n d only 4 X. cheopis. However , by using an improved 
technique involving sifting a n d flotation of dust a n d debris (Estrade, 
1934) large number s of free-living cheopis were recovered from gra in 
stores in the house, and also from rice shops, the collection yielding 1313 
cheopis a n d 158 Pulex irritans (Girard , 1943). 

T h e pioneer work of Hirs t in Ceylon h a d stressed the p robab le 
impor tance of X. cheopis in impor ted gra in as a means of in t roducing 
p lague infection, bu t the extent of this free-living popula t ion h a d not 
really been tested thoroughly . 

U n d e r cer ta in condit ions fleas o ther t h a n Xenopsylla can play an 
impor t an t p a r t in p lague transmission, par t icu lar ly in t ransmi t t ing in-
fection from m a n to m a n . T h e fact t ha t some species of flea, while 
individual ly poor vectors, can still b r ing a b o u t mechanica l transmission 
by mass at tack, has given a new significance to these popula t ions of 
wande r ing fleas closely associated wi th m a n bu t ra re or absent from 
domestic rats . Daka r , in West Africa, is an endemic focus of p lague , 
and suffered from an epidemic in 1944. Whi le X. cheopis is the d o m i n a n t 
species on the ra t there , ano ther flea — Synosternus pallidus — is a b u n d a n t 
in local grass a n d wooden huts , on floors a n d on h u m a n bodies. Sheets 
of fly-paper were used to sample the flea popula t ion in these huts , a n d 
succeeded in t r app ing any th ing u p to 270 fleas per hu t . T h e composit ion 
of the flea popula t ion on rats a n d in huts is shown in T a b l e X I V . 
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association with m a n was p robab ly the m a i n m a n - t o - m a n vector of 
p lague ( K a r t m a n , 1946). A somewha t similar role is undoub ted ly 
played by the c o m m o n house flea, Pulex irritans, u n d e r cer ta in con-
ditions. I t m a y be the chief agent in a few places like the h ighlands of 
E c ua do r (Eskey, 1930) where h u m a n p lague persists in the absence of 
X. cheopis a n d where there is a considerable a m o u n t of person-to-person 
transmission of p lague a m o n g the m o u n t a i n Ind ians . I n such a p lace 
Pulex is a pest everywhere in houses, blankets a n d clothing, a n d m a y 
even be found on rats in some localities. 

S A M P L I N G O F S Y L V A T I G R O D E N T F L E A S 

While we now know tha t the free-living a n d wande r ing phases of 
roden t fleas m a y form a significant por t ion of the whole flea popula t ion , 
as far as domest ic rodents are concerned it has no t been possible to form 
any th ing more t h a n a vague idea of the relat ive p ropor t ion of these 
phases. W e would like to know m u c h more abou t the dis t r ibut ion of the 
flea popu la t ion be tween the r a t a n d the nests a n d bur rows . Those w h o 
have worked wi th commensa l rats a n d domest ic p lague have been per-
haps undu ly concerned wi th fleas actual ly found on the ra t . I n sylvatic 
p lague studies on the o ther h a n d it has long been apprec ia ted tha t m a n y 
of the fleas of wild rodents t end to infest nests a n d bur rows to a greater 
extent . 

Studies have been m a d e in par t s of California, heavily popu la t ed 
wi th G r o u n d Squirrels, Citellus, one of the m a i n roden t reservoirs of 
sylvatic p lague in the Weste rn U n i t e d States. Fleas were collected from 
the bu r row openings by means of cot ton wool, as well as from the 
rodents themselves. O f 7 500 fleas collected, only a b o u t a dozen were 
species o ther t h a n Diamanus montanus a n d Hoplopsyllus anomalus. W i t h 
these two species there was a close correlat ion be tween fluctuation in 
the b u r r o w popula t ion a n d the flea index of the rats (Fig. 11) a n d it was 
concluded tha t collection of samples from the bu r row mou ths would 
give jus t as accura te an idea of flea popula t ions as flea indices (Stewart 
a n d Evans , 1941). 

Th is still leaves r a the r uncer ta in the extent of the nest popula t ion 
which o ther investigators (Eskey a n d H a a s , 1940) indicate m a y be 
qui te considerable. For example , of 708 Citellus beechyi examined , the 
average n u m b e r of fleas per an ima l was 26-3. I n 39 nests the average 
n u m b e r of fleas per nest was 69, a n d it was shown tha t there was a 
direct relat ion be tween the n u m b e r of fleas infesting roden t hosts a n d 
the number s infesting the nests. 

A more comprehensive s tudy of the dis t r ibut ion of different fractions 
of the flea popula t ion has been carr ied ou t on ano the r wild roden t 
species, Citellus pygmaeus, involved in the sylvatic p lague complex in 
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Nor the rn Europe (Mironov et al. 1963). Counts were m a d e of the flea 
— principal ly Neopsylla setosa — on the roden t occupan t of the bu r row, 
a t the en t rance of the bu r row a n d on the runs , a n d in the breeding 
chamber . O v e r the whole per iod of investigation 9 0 - 8 % of the fleas were 
found in the breeding chamber , 6 -4% on the roden t occupant , and 1-4% 
each a t en t rance and on runs . 

May 1 June 1 July 1 August 1 September 1 October 1 

F I G . 11. F luctuat ions in popu la t ions o f fleas: · Diamanus montanus, a n d Ο 
Hoplopsyllus anomalus, (a) taken at burrow m o u t h s a n d (b) o n the host g r o u n d squirrel 
(Citellus) (after Stewart a n d Evans , 1941) . 

I n one of the first detai led studies on the p lague p rob lem in the South 
African veld (Mitchel l et al. 1927) it was realized tha t while the "flea 
i n d e x " m a y be of some value when deal ing wi th commensa l rodents a n d 
their fleas, it was a very different ma t t e r to formulate an index for fleas, 
such as Dinopsyllus lypusus a n d Chiastopsylla rossi, whose hosts are gerbilles 
a n d other sylvan rodents , a n d which live main ly in the nests, resort ing 
to the hosts only for the purpose of feeding. Gerbilles make use of 
several nests, migra t ing a t frequent intervals from one to ano ther . As 
m a n y of the a b a n d o n e d nests conta in numerous fleas, this factor also 
has to be taken into account in forming some est imate of the tota l 
popula t ion . A somewhat modified "flea i n d e x " appropr i a t e to these 
condit ions was worked out taking into account the following d a t a : (a) 
Tota l fleas taken from rodents , from occupied nests a n d from un -
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occupied nests; (b) N u m b e r of rodents cap tu red — allowing an 
add i t iona l two an ima l s as equiva len t to each a b a n d o n e d nest . O n the 
basis of this da t a , the index was found to vary from approx imate ly 1 to 
3 in different localities. Th i s work also b rough t ou t the fact t ha t the 
dis t r ibut ion of fleas in the nests a n d bur rows m a y be de te rmined by the 
n a t u r e of the nest ; some species of rodents bui ld substant ia l nests in 
w

r
hich fleas congregate , while others m a k e nests which do no t re ta in 

fleas or thei r l a rvae to the same extent (see also Kle im, 1963). 
T h e l imitat ions of the convent ional flea index u n d e r such condit ions 

have been recognized by o ther w
r
orkers. Machiave l lo (1950) for e x a m p l e 

suggested the use of an "abso lu te flea i ndex" , i.e. " t h e average n u m b e r 
of fleas, inc luding nest fleas, t ha t theoret ical ly can feed on one r a t " in 
the a rea surveyed. I n order to ob ta in this wider r ange of da t a , it is 
necessary to know the total n u m b e r of nests a n d rodents , a n d the 
relative n u m b e r of fleas per roden t a n d per nest . A n a t t e m p t to ob ta in 
quan t i t a t ive d a t a of this k ind has been carr ied ou t in H a w a i i (Haas , 
1966), in which sub te r r anean nest boxes were used to s tudy the nest ing 
habi ts of the rodents concerned in cane fields. Boxes were a r r anged in a 
grid system, all boxes being inspected a t mon th ly intervals , w h e n 
rodents were t r apped a n d de-flead, a n d adu l t fleas removed from the 
nests. After examina t ion , the nests wi th rats a n d their fleas were re-
tu rned to the nest boxes. I n addi t ion , t r a p p i n g was carr ied ou t on four 
successive nights a m o n t h , a n d fleas counted on the ra ts . Theoret ical ly , 
it was considered tha t knowing the total n u m b e r of nests per hec ta re , 
a n d the m e a n n u m b e r of rodents per nest, plus the m e a n n u m b e r of 
fleas per t r a p p e d rodent , it should be possible to calculate the tota l 
n u m b e r of fleas in nests a n d on rodents per hec ta re . I n pract ice con-
siderable possibilities of error became a p p a r e n t due to various uncon-
trol lable env i ronmenta l factors. 

As a l ready ment ioned , one of the difficulties in basing estimates of 
flea popula t ions on collections m a d e on the roden t host is t ha t the 
t r a p p i n g or sampl ing of the host itself m a y involve a whole new range 
of var iables . T h e results which are ob ta ined wi th rodents which are live-
t r apped m a y differ from those ob ta ined w h e n the r a t is killed, whe the r 
by snap- t rap (Miles et al. 1957) or by Cyanogas (Fox a n d Garc ia Mol l , 
1961). I n the la t ter case there m a y be loss of fleas be tween the dea th of 
the ra t , a n d its ac tua l collection for flea examina t ion (Deguisti a n d 
Har t l ey , 1965). T h e ac tua l m e t h o d of de-fleaing ra ts m a y also involve a 
further source of error if no t ca r r ied ou t w i th care a n d a t t en t ion 
(Bal thazard a n d Eftekhari , 1957). 

W i t h regard to the quest ion of m a k i n g accura te estimates of the host 
roden t popula t ion as an essential first s tep towards realizing the ideal 
of an absolute flea index, the methods used in s tudying the c o m m o n 
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Nor th Amer ican r abb i t flea (Cediopsylla simplex) on the Amer ican Cot ton 
Ta i l r abb i t (Sylvilagus) are i l luminat ing ( M ö h r a n d Lord , 1960). T h e 
rabb i t popula t ion was est imated in two areas by t r app ing , ma rk ing a n d 
release. This was supplemented by estimates based on the p ropor t ion 
marked in the hun te r ' s bag , an est imate not affected by trap-shyness on 
the pa r t of the rabb i t . O t h e r supp lementa ry indices w e r e : rabbi t s 
harves ted; rabbi t s per gun hour , a n d rabbi t s per 100 t rap-nights . T h e 
a t t emp t to de te rmine the absolute r abb i t popu la t ion in each area was 
combined with studies on the infestation ra te of rabbi t s wi th fleas, a n d 
counts of the fleas on each infested rabb i t . Al though it was not possible 
to extend the final results beyond a compar ison of the two areas, the 
investigation points the way to a new a n d more critical quan t i t a t ive 
app roach to an old ecological p rob lem. 

Perhaps the experience gained in o ther r abb i t flea investigations noted 
above (Mead-Briggs, 1964c) m a y suggest t ha t this complex sampl ing 
p rob lem migh t be i l luminated by exper iments involving the release of 
known number s of ma rked fleas in such plots, or by the r a the r more 
ambi t ious release of known number s of ma rked rabbi t s or roden t hosts. 

T o re tu rn to the commensal rodents , there is every indicat ion t ha t 
the nest popula t ion of fleas m a y on occasions be enormously grea ter 
t h a n migh t be supposed from the flea indices, a n d the relat ionship is 
nei ther as direct or as regular as wi th sylvatic rodents . I n addi t ion, the 
dis tr ibut ion of fleas between host a n d nest in typical noc tu rna l rodents 
like Rattus rattus migh t well be expected to differ from tha t of say 
Arvicanthis, a semi-domestic roden t which plays a n i m p o r t a n t p a r t in 
p lague transmission in Kenya , a n d which is essentially d iu rna l in its 
habi ts (Heisch et al 1953). 

N u m e r o u s a t tempts have been m a d e in the l abora to ry to investigate 
this quest ion of the par t i t ion of flea popula t ions be tween host, a n d nest 
or bedd ing . Results have by no means been consistent, a n d m a y well 
r ema in difficult to in terpre t unt i l such t ime as the quest ion is investigated 
more systematically in the field. T h e r e seems to be wider scope for the 
methods which were developed in p lague studies in South Africa (Davis, 
1939, 1964) in which whole warrens of the rodents — in this par t i cu la r 
case the Gerbi l le , Tatera s p — a r e excavated foot by foot to de te rmine the 
dis t r ibut ion and numbers of fleas th roughou t the system. T h e value of 
this technique has recently been emphasized in sylvatic p lague studies in 
I n d i a a n d in K u r d i s t a n in which step-by-step excavat ion of roden t 
bur rows a n d galleries was carr ied out , in the course of which cont inuous 
flea collections were m a d e on the debris , as well as on the fur of bo th live 
a n d dead rodents (Bal thazard a n d B a h m a n y a r , 1960—Klein, 1963). 

T h e exper imenta l app roach to flea popula t ions a n d flea movements 
in the field has been developed elsewhere in qui te a different context , 
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namely in s tudying the behav iour of adu l t b i rd fleas (Bates, 1962). By 
const ruct ing artificial bur rows, a t the mou ths of which t raps — con-
ta in ing wa te r a n d de tergent — were instal led, the migra to ry movements 
of fleas by day or by n ight could be checked. I n this same investigation, 
an "artificial b i r d " in the form of a poly thene bot t le conta in ing wa te r 
a t 50°C. a n d covered wi th the skin of a b i rd , was used for collecting 
fleas from debris on the g round by mov ing it over the g round a n d 
stroking the soil in order to d is turb a n d a t t r ac t the fleas. 

As described above, it is often very difficult in the case of fleas of 
commensa l rats to decide whe the r seasonal fluctuations in the n u m b e r s 
of fleas pe r r a t represent t rue fluctuations in the flea popula t ion , or 
w h e t h e r they are de te rmined by seasonal or o ther changes in the popu-
la t ion of the r a t hosts. Studies on the more stable popula t ions of field 
rodents involved in sylvatic p lague indica te t ha t n u m b e r s of fleas really 
do u n d e r g o regula r seasonal fluctuations. For example , in the g round 
squirrel of the Western U n i t e d States (Citellus beechyi) — one of the most 
i m p o r t a n t rodents in the sylvatic p lague cycle — the two d o m i n a n t fleas 
show qui te different seasonal t rends (Eskey a n d H a a s , 1940) to such an 
extent t h a t surveys restricted to one season of the year can give mislead-
ing ideas of the relat ive a b u n d a n c e of the fleas concerned (see T a b l e 
X V ) . 

T A B L E XV 

Seasonal fluctuation of number of fleas {Diamanus montanus and 
Hoplopsyllus anomalus on Citellus beechyi (Eskey and Haas, 1940). 

Per iod 
Diamanus montanus 

i n d e x 
Hoplopsyllus anomalus 

i n d e x 

D e c e m b e r - F e b r u a r y 27-9 3-6 

M a r c h - M a y 28-8 1-6 

J u n e - A u g u s t 11-9 9-5 

S e p t e m b e r - N o v e m b e r 11-7 10-5 

I n the Grea t Sal t Lake desert , seasonal fluctuations of Hoplopsyllus 
anomalus have also been noted (Parker , 1958) this species be ing most 
a b u n d a n t on g round squirrels d u r i n g the w a r m s u m m e r months , while 
none were collected from December th rough to M a r c h . T h e most a b u n -
d a n t flea species reached a m a x i m u m in December . 

A somewhat similar a l te rna t ion has been recorded from South Africa 
wi th the fleas of the Gerbil le (Tatera brantsi) (Mitchel l et al. 1927; Davis , 
1939) an i m p o r t a n t roden t of the sylvatic p lague reservoir. D u r i n g the 
s u m m e r Xenopsylla enidos is most a b u n d a n t o n the gerbille, b u t du r ing 
the win te r it is replaced to a grea t extent by Chiastopsylla rossi which is 
almost absent in summer . 



118 E C O L O G Y OF I N S E C T V E C T O R P O P U L A T I O N S 

R E L E V A N T STUDIES ON SAMPLING A N D E C O L O G Y OF R A B B I T FLEAS 

T h e in t roduct ion of myxomatosis in to Bri ta in in 1953 s t imula ted 
considerable interest in the E u r o p e a n R a b b i t Flea (Spilopsyllus cuniculi) 
the most likely pr inc ipal vector of the disease (Lockley, 1954; Al lan, 
1956; M u i r h e a d - T h o m s o n , 1956b; Rothschi ld , 1960; Rothschi ld a n d 
Ford , 1965b). Subsequent ly , this interest lead to a more pene t ra t ing 
s tudy of the biology of the r abb i t flea a n d of its pecul iar physiological 
re la t ionship wi th its r a b b i t host (Mead-Briggs a n d R u a g e 1960) ( M e a d -
Briggs, 1964a; Rothsch i ld a n d Ford , 1965a). T h e most significant dis-
closure of the la t ter invest igat ions was the finding t h a t a l though the 
female r abb i t flea m a y infest r abb i t s of bo th sexes a n d all ages, it is only 
on the p r e g n a n t female r a b b i t t h a t the female flea can unde rgo m a t u r a -
t ion of the ovaries, l ead ing eventual ly to egg-laying in the nest of the doe. 
T h e sexual cycle of the female r a b b i t flea is control led by the r ep roduc-
tive hormones of its r a b b i t host. 

I t would be interesting to speculate abou t the likely repercussions of 
this physiological work on the host /parasi te relat ionship of the r a b b i t 
flea in so far as it migh t apply to o ther fleas a n d o ther hosts, a n d to see 
w h a t bear ing these newly disclosed factors migh t have on the ecology 
of flea sampling. However , for the present purpose it will be sufficient 
to select from all this mater ia l one or two observations of par t i cu la r 
relevance to quan t i t a t ive aspects of sampl ing flea popula t ions in genera l , 
in addi t ion to those examples which have been noted earlier in this 
chap te r (page 111). 

T h e first investigation is of special interest in t ha t the greater p a r t of 
it was carr ied ou t on a na tu ra l wi ld- rabbi t popula t ion in Scot land which 
h a d not yet been affected by the adven t of myxomatosis (Allan, 1956). 
I n this investigation rabbi t s were t r apped each fortnight from late 
December onwards , a n d samples of 10 full g rown males a n d 10 full 
g rown females were examined for fleas. I n this way information was 
obta ined not only wi th regard to seasonal changes in the flea infestation 
on rabbi ts , bu t also wi th regard to seasonal changes in the relative inci-
dence of fleas on ma le a n d on female rabbi t s . 

T h e results presented in Fig. 12 show a g r adua l increase in the n u m -
ber of fleas per r abb i t be tween fortnight two a n d four, i.e. be tween 8 
J a n u a r y a n d 5 Februa ry , followed by a large increase a t fortnight six in 
early M a r c h . Ini t ial ly, this ma rked increase occurred main ly on the doe, 
bu t by fortnight ten — the end of Apri l — the popula t ion was equal ly 
divided between the r abb i t sexes. This is followed by a sudden d r o p in 
the flea popula t ion , which remains relatively low on the r abb i t unt i l 
there is ano ther increase towards the end of the year , wi th a repet i t ion of 
the same marked peak in the following spring. 
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I n this investigation a separa te record was kept of the dis t r ibut ion of 
fleas on different par t s of the host, viz. the ears, the h e a d a n d the body . 
Spilopsyllus is usually r ega rded as hav ing a m a r k e d preference for the 
rabb i t ' s ear as a n a t t a c h m e n t site, a n d long before myxomatosis s t imu-
la ted interest in Eng land , people w h o were in the hab i t of t r a p p i n g or 

Dec Jan Feb Mar April May June July Aug Sept Oct Nov Dec Jan Feb Mar 

F I G . 12. Seasonal a b u n d a n c e o f rabbi t fleas {Spilopsyllus cuniculi) o n w i l d rabbits in 
S c o t l a n d , a n d distr ibut ion o f flea p o p u l a t i o n b e t w e e n m a l e a n d female rabbits (after 
A l l a n , 1956) . 

shooting wild rabb i t s were familiar wi th the clusters of these fleas 
commonly seen inside the t ip of the ear . A t cer ta in t imes of the year 
however , fleas can be found on h e a d a n d body, a l though the ear in 
genera l remains the m a i n locus of infestation. 

W h e n this dis t r ibut ion was examined critically a n d quant i ta t ive ly , 
some very striking features were revealed (Fig. 13). Whi le the fleas on 
the ear represent near ly 8 0 % of the tota l infestation for all fortnights, a 
very m a r k e d change in propor t ions occurred in J a n u a r y w h e n the body 
popu la t ion increased to a peak account ing for over 7 1 % of the tota l . 
T h e subsequent fall in body popu la t ion was accompan ied by an in-
crease in the h e a d popula t ion to a peak corresponding to near ly 5 0 % 
of the total . By the beginning of M a r c h , bo th body a n d head popu la -
tions h a d fallen to a very low level, near ly all fleas now being found on 
the ears only. T h e body fleas r ema ined a t a very low level t h roughou t 
the summer , unt i l the sha rp increase was repea ted t he following winter . 
T h e head popula t ion however , t ended to persist t h roughou t the summer , 
wi th i r regular peaks. 

O f addi t iona l interest from the po in t of view of vector behav iour in 
relat ion to sampl ing is the observat ion t ha t the fleas found on the ears 
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normal ly react in a very different way from those found on o ther par t s 
of the host body. Fleas found on the ear, the m a i n site of a t t a c h m e n t 
in wild rabbi ts , are usually firmly a t t ached a n d difficult to d is turb or 
dislodge. I n contrast those on the h e a d are restless a n d easily d is turbed . 
Even gentle blowing on the top of the rabb i t ' s h e a d will induce fleas to 
come to the surface of the fur, some of t h e m being sufficiently excited 
as to j u m p r ight off the host (Mu i rhead -Thomson , 1956). 

F I G . 1 3 . Seasonal distr ibution of rabbit fleas (Spilopsyllus cuniculi) o n ears, h e a d a n d 
b o d y o f rabbit host (after A l l a n , 1 9 5 6 ) . 

W h e n taken in conjunct ion wi th the seasonal changes in dis t r ibut ion 
pa t t e rn of r abb i t fleas on the host 's body, it seems qui te likely t h a t this 
associated difference in flea behaviour could play an i m p o r t a n t p a r t in 
de te rmin ing the extent to which in te rchange of fleas can take place 
be tween different hosts, a n d also the extent to which fleas a re l iable to 
leave the body of the live host a n d become free-living for a t ime in nests 
or burrows. I n this respect it seems significant t ha t the low ra te of flea 
infestation on wild rabbi t s du r ing the summer mon ths (Fig. 12) should 
follow a period w h e n there is a peak incidence of the more active a n d 
restless fraction of the flea popula t ion on par t s of the r abb i t o ther t h a n 
the ears. 

A further example of investigations on r abb i t flea popula t ions is 
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provided by a s t raightforward s tudy on infestation rates of rabbi t s — 
main ly myxomatous — wi th r a b b i t fleas (Mead-Briggs, 1964b). I n a 
survey of 279 rabbi t s from every county of Grea t Bri tain, it was found 
t h a t the infestation rates for ind iv idual r abb i t s var ied from 0 -273 , a n d 
t h a t 4 % of the rabbi t s were flea-free. T h e details of these findings are 
shown in T a b l e X V I . I t is interest ing to note t ha t a l though very h igh 
infestation rates were recorded in some indiv idual rabbi t s , over 6 0 % of 

T A B L E X V I 

F r e q u e n c y d i s t r i b u t i o n o f fleas, Spilopsyllus cuniculi, o n a w i l d 

p o p u l a t i o n o f t h e E u r o p e a n R a b b i t , Oryctolagus ( a f t e r 

M e a d - B r i g g s , 1 9 6 4 ) . 

N u m b e r o f 
fleas o n rabbit 

N u m b e r o f ^ 

rabbits 

N u m b e r o f 
rabbits as % 

o f total 

0 9 3-8 

1 -10 109 45-8 

1 1 - 2 0 38 16-0 

2 1 - 3 0 22 9-2 

3 1 - 4 0 16 6-7 

4 1 - 5 0 14 5-9 

5 1 - 6 0 5 2-1 

6 1 - 7 0 8 3-4 

7 1 - 8 0 3 1-3 

8 1 - 9 0 1 0-4 

9 1 - 1 0 0 2 0-8 

1 0 1 - 1 1 0 2 0-8 

1 1 1 - 1 2 0 5 2-1 

1 2 1 - 1 3 0 0 0-0 

1 3 1 - 1 4 0 1 0-4 

1 4 1 - 1 5 0 1 0-4 

1 5 0 + 2 0-8 

the animals examined h a d 20 fleas or less on t hem. Th i s same survey 
p roduced useful information a b o u t t he relat ionship be tween flea infesta-
t ion rates a n d size (weight) of the host r abb i t . T h e results T a b l e X V I I , 
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W e i g h t range 
in grams 

N u m b e r o f 

rabbits 

N u m b e r o f 

fleas 
M e a n n u m b e r 

fleas/rabbit 
rabbits 
w i t h o u t 

fleas 

U n d e r 750 14 130 9-3 0 

7 5 1 - 1 0 0 0 29 251 8-7 3 

1 0 0 1 - 1 2 5 0 70 1 6 2 0 23-1 1 

1 2 5 1 - 1 500 78 2 165 27-8 2 

1 501 + 47 1 4 8 5 31-6 2 

2 3 8 5 651 23-7 9 

I n contrast to the wide range of mode ra t e to heavy infestations re-
corded in these different weight groups, r abb i t fleas are rarely taken on 
very young rabbi ts , par t icular ly those removed from rabb i t s ' nests, 
despite the fact tha t these nests are usually swarming with fleas (Mui r -
head-Thomson , 1956). O f 18 rabbi t s r ang ing be tween 3 and 10 days 
old taken from nests, not a single one was found wi th fleas. Labora to ry 
observations showed tha t hung ry fleas will feed readi ly on the youngest 
rabbi ts found — 3 to 4 days old, a n d qui te hairless — so p resumably the 
absence of fleas from the body of the b a b y r abb i t does not rule ou t the 
probabi l i ty tha t in na tu r e fleas feed on t h e m at some t ime or other , bu t 
do not r ema in a t t ached for more t h a n a brief per iod. 

T h e several different studies on the E u r o p e a n r abb i t flea have un-
doubted ly revealed i m p o r t a n t new factors which must be taken into 
account in s tudying popula t ions of fleas in general , par t icular ly the 
vectors of u r b a n and sylvatic p lague . T h e ecological aspects of sampl ing 
such flea popula t ions are very complex, a n d there is still a long way to 
go before any th ing more t h a n a tenta t ive in terpre ta t ion of c rude s a m p -
ling d a t a can be a t t empted in terms of absolute flea popula t ions . 

I n this connect ion it is wor th not ing tha t the r abb i t flea infestation d a t a 
discussed above — together wi th d a t a regard ing flea infestation of rats 
in B u r m a a n d of small rodents in Eng land — has been the subject of a 
r a the r different type of analysis whose object is to find a ma thema t i ca l 
pa t t e rn to the dis tr ibut ion of such ectoparasites a m o n g hosts (Will iams, 
1964). This analysis starts wi th the general observat ion t ha t w h e n the 

show tha t in general the larger rabbi t s record larger n u m b e r s of fleas 
(see also page 109). 

T A B L E X V I I 

Mean infestation rate of Spilopsyllus cuniculi on wild rabbits in 
relation to unpaunched weight of host (after Mead-Briggs, 1964). 

N u m b e r o f 
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average n u m b e r of parasites is low, the n u m b e r of hosts wi th one pa ra -
site is grea ter t h a n the n u m b e r wi th two : the n u m b e r wi th two parasites 
is grea ter t h a n the n u m b e r wi th three a n d so on. T h e a t t e m p t is then 
m a d e to find a ma thema t i ca l model to fit the observed d a t a in order 
u l t imate ly to th row light on the mechan i sm of popula t ion ba lance . I n 
this pa r t i cu la r analysis it was evidently difficult to d r a w conclusions 
regard ing the d a t a from Burma , b u t in the case of fleas on small rodents 
in Eng land , a n d r abb i t fleas in Scot land, the d a t a was found in general 
to conform closely to a logar i thmic series. 

Whi le it would obviously be instructive to discuss this m a t h e m a t i c 
a p p r o a c h in more detail , the subject is r a the r outside the scope and 
competence of the present review. W h a t is more in keeping however, wi th 
the n a t u r e of this review on sampl ing a n d ecology, is the fact t ha t the 
au tho r of the work referred to above, draws a t tent ion to the inheren t 
error in collecting parasites from hosts, par t icu lar ly at low infestations 
where the loss or overlooking of a single flea m a y lead to an excess of 
zero counts . 
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S U M M A R Y A N D D I S C U S S I O N 

T h e ma in object of this review has been to a t t e m p t an overall assess-
men t of fundamenta l problems in the ecology of insect vectors of disease, 
with par t icu la r reference to the cap tu re or sampl ing methods on which 
so m u c h of our existing knowledge of ecology is based. I n this way it is 
hoped to extract from the m a n y different branches of vector entomology, 
the par t icu la r experiences and conclusions most likely to be of value in 
formulat ing a more co-ordinated a p p r o a c h to c o m m o n problems in the 
future. I t migh t therefore be profitable to analyse several different aspects 
of the same general p rob l em in tu rn , a n d see w h a t emerges. T h e bulk 
of this general discussion will be concerned wi th the dipterous vectors of 
disease, as it is felt t ha t any extension to the ecology of wingless vectors 
could not be m a d e on the basis of flea studies alone, bu t could only be 
justified if considerat ion was given to m a n y other wingless vectors, such 
as lice, ticks a n d mites, which have not been deal t wi th in this present 
review. 

B E H A V I O U R , E C O L O G Y A N D S A M P L I N G 

O n e of the most significant points emerging from the present review 
is tha t popula t ion sampl ing, ecology, a n d vector behav iour are inti-
mate ly b o u n d u p wi th each other . O n e of the p r i m a r y objectives of 
sampl ing adu l t vector popula t ions is to establish a clearer unders tand-
ing of vector ecology, a n d to investigate behaviour pa t te rns , especially 
those relat ing to the insects' role in the transmission of h u m a n or an ima l 
disease. But it is qui te clear from the m a n y independen t a n d unre la ted 
lines of investigation which have been pursued in different fields of 
medical entomology, tha t the ini t ial selection of sampl ing methods to 
be adop ted has in m a n y cases been de te rmined by the behav iour a n d 
ecology of the insect concerned. 

I n general , the behaviour pa t t e rn of each vector species has t ended to 
de te rmine the extent to which the popula t ion can most convenient ly be 
sampled, whe ther in its active bi t ing phase , in its inactive resting phase , 
or in flight, and has also de te rmined the extent to which these different 
fractions could be most sui tably sampled d u r i n g the day , a t dusk, by 
night , or a t some other specified t ime. T h e behaviour of the adu l t 
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vector wi th regard to its selection of par t i cu la r concent ra t ion or aggre-
gat ion sites has also been a p r ime factor in deciding the choice of s amp-
ling m e t h o d by different investigators, a n d in de te rmin ing the validi ty 
of the same sampl ing techn ique u n d e r different env i ronmenta l condit ions 
or a t different seasons of the year . A n y modificat ion in behav iour p a t t e r n 
which manifests itself in a grea ter or lesser degree of aggregat ion, in in-
creased or decreased a t t rac t ion to m a n or o ther hosts, or in increased 
or decreased flight activity, will obviously influence sampl ing d a t a based 
on those activities. 

Env i ronmen ta l factors such as c l imate , vegetat ion, availabil i ty of host 
an imals a n d so on, m a y exercise a profound influence — whe the r ac t ing 
singly or in combina t ion — on vector density a n d dis t r ibut ion, a n d m a y 
also have a m a r k e d influence on vector behav iour . F r o m this it follows 
tha t w h e n sampl ing methods based on w h a t appears to be a uniform 
behaviour pa t t e rn in one env i ronment , a re appl ied to a different envir-
o n m e n t they m a y fail to provide a rel iable yardst ick of differences 
which exist, or changes which are p roduced , in the vector popu la t ion as 
a whole . I n the same way, the con t inued use of the same sampl ing m e t h o d 
in a pa r t i cu la r a rea t h rough periods w h e n cl imatic a n d o ther factors 
unde rgo m a r k e d change , m a y give a very dis tor ted est imate of changes 
in vector density du r ing t ha t per iod. I n ext reme cases these cont inued 
sampl ing records m a y even cease to have any relat ive value , a n d become 
no th ing more t h a n a series of disjointed observat ions. 

I t seems from this t ha t the first step towards progress would be a 
m u c h keener apprec ia t ion of the extent to which cur ren t knowledge 
a b o u t vector ecology, d is t r ibut ion a n d behav iour has been based on d a t a 
provided by cap tu re or sampl ing methods which themselves have 
evolved on lines de te rmined by the behav iour a n d ecology of the insect 
concerned. I n o rder to ob ta in a d e q u a t e n u m b e r s of adu l t vectors for 
compara t ive purposes, i t is very n a t u r a l t ha t full use has been m a d e of 
aggregat ion sites where popula t ions a re concent ra ted a t select feeding 
or rest ing places. However , the investigator canno t real ly assume t h a t 
these a re the only aggregat ion sites, as there m a y well be si tuations in 
space or in t ime where h i the r to unde tec ted concentra t ions of adu l t in-
sects occur, a n d where popu la t ion sampl ing migh t well lead to the need 
for completely revising ideas a b o u t ecology a n d behaviour . I n addi t ion , 
l imitat ions of t ime have too often m a d e it imprac t ica l to sample vector 
popula t ions in areas or hab i ta t s where they are sparsely dis t r ibuted, b u t 
in which nevertheless a very h igh p ropor t ion of the tota l vector popu la -
tions migh t exist. 

A n evaluat ion of the possible sources of error in the fundamen ta l 
me thods employed in ecological studies is also closely b o u n d u p wi th the 
exact type of information which the invest igator hopes to ob ta in . 
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D E F I N I T I O N O F O B J E C T I V E S I N V E C T O R S A M P L I N G 

I n establishing present knowledge a b o u t the ecology of insect vectors 
of disease, one of the striking features is the great r ange a n d variety of 
methods used to cap tu re insects a n d to sample adu l t popula t ions . Th is 
is evidently by no means pecul iar to the field of vector entomology, b u t 
is also characterist ic of a wide r ange of general insect investigations 
recently reviewed a n d assessed by South wood (1966). 

M a n y factors, inc luding personal interests o r individual ism on the 
p a r t of different investigators working in compara t ive isolation, have 
cont r ibu ted to this var iety of ecological methods . But pe rhaps the major 
cont r ibu t ing factor has been the wide range in the na tu r e a n d objectives 
of the different ecological studies. 

Some sampl ing methods have been designed main ly for survey to 
de te rmine the geographical dis t r ibut ion of vectors, their seasonal a b u n -
dance a n d local dis tr ibut ion, or their association wi th different types of 
vegetat ion (tse-tse) or wi th different types of breeding g round (mos-
quitoes, Simulium). O t h e r sampl ing methods have been a imed pr imar i ly 
at collecting sufficient mater ia l for dissection for parasi tes, or for virus 
recovery. O the r s have been main ly developed in connect ion wi th be-
haviour studies or w

r
ith establishing the degree of contac t be tween vector 

a n d m a n , while still o thers have arisen from the need to evaluate vector 
control campaigns . Some confusion has been caused by developing 
sampl ing methods for one purpose , a n d then using these methods 
indiscriminately in order to deal wi th qui te different requi rements . 

F r o m the mater ia l discussed in this review it seems tha t it would be 
useful for entomologists to define clearly the objective of each sampl ing 
me thod used ; to say whe the r they are concerned wi th the vector popu-
lat ion as a whole, or only wi th a par t icu la r fraction associated wi th a 
cer ta in hab i t a t or wi th a cer ta in host. I t would be i m p o r t a n t to be clear 
in one 's m i n d whe ther the use of the ba i t ca tch is designed to i l luminate 
host preferences, or whe ther it is in tended to indicate changes in vector 
popula t ion density. I n the same way it is i m p o r t a n t to know whe the r 
the m a i n objective of a pa r t i cu la r sampl ing me thod is to s tudy the com-
position of the popula t ion wi th regard to its age g rouping a n d infection 
ra te , or as an est imate of the total popu la t ion . O n such a basis there 
would a p p e a r to be an u rgen t need for the pooling of the vast a n d var ied 
experience of m a n y different entomologists, so t ha t the entomologist in 
one discipline could readi ly find out how his par t i cu la r sampl ing p r o b -
lem is deal t wi th in some other discipline. Ins tead of gaining information 
only of a genera l n a t u r e , he could thus hope for someth ing more specific, 
such as the sampl ing me thod used by o ther entomologists to investigate 
p resumed vector eradicat ion, or to s tudy sampl ing methods which 
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others have used to detect changes of host preference u n d e r insecticide 
pressure. 

S A M P L I N G B A S E D O N H U M A N O R A N I M A L B A I T 

O n e of the most widely used sampl ing techniques in several different 
fields of insect vector s tudy is the rou t ine or s tandard ized cap tu re of 
insects a t t r ac ted to exposed ba i t — h u m a n or an ima l . T h e use of the 
h u m a n "f ly-boy" or bai t /col lector is prac t iced wi th all groups of bi t ing 
flies, mosquitoes, tse-tse flies, black-flies, sand-flies, t abanids , etc. I t is 
no tewor thy t ha t this pa r t i cu la r m e t h o d is one very l iable to be influ-
enced by behavioura l features of the vector, as well as by env i ronmenta l 
factors. T h e n u m b e r a n d composi t ion of the ba i t ca tch are l iable to 
wide var ia t ions , often unpred ic t ab le , accord ing to the n a t u r e a n d n u m -
ber of the ba i t animals , w h a t per iods of the d a y the ba i t is exposed; the 
re la t ion be tween this per iod a n d the diel b i t ing cycle of the insect; the 
du ra t i on of exposure ; whe the r the ba i t is moving or s ta t ionary ; the 
relat ive a t t rac t ion of different uni ts of the ba i t ; (e.g. some h u m a n s are 
m u c h more a t t rac t ive to b i t ing insects t h a n o thers ) ; the presence of 
compet ing sources of an ima l a t t rac t ion in t h e ne ighbourhood ; a n d the 
density a n d activity of the vector . I n add i t ion there are numerous en-
v i ronmenta l factors l iable to influence the ba i t ca tch, such as wind 
intensity a n d d i rec t ion ; air t e m p e r a t u r e a n d h u m i d i t y ; rainfal l ; the 
proximi ty or otherwise to b reed ing g rounds of the vector concerned ; 
a n d last b u t no t least, the skill of the insect collector himself. 

Cap tu res on ba i t carr ied ou t indiscr iminately, wi thou t due regard to 
all these factors, m a y still yield a " g o o d " ca tch of insects, b u t the inter-
pre ta t ion of the d a t a ob ta ined in te rms of vector ecology or a b u n d a n c e 
m a y too easily become a m a t t e r of sheer speculat ion or personal opinion. 

However , p rovided the objectives a re clearly defined to i l luminate 
pa r t i cu la r aspects of vector ecology, captures based on live ba i t can be 
extended or s tandard ized in such a w a y as to minimize a t least some of 
the var iables ment ioned above . O n e of the most str iking t rends in this 
direct ion has been the evolut ion of the 24-hour ca tch in the classical 
studies on mosquitoes in re la t ion to j u n g l e yellow fever a n d o ther insect-
bo rne viruses in Cen t ra l Africa (page 52) . By m e a n s of a s t andard ized 
m e t h o d of collecting on s tandard ized n u m b e r of ba i t units a t regular 
intervals t h roughou t the d a y a n d night , m a n y of the variables due to 
hour - to -hour or day- to-day var ia t ions in vector activity a n d a b u n d a n c e 
can be counterac ted . I n addi t ion , the a r r a n g e m e n t of ba i t platforms a t 
different heights above the g r o u n d makes full a l lowance for differences 
in vector activity or flight a t all levels from g round to forest canopy. 
W h e r e this type of 24-hour ca tch has been carr ied ou t systematically, 
a n d wi th due regard to a d e q u a t e supervision, it has lead to m a r k e d 
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progress in unde r s t and ing vector ecology, no t only wi th regard to p re -
dominan t ly n ight-bi t ing mosquitoes, bu t also wi th m a n y day- t ime biters 
such as tse-tse flies a n d T a b a n i d s . 

Progress in the deve lopment of this round-the-clock sampl ing t ech-
n ique has been main ly due to the energy a n d sustained efforts of a small 
n u m b e r of dedica ted investigators. I t would be encouraging to th ink t h a t 
captures on live ba i t — including h u m a n s — could be perfected on au to -
mat ic or mechan ica l lines in such a way as to obvia te the h u m a n element 
involved in the ac tual cap tu re of the insect bi t ing or a t t empt ing to bi te 
the bai t . I t is difficult to visualize how this could be done wi thou t some 
sort of t r a p or t r app ing device, a n d this innovat ion itself would almost 
certainly in t roduce new variables and obstacles. 

Progress in the improvements of techniques based on c a p t u r e of 
vectors on exposed bai t have been paral lel led by developments in the 
use a n d design of an imal -ba i ted t raps . W h e r e m a n himself provides the 
a t t r ac t an t bai t , pe rhaps the major developments in mosqui to studies a t 
least have been along two ra the r distinct lines, viz. the use of the m a n -
opera ted bed net t r ap , or ba i ted net t r ap , a n d the evolution of the experi-
men ta l hu t /w indow t r a p technique . T h e la t ter t echnique , wi th its a d v a n -
tages in the way of au tomat ica l ly t r app ing mosquitoes leaving occupied 
huts th rough the windows or eaves t h roughou t the n igh t from dusk to 
d a w n , has provided a weal th of new information on par t i cu la r aspects 
of mosqui to ecology. However , the extension of this sampl ing m e t h o d to 
s tudy vector popula t ions in o rd ina ry human-occup ied houses — as dis-
t inct from specially constructed exper imenta l huts — has encoun te red 
m a n y opera t ional difficulties, main ly due to the ext reme diversity of 
pa t t e rn of h u m a n activities wi thin a n d a r o u n d their own dwellings. 

W i t h regard to developments in the use a n d design of t raps ba i ted 
wi th animals o ther t h a n m a n , it is clear t ha t the sampl ing is exposed not 
only to all the variables noted above in connect ion wi th rout ine collect-
ing on exposed bai t , bu t also to a whole new range of factors connected 
wi th the s t ructure , efficiency a n d opera t ion of the t r a p itself. Develop-
ments in the design of t raps bai ted wi th small an imals has been par t icu-
larly marked in the case of the smaller b i t ing flies, black-flies, midges, 
a n d sand-flies. A great deal of this progress has taken place a long indi-
v idual or i ndependen t lines, unconnec ted wi th similar efforts elsewhere. 
W i t h those groups of insects, which have m a n y problems in c o m m o n , it 
seems tha t m u c h would be gained th rough greater co-ordinat ion of 
effort, and fuller a t ten t ion given to something which is so rare ly done 
objectively, viz. a full a n d fair compar ison of different types of t r a p 
( T h e " S m i t h " t r ap , the " J o n e s " t r ap , the " B r o w n " t r ap , etc.) in one a n d 
the same place. I f this were done in a few representat ive areas or coun-
tries by a t eam of investigators, inc luding those who have special experi-
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ence of each specialized technique , the ou tcome migh t well be the de -
ve lopment of a m u c h more efficient sampl ing me thod , incorpora t ing the 
best features of the different designs submi t ted . 

M a n y of the basic principles involved in t r a p construct ion a n d effici-
ency have been closely examined in studies on blow-flies a n d house-flies. 
A l though the a t t r ac t an t ba i t for those non-b lood sucking insects usually 
takes the form of carr ion or some a t t rac t ive food mixture , such questions 
as siting of the t raps , " t r a p idiosyncrasy", a n d ingress a n d egress by the 
insects concerned , a re all equally appl icable to the design a n d opera t ion 
of l ive-baited t raps for b i t ing insects. 

T h e need for more co-ordinat ion of effort is aga in very evident in the 
case of sampl ing based on visual t raps , of the "s i lhoue t te" or "artificial-
a n i m a l " type . Considerable progress has been m a d e a long several 
i ndependen t lines, a n d it is clear t ha t some of the careful investigations 
m a d e on non-vector b i t ing insects in t empera t e climates have escaped 
the not ice of medica l entomologists in the t ropical field. Al though these 
var ious t raps are designed to sample pr imar i ly the bi t ing or a t tacking 
por t ion of the popu la t ion , as far as t h a t fraction is concerned the tech-
niques do e l iminate m a n y of the sampl ing variables a t t end ing the use of 
live bai t , inc luding m a n , a n d for this reason alone, should mer i t further 
studies wi th different vectors. 

E X T E N S I O N O F T H E S A M P L I N G S P E C T R U M I N E C O L O G I C A L 

S T U D I E S 

O n e of the most in teres t ing t rends wi th regard to tse-tse flies a n d 
anophe l ine mosqui toes is the increasingly cri t ical a p p r o a c h to ca tch ing 
or sampl ing methods , a n d the g rowing t endency to test different types of 
s ampl ing m e t h o d synchronized so as to be able to compare in a more 
objective m a n n e r the advantages a n d disadvantages of each. T h e com-
plete rel iance long placed by the ma la r i a control entomologists on the 
" h o u s e c a t c h " is paral lel to the long preoccupa t ion of tse-tse workers — 
in some areas — wi th the "fly r o u n d " . T h e studies in bo th these groups 
of vectors n o w a p p e a r to be ex tending in the same spirit of critical in-
qui ry . I t is interest ing to speculate how m u c h this is due to the fact t ha t 
the possibility of control or e radica t ion of ma la r i a a n d trypanosomiasis , 
or their vectors, has necessitated new critical s tandards for evaluat ing the 
react ions of these vectors to insecticides or o ther control measures . 

I n striking contrast to th is is the fact tha t , despite consistent work 
over m a n y years on the forest-dwelling culicine vectors of virus in 
Cen t ra l A m e r i c a a n d Cen t ra l Africa, it is only compara t ive ly recently 
t h a t t h e r e has been any extension or amplification of sampl ing methods 
cor responding to those developed wi th tse-tse a n d anophel ine mosquitoes. 
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As the feasibility of control l ing these forest culicines is too remote 
for present contempla t ion , it is difficult to avoid the conclusion t ha t the 
possibility of apply ing effective vector control appears to be a very 
necessary st imulus towards the deve lopment of new ideas a n d m o r e 
critical s tandards . 

W i t h m a n y groups of winged bi t ing vectors it appears t ha t a l though a 
var ie ty of sampl ing methods are in use, there are still large a n d signifi-
cant fractions of the vector popu la t ion which are no t adequa te ly repre-
sented. I n general it is the resting inact ive fraction of the popula t ion 
existing in ou tdoor haun t s which has no t yet been fully represented by 
avai lable methods , especially t ha t phase be tween blood-meals , w h e n the 
blood is digesting a n d the ovaries of the females developing. 

A great deal of progress in this direct ion has been m a d e in studies on 
some anophel ine mosquitoes a n d tse-tse flies, b u t m u c h more remains to 
be done even wi th in those groups . I n the case of forest culicine mos-
quitoes, a n d wi th black-flies, we are still r emarkab ly ignoran t a b o u t the 
na tu r e of those ou tdoor resting sites, a n d still very far from developing 
methods for sampl ing w h a t in m a n y cases must be a considerable p ro -
por t ion of the total existing vector popula t ion . Lack of knowledge on 
this aspect of ecology even extends to one of the best-known insect 
vectors of h u m a n disease, namely Aedes aegypti the classical "Yel low 
fever m o s q u i t o " of the Americas . I n contrast to the weal th of informa-
tion abou t this species u n d e r l abora to ry condit ions, its ou tdoor resting 
habi ts still r ema in pract ical ly u n k n o w n (Schoof, 1967). 

Despite the recognized difficulties in the way of sampl ing these out -
door popula t ions in m a n y t ropical envi ronments , it is difficult to avoid 
the conclusion tha t in most cases lack of success can most simply be 
explained by the fact t ha t the p rob lem has no t been tackled wi th suffici-
ent vigour, or on a sufficiently large scale. A par t icu lar ly encourag ing 
example of w h a t can be achieved by a vigorous appl ica t ion of relatively 
simple methods was provided some years ago by the studies on ou tdoor 
rest ing popula t ions of mosquitoes in Co lombia (page 36). By means of 
a por tab le cage placed over un i t a rea of vegetat ion, a n d a repel lent 
chemical to d is turb the resting mosquitoes, large n u m b e r of samples 
could be ob ta ined represent ing a wide range of env i ronmenta l condi-
tions. A somewhat similar a p p r o a c h has been the use of ten t t raps to 
sample blow-flies resting on vegetat ion outdoors a t n ight , in which the 
flies are t r apped automat ica l ly w h e n they leave their n ight t ime resting 
places a t d a w n a n d are a t t rac ted to the l ight coming th rough the t rans-
pa ren t apex of the tent . 

T h e r e seems no obvious reason w h y these me thods should no t be 
capab le of further deve lopment in such a w a y as to sample no t only 
larger areas of several h u n d r e d square metres at a t ime, bu t also be 
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capab le of deal ing wi th a wide r ange of vegeta t ion types, inc luding 
thickets or even small trees. 

A good example of the w a y in which prob lems in vector ecology a re 
now being tackled on a very m u c h larger scale t h a n h i ther to a t t e m p t e d 
is p rovided by investigations connected wi th the possible appl ica t ion of 
the sterile ma le technique to tse-tse control in Rhodes ia . ( D a m e et al. 
1965). I n o rder to bui ld u p a h igh popu la t ion of tse-tse in t roduced in to 
a n a t u r a l hab i t a t , an acre (4047 sq. m) of wood land was encircled by a 
17 ft wall of cot ton gauze cloth a t t ached to a wire framework. T h e hope 
t ha t this enormous roofless cage would prevent in t roduced tse-tse from 
emigra t ing was no t fully realized, b u t a t least the technique illustrates 
the need to tackle big p rob lems in a big way . 

T h e need to sample this ou tdoor popu la t ion takes on an a d d e d signi-
ficance w h e n it is bo rne in m i n d t h a t w i th m a n y vectors this m a y well 
be the sole fraction of the adu l t popu la t ion which survives unfavourable 
seasons of the year — par t icu la r ly combina t ions of prolonged d rough t 
a n d high t e m p e r a t u r e as is the case w i t h Phlebotomus in t he S u d a n . I t 
is this elusive fraction which m a y be responsible for the wel l -known 
explosive popula t ion ou tbreaks which so often m a r k the r e tu rn of 
favourable condit ions, a n d which so often follow periods in which the 
vector seems to have vir tual ly d i sappeared . 

Recen t t rends in the field of tse-tse a n d mosqui to studies have been 
character ized, no t only by an increasing use of different sampl ing 
methods based on different principles, b u t also by the critical compar ison 
of these me thods in the same place a n d a t the same t ime. Th i s is a n 
encourag ing t r end which can no longer be ignored in o ther fields of 
vector s tudy, in pa r t i cu la r the s tudy of Simulium vectors of onchocer-
ciasis a n d the sylvan culicine mosquitoes which are vectors of var ious 
virus diseases. T h e almost comple te rel iance long p laced on the ba i t 
ca tch in these la t ter two fields n o w appears to be well ou t of step wi th 
recent advances in the field of tse-tse a n d anophe l ine studies. 

O f pa r t i cu la r va lue have been comparisons of sampl ing me thods 
based on qui te different physiological phases in the life of the vector, such 
as the active h u n g r y or b i t ing phase wi th the inact ive phase digesting 
the blood mea l be tween feeds, as has been done wi th tse-tse flies a n d 
anophe l ine mosquitoes. Studies on the culicine mosqui to vector of u r b a n 
filariasis in R a n g o o n a n d C o l o m b o have also been no tewor thy in 
i l luminat ing the ecology of a h i the r to almost neglected fraction of the 
popula t ion , name ly the gravid females a t t rac ted to ovipositing sites. 
Similarly, compar ison be tween the active b i t ing phase a n d the popu la -
t ion in flight — as sampled by means of non -a t t r ac t an t ne t t raps , suction 
t raps or sticky t raps — has provided further insight in to the ecology of 
sampl ing . Perhaps r a the r less instructive are comparisons involving 
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methods in which the na tu r e of the a t t r ac t an t is ill defined. A good 
example of this is the Morr is " a n i m a l t r a p " which m a y pe rhaps be 
visually a t t ract ive to hung ry tse-tse because it resembles an a n i m a l in 
appea rance , or which on the o ther h a n d m a y be a t t ract ive to those 
tse-tse which are simply seeking a da rk rest ing site. 

I n order to extract the m a x i m u m information from such comparisons 
of sampl ing methods , it is clear t ha t a great deal of careful p l ann ing a n d 
design is requi red , a n d tha t ideally the different methods should be 
compared over a wide range of vector density. 

I n view of the bias inherent in most sampl ing methods based on 
various forms of a t t rac tan t , whe the r live bai t , l ight t raps , carr ion or 
ca rbon dioxide, increasing a t tent ion is being given to devising non-
a t t r ac t an t methods for sampl ing vector popula t ions . T h e m a i n object 
of such methods is to ob ta in r a n d o m unbiased samples of the popu la -
t ion in flight by means of t r app ing methods employing static nets, as 
in the Malaise t r ap , (Townes, 1962; Breeland a n d Pickard , 1965), 
sweep nets a t t ached to moving vehicles; suction t raps and sticky t raps . 
T h e development of such techniques would a p p e a r to offer the best 
prospects for minimiz ing or e l iminat ing bias in sampl ing popula t ions of 
vectors ; a t the same t ime it is difficult to avoid the conclusion t ha t the 
results to da te are in general d isappoint ing. This m a y pe rhaps be due to 
the fact t ha t the methods have not been tested on a sufficiently large 
scale to allow for the fact tha t even in flight, m a n y t ropical insect vectors 
of disease occur a t low densities, or in a h igh state of dispersion. I n 
addi t ion , the p rob lem of bias canno t be overlooked even in these non-
a t t r ac tan t methods , the bias in this case being the h u m a n one whereby 
the opera tor , consciously or unconsciously, determines the place, t ime 
and other condit ions unde r which these sampl ing methods are ope ra t ed . 
I t is extremely unlikely t ha t the vector popula t ion in flight exists for 
any length of t ime in a uniformly dis t r ibuted pa t t e rn , a n d accordingly 
even a non -a t t r ac t an t sampl ing me thod m a y have to allow for quest ions 
of aggregat ion a n d concent ra t ion . 

At the present stage of progress it would seem tha t non-a t t r ac t an t 
sampl ing methods can best be developed a n d evaluated w h e n used in 
conjunct ion wi th a var ie ty of o ther methods in a b road spect rum a p -
p roach to sampl ing. T h e value of this app roach has a l ready been d e m o n -
stra ted by work on mosqui toes in Co lombia (page 36) a n d N o r t h 
Amer ica (page 66) in which sampl ing by means of mechan ica l sweep 
nets a t t ached to vehicles has been compared wi th m o r e convent ional 
me thods based on a t t rac tan ts such as l ight or live bai t . 

S A M P L I N G O F T H E S E X E S 

A great deal of our present knowledge a b o u t the ecology of adu l t 
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mosquitoes is based on cap tu re or sampl ing directed a t the female 
por t ion of the popula t ion . Neglect of the ma le mosqui to popula t ion — 
a p a r t from swarming a n d m a t i n g activities — has undoub ted ly been 
condi t ioned by the fact t ha t the males do no t suck blood or t ransmi t 
disease a n d therefore " d o n ' t c o u n t " . T h e au tho r himself, despite a long 
association wi th mosqui to ecology, is aware of hav ing possessed this 
pecul iar bl ind spot wi th r ega rd to anophe l ine mosquitoes. Th i s neglect 
is also evident in the majori ty of investigations on culicine mosquitoes, 
where by far the most p reva len t sampl ing m e t h o d used in ecological 
studies has been based on a t t rac t ion to live bai t , a t echnique in which 
males only p lay a very minor or acc identa l role. 

A n interest ing contrast to this is p rov ided by ecological studies on 
savannah tse-tse flies. A l though bo th sexes of tse-tse suck blood a n d 
t ransmi t disease, for m a n y years one of the most widely used methods for 
sampl ing a n d s tudying these insects deal t almost entirely wi th the ma le 
popu la t ion a t t rac ted to h u m a n ba i t in the " f ly- round" . C u r r e n t methods 
for sampl ing tse-tse popula t ions now cover a wide range , involving bo th 
sexes, b u t in the case of pract ical ly all o ther groups of insect vectors 
such as mosquitoes, black-flies, sand-flies a n d midges, basic sampl ing 
me thods take little account of the non-blood sucking male popula t ion . 
I n keeping wi th this, present knowledge a b o u t the ecology of males, as 
distinct from females, of these different vector groups, is still very in-
a d e q u a t e . 

T h e need to deal wi th this very obvious g a p in knowledge has taken 
on a new urgency in view of the fact tha t the successful appl ica t ion of 
new methods of genetic control based on the ma le sterilization pr inciple 
requi re more accura te informat ion t h a n is avai lable regard ing the 
density, dispersal, m a t i n g activity a n d longevity of the male popula t ion . 

W i t h regard to the more genera l p rob l em of sampl ing a imed a t 
es t imat ing absolute popu la t ion density, it seems tha t further studies on 
ma le ecology migh t well lead to the deve lopment of sampl ing techniques 
more precise a n d rel iable t h a n those cur rent ly based on the female 
fraction of the popula t ion . T h e life of these non-blood sucking males is 
no t compl ica ted by the physiological processes associated wi th blood 
feeding, ovar ian deve lopment a n d ovipositing, which p lay such a domi -
n a n t role in the ecology a n d behav iour of the female. I t seems possible 
therefore t ha t — a p a r t from activities concerned wi th swarming or m a t -
ing — the ma le popu la t ion migh t eventual ly be shown to exist in a m u c h 
m o r e uniformly dispersed p a t t e r n t h a n the widely fluctuating a n d fluid 
female fraction. 

Increas ing a t ten t ion has recent ly been given to the flower a n d nec ta r 
feeding behaviour of bo th ma le a n d female mosquitoes a n d black-flies, 
(Wenk, 1965; Lewis a n d Domoney , 1966), a n d there is evidence of 
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specific preference based on chemica l a t t rac t ion . F u r t h e r investigations 
in this field migh t provide something which would be of grea t value in 
ex tending the sampl ing spect rum, name ly a n au toma t i c t r a p for male 
mosquitoes in which the chemica l a t t r a c t an t was sufficiently s trong to 
p roduce a h igh degree of aggregat ion in areas where the popula t ion 
would normal ly be great ly dispersed a n d difficult to detect . 

P H Y S I O L O G I C A L C Y C L E S A N D A G E - G R A D I N G 

T h e present a p p r o a c h to p rob lems of vector ecology a n d the ep idemi-
ology of vector-borne disease is be ing increasingly influenced by the 
deve lopment of more precise techniques for es t imat ing the physiological 
age of individual insects. This progress has been most ma rked in the 
case of mosquitoes, bo th anophel ine a n d culicine, a n d tse-tse flies, b u t 
considerable advances have also been m a d e in studies on black-flies 
{Simulium). A great deal of this work has been concerned wi th two m a i n 
problems, firstly, the use of age-grading d a t a to provide estimates of the 
daily morta l i ty of vector popula t ions in n a t u r e — par t icu lar ly popula -
tions unde r pressure of control , a n d secondly, to s tudy the re la t ionship 
be tween age of the vector a n d its degree of infection wi th different 
development stages of parasites. 

However , there is ano the r aspect of this work which is of more im-
media te concern in connect ion wi th the in te r re la ted problems of vector 
ecology a n d vector sampling, t ha t is to see if the new age-grad ing 
methods reveal any tendency for the behaviour pa t t e rn of vector species 
to change wi th age. 

T h e very extensive work carr ied ou t on the ecology of anophe l ine 
mosquitoes in recent years has shown clearly t h a t the physiological 
changes which take place in the female du r ing the 3 to 4 days of the 
gonot rophic cycle, have a profound influence on its behaviour , a n d 
consequently on its availabil i ty by different sampl ing methods . T h e 
movements a n d resting habi ts of the female mosqui to m a y show m a r k e d 
changes dur ing the digestion of the blood meal a n d the deve lopment of 
the ovaries, a n d these changes m a y become evident well before the final 
phase of comple te ovar ian deve lopment l ead ing to oviposition. Th is 
pa t t e rn tends to va ry from species to species, wi th the consequence t h a t 
one par t icu la r phase in the cycle m a y be over-represented by one s a m p -
ling me thod , a n d under- represented by another . T h e avai labi l i ty of 
these different phases in the cycle m a y be further affected by changes 
in the dura t ion of the cycle, such as those induced by seasonal change or 
by cl imatic differences. 

I n the case of insect vectors such as tse-tse flies in which males as 
well as females are blood suckers, a somewhat similar cycle exists in 
the case of the male . M a l e tse-tse pass th rough a hunge r cycle which 
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starts wi th a full blood mea l a n d cont inues t h rough stages where blood 
digestion is accompan ied by accumula t ion of fat. Th is stage is t hen 
followed by deplet ion of fat reserves a n d eventual ly by " h u n g e r " . As 
descr ibed on page 25 these different physiological stages of ma le tse-tse 
differ in their avai labi l i ty accord ing to the different sampl ing me thods 
used. 

I n view of these established facts regard ing behaviour changes wi th in 
each cycle, it would obviously be i m p o r t a n t to establish whe the r or no t 
cor responding changes in p a t t e r n a re p roduced as a result of increasing 
age a n d the cumula t ive effect of r epea ted ovar ian cycles (or " h u n g e r " 
cycles in the case of ma le tse-tse). T h e appl ica t ion of the simple age 
g rad ing techn ique which subdivides the female sample in to two cate-
gories — nul l iparous a n d parous — has shown tha t cer ta in sampl ing 
methods record a m u c h h igher p ropor t i on of nul l iparous females t h a n 
o ther methods , thus confirming t h a t the young a n d recent ly emerged 
females of the mosqui to popu la t ion differ in behav iour a n d avai labi l i ty 
from the older popu la t ion in genera l . W h a t would be even m o r e useful 
to know is whe the r there a re differences in behaviour wi th in the parous 
g roup itself, to the extent possibly t h a t the older mul t i -parous females 
which have unde rgone several ova r i an cycles, m igh t develop significant 
differences in feeding a n d resting habi t s from the younger pa rous females 
which have comple ted only one or two cycles. 

Whi le it would be reasonable to believe tha t the ex tending appl ica-
tion of the advanced age-grouping me thods would th row direct l ight 
on this p rob lem, no th ing very significant one w a y or the o ther has 
emerged so far. However , as this advanced t echn ique is still a very diffi-
cult a n d highly specialized one, m a k i n g grea t d e m a n d s on t ime, pe rhaps 
it is r a the r early to expect r ap id progress towards this goal . 

F u r t h e r studies on this aspect of age g rad ing should u n d o u b t e d l y be 
s t imulated by the fact t h a t the existence of such changes in behav iour 
pa t t e rn have a l ready been established in the case of tse-tse flies. O l d e r 
females of Glossina morsitans have been shown to be less a t t r ac ted to m a n 
as ba i t t h a n younger females in the first th ree weeks of life. T h e add i -
t ional information t h a t o lder female tse-tse are less susceptible to in-
secticide t h a n young ones gives a d d e d significance to this observat ion, 
a n d suggests t ha t the special ecology of the older or ageing vector would 
well r epay further s tudy from the poin t of view of the epidemiology a n d 
control of vector-borne disease in general . 

S A M P L I N G A T H I G H A N D L O W D E N S I T I E S 

T h e concept of h igh vector density or low vector density is a very 
vague a n d a r b i t r a r y one . T h e tse-tse workers , especially those concerned 
wi th G. palpalis, p r inc ipal vector of h u m a n trypanosomiasis d u e to 
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T. gambiense, have long been acutely aware tha t m a n y of their vectors 
can still t ransmi t disease at such low densities as to be barely de tec table 
by their refined methods . By these s tandards the present concepts of 
vector scarcity or " a b s e n c e " which commonly exist in the field of 
anophel ine studies, are in most cases extremely c rude a n d uncr i t ica l . 

Ideas abou t vector a b u n d a n c e a n d vector scarcity are usually directly 
influenced by the efficiency of the sampl ing methods used. M e t h o d s 
devised at a t ime w h e n vectors are a b u n d a n t , a n d readi ly taken in grea t 
numbers a t all t imes, are the very ones which are often l iable to reveal 
serious l imitat ions a t low densities. T h e r e is a l ready a b u n d a n t evidence 
in the field of anophel ine ecology a t least to show tha t mosquitoes 
resting in the unde rg rowth in a state of dispersion on the borde r line of 
detect ion — perhaps not more t h a n one per h u n d r e d square metres — 
can still a m o u n t to an impressive total popula t ion in terms of hectares or 
square miles. H o w m u c h this scattered popu la t ion can be concent ra ted 
on an isolated a t t r ac tan t such as h u m a n or an ima l bai t is difficult to 
say, bu t there is some evidence to show tha t only qu i te a l imited a rea 
m a y be t apped in this way. 

T h e same uncer ta in ty applies to the effective radius of the var ious 
kinds of t raps constructed to resemble animals , or to provide shaded 
resting places, or bo th . Al though the general th inking of tse-tse workers 
in this respect is sufficiently advanced to provide a s t imulat ing example 
to workers in o ther vector fields, i t appears t ha t future needs in all vector 
control or vector disease control p rog rammes will d e m a n d a n entirely 
new app roach to the s tudy of vector fluctuations a n d composi t ion a t 
levels which are still epidemiologically significant, bu t are a t the same 
t ime not readi ly de tec table by the me thods a t present avai lable . W h a t 
lines this investigation will take is difficult to say a t the m o m e n t , b u t 
pe rhaps the use of some mechan ica l me thod of t r app ing based on chemi-
cal a t t r ac tan t will prove more sensitive a n d more rel iable t h a n the 
various man-ope ra t ed methods which are so m u c h more likely to be 
subjective and exposed to the h u m a n factor. 

O n e of the greatest obstacles to the in te rpre ta t ion of sampl ing d a t a in 
te rms of the t rue popula t ion is t ha t it is never possible in n a t u r e to refer 
these figures to a known — as distinct from an est imated — popula t ion . 
Perhaps this could only be done satisfactorily by a large cage exper iment 
in which a known n u m b e r of vectors is l iberated or al lowed to emerge . 
T h e artificiality of such cage exper iments , no m a t t e r how large the cage, 
has h a d a discouraging effect on such lines of invest igat ion; b u t exact 
and control lable exper iments of this kind have been done wi th house-flies 
a n d m a y yet prove a necessary adjunct to the deve lopment of more 
critical field methods for o ther insects. W i t h the present increased em-
phasis on the quant i ta t ive a p p r o a c h to insect a n d an ima l ecology, it is 
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possible t ha t improved methods of measur ing o u t p u t of adu l t vectors from 
well-defined breed ing hab i ta t s , m a y give a more accura te idea of p ro -
duc t ion per un i t a rea in un i t t ime, a n d thus provide a r a the r more sub-
stant ial backd rop to sampl ing d a t a which would otherwise r e m a i n 
empir ica l a n d speculative. 

T h e quest ion of the detect ion of vectors a t w h a t migh t be called 
"sub-diagnost ic levels" is closely b o u n d u p wi th the quest ion of ac tua l 
vector eradicat ion, a n d the r e a p p e a r a n c e of vectors in areas from which 
they have been repor ted absent for long periods. These a re vi tal ques-
tions of concern to all those w h o are engaged in the s tudy or in the 
control of vector-borne diseases. A m u c h closer in tegra t ion of different 
disciplines a n d a m u c h keener apprec ia t ion of c o m m o n objectives m a y 
p lay a decisive p a r t in de te rmin ing how rap id ly entomologists can p ro -
gress in this direct ion. 

S A M P L I N G P R O B L E M S I N T H E I N T E R P R E T A T I O N O F 

B L O O D - M E A L D A T A 

T h e identification of the source of blood mea l in engorged insect 
vectors, by means of the precipi t in tests, has long been recognized as one 
of the most accura te a n d va luab le techniques avai lable for s tudying the 
host preferences of b i t ing insects in n a t u r e (Weitz, 1956). For m a n y 
years it has been used extensively in numerous investigations on the 
ecology of the mosqui to vectors of ma la r i a , a n d in more recent years its 
use has been extended to tse-tse flies in Africa (Weitz a n d Glasgow, 
1956; Glasgow et al. 1958; J o r d a n et al. 1960, 1961 ; Wei tz , 1963) a n d to 
the culicine mosqui to vectors of var ious types of viral encephali t is in 
Colorado a n d California (Reeves et al. 1963; Tempel i s et al. 1965, 1967). 
T h e technique has also been appl ied in a m o r e l imited w a y to identify-
ing the blood meals of engorged black-flies {Simulium) collected a t l ight 
t raps in Scot land (Davies et al. 1962). 

For the more precise identification of blood from closely re la ted 
an imals or groups of animals , a m o r e discr iminat ive test ( inhibi t ion of 
agglut inat ion) has been developed a n d has proved par t icu lar ly va luab le , 
for example , in dist inguishing m a n blood from monkey blood in the 
course of investigations on forest mosquitoes involved in the transmission 
of s imian ma la r i a a n d h u m a n ma la r i a . 

T h e widespread appl ica t ion of the precipi t in test has provided a 
grea t deal of accura te information a b o u t the ident i ty of the m a m m a l s 
a n d birds on which insect vectors actual ly feed in na tu re , in addi t ion to 
m a n . At the same t ime it has become increasingly evident t ha t the inter-
pre ta t ion of all this d a t a is by no means simple a n d straightforward, a n d 
t h a t in compara t ive ly few cases has a clear-cut a n d consistent feeding 
pa t t e rn been revealed. M a n y of the insect vectors which regular ly feed 
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on m a n also feed on domest ic or o ther animals to a var iab le extent de -
pend ing on the availabil i ty of these a l ternat ive hosts. W i t h regard to 
those vectors which also feed to a considerable extent on wild an imals 
such as m a m m a l s a n d reptiles (tse-tse flies) or birds (culicine mosqui to 
vectors of encephali t is) , it appears t ha t the feeding habi t s m a y fluctuate 
enormously according to rap id changes in the density or p ropor t ion of 
their wild hosts. 

A p a r t from these unpred ic tab le , a n d usually uncont ro l lab le n a t u r a l 
events, is the fact t ha t all information on host preference as de te rmined 
by the precipi t in test is based on samples of insect vectors cap tu red by a 
var iety of methods a n d u n d e r a var ie ty of condit ions. If the b lood-meal 
d a t a is based on a sample of the vector popula t ion collected in a single 
type of hab i t a t , e.g. a h u m a n dwell ing, or in a stable or an ima l shelter, 
precipi t in testing will usually show qui te clearly t ha t the feeding prefer-
ence is heavily biased in favour of the d o m i n a n t host in the collecting 
site. At the same t ime, tests based on samples of engorged vectors col-
lected well away from the influence of h u m a n habi ta t ions a n d h u m a n 
sett lements, m a y reveal a very low propor t ion wi th h u m a n blood, a n d 
m a y well be biased in favour of some known or u n k n o w n wild host in 
the vicinity of the collecting site. W h e n engorged vectors can be found 
in a var iety of resting sites, bo th indoors a n d outdoors , the quest ion t hen 
arises as to which sample most closely represents the feeding pa t t e rn of 
the vector popula t ion as a whole , a n d w h a t weight can be a t t ached to 
each sample of different origin in t rying to arr ive a t a consol idated 
est imate of host preference. 

These difficulties in in te rpre ta t ion are par t icu lar ly well i l lustrated in 
a recent appra isa l of one of the most comprehensive series of precipi t in 
tests yet a t t empted , namely , the co-ordinated work carr ied ou t in the 
ten years , 1955 to 1964, on the host preferences of anophel ine mosqui -
toes in connect ion wi th the world-wide ma la r i a eradica t ion p r o g r a m m e 
(Bruce-Chwat t et al. 1966). This appraisa l is based on over 124 000 tests 
— of which 9 4 % gave positive results — covering 92 different species or 
species-complexes of Anopheles. T h e m a i n a i m of this work was to p ro -
vide a clearer idea of the basic blood preferences of all the major a n d 
secondary vectors of ma la r i a in order to ob ta in a more accura te idea of 
their vectorial capaci ty . I n addi t ion , the p l an of testing was designed to 
indicate any change of feeding pa t t e rn b rough t a b o u t by the pressure of 
insecticide appl ied on a vast country-wide scale, a n d also to clarify the 
status of the different member s of species-complexes regard ing their 
feeding preference for m a n a n d their role as vectors of mala r ia . 

I n reviewing the weal th of informat ion provided by this un ique 
survey, the authors conclude tha t in the majori ty of cases the results give 
a valid indicat ion of the p ropor t ion of bites taken on m a n a t the t ime 
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a n d place of sampl ing, b u t they also po in t ou t t ha t before expressing 
these results in the form of a more precise " h u m a n blood i ndex" , cer ta in 
reservations mus t be considered d u e to difficulties in sampl ing. T w o of the 
most no tab le sampl ing variables — which are in fact likely to be en-
countered in a wide range of insect vectors in general — were considered 
to be (a) lack of knowledge of the t rue biotopic dis t r ibut ion of the blood-
fed females, a n d (b) the low efficiency of avai lable sampl ing techniques 
in ou tdoor shelters. I n addi t ion were two equal ly i m p o r t a n t factors 
more closely associated wi th the ac tua l vector control p r o g r a m m e , viz. 
(c) mosqui to scarcity (na tura l or due to spraying) render ing some m o n -
thly samples too small for compara t ive analysis, a n d (d) non-inclusion 
of blood meals from mosquitoes which , in sprayed areas, a re killed after 
feeding bu t before the hou r of collection. 

T h e au thors ' final r e commenda t ion tha t further field research is re -
qu i red to overcome the sampl ing difficulty refers specifically to the 
mosqui to vectors of mala r ia , b u t is clearly one which is also valid 
for allied problems in the m u c h wider field of vector ecology in 
general . 

A combina t ion of precipi t in test a n d agglut inat ion- inhibi t ion test 
has been widely used in tse-tse fly studies in order to clarify the feeding 
pa t t e rn of the different species wi th r ega rd to an ima l hosts o ther t h a n 
m a n . I n m a n y ways it m igh t a p p e a r t h a t the sampl ing problems in-
volved are r a the r less complex t h a n wi th the domestic a n d semi-domes-
tic mosqui to vectors of ma la r i a discussed above, in so far as tse-tse flies 
feed a n d rest almost entirely outdoors . Provided the sampl ing of this 
ou tdoor popula t ion of engorged flies is carr ied ou t in a comprehensive 
m a n n e r , and wi th d u e regard to seasonal representa t ion , there appears 
to be a good chance tha t the b lood-meal survey m a y give, for each vector 
species, a reasonably accura te idea of the host preference of the popu la -
t ion as a whole . T h e r e a re one or two unusua l features of tse-tse ecology 
however , which need closer examina t ion in this respect. First of all, bo th 
sexes of tse-tse are blood-suckers, a n d the feeding habi ts of bo th males 
a n d females have to be considered. I n earlier b lood-meal surveys in 
East Africa, sampl ing was confined to the partly-fed males a t t r ac ted to 
a moving pa r ty of 2 to 3 m e n , no engorged females be ing taken in this 
way. Sampl ing of the active males was la ter supp lemented by samples of 
gorged tse-tse of bo th sexes taken resting on vegetat ion, a n d it was con-
c luded t ha t results based on ma le tse-tse a lone were in fact appl icable 
to the popu la t ion as a whole . 

Lat ter ly , increasing a t ten t ion has been given to sampl ing confined to 
the rest ing popula t ion of engorged flies t aken in vegeta t ion a n d forest, 
a n d this work has revealed t ha t bo th sexes a re no t always equal ly avail-
able even in the quiescent rest ing phase . Whi le Glossina palpalis for 
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example p roduced samples in which the two sexes were taken in approx i -
mate ly equal number s , wi th bo th G. longipalpis a n d G. pallicera, more en-
gorged males t h a n females were collected. T h e suggestion m a d e to 
explain this dispari ty was tha t the par t ia l ly gorged males a re m o r e 
a t t rac ted by the presence of the catchers , a n d therefore more liable to be 
caugh t t h a n the females. 

T h e in te rpre ta t ion of precipi t in test d a t a regard ing tse-tse is par t icu-
larly subject to the variables ment ioned above concerning day- to-day 
fluctuations in the density a n d composi t ion of the wild an ima l popula -
tions on which these flies feed to a large extent . Nevertheless, these 
refined techniques have provided a m u c h more definite p ic ture no t only 
of the wide range of animals on which tse-tse feed in na tu re , bu t they 
have also confirmed earlier c rude observations t h a t cer ta in d o m i n a n t 
animals such as zebra a p p e a r to be completely una t t r ac t ive to tse-tse 
as a source of blood. Perhaps further discr iminat ive appl ica t ion of p re -
cipit in testing m a y in t ime he lp to confirm a n d extend observations 
a l ready referred to regard ing the change in feeding pa t t e rn — of female 
tse-tse a t least — according to the age of the vector. 

I M P A C T O F M A N - M A D E E N V I R O N M E N T A L C H A N G E S 

Ideas and conclusions abou t the ecology of insects vectors of disease 
need constant review in the l ight of m a n - m a d e env i ronmenta l changes , 
par t icular ly those which are characteris t ic of so m a n y developing 
tropical countries. Such changes imposed on the env i ronment m a y have 
a p ronounced effect on the val idi ty of the cap tu re or sampl ing techniques 
which provide the basic tools on ecological work. A striking example of 
the way in which such a drast ic a l tera t ion m a y interfere wi th long-
practised methods of sampl ing adu l t vectors is provided by the in t roduc-
tion of house-spraying wi th D . D . T . for the control of the anophe l ine 
mosqui to vectors of mala r ia . M a n y of the anophel ines concerned use 
h u m a n a n d domest ic an ima l shelters as day- t ime resting places, a n d 
consequent ly the day- t ime ca tch of resting mosquitoes was a long-
established me thod of assessing vector density. W h e n the inner walls 
a n d other surfaces of such habi ta t ions are sprayed wi th D . D . T . , the 
day- t ime house catch falls to zero or nea r zero, a n d remains a t a very 
low level for weeks or even mon ths after a single t r ea tmen t . I n the early, 
a n d less critical, phase of D . D . T . appl ica t ion in ma la r i a control , this 
a p p a r e n t d r a m a t i c d rop in house ca tch was in te rpre ted as direct 
evidence tha t the D . D . T . t r ea tmen t was achieving almost complete 
e l iminat ion of the vector popula t ion . However , it is now recognized 
tha t wi th several anophel ine species, a varying propor t ion of the popu la -
tion a t t empt ing to rest on the inner t rea ted surfaces of the house, a re 
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i r r i ta ted by the D . D . T . residues a n d m a y escape from the house u n -
h a r m e d , wi thou t hav ing absorbed a le thal dose of insecticide ( M u i r h e a d -
T h o m s o n , 1960b; de Zu lue ta , 1964). I n its ex t reme form this behavioura l 
effect of the D . D . T . appl ica t ion is to achieve a shift of resting popula t ion 
from indoors , where the popula t ion is aggregated a n d easily detected, to 
outdoors where the popula t ion becomes widely dispersed a n d difficult to 
detect in vegetat ion a n d o ther n a t u r a l shelters. W i t h some species this 
d is rupt ing effect is further accen tua ted by a reduct ion in the ac tua l 
n u m b e r of mosquitoes enter ing t rea ted houses, pe rhaps due to some 
i r r i t an t or repellent effect of the D . D . T . deposits a t windows, eaves, or 
o ther en t ry points . I n this case man- imposed env i ronmenta l changes 
have rendered an apparen t ly rel iable sampl ing me thod qui te unre l iable , 
a n d in some instances, grossly misleading. 

I t seems qu i te likely t h a t o ther m a n - m a d e env i ronmenta l changes, 
pe rhaps less drast ic or less obvious, will also interfere wi th the val idi ty 
of long-accepted sampl ing me thods . I n m a n y developing countr ies in 
the tropics the old, dark , m u d a n d tha tch type of ru ra l hab i t a t ion is 
giving w a y g radua l ly to brick walls a n d cor ruga ted iron roofs, giving 
l ighter a n d airier s t ructures less sui table as day- t ime shelters for 
mosquitoes a n d o ther vectors associated wi th m a n a n d his hab i ta t ion . 
I n the same way, the r ap id u rban iza t ion a n d suburban iza t ion in those 
countr ies is chang ing the env i ronment , a n d the relative p ropor t ion of 
m a n a n d his domest ic animals , in such a way t ha t sampl ing d a t a based 
on convent ional captures a t vector aggregat ion sites — resting places or 
feeding sites — are l iable to become mere figures wi th no real m e a n i n g 
in te rms of vector popula t ion as a whole . 

C a p t u r e or sampl ing d a t a form the m a i n foundat ion for so m u c h of 
present knowledge of vector ecology a n d the epidemiology of vector-
bo rne disease, t ha t a keen apprec ia t ion of all the factors involved in 
sampl ing must be regarded as an essential step towards a clearer unde r -
s tanding of all the complex problems involved. 

Q U A N T I T A T I V E E C O L O G Y A N D T H E L I F E T A B L E C O N C E P T 

I n Nove m ber 1966, a small i n t e rna t iona l g r o u p of entomologists a n d 
ecologists me t in Geneva to discuss the subject of Mosqu i to Ecology. 
Th i s g roup was no t l imited to mosqui to specialists, b u t inc luded 
authori t ies in the m u c h wider field of an ima l ecology a n d popula t ion 
studies. I n addi t ion , unlike m a n y of the larger conferences a n d seminars 
on insect ecology, this representat ive g r o u p h a d the responsibility of p re -
p a r i n g a jo in t repor t a n d recommenda t ions , the final draft of which h a d 
to be approved by all par t ic ipants before the meet ing finally broke u p . 
Th is unusual ly significant repor t ( W . H . O . 1967b), crystallizes not only 
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the very diverse range of experience b rough t to bear on this par t i cu la r 
p rob lem by the ac tua l members , b u t also embodies a wide coverage of 
up- to-da te information p u t a t the disposal of the meet ing in the form of 
unpubl i shed working documents specially p repa red for this purpose by 
col laborators in different countr ies . 

I t is a r a the r unusua l event for entomologists a n d ecologists to meet 
u n d e r such condit ions, in which jo in t decisions and recommenda t ions 
have to be m a d e , which are acceptable to the g roup as a whole . As a 
consequence, a l though the meet ing was immedia te ly concerned wi th 
the subject of mosqui to ecology, m a n y of the final issues are equally 
re levant to allied problems in vector ecology as a whole . I n view of this 
i t would be profitable to summar ize the more general findings of this 
scientific g roup , and then see w h a t bear ing these have on the mater ia l 
reviewed in this present book. 

T h e g roup first of all d rew a t ten t ion to the fact t ha t "unde r s t and ing 
of the epidemiology of the diseases involved and assessment of control 
p rog rammes depend on accura te measurements of popula t ion , a n d 
knowledge of the causes of the growth and decline of mosqui to popu la -
tions is essential for the in tegrat ion of different approaches to vector 
con t ro l" . T h e y pointed out t ha t m u c h of the avai lable information on 
mosqui to ecology was of a qua l i ta t ive or relative na tu re , a n d tha t con-
sequently " the re was still a serious lack of quan t i t a t ive information on 
m a n y aspects of mosqui to ecology". 

T h e g roup considered tha t bet ter methods for the measuremen t of 
n u m b e r s of mosquitoes would provide a bet ter under s t and ing of popula -
t ion dynamics , and tha t the full potentiali t ies of apply ing ma themat i ca l 
or statistical analyt ical me thods for s tudying a n d forecasting vector 
popula t ions a n d pat terns of disease frequency would r ema in unreal ized 
wi thout more accura te measures of popula t ion size a n d unders t and ing 
of popula t ion dynamics . 

T h e repor t then draws a t ten t ion to the fact t ha t various ecologists, 
par t icu lar ly those concerned wi th forest entomology, have developed 
methods for the construct ion a n d analysis of a life-table, or life-budget, 
a n d tha t this new app roach should be appl ied to mosquitoes. Life-tables 
describe, in te rms of absolute popula t ion size or density, the n u m b e r of 
individuals in a generat ion or cohort passing th rough each stage, and 
the contr ibut ion of these individuals to the next generat ion. I n these 
connections the repor t emphasizes t ha t " t h e centra l r equ i remen t of life-
table work is absolute popula t ion est imates" , a n d tha t wherever possible 
such est imation should be m a d e by more t h a n one me thod in order to 
ensure t ha t pa r t of the popula t ion is not totally overlooked. T h e repor t 
concludes t ha t as m u c h of the work on mosquitoes has emphasized 
relative methods , studies a imed a t the construct ion of a life-table will 
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initially have to be based largely on techniques developed for o ther 
animals . 

I t is evident t ha t the opinions a n d resolutions of this repor t concern-
ing the points summar ized above have a direct bear ing on ecological 
problems c o m m o n to all insect vectors of disease in general . O n e of the 
purposes of this present book has been to d r a w a t ten t ion to various 
env i ronmenta l a n d behavioura l factors which have an influence on the 
cap tu re or sampl ing methods used for adu l t insect vectors of disease. I t 
seems tha t in keeping wi th the increasing emphasis on the quan t i t a t ive 
a p p r o a c h to ecology, the first step in progress would be the full aware -
ness of the var iable factors likely to affect the validi ty of basic d a t a 
ob ta ined by cur ren t sampl ing techniques . F r o m this the next step would 
be to measure or minimize these variables , ei ther by adequa t e replica-
t ion of sampl ing u n d e r different condit ions, by widening the sampl ing 
spec t rum in order to embrace o ther aspects of vector ecology, or by 
devising methods — perhaps involving m u c h more refined mark ing-
release-recapture techniques — a imed a t expressing sampl ing d a t a in 
terms of absolute popu la t ion density. 

F r o m mater ia l presented in this present book there seems little d o u b t 
t ha t the init ial st imulus could be provided by a closer co-ordinat ion of 
effort, a n d pooling of knowledge a n d resources, a m o n g the m a n y in-
vestigators in the diverse fields of vector ecology. A further incentive, 
in keeping wi th the opinion of the W . H . O . scientific g roup , would be a 
keener awareness of advances in progress on fundamenta l ly s imilar 
problems of popula t ion studies in o ther fields of entomology or an ima l 
ecology. 

I n order to ob ta in a more composi te p ic ture of vector ecology, a n d a 
more complete cont r ibut ion to the life-table, a similar precise quan t i t a -
tive a p p r o a c h would be necessary wi th regard to the i m m a t u r e stages of 
vectors, viz. eggs, la rvae , a n d p u p a e . Th is par t i cu la r subject is outside 
the scope of the present review, b u t is clearly one due for critical 
reappraisa l . 

M a n y field entomologists, acute ly conscious of pract ica l difficulties 
a n d obstacles in the w a y of p l ann ing a n d execut ing valid field experi-
ments u n d e r difficult condit ions in developing countries, m a y feel t ha t 
the s tandards of accuracy implici t in the life-table concept a re idealistic 
a n d una t t a inab le . However , despite the known a n d acknowledged 
difficulties in ob ta in ing more exact quan t i t a t ive d a t a on vector ecology 
u n d e r those exact ing condit ions, there is little hope of progress wi thout 
hav ing a m a i n a im or objective in m i n d . 

I f measurements a n d observat ions in the field can be geared to this 
u l t imate r equ i r emen t of establishing accura te life-tables a n d all t ha t 
they signify, it will give an entirely new m e a n i n g a n d purpose to all 
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future investigations. This new outlook will almost certainly lead in t u r n 
to m u c h higher critical s tandards , not only in deve lopment a n d opera-
t ion of sampl ing methods , bu t also in the in te rpre ta t ion of the essential 
sampl ing d a t a on which so m u c h of our knowledge of vector ecology 
depends . 
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A 

Abso lu te dens i ty o f vectors , 9 5 - 9 8 
Acomys niloticus, flea i n d e x of, 109 
Aedes (see u n d e r separate species) 
Ae. aegypti 

Act iv i ty o f males , 5 4 

Bit ing cyc le , 5 4 , 55 
O u t d o o r resting sites, 130 
S a m p l i n g in the Amer icas , 55 , 6 0 

Ae. africanus 

Bit ing act iv i ty , 52 

O u t d o o r popula t ions , 56 
T r a p p i n g , 8 3 

Ae. albopictus 

A l l y o f Ae. aegypti in S.E. As ia , 6 0 
Ae. cardans 

Bit ing behav iour , 93 
Ae. (Banksinella) circumluteolus 

Rest ing sites, 5 9 
Ae. circumluteolus 

Site preference, 5 4 
Ae. simpsoni 

Site preference, 5 4 
Ae. taeniorhynchus 

Dispers ion a n d l ight t rapp ing , 66 
Ae. vexans 

A g e - g r a d i n g , 6 4 
L ight t rapp ing , 66 

A g e - g r a d i n g o f vec tor popu la t ions , 9 8 , 
1 3 4 - 1 3 5 

A n o p h e l i n e mosqui toes , 9 8 - 1 0 0 
Cul ic ine mosqui toes , 6 3 - 6 5 
Simulium, 71 
Tse-tse flies, 2 5 - 2 7 , 9 8 , 1 0 0 - 1 0 1 

Agg lu t ina t ion- inh ib i t i on test, 137, 139 
A n o p h e l i n e mosqui toes (see a lso u n d e r 

separate species) 
A g e - g r a d i n g , 9 8 - 1 0 0 
D D T , effect o n behav iour , 35 , 1 4 0 - 1 4 1 
G o n o t r o p h i c cyc le , 3 3 , 134 
S a m p l i n g m e t h o d s 

Bait catches , 3 9 - 4 1 
C o m b i n e d m e t h o d s , 4 7 - 5 0 

I n d o o r resting popula t ions , 3 3 - 3 5 
O u t d o o r resting sites, 3 6 - 3 9 
Pit shelters, 37, 38 , 4 3 , 47 
T r a p p i n g m e t h o d s , 4 1 - 4 7 

Vec tors in M a l a y a , 4 9 
Anopheles aconitus 

T r a p p i n g , 4 5 
An. albimanus 

S a m p l i n g , 3 4 - 3 5 , 37 , 3 9 , 4 0 , 4 1 , 4 3 , 4 5 
An. aquasalis 

Res t ing popula t ions , 34 , 36 
An. campestris 

House-res t ing popu la t ions , 50 
An. coustani 

S a m p l i n g b y pit shelter a n d bait , 4 8 
An. crucians 

Light - trap catches , 6 6 , 6 8 
An. culicifacies 

T r a p p i n g in huts , 4 5 
An. darlingi 

Bit ing at different levels , 5 0 
An. freeborni 

T r a p p i n g , 66 
An. funestus 

A g e - g r a d i n g , 9 9 

S a m p l i n g m e t h o d s for, 4 9 

Seasonal densi ty , 4 7 - 4 8 

Effect o f spray ing , 47 
An. gambiae 

A g e - g r a d i n g , 9 9 - 1 0 0 

Bi t ing cyc le , 52 

S a m p l i n g , 38 , 39 , 4 1 , 4 6 , 4 9 , 5 0 , 5 4 

Seasonal dens i ty c h a n g e s , 4 1 - 4 2 , 4 7 - 4 8 
Spray ing , effect of, 35 , 47 , 1 4 0 - 1 4 1 

An. "hyrcanus" 

Attract ion to bait , 57 
An. mediopunctatus 

Bit ing at different levels , 5 0 
An. melas 

Attract ion to different hosts , 4 0 
Seasonal densi ty , 41 

An. minimus flavirostris 

R o u t i n e outdoor co l lec t ing , 35 , 37 
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An. pharoensis 

T r a p p i n g , 4 3 , 67 
An. pretoriensis 

S a m p l i n g in pi t shelters, 3 7 - 3 8 
An. quadrimaculatus 

Light - trap catches , 6 8 
An. roperi 

Bit ing act ivi ty , 4 9 
An. rufipes 

S a m p l i n g in pi t shelters, 3 7 - 3 8 
An. shannoni 

Bit ing at different levels , 50 
An. sinensis 

S a m p l i n g , 5 9 
An. squamosus 

S a m p l i n g b y pit shelter a n d bait , 4 8 
An. sundaicus 

O u t d o o r popula t ions , 37 
S a m p l i n g in trap huts , 4 5 

An. vagus 

Attract ion to bait , 57 
A p p a r e n t densi ty o f tse-tse, 10 
Arvicanthis 

Flea i n d e x of, 105 
P l a g u e transmiss ion, 116 

Ava i lab i l i ty o f tse-tse, 10 

Β 
Bandicota bengalensis, 106 
B l o w flies 

Abso lute dens i ty o f p o p u l a t i o n , 96 
S a m p l i n g , 8 9 , 9 3 , 9 4 , 9 7 - 9 8 

B H G , effect o f spray ing , 47 

G 
Calliphora (see B l o w flies), 8 6 
Cediopsylla simplex, 115 
C h a g a s disease, vectors of, 102 
Chemoster i lants , 92 
Chiastopsylla rossi 

Flea i n d e x of, 114 
Seasonal fluctuations, 117 

Chrysomyia (see also B l o w flies), 8 6 , 8 9 
Chrysops (see also u n d e r separate species) 

S a m p l i n g , 53 
Vector ia l role, 53 

C. dimidiata 

Bit ing react ions , 53 
C. silacea 

Bit ing react ions , 53 
Cimex, 102 

Citellus (see also under separate species) 

F lea popu la t ions of, 113, 114 
P l a g u e reservoir, 113 

C. beechyi 

Fleas per a n i m a l per nest , 113 
Seasonal a b u n d a n c e o f fleas, 117 

C. pygmaeus 

Flea p o p u l a t i o n of, 113 
Cul ic ine mosqu i toes—see u n d e r 

Aedes 

Culex 

Culiseta 

Haemagogus 

Mansonia 

Psorophora 

Uranotaenia 

Culex (see also u n d e r separate species) 
A g e - g r a d i n g , 6 3 - 6 4 
L ight t rapping , 66 , 67 

C. "annulus" 

Attract ion to bai t , 57 
C. antennatus 

Light t rapp ing , 67 
C. fatigans (see also C. pipiens fatigans) 

Attract ion to bai t , 56 
C. gelidus 

Attract ion to bai t , 57 
C. pipiens 

L i g h t t rapping , 67 
C. pipiens fatigans 

A g e - g r a d i n g , 6 4 - 6 5 
Dens i ty , 61 
Ov ipos i t ing habi ts , 62 
S a m p l i n g , 57 , 59 , 6 0 , 6 1 , 6 3 

Vec tor ia l role, 6 0 
C. quinquefasciatus (see also C. pipiens 

fatigans) 

L i g h t t rapp ing , 6 6 , 6 8 
Vec tor ia l role, 66 

C. tarsalis 

S a m p l i n g , 6 5 - 6 6 
Vec tor ia l role , 65 

C. taeniorhynchus 

S a m p l i n g , 56 , 5 8 - 5 9 , 6 6 - 6 7 
C. univittatus 

T r a p p i n g , 67 
Culicoides (see also u n d e r separate species) 

S a m p l i n g , 7 9 - 8 2 
Vec tor ia l role, 79 

C. austeni 

Bit ing per iod , 8 0 
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C. fulvithorax 

Bit ing per iod , 8 0 
C. furens 

L i g h t t rapping , 8 0 
C. grahami 

Bit ing per iod , 8 0 
C. inamollai 

L i g h t t rapping , 8 0 
C. inornatipennis 

Bit ing per iod , 8 0 
C. sanguisuga 

L i g h t traps, l a n d i n g rates, 8 0 - 8 1 
Culiseta inornata 

L i g h t t rapp ing , 6 6 

D 
D D T , effect o f t rea tment o n b e h a v i o u r , 

3 5 , 1 4 0 - 1 4 1 
Diamanus montanus 

Fluctuat ions in popu la t ions , 113 , 114, 
117 

Dinopsyllus lypusus 

Flea index , 114 

Ε 

Echidnophaga gallinacea 

Flea i n d e x , 107, 108 
P o p u l a t i o n c o m p o s i t i o n , 112 

Encephal i t i s , Cal i fornia survei l lance pro -
g r a m m e , 6 5 

F 
Filariasis, cu l i c ine -borne , 6 0 , 61 
Fleas : 

F l ea i n d e x , 103, 115 
S a m p l i n g 

Bird fleas, 1 1 6 - 1 1 7 
Free- l iv ing popu la t ions , 1 1 0 - 1 1 3 
R a b b i t fleas, 1 1 8 - 1 2 3 
R a t fleas, 1 0 2 - 1 1 0 
Sy lvat ic rodent fleas, 1 1 3 - 1 1 7 

Vectors o f p l a g u e , 103 
F ly r o u n d , for tse-tse flies, 9 - 1 3 , 2 1 , 2 2 - 2 5 

G 
Gavia immer, as host o f Simulium, 77 
Gerbille (Tatera s p p ) , 114, 116 
Glossina (tse-tse flies) see u n d e r separate 

species) 
G. brevipalpis 

Bit ing act iv i ty , 1 4 - 1 5 

G. fuscipes (see also G. palpalis) 

S a m p l i n g , 2 6 - 2 7 
G. longipalpis 

E n g o r g e d flies, 140 
S a m p l i n g b y fly r o u n d , 12 

G. morsitans 

B e h a v i o u r pat tern , 135 
S a m p l i n g , 9 , 10, 13, 19, 2 0 , 2 9 

G. morsitans submorsitans 

S a m p l i n g , 1 1 - 1 2 
G. pallicera 

E n g o r g e d flies, 140 
G. pallidipes 

A g e - g r a d i n g , 2 5 , 1 0 0 - 1 0 1 
S a m p l i n g , 9 , 13, 1 4 - 1 5 , 1 9 - 2 0 , 2 2 - 2 4 , 

2 5 - 2 9 

V e c t o r i a l role , 13 
G. palpalis 

E n g o r g e d flies, 1 3 9 - 1 4 0 
L o w densit ies , 13, 1 3 5 - 1 3 6 
S a m p l i n g , 12, 13, 16, 19, 2 4 
V e c t o r i a l role , 13, 2 5 , 135 

G. palpalis fuscipes 

Bit ing act iv i ty , 14—15 
G. swynnertoni 

H u n g e r cyc le o f ma le s , 2 4 - 2 5 
S a m p l i n g , 18, 19, 21 

G. tachinoides 

S a m p l i n g , 12, 13, 16, 22 

H 
Haemagogus, 5 3 , 6 8 
Hoplopsyllus anomalus 

Fluctuat ions in p o p u l a t i o n , 113, 114, 
117 

I 

Insect ic ides 
Aga ins t anophe l ines , 3 1 - 3 2 , 3 3 , 34 , 3 5 , 

4 6 , 47 
A g a i n s t tse-tse flies, 2 8 - 2 9 
D D T , effect o n s a m p l i n g m e t h o d s , 35 , 

1 4 0 - 1 4 1 

J 

J a p a n e s e Β encephal i t i s , 5 8 , 67 

Κ 

K a l a A z a r , 82 
L 

Leishmanias i s , vectors of, 8 2 , 8 4 
Life table , 142 
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Light traps (see under Traps) 

L inco ln (Peterson) I n d e x , 95 

Loiasis , vector of, 53 

Lucilla (see also B l o w flies), 86 

M 

M a g o o n trap (see under Traps) 

Mala i se trap (see u n d e r Traps) 

M a n i t o b a fly trap (see u n d e r Traps) 

Mansonia (see also u n d e r separate species) 

A g e - g r a d i n g , 6 4 

S a m p l i n g , 55 , 6 1 , 6 3 , 78 

Vector ia l role, 6 0 , 61 

M. annulifera 

Rest ing densi ty , 61 

M. divesjbonnae group 

Attract ion to bait , 63 

M. uniformis 

T r a p p i n g , 46 , 57 

Res t ing densi ty , 61 

Mansonioides (see Mansonia) 

M a r k i n g m e t h o d s , 19, 9 6 - 9 7 

M u r i n e typhus , 103 

Musca domestica 

Behaviour , 9 2 - 9 3 

Control , 92 

Disease conveyor , 8 6 

S a m p l i n g , 8 6 - 9 2 

M y x o m a t o s i s , 76 , 103, 118 

Ν 

Neopsylla setosa, 114 

Ο 

Onchocerc ias i s , vectors of, 6 9 , 70 

Oryctolagus, in relat ion to m y x o m a t o s i s , 

121 

Ρ 

Peterson index , 95 , 97 

Phlebotomus (see also u n d e r separate 

species) 

S a m p l i n g , 79 , 8 2 - 8 5 , 131 

Vector ia l role, 82 

P. langeront orientalis 

T r a p p i n g , 83 

P. orientalis 

Sticky trapping , 8 4 

P. squamipleuris 

Light t rapping , 8 4 

Phys io log ica l cycles , effect on behav iour , 

1 3 4 - 1 3 5 

Pit shelter, 37, 38 , 4 3 , 47 

P lague , 1 0 3 - 1 0 5 , 107, 112 

P l a g u e C o m m i s s i o n , 103, 105, 110 

Pol iomyel i t i s , 9 3 

Precipit in tests, 1 3 7 - 1 4 0 

Prosimulium hirtipes 

Light t rapping , 72 

Psorophora ferox 

Light t rapping , 66 , 6 8 

Pulex irritans 

M e c h a n i c a l transmiss ion o f p l a g u e , 

110, 113 

S a m p l i n g , 112 

R 

R a b b i t s (see also Oryctolagus) 

Distr ibut ion o f flea p o p u l a t i o n , 1 1 9 -

121 

Infestation rates, 118, 1 2 1 - 1 2 2 

T r a p p i n g , 118 

R a t s (see also Rattus) 

Percentage infested, 1 0 7 - 1 0 9 

P o p u l a t i o n fluctuations, 1 0 6 - 1 0 7 

S a m p l i n g , 1 0 6 - 1 0 7 , 108, 109 

Rattus norvegicus 

Flea indices , 105, 109 

Popu la t ion fluctuations, 1 0 5 - 1 0 6 

Rattus rattus 

Distr ibut ion o f fleas, 116 

F lea indices , 105, 109 

Popu la t ion fluctuations, 1 0 5 - 1 0 6 

S 

S a m p l i n g : S u m m a r y 

A g e - g r a d i n g data , use of, 1 3 4 - 1 3 5 

Bait catches , 1 2 7 - 1 2 8 

Behav iour of species , effect of, 1 2 4 - 1 2 5 , 

1 3 4 - 1 3 5 

B l o o d m e a l da ta , interpretat ion of, 

1 3 7 - 1 4 0 

D D T , effect of, 1 4 0 - 1 4 1 

E n v i r o n m e n t a l factors, 125, 127 

Extens ion o f s a m p l i n g spec trum, 1 2 9 -

132 

H i g h a n d l o w densit ies , 1 3 5 - 1 3 7 

M e t h o d s , cho ice of, 125 

Non-a t t rac tant s a m p l i n g , 132 

Object ives in vector s a m p l i n g , 126 

Phys io log ica l cycles , effect of, 1 3 4 - 1 3 5 

Sexes , s a m p l i n g of, 1 3 2 - 1 3 4 

T e c h n i q u e s , i m p r o v e m e n t of, 1 2 8 - 1 2 9 

Vi sua l traps, 129 
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Scudder gril l , 87 

S i m u l i u m (see also u n d e r separate 
species) 

A g e - g r a d i n g , 71 

O r n i t h o p h i l i c species , 7 6 - 7 7 
Res t ing popula t ions , 6 9 , 7 4 
S a m p l i n g , 1 7 - 1 8 , 6 9 - 7 9 
Vec tor ia l role, 6 9 , 70 

S. adersi 

Light t rapp ing , 75 
S. arcticum 

Si lhouet te t rapp ing , 78 
S. callidum 

Bit ing act iv i ty , 70 
S. damnosum 

Bit ing cyc le , 7 0 - 7 1 
Ovipos i t i on sites, 79 

S a m p l i n g , 7 0 - 7 2 , 7 3 , 75 , 76 
V e c t o r dens i ty , 75 

S. euryadminiculum 

Olfactory s t imulus , 77 
S. metallicum 

Bit ing act iv i ty , 70 
S. ochraceum 

Bit ing act iv i ty , 70 
S. ornatum 

Bit ing act iv i ty , 72 

T r a p p i n g , 72 
S. neavei 

Bit ing cyc le , 70 
S. venustum 

R e s t i n g habi ts , 74 
Spilopsyllus cuniculi 

Attract ion to host , 111 
Behav iour , 1 1 9 - 1 2 0 
Dis tr ibut ion o n host , 1 1 9 - 1 2 0 
S a m p l i n g , 103, 104, 1 1 8 - 1 1 9 , 1 2 1 - 1 2 2 
Sexua l cyc le o f host , 118 
Vec tor ia l role, 118 

Stomoxys 

Disease transmiss ion, 8 6 
Sylvilagus 

P o p u l a t i o n es t imate , 116 
Synosternus pallidas 

S a m p l i n g , 112 
Vec tor ia l role , 1 1 2 - 1 1 3 

Τ 
T a b a n i d a e (see Tabanus a n d Chrysops) 

Tabanus 

S a m p l i n g b y M a n i t o b a fly trap, 17 

Vec tor ia l role, 86 
Tatera sp . 

Dis tr ibut ion o f fleas in warrens , 116 
Tatera brantsi 

Seasonal fluctuations o f fleas, 117 
T r a p s : 

" A n i m a l " (s i lhouette) traps, 1 6 - 1 8 , 
2 2 - 2 4 , 2 5 , 7 8 - 7 9 

Bait traps, 4 2 - 4 4 , 5 6 - 5 8 , 8 3 , 93 
L ight traps, 55 , 5 8 , 6 5 - 6 8 , 7 2 - 7 4 , 8 0 - 8 1 
M a g o o n trap , 4 3 , 58 , 59 
M a l a i s e trap , 132 
M a l a y a n trap, 56 , 57 
M a n i t o b a fly trap , 17, 78 
St icky traps, 72 , 8 0 , 8 3 - 8 4 , 8 8 - 9 1 
Suc t ion traps, 55 , 74 , 8 0 
T e n t traps, 9 4 
T r a p huts , 4 4 - 4 7 , 57 
T r a p idiosyncrasy, 58 , 67 , 9 4 
V e r a n d a h trap, 4 6 

Trypanosoma gambiense, 13, 136 
Trypanosomias i s , 8, 2 9 
Tse- tse flies (see also u n d e r Glossina) 

Abso lu te dens i ty o f p o p u l a t i o n , 9 6 
A g e - g r a d i n g , 2 5 - 2 7 , 98 , 1 0 0 - 1 0 1 
Bi t ing act ivi ty , 10, 14 
S a m p l i n g 

C o m p a r i s o n o f m e t h o d s , 2 2 - 2 7 
F l y r o u n d , 9 - 1 3 , 2 1 , 97 
R e s t i n g popula t ions , 1 8 - 2 1 , 139 
Stat ionary bait , 1 3 - 1 5 
T r a p p i n g , 1 5 - 1 8 

U 
Uranotaenia sapphirina 

L i g h t t rapp ing , 66 , 6 8 

V 

V e r a n d a h trap (see u n d e r Traps) 

W 

W e s t N i l e virus, 67 
W i n d o w traps (see u n d e r T r a p s : trap 

huts) 
X 

Xenopsylla (see u n d e r separate species) 
X. astia 

P l a g u e transmiss ion, 103 , 104 
X. brasiliensis 

P l a g u e transmiss ion, 103 
S a m p l i n g , 111 

173 
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X. cheopis 

Breeding sites, 109 
D e c l i n e in p o p u l a t i o n , 106 
F lea concentrat ion sites, 111 
F lea index , 1 0 3 - 1 0 5 , 1 0 7 - 1 0 9 , 112 
Free- l iv ing popula t ions , 112 
Popu la t ion o n outdoor rats, 1 0 8 - 1 0 9 
Re la t ive proport ion o f sexes, 1 0 3 - 1 0 4 
Vector ia l role, 103, 110, 112 

X. endos 
Seasonal a b u n d a n c e o n gerbi l le , 117 

X. hawaiensis 

Flea index , 107, 108 
Infestat ion rate, 109 

Y 
Y e l l o w fever, sy lvan , 5 1 , 53 

Y e l l o w fever, u r b a n , 55 


