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FOREWORD 

In 1898 Ross in India and Grassi, Bignami and Bastianelli in Italy showed that 
mosquitoes were responsible for the transmission of malaria. Soon after, at the 
beginning of this century, Sir Malcolm Watson and Sir Thomas Stanton led the 
world in scientific control of malaria by anti-mosquito measures. 

Amongst some of the earliest recorded collections of Malaysian mosquitoes were 
those made in 1899 from Perak followed by collections from Selangor, Penang and 
Singapore which were sent to the British Museum in London. 

The first book on mosquitoes was reported to have been written about the year 
1679 in Italy and the first description of an Anopheline larva was made in 1754. 
However, for almost three centuries comparatively slow progress was made in the 
systematic studies of mosquitoes. The beginning of the twentieth century saw a 
tremendous upsurge of interest throughout the world and significant contributions 
by Theobald, Nuttall & Shipley, Christophers and Edwards, to mention a few, were 
added to the literature. 

It was about this time too, that systematic work on Malayan Anophelines began by 
pioneers such as Leicester, Stanton, Strickland, Wellington, Brooke, Portelly, 
Hacker, Swellengrebel and Swellengrebel de Graaf. In 1908, G. F. Leicester 
published his “ Culicidae of Malaya ” (in IMR Study No. 3). In 1926, A. T. Stanton 
published his “ Notes on Malayan Culicidae ” (IMR Study No. 20). In 1934 and 
1935 B. A. R. Gater published his two volumes of “ Aids for identifying Malayan 
Anophelines “. This was followed in 1945 by E. P. Hodgkin’s publication entitled 
“ The Anopheles of Malaya ” and ten years later in 1956 the same author published 
his “ Transmission of Malaria in Malaya ” (IMR Study No. 27). 

The uncertainty of the true identity of many species led to difficulty in attempts 
to explain better the natural and experimental transmission of malaria in this part 
of the world. This gap in knowledge was felt even more in recent years, with more 
and more work being undertaken on the vector status of Anopheline species in the 
studies on human and animal malarias and filariasis in this country. 

The task of bringing up to date our knowledge on Anophelines was started by 
Dr. J. A. Reid who joined this Institute in 1939 as a Research Fellow in Entomology. 
This outstanding volume combines the study of both larvae and imagines, as well as 
pupae and eggs, and is the result of twenty years’ painstaking investigation in 
Malaya and several years of research at the British Museum, Up to the time of 
Gater’s volumes, about 40 species were known from Malaya, but with the present 
volume another 20 odd species have been added to the list. Dr. Reid has also 
included a description of the fauna of the surrounding region. The Chapter on 
biology and vector status will add further to the value of this monograph, which I 
have no doubt will be for many years the reference book for the Anopheline fauna 
of S.E. Asia. 

KUALALUMPUR UNGKU DATO OMAR-AHMAD 
May, 1968 Director 



PREFACE 

“ A knowledge of the properties, economy, propagation, and in short of the 
life and conversation of these animals [noxious insects], is a necessary step to 
lead us to some method of preventing their depredations.” 

Gilbert White, March 1771. The Natural History of Selborne. 

The purpose of this book is to bring together the main results of research on the 
Anopheline mosquitoes of Malaya and Borneo performed since the publication of 
Gater’s monographs in 1934 and 1935. At present these results are contained in 
numerous papers scattered through many different journals, or embedded in annual 
reports. The book is also the logical culmination of the author’s studies on the 
taxonomy of the Anophelines of South-East Asia, made during the 20 years (1940- 
1960) that he was at the Institute for Medical Research in Kuala Lumpur. 

Gater recognized about 35 full species of Anopheles in Malaya and Borneo, but 
this total has nearly doubled and now stands at 67. The increase is mainly due to 
the discovery that a number of the former ‘ species ‘, such as A. hyrcanus, 
barbirostris, umbrosus and Zeucosphyrtis, are in fact groups of half-a-dozen or more 
distinct though exceedingly similar-looking species. Several of the vectors of 
malaria and filariasis belong to these groups, the so-called sibling species groups, so 
that it is important to be able to distinguish these vector species from their harmless 
but similar-looking relatives. 

Although the greater part of this book is concerned with the identification of 
species, and for this purpose is composed of illustrated keys and descriptions, 
identification is not an end in itself, but a beginning. When a specimen has been 
identified to its species it has a name, and under this name what is known about 
that species, such as its habits and relation to disease, can be found in the literature. 
Correct identification of species is thus the beginning of successful control of insect- 
borne disease. 

Between identification and control lies the need to learn the habits of the vector 
species, and in this field there is far more that we still need to know, than is yet 
known. But much has been discovered in Malaya and Borneo since the end of the 
second world war, particularly about the habits of adult mosquitoes. For this 
reason the final chapter of this book is an attempt to review these discoveries in the 
light of recent ideas on mosquito biology, to relate them to what was known before, 
and to give a consolidated summary of the transmission of disease by the AnopheZes 
of Malaya and Borneo. No doubt this chapter will soon be out of date, and many 
of the speculations proved wrong, but if these speculations have served to provoke 
the work that disproves them, they will have been worthwhile. 

Although the emphasis in this book is necessarily upon species and their correct 
identification, some of the results summarized in this final chapter point clearly to 
the importance of variation within species (whether of mosquito or parasite) as a 
cause of local and geographic differences in the status of various species of Anopheles 
as vectors of disease. For example, the importance of A. macdatus as a vector of 
human malaria in Malaya and its unimportance in Borneo, where balabacensis and 
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Zez~o$hyrtis are the principal vectors though unimportant in the greater part of 
Malaya. Now that most (though certainly not all) of the undoubtedly distinct 
species of Anopheles in the area are probably known, it may be time to turn our 
attention to geographic and other variants within the species. Until the species 
were known this was not practical, but now, with the aid of forced-mating techniques 
and the methods of chromosome cytology, laboratory and field studies of such 
variants should be fruitful. Possibly it will be found that maculatus and 
balabacensis are themselves groups of species, sterile when crossed, though this 
seems unlikely. Variation within species is a universal phenomenon, and there is 
nothing surprising in finding that such variation may affect the behaviour (and thus 
the vector status) of a species more than it affects its morphology. 

Techniques, such as those for collecting, maintaining and dissecting mosquitoes, 
are not described, nor are methods of mosquito control. These subjects have been 
well covered by other authors to whom reference is made where appropriate. 

No new species are described in this book, as it has been the policy to publish 
such descriptions separately (and in more detail than would be possible here) as the 
work of revision has proceeded. However, some life stages of several species are 
described and illustrated here for the first time, such as the eggs of a number of 
species in the umbroszts group and those of montaws and asiaticus, and the pupae 
of aurirostris and watsonii. 

The illustrated primary keys are intended to help those who are not themselves 
entomologists to identify their specimens, at least to the correct species group. 
The secondary keys, among the descriptions, may prove a little more difficult, but, 
if used with the summary of diagnostic characters in the short diagnosis at the 
beginning of the description of each species, they should enable most members of 
species groups to be correctly identified. These secondary keys, unlike the primary 
ones, include species that occur in surrounding countries and are related to those 
known in Malaya or Borneo, so that in most cases all members of a species group 
are included in a key. Only brief notes are given on these species in surrounding 
countries, full descriptions are limited to those occurring in Malaya and Borneo. 

One would have liked to include maps of the distribution of Malayan and Bornean 
species throughout South-East Asia, similar to the useful ones given by Bonne- 
Wepster & Swellengrebel in 1953 in their book on the Anophelines of the Indo- 
Australian region (now out of print). But the distributions of many of the 
individual species within the species groups are still so incompletely known that this 
is not possible at present. Instead, the countries or areas, in which a species is so 
far known to occur, are listed at the end of each description; the names used are 
geographic rather than political. 

The location of type specimens is given, with the more important synonymy, 
before the description of each species. As so many type specimens are in the 
British Museum (Natural History), this name has been abbreviated to BMNH. 
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ANATOMY: ADULT I 

I. ANATOMY 

THIS account of the anatomy of Anopheline mosquitoes is not intended to be 
complete. The purpose is merely to give sufficient information about those struc- 
tures used in identification to enable the reader to follow the keys and descriptions. 
Little is said about internal anatomy, or structures like the larval mouthparts, as 
these are seldom used in identification. For more information the reader is referred 
to a textbook of general entomology such as that of Imms (x964), and for further 
details on mosquitoes in general and Anophelines in particular to Marshall (1938), 
Christophers (1933)) Puri (1931), Gater (1934, 1935), Crawford (1938)) and the 
more recent works of Russell, West, Manwell & Macdonald (1963), and Belkin (1962). 

ADULT 
The general structure of an adult female mosquito is illustrated in fig. I. As in 

other insects the body has three principal regions-head, thorax and abdomen. 

MAXILLARY PALP 

EYE ___ 

l;IG. I. Generalised diagram of a mosquito (female Culicine) to show names of parts. 
(From Marshall) 
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The head bears the eyes, mouthparts and antennae, the thorax bears the wings and legs, 
and the abdomen bears at its tip a pair of small cerci in the female and the rather 
large and complex copulatory apparatus or external genitalia in the male (fig. 8). 

Though characters of taxonomic value occur on most parts of the body, the most 
frequently useful characters are those afforded by differences in the pattern of dark 
and light scales on the palps, wings and legs. 

Head 
The structure of the head is shown in fig. 2. It consists of a rounded sclerotized 

head cansule attached nosteriorly to the thorax by a narrow neck (fig. 6c), and 

Lb 

FIG. 2. Parts of the head (female Anopheline). 1, palps, antennae, etc ; 3, arrangement 
of scales and hairs (setae) on vertex ; 4, lateral view of head. A, antenna ; A b, apical 
pale band ; a&, anterior portion of postgena ; Bb, dark area between apical and sub- 
apical pale bands ; C, clypeus ; Cb, subapical pale band ; F, frons ; Hs, head scales ; 
L, labium (proboscis) ; Lb, labella ; m, tip of mouthparts lying in labial sheath ; 0, 
compound eye ; Oc, ocular setae ; 0~5, occiput ; OS, ocular scales ; P, palp ; pg, post- 
gena ; pgc, postgenal setae ; t, torus ; V, vertex ; Vc, vertical setae ; Vt, vertical or 
frontal tuft ; I-5, segments of palps. 

(From Christophers) 
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carrying in front the projecting mouthparts and antennae. Much of the capsule 
on each side is taken up by the large compound eyes. Between the eyes above is the 
region of the vertex which passes back into the occiput and forward into the frons. 
The occiput and vertex are largely clothed with more or less erect scales of varying 
width, very narrow in aitkenii and broad in species like barbirostris. Most of those 
on the occiput are usually dark, becoming pale to white over the front of the vertex, 
where they form the pale vertex spot. The scales of the vertex are truncated, and 
sometimes slightly notched apically ; this gives them a forked appearance under low 
magnification. The narrow anterior part of the vertex between the eyes bears the 
vertical or frontal tuft characteristic of most Anophelines. This tuft is usually 
pale or white, at least in part, and continuous behind with the pale vertex spot. It 
is composed of long setiform scales curving forwards over the frons and clypeus, 
together with hairs (setae) and slender but shorter scales. 

FIG. 2X. Coeloconic sensillae on the antenna. a, 3rd and 4th flagellar segments of A. 
balabacensis introlatus $2 to show distribution of coeloconic sensillae, large whorl setae 
shown truncated, other bristles and sensillae only roughly indicated ; b, enlarged side 
view of single coeloconic sensilla. G, coeloconic sensillae ; p, peg ; pi, thick-walled pit. 

Antennae (fig. 3). These sense organs are composed of an inconspicuous ring-like 
basal segment, the scape, a somewhat globular second segment, the torus or pedicel, 
larger in the male than in the female, and a flagellum of 13 segments bearing whorls 
of hairs. In the male these hairs are long and numerous, and when erected make 
the antennae plumose ; in the female the hairs are fewer, shorter and less con- 
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spicuous. In the female, at least the torus and first few flagellar segments often 
bear a few scales. 

The different types of sensory bristles, pits, etc., occurring on the antennae have 
been described by Ismail (1962). Coluzzi (1964) has found that variation in the 

FIG. 3. Heads of male and female Anopheles to show differences. A, 3, side view ; B, 
$, dorsal view ; C, 9, side view. dlpz, antenna ; la, labium (proboscis) ; p, palp (note that 
in dorsal view the club of the 3 palp is turned outwards, at least in dried specimens). 

(After Patton & Evans) 

numbers of one type, the coeloconic sensillae (fig. zA) which are believed to be 
olfactory, are of some help in distinguishing some members of the Ano@zeZes gambiae 
group. 

Clyj~z~. This is usually bare, but carries a tuft of dark scales on each side in 
females of the A. hyrcanus group (fig, z8d). 

Pales (fig. 2). The female palps are composed of five segments of which the first 
or basal is vestigial and fused with the second. The ratio of the length of segment 5 
(the apical) to that of 4 is sometimes of use in identification and is called the palpal 
index ; it varies from o-3 to o-7. 
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The palps are clothed with scales except along their inner surfaces. These scales 
may lie flat so that the palps appear thin as in aitkenii, or may be erect, making the 
palps appear thick or shaggy as in barbivostris. Commonly the scales are more or 
less erect towards the base and lie more or less flat towards the apex. 

Frequently the palps are ornamented with bands of pale scales, usually at joints 
2-3 and 3-4 and at the apex. The presence or absence of pale bands and their 
number and relative width are important characters for identification. 

In the male the last two segments of the palps are expanded and flattened into a 
club. The clubbed palps and plumose antennae form the easiest means of dis- 
tinguishing male from female Anophelines (fig. 3). 

Proboscis (figs. 2, 3). The proboscis or labium lies below the palps and forms a 
flexible sheath or gutter for the piercing mouthparts or stylets. It is clothed with 
scales except on the paired labella at its tip. Usually the scales are dark, but some- 
times those of the apical half are pale as in aconitus and kochi, or there is a distal 
pale patch as in vagus. The length of the proboscis, as measured by comparing it 
with the length of the fore femur (the fore femur/proboscis ratio), is occasionally a 
useful character. 

FIG. 4. Head and mouthparts of a female mosquito (Culicine). a, antenna ; cl, clypeus ; 

e, eye ; hy, hypopharynx ; 1. ep, labrum-epipharynx ; Zb, labium ; Zbl, labellum ; 
nzn, mandible ; VEX, maxilla ; 9, palp. 

(From Marshall) 

The stylets are shown diagrammatically in figs. 4 and 5. The number of large teeth, 
usually about IZ--20 on each maxilla, is called the maxillary index and this may 
show some difference between species. This index has sometimes been used as a 
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character for distinguishing races within species, but is of doubtful value as the 

number of teeth can be changed by changing the larval environment (Gillies & 
Shute, 1954). 

FIG. 5. 

--NY 

SD 

-\ 
NE iR 

Transverse section through the mouthparts of a female Anopheline. P-C, food 
canal ; HC, haemocoele ; H Y, hypopharynx ; LE, labrum-epipharl\rnx ; LI, labium, 
inner wall ; LO, labium, outer wall ; MA, mandible ; MU, muscles ; MA’, maxilla ; 
AW, nerve ; SD, salivary duct ; TR, trachea. 

(From Gater, after Patton & Evans) 

Thorax 
The structure of the thorax is shown in fig. 6. In origin it is formed of three parts, 

the prothorax, mesothorax and metathorax, each bearing a pair of legs. The 
middle part or mesothorax is much the largest and contains the big muscles that 
operate the wings. 

The prothorax is reduced to a pair of anterior pronotal lobes lying dorsally on 
either side of the neck with a postpronotal area posterior to each, and below the 
pronotal lobes a pair of propleura lying on each side of and below the neck and 
bearing the fore legs. 

The mesothorax has a large domed dorsal surface or mesonotum formed mainly 
by the scutum (see fig. I) with a small scutellum and postscutellum (postnotum) 
posteriorly. Because the scutellum and postscutellum are relatively small and un- 
important in the identification of Anophelines, the term mesonotum is often used as 
if it were synonymous with scutum, though strictly it comprises all three sclerites. 
The sides of the mesothorax are formed by various mesopleural sclerites (e.g. 
sternopleuron and mesepimeron) and areas of membrane. The wings are inserted 
towards the rear of the mesothorax on each side, between the edge of the mesonotum 
and the top of the mesepimeron. At the bottom of the mesepimera are the mid legs. 

The metathorax, like the prothorax, is much reduced. It bears the halteres 
(knob-like organs in Diptera corresponding to the hind wings in other orders of 
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insects), the posterior or second pair of thoracic spiracles (the first pair are in the 
membrane behind the postpronotum), and the hind legs. 

m 1 

3. 

FIG. 6. Parts of the thorax of an A4nopheline. 1, dorsal view ; 2, anterior view of pro- 
thorax and mesonotum after removal of the head ; 3, lateral view (membranous areas 
shaded). A, abdomen ; AP, anterior promontory of mesonotum ; APn, anterior 
pronotal lobe ; c, cervical sclerite of neck ; Cxl-Cxs, coxae of fore, mid and hind legs ; 
F, fossa of mesonotum ; H, head ; h, haltere ; 1, site of lateral scale tuft on anterior 
promontory ; LA, lateral area of mesonotum ; M, mesonotum ; nz, site of median scale 
tuft on anterior promontory ; MA, median area of mesonotum ; me, upper mesepimeral 
setae ; P, postscutellum (mesopostnotum or postnotum) ; p, propleural setae ; pa, 
prealar setae ; S, scutellum ; s, spiracular setae ; sp, upper and lower sternopleural 
setae ; SY, spiracle ; T, trochanter ; WR, wing root ; I, anterior pronotum (= APn, 
anterior pronotal lobe) ; 2, postpronotum, shown continued as narrow proepimeron to 
coxal articulation ; 3, propleuron (episternum) ; 32, basisternum of prothorax ; 4, 
postspiracular area of mesothorax ; 5, sternopleuron of mesothorax ; 6, mesepimeron ; 
7, meron ; 8, trochantin ; g, sternopleuron of metathorax ; IO, metathorax, 

(After Christophers) 
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Taxonomic characters. Characters of the thorax of use in classification are 
mainly those of certain hairs (setae or bristles) and scales, and the colour of the top 
of the thorax (mesonotum). These hairs, which are relatively stout and occur in 
groups and occupy definite positions on the sides of the thorax and are named 
according to their positions, are usually called thoracic setae, partly to distinguish 
them from the smaller undifferentiated hairs which clothe the mesonotum. In 
addition to the named groups of thoracic setae, there are other setae on the pronotal 
lobes, the mesonotum and scutellum. Among the named groups of setae, the 
propleural setae are of some importance ; they may be numerous, reduced to one 
or two, or absent as in Zetifer and the Neocellia series (maculatzss, etc.). Care must 
be taken not to confuse the propleural setae with setae of the pronotal lobes or the 
fore coxae, especially in pinned specimens which are liable to be somewhat shrunken 
or distorted in this region. Other groups of thoracic setae are the spiracular, pre- 
alar, upper and lower sternopleural, and the sub-alar or upper mesepimeral. 
Occasionally, as in the barbirostris group, there may be a group of lower mesepimeral 
setae not shown in fig. 6/3. 

Scales may be present on the anterior pronotal lobes, forming the pronotal tuft. 
The anterior promontory of the mesonotum may bear scales, usually pale ones 
medially and dark ones lateroventrally. The halteres usually bear scales and the 
colour of these is occasionally of value. Often there are small patches of scales on 
the pleura, usually associated with the groups of setae, particularly with the sterno- 
pleural and mesepimeral setae. 

The colour of the mesonotum is often a group character. It may be brown and 
largely uniform as in the aitkenii group, or show a marked contrasting pattern 
formed by a large pale median area flanked by chocolate-brown lateral areas as in 
Zindesayi and asiaticus, or this contrasting pattern may be less pronounced as in 
wnbrosus and Zetifer, in which the median area is grey and the lateral areas blackish. 
In other groups there may be a less definite pattern of light and dark areas, the 
appearance depending on the direction of incidence of the light. The dark areas 
may form longitudinal lines, or there may be a dark spot on each side which, if 
pronounced as in kochi, is called an eye spot. In addition to any pattern of light 
and dark areas, the mesonotum may bear scattered pale scales as in kochi and 
maculatus. 

wings 
Veins. The parts of the win g and its veins are shown in fig. 7/1. For brevity 

the veins are referred to by numbers, but the corresponding names in the general 
Comstock-Needham system of insect venation are given in the legend to the figure. 
The thickened front margin of the wing is the costa ; sunk between this and vein I, 

like a fold in a half-opened fan, is the subcosta, SC, which is a concave vein. Veins z 
and 4 are also concave veins, prominent on the under surface of the wing. The 
costa and veins I, 3, 5 and 6 are convex veins, prominent on the upper surface. 
The branches of veins are indicated by decimals, thus the upper branch of vein z is 
z -I and the lower branch z -2. Cross-veins bear the numbers of the veins they 
connect, thus the one connecting the stems of veins z and 3 is cross-vein 2-3. 
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Scales. The costa and veins are clothed with scales (which are specialized 
flattened hairs) on both upper and under surfaces, and the apex and hind margin 
of the wing bear a fringe of scales. The scales vary considerably in size and shape 
on different parts of the wing (see Christophers, x933). 

b: 

FIG. 7. Veins and markings of the Anopheline wing, 1, venation ; 2, usual position of 
light and dark areas in subgenus C&a. 1. A, apex of wing ; a, alula ; af, anterior 
forked cell ; B, base of wing ; b, bifurcation ; C, costa ; cu 2-3, cross vein between 
veins z and 3 (other cross veins similarly except humeral) ; F, fringe ; lz, humeral cross 
vein ; $f, posterior forked cell ; Y, remigium (or stem vein) ; SC, subcosta ; s, squama ; 
I, first longitudinal vein (Radius, Rr) ; 2, second longitudinal (Radial sector, Rs) ; 
2.1, upper or anterior branch of 2nd longitudinal (Rs) ; 2 -2, lower or posterior branch 
of 2nd longitudinal (Rs) ; 3, third longitudinal (R4+5) ; 4, fourth longitudinal (Media, 
M) ; 4.1, upper branch of 4th longitudinal (Ml) ; 4.2, lower branch of 4th longitudinal 
(1212) ; 5, fifth longitudinal (Cubitus, Cu) ; 5.1, upper branch of 5th longitudinal (Cur) ; 
5.2, lower branch of 5th longitudinal (Cuz) ; 6, sixth longitudinal (Anal, An). 2. Ad, 
apical dark mark ; Ap, apical pale spot (often merging with apical fringe spot) ; Asp, 
accessory sector pale spot ; bs, border scales ; Fs, pale fringe spot ; Hd, humeral dark 
mark ; HP, humeral pale spot ; lbfd, middle dark mark ; Pd, preapical dark mark ; 
Phd, prehumeral dark mark or marks ; Php, prehumeral pale spot ; Pp, preapical pale 
spot ; Psd, presector dark mark ; Psp, presector pale spot ; SF, sector pale spot ; Scp, 
subcostal pale spot. 

(lifter Christophers, 2 partly after Gater) 
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Wing pattern. The ornamentation of the wing or wing pattern, so important 
in identification, is due to alternating areas of light- and dark-coloured scales. In 
fresh specimens the darkest areas are often jet black and the palest ones white or 
creamy. In some species, such as barbirostris, the light and dark scales are mixed 
on some of the veins giving a speckled appearance. In species with unornamented 
wings, such as aitkenii, the scales are all of one colour, usually dark. 

In the subgenus Cellia (=Myxomyia) the distribution of dark and light areas 
(dark marks, or pale spots) is usually very regular and clear-cut, especially on the 
costa and anterior veins where they are given names (fig. 7/z) for ease of reference 
as they are important in identification. To locate these light and dark areas on a 
specimen it is best to start from a fixed reference point that is easy to identify, such 
as the subcostal pale spot, Scp, on the costa. This is the pale spot a little beyond 
the middle of the costa where the subcosta joins the costa. This position is about 
level with or somewhat beyond the beginning of the unbranched vein 3, but always 
before the fork of vein 2. The subcosta is not as obvious as it is represented in 
fig. 7/z, which is diagrammatic, because it is sunk between the costa and vein I as 
explained earlier. 

Having located the subcostal pale spot, then the dark mark immediately distal 
to it (i.e., nearer the apex of the wing) is the preapical dark mark, Pd, followed by 
the preapical pale spot, Pp, apical dark mark, Ad, and apical pale spot, Ap. 
Immediately proximal to the subcostal pale spot (i.e., nearer the base of the wing) 
is the middle dark mark, Md. Proximal to Md is the sector pale spot, Sp, so named 
because it is near (usually somewhat before) the beginning of the radial sector vein 
(vein 2). Sometimes there is an accessory sector pale spot, Asp, distal to Sp and 
about level with the beginning of vein z ; it is more often present on vein I and the 
subcosta than on the costa. Proximal to Sp is the presector dark mark, Psd, and 
then some small spots and marks near the base of the costa which vary in number 
and may be important. They are best identified by noting whether they are proxi- 
mal or distal to the small humeral cross vein, which is about level with the notch in 
the hind margin of the wing where the fringe ends and the alula begins. 

In the subgenus Anopheles the spots are less numerous and regular, but the 
nomenclature used for Cellia is also useful. On the costa there is usually at least a 
subcostal pale spot, and an apical or preapical pale spot at or before the end of vein I. 

Finally there may be pale areas in the fringe scales at the apex and along the hind 
margin of the wing ; usually these pale fringe spots are opposite the ends of veins, 
and their number and position is often a specific character. 

Legs 

The legs are long and slender, the hind pair being much the longest. Their 
structure is shown in figs. I and 6/3 ; each consists of a short basal segment, the 
coxa, which articulates with the thorax, followed by a small trochanter, and then 
the long femur, tibia and tarsus. The tarsus is composed of five tarsal segments, 
or tarsomeres, of which the first is the longest and the fifth the shortest, except on 
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the fore leg of the male where the fifth segment is often longer than the fourth. 
The fifth tarsal segment of each leg ends in a small pair of claws, except again on the 
male fore leg where it bears a single large spurred claw and some stout hairs. 
Within the genus Anopheles these structures (male ungues) on the male fore leg 
seem to vary little. In some groups in both sexes the femur of the fore leg (fore 
femur) is swollen in the basal half. The coxae and trochanters usually bear some 
large setae, and there are shorter ones at the ends of the femora and tibiae. There 
is a postero-median projection on the mid coxa, sometimes prominent in dried 
specimens, e.g., of hackeri. 

Ornamentation. Except for the coxae, and sometimes the trochanters, the legs 
are entirely clothed with small appressed scales. The coxae usually bear tufts of 
scales associated with the setae, but these scales are generally absent in series 
Anopheles and are scarce in the z~&roszls species group in the Myzorhynchus series. 

Ornamentation of the legs is of great importance in identification and, as with the 
wings, it depends on the distribution of pale and dark scales. The femora and 
tibiae often have apical pale marks (knee spots on the femora) and are more or less 
pale beneath. Sometimes the hind femur has a basal and a subapical pale band as 
in Zindesayi, or the subapical band is replaced by an apical tuft of pale scales as in 
asiaticus. The femora and tibiae and some of the tarsal segments may bear small 
scattered patches of pale scales referred to as speckling, as in wzaculatus. In the 
Zeucosphyrus group there is a broad white band covering the apex of the hind tibia 
and the base of the first hind tarsal segment. Except in series Anopheles the tarsi 
usually have pale bands at the joints between the segments. These bands may be 
very narrow and confined to the apices of the tarsal segments, or broader and 
spreading across the joints on to the bases of the next segments. In species like 
phiZi@mzsis the pale bands on the hind tarsi are very broad, the distal ones fusing 
so that tarsal segments 5, 4, 3 and the apex of z are continuously white. A few 
species such as aitkenii have entirely dark legs. 

A bdomen 

The abdomen is composed of eight segments visible externally, plus two more, 
the ninth and tenth, which are much modified in connection with the genitalia. 
The visible segments are each composed of a dorsal plate or tergite and a ventral 
plate or sternite. The tergites and sternites of each segment are joined at the sides 
by the pleural membrane, and the segments are joined to one another anteriorly 
and posteriorly by the intersegmental membranes. When the abdomen is empty 
the pleural and intersegmental membranes are folded and invisible, and each seg- 
ment is retracted slightly into the one in front. When a mosquito is freshly gorged 
with blood, the abdomen is greatly distended, with the membranes fully expanded 
and the tergal and sternal plates all separated from one another. The eight visible 
segments are similar, except for the first which articulates with the metathorax 
and is shorter and has a small sternite. In the male, after emergence from the 
pupa, the eighth segment with the genitalia rotates through 180” so that the dorsal 
surface is formed by the sternite, not the tergite. 
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Ornamentation. The term dorsum and venter are used to refer to the dorsal 
and ventral surfaces of the abdomen. Both surfaces are lightly clothed with hairs, 
longest and densest on the first tergite. There is never a complete covering of scales 
as in Culicine mosquitoes, but some scales may be present. Scales are generally 
most numerous on the last few segments, and are usually present on the female 
cerci and outer sides of the male coxites. They may be scattered over the tergites 
with a tendency to form tufts at the hind corners as in macdatus. On the sternites 
they are commonest on the posterior margins in the mid line where they may form 
a series of black tufts as in kochi, or a single tuft on sternite VII as in the barbirostris 
and hyrcanm groups. In series AnopJzeZes and some species of the wnbroms group 
the abdomen is without any scales except on the male coxites. 

Male genitalia 
The external genitalia, terminalia, hypopygium, or copulatory apparatus of the 

male mosquito is of great importance in classification. In many groups of Culicines, 
specific identification rests largely on characters of the male genitalia, which have 
to be mounted and examined separately. Fortunately this is not necessary in 
Malayan Anophelines, but as the subgenera of Anopheles are based mainly on certain 
features of the male genitalia (p. 47 , and fig. 26), and as the genitalia often show 
good differences between species, or at least between groups of species, they cannot 
be ignored even if they are not used for routine identification. 

FIG. 8. ,%nopheline male external genitalia, true dorsal view (actual ventral after rotation), 
right half of proctiger and 9th tergite removed. A, phallosome (mesosome, penis, 

oedeagus, theta) ; a, apodeme ; ap, appendage of style (claw or terminal spine of 

clasper) ; as, minor accessory spines ; c, ventrolateral sclerotization or paraproct of 

proctiger ; Cx, coxite (basistyle, side piece) ; H, harpago (claspette) ; Is, internal spine ; 
P, proctiger (anal lobe) ; p, sclerotization of penis cavity ; P.S, parabasal spines ; S, 
style (dististyle, clasper) ; T, 9th tergite ; t, process of 9th tergite. 

(From Christophers) 
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The parts of the male genitalia as seen in subgenus Anopheles are shown in fig. 8. 
As already explained, after emergence from the pupa, segment VIII with the 
terminalia rotates through 180”, as happens in many male Diptera, so that the view 
shown in fig. 8 is anatomically the dorsal aspect of the terminalia, though facing 
ventrally. The commoner alternative names in use for the parts are given in 
brackets in the legend to the figure. The most important parts taxonomically are 

the parabasal and other spines on the inner sides of the coxites, the harpago lobes 
with their spines or clubs, and the single median phallosome with its paired terminal 
leaflets. 

The arrangement and number of parabasal and other differentiated spines on the 
coxites are characteristic for the different subgenera of Anopheles (p. 47). In sub- 

genus Cellia in place of the two (occasionally one or three) large parabasal spines 
arising from eminences found in subgenus Anopheles, there are 4 or 5 smaller spines 
not on a raised area (fig. 26), and the internal spine of subgenus Alzopheles is usually 
absent. 

FIG. 8,A. Female external genitalia and some associated structures in AnoplzsEes sinensis. 
1, whole, ventral view ; 2, whole, dorsal view ; 3, tergite IX ; 4, terminalia, ventral 
view ; 5, spermatheca. c, cerci ; co, cowl ; g, postgenital plate ; h, horse-shoe-shaped 

structure ; s, sigma ; sp, spermatheca ; tWro, tergites. 
(After Hara, 1959 ; see also Christophers, 1933, fig. 7). 

The harpago in subgenus AnopheZes may be irregularly divided into lobes carrying 
sword-like or variously shaped spines as in series Anopheles (cf. fig, ION), or the spines 
on the external or dorsal lobe may be fused into a club as in series Myzorhynchus 
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(cf. fig. 28). In subgenus CeZZia the harpago is conical or rounded with a club-shaped 
process dorsally and one or more stout hairs ventrally (cf. fig. 127). 

The phallosome leaflets are chiefly of importance at the species group or species 
level. It is usually necessary to dissect out the phallosome and mount it separately 
in order to examine the leaflets properly. The phallosome is then seen to be strongly 
curved in side view with the leaflets on each side of the tip, the largest being the 

FIG. 8B. Female external genitalia and some associated structures in Anopheles vnaculatus. 
1, whole, ventral view ; 2, whole, dorsal view ; 3, terminalia, ventral view ; 4, sper- 
matheca. Symbols as in fig. %A. 

(After Hara, 1959) 

most distal. There may be no leaflets as in the aitkenii group (cf. fig. 114) and series 
Lo$zosceZomyia, (cf. fig. 97)) or the leaflets may be very long and thin as in umbrosltls 
(fig. 67), or blade-like without teeth as in Zetifer (fig. 78). Usually they are blade- 

like and have teeth on at least one edge, and the number, shape and size of the 
leaflets and their teeth vary specifically, though there may be no useful differences 
between very closely related species. 

The female genitalia of Anophelines appear at first sight to be very uniform, and 
have been little studied taxonomically. However, Hara (1959) has shown that 
there may be characters both of specific and higher rank (figs. 8A and SB). For 
example, in the dozen species he examined those of subgenus Anopheles had trans- 
parent dots all over the spermatheca, and near the spermatheca a horse-shoe- 
shaped structure (the latter not present in Zindesayi), whilst in subgenus CeZZia the 



horse-shoe structure was absent and the dots on the spermatheca 
certain areas (but all over in tessellatzts, Neomyzomyia series). 

were confined to 

Internal anatofgty 
The principal regions of the alimentary canal and reproductive system of the 

female mosquito are shown in fig. 9. The pharynx, ph (more correctly called the 
cibarium or cibarial pump ; see Snodgrass, 194x), may contain structures of taxon- 
omit importance and is considered in more detail below. 

lcrc;. 9. Diagram showing certain internal organs of a female mosquito. ac. g, accessory 

gland ; at, atrium ; ca, cardia leading to stomach ; CP, cercus ; d. d, dorsal diverticula ; 
_f. CJT, food channel ; i. c, ileum-colon ; m. t, malpighian tube (one of five) ; oe, oesophagus ; 
01’ ) ovary ; owl, oviduct ; pg. p, postgenital plate ; p/z, pharynx (cibarium) ; ph. p, 
pharyngeal or oesophageal pump ; $w, proventriculus ; YC, rectum ; sl. d, salivary 
duct ; sl. g, salivary glands ; sl. p, salivary pump ; spun, spermatheca ; stwz, stomach ; 
71. d, ventral diverticulum. 

(From Marshall) 

Cibarizm (pharynx). In 1926, Adler and Theodor discovered that the bucco- 
pharyngeal region of the female in some species of sand-flies (Psychodidae, Phleb- 
otominae) contains teeth and other structures of value in classification. This led 

to the finding of comparable structures in some groups of Anopheles, and the 
divisions of subgenus Cellia are now based largely on characters of the cibarial 
(pharyngeal) teeth. Unfortunately the term pharyngeal teeth has generally been 
used in Anophelines for what correspond to the cibarial teeth of sand-flies (Davis, 
1967), which may also have true pharyngeal teeth in the pharyngeal pump (php in 

frg. 9 ; 0 in fig. 10). The position and appearance of the cibarial teeth in Ano- 
phelines is shown in figs. IO and II, taken from Christophers (1933), with the more 
correct terminology indicated in brackets in the legend. The teeth are carried 
on a bar at the posterior end of the cibarium. There may be a single row of large 
teeth as in the series Neomyzowzyia (and the South American subgenus Nyssorhynchus) , 
or two rows of teeth, one of ‘ cones ’ and one of ‘ rods ‘, so named because of their 
resemblance to the appearance of the rods and cones in the retina of the vertebrate 
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FIG. IO. General pharyngeal (cibarial) structure. 
of parts as seen when dissected out ; 

1, lateral view of parts; 2, dorsal view 

clature of parts ; 
3, dorsal view of pharynx (cibarium) with nomen- 

4, enIarged representation of pharyngeal (cibarial) bar (view when 
rods and cones are seen in direction of vertical arrow) ; 5, appearance given by same 
preparation tilted at a different angle (view in direction of horizontal arrow) ; 6, lateral 
view of junction of pharynx (cibarium) with oesophageal (pharyngeal) pump. Ad, 
anterior hard palate ; C, clypeus ; G, cone ; CY, crest ; d, dorsal plate of oesophageal 
(pharyngeal) pump ; dp, dorsal papillae ; F, lateral flange ; f, filament of cone fore- 
shortened and out of focus ; h, hypopharynx ; 
geal (pharyngeal) pump ; 

I, end of ventrolateral plate of oesopha- 
II, lateral piece of labrum ; wd, median portion of labrum ; 

0, oesophageal (pharyngeal) pump ; P, pharynx (cibarium) ; Pb, pharyngeal (cibarial) 
bar ; Pd, posterior hard palate ; pp, palatal papillae ; Y, rod ; s, salivary pump ; 
ta, tubular apodeme of head ; up, ventral papillae. 

(From Christophers) 
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eye. The shape of the cones, e.g., whether with apparent roots or not, then defines 
other series in subgenus Cellia (p. 52). The finer details of the teeth are not easy to 
examine and appearances depend very much on the angle of view. 

FIG. II. Details of cibarial armature. 1, anterior view of cone ; 2, lateral view of cone ; 
3, posterior view of crest ; 4, posterior view of rod, on the right of it is shown in sitzi 
the posterior border of a crest ; 5, lateral view of a rod ; 6, view of two cones and two 
rods foreshortened, as commonly seen, behind the bases of the rods are shown a few 
post-armature ridges ; 7, a similar view of a double-crested cone (Neocellia) and appear- 
ance of posterior view of crest in this series. at, anterior spine ; II, bulb of pediment ; 
b, basal portion of rod ; CY, crest portion of pediment ; cs, crest spines, seen fore- 
shortened at CY in 6 ; F, filament of cone ; f, filament foreshortened and out of focus ; 
It, lateral teeth ; P, pediment ; PC, posterior border of crest ; pf, spine behind base of 
filament ; Rp, post-armature ridges ; Y, root ; s, spine on anterior (or posterior) aspect 
of filament ; sl, lateral spicules on filament ; SY, spicules arising from rod ; t, terminal 
portion of rod. 

(From Christophers) 

There are no cibarial teeth in subgenus AnopheZes and for taxonomic purposes 
the cibarium can usually be disregarded in this subgenus. However, in the 
umbrosus group, Zetifer and a few closely related species have a small heavily pig- 
mented area on the posterior hard palate near the ventral papillae (fig. 78), not 
present in the superficially similar species umbrosus. 

PUPA 
The general appearance of the living pupa in side view is shown in fig. 12. There 

is a large unsegmented cephalothorax made up of various plates, and a segmented 
abdomen. Dorsally the cephalothorax bears a pair of breathing trumpets, and 
ventrally the developing eyes, mouthparts, legs and wings of the adult can be made 
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out. The abdomen has eight obvious segments and terminates in a large pair of 
paddles which enable the pupa to swim in a shrimp-like fashion by jerking the 
abdomen. 

FIG. 12. Pupa of Anopheles (Cellia) gambiae in side view. 
(From Evans) 

The body of the pupa (and the larva) bears a definite arrangement of paired 
sensory hairs or setae, each hair arising from a circular socket connected to a nerve 
fibre. The number of these pairs is constant (with one hair of a pair on each side 
of the body), and their positions are also constant within rather narrow limits, so 
that it is possible to name (or number) each pair and recognize them on individual 
specimens of any species. There are no undifferentiated socketed hairs forming a 
general body clothing as there are on the mesonotum and abdomen of the adult (the 
larvae of a few tree-hole species may have a short dense ventral covering of cuticular 
spicules or setulae, these are unsocketed and non-sensory and cannot -be mistaken 
for the socketed sensory hairs), so there is no need, as in the adult, to distinguish 
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between named setae and unnamed hairs, and though the terms seta and hair are 
often used interchangeably, reference here will be to pupal and larval hairs. The 
number, arrangement, appearance and branching of these hairs is referred to as the 
pupal (or larval) chaetotaxy (from seta or chaeta). A hair may be simple (un- 
branched), or branched ; the range of variation in the number of branches may be 
written for short as, 3,1V with 1-6 branches, meaning that in this example hair 3 on 
abdominal segment IV varies from simple to six-branched. 

Although pupae are seldom used for routine identification of species, and living 
pupae are best kept for the adults to emerge, the study of pupal pelts by Senevet 
(19x4), Crawford (1938) and others has shown that they are of considerable value in 
Anopheline taxonomy. More recently it has become apparent that in some of the 
difficult species groups there are sometimes better characters in the pupa than in the 
larva. The most useful characters are usually those of the trumpets, the abdominal 
hairs and the paddles. 

FIG. 13. Cephalothorax of Anopheline pupa, as seen in a skin opened along the mid- 
dorsal line and spread flat, to show the hairs. A, antenna1 sheath ; B, median dorsal 
ridge (of the dorsal plate) along which the skin has been opened ; L, leg sheath ; L’W, 
mouthpart sheaths ; P, palp sheath ; T, breathing trumpet ; V, vertex plate ; TV, 
-wing case ; hairs : 1-3 postocular, 4-7 anterothoracic, 8 dorsal, 9 supraocular. 

(Partly after Knight & Chamberlain) 
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Cejhalothorax 
The hairs of the cephalothorax are shown in fig. 13. In some species of the 

zwzbrosus group, such as Zetifer, the cephalothorax bears pigmented knobs or flanges 
which give a characteristic angular appearance to the living pupa seen from above 
(fig. 80). Sometimes the pigmentation pattern of the wing cases or of the tips of the 
antenna1 cases may be useful ; in sinensis there is usually a distinctive pattern of 
round dark spots on the wing cases (fig. 30). 

Trumpets. The respiratory trumpets are double-walled structures. The outer 
walls are hydrophilous, while the inner are hydrophobe being lined with minute 

mc 
/ 

FIG. 14. Pupal trumpets. a, trumpets of living pupa of A. nigevvirnus from above, to 
show natural position when expanded at the water surface, the meatal cleft faces inwards 
towards the median dorsal ridge of the cephalothorax, along which the pupal skin splits 
when the adult emerges ; b, left trumpet of A. nzaculatus (mounted specimen), angusticorn 
type of trumpet ; c, left trumpet of A. barbirostris (mounted specimen), laticorn type of 
trumpet. a, anterior rim of trumpet ; b and b’, profile of inner wall (b, upper part 
forming a floor inside trumpet, b’, tubular lower part forming inner wall of meatus) ; 
c, hypodermal cells in space between inner and outer walls ; d, median dorsal ridge of 
cephalothorax ; m, meatus ; mc, meatal cleft ; p, pinna ; s, secondary cleft. Stippling 
in these figures represents the hydrophil outer surface. 

(a and c from Reid, 1963 ; b, original) 



short spicules which trap air and resist wetting. In the majority of species the 
inner and outer walls are closely adherent so that the double-walled structure of the 
trumpets is not obvious. This common type of trumpet is shown in fig. rqb ; it 
can be described as simple, having the longest axis vertical, more or less in line with 
the stem of the trumpet, and narrowly funnel-shaped when closed, with a split of 
varying depth down one side which allows the trumpet to open widely on the water 
surf ace. This split, which is absent in most Culicines, is called the meatal cleft, the 
stem of the trumpet below the cleft being the meatus and the upper part of the 
trumpet the pinna. 

In some series of subgenus Anopheles (p. 50) there is a different and less simple 
type of trumpet ; sometimes this is like a very wide-mouthed funnel with the 
longest axis transverse to the stem, and often with a secondary cleft in the pinna 
opposite the meatal cleft (fig. 14~) ; sometimes it is less wide-mouthed but with a 
more or less elaborate lobe, the tragus, on the rim of the pinna (fig. 80). In this 
type, called laticorn in contrast to the narrower simple type called angusticorn 
(Reid & Knight, 196x), the inner and outer walls are often separated, especially 
towards the base of the pinna. The inner wall tends to form a trough or gutter 
inside the trumpet leading, often by a rather circuitous route, to the meatus ; the 
space between the walls appears to be haemocoelic, i.e., connected with the body 
cavity (Reid, 1963a). The shape of the trumpets of the laticorn type is often highly 
specific, and sometimes quite sufficient to identify living pupae. Baisas (1935) uses 
a different set of terms for the parts of the laticorn type of trumpet. His basal 
notch is the meatal cleft, his apical notch is the secondary cleft, and his flap probably 
corresponds to the tragus. 

A bdomen 

The posterior margins of the tergites bear small teeth in most species of the 
umbroszcs group ; this character is also found in pupae of the primitive Anopheline 
genus Chagasia. 

Hairs. The abdominal hairs, both dorsal and ventral, are shown in fig. 15. 
The numbering of the hairs is that employed by Belkin (1962), who has been able, 
by tracing common nerve connections in prepupae (Belkin, 1960), to show the true 
homologies between most pupal and larval abdominal hairs. Thus in Belkin’s 
system hair I on the pupal adbomen is homologous with hair I on the larval abdomen, 
and so on. Two hairs, 12 and 13, present in the fourth-instar larva are not developed 
in the first-instar larva or the pupa. 

Belkin’s homologous system as it now stands makes few alterations in the familiar 
numbers used for Anopheline larval hairs. In the pupa, however, there are changes 
from the numbers employed by Knight & Chamberlain (1948) for the abdominal, 
though not the cephalothoracic, hairs. Knight & Chamberlain’s system for pupal 
hairs has been much used in recent years, and the changes now necessary for the 
abdominal hairs are shown in Table I ; this table also includes Crawford’s (1938) 
notation which is based on that of Senevet (1930)) and the names of hairs where 
these are commonly used. 
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(For explanatiofz 
see opposite page.) 
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TABLE I 

PUPAL ABDOMINAL HAIRS 

Hair number or letter 

Belkin 
Segment I 

I 
2 
3 unchanged 

4 
5 unchanged 
6 

7 

1*-l& 
0 
I 
2 

3 
4 
5 unchanged 
6 

7 
8 

9 
IO 
II 

vrIi4 
0 

4 

I4 
Paddle 

I 
2 

Knight & 
Chamberlain 

2 

4 
3 
6 

5 
7 

IO 
8 

Crawford Name of hair 

dendritic tuft float hair 
K 
H 
L 
M 
T 
S 
U 

I 
2 

3 

2 
r 

; 
IO 

9 
8 

II 
12 

I3 

C 
iv 

iii (C’ on VI) 
ii (ii’ on II) 
B (ii on II) 

PL (i’ on II) 
AL 
A 

PM 
AM 

ANT 

lateral spine 

I 

5 
8 

I3 

V 
accessory A 

,4 
ANT 

lateral spine 

8 terminal hair terminal paddle hair 

7 accessory hair ventral accessory paddle hair 

There are no ventral hairs on segment I, and seldom more than two pairs on IT 
and these are very small. Segment VIII has only four pairs of hairs. 

The most useful hairs taxonomically appear to be the dorsal hairs on segments 
III-VII, particularly the large hairs I and 5 on the posterior margins of the seg- 

FIG. 15. Pupal abdomen, diagram to show position of the hairs (Belkin’s numbering), 
dorsal surface on the right, based on A. maculatus. dl, dorsal ; f, fringe hairs of 
paddle ; M, metanotum ; P, paddle (note hair 2 is ventral) ; Y, midrib of paddle ; t, 
teeth on the refractile part of the border of the paddle ; vl, ventral ; I-IX, abdominal 
segments ; o-5, dorsal hairs ; 6-g, lateral hairs ; 8-14, ventral hairs (hairs 12 and r3 
of the fourth-instar larva are not present in the pupa). Hair o on II is not shown in 
this diagram but is usually visible in maculatus. 

(Original) 
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ments. Hair I may vary from a strong simple hair longer than the segment (as on 
V-VII in fig. 15, which is based on wzaculatus) to a bushy tuft much shorter than the 
segment as in barbirostris (fig. 51), or it may be weak and smaller than 5 as in 
asiaticm (fig. 94). The lateral spines (hair 9) vary in length and shape between 
different groups and species ; on VIII they nearly always bear side branches. 
The number of branches on the abdominal hairs, especially I and 5, tends to be more 
variable than is usual with larval hairs. Accordingly, supposed differences between 
species in the number of branches on a particular hair should be treated with caution 
if based on examination of only a few specimens. 

Paddles. The paddles are ovoid, double-walled, and largely transparent, with 
a thickened external border and a midrib or nervure. The proximal part of the 
external border usually bears teeth, and the distal part and the inner border bear a 
fringe of hairs. The terminal hair (no. I), or paddle hair, may be fairly short as in 
most species of subgenus Ano~3heZes, or long and more or less hooked at the end as 
in subgenus CeZZia, excepting the Neomyxowzyia series. The accessory hair (no. z) 
is subapical and ventral, though, for clarity, it is shown in some of the figures as if 
it were dorsal. 

Useful characters are the following : the shape of the paddles ; they may be 
relatively slender as in aitkenii or broad as in Zetifer. These variations are expressed 
by a ratio, the length divided by the width, called the paddle index. Sometimes 
there is a pigmented area at the base of the paddles sufficiently constant to be 
useful. The extent of the teeth on the external border varies, and as the part bearing 
the teeth is refractile it is called the refractile part of the lateral border, and its 
length is expressed as a fraction of the total length of the lateral border. This 

l;IG. 16. Pupa, end of the abdomen, ventral view, to show sexual dimorphism and male 
subgeneric differences in the shape of the genital pouch. a and b, female and male of 
A. maculatzzs (subgenus CeZZia) to show sex differences ; c, genital pouch of male of A. 
umbvoms (subgenus Anopheles), note absence of terminal knobs present in male of 
macdatus. G, genital pouch ; P, base of paddle. 

(Original) 
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fraction is called the refractile index ; sometimes the measurements are made 
along the curve of the border, but it is easier and usually sufficient to measure in 
relation to a straight line joining the basal articulation of the paddle and the socket 
of the terminal hair, this line being also the one used to measure the total length of 
the paddle for the paddle index. The size and shape of the teeth on the refractile 
border may show specific differences ; in some species, such as macdatus, the teeth 
on the distal part of the refractile border are intermediate in character between teeth 
and fringe hairs, and are referred to here as fringe teeth (p. 348). Beyond the 
refractile part the external border bears fringe hairs and these may vary in size and 
shape ; they are long in aitkenii, and slightly hooked at the tip in sundaicus. 

Genital pouch. The genital pouch (figs. 12, 16) is ventral to the paddles (not 
dorsal as might appear from some of the illustrations in the descriptions), and is 
much larger in males than in females, as it has to accommodate the large coxites. 
This difference provides an easy means of sexing pupae. In all series of subgenus 
Cdia each of the two lobes of the male pouch ends in a knob or rounded point not 
present in subgenus Anopheles ; this difference between the two subgenera does not 
seem to have been reported before. Apart from the presence or absence of terminal 
knobs, the size or shape of the male pouch may differ a little between species. 

LARVA 

The general appearance of the full-grown Anopheline larva is shown in fig. 17. 
As in the adult the body has three principal regions, the head, thorax and abdomen, 
and these bear a definite arrangement of hairs as in the pupa. The head is a 
sclerotized rounded capsule carrying the mouthparts, eyes and antennae. It is 
connected to the thorax by a membranous neck, and can be rotated through 180” to 
bring the ventrally placed mouthparts uppermost for feeding at the surface film 
of the water. The thorax is composed of three fused segments, the pro-, meso-, 
and metathorax, identifiable only by the arrangement of the hairs. The abdomen 
tapers posteriorly and is composed of eight similar segments and two modified ones, 
the ninth and tenth, which bear the single pair of spiracles and the anus, respectively. 
The ventral surface of the larva may be partly covered with minute spines, some- 
times called vestitural setae, but they do not each have an articulated base and 
socket like a true seta and are merely spinous outgrowths of the cuticle ; they 
may be well developed in tree-hole breeding species like annandalei and sintonoides. 

Instars 
After hatching from the egg the larva grows in four stages with a moult between 

each, the stage or stadium being the interval between moults ; the form assumed by 
the larva during each stage is called an instar (Imms, 1964). The first instar larva 
is very small and most of the hairs are simple ; branching of the hairs increases at 
each moult and reaches the maximum in the fourth instar. 

Since keys for identification of larvae are based on the appearance of the hairs 
during the fourth stage, one must be able to recognize fourth instar larvae. This is 
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not difficult, and larvae in the first and second instars are easily recognized by their 
small size, but a little experience is required to distinguish late third instar larvae 
from those which are early fourth instar as the over-all size is not very different. 
Third instar larvae of a species can be distinguished from fourth instar larvae of the 
same species by their smaller heads, and usually by the proportionately broader 

PALMATE HAIR 
(PART) 

MOUTH BRUS 

CLYPEAL HAIRS 
INNER 

FIG. 17. General appearance of an Xnopheline larva (subgenus C&a). a, whole larva 
from above ; b, part of an abdominal palmate hair ; c, head and front of thorax, 
mouth brush of the right side omitted. 

(From Hodgkin) 
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collar at the back of the head. The head capsule, being sclerotized and hard, does 
not grow between moults as does the body, but increases abruptly in size at each 
moult (see Evans, 1938, fig. 12). Thus the instars can be recognized by their 
different head sizes. In a collection of living larvae of one species, if there is any 
doubt that those with the largest heads are fourth instar, those among them with 
the largest bodies should be examined to find mature ones about to moult to the 
pupal stage. If any such are present the developing pupal hairs and trumpets will 
be seen beneath the skin of the larva, which is therefore a mature fourth instar larva, 
and others with smaller bodies but the same sized heads are younger fourth instar 
larvae. 

Setal numbers 
In order to identify particular hairs of the fourth instar larva correctly, one must 

be able to 
import ant 
necessary, 

account for all the hairs, otherwise there is a risk of mis-identifying the 
ones. For this reason an accepted system for labelling all the hairs is 
even though some of them are rarely of use in identifying species. As 

TABLE 2 

LARVAL HEAD HAIRS 

Hair number 

Belkin 
Puri, if 

different Name of hair 

Head capsule 
I 

2 

4 

8 
9 

IO 
II 
12 

13 
I4 
I5 

A ntenna 

I4 
12 

I5 

I8 
20 

IO 
- 

3 
II 

6 

preclypeal, labral or clypeal spine 
inner clypeal, inner anterior clypeal 
outer clypeal, outer anterior clypeal 
posterior clypeal, postclypeal 
inner frontal 
mid frontal 
outer frontal 
sutural, inner occipital, postfrontal 
transsutural, outer occipital, vertical 
supraorbital, dorsal eye hair 
subantennal, basal 
infraorbital, ventral eye hair 
subbasal, postmandibular 
postmaxillary 
submental 

antennal, antenna1 shaft hair 
dorsal subapical process, blade, sabre-shaped spine, sabre piece 
ventral subapical process, blade, sabre-shaped spine, sabre piece 
terminal antenna1 hair 
hyaline process, 
finger process 

papilla 
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explained in the description of the pupa, the system of labelling used in this book 
is that of Belkin (Ig6z), which gives the same number to homologous hairs of the 
pupal and larval abdomen. 

Head 
The general features of the head and the front part of the thorax are shown in 

dorsal view in fig. 17~. The mouth brushes or cephalic fans are used with rapid 
brushing movements to sweep food into the mouth. When extended, the mouth 
brushes may partly obscure the important outer clypeal hairs which lie above them, 
and if these hairs are bushy, as in the barbirostris and hyrcanus groups, care must 
be taken not to confuse them with the mouth brushes. 

The hairs, both dorsal and ventral, are shown numbered in fig. 18, in which the 
mouthparts are omitted. The hairs of the antenna are numbered separately from 

dl 

FIG. 18. Diagram to show hairs of the larval head, dorsal surface on the right, mouthparts 
omitted, based on A. maculatus (subgenus C&a). Antenna, (A) : 1-6, hairs, etc. 
Head capsule : r-q, clypeal hairs ; 5-7, frontal hairs ; 8 and 9, sutural and trans- 
sutural hairs ; IO-r5, lateral and ventral hairs. A, antenna ; El, basal maxillary hair ; 
dl, dorsal ; vl, ventral. For further explanation 

(Original) 
see text. 
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those of the head capsule (Belkin, 1951). The names of the hairs and differences 
from the numbers employed by Puri (1931) are shown in Table 2. It will be seen 
that, apart from the antenna, the changes in the numbers affect mostly ventral 
hairs that are little used in identification. 

The most important of these head hairs are the inner (z), outers (3), and posterior 
clypeal hairs (4), often abbreviated to i.c., o.c., and p.c. In subgenus AnoPheZes 
the bases of the inner clypeals are usually close together, closer to one another than 
to the outer clypeals (fig. 49), while in subgenus Cellia (= Myzovyia) the inner 
clypeals are usually well separated and closer to the outer clypeals than to one 
another (fig. 17~). All three pairs of clypeal hairs may be branched or simple, and 
the nature and number of the branches and the size and position of the hairs relative 
to one another, are important specific characters. The antenna1 hair (AI) provides 
another difference between the subgenera Anophdes and CeZZia ; whereas in CeZZia 
the hair is small, simple and external on the shaft (fig. 17c, IS), in Anopheles, with a 
few exceptions in tree-hole breeding species, it is branched and dorsal or internal on 
the shaft, and is often large (fig. 49). The frontal (5, 6, 7) and subantennal (II) 
hairs are usually large with fairly numerous branches along their length, a condition 
described as plumose, but in the larvae of species which breed in tree holes and 
bamboos (e.g., asiatic~s) these hairs are usually simple or with few branches, and 
may be reduced in size together with some of the other head hairs. The number of 
branches on the sutural hair (8) is sometimes useful, as in the hyrcanus group, 
and to distinguish between annularis and philippinensis. 

FIG. 19. Diagram to show hairs of the larval thorax, dorsal surface on the right. dl, 
dorsal ; MS, mesothorax ; Aft, metathorax ; n, notched organ ; P, prothorax ; vl, 
ventral. For further explanation see text. 

(Modified from Gater) 
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Thorax 
The dorsal and ventral hairs of the thorax are shown in fig. rg. The names of 

the hairs and changes from the numbers employed by Puri are shown in Table 3. 

TABLE 3 

LARVAL THORACIC HAIRS 

Hair number 

He&in 

Pvothovax 

I 
2 

4 
5 

g-1 2 

I3 
I4 

Mesothovax 

2 

5 

7 

9-12 

I3 
I4 

ibIetathora,l 

2 

Puri, if 
different 

I4 
I3 

5 
4 

I4 
I3 

3 
4 

Name of hair 

inner 
middle 

> 

shoulder hairs, submedian prothoracic 

outer 

dorsolateral 
prothoracic 

median ventral 

dorsolateral 
mesothoracic pleural group 

median ventral 

metathoracic palmate 
2 

7 
dorsolateral 
metathoracic pleural group 9-12 

I3 

Prothorax. On the prothorax the shoulder hairs (1-3) are important ; the inner 
one may be branched or simple, the middle one is always plumose and the outer 
one is simple. The number of branches on the inner shoulder hair and whether its 
root is large and fused with the root of the middle one are useful specific characters. 
Hairs 4-7 are large and plumose, except 6 which is simple and usually arises from 
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the same root as 5 but occasionally from the root of 7. Just behind hairs 4-7 is a 
transparent eversible structure called the notched organ in reference to its shape 
(n in fig. 19). This organ is only obvious in the living larva ; it is flicked through 
the water film when the larva comes to the surface and, together with other structures 
such as the palmate hairs and spiracular apparatus of the abdomen, serves to attach 
the larva to the surface film of the water. Hairs 9-12 are the pleural hairs and as 
these have been much used in classification they are discussed separately (see 
pleural hairs, below). 

Mesothorax. On the mesothorax, hair 4 (formerly 5) is a small branched hair that 
is sometimes useful ; in peditaeniatus of the hyycanus group it has a characteristic 
appearance that serves to distinguish the larvae of this species from other species 
of the group ; larvae of sundaicus and subpictus can usually be distinguished by 
differences in the branching of this hair. 

Metathorax. On the metathorax, hair 3 may be simple or branched, and the 
branches may be more or less flattened and lanceolate so that the hair becomes a 
palmate hair, the degree of development varying between species. 

Pleural hairs (fig. 20). On each division of the thorax there is a ventrolateral 
group of four hairs on each side called the pleural hairs, arising from a single large 

12-- 

lo-. 

ll-- 

a b C 
FIG. 20. Bases of thoracic pleural hairs of an Anopheline larva, viewed ventral surface 

uppermost. a, prothoracic, right side (left, if larva is dorsal surface uppermost), posterior 
view ; b, mesothoracic ; c, metathoracic. R, root from which the hairs arise ; S, spine 
arising from the plate separating the anterior and posterior pairs of hairs. For further 
explanation see text. 

(From Gater, after Puri) 
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root or tubercle. Each pleural group (propleural, mesopleural, or metapleural) 
consists of two pairs of hairs, an anterior pair (g and IO) and a posterior pair (II and 
12). The two pairs are separated at the base by a small chitinised plate which may 
be produced into a prominent spine. In each pair of hairs one is external or dorsal 
and the other internal or ventral in position. They have usually been known as 
dorsal and ventral hairs of the anterior or posterior pair, but as the whole group is 
ventral on the thorax, Belkin’s terms of external and internal seem less confusing. 
The hairs of any pleural group with their names are thus as follows : 

NO. Xame Abbreviation 

9 external (dorsal) anterior ea (or da) 
IO internal (ventral) anterior ia (va) 
II external (dorsal) posterior eP (dP) 
12 internal (ventral) posterior iP (VP) 

The division of the thorax can be indicated in the abbreviation by adding the 
subscript figures I, 2 or 3, for pro- meso- or metathorax, after the letters. Thus 
the external posterior hair of the prothoracic group is written for short eel (or de,). 

The anterior pairs of hairs are long, while the posterior pairs are usually short or 
vestigial, except for the internal posterior hair of the prothorax, iel, which is also 
long (sometimes the external posterior prothoracic hair, efil, is rather long but is 
not more than half to two-thirds as long as the anterior pair). What are called the 
long pleural hairs therefore consist on each side of the thorax of three (occasionally 
four) prothoracic, two meso- and two metathoracic long hairs. 

The long pleural hairs may be simple, branched or plumose, and as they tend to 
be the same in most of the species of a series they have been much used in classifica- 
tion, chiefly at the subgeneric and series level. But with increasing numbers of 
species known, exceptions to classifications based on the larval pleural hairs have 
become rather numerous (p. 52). However, in most species of subgenus Anopheles 
the long pleural hairs are simple, or at least not plumose, while in subgenus Cellia, 
with the exception of part of series Neowzyxomyia, some at least of the long hairs 
are plumose. Further details will be found under subgenera and series. 

A bdowzen 
The dorsal and ventral hairs of the first eight abdominal segments are shown in 

fig. 21. The hairs of the terminal segments are shown in fig. 22. Correct identifica- 
tion of some of the abdominal hairs requires care. Belkin (1951) considers that the 
second segment is the basic one with which to commence and from which to establish 

FIG. 21. Diagram to show hairs of the larval abdomen, dorsal surface on the right, tip of 
the abdomen omitted, based on A. maculatus. At, anterior tergal plate ; dl, dorsal ; 
Pt, posterior tergal plate ; P, pecten ; Sa, spiracular apparatus ; d, ventral; I-VIII, 
abdominal segments, the transverse dotted line on the dorsal half of VIII indicates the 
approximate boundary between the anterior part of this segment and the spiracular 
apparatus; o-5, dorsal hairs ; 6-8, lateral hairs ; 9-14, ventral hairs. For further 
explanation see text. 

(Modified from Gater) 
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(For exfilanation 
see opposite page) 
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serial homologies for the hairs on the other segments. On segment II all the hairs 
are present in the same sequence in most mosquitoes, or departures from this 
sequence are easily determined. The hairs of segment II with their names and 
changes from the numbers employed by Puri are shown in Table 4. 

TABLE 4 

LARVAL HAIRS OF THE SECOND ABDOMINAL SEGMENT (SEGMENT II) 

Hair number 

Belkin 

0 

I 
2 

4 
5 

6and7 
8 
9 

10, II, 12 

I3 
I4 

Puri, if 
different 

4 
3 

0’ 

Name of hair 

accessory dorsal, submedian dorsal 
palmate hair, float hair, cockade, stellate tuft 
antepalmate, prepalmate 

posterior dorsolateral 
upper and lower large lateral (pleural) 
anterior dorsolateral 
posterior ventrolateral 

submedian ventral 
ventral intersegmental 

Identi$cation of hairs on segment II. On segment II the usual positions and 
development of the hairs are shown in fig. 21 and are as follows : hairs o to 5 are 
dorsal, 6 to 8 are lateral, and g to 14 are ventral. 

o, is far forward and minute, just lateral and posterior to the anterior tergal 
plate. 

I, is constant in position and is the most median and caudal of the dorsal hairs. 
It is developed as a palmate hair (see p. 36 ), except in the umbrosus group. 

2, is always anterior to and a little lateral to I, usually with about 3-10 branches. 
4, (3 of Puri) is lateral to 2, also branched but usually a little smaller than 2. 
3, (4 of Puri) is lateral and usually slightly posterior to 4 and close to 5, fairly 

long and simple on segment II. 
5, is the most postero-lateral and the largest of the dorsal hairs, it is a little 

dorsal and posterior to 6. 
6 & 7, 6 is the upper and 7 is the lower large lateral (pleural) hair. These two are 

always long, stout and profusely feathered. 
8, is always lateral and far forward, usually small and with few branches or 

simple. 
9, is the largest and outermost of the ventral hairs, lying just below the lateral 

hairs 6 and 7, roughly equivalent in size and branching to 5. 



IO, II & 12, are usually weak hairs with a few slender branches. Their relative 
positions differ somewhat in different species and on different segments, but 
on segment II they are usually in numerical sequence as shown, with IO the 
most lateral and 12 the most median. 

13, is the most median of the ventral hairs (excluding 14) and is usually recog- 
nizable by its somewhat stellate or multi-branched appearance. 

14, like o, is minute; it lies in the intersegmental membrane between II and III, 
the two hairs of the pair are close together in the mid-ventral line. 

Before identifying the hairs on other segments those of segment II should be 
identified by means of fig. 21 and the characteristic positions and appearances 
described above. On the dorsal and lateral surface of II it is easiest to recognize 
first hair 6 (or its root if the hair has been broken off), then hair I, the palmate hair, 
which may not be immediately obvious if the leaflets are not pigmented. Having 
found hairs 6 and I, 5 and z are readily identified from their positions, and the 
remainder, 3, 4, 7 and 8, can then be accounted for. On the ventral surface, hair 9 
is the largest and most lateral, and hair 13 is the most median ; these two should be 
found first, and then IO, II, and 12 are easily accounted for and usually need not be 
individually identified. If it is necessary to see hairs o and 14, they must be 
searched for, often with high power, in the positions indicated. 

Identi$cation of hairs on segments I-VIII (less II). When the hairs on segment II 
have been identified and their appearances, relative sizes and type of branching 
have been noted, one can then proceed in the same manner to identify hairs on the 
other segments, taking note, however, of the following differences which occur on 
other segments, and remembering that there may be slight differences in the positions 
of hairs, as well as in their appearance, in different species. 

Segment 

I Hair o is absent. Hair I is not always developed into a palmate hair, or the 
leaflets may be unpigmented and narrow, though in series Myzomyia the 
leaflets are usually well developed. Hair 3 lies between z and 4. Hairs 8 
and 14 are absent. 

II See earlier. 

III There is only one large lateral hair, no. 6, hair 7 is ventrolateral and usually 
small on this and subsequent segments. 

IV The lateral hair, 6, though still large is not stout and profusely feathered 
(except in annandalei) as it is on I-III in most species. Hair z (ante- 
palmate) usually simple. Hair 13 may have a few longish branches from 
near the base, or may remain similar to 13 on III with many fine branches. 

V Lateral hair as on IV. Hair z usually simple. Hair 13 has a few long 
branches from the base and lies more laterally than on other segments so 
that it is not the most median of the ventral hairs on this segment. 
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VI Hair 3 (z on VI of Puri) is usually slightly posterior and internal to hair r 
(the palmate), and it occupies a corresponding position in the pupa ; in 
the ~~~broszls group of species in which hair I is not, or is only weakly 
developed, as a palmate hair, 3 remains external to but level with or 
posterior to I (not anterior as stated by Puri), and it occupies a similar 
position in the pupa. Hair z (3 on VI of Puri) retains its usual position 
anterior and external to I, and is often simple. Lateral hair, 6, as on IV 
and V in subgenus Cellia, but usually much smaller in subgenus Anopheles. 
Hair 13 lies in its usual position as the most median ventral hair, and is 
smaller and has more branches than on V. 

VII Hair 3 is internal to 4. Hair 6 (lateral) is very short and branched from the 
base. Hair g is smaller than on the preceding segments and may be 
smaller than 7. Hair 13 has a few long branches from the base as on V, 
and may be lateral to IO and II. 

VIII This segment is modified, and as the homologies of the hairs with those of the 
previous segments have not been established (except in the cases of o and 
14), they are, with these two exceptions, numbered arbitrarily I to 5 by 
Belkin, commencing with I (7) as the most dorsal and proceeding through 

2 (8), 3 (9)J 4 (IO) to 5 (13) as the most ventral (the Puri equivalents are in 
brackets). The hairs of the spiracular apparatus and pecten (fig. 22) are 
separately numbered by Belkin, and are not shown in fig. 21, in which the 
dotted line indicates an arbitrary boundary between the anterior part of 
VIII and the spiracular apparatus and pecten. The modified terminal 
segments are discussed on p. 37. 

Palmate hairs (fig. 17). On abdominal segments II-VII of most species, hair I is 
developed as a palmate or fan-shaped hair. On a fully developed palmate hair the 
branches are all flattened into leaflets and arise close together from a short stout 
stem giving an appearance like that of a hand fan when opened, or the palm and 
fingers of an open hand. The leaflets of a palmate hair may be simple and lanceolate, 
but more often they are differentiated into a blade and terminal filament. The 
filament may be long, thin and sharply differentiated from the blade as in sundaicus, 
or short and blunt as in karwari. Except immediately after a moult the leaflets 
usually show some pigmentation, the pattern of which differs somewhat between 
species. On segment II the palmate hairs of some species are weakly pigmented or 
colourless. On segment I, hair I may not be developed as a palmate hair, or only 
slightly developed. In species of the umbrosus group, hair I is not developed as a 
palmate hair on any segment, or only weakly developed on a few segments; how- 
ever it occupies its usual position as the most median dorsal hair (excepting some- 
times for hair 0). 

Tergal plates. On the dorsal surface of each segment near the anterior border is a 
more or less oval sclerotized plate, the anterior tergal plate. On segments II-VII 
there is a small rounded posterior tergal plate behind the anterior one. In the series 
Myxomyia there is usually in addition a pair of small rounded plates, one on either 
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side of and just behind the posterior tergal plate. The anterior tergal plates vary 
in size and shape and are always largest on segment VIII ; sometimes, as in 
aconitus and minimtis, they are very large and cover much of the dorsum of each 

FIG. 22. End of the larval abdomen showing hairs and spiracular apparatus. a, side 
view, the dotted line indicates the approximate boundary between the anterior un- 
modified part of VIII with its hairs, and the posterior modified part with the spiracular 
apparatus and associated hairs which are separately numbered ; b, dorsal view (larger 
scale) of the spiracular apparatus with pecten of the left side. F, fan-shaped plate ; 
G, anal gill ; L, lateral papilla ; Ah?, median plate of scoop, with sclerotized point pro- 
jecting forwards beneath posterior margin of fan-shaped plate ; P, pecten ; S, spiracle ; 
Sa, spiracular apparatus ; SC, scoop ; Scl, lateral wall of scoop ; SZ, saddle ; T, tergal 
plate VIII ; Th, transparent knob on posterior margin of fan-shaped plate ; 5’111, 
X, abdominal segments. For further explanation see text. 

(Modified from Gater) 

Terminal segments. The terminal segments of the abdomen are shown in side 
view in fig. zza, with the spiracular apparatus shown in dorsal view on a larger 
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scale in fig. zzb. The end of the larval abdomen is rather complex and is formed 
from a fusion of the posterior part of segment VIII with segments IX and X ; the 
limits of IX are uncertain and it is not labelled in fig. zza. Though only a few of 
the hairs and other structures are used in identification, all must be labelled to 
ensure correct identification of those few. The numbers and names of the hairs and 
differences from Puri’s numbers are shown in Table 5. The numbers are arbitrary 
and do not indicate homologies with those of the earlier segments. 

TABLE 5 

LARVAL HAIRS OF THE TERMINAL SEGMENTS 

Hair number 

Pm-i, if 
Belkin different Name of hair 

Spiraculav apparatus and pecten 
(posterior to the dotted line in 

$6 22a) 
I 9,1X 
2 6,VIII 

3-5 I-3,VIII 

6 5,VIII 

;: 
4,vIII 
8,1X 

9 6,1X 
10-13 4-1 ,IX 

Anal segment (X) 
I - 

2 I (Gater) 
3 0 (Gater) 
4 - 

postspiracular hair 
pecten hair 
fossate hairs 
hair at base of lateral papilla 
hair at tip of lateral papilla 
anterior hair on ventral surface of scoop 
posterior hair on ventral surface of scoop 
hairs on border of scoop 

saddle hair, lateral hair of saddle 
inner submedian caudal, caudal tuft hair 
outer submedian caudal, tail hooks 
ventral caudal hairs, ventral brush 

Spiracular apparatus. The structure of the spiracular apparatus is complex. It 
is formed partly of various sclerotized plates which represent modified tergal plates 
and are homologous with the valves at the tip of the siphon in Culicine larvae (Belltin, 

19.51, figs. 4, 5). When the Anopheline larva is lying normally at the surface of the 
water the spiracular apparatus is open and the hydrofuge upper surface is dry. 
This surface is concave and at the bottom is a depression, the respiratory fossa, in 
which are the spiracles. Partly overhanging the spiracles anteriorly is the sclerotized 
fan-shaped plate, which in most species has a round transparent slightly domed 
area or knob postero-medianly (Tk in fig. zzb). In a few species this domed area 
is produced into a process (short and thumb-like in fdlicaris, long and thin in 
z~~brosz~s) called the stigma1 process, filament, or club according to its shape. The 
posterior part of the concave upper surface of the spiracular apparatus is formed by 
the scoop, composed of a pair of lateral plates forming the side walls and a median 
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plate. Anteriorly the median plate is produced into a heavily sclerotized point 
which lies between the spiracles and beneath the posterior part of the fan-shaped 
plate. 

On either side of the spiracular apparatus and below it is the sclerotized comb or 
pecten which bears long and short teeth that are usually finely serrated in their 
basal halves. The number and appearance of the teeth on the pecten differ some- 
what between species. 

Anal segment. Most of the dorsal surface of this segment, sometimes called the 
anal lobe, is occupied by a large tergal plate, the saddle, from which the saddle 
hair (I) arises posteriorly on each side. Posteriorly in the mid-dorsal line are two 
pairs of large feathered hairs. The inner pair (caudal tufts) (2) has numerous 
branches, mostly along the upper side ; the outer pair (3) has fewer branches, also 
mainly on the upper side, and some or all of these branches are hooked at the end. 
These hooks serve to attach the larva to objects at the surface of the water and are 
often stronger in species found in flowing water. Below these hairs, on either side 
of the anus, are two pairs of transparent lobes called anal gills or papillae. The 
main function of these anal papillae appears to be to regulate the salt balance of the 
larva by taking up chloride ions from the water (Wigglesworth, Ig53), not to assist 
respiration. They are usually large in freshwater species and small in those from 
brackish water. In the mid-ventral line is a row of large branched hairs (4), the 
ventral caudal tuft, arranged fanwise in the vertical plane like a keel. 

Taxonomic characters on the abdomen. The two most useful structures on the 
abdomen for identification of species are the palmate (I) and large lateral hairs (6). 
Other hairs, less frequently used, are 5, g, and 13. The antepalmate hair (2) has 
been much used in the A. maculipennis group of the Holarctic Region. The size 
and shape of the tergal plates are sometimes important. On the terminal seg- 
ments the presence or absence of a stigma1 process, the number and appearance of 
the pecten teeth, and whether the saddle hair (I) is branched, are occasionally useful. 

EGG 
The discovery that the appearance of the eggs provided the best means of un- 

ravelling the Anopheles nzacdipennis complex in Europe (Hackett, rg37), led to 
more careful study of the eggs of Anophelines in other parts of the world. 

The eggs of Anophelines are laid singly and lie lengthwise on the water. They 
are usually boat-shaped with the anterior or head-end somewhat the broader. A 
common appearance is shown in fig. 23. There is an inner wall or egg-shell proper, 
usually called the endochorion, which is black (though colourless when the egg is 
first laid). Clothing part of the endochorion is an outer colourless transparent 
layer usually called the exochorion ; this bears a polygonal network pattern in 
most species of the subgenus Anofiheles, but not in the majority of species in sub- 
genus Cellia except for the oriental species in the Neomyzomyia series. On either 
side of the egg there are usually hollow ribbed outgrowths of the exochorion called 
floats. The extent of the exochorion varies, it always covers the lower surface of the 
egg and usually part of the upper surface, leaving a central band of endochorion on 
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the upper surface exposed. This exposed part is called the deck, and is bordered 
by a small upright striated band of exochorion of varying height called the frill. 
Sometimes the exposed part of the endochorion is reduced to an area at each end, 
the deck is then said to be divided, as for example in indiensis (fig. 39). Sometimes 
the deck is large and occupies most of the upper surface of the egg, being bounded 
in the middle by the inner margins of the floats, as in @iZ@pinensis (fig. 191). 

At each end of the egg on the upper surface are several small round tubercles or 
bosses. For more information on the structure of Anopheline eggs, based on 
electron-scan microscopy, see Hinton (1968). 

b 

\ 

FIG. 23. Egg of an Anopheline (~lilyzortiynchus series, subgenus Anopl&s) such as 14. 
bavbivostris or A. nigerriwzus ; the anterior or larval-head end is at the top of the figure. 
a, dorsal view ; b, lateral view. b, bosses ; cl, deck ; e, exochorion (with polygonal 
pattern) ; f, float ; fr, frill. 

(Original) 

Taxonomic characters. Anopheline eggs are beautiful objects and vary much 
from species to species. Specific differences may be found in the general shape and 
size of the eggs, the length in proportion to the breadth, whether the upper surface 
in side view is concave, flat or convex, the shape and size of the floats and the 
number of float ridges or ribs, the shape and width of the deck and occasionally, as 
in the macuZi@znis group, the pattern of ornamentation on the deck, the appearance 
of the frill, and other characters. 
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Differences between the eggs have proved most useful in studies on the hyrcanus 
and barbirostvis species groups, but are only of limited use in the Ze~os~Jzyr~s group. 
Not all species can be distinguished in the egg stage, and some characters, such as 
the shape of the deck, may vary considerably within a species, sometimes seasonally 
in northern latitudes (Otsuru & Ohmori, 1960). 

Though characters of the eggs are mainly of value at the species level, there tend 
to be resemblances between eggs of species belonging to the same or related series. 
These resemblances are seldom of the kind that could be used in a simple key to 
series or subgenera of Ano$zeZes, but when considering the relationships of series 
one to another, or the affinities of a particular species, the appearance of the eggs 
may be of considerable help. 

3 _. CLASSIFICATION 

Before entering on the identification and description of Malayan and Bornean 
Anophelines it is as well to know how they are related to the Anophelines of other 
areas and to mosquitoes in general. This is best done by beginning briefly with a 
formal classification of mosquitoes and then passing on to a more detailed account 
of the Anophelines. 

Mosquitoes belong to a big group of insects, the order Diptera or two-winged flies, 
and in formal terms their place in the heirarchy of classification is indicated thus: 

Phylum Arthropoda e.g., shrimps (Crustacea), insects (Insecta), spiders, 
ticks and mites (Arachnida) 

Class Insecta 
Order Diptera 
Suborder Nematocera 
Family Culicidae (Mosquitoes) 

The suborder Nematocera contains other groups of biting gnat-like flies as well 
as the mosquitoes, such as the Simuliidae (black-flies), the vectors of the filarial 
disease onchocerciasis, the Phlebotominae (sand-flies), the vectors of leishmaniasis, 
etc., and the Ceratopogonidae containing the genus Culicoides, some species of 
which are vectors of minor human filarial infections and the malaria-like parasite 
of monkeys, Hepatocystis kochi, and probably of other species of Hepatocystis 
affecting other animals (Garnham, Heisch & Minter, 1961). 

Other suborders of Diptera contain such well known and medically important 
flies as horse-flies (Tabanidae), tsetse-flies (Glossina) , house-flies (Mmca) and blow- 
flies (Calliphoridae) . 

For further information about these and other flies of medical importance, and 
the characters by which they may be recognized, see Smart’s ‘ Insects of Medical 
Importance ’ (1956). 
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Family CULICIDAE 

Returning now to the mosquitoes, the family Culicidae used to include, in addition 
to the Culicinae, the Dixinae and Chaoborinae with short non-piercing mouthparts 
(Edwards, 1932). If the two latter are split off as separate families, as has been 
done by Stone, Knight & Starcke (Ig5g), the Culicidae is restricted to the mosquitoes. 
This is convenient, and the family is then easily defined as two-winged insects with 
many-segmented antennae, in which the wing veins and hind margins of the wings aye 
clothed with scales and the mouthparts form a long proboscis projecting forwards. 

Some Tipulidae (crane-flies, daddy long-legs) have a mosquito-like proboscis and 
from their size and general proportions can be mistaken with the naked eye for 
mosquitoes, but their wings are without scales and the pattern of the wing veins 
is different. The sand-flies (Phlebotominae) are much smaller than most mosquitoes 
and have a different appearance, the wings are clothed with hairs, not scales, and 
are pointed at the ends instead of rounded, and the proboscis is short and directed 
downwards between the bases of the fore legs. Most species of C&icoides are 
even smaller than sand-flies, their wings are bare of scales and the proboscis is 
short, and they are compact and short-legged compared with mosquitoes. The 
Simuliidae are larger than Czzlicoides, but are also compact and short-legged, they 
have a short, not very obvious proboscis, the antennae are short and stout and the 
wings are broad, without scales and with reduced venation. 

At the present time the family Culicidae, restricted to the mosquitoes, contains 
about 3,000 species and others are constantly being discovered. Stone, Knight & 
Starcke (rg5g), in their valuable catalogue of the mosquitoes of the world, recognize 
2,426 species, which is 72 per cent. more than the 1,407 in the previous monograph 
by Edwards (rg32), and since 1959 the number has been raised in successive supple- 
ments to the catalogue (Stone, 1963 et seq.). 

Subfamilies of the Culicidae 
The Culicidae are generally divided into three subfamilies, the Anophelinae, 

Toxorhynchitinae (formerly the tribe Megarhinini), and Culicinae, distinguished as 
in the key below. Stone, Knight & Starcke subdivided the Culicinae into two 
tribes, Sabethini and Culicini. Belkin (1962) divides the Culicinae into IO parts of 
equal rank with the Anophelinae and Toxorhynchitinae, but this is not yet generally 
accepted. 

KEY TO SUBFAMILIES OF CULICIDAE 

I Adult, abdomen without scales, or at least the underside largely bare of scales ; 
female with one spermatheca, palps usually about as long as the proboscis ; 
$~$a, lateral hairs (hair g) of abdominal segments III-VI placed at the distal 

corners of the segments, single and spine-like ; tip of paddle with a pair of hairs, 

one of which is ventral and subapical ; Zavva, without a respiratory siphon 

ANOPHELINAE 
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- Adult, abdomen entirely clothed with scales above and below ; female usually with 
three spermathecae, palps not more than two-thirds as long as the proboscis, 
usually much shorter ; ~upu, lateral hairs III-VI nearly always placed well 
before the distal corners of the segments ; tip of paddle usually with one apical 
hair or none, if with two, both are apical ; Zarua, with a respiratory siphon which 
is at least as long as broad . . . . . . . . . . 2 

2 Adult, outer half of proboscis slender and bent sharply downwards and backwards ; 
pupa, outer half of paddle longer than inner half ; larva, mouth-brushes composed 
of about ten stout rods for grasping prey. . . . . TOXORHYNCHITINAE 

- Adult, outer half of proboscis about the same thickness as the basal half (or swollen 
at the tip), not bent sharply downwards and backwards ; pupa, outer and inner 
halves of paddle about the same length ; larva, mouth-brushes composed of 30 
or more hairs . . . . . . . . . . . CULICINAE 

A brief discussion and comparison of the three subfamilies is given below, before 
entering on the details of the Anophelinae. 

Anophelinae. There are many differences between Anophelines and other 
mosquitoes in addition to those given in the key, though most of them have 
exceptions. The majority of Anopheline adults have a characteristic shape and 
resting attitude (fig. 24) ; the proboscis, head, thorax and abdomen form one straight 
line, and point, head first, at the surface on which the insect is resting, forming an 
angle (sometimes almost a right angle) with the surface. Culicines and Toxorhyn- 
chitines are mostly humpbacked, with the proboscis and head forming an oblique 
angle with the abdomen ; they rest roughly parallel to the surface, with the tip of 
the abdomen usually sloping down towards the surface instead of away from it as 
in Anophelines. Most Anophelines have more or less spotted wings, and most 
other mosquitoes have unspotted wings, but there are many exceptions to this. 
Male Anophelines usually have the ends of the palps abruptly clubbed, and in life 
not upturned ; in male Culicines and Toxorhynchitines the palps are seldom distinctly 
clubbed, more often they taper towards the ends, which may be sharply upturned. 

Anopheline pupae have comparatively short trumpets with wide openings and a 
split down the side ; the pupal trumpets of Culicines are of many shapes, but are 
narrow-mouthed and often long compared with those of Anophelines, and most do 
not have a split down the side. The pupal trumpets of Toxorhynchitines are like 
those of the majority of Culicines, relatively narrow-mouthed and without a split. 

Anopheline larvae, like the adults, have a characteristic resting attitude (fig. 24). 
They lie parallel to and attached to the surface film of the water. The larvae of 
most Culicines and Toxorhynchitines, when at rest, hang head downwards from the 
surface film, suspended by the tip of the respiratory siphon ; the larvae in some 
genera hang almost vertically downwards ; a few, like those of Uranotaenia, lie 
almost parallel with the surface and can be mistaken with the naked eye for 
Anopheline larvae. 

The majority of Anopheline larvae are found in ground water of one kind or 
another, whether still or flowing, sunlit or shaded, but a few species breed in tree 
holes, bamboos and leaf axils. 

Anopheline eggs are laid singly, and those of most species are boat-shaped with a 
ribbed, air-filled float on each side. The eggs of Culicines are very various, but rarely 
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have floats and are mostly cylindrical. Some are laid singly, others are glued 

together in rafts, ribbons or clusters. The eggs of Toxorhynchitines are laid singly 

and are rounded oval in shape and covered with minute spines. 

FIG. 24. Differences in the usual shape and resting attitude of Xnopheline and Culicine 
adults and larvae. 

(From Hodgkin) 
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In 1959, in their catalogue, Stone, Knight & Starcke recognized 319 species of 
Anophelines ; about 360 are known now. Anophelines are found in most parts of 
the world between about latitudes 65” north (,4laska, Scotland, Sweden, Siberia) 
and 45 O south (Argentina, Tasmania), except that they are absent from New Zealand, 
and from the Pacific islands further east than about longitude 170’ (New Hebrides). 

For the internal classification of the Anophelines see below. 
Toxorhynchitinae. These are large, and usually brightly metallic-coloured, diurnal 

mosquitoes with a hooked proboscis. At present there is only the one genus, 
Toxorhynchites, divided into three subgenera. They do not suck blood, and the 
larvae are found in natural or artificial containers, preying upon other mosquito 
larvae. For these reasons they have been used, though with limited success, for 
the control of other mosquitoes, such as the Aedes scutellaris group which are filaria 
vectors in the Pacific (Muspratt, 1951). In Malaya, larvae of Toxorhynchites 
splendens can be found preying on Aedes larvae in fallen coconuts, while the adults 
may be seen resting on the trunks of the palms ; T. klossi is a mountain species 
with larvae in pitcher plants (Nepenthes). Some 60 species are known from the 
warm parts of the world, of which about IO are recorded from Malaya. 

CuZicinae. This is by far the largest subfamily, with about 2,500 species in some 
30 genera, ranging from the arctic (Gjullin et al., 1961) to the tropics. In Malaya 
approximately 250 species are known at present (Macdonald in 1957 listed 217). 
Although the great majority of species are harmless, a number cause annoyance by 
their bites. Certain of these, mostly in the genera Aedes, Culex, Haemagogus and 
Mansonia, are of great importance as vectors of filariasis and the mosquito-borne 
virus diseases. 

Culicine larvae are found in practically every type of natural collection of water, 
large or small, from crab holes on the sea shore to pitcher plants on mountain tops, 
in streams, lakes and swamps, and also in artificial collections of water made 
accidentally or intentionally by man. Numerous species make use of water con- 
tainers such as tree holes, leaf axils and flower bracts, rock holes, bamboos, concave 
tops of certain fungi, large fallen leaves, coconut shells, tins, bottles and discarded 
motor tyres. Connected with this use of small collections of water that often dry 
up, some Culicines, especially species of Aedes, have eggs which can remain dry for 
several months, but hatch when the breeding place fills up again and wets them. 
This is one reason why Aedes aegypti is such a convenient laboratory animal ; its 
eggs can be stored dry until a fresh generation is required. Anopheline eggs die if 
treated in this way. 

Subfamily ANOPHELINAE 

The subfamily consists of three genera distinguished as follows: 

KEY TO GENERA OF THE ANOPHELINAE 

I Scutellum slightly trilobed with bristles confined to the lobes ; male with two large 
claws on both fore and mid legs ; larva with a lateral fringe of hairs on the 
posterior part of the spiracular apparatus (fig. zja) . . CHAGASIA Cruz, 1906 
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2 

Scutellum evenly rounded bearing a continuous line of bristles ; male with one 
large claw on fore legs only ; larva without a fringe of hairs on the spiracular 
apparatus . . . . . . . . . . . . . 2 

Stem of vein 4, beyond cross veins, and vein 5.1 wavy (fig. z5b) ; larva with a pair of 
palmate hairs on the meso- as well as the metathorax, prothoracic hair 4 placed 
near the shoulder hairs . . . . . . BIRONELLA Theobald, 1905 

Stem of 4, beyond cross veins, and vein 5 .I straight or gently curved, not wavy ; 
larva without palmate hairs on the mesothorax, prothoracic hair 4 not near the 
shoulder hairs, close to 5, 6 and 7 . . . . . ANOPHELES Meigen, 1818 

b 

FIG.~~. Chagasia and Bivonella. a, spiracular apparatus of Chagasia larva ; b, wing 
veins of Bironella. F, fringe of hairs ; S, spiracle ; .Sf, stigma1 filament. 

(a, after Komp; b, after Bonne-Wepster & Swellengrebel) 

Chagasia with four species and Birondla with seven are small genera ; the first 
is confined to tropical America and the second to the New Guinea area. C hagasia 
appears to be a relatively primitive genus which, at least in the adult stage, has 
some Culicine as well as Anopheline features (Root, 1927). The adults are scaly, 
well ornamented mosquitoes with a Culicine shape and resting attitude ; the male 
palps are swollen but not clubbed ; the trilobed scutellum with bristles confined to 
the lobes is like that of Culicines, and unlike that of Anophdes and Toxorhynchites. 
In having fringing hairs on the spiracular apparatus, the larva resembles those of 
the Dixidae, while the long stigma1 filament (fig. z5a) is homologous with a similar 
filament found in the larvae of a few species of Anopheles such as A. bancroftii, 
umbrosus and atratifies. 

The species of BironeZZa are fragile, largely unornamented mosquitoes, mostly 
imperfectly known so far (Lee Pr Woodhill, 1944 ; Bonne-Wepster & Swellengrebel, 
1953). They are less distinct from Anopheles than is Chagasia, and though they 
have a number of distinctive characters besides those used in the key, most of these 
characters are not found in all the species; for example, the separation from 
Anopheles on the shape of the fifth fore-tarsal segment and claw of the male (this 
segment shorter than dth, and claw without median or basal spur in BironeZZa, the 



CLASSIFICATION: XNOPHELES 4” 

reverse in Ano@eZes) does not hold good for species of the B. papuae group. 
Larvae are said to possess an additional shoulder hair not present in Anopheles, but 
this hair is in fact the normal prothoracic hair 4 shifted medially, so that it is some- 
what closer to the shoulder hairs than to the group 5, 6 and 7 as is usual in 
AnopJzeZes ; Belkin (1962) also notes this point. The genus occurs in the Moluccas, 
New Guinea, the Solomon Islands, and northern Australia (north Queensland). 

Genus A NOPHELES 

Many subgenera of Ano@zeZes have been proposed. Those accepted now are 
based primarily on the number and position of the spines on the coxites of the male 
genitalia. There are other characters, but most are liable to exceptions. It is 
difficult to construct a key to the subgenera on a World basis, and the following key 
divides Anopheles into New World or Old World forms. This emphasises how 
distinctive the New World Anopheline fauna is, with four of the six subgenera 
confined there, in addition to the peculiar genus Chagasia. Only the subgenus 
Anopheles occurs in both the Old and New World ; CeZZia (=Myzowzyia) is confined 
to the Old World. 

KEY TO SUBGENERA OF ANOPHELES 

I New World species . . . . . . . . . . . . 2 
- Old World species . . . . . . . . . . . . 3 
2 Mesonotum with a narrow white longitudinal line ; coxite of male genitalia with 2 

spines, one very strong parabasal spine not on a tubercle and one internal spine 
(fig. 26a). Larva with a narrow finger-like appendage arising posteriorly from 
each lateral papilla of the spiracular apparatus, spiracles projecting and placed 
far apart (fig. 26b) . . . . . STETHOMYIA Theobald, Igo 

- Mesonotum not so; male coxite with 3-5 (rarely 2) spines, if only one parabasal it is 
on a tubercle. Larva without such appendages, spiracles not projecting, closer 
together . . . . . . . . . . . . . 4 

3 Coxite with4 spines, one parabasal on a tubercle, twin accessories, and one internal 
spine, arranged as in figures 26d or e . . . . . . . . 5 

- Coxite with 3-5 spines (rarely 2) differently arranged, without twin accessory spines 
(cf. figs. 26c, f, g) . . . . . . . . . . . . 6 

4 Mesonotum with 4 longitudinal dark stripes on a grey ground ; accessory spines of 
coxite distal to internal spine (fig. 26e) . . . KER TESZIA Theobald, 1905 

- Mesonotum not so ; accessory spines proximal to internal spine (fig. 26d) 
NYSSORHYNCHUS Blanchard, 1902 

5 Coxite usually with 3 spines (two parabasals and one internal) arranged as in figure 
26c ; occasionally I or 3 parabasals, rarely no internal spine A NOPHELES Meigen, I 8 I 8 

_ Coxite with 4-5 spines (one basal, two parabasals with an external accessory spine, 
and usually one internal spine) differently arranged (cf. fig. 26f). 

LOPHOPODOMYIA Antunes, 1937 
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Coxite usually with 3 spines (two parabasals and one internal, fig. 26~) ; female 
cibarium without teeth ; wing usually with less than 4 pale spots on the costa. 
Pupa with end of male genital pouch obtuse without a pair of knobs (fig. 16c), 
terminal paddle hair seldom long and hooked. Larva usually with branched 
antenna1 hair (except tree-hole species) on inner or dorsal side of shaft ; inner 
clypeal hairs usually close together, long pleural hairs of the thorax commonly 
simple. . . . . . . . . . ANOPHELES Meigen, I 9 I 8 

Coxite with 4-j smaller parabasal spines and no internal spine (fig. z6g) ; female 
cibarium nearly always with teeth ; wing commonly with four or more pale spots 
on the costa. Pupa with male genital pouch ending in a pair of rounded points or 
knobs (fig. r6b), terminal paddle hair often long and hooked (fig. 12). Larva 
usually with simple and very small antenna1 hair on outer side of shaft ; inner 
clypeal hairs usually wide apart, nearer to outer hairs (fig. 17), some of the long 
pleural hairs of the thorax commonly branched . . CELLIA Theobald, 1902 

The purely New World subgenera are largely tropical and most of them contain 
only a few species. Stethomyia, with five species, is a distinctive group of slender, 
dark sylvan mosquitoes which bite readily. The silvery white line on the dark 
velvet background of the mesonotum is striking when viewed in the right light; the 
wings are unicolorous. 

Lo$zo+odowzyia with six species appears to be related both to subgenus Cellia 
and subgenus A nopheles, but more to Anopheles from which it differs chiefly in the 
male genitalia which somewhat resemble those of CeZZia. Adults have the meso- 
notum ashy grey, flanked by dark chocolate areas at the sides, the bases of the 
femora are usually white and the pale areas of the wing somewhat conspicuous ; 
in one species (spamifemur) there is a prominent tuft of scales at the apex of the 
hind femur, and two at least (oiketorakras and gomexdelatorrei) are mountain species; 
in these characters Lophopodomyia resembles certain species in the subgenus 
Anopheles, such as those of the psetidopunctipennis group in the New World and 
the Zindesayi and asiaticus groups in the Old World (p. 51). 

Nyssorhynchus is an important subgenus with about 25 species ; it contains 
several major vectors of malaria such as darlingi and albimanm. The adults have 
the hind tarsi largely snowy white, and in most species (except those of the Myzo- 
rhynchella series or group) the abdomen bears dorsal pale scales and lateral dark 
scales or scale tufts. There are scattered pale scales on the mesonotum. 

Kerteszia with six species is an interesting subgenus. The larvae of five species 
are found only in water in the leaf bases of Bromeliaceae, a tropical American family 
of plants to which the pineapple belongs. The sixth species makes use of the inter- 
nodes of bamboos. Some of the bromeliads used by such species as A.(K). bellator 
are epiphytes growing on the branches of trees high above the ground. Because 
bellator is a malaria vector and bites chiefly out of doors, residual insecticides sprayed 
in houses are not very effective, and special measures to destroy the epiphytic 
bromeliads have to be employed. Although related to Nyssorhynchus, the adults 
of Kertesxia differ in appearance. The mesonotum, in addition to having rather 
distinctive longitudinal bands, lacks the scattered pale scales of Nyssorhync&s, the 
hind tarsi may have broad white rings but are not almost continuously white as in 
Nyssorhynchus, and except for one species the abdomen is largely bare of scales. 
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d 

FIG. 26. Subgeners of Anopheles ; characters of the spines on the coxites of the male 
genitalia (a & c-g), and features of the larval spiracular apparatus of Stethomyiu (b). 
a and b, Stethomyia ; c, Anopheles ; d, Nyssorhynchus ; e, Kevteszia ; f, Lophopodomyia ; 
g, Cellia (= Myzomyia). a, appendage of lateral papilla ; A, accessory spine(s) ; B, 
basal spine ; I, internal spine ; P, parabasal spine(s) ; S, spiracle. 

(After various authors) 
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For more information on these New World subgenera, see for example, Komp 
(1942) and Lane (1953). 

The remaining two subgenera, Anopheles (about 150 species) and Cellia (about 
160 species), to which all the Old World species belong, are much the largest and 
contain nearly 90 per cent. of all species of the genus Anopheles. Both have been 
divided into various more or less natural groups, and though the names of these 
have no formal status in nomenclature, and seldom need to be considered by public- 
health workers, they are of value to systematists and biologists as they reflect not 
only differences in morphology, but also to some extent differences in biology. 

Subgenus A NOPHELES 

The divisions of subgenus Anopheles adopted by Edwards (1932) have been 
revised by Reid & Knight (1961), and are summarized in the following key. The 
term ‘group ’ has been replaced by ’ series ’ to avoid confusion with the more 
important category of species group. Edwards (1932) placed the term series after 
the name, instead of before as with genus, and wrote genus Anopheles but the 
Myxorhynchzbs series. In the following key and other formal listings this practice 
has been continued to emphasize the difference in status between genus or sub- 
genus, and series. 

KEY TO DIVISIONS OF SUBGENUS ANOPHELES 

I Pupal trumpets with the longest axis transverse to the stem and the rim sometimes 
with a second split opposite the meatal cleft, or if less transverse there is a lobe, 
often complex, on the rim (figs. 14c, 80) . . . . (LATICORN section) z 

- Pupal trumpets with the longest axis usually more or less vertical, in line with the 
stem, no second split in addition to the meatal cleft, rim simple, entire (fig. r4b) 

(ANG USTICORN section) 4 
2 Abdomen of adult with tufts of long thin scales projecting from the hind corners of 

each segment ; fore and mid tarsi with pale bands confined to the bases of the 
segments. Larva with lateral hairs on abdominal segments IV-VI large and 
plumose . . , . . . . . . . CHRIS T YA series 

(Ethiopian, I sp.) 
- Abdomen with tufts of short broad scales at the hind corners of the segments, or with 

none ; tarsi with pale bands apical or on both sides of the joints. Larva with 
lateral hairs on IV-VI not plumose and on VI usually small . . . . 3 

3 Wing usually with about 7-10 (not less than 3) small pale spots on the costa, usually 
one or more being in the sector region and two near the junction with the sub- 
costa ; abdomen usually with tufts of dark scales on the hind corners of the 
segments ; legs usually speckled . . . . . ARRIBALZAGIA series 

(Neotropical, about 20 spp.) 
- Wing seldom with more than three pale spots on the costa, none in the sector region 

and only one at the junction with the subcosta ; abdomen without lateral scale 
tufts ; legs seldom speckled . . . . . . MYZORHYNCHUS series 

(Old World, about 55 spp.) 
4 Abdomen (excluding male genitalia) and usually the coxae without any scales 

ANOPHELES series 
(Old and New World, about 60 spp.) 
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- End of abdomen and the coxae with at least a few scales . . . . . 5 
5 Legs not speckled, tarsi not banded ; apex of hind femur with a tuft of outstanding 

scales (black proximally, white distally), or the first and second hind tarsi with 
outstanding scales. . . . . . . LOPHOSCELOMYIA series 

(Oriental, about 5 spp.) 
- Legs speckled and tarsi with pale bands at the joints ; hind femur and tarsi without 

areas of outstanding scales . . . . . CYCLOLEPPTERON series 
(Neotropical, about z spp.) 

There is evidence suggesting that the laticorn section (CL~istya, Arribalxagia and 
1MyxorhyncJz~s series) is more primitive on the whole than the angusticorn (Anopheles, 
Lo$hoscelomyyia and Cycloleppteron series). Points of resemblance between the 
Christya series, the most generalized member of the laticorn section, and the primitive 
genus Chagasia, which has a laticorn trumpet, are mentioned by Reid & Knight 
(1961). In the Myxorhynch~s series the presence of a stigma1 club in the larvae of 
some species, and of teeth on the hind margins of the abdominal tergites in the pupae 
of the wnbrosus group, are further points of resemblance between the laticorn section 
and Chagasia. The facts of distribution also suggest that the laticorn section may 
be older than the angusticorn, for if the closely related &!yzorhynchz~s and Arribal- 
xagia series are considered together, they form the only portion of subgenus 
Anopheles that is well represented in all three tropical regions, the Oriental, 
Ethiopian and Neotropical. The Anopheles series is represented in the Neotropical 
region by only a few, mainly mountain species in the pseudopunctipennis group, 
and is absent from the Ethiopian region except for one species, concolor. 

Within the Anopheles series there is evidence from distribution and morphology 
suggesting that the well ornamented species of the pseudopunctipennis group (New 
World, mainly Neotropical) and the Zindesayi group (Oriental) are older than the 
sober-coloured species of the Holarctic maculipennis group. The pseudopunctipennis 
and Zindesayi groups are obviously closely related although their ranges are now so 
wide apart. They are chiefly mountain species in warm or tropical regions, and it 
looks as if they may have had a common origin in the southern Holarctic at lower 
altitudes and have spread south from there into the Neotropical and Oriental regions 
along the mountains, being later replaced in the Holarctic by the maculipennis 
group. Such a southward spread from a common northern centre of origin is 
believed to account for similar discontinuous distributions in vertebrates, e.g., 
Malayan and South American tapirs (George, 1962). 

The evidence from morphology is chiefly that of characters which these two species 
groups share with other and perhaps older series or subgenera of Anopheles, but 
which are little developed or absent in the maculipennis group. For example, the 
striking tuft of scales on the apex of the hind femur in wellingtonianus of the 
Zindesayi group is a character only found otherwise in the Oriental asiaticus group 
(Lophoscelowzyia series) and in squawkfemur of the Neotropical subgenus Lopho- 
podomyia, both of which resemble the pseudopunctipennis and Zindesayi groups 
considerably in general appearance (p. 48). 

Then again, it is noteworthy that this assemblage of forms, so widely spread 
geographically yet sharing a number of characters, show between them several 
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features suggesting some affinity to subgenus Cellia. For example, all have small 
(though usually branched) larval antenna1 hairs. In subgenus Lophopodomyia the 
number and arrangement of spines on the male genital coxites is not very different 
from that of Cellia, and the costa of the wing often has four or more pale spots (a 
character of CeZZia), as has the costa of gigas in the Zindesayi group. In Zindesayi 
and zuellingtonianus the terminal paddle hair of the pupa is generally long and hooked, 
an uncommon feature in subgenus Anopheles, but common in subgenus CeZZia ; in 
addition, in these two species, the long simple pupal hair I on abdominal segments 
VI and VII (fig. IOI), and the egg of Zindesayi which has floats that meet the deck 
(fig. roz), are two points of resemblance with the NeoceZZia series of CeZZia (e.g., 
fig. 183). 

All this suggests that the subgenus CeZZia may have arisen from an ancestral form 
that somewhat resembled a species of subgenus Lophopodomyia, or such a species as 
the Oriental gigas (Anopheles series) ; and also that the well ornamented appearance 
of the adults of such species is itself a relatively primitive character, especially as it 
is well developed in Chagasia and Anopheles implexus (Christya series). However, 
it does not follow that unornamented forms in the AnopheZes series, such as the 
Oriental aitkenii and ctiZicifov&s groups, are more recent than the well ornamented 
forms, though, as already suggested, this may be true of the soberly ornamented 
mac~lipennis group of the Holarctic. 

Malayan and Bornean species of subgenus AsopheZes belong to the Myxorhynchus, 
Lophoscelomyia and Anopheles series, the first and last of which contain a number 
of species groups. The characters of these series and species groups, as represented 
in Malaya and Borneo, are defined in the section describing the species. 

Subgenus CELLIA 

As in subgenus Anopheles the term group has been dropped to avoid confusion 
with species group, and is replaced by series. The series are based primarily on the 
nature of the cibarial teeth (p. 15) which is not an easy character to examine. The 
key which follows has been compiled from the literature, and is based chiefly on 
Christophers (1933)) Evans (1938) and De Meillon (1947). The character, given by 
Christophers, of the long thoracic pleural hairs of the larva being all simple in the 
Neomyzomyia series, usually holds for the Oriental species of this series, but not for 
the African or some of the Australian species, and has therefore been omitted from 
the key. 

KEY TO THE SERIES OF SUBGENUS CELLIA 

I With a single row of cibarial teeth not differentiated as rods and cones (fig. 124f), or 
rarely without teeth* . . . . . . . NEOMYZOMYIA series 

(Ethiopian, Oriental and Australian, about 50-60 spp.) 
- With cibarial teeth in two rows, one of rods and one of cones (fig. IO) . . . 2 

* There are a few African species without cibarial teeth, some of them with rather large larval 
antenna1 hairs, which used to be placed in a separate series Eor*zyzonzyia, proposed by Evans in 1934 for 
A. wilsoni. But Gillies & De Meillon (1968) have shown that wilsoni sometimes has teeth, and that 
these species are very similar to others which are normal Neomyzomyias with teeth. Consequently 
Eomyzowyia has been dropped. 
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2 COIleS without l-OOtS (figs. 154, 175) . . . . . . . . . 3 
_ Cones w&h roots (figs. IO, 161) . . . . . . . . . . 4 
3 Pediment of cones with a single row of teeth on the crest (fig. 154/j). Larva with 

one of the long pleural hairs of the metathorax branched. Adult with propleural 
setae . . MYZOMYIA series 

(majority Ethiopian, also’ Mediterranean and Oriental, about 50-60 spp.) 
- Pediment of cones with two rows of teeth on the crest (fig. 175). Larva with both 

long pleural hairs of the metathorax branched. Adult without propleural setae 
(except A. rufipes) . . . . . . . . NEOCELLIA series 

(mostly Oriental, a few Ethiopian, about 20 spp.) 
4 Adult abdomen with projecting lateral tufts of scales . . . . CELLIA series 

(Ethiopian, about 3 spp.) 
- Not so . . . . . . . . . . . . . . 5 
j Fore tarsi with fairly broad pale bands, end of abdomen with at least a few scales 

PYRETOPHORUS (= PSEUDOMYZOMYIA) series 
(Oriental and Ethiopian, about 10-15 spp.) 

- Fore tarsi dark or with only small pale bands, end of abdomen usually without scales 
PARAMYZOMYIA series 

(chiefly Mediterranean, also East ,lfrican and north Indian, about 6 spp.) 

A large proportion of the species of subgenus CeZZia are found in Africa where they 
account for most of the Anopheline fauna. 

The name Pyretofihor~s Blanchard, xgoz is preferred by Edwards (Ig3z), and is 
used by both Evans (1938) and De Meillon (1947) for the African species of this 
series, while Pseudomyzomyia Theobald, Igo7 is used by Christophers (1933)) and 
by Bonne-Wepster & Swellengrebel (1953), chiefly for the Oriental species. The 
latter species lack scales on the pronotal lobes, which bear small tufts of black scales 
in the African species (e.g., the gambiae group). However, it seems undesirable to 
create more divisions by separating Pyreto@orus from Pseudomyxomyia, and as the 
former is the older name and is also shorter and less liable to confusion with Para- 
myzomyia, it is used here. 

The pupal trumpets in subgenus Cellia are all of the simple angusticorn type. 
The Malayan species of this subgenus belong to the Neomyxomyia, Myzomyia, 
Pyreto$horus and NeoceZZia series. There are some species groups. 

3. NOMENCLATURE 

Genus and species 
The scientific name for any species of plant or animal is composed of two latin or 

latinized words. The first of these, always written with a capital letter, is the 
genus name, e.g., Anopheles, and the second, written with a small letter (except 
sometimes in Botany) is the species name, e.g., maculatus. This binominal system, 
introduced by the great Swedish naturalist Linnaeus in the middle of the 18th 
century, gives a unique combination of two names to every species, and this com- 
bination forms an internationally accepted label by which each species is known, 
e.g., Anopheles maculatus. These names are usually printed in italics to make them 
conspicuous. 
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The genus is, or should be, a convenient collection of similar and related species, 
which have certain characters in common, by which they can be recognized and 
distinguished from other such collections of species. The genus is a largely sub- 
jective category as it depends upon the judgement of taxonomists (also called 
systematists) how its limits are defined, and which species are included. 

The species, however, is an objective reality that exists in nature as a collection 
of interbreeding or potentially interbreeding populations, separated from other 
species populations by not interbreeding with them. The species is the most im- 
portant unit, and the real starting point for biological or taxonomic work, and is 
discussed in more detail in the chapter on Biology. 

The Rules of Nomenclature 
The way in which names are given to species is governed by the International 

Code (or Rules) of Zoological Nomenclature. The Code lays down rules to be 
followed when describing new species, and other rules for clearing up muddles 
among names. Only a few of these rules need be mentioned here (copies of the Code 
can be purchased from the International Trust for Zoological Nomenclature, 14 
Belgrave Square, London, S.W.1). 

Naming of species. To be valid, the name of a new species must be published 
in a printed work accessible to other people, must be of suitable binominal form (the 
Code gives guidance on the formation of names), and must be accompanied by the 
author’s name and a sufficient description or indication showing how the species 
differs from its nearest allies. The author should also select and label one of his 
specimens to be the type specimen or holotype of his new species. He should say 
how this specimen can be found, i.e., where it has been placed (preferably in one of 
the larger Museums, NOT the author’s private collection), and what are its collection 
data or other distinguishing features by which it can be recognized. 

Tyfies. The chief purpose of the type specimen is not to try to typify all the 
morphological characters of the species in a single specimen. This is impossible, 
not only because of sex differences, but because the range of variation in a species 
is too great. The chief purpose is to supplement the description by providing a 
single specimen of the species (preferably a fairly typical one) to which reference 
can be made when doubts arise, as for example when closely related species are 
discovered. This is always happening, and frequently the characters by which the 
closely related species are distinguished from the original species are not mentioned 
by the original author in his description. There may then be no means of knowing 
to which of these species the original author’s specific name should apply, unless 
there is a holotype which can be examined. 

Other specimens, besides the holotype, on which the author based his description 
are called paratypes ; sometimes these prove to belong to more than one species. 

Name changes 
Human error and the intrinsic difficulties of taxonomy (also called systematics) 

lead to muddles over names. These muddles have to be cleared up, and this is 
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one of the causes of those name changes which, from time to time, annoy both lay- 
men and specialists. 

Synonyms. It has often happened that the same species was described un- 
knowingly by different workers who each give it a different name. This is 
synonymy, or different names for the same thing. For example, Anopheles kochi 
was described from Sumatra by Diinitz in January rgox, by Theobald from Malaya 
as A. ocellatm in November rgor, by Ludlow from the Philippines as fZava in 1908, 
and by James from India as halli in Igro. When it eventually became clear that 
these were four different names for the same widespread species of Anopheles, the 
earliest name, kochi, became the correct name by the law of priority (article 23 of the 
Code), and the other names sank as synonyms. These synonyms can only be 
revived if someone were to discover that A. kochzi as we understand it today is, after 
all, composed of more than one species. As there are type specimens in existence 
for each of these four names, any newly recognized species in kochi could well prove 
to be the same as one of the three types placed in synonymy, and that name would 
then be revived for the newly recognized species. This happened in the A. hyycanus 
species group, and it is for this reason that synonyms for which there are type 
specimens are given in the descriptions of the species in this book, though no full 
synonymy (the complete list of names that have been applied to a species) is 
attempted as this can be found in Christophers (1933) and Stone, Knight & Starcke 

(1959). 
A synonym may be revived, even without a type specimen, if there are reasonable 

grounds for identifying it with a newly discovered species. 

Homonyms. The opposite of a synonym, or different name for the same thing, 
is a homonym which is the same name for different things (in the same genus). 
For example, the species we now call A. barbumbrosus was originally described by 
Swellengrebel from Sumatra in 1919 under the name pallidzbs, but this name had 
already been used by Theobald in 1901 for a quite different species of Anopheles from 
India (p. 352). Again the law of priority applies, only the earlier use of the name by 
Theobald is valid, and Swellengrebel’s species has to be given a new name. As it 
happens, Swellengrebel’s use of the name pallidus was valid at first because he put 
it in the genus Myxorhynchus, not AnopheZes. It was only later when Myzorhynchus 
was sunk as a synonym of Anopheles that a new name had to be found for Swellen- 
grebel’s species. 

Endings. Occasional changes to the endings of specific names may be caused in 
several ways. A change of genus may necessitate a change in the ending of an 
adjectival specific name to make it agree in gender with its new genus (article 30 
of the Code). Thus Myxomyia Zudlowi var. sundaica Rodenwaldt becomes Anopheles 
sundaicus (Rodenwaldt) . Placing the author’s name in brackets indicates that he 
originally described the species (or variety in this case, later raised to a species) in a 
different genus. 

This example illustrates another reason for one or two recent changes to the 
endings of specific names, which will be found in the catalogue of Stone, Knight & 
Starcke ; Ludlowi, masculine gender, is now Zudlozuae, feminine, because it is named 
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after Miss Ludlow, whilst pampanae was changed to pampanai as it was named 
after a man, Dr. Pampana. 

Apart from a few changes of this sort that are obligatory or recommended under 
the Code, the author’s original spelling of a specific name must be followed. This 
is why Stone, Knight & Starcke have reverted to the original spelling of certain 
names with a double -ii, and as it is desirable to follow their authoritative catalogue 
it has been necessary to write aitkenii, watsonii and jamesii throughout this book. 

Citation of names 
The full formal citation of the name of a species will show the author of the name 

and the year in which he published it, and may include the subgenus, thus, 
A nopheles (CeZZia) macdatus Theobald, Igor . The subgenus is placed in brackets, 
and there is no punctuation mark between the specific name and the author’s name. 
The purpose of citing the author’s name and the year of publication is to fix 
responsibility for the species name on him, rather than to award him credit, and to 
assist in locating the original description and other literature. The author’s name 
is not part of the name of the species as has sometimes been stated. In a well 
monographed group like the mosquitoes there is usually very little need for these 
full citations ; the authors of the names and the references to where these were 
published will be found in the monographs and catalogues. In published papers it 
is common practice to cite the author’s name the first time a species is mentioned in 
the text, but to omit it thereafter. (The inclusion of authors’ names after specific 
names in the titles of papers seems in the main cumbersome and unnecessary.) 
The name of the genus is given in full the first time, and can then be shortened to the 
initial letter, or even omitted where no other genus is discussed and no ambiguity 
results. Thus one writes Anopheles maculates Theobald (sometimes shortened to 
Theo., but better written in full) on the first occasion, and A. macalatus thereafter, 
or even maculates if this causes no confusion. If two or more genera beginning 
with the same letter are being discussed, such as AnopheZes, Aedes and Armigeres, 
it is usual to include the second letter in the abbreviation of the generic name, e.g., 
An. maculatus, Ae. albopictus and Ar. malayi. 

Categories 
Genera are grouped into Families, sometimes by way of intermediate categories 

such as Tribes and Subfamilies. All these, like the Genus, are to some extent 
subjective categories of convenience. Other higher categories in the heirarchy of 
classification are indicated on p. 41. 

Subgenus. A genus may be divided into subgenera, and these are governed by 
the same rules in the Code that apply to genera. 

Subspecies. A species may be divided into subspecies, and these follow the rules 
for species. Subspecies are written as trinominals, thus, Anopheles Zindesayi 
cameronensis, or A. 1. cameronensis for short where the text makes this unambiguous. 
The nature of subspecies is discussed in the chapter on Biology ; it is sufficient to 
say here that subspecific names should be reserved for fairly distinct geographic 
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variants of a species, and should not be used for forms which occur together in the 
same area. 

Variety. Within a species, in addition to subspecies, there may be other infra- 
specific forms. These may be sporadic variants or regular polymorphs, found 
together with the normal form of the species, or they may be unanalysed forms of 
uncertain status but distinct enough in biology or morphology to require recognition. 
For all these the term variety is often convenient, though frowned on by some 
authorities, and no longer having standing under the rules of nomenclature. A. 
maculatus var. z&ZZmori is an example, the variety zwillmori appears to be a polymorph 
of maculahs. A colloquial name, such as Malayan variety or race, may be more 
suitable at times than the formal equivalent, var. maZayensis. 

Species grou$. The term species group has no official standing in nomenclature 
but has come into use as a practical necessity to refer to groups of very closely related 
and similar species (sibling species). There may be a number of such species groups 
within one subgenus. In these groups correct identification of the constituent 
species may be quite difficult, and it is sometimes better to say that a specimen 
belongs to the A. hyrcanus species group, for example, (hyrcanus group for short) 
than to spend too much time trying to identify the exact species. It is now clear 
that species groups of this sort are common among insects. They form a most 
important part of the Anopheline fauna of South-East Asia, and, as a consequence 
of their discovery, there is often uncertainty about the identity of species in earlier 
records. For example, references to umbrosus before about 1937 could refer to 
either umbrosus or Zetifer, and possibly also to other members of the umbrosus 
group. It is best to place such references in inverted commas, writing ‘ umbrosas ‘, 
to indicate that the exact species is not known. 

Further reading 
Those who want to know more about nomenclature and taxonomic method will 

find ‘ Methods and Principles of Systematic Zoology ‘, by Mayr, Linsley & Usinger 
(1953) very useful, and there are a number of other good publications. The chapter 
on ’ Practical Systematics for Malaria Entomologists ‘, by Mattingly in ‘ A Practical 
Guide for Malaria Entomologists in the African Region of WHO ’ (De Meillon, 1961; 
reproduced in WHO, I963a) is a helpful short treatment of the subject. 

4. SYSTEMATIC INDEX 

The systematic index which follows is limited to the species known to occur in 
Malaya and Borneo, listed in the order in which they are described in this book. 
This order displays the classification adopted, and is primarily phylogenetic, not 
alphabetic, so that what are believed to be related species are kept together so far 
as possible. Categories below the rank of species are not given. 
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All species, subspecies and varieties that are included in the keys or mentioned in 
the text, whether occurrjng in Malaya and Borneo or not, are listed alphabetically 
in the general index at the back of the book. 

SYSTEMATIC INDEX 

Genus ANOPHELES . . . 
Subgenus ANOPHELES . . 

LATICORN section . . . 
iIIyzorIzync~us series . . 

hyrcanus species group . 
tsinensis . . . 
nigerrimus . . 

Jfpursati . . . 
indiensis . . . 

“fwawfordi . . 
lesteri . . . 
peditaeniatus . . 

Targyropus . . 
barbirostris species group 

j-barbirostris . . 
Tcampestris . . 

donaldi . . . 
hodgkini . , . 

Tj5ollicaris 
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.5* PRIMARY KEYS 

The purpose of these primary keys is to allow the majority of specimens to be 
readily identified, at least to a species group. To identify species within one of these 
groups may be a slower process, and for this the reader must turn to the appropriate 
secondary key in the descriptions. 

The primary keys to females and larvae, though not those to males and pupae, 
are illustrated by drawings on the facing page. This should assist those who are 
not professional entomologists to identify most specimens, at least to the correct 
species group, provided that they are willing to give enough time to what is not a 
simple matter, and to check their identifications against the descriptions. 

To this end the keys have been kept as simple and short as is consistent with 
reasonable accuracy, though this has meant using only one or two characters for 
each species, or species group, and ignoring the more variant specimens. This 
makes it all the more necessary to refer also to the description, or at least to the 
short diagnosis at the beginning of the description, to confirm what should be 
regarded as a provisional identification obtained with the keys. 

To use the keys, first select the right key according to whether the specimen to be 
identified is, for example, an adult female or a larva. Then commence with the 
first pair of alternatives, marked I on the left, and see which of the pair applies to 
the specimen. Then go to the pair of alternatives indicated by the number on the 
right at the end of the chosen alternative, and so on. The numbers in brackets on 
the left allow the user to work backwards through the key. This is a help if he 
finds himself at fault, and needs to go back to the previous pair of alternatives (or 
couplet) to try the other alternative (other half of the couplet). 

Only forms already known to occur in Malaya and Borneo are included in the 
primary keys. Notes on other species occurring in surrounding countries will be 
found at appropriate points in the descriptions, and most of these species are in- 
cluded in the secondary keys. 
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It should be pointed out that characters used to identify a species group in the 
primary keys may not be correct for the group as a whole, because species of the 
group that do not occur in Malaya and Borneo may lack these characters. For 
example, in couplet 4 of the key to pupae, though hair 1,V11 is tufted in all Malayan 
members of the barbirostris group, it has few branches in the Philippine members, 
including vanus which occurs also in Borneo. Characters of the species groups as 
a whole are defined in the descriptions. 

Keys to Adults 

The first key, which is mainly for females (though males of most species can 
usually be identified), is the one which will normally be used. Characters that are 
found only in the female are preceded by the female symbol 9. 

The second key is to males and should be useful for those species of which the 
males are not readily identified with the first key. 

Beginners are strongly advised to use a low power stereoscopic (dissecting) 
microscope and not to rely solely on a hand lens. 
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KEY TO FEMALES (AND MALES OF MANY SPECIES) 

I Costa divided by pale spots into not more than 3 dark marks involving both 
costa and vein I, or costa all dark . . . (subgenus Anopheles) z 

_ Costa always divided by pale spots into 4 or more dark marks involving both 
costa and vein I . . . . . . (subgenus Cellia) I I 

2 (I) Hind f emur without a distal broad white band, costa without presector pale 
spot . . . . . . . . . . . . . 3 

- Hind femur with a distal broad white band (either as an apical tuft of white 
scales, or a subapical pale band), or costa with a well marked presector pale 
spot . . . . . . . . . . . . . IO 

3 (2) Palps with pale bands . . . . . . . . . . 4 
- Palps black without pale bands (there may be very narrow pale bands in males) 5 

4 (3) ? abdomen with a small tuft of dark scales on the underside of segment VII, 
last segment of s) palps pale at apex seldom entirely pale 

hyrcanus sp. group (p. 81) 
- 9 abdomen without a tuft of dark scales on underside of segment VII, last 

segment of 9 palps usually entirely pale . . . . separatus (p. 187) 

5 (3) Wings with light and dark areas . . . . . . . . 6 
Wings all dark . . . . . . . . . . . 8 

6 (5) Hind tarsus 5 all white . . . . . albotaeniatus sp. group (p. 142) 
Hind tarsus 5 largely dark . . . . . . . . . 7 

7 (6) y abdomen with a tuft of dark scales on the underside of segment VII, basal 
half of costa with a few scattered white scales . barbirostris sp. group (p. I I 7) 

_ +3 abdomen without any scales, basal half of costa without any scattered white 
scales . . . . . . . . umbrosus sp. group (p. 153) 

(less separators and brevipalfk) 

8 (5) 9 palps as long as proboscis, head scales very narrow . aitkenii sp. group (p. 228) 
- Q palps shorter than proboscis, head scales broad . . . . . 9 

9 (8) Fore femur swollen at base, thorax with several propleural setae each side, 
pronotal lobes with scales . . . . . . brevipaZpis (p. I 69) 

- Fore femur not swollen at base, thorax with one propleural seta on each side, 
pronotal lobes without scales . . . . . sintonoides (p. 223) 
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IO (2) Apex of hind femur with a conspicuous tuft of white scales preceded by a 
tuft of black scales . . . . . . asiaticus sp. group (p. 195) 

- Apex of hind femur black, whether smooth or tufted (femur with subapical 
pale band or costa with presector pale spot). Mountain species found above 
about 3,500 feet . . . . . . . lindesuyi sp. group (p. 207) 

I I (I) Femora and tibiae speckled with pale spots ...... 12 
- Femora and tibiae not speckled. ........ 18 

12 (II) 

- 

Hind leg with a broad white band at the tibio-tarsal joint 
leucosphyrus sp. group (p. 281) 

No broad white band at the tibio-tarsal joint of the hind leg . . . 13 

I3 (12) ? pa@ with 3 pale bands, proboscis dark . 
- ? PalPs with 4 or more pale bands, outer half of proboscis may be pale . . 

14 
16 

I4 (13) 

- 

Hind tarsi with narrow pale bands, tarsus 5 dark. A coastal species 

Hind tarsi with broad white bands, tarsus 5 all white . 
sundaicus (p. 343) 

15 

15 (14) 

- 

Last three segments of hind tarsi not all white, segments 4 
central dark band. . . . . . . 

Last three segments of hind tarsi all white. North Malaya 

and 3 each with a 
. maculatus (p. 353) 
. . ramsayi (p. 365) 

jumesii (p. 369) 

I6 (13) Underside of abdomen with tufts of black scales on segments II-VII in both 
sexes . . . . . . . . . . . kochi (p. 263) 

No such tufts of scales beneath the abdomen . . . . . . 17 

17 (16) Outer half of proboscis pale, last three segments of hind tarsi dark with narrow 
pale bands . . . . . . . . . tessellatus (p. 257) 

Proboscis dark, last three segments of hind tarsi or at least the third segment 
largely white . . . . . . . . watsonii (p. 270) 

stookesi (p. 275) 
saungi (p. 278) 

I8 (II) Hind tarsus 5 all white . . 19 
- Hind tarsus 5 dark or partly dark 20 
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19 (18) $! palps with 4 pale bands, only the fifth hind-tarsal segment all white 
karwari (p. 360) 

? palps with 3 pale bands, hind-tarsal segments 5, 4 and 3 all white 

20 (18) Fore tarsi with narrow pale bands or unbanded . . . . . . 21 
- Fore tarsi with broad pale bands . . . . . . . . 23 

21 (24 9 

- ? 

annularis sp. group (p. 372) 

palps with not more than 3 pale bands, hind margin of the wing with pale 
fringe spots at the ends of the veins . . . . . . . 22 

palps with 4 pale bands, hind margin of the wing without pale fringe spots 
aurirostris (p. 252) 

22 (21) Outer half of proboscis all pale, wing with a fringe spot at the end of vein 6 
aconitus (p. 320) 

Outer half of proboscis dark (Malaya) or only pale on under side (Borneo), 
wing often without a fringe spot at vein 6 . . . minimus (p. 314) 

23 (20) 9 palps with preapical dark band usually a quarter or less as long as apical pale 
band, proboscis with a pale mark towards the end (except subspecies Ziunosus, 
Borneo) . . . . . . . . . . Tw (P. 337) 

- $J palps with preapical dark band usually a third or more as long as apical pale 
band, proboscis usually dark . . . . . . subpictus (p. 32%) 

indeflnitus (p. 334) 

KEY TOMALES 

I Costa divided by pale spots into not more than 3 dark marks involving both 
costa and vein I, or costa all dark . . . . (subgenus Anopheles) 

- Costa divided by pale spots into 4 or more dark marks involving both costa and 
vein I . . . . . . . . . . (subgenus Cellia) 

2 (I) Hind f emur without a distal broad white band, costa without presector pale 
spot . . . . . . . . . . . . . 

_ Hind femur with a distal broad white band (either as an apical tuft of white 
scales, or a subapical pale band), or costa with a well marked presector pale 
spot . . . . . . . . . . . . . 

3 (2) Palps with pale marks, those on the club broad . . . . . . 
- Palps all dark, or at most with very narrow pale bands on the club . . 

2 

II 

3 

IO 

4 
5 
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4 (3) 

- 

5 (3) 
- 

6 (5) 

7 (6) 

8 (5) 

_ 

9 (8) 

10 (2) 

- 

11 (4 

I2 (II) 

- 

13 (12) 

- 

14 (13) 
- 

15 (14) 

- 

16 (15) 

17 (14) 

18 (17) 

- 

I9 (II) 
- 

20 (19) 
- 

Extreme base of vein 5 with pale scales, extreme tip of vein I usually dark 
hyrcanus sp. group (p. 81) 

Base of vein 5 all dark, tip of vein I pale . . . . separatus (p. 187) 
Wings with light and dark areas . . . . . . . . 6 

Wings all dark . . . . . . . . . . . 8 

Hind tarsus 5 all white . . . . . albotaeniatus sp. group (p. 142) 
Hind tarsus 5 largely dark . . . . . . . . . 7 
Basal half of costa usually with some scattered pale scales, usually a fringe spot 

at end of vein 5 -2, and usually some pale scales on underside of abdomen 
barbirostris sp. group (p. I 17) 

Basal half of costa without scattered pale scales, no fringe spot at 5 '2, and 
underside of abdomen without pale scales . . umbrosus sp. group (p. 153) 

(less separatus and brevipalpis) 

Head scales very narrow, phallosome bare without leaflets, or with a few short 
spicules or serrations . . . . . . aitkenii sp. group (p. 228) 

Head scales broad or fairly broad, phallosome with leaflets or densely spicular 
at tip . . . . . . . . . . . . . 9 

Pronotal lobes with scales, phallosome with blade-like leaflets brevipalpis (p. 169) 
Pronotal lobes without scales, phallosome without leaflets but densely spicular 

at tip . . . . . . . . . . sintonoides (p. 223) 

Apex of hind femur with a conspicuous tuft of white scales preceded by a tuft 
of black scales . . . . . . . asiaticus sp. group (p. 195) 

Apex of hind femur black, whether smooth or tufted. Mountain species 
Zindesuyi sp. group (p. 207) 

Femora and tibiae speckled . . . . . . . . . 12 

Femora and tibiae not speckled. . . . . . . . . Ig 
Hind leg with a broad white band at the tibio-tarsal joint 

Zeucosphyrus sp. group (p. 281) 

Hind leg not so . . . . . . . . . . . 13 

Outer half of proboscis pale golden, underside of abdomen with a row of dark 
tufts of scales . . . . . . . . . kochi (p. 263) 

Proboscis dark, underside of abdomen without dark tufts of scales . . 14 

Hind tarsus 5 all white . . . . . . . . . . 15 
Hind tarsus 5 dark or partly dark . . . . . . . . 17 

Mesonotum largely bare of scales except for some mostly narrow ones 
anteriorly, propleural setae present. . . . . . watsonii (p. 270) 

Borneo, stookesi (p. 275) 
Mesonotum clothed with scattered broad white scales, no propleural setae . 16 

Segments 4 and 3 of hind tarsi each with a central dark band maculatus (p. 353) 

Last three segments of hind tarsi all white. North Malaya . . ramsayi (p. 365) 
jamesii (p. 369) 

Third hind-tarsal segment mainly pale. Mountains of Borneo . saungi (p. 278) 
This segment mainly dark . . . . . . . . . 18 

Stem of vein 5 with several small dark marks, middle of vein 3 with at least 
one dark mark, pronotal lobes usually with a few dark scales tessellatus (p. 257) 

Stem of vein 5 with one dark mark near the base, middle of vein 3 all pale, 
pronotal lobes without scales. A coastal species . . sundaicus (p. 343) 

Hind tarsus 5 all white . . . . . . . . . . 20 

Hind tarsus 5 dark or mainly dark . . . . . . . . 21 

Only the fifth hind-tarsal segment all white . . . . karwari (p. 360) 

At least the last three hind-tarsal segments all white annularis sp. group (p. 372) 
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21 (19) 
- 

22 (21) 

- 

I 

2 (I) 

3 (2) 

4 (2) 

5 (1) 

- 

6 (5) 

7 (6) 

8 (7) 

Fore tarsi unbanded or with only very narrow pale bands . . . . 22 

Fore tarsi with fairly broad pale bands . . . . subpictus (p. 328) 
indefinitus (p. 334) 

ww (P. 337) 
Hind margin of wing with pale fringe spots at the ends of the veins 

aconitus (p. 320) 
minimus (p. 3 14) 

Hind margin of wing without pale fringe spots . . . uurirostris (p. 252) 

KEY TO PUPAE 

Trumpet with the longest axis more or less transverse to the stem, the rim 
sometimes with a second split opposite to the meatal cleft (fig. 14c), or if 
longest axis not transverse to stem there is a lobe, often complex, on the rim 
(fig. 68) . . . . . . . . . . . . 2 

Trumpet with the longest axis usually more or less vertical, no second split, rim 
simple entire (fig. 14b) . 

Hind margins of abdominal tergites with small teeth (cfl fig. $8) (except ~aezai)‘. 
5 

Trumpet with a lobe on the rim (cf. figs. 68, 73), or a very deep secondary 
cleft (fig. 63) . . . . . . . . . . . 3 

Hind margins of abdominal tergites without teeth. Trumpet without a distinct 
lobe on the rim, secondary cleft if present not very deep (fig. 14~) . . 4 

Trumpet with a deep secondary cleft, lateral spines rather long (fig. 63) 
montanus (p. 148) 

Trumpet without secondary cleft but with a lobe, lateral spines mostly short 
(cf. fig. 80) . . . . . . . . UmtWOSUS sp. group (p. 153) 

albotaeniatus (p. 143) 
Opening of trumpet very transverse (fig. 52a, b), hair r,VII a strong tuft 

(fig. 51) with 15-50 branches (except eanus) . barbirostris sp. group (p. I I 7) 
Opening of trumpet less transverse (fig. 14a), hair I,VII not so, 1-13 branches 

(cf. fig. 29) . . . . . . . . hyrcanus sp. group (p. 81) 
Trumpet very broad and rounded, transverse axis about as long as the vertical 

(fig. 106). A large mountain species . . . . . gigas (P. 
Trumpet not so broad, at least when closed the vertical axis is longer than the 

transverse (cf. figs. 14c, 115, 143) . 
Paddle somewhat elongate, usually about I i times as long as wide (cf. fig. I 15)) 

or hair 5 on V-VII strong and hair I weak (cf. fig. 99). Lobes of male 
genital pouch always obtuse, not ending in a knob (fig. 16~) . . . 

Paddle broader, seldom more than 14 times as long as wide (cf. fig. 129)) hair 
5 on V-VII not much stronger than hair I which is not weak (often very 
strong, cf. fig. 15). Lobes of male genital pouch always ending in a knob 
(fig. 16b) . . . . . . . . . (subgenus Cellia) 

Hair 5 on V-VII strong and hair I weak, lateral spines on V-VII either 
branched (noniae, fig. 97), or frayed (asiaticz~s, fig. 94), or smooth but hooked 
at the tip (interru~tus, fig. 99). Ramboos and tree holes 

asiaticus sp. group (p. 
Hairs 5 and I, and lateral spines, on V-VII not so. Not in bamboos and tree 

holes (except sintonoides) . . . . . . . . . 
Large mountain species, hair I on V-VII strong, as long as or longer than hair 5, 

about $ as long as the segments, simple or bifid (fig. IOI) . lindesayi (p, 
wellingtonianus (D. 

215) 

6 

7 

IO 

195) 

8 

208) 

214) 
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9 (8) 

10 (6) 

- 

II (IO) 

12 (11 

I3 (12) 

I4 (12) 
- 

I.5 (14) 

16 (15) 

- 

I7 (10) 

I8 (17) 

I9 (17) 
- 

20 (19) 
- 
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Small lowland and mountain species, hair I on V-VII not so strong, shorter 
and smaller than hair 5 (cf. figs. 109, I IS), if more than + as long as the 
segments then with several branches (cf. fig. 120) . . . . . 9 

Hair 5 on V-VII nearly as long as or longer than the segments, trumpet with 
shallow meatal cleft, meatus more than 4 as long as the trumpet, paddle 
hair usually hooked. Bamboos and tree holes. . . sintonoides (p. 223) 

Hair 5 on V-VII considerably shorter than the segments, trumpet with deep 
meatal cleft, the meatus 3 or less as long as the trumpet, paddle hair not 
hooked (cf. fig. 115). Not in bamboos or tree holes aitkenii sp. group (p. 228) 

Paddle hair not obviously hooked at tip, usually fairly short and straight, 
lateral spines on V-VII rarely half as long as the segments (cf. fig. 143) . I I 

Paddle hair hooked at tip, long and often sinuate, lateral spines on V-VII may 
be more than 3 as long as the segments (cf. figs. 159, 171) . . . . 17 

Lateral spines on V-VII very short, truncate and obconic (fig. 125) 
aurirostris (p. 252) 

Not so . . . . . . . . . . . . . 12 
Hair I on VII with branches along its length, the hair nearly as long as or 

longer than segment VIII, paddle with strong fringe hairs (cf. fig. 135). 
Bamboos or tree holes . . . . . . . . . . 13 

Hair I on VII simple or with a few branches from near the base, the hair 
shorter than segment VIII, paddle fringe weaker (cf. fig. 143). Not in 
bamboos or tree holes (except hackeri in the Zeucos@hyrus group) . . 14 

Paddle hair simple, branches of spine VIII reaching about $ length of paddle, 
refractile border about $ as long as paddle (fig. 135) . . watsonii (p. 270) 

Paddle hair branched from near the base, spine VIII with branches reaching 
about 3 length of paddle, refractile border less than 8 as long as paddle (fig. 

138). Borneo . . . . . . . . . stookesi (p. 275) 

Spine VII less than + as long as segment VII (fig. 128) . tessellatus (p. 2 57) 

Spine VII $-$ as long as the segment . . . . . . . 15 
Spine V usually less than a as long as segment V, paddle teeth moderate 

(fig. 132) . . . . . . . . . . kochi (p. 263) 
Spine V usually more than & as long as the segment, paddle teeth may be 

coarse and strong (cf. figs. 147, 153) . . . . . . . 16 
Hair 1,11 large, dendritic from near the base, resembling the float hair (1,1) 

though smaller (fig. 140~). Mountains of Borneo . . . saungi (p. 278) 
Hair 1,11 not so, not obviously resembling the float hair 

Zeucosphyrus sp. group (p. 281) 
Hair I on V-VII usually branched (I-6), seldom all simple, not much longer 

than the segments, on II usually with more than IO branches (cf. fig. 159) . 18 

Hair I on V-VII usually all simple and may be considerably longer than the 
segments, on II usually with not more than IO branches (cf. fig. 176) . . 19 

Spine VII + or more as long as the segment, paddle hair (unstraightened) more 
than 3 paddle length (fig. 155) . . . . . minimus (p. 3 14) 

Spine VII less than & as long as the segment, paddle hair less than + paddle 
length (fig. 159) . . . . . . . . . aconitus (p. 320) 

Hair 9 on I long and simple about twice as long as the segment (cf. fig. 168) . 20 

Hair 9 on I small not longer than the segment, may be branched (cf. fig. 190) 21 

Hair 6 on IV usually simple, nearly as long as the segment (fig. 168) WWS (P. 337) 
Hair 6 on IV usually 2-4 branched, about 3 or less as long as the segment 

(fig. 171) . . . . . . . . . subpictus (p. 328) 
indefinitus (p. 334) 
sundaicus (p. 343) 



21 (19) 
- 

22 (21) 

- 

23 (22) 

- 

24 (22) 

- 

2.5 (24) 

- 

26 (25) 
- 
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Spine IV usually less than & as long as the segment (fig. 180) karwari (p. 

Spine IV + or more as long as the segment (cf. fig. 176) . . . . 
Paddle hair (unstraightened) about 3 or more as long as the paddle (cf. fig. 189) 
Paddle hair about a or less as long as the paddle (cf. fig. 186) . . . 

Spine III usually less than 3 as long as spine IV, paddle with more than IO 
fringe teeth (fig. 176) . . . . . . . maculatus (p. 

Spine III usually + or more as long as spine IV (fig. 190)~ paddle with less than 
IO fringe teeth (fig. 189) . . . . . philippinensis (p. 

Hair 2,VII usually simple, trumpet with meatus about + its length (fig. 183). 
North Malaya . . . . . . . . . ramsayi (p. 

Hair 2,VII usually with 2-4 branches, trumpet with meatus about t its length 
(cf. fig. 186). . . . . . . . . . . . 

Hair 9,I usually simple or bifid, refractile border of paddle with distal fringe 
teeth having filamentous ends (cf. fig. 193) . . . . . . 

Hair 9,I usually 3 branched, refractile border of paddle with ordinary teeth 
distally without filamentous ends (fig. 186). Northern half of Malaya 

annularis (p. 

71 

360) 
22 

23 
24 

353) 

379) 

365) 

25 

26 

Paddle hair rather strongly coiled (fig. 184). North Malaya. 
Paddle hair hooked but not coiled (fig. ~a?) . . . 

. jamesii (p. 

. niviaes (D. 

373) 
369) 

\” -,.?I = \I 386) 
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KEY TO LARVAE 

I Bases of inner clypeal hairs (ic) much closer to one another than to the outer 
clypeals (oc), antenna1 shaft hair branched, often large. (In a few forms 
either the inner clypeals are rather wide apart but the antenna1 hair is 
branched, or the antenna1 hair is simple but the inner clypeals are close 
together and the frontal hairs are reduced) . (subgenus Anopheles) 

- Bases of inner clypeal hairs wide apart and closer to the bases of the outer 
clypeals than to one another, antenna1 shaft hair small or minute and nearly 
always simple . . . . . . . (subgenus Cellia) 

z (I) Branches of antenna1 hair not reaching more than about half way along the 
shaft (# way in gigas crockevi), whole hair usually less than half as long as 
the shaft . . . . . . . . . . . . 

- Branches of antenna1 hair long enough to reach close to or beyond the end of 
the shaft, whole hair usually more than half as long as the shaft . . 

3 (2) Frontal hairs (5, 6, 7) all well developed and feathered. Xot in tree holes or 
bamboos . . . . . . . . . . . . 4 

- Frontal hairs (5, 6, 7) reduced, some or all short and few-branched or simple. 
Tree holes and bamboos . . . . . . . . . 6 

4 (3) Second abdominal segment without developed palmate hairs. _A large 
mountain species . . . . . . . . . gigas (p. 215) 

- Second abdominal segment with well developed palmate hairs. Mountain and 
lowland species . . . . . . . . . . . 5 

5 (4) Posterior clypeal hairs (PC) with spreading branches, the lowest arising in the 
basal half; inner clypeal hairs in the commoner species branched or frayed 
and rather nearer to outer clypeals than usual. Mostly small species, lowland 
and mountain . . . . . . . aitkenii sp. group (p. 228) 

- Posterior clypeal hairs simple, or with distal non-spreading branches ; inner 
clypeals simple, close together and distant from outer clypeals. Large 
mountain species . , . . . . . . Zindesayi (p. 208) 

wellingtonianus (p. 214) 
6 (3) Subantennal hair slender, longer than antenna, simple or plumose ; thorax 

and abdomen without any stiff spinous ventral hairs asiaticus sp. group (p. 195) 
- Subantennal hair shorter than antenna, stout and brush-like ; some ventral 

hairs of thorax and abdomen stiff and spinous . . . sintonoides (p. 223) 
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7 (2) Abdomen with fully developed palmate hairs on at least 5 segments . . 8 
- Abdomen without developed palmate hairs, or only on 2 or 3 segments 

umbrosus sp. group (p. 153) 

8 (7) Inner shoulder hair (is) with long branches from near the base ; palmate 
hairs on abd. segm. II usually pigmented . barbirostris sp. group (p. 117) 

- Inner shoulder hair simple or with only short branches at the tip, less often 
from about half way ; palmate hairs on abd. segm. II unpigmented . . 9 

g (8) Bases of inner clypeal hairs close together . . . . . . . IO 
- Bases of inner clypeal hairs rather wide apart, nearly as close to the outer 

clypeals as to one another . . . . . albotaeniatus (p. 143) 

IO (9) Outer clypeal hairs bushy, dividing from fairly near the base into 40 or more 
branches . . . . . . . . hyrcanus sp. group (p. 81) 

- Outer clypeal hairs not bushy, dividing about half way from the base into less 
than 15 branches . . . . . . . . montanus (p. 148) 

II (I) Outer clypeal hairs with many distal branches, brush-like 
annularis sp. group (p. 372) 

North Malaya, jamesii (p. 369) 
Outer clypeal hairs simple or with a few short side branches, or rarely with 

long mainly basal side branches (stooResi), not brush-like . . . . 12 

12 (I I) A1bdominal tergal plates very large, those on segments IV-VII wider than the 
distance between the bases of each pair of palmate hairs . . . . 13 

- Abdominal tergal plates not very large, those on segments IV-VII not as 
wide as the distance between the bases of each pair of palmate hairs . . 14 
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13 (12) Inner and outer clypeal hairs with short side branches, posterior clypeals 
branched , . . . . . . . . . aconitus (p. 320) 

_ Clypeal hairs simple . . . . . . . minimus (p. 314) 

14 (12) Outer clypeal hairs rather thick and with some side branches though these may 
be very small*, one of the 3 long pleural hairs of the prothorax feathered 
(except stookesi) . . . . . . . . . . . I.5 

- Outer clypeal hairs fine at least in the distal half and without side branches 
(sometimes a few in ~atsonii, bamboos), none of the 3 long pleural hairs of 
the prothorax feathered, all simple, or one with up to about 4, usually 
distal, branches . . . . . . . . . . . 18 

1s (14) 
_ 

Posterior clypeal hairs simple. Not in bamboos or tree holes . . . 
Posterior clypeal hairs strongly branched. Bamboos and tree holes, Borneo 

stookesi (p. 

16 

275) 

16 (1.5) Branches of outer clypeal hairs short and fine, inner shoulder hair with 18-q 

branches. Streams and seepages . . . . . . . . 17 
_ Outer clypeal hairs with some short thick branches, inner shoulder hair with 

8-15 branches. Ponds and swamps, north Malaya . . . ramsayi (p. 365) 

17 (16) Palmate hairs sharp-pointed, lateral hair on abd. segm. V with 3-6 branches 
maculatus (p. 353) 

- Palmate hairs blunt-ended, lateral hair on abd. segm. V with 6-14 branches 
karwari (p. 360) 

I 8 (14) Root of inner shoulder hair large and pigmented, often joined to root of middle 
hair . . . . . . . . . . . . . 19 

_ Root of inner shoulder hair small and pale, not joined to root of middle hair . 20 

* Do not rely on a low power objective of the microscope to see if there xe side branches. 
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19 (18) Palmate hairs on abd. segm. II fully developed, posterior clypeal hair placed 
well forward, distance between its base and that of inner clypeal is not much 
more than distance between bases of inner and outer clypeals. Bamboos 

watsonii (p. 270) 
- Palmate hairs on abd. segm. II undeveloped or only partly developed (fully 

developed in hackeri), posterior clypeal hair placed further back, distance 
between its base and that of inner clypeal is about I+--2 times distance 
between bases of inner and outer clypeals. Not in bamboos, except hackeri 

Zeucosphyrus sp. group (p. 281) 

Mountains of Borneo, saungi (p. 278) 

20 (18) Palmate hairs on abd. segm. II fully developed, filaments of other palmate 
hairs long and slender half or more as long as the blades, both long pleural 
hairs of the metathorax branched or feathered. . . . . . 21 

- Palmate hairs on abd. segm. II not fully developed, filaments of other palmate 
hairs not long and slender, usually less than half as long as the blades, both 
long pleural hairs of the metathorax simple . . . . . . 23 

21 (20) Outer clypeal hairs about 3 length of inner, posterior clypeals short and (except 
subspecies Zinzosz~s, Borneo) placed closer together than the inner and near 
to them . . . . . . . . . . vagus (P. 337) 

- Outer clypeal hairs 3 or more as long as inner, posterior clypeals long, placed 
wide apart and far back . . . . . . . . . 22 

22 (21) Mesothoracic hair 4 most often with 3 branches (2-4) from near the base 
sundaicus (p. 343) 

- Mesothoracic hair 4 most often with 2 branches (1-3)) if with a third branch this 
usually arises from about half way along the hair . . subpictus (p. 328) 

indefinitus (p. 334) 

23 (20) 
- 

Inner shoulder hair usually with 7-1 o branches 
Inner shoulder hair smaller with 2-5 branches 

kochi (p. 263) 

24 

24 (23) Inner clypeal hairs rather close together, distance between their bases only 
slightly greater than between bases of inner and outer clypeals, palmate hair 
on abd. segm. II partly developed with definite leaflets . aurirostris (p. 252) 

Inner clypeal hairs not close together, distance between their bases about 
13-2 times the distance between bases of inner and outer clypeals, palmate 
hair on abd. segm. II undeveloped appearing as an ordinary hair 

tessellatus (p. 257) 
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6. DESCRIPTIONS 

In the descriptions of the species the aim has been to concentrate on those 
characters of diagnostic value that will help to confirm an identification arrived at 
with the keys, rather than to describe all the species in a complete and uniform 
manner. 

Characters of series and species groups are described under those headings and 
are not repeated for each member species. Characters given for series apply mainly 
to the Oriental species in those series. In groups of species the first member is 
described in more detail and the others mainly by comparison with the first. The 
chief diagnostic characters of each species are given briefly at the beginning of the 
description, so as to save workers having to extract these for themselves from the 
keys and the body of the description. After each description there are notes on 
identification and variation, where necessary, and on distribution, habits and 
relation to disease. These last two are dealt with more fully in the chapter on 
Biology. 

An Appendix (p. 477) contains tables of pupal and larval chaetotaxy of some of 
the species groups. 

Only the more important or recent synonyms for the names of the species and 
other categories are given (see p. 55) ; fuller synonymy and other systematic 
references will be found in the catalogue of the mosquitoes of the world by Stone, 
Knight & Starcke (1959). 

Genus ANOPHELES Meigen, 1818 

TYPE SPECIES, A, maculipennis Me&en 

Subgenus A NOPHBLES 

Christophers, 1915, Indian J. med. Res. 3 : 383. Type species as for genus. For characters 
of the genus and subgenus see the chapter on classification. 

SYNONYMS: A~~orhynchus Blanchard, 1902. Lophoscelowz_yia Theobald, 1904. Etc., etc. 

LATICORN section, Reid & Knight (1961) 

For characters see the key on p. 50. 

Myxorhynchus series 

Edwards, 1932, Gen. Insect. 194 : 36. 

ADULT. Fore femw always swollen at base, tarsi usually with pale bands and 
coxae often with some scales, $? abdomen often with a few scales, usually as a tuft 
on the seventh sternite, 9 palps usually shaggy and head scales always broad, pronotal 
lobes with scales, wings nearly always with some pale areas ; s$&zes on the dorsal 
lobe of the harpago usually fused into a club, phallosome leaflets usually present. 
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PUPA. Trumpets complex, wide-mouthed with the longest axis transverse and 
sometimes with a secondary cleft opposite the meatal cleft, or less transverse but 
with a more or less complex lobe on the rim ; hair I on V-VII shorter than the seg- 
ments, usually branched, sometimes with many branches when it appears tufted 
like hair 5. 

LARVA. External posterior pleural hair of prothorax (eel) with spine-like branches 
from the base, all long pleural hairs simple, antenna1 shaft hair usually large, freely 
branched, and more than half as long as the shaft, outer clypeal hairs nearly always 
branched and often bushy. 

Most of the species in the Myxorhynchus series are large dark mosquitoes with a 
markedly Anopheline resting attitude. The series is related to the New World 
Arribalzagia series, especially through the species of the bancroftii group (Philippine- 
Australian area) which resemble Arribalxagia in several respects in which they 
differ from most Myxorhynchus, such as having speckled legs and separate dorsal 
harpago spines. But the series also shows affinities, through such species as 
brevipaZ@s and Zetifer in the umbroszu group with the Anopheles series. All the 
Oriental species groups in Myzorhynchus, except the koreicus and bancroftii groups, 
are well represented in Malaya, where over 40 per cent. of the known species of 
Anophelines belong to this series. 

A. HYRCANUS species group in South-East Asia, Reid (1953a, 1963b) 
A nopheles hyvcanus (Pallas), I 77 I ; as Culex hyrcamts. 

Female with a ttift of dark scales on each side of the clypeus and one on sternite VII 
of the abdomen, pa&x with pale bands. Inner shoulder hair of larva simple or 
branched only towards the tip, outer clypeal hairs usually bushy. 

FIG. 27. A. sinensis female, from Stanton. 
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This is a large well defined group of very similar species most of which vary 
geographically. This variation complicates the task of defining the morphological 
and geographical limits of each species. But in any particular local area they can 
usually be distinguished with confidence once they have been adequately studied, 
though, owing to geographical variation, keys for one area may not work well in 
another. 

The group is distributed over a wide area in the southern Palaearctic and Oriental 
regions, from Spain and North Africa in the west to Japan in the east, and south 
through India and the Malay Archipelago to the Philippines, Celebes and Moluccas. 
In the Ethiopian region the hyycanus group is replaced by the closely related coustani 

group ; this differs by having the 4th and 5th hind tarsi all white, which is seldom 
the case in the hyrcanus group. 

Although we probably do not yet know the geographic limits of any of the 
Oriental species in the hyycanus group, it is generally assumed that the forms 
occurring in the western part of the range of the group (Mediterranean and Near 
East) are different from those of the Oriental region. The typical form, hyrcanus, 
was described from the Caspian, and there are a number of other named forms from 
the western part of the range which at present are placed as synonyms of A. hyrcanus. 
No doubt some of these will eventually be shown to be good species. Meantime it 
is convenient to assume that none of them, including hyrcanus itself, occurs in the 
Oriental region, where a different set of names is in use, and where the taxonomy of 
the group is more advanced, though much still remains to be done. 

In the Oriental region, until recently, hymanus was treated as a single species 
that occurred in two forms, variety sinensis and variety nigerrimus. Specimens 
with the hind-tarsal pale bands narrow and confined to the apex of each segment 
(and usually with a short dark mark at the base of vein 5) were identified as 
hyrcanus var. sinensis. Those with broader hind-tarsal bands crossing the joints 
(and often a long dark mark at the base of vein 5) were called hyrcanus var. 
nigerrimus. Only variety nigerrimus was recorded from most of India, and only 
variety sinensis from most of China. But studies in the Philippines by Baisas & Hu 
(rg36), in Malaya by Reid (Igssa), by Otsuru & Ohmori (1960) and others in Japan, 
and by various workers in China (see Ho, et al., Ig6z), have shown that in reality 
varieties nigerrimus and sinensis consist of a number of different species, perhaps a 
dozen or more. For example, in China it appears that what was formerly called 
A. hyycanus var. sinensis (or more recently A. sinensis) is a group of at least five 
very similar species. One of these is the true A. sinensis described from Canton in 
18~8 by Wiedemann, and this is the commonest and most widespread of the species, 

, but not the most important malaria vector, which is A. Zesteri. Thus many of the 
past records of sinensis as a vector of malaria in China probably refer to lesteri, 
which has different habits (for one thing it bites man more readily) and a more 
restricted distribution. 

In Malaya the hyrcanus group consists of eight species ; four (crawfordi, lesteri, 
@mati and sinensis) with the narrower sinensis type of hind-tarsal bands, and four 
(argyropus, indiensis, kgerrimus and peditaeniatus) with the broader nigerrimus type. 
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Other members of the group in the Far East are: 
A. kweiyangensis China 
A. pseudosinensis Philippines 
A. pullus Korea 
A. sineroides Japan, China, Korea 
A. yatsushiroensis Japan 

All these have narrow hind-tarsal bands and, except for pseudosinensis, they are 
probably Palaearctic rather than Oriental species and are unlikely to occur in 
South-East Asia, though it would be unwise to be dogmatic at this stage. A. 
pseudosinensis Baisas, 1935, may be a purely Philippine species, but should be 
looked for in northern Borneo ; a record from Nepal (Shrestha, 1966) needs con- 
firmation. A. pseudosinensis is intermediate in many respects between sinensis 
and nigerriwzus, but is more closely related to the latter as shown by the male having 
a pale band on the base of the third palpal segment and only two pairs of leaflets on 
the phallosome. The wing pattern is more like that of nigerrinzus, but the hind 
tarsi are of the sinensis type. The pupa is like that of nigerrimus except that 
abdominal hairs I and 5 have few branches as in sinensis. The larva has sutural 
hairs with relatively few branches as in sinensis, but resembles nigerrimus in the 
low number of branches on abdominal hairs 5 and 9 on segment VI. The egg has a 
deck about $ to $ its width, narrower than that of sinensis but wider than that of 
nigerrimus. Adults would run to sinensis in the key on page 84, but could prob- 
ably be distinguished by the longer basal dark mark on vein 5, the lack of a pale 
fringe spot at 5.2 in most specimens, and males by the basal pale band on the third 
palpal segment. Larvae would run to couplet 7, but could usually be distinguished 
from those of indiensis, Zesferi and craz$ordi by the inner clypeal hairs which are 
nearly always at least a-branched instead of simple ; they would probably be 
further distinguished from indiensis by usually having less than IO branches on 
hair 9,111, and from Zesteri and crawfordi by having less than 7 long pecten teeth. 

In general the members of the hyycanm group can be described as swamp breeders, 
usually common where they occur, and mostly feeding more frequently on domestic 
animals than on man. 

KEYS TO THE SPECIES OFTHEA. HYRCANUS GROUP OCCURRING IN 

(t denotes species not yet known from Borneo) 
MALAYA AND BORNEO 

ADULTS 

I Pale bands on hind tarsi narrow, apical only, 4th segment without basal pale band z 
- Pale bands on hind tarsi moderately broad to very broad, third band crossing the 

joint on to base of 4th segment . . . . . . . . . 5 
z With short apical fringe spot, extending at most between veins I and z ~2 . . 3 
- Apical fringe spot not or only a little short, extending from end of vein I or z -I at least 

asfaras3 . . . . . . . . . . . . . 4 
3 Mid coxae without pale scales ; humeral cross vein bare, remigium mainly dark, 

basal dark mark on vein 5 fairly long commonly separated by less than its own 
length from the upper dark mark on 6 ; backs of the male coxites without pale 
scales, with setae only . . . . . . . . . lesteri* (p. 105) 

* Apical fringe spot (couplet 2, first half) not short in the type form (Philippines to Japan). 
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- Mid coxae with pale scales ; humeral cross vein with a few dark scales, remigium 
mainly pale, basal dark mark on 5 short separated by its own length or more from 
the upper dark mark on 6 ; backs of the male coxites with pale scales pursatit (p. 96) 

4 Wing pattern sharp, the dark marks short and well defined, tip of vein I pale, apical 
fringe spot a little short commencing at z *I, no pale scales on I between subcostal 
and preapical pale spots, no fringe spot at 5 '2 . . . . crawfordit (p. 102) 

- Wing pattern blurred, tip of vein I dark, apical fringe spot longer commencing at or 
above vein I, with some pale scales on I between the subcostal and preapical pale 
spots, fringe spot usually present at 5 '2 . . . . . sinensist (p. 85) 

5 Wing pattern bright, the dark marks short and well defined, basal dark mark on 5 
short, usually separated by more than its own length from the upper dark mark on 
6, basal half of costa always with some pale scales ; seldom more than 4 propleural 
setae . . . . . . . . . . . indiensis (p. 98) 

- Wing pattern darker, more or less blurred, basal dark mark on 5 long, usually 
separated by less than its own length from the upper dark mark on 6, basal half 
of costa without pale scales, except nigerrinzus which seldom has less than 7 
propleural setae . . . . . . . . . . . . 6 

6 Hind-tarsal pale bands very broad, third band more than $ as long as 4th segment ; no 
pale scales on vein I between subcostal and preapical pale spots. a%YroPust (P. 113) 

- Hind-tarsal pale bands seldom so broad, third band less than + as long as 4th 
segment ; if third band is $ of 4th segment (some specimens of ~editaeniatus) 
there are numerous pale scales on vein I between subcostal and preapical pale 
spots . . . . . . . . . . . . . . 7 

7 Third hind-tarsal pale band longer than 5th segmentt, humeral cross vein bare, 
remigium with a line of white scales along the front, no pale scales on basal half of 
costa, no fringe spot at 5 -2 . . . . . . peditaeniatus (p. 109) 

- Third hind-tarsal pale band seldom longer than 5th segment, humeral cross vein with 
dark scales, remigium without a line of white scales along the front, costa usually 
with one to a few scattered pale scales in basal half, often with a fringe spot at 5.2 

nigerrimus (p. 92) 

$ Not in most specimens of peditaeniatus from the Indian area, see p. I 12. 

PUPAE 

Spine VIII without or with much reduced branches ; border teeth of paddle 
extending beyond 4 its length . . . . . . . . . 2 

Spine VIII with well developed branches ; border teeth of paddle seldom extending 
as much as + its length . . . . . . . . . . . 3 

Sides of trumpet with parallel vertical wrinkles ; hair I on V with many (17-40) 

branches . . . . . . . . . . a%YroPw (P. 113) 
Sides of trumpet not so ; hair r,V with few (1-6) branches . peditaeniatus (p. 109) 
Rim of trumpet with thickened and saw-toothed areas. . . . . . 4 
Rim of trumpet thin and uniform . . . . . . . . . 5 
Hair I,VI with 2-6 branches, 5,V with many (30-45) branches . crawfordit (p. 102) 

Hair I,VI with 5-10 branches, 5,V with 12-20 branches . . . lesteri (p. 105) 
Wing case with rows of round dark spots ; hair 5,V with rather few (9-24) branches 

sinensist (p. 85) 
Wing case without round dark spots, though there may be pigmented veins and 

crossbars ; hair 5,V with many (30-60) branches forming a tuft . . . 6 

Usually only lightly pigmented, with abdomen more or less unpigmented including 
base of paddle and bases of abdominal hairs ; tip of antenna1 case may be dark 

indiensis (p. 98) 



-4. HYRCANUS SPECIES GROUP 85 

Usually moderately to darkly pigmented including base of paddle, and with 
pigmented spots round bases of some abdominal hairs, especially 2,11-VII ; 
pigmentation of antenna1 case not confined to the tips . . . . . 7 

Hair I,VII seldom with more than 4 branches, 6,VII generally less anterior and more 
internal to the lateral spine and further from it ; terminal paddle hair usually 
simple or bifid . . . . . . . . . nigerrimus (p. 92) 

Hair I,VII with x-13, usually 6 or more, branches, 6,VII generally anterior to the 
lateral spine and closer to it ; terminal paddle hair with 1-6, usually 3 or more, 
branches . . . . . . . . . . pursatit (p. 96) 

LARVAE 
This key replaces the earlier one by Reid (1g53a, p. 8) 

Mesothoracic hair 4 small, with sinuate spreading branches arising close together 
near the base . . . . . . . . . peditaeniatus (p. 109) 

Mesothoracic hair 4 not so, the branches more or less straight and erect, and often 
arising along the length of the hair . . . . . . . . . 2 

Lateral hair (no. 6) on III usually with more than 20 branches, and on I usually with 
more than 21 . . . . . . . . . sinensist (p, 85) 

Lateral hair (no. 6) on III seldom with more than 20 branches, and on I usually with 
less than 2r* . . . . . . . . . . . . 3 

Sutural hair with 12-24 branches . . . . . . . . . 4 
Sutural hair with 5-11 branches . . . . . . . . . 7 
Mesothoracic hair I with 28-38 branches, prothoracic 14 with 3-5 branches 

pursatit (p. 96) 
Mesothoracic hair I with less than 28 branches, if with more (some specimens of 

incliensis) then prothoracic 14 has more than 5 branches . . . . . 5 
Hair 5,IV with 2-4 branches, usually with 3 . . . . nigerrimus (p. 92) 

Hair 5,IV seldom with less than 5 branches . . . . . . . 6 
Hair 9,VI with 5-g branches ; pecten seldom with more than six long teeth 

indiensis (in part) (p. 98) 

Hair 9,VI with 4-5 branches ; pecten seldom with less than seven long teeth 

a%YroPw (P. 113) 
Hair 9,111 with 10-16 branches ; pecten seldom with more than six long teeth 

indiensis (in part) (p. 98) 
Hair 9,111 usually with less than IO branches ; pecten seldom with less than seven 

long teeth . . . . . . . . . . . . . 8 

Hair 5,11 with 6-10 branches . . . . . . . . lesteri (p. 105) 
Hair 5,11 seldom with less than 12 branches . . . . crawfordit (p. 102) 

* A few specimens of lesteri may have 21 branches on hair 6,I as well as more than 20 on 6,111, but the 
palmate hairs are small compared with those of sine&s, and hair 5,II has 6-10 branches against g-20 
(seldom less than II) in sinensis. 

Anopheles sinensis Wiedemann, 1828 

Aussereurop. zweij?. Ins. I : 547. 
TYPES : 3 and 0 f rom Canton, China, in Naturhistorisches Museum, Vienna. 
pluvniger Donitz, rgor. Hong Kong (3, y), type in 2001. Mus. Berlin. 

Pupal type A of Crawford (1938). 

In addition to the group characters of clypeal scale tufts, banded palps, and 
scale tuft on sternite VII of the female, sinensis has various characters which 
distinguish it from other species in the group. Most of these characters have been 
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FIG. 28. A. sinensis, adult. 
show lateral scale tufts ; e, 6 right palp * 

a, wing ; b, hind tarsus ; c, fore tarsus * d, 9 clypeus to 

details of 8 genitalia ; g, g 
f, fore femur swollen &wards base * g-k 

eneral view sho&ng co&e and harpago of one side ckntrai 
phallosome with leaflets, and process of 9th tergite of the other side . h 1eaf;ets ; i, 
parabasal spines ; j, dorsal club of harpago ; k, large ventral setae of hariago. 
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used in the keys, but for convenience the principal ones are summarized in the 
following brief diagnosis which should be read before the detailed description. 

DIAGNOSIS. Hind-tarsal pale bands narrow, apical only, wing with short dark 
mark on base of vein 5, apical pale fringe spot wide, usually with a fringe spot at 5 -2. 
Pupa with a pattern of round dark spots on the wing case. Egg with a broad deck 
one-third its width. 

FEMALE (figs. 27, 28). Head. Clypeus with a small dense tuft of dark down- 
curved scales on each side. Palps shaggy, especially at base, with four pale bands, 
the apical and subapical widest occasionally joining, basal two narrow occasionally 
weak or absent ; always a few median pale scales on the inner dorsal margins of the 
palps near the base, sometimes a few scattered pale or greyish scales between the 
pale bands. Proboscis dark. 

Thorax. Mesonotum grey with faint dark longitudinal bands and a small dark 
eye spot on each side, some narrow pale scales on anterior margin, anterior pronotal 
lobes with a tuft of dark scales. Haltere knobs black. Propleural setae 4-10. 

Pleura without scales or with very few. 

Legs. Dark brown above, paler beneath. Fore femur swollen towards the base. 
Coxae, particularly mid coxae, with some pale scales. Mid and hind tibiae with a 
pale fleck or band at base and apex. Tarsi with pale bands on the first three or 
four segments, confined to the ends of the segments, very seldom extending across 
the joint on to the base of the next segment ; bands of the fore tarsi are often fairly 
broad, the second band usually about 4 the length of the segment ; bands of the 
mid tarsi narrower, the third less than $ the length of the segment ; bands of the 
hind tarsi narrow. 

Wings. Length 39-4.3 mm. Pattern as illustrated, moderately dark, rather 
blurred. Costa dark except for the subcostal and preapical pale spots, humeral 
cross vein with scales, anterior half of remigium mainly pale. Vein I with scattered 
pale scales in the basal third, sector pale spot well developed, subcostal pale spot 
usually complete (i.e., reaching the posterior margin of the vein), some scattered 
pale scales between the subcostal and preapical pale spots, tip of vein I dark. 
Apical pale fringe spot extending from end of vein I to beyond 3, fringe spot at end 
of 5.2 in about 1 of specimens. Vein 5 with a few dark scales at extreme base followed 
by a pale area, distal to this is a well defined short dark mark (the basal dark mark 
on vein 5) well separated from the upper dark mark on 6, usually by at least its own 
length and up to three times its length. Apical dark mark on 6 longer than that on 
5.2. 

A bdomen. Dark brown with a median ventral tuft of dark scales on the posterior 
border of sternite VII. In fresh specimens a pair of wedge-shaped pale marks is 
seen, pointing backwards from the anterior margin of each sternite. 

MALE (fig. 28). Head. No distinct clypeal scale tufts. Palps as illustrated, 
middle of the stem without a band of pale scales on the base of segment 3 (cf. 
nigerrimsls), though there may be a bare area at the joint between segments 2 and 3. 
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FIG. 29. A. sinensis, 6 pupa. 1, abdomen and metathorax, dorsal hairs on left, ventral 
on right (except abd. seg. I and metathorax which have no ventral hairs ; the tuft hair 
of abd. seg. I is shown on the right for clarity) ; 2, trumpet ; 3, lateral spines ; 4, 
external or lateral border of paddle, distal half ; 5, paddle hairs ; 6, wing case. 

(From Crawford) 
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FIG. 30, A. sinensis, pupa. a, wing case ; b, right paddle and lateral spine VIII ; c--e, 
trumpet ; c, left trumpet of living pupa seen from above by transmitted light, m part 
of opening of meatus, mc meatal cleft (from Reid, 1963~) ; d, trumpet of mounted skin, 
side view ; e, part of rim of trumpet enlarged ; f, hairs I and 5 on abd. seg. V. 
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Abdomen. No ventral tuft of scales on VII. Sometimes one or two dorsal pale 
scales posteriorly on VIII (this is sternite VIII which is dorsal after inversion with 
the genitalia, p. II) ; compare A. separatzcs where these scales are more numerous. 

Genitalia. Coxites with scales, dark laterally, pale dorsally. Genitalia of usual 
oattern for Mvxorhvnchus series. with dorsal harpago spines fused into a club and 
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FIG. 31. A. siutensis, larva and egg. a, inner and left outer clypeal hairs ; b, part of 
abdominal palmate hair ; c, mesothoracic hair 4, right side ; d, abd. hairs 5 and 9, seg. 
VI, left side (cf. nigerviunus, fig. 34e) ; e, external posterior pleural hair of prothorax 
(epl) ; f, egg, dorsal and lateral views. 
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processes on tergite IX. Phallosome 
largest with basal and distal teeth. 

with 3-6 (usually 4 Or 5) pairs of leaflets, the 

PUPA (figs. 29, 30). For a partial summary of the chaetatoxy see Appendix, 
Table I, and for a detailed description see Crawford (1938, p. 44). Usually very 
lightly pigmented, recognized at once by the round dark spots on the wing case. 
Trumpet with a thin evenly-crenate rim. Abdominal hairs I and 5 not densely 
branched ; I,V with 3-13 branches, 5,V with 9-24, commonly about 14 branches. 
Lateral spine VIII IO-zz branches. Refractile border of paddle about Q the length 
of the paddle, width about $ (index 1.3-1.4). 

LARVA (fig. 31). For details of chaetotaxy see Appendix, Table II. Living 
larva green, occasionally brown, sometimes with faint transverse pale bands on the 
thorax and abdominal segments III, V and VIII (cf. barbirostris group with similar 
pattern, except no band on V, but on VI). 

Head. Clypeal hairs : inner simple or with 2-4 branches in about Q of specimens, 
outer very bushy with about 60-80 rather slender not very stiff branches, posterior 
with 3-8 branches. Sutural (no. 8) 8-13 fairly slender branches ; antenna1 7-14 
branches of variable length, sometimes reaching beyond the end of the shaft. 

Thorax. Inner shoulder hair with z-5 small branches towards the tip, or simple. 
Mesothorax : hair 4 with 4-8 erect branches not confined to the base. 

A bdomen. Palmate hairs small and unpigmented on I and II, fully developed 
and pigmented on III-VII and rather large (diameter of those on IV and V about 
020 mm.) with distal part of leaflets fairly slender and pigment often extending 
towards the tips. Lateral hair 6,1 with 21-28 branches, 6,11 23-33, 6,111 17-29 ; 
hair 5,II 9-20 (cf. Zesteri paraliae), 5,VI 6-11 (cf. rtigerrimtis). Tergal plate VIII 
broad, about 3 as long as wide, similar to the next species, nigerrimzL.s (fig. 34) ; 
pecten with 7-9 long teeth. Saddle hair as long as or longer than the saddle. 

EGG (fig. 31). Length 0.52 mm., distinguished by the broad deck about Q its 
width, concave in side view ; float ribs about 30-35 ; exochorion with polygonal 
meshwork pattern (this pattern is only partly indicated in fig. 3If, and in subsequent 
figures of the eggs of most other species in the Myxorhynchus series). 

NOTES. A. sinensis seems to be distinguished throughout its extensive range by 
the wide deck of the egg, Q to + its width, and by the pattern of round dark spots on 
the pupal wing case. Adults vary geographically, and those from China and Japan 
are paler and usually larger (wing length may exceed 5 mm.) than those from 
Malaya, and the larvae tend to have fewer branches on the outer clypeal hairs. 

Distribution. The species ranges from Japan (Hokkaido) and Korea in the 
north, southwards through China, including Taiwan (Formosa), to the Malay 
Peninsula, where it is common, and Sumatra. Apparently absent from Borneo 
and Java and the rest of the archipelago including the Philippines. In South-East 
Asia, Assam is the western limit ; it is absent from the rest of India. The northern 
and western limits in China are probably not yet known. 

Habits and vector status. A. sinensis is a zoophilous species usually reluctant to 
bite man indoors and not a vector of disease in Malaya, though it is in China. 



92 ANOPHELES OF MALAYA AND BORNEO 

Larvae are 
to the sun. 

found particularly in rice-fields and in grassy ponds and ditches exposed 

Anopheles nigerrimus Giles, 1900 

Handbook p. 162. 
TYPE : $2 from Calcutta, India, in BMNH, London. 
williamsoni Baisas & Hu, 1936. Penang, Malaya, described from pupa and larva, type 

unknown. 
uenhuisi Bonne-Wepster, Ig5 I. Java, new name for hyrcanus var. x Venhuis, 1939, type 

unknown. 
Pupal type D of Crawford (1938). 
vninutus Theobald, 1903, Punjab (type in BMIL’H), is at present treated as a synonym of 

nigerrinzus, but may be a distinct species ; the name is preoccupied by A. wzinutus Macquart, 
1834, Senegal (Reid, 1963b). 

Not nigerriunus of Baisas & Hu (1936) and of Venhuis (Igjga) which is peditaeniatus. 

DIAGNOSIS. Third hind-tarsal pale band extends a little across the joint on to 
base of fourth segment, wing with long dark mark on base of 5, remigium dark, 
humeral cross vein with dark scales, often a few pale scales on basal third of costa 
and a pale fringe spot at 5 -2. Stem of male palps with a pale band on base of third 
segment. Larva with many branches on the sutural hair but few on abdominal 
hairs 5 and 9. 

This species resembles sinensis in many respects, but is darker, and has a long 
dark mark on the base of vein 5 and broader hind-tarsal pale bands ; differs mainly 
as follows :- 

FEMALE (fig. 32). Head. Last two pale bands of palps more often confluent, 
two basal bands always present, scattered paleish scales often present. 

Thorax. Propleural setae 5-10. 

Legs. Third and fourth hind-tarsal pale bands wider, third band nearly always 
extending on to base of fourth segment, but in length this band is usually shorter 
than the fifth segment, seldom longer. 

Wings. Length 3.1-4.3 mm. Costa, in about $ of specimens, with a few (com- 
monly 4-6) scattered pale scales on the basal third distal to the humeral cross vein ; 
remigium mainly dark, preapical dark mark on vein I often without scattered pale 
scales, with a pale fringe spot at 5.2 in about $ of specimens, basal dark mark on 5 
long and nearly always separated by less than its own length from the upper dark 
mark on 6. 

A bdomes. Darker, almost black, hind corners (postero-lateral angles of tergite 
VIII) usually with a few narrow dark scales among the setae. 

MALE (fig. 32). Palps with a pale band in the middle of the stem on the base of 
third segment. Phallosome with only 2-3 pairs of leaflets, small teeth on one or 
both edges, mostly distal, apparently no basal teeth. 
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PUPA (figs. 32, 33). More darkly pigmented than in sinensis and with more 
branches on the large abdominal hairs. Wing case with a mottled pattern of veins 
and cross bars, bases of paddles and a transverse band on male genital pouch often 
pigmented. Abdominal hair I,IV 7-20 branches, 5,V 40-60 branches forming a 
dark tuft ; hair 1,V11 1-6 branches, 6,VII usually internal to the lateral spine, 
terminal paddle hair simple or bifid (cf. +wti) . 

b \ i:’ 
5 1 

e 

l;rc;. 32. A. nigewiwzus, adult and pupa. a, wing ; b, hind tarsus ; c, $ right palp ; 
d, phallosome leaflets ; e, trumpets of living pupa from above ; f, hairs I and 5 on abd. 
seg. V. 

LARVA (fig. 34). Green, brown or black, usually with pale bands on the pro- 
thorax and abdominal segments III, V and VIII ; black larvae with white bands 

appear vividly marked. 
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FIG. 33. A. nigerviwus, 9 pupa. 1, abdomen, dorsal hairs on left (but see legend, fig. zg 
3, lateral spines ; 4, lateral border of paddle. 

(From Crawford) 
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Head. Clypeal hairs : inner nearly always simple, outer very bushy as in 
sine&s but branches usually somewhat stiffer and shorter ; sutural with many 
dark branches, 12-24 ; shaft of antenna slightly stout (cf. argyrq$us, fig. 48a) and 
may be darkly pigmented. 

FIG. 34. A. nigewimus, larva and egg. a, sutural hair (head hair 8) ; b, shoulder hairs 
of prothorax, left side ; c, antenna ; d, tergal plate VIII ; e, hairs -5 and g, abd. seg. VI, 
right side ; f, egg, lateral and dorsal views. 

Thorax. Mesothorax, hair I with 21-28 branches, hair 13 with 10-18 (cf. jwrsati). 
Abdomen. Palmate hairs : mean diameter slightly less (0.19 mm.) and pigment 

often denser, distal part of leaflets usually slightly less slender and often unpigmented. 
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Lateral hairs with fewer branches, 6,1 15-20, 6,11 20-26, 6,111 12-20 ; hairs 5 and 
g with rather fewer branches, 5,IV 2-4 (cf. indiensis and argyro@s), 5,VI 2-5 (cf. 
sinensis) ; pecten with 6-7 long teeth. 

EGG (fig. 34). Length 0.53 mm., 
floats longer with about 35-40 ribs. 

deck about one-seventh the width of the egg, 

NOTES. In about 5 per cent. of specimens the hind-tarsal pale bands are narrow 
and apical only, such specimens can be distinguished from sinensis by the long 
basal dark mark on vein 5, and when present by the scattered pale scales on the 
basal third of the costa and dark scales at the hind corners of the abdomen. Speci- 
mens at the other extreme, with the third hind-tarsal pale band at least as long as the 
fifth segment, may be confused with peditaeniatus, but can be distinguished as in 
the key and also by their larger number of propleural setae, more numerous white 
scales on the mid coxa, and usually by the few dark scales at the hind corners of the 
abdomen. 

In a series from Rangoon, Burma, collected by Dr. P. F. Mattingly, the hind- 
tarsal bands were narrow and few showed any pale scales on the base of the costa 
or a fringe spot at 5.2, but most showed a tendency for the two dark marks on 
vein 6 to fuse as in Giles’s type specimen from Calcutta (Reid, Ig53a). In other 
characters, of adult, larva and pupa, the specimens were clearly nigerrimus. 

Specimens of nigerrimus from Java, where it appears to be the commonest 
member of the hyycanm group, are usually distinctly darker than those from Malaya 
or India. If further study showed that the Javan form ought to be distinguished 
as a subspecies the name venhuisi is available. 

Distribution. The confirmed range of the species is India, Ceylon, Burma, 
Thailand, Malay Peninsula and Borneo, and eastwards through the archipelago to 
the Moluccas, but excluding the Philippines. 

Habits and vector status. This species is less zoophilous than sinensis, and is 
sometimes a vector of malaria and probably of filariasis. Larvae are found prin- 
cipally in deep ponds and swamps well covered with floating water plants, in which 
the water remains cooler than in typical breeding places of sinensis. 

Anopheles pursati Laveran, Igo 
C.R. Sot. Biol., Paris 54 : 907. Redescribed and removed from synonymy with nQerrinzus by 

Reid (1963b). 
TYPES : z or;! from Pursat, Cambodia, in Pasteur Institute, Paris. 
Dz of Reid (1953). North Malaya. 

DIAGNOSIS. A small species. Hind-tarsal pale bands narrow, apical only, wing 
with dark mark on base of 5 short, apical fringe spot narrow, humeral cross vein 
with dark scales, usually no pale fringe spot at 5 ‘2, mid coxae with pale scales ; 
male with a pale band on the stem of the palps at base of third segment and genital 
coxites with pale scales. Larva like that of nigerrimm, but with more branches on 
mesothoracic hair I. Egg with a divided deck. 

This species is closely related to nigerrimus, though the female resembles sinensis 
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except that the wing has a narrow apical fringe spot and no fringe spot at 5.2. 

Differs from sinensis chiefly as follows :- 

FEMALE (figs. 35, 36). Thorax. Propleural setae z-4. 

FIG. 35. A. pursati, wing of female. 

Wings (fig. 35). Length, z ‘9-3 ‘3 mm. Costa occasionally with a very small 

humeral pale spot ; apical fringe spot narrow as in Lesteri paraliae, extending at 

/ d a 

c e 
. FIG. 36. A. ~uvsati, adult, pupa, larva, egg. a, hind tarsus , b, phallosome leaflets ; 

c, position of pupal abdominal hair 6,VTI (right side), compare that of nigervinzus shown 

at d ; e, mesothoracic hair I of larva ; f, egg, dorsal and lateral views. 

(From Reid, 1963b) 
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most from I to 2.2, usually from Z-I to 2.2, sometimes faint and opposite end of 2.1 
only ; preapical dark mark on vein I often without any scattered pale scales ; 
usually no fringe spot at s-2. 

MALE (fig. 36). Palps with a pale band in the middle of the stem as in nigerrimus. 
Costa of wing usually with a small humeral pale spot. Phallosome with only 2-3 
pairs of leaflets as in nigerrimus. 

PUPA (fig. 36). Like that of nigerrimus though commonly less heavily pigmented, 
with rather more branches on hair 1,V11 (3-13) and the terminal paddle hair (1-6) ; 
6,VII usually more anterior and less internal to the lateral spine (fig. 36~). 

LARVA (fig. 36). Much like that of nigerrimus, sutural hair with many branches, 
14-19, and abdominal hair 5 with rather few branches ; differs in having more 
branches (28-38) on mesothoracic hair I, but fewer (6-g) on mesothoracic 13. 
Differs from indiensis by the fewer branches (3-5) on prothoracic 14 and on 5,IV 
(3-5). Palmate hairs IV and V with mean diameter O-II mm. Pecten with 5-7 
long teeth. 

EGG (fig. 36). Length 0.45 mm., deck divided into an area at each end as in 
indiensis, but these areas are shorter, the floats relatively longer, and the upper 
surface of the egg concave in side view. Floats with about 25 ribs. 

NOTES. Distribution. Little is known about this species as yet. In Malaya it 
has been found in Kedah, Province Wellesley and Penang, but not further south. 
Outside Malaya it is known from Thailand, and from the type locality in Cambodia, 
if Laveran’s type specimens of pzcrsati are in fact the same as the species described 
here under that name. 

Habits and vector status. Except that it will bite man outdoors nothing is known 
of the feeding habits of pursati or its relation to disease. Larvae have been found 
with those of nigerrimus and ramsayi in deep cool ponds, hiding beneath the leaves 
of water lettuce (Pi&a). 

Anopheles indiensis Theobald, rgor 

Mon. Cul. I : 145. 
TYPE : 9 from Madras, India, in BMKH. 
Pupal type C of Crawford (1938), 

DIAGNOSIS. Hind-tarsal pale bands fairly broad, extending across the joints, 
wing with a bright sharp pattern and scattered pale scales on basal half of costa, 
basal dark mark on 5 short, often with a pale fringe spot at 5-2 ; male with a pale 
band on the stem of the palps. Egg with divided deck. 

Adults of this species are easily recognised by the broad hind-tarsal bands, bright 
wing pattern always with pale scales on the basal half of the costa, and the meso- 
notum usually with obvious eye spots. Differs from sinensis mainly as follows :- 

FEMALE (fig. 37). Head. Palps with the two basal pale bands always present, 
scattered pale scales between the bands often numerous. 
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Thorax. Mesonotum a more even grey with contrasting dark eye spots. Pro- 
pleural setae z-5. 

b 

d 

FIG. 37. A. indiensis, adult and pupa. a, wing ; b, hind tarsus ; c, phallosome leaflets ; 
d, dorsal club of harpago ; e, pupal wing case. 

Legs. Coxal pale scales well developed, only one upper mid-coxal seta (sinensis 
4-5, other species r-5 but seldom less than 2). Tarsal pale bands broader, second 
band on fore tarsi about Q to 3 the length of the segment, occasionally reaching on 
to the base of segment 3 ; hind tarsi with four pale bands, third the longest and 
always extending on to the base of segment 4, in specimens with the broadest bands 
the fourth segment may be largely white. 

Wings. Length z&4.0 mm. Brightly marked with a sharp pattern of short 
dark marks. Basal half of costa always with scattered pale scales, usually more 
numerous than in nigerrirntis and usually with a small humeral pale spot, with a 
pale fringe spot at 5.2 in four-fifths of specimens. 

Abdomen. Hind corners with a few narrow scales. 

MALE (fig. 37). Palps with a pale band on the base of segment 3, usually fewer 
median pale scales along the length of segments 2 and 3. Last segment of the 
abdomen with a few dorsal pale scales, and many on the genital coxites. Phallosome 
with 2-3 pairs of leaflets, with distal teeth on the largest pair, no basal teeth. 

PUPA (figs. 37, 38). Not easy to identify with certainty. Abdominal hairs I 
and 5 with many branches as in nigerri~~us and pursati, but usually mounted pelts, 
including the wing cases, are more lightly pigmented than in either of those species ; 
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FIG. 38. A. indiensis, 3 pupa. 1, abdomen, dorsal hairs on left (but see legend, fig. 29) ; 

2, trumpet ; 3, lateral spines ; 4, lateral border of paddle. 
(From Crawford) 
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FIG. 39. A. indiensis, larva and egg. a, pecten ; b, saddle hairs ; c, egg, dorsal and 
lateral views. 

antenna1 case sometimes with a sharply defined dark tip. Paddle with refractile 
border about 2 its length. 

LARVA (fig. 39). C ommonly green but may be pale brown to blackish, without 
transverse pale bands on the abdomen. 

Head. Inner clypeal hair simple, sutural hair 11-17 branches. 
Thorax. Prothoracic hair 14 with s-10 branches (cf. pursati). 
A bdolvcen. Palmate hairs smaller than in sine&s (mean diameter 0.16 mm.), 

often more densely and evenly pigmented ; lateral hair with fewer branches (6,1 
16-22, 6,111 15-20) ; hair 5,1V with 5-9 branches (cf. nigerrimus and @rsati) ; 
hair 9,111 10-16 branches (cf. lesteri paraliae and crawfovdi), 9,VI with 5-9 branches 
(cf. argyropzts) ; hair 13,IV usually with many (6-12) rather short branches thus 
resembling 13,111, instead of few long branches resembling 13,V as is usual. 
Pecten with 5-7 long teeth, usually 6. Saddle hair often weak and shorter than the 
saddle. 

EGG (fig. 39). Length 0.52 mm., deck divided into two areas, one at each end, 
upper surface not concave in side view, floats rather short with about 25-30 ribs 
(cf. @mati). 

NOTES. Distribzhon. The known range of indiensis is from India eastwards to 
Indo-China, and southwards through Thailand (specimens from Thailand in BMNH, 
collected 1960, E. I. Coher, P. F. Beales) and the Malay Peninsula, to Sumatra and 
Borneo. 
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Habits and vector status. In Malaya the larvae are often common in rice-fields 
and the adults numerous after dark at cattle sheds. Probably not a vector of 
human disease. 

Anopheles crawfordi Reid, 1953 

Bull. ent. Res. 44 : 41. 
TYPES : $2 type and $, $? paratypes, with associated pupal and larval skins, from Kuala Lumpur, 

Malaya, in BMNH. 
Pupal type B of Crawford (1938). 

DIAGNOSIS. Hind-tarsal pale bands narrow, apical only, wing with a bright 
sharp pattern and short dark mark on the base of 5 as in indiensis, but females 
without pale scales on basal third of costa or pale fringe spot at 5.2, extreme tip of 
vein I pale in both sexes. Pupal trumpet with thickened areas on rim. Egg with 

very narrow deck. 

d 
FIG. 40. A. crawfovdi, adult, larva and egg. a, wing ; b, hind tarsus ; c, phallosome 

leaflets ; d, dorsal club of harpago ; e, hair 5, abd. seg. II of larva ; f, egg, dorsal view, 
head end on right. 

Superficially, adults somewhat resemble those of sinensis. Differs mainly as 
follows :- 
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6 

FIG. 41. A. cvuzu~oordi, 6 pupa. 1, abdomen, dorsal hairs on left (but see legend, fig. zg) ; 
2, trumpet ; 3, lateral spines ; 4, lateral border of paddle ; 5, paddle hairs ; 6, wing case. 

(From Crawford) 
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FEMALE (fig. 40). Head, Palps with all four pale bands usually distinct, basal 
median pale scales sometimes absent, often no scattered pale scales between the 
bands. 

Thorax. Mesonotum with well marked eye spots as in indiensis, propleural 
setae 2-5. 

Legs. Coxae with few pale scales, tarsal pale bands much as in sinensis. 
Wings. Length zag-4-z mm. Pattern not blurred but sharp and bright. 

Humeral cross vein bare or with only one or two dark scales, vein I without scattered 
pale scales in the preapical dark mark but extreme tip pale. Apical fringe spot a 
little narrow, usually commencing opposite 2 .I instead of I, no fringe spot at 5 -2, 

apical dark mark on 6 not longer than that on 5.2. 

MALE (fig. 40). Palps usually without a pale band on the base of segment 3. 
Wings often with a fringe spot at 5.2, occasionally with a few pale scales on the 
costa near the humeral cross vein, otherwise as in female. Abdomen with no dorsal 
pale scales on VIII and few on the coxites. Phallosome with 4-6 pairs of leaflets, 
the largest with teeth. 

PuPA (fig. 41). Moderately pigmented, large abdominal hairs with fairly numerous 
branches (5,V 30-45). Differs from nigerrimus and sine&s in having thickened 
rough or saw-toothed areas on the rim of the trumpet as in the next species, lesteri 

(fig. 42). 
LARVA (fig. 40). Black to yellowish green or green, usually dark brown, abdomen 

without transverse pale bands but there may be a dull pale longitudinal line. 

Head. Inner clypeal hair simple, outer with about 50 branches, sutural hair 
6-10 branches. 

Thorax. Inner shoulder hair simple or with up to 8 small branches distally, 
occasionally with long branches from the base almost as in barbirostris. 

Abdomen. Palmate hairs small, those on IV and V average 0.14 mm. in diameter, 
pigmentation usually black and uniform ending abruptly before the leaflets narrow 
towards the tips. Abdominal hair 5,11 (fig. 4oe) with 10-18 branches (cf. Zest&, 
6-10). Tergal plate VIII variable but often not as wide as in sinensis, between s 
and 2 as long as wide. Pecten with 7-8 long teeth. Saddle hair may be weak as 
in indiensis. 

EGG (fig. 40). Length 0.56 mm., deck very narrow, less than one-twentieth the 
width of the egg, occasionally divided ; upper surface slightly convex in side view, 
floats with about 27-30 ribs. 

NOTES. In the bright wing pattern and eye spots on the mesonotum crawfordi 
resembles indiensis, though other characters show that it is more closely related to 
Zesteri. Both crawfordi and Zestevi paraliae have relatively narrow wings and saw- 
toothed areas on the rim of the pupal trumpet, and differ in these and other ways 
from the preceding species. 

Distribution. So far recorded from the Malay Peninsula and Sumatra, and 
recently from Indo-China (Cambodia, Btittiker & Beales, Ig64), and Thailand 
(Scanlon et al., 1968). 
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Habits and vector status. A rather local species, but often common where it 
occurs ; most collections have been from inland or foothill areas. Adults will 
enter a man-baited net trap but appear to be mainly zoophilous ; the species is 
probably not a vector of human disease. Larvae have been found in swamps 
beneath the shade of tall emergent grass. 

Anopheles Zesteri Baisas & Hu, 1936 

,Vonth. Bull. BUY. Hlth Philipp. 16 : 229. 
TYPES : 3 and 9 from Santa Mesa of Manila, in Institute of Hygiene, University of Philippines, 

hIanila ; paratypes in U.S. Natn. Mus., Washington. 

Unlike the type form found in the Philippines, China and Japan, the form of this 
species occurring in Malaya and Borneo has a narrow apical fringe spot on the 
wing and is considered to be a subspecies, A. Zesteri paraliae. As only this one form 
is known in Malaya the subspecific name can usually be omitted for routine purposes 
within Malaya. 

Subspecies paraliae Sandosham, 1959 

Rlalariology, Univ. Malaya Press, Singapore, p. 189. 
TVPES : $? type and 6, $2 paratypes, with pupal and larval skins, from Selangor, Malaya, in 

BMNH (Reid, 1963b). 
Subspecies near sinensis of Colless, 1948, north-west Borneo. 

DIAGNOSIS. As in pursati, hind-tarsal pale bands narrow, wing with narrow 
apical fringe spot and no fringe spot at 5 ‘2, but, unlike pursati, with humeral cross 
vein bare, basal dark mark on 5 usually fairly long, mid coxae without scales, and 
male without pale scales on the genital coxites or a pale band on the stem of the 
palps. Pupal trumpet with thickened areas on the rim as in crawfordi. Egg with 
a narrow deck. 

A moderately dark form related to crawfordi but without the bright sharply 
defined wing pattern or well marked mesonotal eye spots of that species. Differs 
from sinensis mainly as follows :- 

FEMALE (fig. 42). Head. Palps like those of crawfordi with the pale bands 
distinct and few other pale scales, apical third often less shaggy and appearing 
slightly thinner than in sinensis. 

Thorax. Propleural setae 3-6. 

Legs. Mid coxae without pale scales ; pale bands on the fore tarsi narrower, 
second band about 6 or less as long as the segment, hind-tarsal bands as in sinensis. 

Wings. Length 3.4-4.3 mm. Humeral cross vein bare, seldom with one or two 
dark scales ; apical fringe spot narrow, extending at most from I to 2.2, commonly 
opposite 2.1 only ; no fringe spot at 5.2 ; basal dark mark on vein 5 fairly long, 
usually separated by less than its own length from the upper dark mark on 6. 

Abdomen. In fresh specimens the wedge-shaped pale marks on the sternites are 
much less conspicuous than in sinensis. 
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MALE (fig. 42). Genital coxites without dorsal pale scales, only setae ; phallo- 
some with four pairs of leaflets of which the two or three largest bear teeth, basal 
teeth present. 

PUPA (fig. 42). Much like that of cra~lfordi, darkly pigmented and with thickened, 
rough or saw-toothed areas on the rim of the trumpet ; differs in having more 
branches on hair I,VI but fewer on 5,V (key p. 84) ; refractile border of paddle 
short, between 3 and 8 the length of the paddle. 

LARVA (fig. 43). Usually dark brown with a blackish head and brown antennae. 
Head. Inner clypeal hair simple, outer with 50-70 branches, often stiff and short ; 

sutural hair ~-II branches. 
Abdomen. Palmate hairs like those of crawfordi, densely pigmented though not 

so small (diam. 0.16 mm.) ; with fewer branches on hair 5,II (6-10) than crawfordi 

b 

FIG. 42. A. Zestevi pa~aZiae, adult and pupa. a, wing ; b, hind tarsus ; c, phallosome 
leaflets ; d, $ pupa, distal part of the abdomen, dorsal surface, left side (not all small 
hairs shown) ; e, pupal trumpet ; f, a thickened part of the rim of the trumpet enlarged. 
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(IO-@, saddle hair not weak, anal papillae usually very short (related to salinity 
of the breeding place). Pecten with 7-10 long teeth. 

a 

FIG. 43. A. lesteri pavaliae, larva and egg. a, inner and left outer clypeal hairs ; b, 
pecten ; c, sutural hair (head hair 8) ; d, hair 5, abd. seg. II, right side, showing position 
in relation to other hairs, and enlarged (on right) for comparison with cvawfoordi (fig. 

404 ; e, part of abd ominal palmate hair (compare fig. 3Ib, sinensis) ; f, egg, dorsal 
view. 

EGG (fig. 43). Length 0.55 mm. Similar to that of cra~jordi but the deck not 
as narrow, about one-tenth or less the width of the egg ; floats with about 24-28 
ribs. 

NOTES. A. lesteri seems to be distinguished throughout its wide range chiefly bY 
the absence of pale scales on the male coxites, presence of thickened areas on the 
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rim of the pupal trumpet, and an egg with the deck about one-tenth its width. 
There is geographical variation, and the form occurring in Malaya and Borneo (sub- 
species paraliae) is distinguished from the type form chiefly by the narrow apical 
fringe spot on the wing. Typical Zesteri from Japan have a shorter basal dark mark 
on vein 5 and fewer branches on the outer clypeal hair of the larva (12-48) than the 
Malayan subspecies, and the pupae have a pronounced pigmented patch on the 
cephalothorax near the base of each trumpet, only present in a proportion of 
Philippine specimens and absent from Malayan specimens. 

In Malaya, females of Zesteri pavaliae are distinguished from those of sine&s by 
their narrow apical fringe spot (a character shared with pursati), bare humeral 
cross vein, usually longer basal dark mark on vein 5, absence of a fringe spot at 5.2, 
few or no pale scales on mid coxae, fewer propleural setae, and in fresh specimens by 
the much less pronounced pale wedge-shaped marks on the abdominal sternites. 
They are distinguished from pwsati as in the key. 

In China and Japan, females of Zesteri are often difficult to distinguish from 
sine&s. Possibly a combination of some of the characters given above for separ- 
ating A. 1. paraliae from sinensis may prove useful ; particularly the absence or 
scarcity of pale scales on the mid coxae, pale fringe spot at 5.2 usually absent, 
generally fewer propleural setae and humeral cross vein bare. The difference in the 
pale marks on the abdominal sternites in fresh specimens of the two species appears 
to have been first noticed in Japan by Miyazaki (Ig51), who also describes a long 
dark mark on each of the abdominal pleural membranes of sinensis which is absent 
or much smaller in Zesteri. This latter character is also mentioned by Chinese 
workers (Ho et al., 1962), but presumably would only be visible in specimens with 
the abdomen at least partially distended. 

Distribution. A. Zesteri Zesteri ranges from central Japan, and also Korea (Whang, 
1962), through central and southern China, to the Philippines. It has not yet been 
recorded from Taiwan (Formosa). The subspecies paraliae is at present known 
only from south Thailand, the Malay Peninsula and Borneo, and it is largely con- 
fined to coastal areas ; whether it overlaps anywhere with the type form is not yet 
known. 

Habits and vector status. In central China, Zesteri is much less zoophilous than 
sinensis and will enter houses to bite man, and is an important vector of malaria 
and filariasis in foothill areas. Many of the past records of sinensis as a vector in 
China probably refer to Zesteri. In China and Japan this species overwinters mainly 
in the egg stage, whilst sinensis overwinters as an adult. Larvae are found chiefly 
in cool, clean water, in contrast to the open, sunny and sometimes polluted places 
preferred by sinensis. In Malaya there is much the same difference between the 
preferred breeding places of Zesteri paraliae and sinensis, though 1. paraliae is largely 
confined to the coast, and the larvae are often found in slightly brackish but shaded 
water. Adults of 1. paraliae will bite man freely outdoors soon after dark, but are 
reluctant to enter houses ; they are mainly zoophilous, and though filarial infections 
are quite common in this subspecies, these infections are probably derived mostl>T 
from cattle. 
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Anopheles peditaeniatus (Leicester), 1908 

Myzovhync~~lus j%ditaeniatus Leic., Cul. Malaya p. 3 I. 
TYPES : 3 99 from Kuala Lumpur, Malaya, in BMNH. 
nigervimus of Baisas & Hu (1936), Venhuis (1939), and other authors in whole or part. 
Pupal type E of Crawford (1938). 
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DIAGNOSIS. Hind-tarsal pale bands broad, extending across the joints, mid- 
tarsal bands fairly broad, wing with white scales on remigium and cream scales on 
base of vein I, humeral cross vein bare, no pale scales on basal third of costa, no 
fringe spot at 5.2 in females, basal dark mark on 5 long. Pupa with lateral spine 

VIII having few or no branches, paddle with a long refractile border. Larva with 

mesothoracic hair 4 of distinctive shape. 

FIG. 44. A. peditaeniatus, adult and egg. a, wing ; b, hind tarsus ; C, mid tarsus ; 
d, phallosome leaflets ; e, egg, dorsal and lateral views. 

Adults have a superficial resemblance to those of nigerrimus ; the species differs 
from sine&s and nigerrimzzs mainly as follows :- 

FEMALE (fig. 44). Htd. Palps with the two apical pale bands more often con- 

fluent or nearly so, dark scales often with a leaden or slightly purple tinge. 
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Thorax. Longitudinal dark bands on the mesonotum well developed and eye 
spots subdued. Propleural setae 2-6. 

Legs. Pale scales on the coxae scanty. Tarsal pale bands broader ; fore tarsi 
with second band between + and 8 as long as the segment ; mid tarsi (fig. 44~) with 
third band between 8 and more than k as long as the segment (cf. argyropus) ; hind 
tarsi with third and fourth pale bands always crossing the joints on to the bases of the 
fourth and fifth segments, third band usually between one and two times as long as 
the fifth segment or + to $ the fourth segment. 

Wings. Length 2.9-3.9 mm. Costa without pale scales between base and sub- 
costal pale spot, humeral cross vein usually bare, remigium with a row of pale 
scales on the anterior border, these scales are usually white compared with the cream 
scales on the rest of the wing ; often with numerous pale scales on vein I, including 
the basal third, and the distal third between the subcostal and preapical pale spots. 
No pale fringe spot at 5-z. Basal dark mark on 5 usually long and separated by 
less than its own length from the upper dark mark on 6, sometimes ending level 
with this mark. The two dark marks on 6 occasionally confluent. 

Abdomen. No scales on the hind corners. 
MALE (fig. 44). Palps without a pale band on base of third segment. Wing 

sometimes with a pale fringe spot at 5-z. Phallosome leaflets 4-5 pairs, the two 
largest broad and serrate, the teeth sometimes large, some basal teeth may be 
present. 

PUPA (figs. 45, 46). Pigmentation usually light or moderate. Trumpet with 
some thickened and irregular areas on the rim. Abdominal hairs I and 5 with 
rather few branches, I,V with 1-6, 5,V 14-28. Unlike all the preceding species, 
spine VIII is without or with much reduced branches and the refractile border of 
the paddle is very long, 8 or more as long as the paddle, with comparatively coarse 
teeth. 

LARVA (fig. 46). Living larva bright green to brown without transverse pale 
bands. 

Head. Clypeal hairs : inner simple, outer with 40-70 branches. Sutural hair 
with few branches, 6-9. Antenna1 shaft somewhat more slender, shaft hair often 
not reaching the end of the shaft. 

Thorax. Mesothoracic hair 4 distinctive, small and with 4-10 fine sinuate 
branches spreading more or less horizontally from the base (fig. 46, b, c). 

Abdomen. Palmate hairs intermediate in size between those of sinensis and 
indiensis, mean diameter on segments IV and V 0.18 mm., pigmentation generally 
uniform and fairly dense, extending a little into the tips. Tergal plate VIII not so 
broad, about 2 as long as wide. Pecten with 7-9 long teeth. 

EGG (fig. 44) * Length 0.57 mm., rather similar to that of nigerrimus but the 
deck a little wider, about one-sixth the width of the egg, and less concave in side 
view, the floats shorter with fewer ribs, 25-30, and the points of the egg more 
prominent. 

NOTES. Normally there is no difficulty in identifying this species, but with 
adults one must remember not to rely solely on the width of the hind-tarsal pale 
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FIG. 45. A. peditaeniatus, ? pupa. 1, abdomen, dorsal hairs on left (but see legend, 

fig. 29) ; 2, trumpet ; 3, lateral spines ; 4, lateral border of paddle ; 6, wing case. 
(From Crawford) 
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FIG. 46. A. peditaeniatus, pupa and larva. a, right paddle and lateral spine VIII of pupa ; 
b, left mesothoracic hair 4 of larva (cf. fig. 31~) ; c, mesothroacic hair 4 from above. 

bands, for although in most Malayan specimens these bands are broader than in 
nigerrimus and narrower than in argyro@s, there is overlap in this character. In 
the Indian area there is little difference between peditaeniatus and nigerrimus in 
the width of these bands (Reid, Ig63b) ; occasionally, Indian specimens of 
peditaeniatus have these bands almost as narrow as in sinensis and not crossing the 
joints. However, in Malaya and India, peditaeniatus can always be distinguished 
from nigerrimtis by having a line of white scales along the anterior border of the 
remigium and the humeral cross vein bare of scales ; also the base of vein I usually 
has numerous pale creamy scales, this character being particularly evident in Indian 
specimens. For other differences see the notes for nigerrivzus. 

Specimens of peditaeniatus with very broad pale bands on the hind tarsi can be 
distinguished from argyrojms by having also broad bands on the mid tarsi (third 
band more than 4 as long as the segment instead of about $ or less as in argyropus), 
and pale scales on the distal third of vein I. 

Despite the variability of the adults, peditaeniatus can probably be recognized 
throughout its wide range by the shape of mesothoracic hair 4 of the larva (fig. 46), 
and by the long refractile border of the paddle and unbranched spine VIII of the 
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pupa which lacks the ribs on the trumpet found in argyroflzts. As already mentioned, 
adults from the western part of the range (India to Burma) tend to have narrower 
hind tarsal pale bands and more numerous pale scales on vein I than those from 
farther east and south. 

Distribution. The species ranges from western India (Bombay), through Ceylon, 
Nepal, Burma and Thailand, to Indo-China and probably the more southerly parts 
of China (Yunnan, Hainan, etc.), and south through the Malay Peninsula and all the 
large islands of the archipelago, including Borneo, as far east as the Philippines and 
Celebes. 

Habits and vector status. A common but largely zoophilous species, often abundant 
at cattle sheds. Larvae are found in grassy ponds and swamps and may be 
numerous in rice-fields. Probably not a vector of human disease, but transmits 
filarial infections of cattle. 

Anopheles argyropus (Swellengrebel), 1914 

Myzorhynchus avgyvopus SW., Geneesk. Tijdschv. Sed.-Ind. 54 : 334. 
TYPE : none, type locality, Deli, Sumatra. 
nzazwitianus of Swellengrebel (1916), not of Grandprk & Charmoy, 1900, BIauritius, = coustavzi. 
pseudopictus of Swellengrebel & Rodenwaldt (1932), not of Grassi, 1899, Italy, = hyvcaws. 

DIAGNOSIS. Hind-tarsal pale bands very broad, mid-tarsal bands narrow, wing 
dark with few pale scales on vein I and a long dark mark on base of 5, no fringe 
spot at 5.2. Pupa with few and small branches on spine VIII and paddle with a 
long refractile border as in peditaeniat~~~s, but trumpet with vertical wrinkles. Egg 
with a very narrow deck. 

Related to peditaeniatus from which it differs mainly as follows :- 
FEMALE (fig. 47). Thorax. Propleural setae 3-7. 
Legs. Fore tarsi with second pale band about 4 as long as the segment, mid 

tarsi with third band about i or less as long as the segment, hind tarsi with third 
band about as long as the fourth segment, sometimes longer and joining or almost 
joining with the fourth band ; in specimens with the broadest hind-tarsal pale 
bands the leg may be all white or nearly all white from the middle of the third seg- 
ment to the tip. 

Wings. Length 3.1-3.9 mm. As in peditaeniatus, there are no pale scales on the 
basal third of the costa or fringe spot at 5.2, but the wing is considerably darker 
with reduced pale areas on the costa and vein I. Humeral cross vein with dark 
scales, remigium with fewer pale scales. Costa with small subcostal pale spot 
seldom spreading on to vein I, often reduced to a fleck of orange scales, occasionally 
absent. Base of vein I usually with much fewer pale scales, none in the distal third 
between subcostal and preapical pale spots. Stem of vein 2 all dark, apical dark 
mark on 5.2 longer, often equal to that on 6. 

MALE (fig. 47). Phallosome with only two pairs of leaflets, both serrate, basal 
teeth present. 

PUPA (fig. 47). Darkly pigmented. Trumpet distinctive, with vertical wrinkles 
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or ribs in the pinna. Abdominal hairs I and 5 on V with many branches, hair I, 
17-40, hair 5 more than 50. Lateral spine VIII and refractile border of paddle 
much as in peditaeniatus. 

d 

FIG. 47. A. argyyo$ms, adult and pupa. a, wing ; b, hind tarsus ; c, hind tarsus with 
very broad pale bands ; d, mid tarsus (cf. fig. 44c, peditaeniatus) ; e, dorsal club of 
harpago ; f, phallosome leaflets ; g, pupal trumpet ; h, 9 pupa, distal part of the 
abdomen, dorsal surface, left side (not all small hairs shown). 
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LARVA (fig. 48). Usually dark brown without transverse pale bands. 

Head. Clypeal hairs : inner simple, outer very bushy with 70-90 branches. 
Sutural hair with many branches, IZ--22. Antenna1 shaft relatively slender (cf. 
nigerrimus, fig. 34c), shaft hair usually reaching to the end of the shaft. 

d 

FIG. 48. A. avgy~opz~s, larva and egg. a, antenna ; b, tergal plate VIII 
d, egg, dorsal and lateral views. 

a 

; c, saddle hairs ; 

Thorax. Mesothoracic hair 4 of normal shape, not as in peditaeniatus. 
Abdomen. Palmate hairs as in peditaeniatus, hair 5,IV with 4-10 branches (cf. 

nigerrimtis z-4), tergal plate VIII about 2 as long as wide. Pecten with 6-8 long 
teeth, saddle hair strong and longer than the saddle (cf. indiensis, fig. 39b). 

EGG (fig. 48). Length 0.53 mm., similar to that of crawfordi, having a very 
narrow deck and prominent points with large bosses, instead of rounded points and 
small bosses as in sinensis, rather more float ribs (30-35) than crawfordi and the 
points and bosses a little larger. 
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NOTES. This species is probably related to Peditaeniatus as shown in the pupa 
by the reduced branching of lateral spine VIII and long refractile paddle border, 
but it is more closely related to the A. coustani group, which is the African counter- 
part of the hyYcanus group. 

A. argyropus resembles the members of the coustani group in the broad pale 
bands of the hind tarsi, except that the last two or three segments are usually 
entirely white in the coustani group and only occasionally so in argyropus. A more 
important resemblance is in the vertical wrinkles or ribs on the pupal trumpet, so 
distinctive of argyropus in the Oriental region, but apparently common to all mem- 
bers of the coustani group (Evans, 1938, fig. 16) ; the latter also seem to have a 
long refractile border on the paddle. There is also resemblance in the wing pattern, 
particularly in the small subcostal pale spot not reaching vein I, the scarcity of 
pale scales along vein I, the long dark mark on the base of vein 5 and the absence of 
a pale fringe spot at 5 52. 

Specimens of A. tenebrosus, in the coustani group, are encountered in which the 
last two segments of the hind tarsi are not entirely white. These specimens are 
scarcely distinguishable from argyropus, because tenebrosus lacks the pale band at 
the base of the first hind-tarsal segment present in other members of the coustani 
group, but absent in at least the Oriental members of the hyrcanus group, including 
argyropus. Larvae of the coustani group usually have the inner shoulder hair 
branched from about the middle or below, instead of only at the tip or simple as is 
usual in the hyrcanus group, but again there are exceptions. The relation between 
the two groups needs further investigation, especially where they overlap in North 
Africa, but such an investigation would probably require a thorough revision of 
both groups. If this showed that there are reliable morphological grounds (such as 
the presence or absence of ribs on the pupal trumpets) for separating them, apart 
from grounds of zoogeography and convenience, then argyropus might be seen to 
belong more properly to the coustani than to the hyrcanus group. 

A. argyropzts shows geographic variation in the width of the hind-tarsal pale 
bands similar to that shown by Peditaeniatus ; that is, the bands tend to be narrower 
in specimens from the western parts of the range such as Assam. Such specimens 
can be distinguished from Peditaeniatus by their relatively narrow mid-tarsal bands 
and by the few pale scales on vein I (see under notes for peditaeniatus). 

Distribution. The range of argyropus seems to be from India through Thailand 
and Malaya to Java, and possibly further east both on the mainland and in the 
archipelago, but it appears to be absent from Borneo and the Philippines. 

Habits and vector status. A rather local species in Malaya, though sometimes 
common where it occurs. Larvae have been found in large deep swamps at points 
where bushes and reeds, growing in the water, provided shade. Probably largely 
zoophilous and not a vector of human disease. 
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A. BARBIROSTRIS species group, Reid (1962). 

Anopheles barbirostvis Van der Wulp, 1884. 

Female with very shaggy all-black palps and a tuft of black scales on stemite VII of 
the abdomen. Other sternites usually with a few scattered white scales in both sexes. 
Sides of thorax often with some white scales associated with the groups of setae. 
Wing usually with a pale fringe spot at 5 -2 and a few scattered pale scales on the 
basal half of the costa. Inner shoulder hair of larva branched from near the base, 
outer clypeal hairs usually bushy. 

This is a well marked group of about II species (six in Malaya) which resemble 
one another very closely, especially as adults. The group is confined to the 

FIG. 49. A . ‘ barbirostris ‘, from Stanton. Female and head of larva ; the 

probably that of A. donaldi as there is a pale fringe spot at the end of vein 2. 
wing is 
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Oriental region, ranging from India eastwards to south China and Formosa, and 
through the Malay Archipelago to the Philippines, Celebes and Moluccas and the 
western tip of New Guinea. From the Philippines and Celebes eastwards it overlaps 
with the closely related bancroftii group ; the two can usually be distinguished as 
follows :- 

Legs speckled, wing fringe with a pale spot at 4.1 but not at 3, larva with a long 
tapering stigma1 process. N. Australia, New Guinea and as far west as the 
Philippines and Celebes . . . . . . . . . bancrof tii group 

Legs rarely speckled, wing fringe with a pale spot at 3 but no separate spot at 4-1, 
larva without a stigma1 process or only a short blunt one. India to western New 
Guinea . . . . . . . . . . barbirostris group 

Compared with the species of the hyrcanm group, those of the barbirostris group 
show little variation, and there are fewer characters by which they can be distin- 
guished ; if adults alone are available without the early stages, identification is 
sometimes difficult. This lack of obvious differences is the reason why many of the 
species have only recently been described, although workers have suspected for 
some time that ‘ barbirostris ’ was a complex. As with the A. maculipennis group 
in Europe, it was anomalies in the distribution of malaria carried by ‘ barbirostris ’ 
that led to the unravelling of this difficult species group. 

On the whole the species are not so generally distributed and common as those of 
the hyrcanus group, and some are rather scarce forest species. Others, however, 
are common enough, and amongst them are at least two that are vectors of malaria 
and filariasis, so that it is important to be able to identify these two correctly. 
The commoner species are swamp breeders like the hyrcanus group, the larvae 
usually being found in deep water with vegetation and some shade. Living females 
can often be recognized with the naked eye by the very thick and rather lumpy 
appearance of the palps ; they will often attack in the shade by day and must not 
be mistaken for A. zwnbYosus, which behaves in the same way and also has rather 
thick black palps, but these are smooth not lumpy (cf. figs. 49 and 65), and the 
centre of the mesonotum is a uniform ashy grey, not mottled as in barbirostris. 

Males of the barbirostris and umbrosus groups are sometimes confused but can be 
distinguished as follows :- 

Basal half of costa usually with some scattered pale scales, usually with a fringe spot 
at 5.2, sides of thorax and coxae and usually the venter of the abdomen with some 
pale scales . . . . . . . . . . barbirostris group 

Basal half of costa without scattered pale scales, no fringe spot at 5 Q, sides of thorax 
and coxae usually and the venter of the abdomen always without pale scales 

umbrosus group 

The species of the barbirostris group, including those not occurring in Malaya or 
Borneo, are distinguished by the following general key that makes use of all stages. 
Keys to the separate stages, restricted to species occurring in Malaya, follow after 
the general key. 

To identify pupae and larvae it is sometimes necessary to use the summation 
method. This means counting and adding together the number of branches on 
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a pair of hairs, instead of the usual procedure of counting the branches on only 
one hair of a pair. The summation method does not always help, but, when it does, 
the effect is to reduce the amount of overlapping between the ranges in the number 
of branches on a particular hair in two species. For example, in specimens from 
Malaya a single hair 13,111 on the ventral abdominal surface of the larva of bavbirostris 
has 3-12 branches, and on the larva of campestris S-21, so there is overlapping, 
and a specimen with 8-12 branches on this hair could be either barbirostris or 
campestris. In fact, 45 per cent. of the specimens examined fell in this overlap 
zone, making the character useless, but when the sum of the branches on the pair 

1;IG. 49A?L. A. barbivostvis group, diagram to show the positions of abdominal hairs on the 
larva and pupa. Above, larva, segment III, ventral hairs left side, dorsal hairs right 
side ; below, pupa, segment V, dorsal hairs right side (the position and appearance of 
hair z used in the key, and of other hairs, except 3 and 4, is much the same on all segments 
from III to VII of the pupa). 

of hairs 13,111 on each specimen was recorded, this sum was found to vary from 10-24 
for barbirostris and from 21-39 for campestris. The zone of overlap was smaller, 
and the proportion of the specimens falling in this zone was reduced to 14 per cent., 
and could be reduced to 4 per cent. by taking the summation a step farther and 
adding the sum of the branches on the pair of hairs 13,11 (p. 128). It is not yet 
known how far these figures can be relied upon for identifying specimens from 
countries other than Malaya, 
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GENERAL KEY TO THESPECIESOFTHEA.BA RBIROSTRIS GROUP 

Wing with lower apical pale fringe spot wide, at least from 3 to 4.1 ; no ventral 
pale scales on abd. II-VI. Larva with palmate hairs on abd. II usually 
unpigmented. Egg in some species with ventral prolongations from the float 
ridges . . . . . . . . . . (vanus subgroup) z 

Wing with lower apical fringe spot narro\v, opposite 3 only ; some ventral pale 
scales nearly always present on abd. II-VI. Palmates on abd. II usually 
pigmented. Egg without ventral prolongations from the float ridges 

(barbirostris subgroup) 6 
Inner clypeal hairs of larva with distinct side branches . . . ahomi 

Assam, Burma* 
Inner clypeal hairs without side branches . . . . . . . . 3 
Legs above from femur to first tarsus mottled with pale spots . . Ceylon sp. 
Legs not so, dark above . . . . . . . . . . . 4 
Pupa with abdominal hair r,VII tufted, dark, about 1-j-20 branches ; trumpet 

with a shallow secondary cleft prolonged as a seam. Adult male with the large 
pair of phallosome leaflets rather strongly curved . . barbumbrosus (p. 138) 

Mainland -Asia, Sumatra, Java, Taiwan 
Pupal hair 1,V11 not tufted, branches separate, few, less than IO ; trumpet with no 

secondary cleft and seam, or with a deep cleft. Large pair of phallosome leaflets 
not strongly curved . . . . . . . . . . . 5 

Pupal trumpet without secondary cleft. Adult usually with less than 8 propleural 
setae ; mid tarsi with narrow pale bands. Larva seldom with more than 25 
branches on the outer clypeal hairs . . . . . . vanus (p. 141) 

Borneo to western New Guinea 
Pupal trumpet with a deep secondary cleft. _Ydult usually with more than 9 

propleural setae ; mid tarsi usually unbanded. 1,arva with 30-40 or more 
branches on the outer clypeals . . . . . . manalangi 

Philippines 
Pupal trumpet without secondary cleft . . . . . . . . 7 
Pupal trumpet with secondary cleft . . . . . . . . . 8 
First pale band on the fore tarsi broad, longer than 5th segment, usually about as 

long as 4th. Larva with a thumb-like stigma1 process ; transsutural hair (no. 9) 
on the head with 10-17 branches . . . . . . pollicaris (p. 136) 

Malaya, Thailand 
First fore-tarsal pale band narrow, half or less than half as long as 5th segment. 

Larva without a stigma1 process ; transsutural hair with 7-10 branches 
hodgkini (p. 134) 

Mainland Asia, Borneo 
Wing without a pale fringe spot at z .I (except occasionally in males, rarely in 

females). Egg with a single undivided deck . . . . . . . 9 
Wing with a pale fringe spot at z *I. Eggs with the deck divided or at least 

narrowed in the middle . . . . . . . . . . IO 
Pupa, the sum of the branches on both abd. hairs z,VI is 9-16. :Ydult, ventral abd. 

pale scales fewer, usually confined to the median tufts and a few on the lateral 
margins of each sternite ; wing often paler, especially vein 5. I,arva, the sum of 
the branches on both abd. hairs 13,111 is 10-24 . . . barbirostris (p. 122) 

lndia to Moluccas, excluding Borneo and Philippines 
Pupa, the sum of the branches on hairs 2,VT is 17-38. Adult, ventral pale scales 

more numerous, with some scattered between the median tufts and those on the 
lateral margins of the sternites ; wing darker. Larva, the sum of the branches 
On hairs 13,111 is 21-39 . . . . . . . campestris (p. 129) 

Mainland Asia 
* Naymyo (Feegrade, 1936). 
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IO 

- 

Pupa with abd. hair I,VII forming a dense tuft with about 25-30 branches. Adult 

abdomen with a moderate number of ventral pale scales as in barbivostris ; third 
hind-tarsal pale band nearly always crossing the joint on to the base of 4th 
segment. I,arva with more than 40 branches on the outer clypeal hair 

donaldi (p. 132) 
Thailand, Malaya, Borneo 

Pupal hair 1,V11 not tufted, 3-g branches. *%dult abdomen with very few ventral 
pale scales ; third hind-tarsal pale band seldom crossing the joint on to 4th 
segment. Larva with about 16-25 branches on the outer clypeal hair 

jranciscoi 
Philippines 

KEYS TO DIFFERENT STAGES OF SPECIES OF THE A. BARBIROSTRIS GROUP 
OCCURRING IN MALAYA 

At present only three species of the group are known from Borneo, donaldi, hodgkini and 
vanus, the last does not occur in Malaya: _ 

XDuLrs (particularly females) 
Lower pale fringe spot at apex of wing wide, extending at least from vein 3 to 4.1 ; 

no white scales on the underside of the abdomen . . barbumbrosus (p. 
Lower pale fringe spot narrow, at vein 3 only ; with at least a few white scales on the 

mid-ventral line of the abdomen . . . . . . . . . 
With only two apical fringe spots, no spot at 2 *I ; mid tarsi often unbanded . . 
With three apical fringe spots, the middle one at 2 *I ; mid tarsi usually with narrow 

pale bands . . . . . . . . . . . . . 
White ventral scales on the abdomen numerous, not confined to the median tufts on 

each sternite but scattered between these tufts and a row on the lateral sternal 
margins ; wing darker, usually more than half the scales dark between the basal 
dark mark on 5 and the apical dark mark on 5 ~2 . . . campestris (p 

White ventral scales fewer, confined, at least in specimens from the west side of 
Malaya, to the median tufts and a few on the lateral sternal margins, these last 
usually difficult to see in dried specimens ; wing paler, usually less than half the 
scales dark between the basal dark mark on 5 and the apical dark mark on 5 -2 

barbirostris (p. 
Pale bands on the fore tarsi rather long, first band longer than 5th segment, usually 

about equal to 4th, about one-third of the band lies across the joint on the base of 
2nd segment ; distal third of the costa beyond the subcostal pale spot sometimes 
with some pale scales . . . . . . . . pollicaris (p. 

Pale bands on the fore tarsi shorter, first band seldom longer than 5th segment, one- 
quarter or less of the band is on the base of 2nd segment ; no pale scales on the 
distal third of the costa . . . . . . . . . . . 

First fore-tarsal pale band more than half as long as 5th segment, often crossing the 
joint on to 2nd segment ; sum of the median white scales on the five sternites 
II-VI is about 20-50 *, lateral sternal margins (if visible) often with one or two 
white scales . . . . . . . . . . . donaldi (p. 

First fore-tarsal pale band half or less as long as 5th segment, seldom crossing on to 
2nd segment ; sum of the median white scales on the five sternites II-VI usually 
less than 20, none on the lateral sternal margins . . . hodgkini (p. 

138) 

2 

3 

4 

129) 

122) 

136) 

5 

132) 

134) 

* Accurate counting of these white scales requires a strong light and 50 x magnification. 
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PUPAE 
Trumpets with secondary cleft and seam . . . . . . . . 2 
Trumpets without secondary cleft or seam . . . . . . . . - 
Lateral spine VII black, 7 or 8 x as long as thick . . barbumbrosus (p. 138; 
Lateral spine VII brown, shorter, 4 to 6 x as long as thick . . . . 3 
Sum of the branches on both abd. hairs 2,VI is 17-38 . . . campestris (p. 129) 
This sum is 5-16 . . . . . . . . . . . . 4 
Sum of the branches on both abd. hairs 2,111 is 11-19 . . . barbirostris (p. 122) 

This sum is 8-11 . . . . . . . . . . donaldi (p. 132) 
hbd. hair o,VII with 2-5 branches . . . . . . pollicaris (p. 136) 
This hair with 1-2 branches . . . . . . . . hodgkini (p. 134) 

LARVAE 
Anterior plate of the spiracular apparatus with a thumb-like stigma1 process ; 

transsutural hair (head hair g) with 10-17 branches . . . pollicaris (p. 136) 
No such stigma1 process ; transsutural hair with j-11 branches . . . . 2 
Outer clypeal hair with 15-27 branches, usually somewhat lax and spreading 

barbumbrosus (p. 138) 
Branches of the outer clypeal hair usually stiff and crowded, generally much more 

numerous (19-95) . . . . . . . . . . . . 3 
Sum of the branches on both abd. hairs 5,111 plus sum of the branches on both hairs 

13,IV totals 25-38 ; outer clypeal hair with less than 40 branches . hodgkini (p. 134) 
This total is 16-27, if it is 25 or more the outer clypeal hair usually has more than 60 

branches . . . . . . . . . . . . . 4 
Difference between the sum of the branches on both abd. hairs 13,111 and the sum of 

the branches on both hairs 5,VII is O-IO . . . . . barbirostris (p. 122) 

This difference is 9-23 . . . . . . . . . . . 5 
Sum of the branches on both abd. hairs I 3,I is 27-45 . . . campestris (p. 129) 
This sum is 18-27 . . . . . . . . . . donaldi (p. 132) 

Anopheles barbirostris Van der Wulp, 1884 

Notes Leydegz Mus. 6 : 248. 
TYPE : 9 from Mount ,4rdjoeno, East Java, in Leyden Museum. 
vtzartini Laveran, 1902. Cambodia, 2 $?$! in Pasteur Institute, Paris. 
Light-winged or LW form of barbirostris of Reid (1942). 
? vanus of Bonne-Wepster & Swellengrebel (rg53), and of Wattal, Kalra & Gopal (1961) ; not 

vanus Walker, 1859. 
? innovninata Stoker & Waktoedi, 1949 (barbivostris ssp.). 

DIAGNOSIS. In addition to the group characters of shaggy black palps and black 
scale tuft on sternite VII in the female, with scattered white scales on other sternites 
in both sexes, this species has the following characters. Wing usually without a 
fringe spot at 2.1, stem of vein 5 between basal dark mark and fork most often with 
less than half the scales dark. Abdomen with the ventral white scales on each 
sternite usually limited to the median group and a few on the lateral margins. 
Pupal trumpet with a secondary cleft. Egg with an undivided deck not narrowed 
in the middle and floats about Q the length of the egg. 

FEMALE (figs. 49, 50). A large black Anopheline with particularly shaggy palps, 
the wings having a finely speckled appearance due to areas of rather large mixed 
black and white scales. 
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Head. Palps black, the scales semi-erect except at the tip, giving the palps a 
thick, shaggy appearance, slightly accentuated at the joints, especially in living 
specimens. Proboscis black, rough, with semi-erect scales except towards the tip. 

Thorax. Mesonotum, viewed from above and behind, grey mottled with darker 
patches, setae pale, anterior promontory with narrow white median scales and 
darker lateral scales. Anterior pronotal lobes with a tuft of dark scales. Haltere 
knobs black. Pleura with some white scales associated with some of the groups of 
setae, particularly the lower sternopleurals with 5-10 scales and the lower mese- 
pimerals with z-12 scales. Propleural setae 3-5, upper mesepimeral setae (subalar) 
12-15, lower mesepimeral o-3. Most species of Ano@zeZes do not have lower 
mesepimeral setae. 

FIG. 50. A. Dnvbivostvis, adult. a, wing ; b, hind tarsus ; c, mid tarsus ; d, fore tarsus ; 
e, abdominal sternites IV and v of 0 to show distribution of the pale scales ; f, general 
view of half of 3 genitalia showing left coxite, hsrpago, phallosblrle with leaflets, and 
right process of tergite IX. 
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Legs. Dark above, paler beneath, with narrow white marks at some of the joints. 
Coxae with white scales. Fore leg : femur swollen towards the base, apex with a 
white mark on the inner side, tarsi with apical pale bands on the first two or three 
segments, the first band about Q-3 as long as the fifth segment, occasionally crossing 
the joint. Mid leg : femur with an apical pale mark as on the fore femur, tibia 
narrowly pale apically, tarsi usually unbanded but sometimes with very narrow 
apical pale bands. Hind leg : with a narrow pale band at the femoro-tibia1 joint, 
apex of tibia with a narrow pale band, tarsi with short pale bands at the joints, the 
longest about z to 3 x as long as wide, the third and fourth bands, and to a lesser 
extent the second, lying across the joints, the first more often apical only. 

Wings. Length 3.9-4.6 mm. Pattern as illustrated, costa usually with a very 
small humeral pale spot and nearly always with some scattered pale scales between 
this and the subcostal pale spot, all black beyond the subcostal pale spot as far as 
the upper apical fringe spot (this spot corresponds to the less distal preapical pale 
spot lying before the end of vein I in most members of the hyycanus group, e.g., 
fig. 28). Humeral cross vein with black scales. Vein I between origin and sector 
pale spot with 3-5 irregular pale spots, beyond the sector pale spot there is usually a 
pale spot just before the level of the origin of vein 3, and some scattered pale scales 
about opposite the subcostal pale spot on the costa, vein I black beyond this except 
for the extreme tip which is included in the pale area formed by the upper apical 
fringe spot and the tips of this vein and 2-1. Extreme tip of 2 -I usually slightly 
dark, at least on the underside of the wing. Pale fringe spots at the ends of veins I, 

3 and nearly always 5 -2, rarely at 2 -I. Vein 5 with mixed white and dark scales at 
extreme base, distal to this is the basal dark mark, and between this mark and the 
fork are mixed white and dark scales, usually half or more being white ; extreme 
tip of 5 ~2 usually pale. 

Abdomen. Dark brown to black, with a median ventral tuft of black scales 
posteriorly on sternite VII and usually a few black scales in the same position on VI, 
a few white scales on all sternites except I. The white scales are usually most 
evident on III-V, forming a small median group on each sternite with a few on the 
lateral margins, the latter may be hidden by the down-turned edges of the tergites. 
In specimens from the west side of Malaya there are usually few or no white scales 
between the median group and those on the lateral margins. The median white 
scales usually number about 4-12 per segment on sternites III-V, and on II-VI 
added together they total about 15-40 with an average of about 30. 

MALE (fig. 50). Similar to the female, but the pale markings of the wings and 
tarsi may be somewhat larger. 

Head. Palps black, though there may be two narrow faint pale bands on the 
club. 

Legs. More often with minute pale bands on the mid tarsi. 
Wings. Occasionally with a pale fringe spot at 2.1. 

Abdomen. Ventral white scales much as in the female, no black tuft on VII, 
dorsally VIII bears some median scales, white anteriorly and mostly dark 
posteriorly. 
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Genitalia. Coxites with white dorsal and black lateral scales. Appearance of 
the genitalia milch the same as in the hymanm group, except that the phallosome 

FIG. 51. A. baybirostris, $ pupa. 1, abdomen, dorsal hairs on left (but see legend, fig. 29) ; 
2, trumpet ; 3, lateral spines ; 4, lateral border of paddle. 

(From Crawford) 
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leaflets are considerably longer and more evenly serrated. There are 4-5 pairs of 
leaflets, the largest about 0.09 mm. long with a pronounced blunt tooth at the base 
and fine teeth on both edges mainly in the distal +. 

PUPA (figs. 49A, 51, 52). Living pupa dark in colour, with fine pale speckling, 
sometimes with a median pale patch on abdominal segment III ; respiratory trumpet 
from above of characteristic shape, transversely elongate with a secondary cleft 
externally. In mounted skins the trumpet also presents a characteristic appear- 
ance ; the structure of the trumpet is described on p. 20, and in more detail else- 

l;IG. 52. A. ba~bi~ost~is, pupa. a, cephalothorax of live pupa from above showing the 
shape and position of the expanded trumpets ; b, enlarged view of expanded left trumpet, 
nzc meatal cleft, s secondary cleft ; c, side view of left trumpet as seen in a mounted 
skin ; d, lateral spine of abd. seg. VII, right side. 

where (Reid, 1963a). For a partial summary of the chaetotaxy see Appendix, 
Table III, and for a detailed description of the pupal skin see Crawford (1938, p. 39) ; 
it is usually moderately pigmented with dark areas at the bases of the paddles and 
some of the hairs. Abdominal hairs I and 5 are strong tufts with about 15-55 
branches. Hair 2,111 has 5-10 branches, z,VI 3-9 and z,VII 4-9 ; the sums of the 
branches on both hairs of each pair (see p. 118) are, on III 11-19 (donaldi ~-II), on 
VI 9-16 (donaldi 5-11, campestris 17-38), on VII 10-18 (campestris 17-34). The 
sum of the branches on the four hairs z on VI and VII is 19-34 (campestris 35-70), 
and the sum for all six hairs on III, VI and VII is 33-48 (donaldi 23-32). The 
lateral spines are usually moderately dark, spine VII is about 4-6 x as long as 
thick, spine VIII with about 10-17 branches, sometimes inconspicuous or reduced. 
Paddles about 4 as wide as long (index I .3-1.6), with refractile borders about 1 
their length. 
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LARI-A (figs. 49, 49A, 53). Living larva greyish brown to black, often with paler 
marks on the thorax and abdominal segment III, and sometimes also on VI-VIII, 
not on V as in hyrcanus group. For details of chaetotaxy see Appendix, 
Table IV. 

Head. Clypeal hairs : inner simple, occasionally forked at the tip, outer brush- 
like with 30-65 stiff branches. Sutural hair 7-11 branches. Frontal hairs 6 and 7 
with 8-14 and 8-18 branches, the sum of the branches of both pairs (four hairs) is 

39;~62@;naJai 50-7.5) * 
. Inner shoulder hair with 5-11 spreading branches from near the base 

(cf. hy ycanus group). Hair 13 on the mesothorax with 12-21 branches (cam$estris 
20-28). 
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FIG. 53. A. bavbirostvis, larva and egg. a, shoulder hairs of prothorax, left side ; b, 
prothoracic hair 4 (cf. fig. 81c, Zetifev) ; c, external posterior pleural hair of prothorax 

(epl) ; 4 egg, d orsal and lateral views. 

Abdomen. Palmate hairs fully developed and pigmented on II-VII, diameter of 
those on IV about 0.20 mm. Hair 5,I with 3-5 branches, 5,111 5-10, 5,vII 4--8 ; 
the sums of the branches for each pair are, on I 6-g, on III 11-18, on VII 10-15 
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(donaLdi 8-1-1). Hair 13,I with 7-17 branches, 13,II 8-16, 13,111 3-12, 13,IV 3-5 ; 
the sums of the branches for each pair are, on I 16-32, on II 16-28 (camfiestris 
24-45), on III 10-24 (campestris 21-39, donaldi 19-26), on IV 6-9 (hodgkini 10-18). 
On the four hairs 13 on II and III the sum of the branches is 29-52 (camjwstris 
48-81). The sum of the branches on both pairs 5,111 + 13,IV is 17-q (hodgkini 
25-38), and the difference between the sums for the pairs 13,111 and 5,VII is O-IO 
(campestris 9-23, donaldi 10-17). 

EGG (fig- 53). Length 0.54 mm. Deck single, a little over one-tenth the width 
of the egg, wavy margined, dorsal surface of the egg concave in side view, somewhat 
upturned at the tail end. Floats Q as long as the egg with about 28-44 ribs. 
Exochorion with polygonal network pattern. Resembles the egg of A. nigerrimus 
in the hyrcanus group, but is broader with more bulging floats and less prominent 
points. 

NOTES. A. barbirostris is the commonest and most widespread member of the 
group and is also more variable than most of the others. The description is based 
mainly on specimens from Selangor on the west side of Malaya where the closely 
related species campestris and donaldi also occur ; here barbirostris is less variable 
and identification is not difficult. But where barbirostris occurs alone without 
competition from either of the other two species, the adult females are more variable 
and a proportion may resemble campestris or donaldi. For example, at Kuantan 
on the east coast of Malaya campestris is absent and barbirostris breeds in shaded 
waters close behind the beach, where campestris might have been expected except 
that the soil is sand, not clay. About half the females show a pattern of ventral 
abdominal pale scales almost like that of campestris, there being a few pale scales 
between the median and lateral ones on the sternites. The identification of this 
form from Kuantan was in doubt until pupal and larval skins became available ; 
these showed clearly that it was barbirostris and not campestris. From Chiengmai, 
northern Thailand, where campestris possibly does not occur, a series of specimens 
contained a number that resembled cam@&& both in the darkness of the wing 
and the distribution of abdominal pale scales, but the pupal and larval skins indicated 
that these, as well as the rest of the specimens, were probably barbirostris (Reid, 

1962, p. 13). The same was true of a series from Rangoon, Burma, collected by 
Dr. P. F. Mattingly. 

Similarly, barbirostris may sometimes resemble donaldi. A small series from a 
shaded breeding place at Kuala Krai, Ulu Kelantan, where donaldi might have been 
expected, proved to be barbirostris on examination of the pupal and larval skins, 
though one or two of the adult females had a pale fring spot at 2.1 as in donaldi ; a 
similar series has been seen from Trang Province, south-west Thailand. 

This tendency, under certain circumstances, for some adults of barbirostris to 
resemble those of campestris or donaldi, means that identifications based on adults 
alone should not be regarded as reliable until confirmed by examination of the early 
stages, particularly the pupae (and for donaldi the eggs). Once the species present 
in an area are known, identification of adults without early stages may be perfectly 
reliable. 
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Though barbirostris appears to be harmless in most places, it is an important 
vector of malaria and filariasis in Celebes. However, there is some doubt about the 
identification, and Venhuis (Igsgb) noted that the vector form in Celebes differed 
slightly from the typical form, in particular because the third hind-tarsal pale band 
rarely extended across the joint on to the base of the fourth segment. But a series 
of specimens from Celebes, some with pupal and larval skins, examined by Reid (1962) 
were indistinguishable from barbirostris ; they did not correspond to Venhuis’s 
description and had the third hind-tarsal pale band crossing the joint in the usual 
manner. Possibly there are two forms in Celebes, ordinary barbirostris and a vector 
form that has not yet been adequately studied. The latter has been referred to as 
A. barbirostris subspecies innominata, and more recently by Bonne-Wepster & 
Swellengrebel (1953) as A. vanus Walker, 1859, which was described from a single 
male collected at Makassar, Celebes, by Alfred Russell Wallace. But vanzts, the 
type of which is in the British Museum, turns out to be a harmless species closely 
related to barburnbvosus with which it has been confused (p. 140). Wattal, Kalra & 
Gopal (Ig61), following Bonne-Wepster & Swellengrebel, have applied the name 
vanus to a form of barbirostris in India that differs slightly from the common Indian 
form. 

Distribution. Owing to the difficulty of identifying barbirostris with certainty 
unless early stages as well as adults are available, the range of this species is uncertain 
at present but is probably as follows :-India, Ceylon, Burma, certainly Thailand 
and Cambodia, probably south China including Hainan Island ; it is common in 
Malaya and appears to range through the archipelago from Sumatra to Celebes 
(where it is certainly present) and the Moluccas, but it is absent from Borneo and 
the Philippines. 

Habits and vector statm. A mainly zoophilous species that is not a vector of 
human disease, except perhaps in Celebes (see above). Larvae are found in a 
variety of breeding places in sunlight or shade, but usually in deep water with some 
vegetation, common in or near rice-fields. 

Anopheles campestris Reid, 1962 

Bull. ent. Res. 53 : 15. 
TYPES : 9 type and 3, q paratypes, with pupal and larval skins, from Klang, Malaya, in BMSH. 
Dark-winged or IIV’ form of barbiroshs of Reid (1942). 

DIAGNOSIS. Very closely similar to barbirostris, but usually more than half the 
scales on the stem of vein 5 are dark, and there are more ventral abdominal white 
scales. More reliable is the presence of more branches on certain pupal and larval 
hairs. 

As for barbirostris except as follows :- 
FEMALE (fig. 54). Head. Proboscis tends to be longer, av. 2.4 mm., compared 

with 2~2 mm. in barbirostris from western Malaya. 
Legs. Fore tarsi seldom with a third pale band, mid tarsi nearly always without 

pale bands. 
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Wings. As illustrated, 3.7-4.5 mm. long, somewhat darker or much darker, 
most noticeably on vein 5 on which more than half the scales between the basal 
dark mark and the fork are dark. Tip of the wing often with a narrow pale bar 
stretching from the upper fringe spot across the veins to the end of 4.1 ; this 
pattern is much less common in barbirostris. 

FIG. 54. A. canzpestris, adult and larva. a, wing ; b, abdominal sternites IV and V of 
$! to show distribution of the pale scales ; c, outer clypeal hair of larva ; d, phallosome 
leaflets of male. 

A bdomea. The ventral white scales are more numerous, there are always some 
between the median group and the lateral ones on each sternite. Some of the 
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lateral ones are usually visible even in dried specimens. On sternites III-V there 
are about 7-18 median white scales per segment, the total of these scales on II-VI 
is about 40-50. Sternite VI seldom has any dark scales on the posterior border. 

MALE (fig. 54). Like the female, distinguished from barbirostris mainly by the 
darker wing and more numerous ventral white scales on the abdomen. Dorsal 
scales on VIII distributed over the full width of the segment in its posterior half. 

Genitalia. Phallosome leaflets longer, the largest about O-II mm. long, 3-5 pairs. 

PUPA. Very similar, except that hair z has distinctly more branches ; 2,111 with 
g-22, 2,VI 8- 22, 2,VII 6*-17 ; the sums of the branches on both hairs of the pairs 
on VI and VII are, on VI 17-38 (barbirostris 9-16, donaldi ~-II), on VII 17-34 

(barbirostris 10-18, donaldi 7-12). The sum of the branches for the four hairs on 
VI and VII is 33-70 (barbirostris 19-34, donaldi 13-23). 

LARVA (fig. 54). With rather more branches on certain hairs, otherwise indis- 
tinguishable from barbirostvis. Outer clypeal hairs more bushy with 65-95 branches. 
Hair 13 on the mesothorax and first four abdominal segments with rather more 
branches, thus : mesothorax 20-28, abdominal segment I 12-27, II 12-23, III 8-21, 

IV 3-7 ; the sums of the branches for each abdominal pair are, on I 27-45 (donaldi 
18-27), on II 24-45 (barbirostris 16-28), on 111 21-39 (barbirostris IO-24), on IV 
6-13. The sum of the branches on the four hairs 13 on II and III is 48-81 (barbiro- 
stris 29-52). Hair 5 on the abdomen has very much the same number of branches 
as in barbirostris, but the difference between the sums for the pairs 5,VII and 
13,111 is 9-23 (barbirostris O-IO). The sum for the pairs 5,111 + 13,IV is 17-27 
(hodgkini 25-38), and for the pairs 5,VII + 131 is 40-57 (donaldi 26-38). 

EGG. As for barbirostris. 

NOTES. Along the west coast of Malaya there is usually no difficulty in dis- 
tinguishing adults of campestris and barbirostris (see key, also notes under barbiro- 
stris). Elsewhere, until the distribution of the two species is better known, speci- 
mens with dark wings and numerous pale scales on the underside of the abdomen 
should not be positively identified as campestris unless confirmed by examination 
of pupae and larvae. The pupal difference is the best and is considerably easier to 
use than the larval difference. 

A. camp&% is less variable than bavbirostris, but there is a tendency for speci- 
mens from places to the north of Malaya to have more numerous and broader pale 
scales on the underside of the abdomen. 

Distribution. The range of this species is uncertain because of the lack of 
specimens with associated pupal and larval skins. It appears to be largely con- 
fined to broad alluvial plains (thus the name canz$estris) along coasts and deltas. 
Within Malaya it is found along the western plain, particularly near the coast where 
the soil is often a heavy clay ; it appears to be absent from most of the sandy east 
coast, though probably present in small numbers on the plain of Kelantan around 
Kota Bharu. Outside Malaya it has been positively identified only from south 
Thailand (the peninsula, and the plains west of Bangkok), though it may also be 

* Includes some specimens from Chumphon, peninsular Thailand, Jan., 1967 (D. E. Moorhouse). 
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present in Indo-China. It appears to be absent from Sumatra and Java and the 
rest of the archipelago and may prove to be confined to the mainland of South-East 
Asia. 

Habits and vector status. In Malaya this is a truly anthropophilous species which 
under comparable conditions is more attracted to man than to animals. It enters 
houses to bite, and significant numbers may remain inside to rest by day, though 
probably the majority rest outside. These habits contrast with those of barbirostris 
which it resembles so closely morphologically. There is some evidence that it is 
less strongly attracted to man in Thailand. 

Along much of the west coast of Malaya, campestris is an important vector of 
malaria, and of filariasis due to the periodic form of Brztgia malayi; it is probably 
also a minor vector of both diseases in Thailand. The breeding places are similar 
to those of barbirostris, usually in deep water with some vegetation and light shade 
from tall trees ; such places are often at the corners of rice-fields, in stagnant 
ditches between rows of coconut palms, or in earth wells ; sometimes the larvae are 
found in slightly brackish water. 

Anopheles donaldi Reid, 1962 

Bull. ent. Res. 53 : 17. 
TYPES : 0 type and 3, 0 paratypes, with pupal and larval skins, from Puchong, Selangor, 

Malaya, in BMNH. 
LW2 form of barbirostris, Rep. Inst. med. Res. Malaya for 1959, p. 51, and for 1960 p. 57. 

DIAGNOSIS. Very similar to barbirostris, but wing with a fringe spot at 2.1, and 
egg with the deck divided or narrowed in the middle and floats about $ its length. 

Differs from barbirostris as follows :- 
FEMALE (fig. 55). Thorax. Propleural setae 4-7, lower mesepimeral white 

scales 4-18. 
Legs. Fore-tarsal pale bands a little broader on the average, first band from 5 to 

as long as or slightly longer than the fifth segment, usually crossing the joint a little. 
Mid tarsi with narrow apical pale bands or flecks. 

Wings. Length 4.2-4.4 mm., with a pale fringe spot at 2.1 ; on the average 
paler, tip of vein 2.1 rarely with any dark scales above or below, see fig. 49. 

Abdomen. Ventral scales much as in barbirostris. 

MALE (fig. 55). On the average somewhat paler, pale bands on the palpal club 
usually more pronounced, first fore-tarsal pale ban d more than twice as long as 
wide (162 x in barbirostris). Apical fringe spots on the wing tend to be wider, 
those at I and 2.1 may fuse. Abdominal white scales usually median only. 
Phallosome leaflets 3-4 pairs, the largest about o-10 mm. long. 

PUPA. Very similar except that there are rather fewer branches on abdominal 
hair 2, thus : on III 3-6, on VI 2-6, on VII 4-7 ; the sums of the branches for the 
pairs are, on III ~-II (barbirostris II-19), on VI 5-11 (barbirostris 9-16, campestris 
17-38), on VII 7-12 (campestris 17-34). The sum of the branches for the four 
hairs on VI and VII is 13-23 (campestris 35-70), and for the six hairs on III, VI and 
VII it is 23-32 (barbirostris 33-48). 
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LARVA. Not always distinguishable from barbirostris. Frontal hairs 6 and 7 on 
the head with slightly more branches, 10-17 and 15-20 ; the difference is accentu- 
ated a little by summing the branches on all four hairs giving a total of 50-75 
(barbirostris 39-62). Abdominal hair 13,111 with rather more branches (8-14) and 
s,VII averaging slightly fewer (4-6), with the result that there is a larger difference 

b 
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FIG. 55. A. donaldi, adult and egg. a, phallosome leaflets ; b, fore tarsus ; c, mid 

tarsus ; d, egg, dorsal and lateral views ; e, variations in the shape of the deck of the 

egg. 

between the sums for the pairs 13,111 and s,VII, this difference is 10-17 (barbiro- 
stris O-IO). Other sums of the branches on pairs of hairs are as follows : s,VII S-II 
(barbirostris IO-q), 13,I 18-27 (CCWZ+&~S 27-45), 13,II 20-29, 13,111 19-26 



I34 ANOPHELES OF MALAYA AND BORNEO 

(barbirostris IO--24), 13,IV 6-8 (hod,+& 10-18) ; for the two pairs 5,VII + 13,I 
26-38 (ca~$estris 40-57). 

EGG (fig. 55). Length 0.48 mm., somewhat shorter than that of barbirostris. 
Differs distinctly in usually having the deck divided into an area at each end, or if 
not divided then narrowed towards the middle ; also the floats are relatively 
longer, about 2 as long as the egg, and the tail end is less upturned and pointed. 
Float ribs about 28-34. 

NOTES. Individual adults are not always distinguishable from pale specimens of 
barbirostris (p. 128), especially if the fringe at the tip of the wings has been rubbed. 
But in a series the presence of a pale fringe spot at 2.1, with moderately broad pale 
bands on the fore tarsi and narrow ones present on the mid tarsi, serves to identify 
this species ; it is distinguished from hodgkini as in the key. In Malaya the small 
pupal and larval differences are an additional means of distinguishing donaldi from 
barbirostris, but these differences do not work well for specimens from Borneo, where, 
however, barbirostris probably does not occur. The eggs seem to provide a reliable 
means of distinguishing donaldi. 

Distribution. The species is locally common in central and southern Malaya, 
and is the dominant member of the group in Borneo ; it is recorded from Thailand 
(Scanlon et al., 1968) and may be present in Sumatra and Java. 

Habits and vector status. This species is probably less zoophilous than barbirostris. 
In Borneo, although it appears to feed mainly on cattle, significant numbers enter 
houses at night and bite the occupants, though few remain to rest by day. It 
appears to be a minor vector of human malaria and filariasis in Borneo and Malaya, 
but more evidence is needed. In Borneo, where donaldi replaces barbirostris, larvae 
are found in a wide range of breeding places similar to those occupied by barbirostris 
elsewhere. In Malaya the larvae are usually found in more shady places than those 
of barbirostris such as tree-covered swamps in the lowlands or at the forest edge in 
hilly areas. 

Anopheles hodgkini Reid, 1962 
Bull. end. Res. 53 : 20. 
TYPES : $? type and 3, 9 paratypes, with pupal and larval skins, from Ulu Gombak, Selangor, 

Malaya, in BMNH. 

DIAGNOSIS. Wing with a fringe spot at 2.1, ventral abdominal white scales few, 
pupal trumpet without a secondary cleft, egg with a divided deck. 

Differs from barbirostris as follows :- 
FEMALE (fig. 56). Thorax. Subalar setae fewer, 7-11. 
Legs. Pale bands of the fore tarsi much as in barbirostris, narrower than in 

donaldi. Mid tarsi usually with narrow pale bands or flecks. Hind tarsi similar 
to those of barbirostris and donaldi. 

Wings. Length 4.2-4.8 mm., like that of donaldi, usually with a pale fringe spot 
at 2-1 at least on one wing. 

A bdonaen. Ventral white scales fewer, especially on the anterior sternites, median 
only, sometimes entirely absent. About o-5 per segment on III-V, total on II-VI 
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varies from o-20, average about IO. Sternite VII, anterior to the black scale tuft, 
usually has at least one or two pale scales. Posterior margin of VI often without 
any dark scales. 

b 

FIG. 56. A. hodgkini, adult, pupa, larva, egg. a, outer clypeal hair of larva ; b, fore 
tarsus of female ; c, cephalothorax of live pupa from above, showing the shape and 
position of the expanded-trumpets ; d, enlarged view of expanded left trumpet ; -e, side 
view of left trumpet as seen in a mounted skin ; f, egg, dorsal and lateral views. 

MALE. Palpal club usually with distinct narrow pale bands at base and middle, 
sometimes the terminal segment is partly pale. Phallosome leaflets 4-5 pairs, the 
largest about 0.08 mm. long, shorter than in barbirostris. 

PUPA (fig. 56). Trumpets without secondary cleft or seam. Hair o,VII with 
I-Z branches ($oZZicaris z-5). 

LARVA (fig. 56). Naked-eye appearance much as in barbirostris, but sometimes 
with a dark median line from thorax to abdominal segment VII or VIII flanked by 
a pale line on each side. 
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Head. Outer clypeal hair often relatively narrow with few branches, 19-34. 

Abdomen. Palmate hairs rather small, diameter of those on IV o-18 mm., those 
on II often weakly pigmented. Hair 5,111 with 6-13 and 13,IV with 5-g branches, 
slightly more than the preceding three species ; the sums of the branches for each 
pair are, 5,111 15-25, 13,IV 10-18 (barbirostris and donaldi, 13,IV 6-g) ; the sum 
of the branches on both pairs, 5,111 + 13,IV is 25-38 (barbirostris 17-25, campestris 
17-27, donaldi 16-26). 

EGG (fig. 56). Length 0.48 mm. Deck divided into a short area at each end, 
floats about $ the length of the eg g, float ribs about 28-30. 

NOTES. Adults can usually be identified as in the key, but might be confused 
with donaldi or barbirostris. When possible, identification should be checked on the 
early stages, the absence of a secondary cleft in the pupal trumpet is a clear-cut 
difference from barbirostris and donaldi. 

species but it appears to ite wide- 
to Indo- China and south th Thailand 

Distribution. This is 
spread, ranging apparen 
and Malaya to Borneo. 

not a common 
tly from Burma 

be qu 
rough 

Habits and vector status. Little is known about this species as yet, but probably 
it is seldom common enough to be a disease vector. Larvae are usually found in 
still water in shaded situations, often in or on the edge of forest. 

Anopheles pollicaris Reid, 1962 

Bull. ent. Res. 53 : 24. 
TYPES : 9 type and $, $J paratypes, with pupal and larval skins, from Ulu Gombak, Selangor, 

Malaya, in BMNH. 

DIAGNOSIS. Wing with a fringe spot at 2.1 and sometimes with irregular pale 
marks in the distal third of the costa, fore-tarsal pale bands usually rather broad, 
pupal trumpet without secondary cleft, larva with a stigma1 process, egg with a 
divided deck. 

A large species that is usually fairly easy to identify, differs from barbirostris as 
follows :- 

FEMALE (fig. 57). Thorax. Fewer lower sternopleural white scales, 2-6, but 
more lower mesepimeral scales, 8-17 (barbirostris 5-10 and 2-12) ; propleural and 
subalar setae fewer, 1-4 and 6-10 (barbirostris 3-5 and 12-15). 

Legs. Pale bands on the fore tarsi variable but usually rather broad ; first band 
varies from as long as the 5th segment to as long as the 3rd, commonly about as 
long as or a little longer than the 4th segment ; about i of its length lies across the 
joint on the base of the 2nd segment. Mid tarsi with narrow pale bands. Hind 
tarsi much as in barbirostris. 

Wings. Longer, 4.5-5.0 mm., with a fringe spot at 2.1, sometimes with irregular 
pale breaks in the distal part of the costa between the subcostal and upper apical 
pale spots, sector pale spot on vein I tends to be longer, extreme tip of 5.2 often 
dark. 
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MALE. Fore tarsus with first pale band usually about as long as the 3rd segment, 
varying from about as long as 4th to longer than 3rd. Phallosome leaflets 4-5 pairs, 
largest 0~07-0~08 mm. long. 

PUPA. Living pupa sometimes with a pronounced white mark on 3rd abdominal 
segment corresponding to that on the larva. Trumpet like that of hodgkini without 
a secondary cleft or seam. Abdominal hair o,VII with 2-5 branches (hodgkini 1-2). 

LARVA (fig. 57). Living larva often appears black and white due to pronounced 
pale marks on the thorax and abdominal segments III and IV contrasting with the 
dark brown or black of the remainder of the body. Distinguished by the short 
thumb-like process (stigma1 club) on the anterior plate of the spiracular apparatus ; 
in the living larva this can be seen, in a side view with a hand lens, projecting above 
the water surface as with the much longer process in A. umbrosw. Transsutural 

SC 
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FIG. 57. A. @dZicavis, adult, larva, egg. a, tip of wing ; b, fore tarsus ; c, stigma1 process 
of larva, SP, shown folded forwards, f fan-shaped plate from which the process arises, 
uz sclerotized apex of median plate, s spiracle, t tergal plate VIII ; d, egg, dorsal and 
lateral views. 

hair on the head with more branches, 10-17, than in the other species, 5-11. 

Palmate hairs rather large, diameter of those on IV about 0.27 mm. 
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EGG (fig. 57). Length 0.48 mm. Deck divided into a small area at each end, 
shorter than in hodgkini, floats about 2 the length of the egg with 28-30 ribs. 

NOTES. An uncommon forest species not yet recorded for certain outside 
Malaya and now Thailand (Scanlon et al., 1968)) though two pupae, which may be 
of this species, have been seen from Nepal (Hetuara, z,ooo ft., 1955, W. Peters). 
Small numbers have been caught attacking man inside forest, but presumably it is 
too scarce to be a disease vector. Larvae have been found in shaded pools with 
decaying leaves inside the forest in company with hodgkini and other forest 
Anophelines. 

Anopheles barbumbrosus Strickland & Chowdhury, 1927 

;\noph. Larvae India, Ceylon, Malaya p. 18 ; as bavbivostvis var. barburnbvosus, new name for 
Myzovhynchus barbivostvis var. pallid~s Swellengrebel, IgIg, preoccupied by pallidus Theobald, 
1901. 

TYPE : none designated, but I $ from Noesa Kembangan, Java, now in BMNH, may be one 
of Swellengrebel’s original specimens. Type localities : Mandailing, Sumatra, and Noesa 
Kembangan, Java. 

DIAGNOSIS. Wing with a broad lower apical fringe spot stretching from 3 to 4.1, 
abdomen without ventral pale scales, pupa with rather long black lateral spines, 
larva with relatively few lax branches on the outer clypeal hair and the palmate 
hairs on abdominal segment II often unpigmented. 

Easily distinguished from other Malayan members of the barbirostris group by the 
above characters, but very similar to vanus, which occurs in Borneo but not in 
Malaya. Differs from vanus mainly in the pupa which has a differently shaped 
trumpet, also abdominal hairs I and 5 are bushy as in barbirostris instead of few- 
branched as in vanus. Differs from barbirostris chiefly as follows :- 

FERlALE (fig. 58). &gS. Tarsal banding similar except that the mid tarsi have 
narrow pale bands. 

Wings. Length 3.8-4.8 mm., with a fringe spot at 2.1 ; lower apical fringe spot 
broad and distinctive, usually extending from above 3 to 4.1 or a little beyond, 
and at least from 3 to 4.1. 

Abdomen. Without ventral white scales. 
MALE (fig. 58). Similar to female ; abdomen without pale scales except on the 

genital coxites. 
Genzitalia. Processes of tergite IX usually rather short. Phallosome leaflets 

z-3 pairs, largest rather strongly curved distally and without an obvious basal 
tooth ; length, measured along the curve, about 0.09 mm. The large tooth in the 
curve of the largest leaflet (fig. 58a) was present in three Malayan specimens, but it 
may not be a constant feature and has not been seen in specimens from outside 
Malaya, which usually have 3-5 pairs of leaflets. 

PUPA (fig. 58). T rumpet with a shallow secondary cleft and long seam (fig. 58f) ; 
shape a little different from that of barbi?~ostris, the antero-lateral wing of the pinna 
somewhat larger and more rounded. Lateral spines long and black, those on VII 
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about 7 x as long as wide. (The pupa of vanm has a differently shaped trumpet 
without any secondary cleft or seam, and abdominal hairs I and 5 are not tufted 
but few-branched, fig. @g, h). 

LARVA (fig. 58). Outer clypeal hair with rather few, 15-27, not very stiff branches. 
Palmate II often unpigmented or weakly pigmented, palmate IV with diameter 
about 0.23 mm. 

EGG. Unknown ; it might be found to have ventral tails on the float ribs as in 
the related species vanzhs and unanalangi. 

FIG. 58. A. barbumbvosus, adult, pupa and larva (a-f), and A. vanus, pupa (9, h). 
a, phallosome leaflets ; b, outer clypeal hair of larva ; c, pupal abdominal hair I,VIII ; 
d, tip of wing ; e, pupal lateral spine VII, right side ; f, pupal trumpet of bavburvtbvosus ; 
g, trumpet and h, abdominal hair I,VII of vanus. 
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NOTES. A. barbumbrosus is one of five species forming the vanus subgroup (see 
key p. 120) that differs sharply from other members of the barbirostris group by 
having a wide lower apical fringe spot ; also there are no white scales on abdominal 
sternites I-VI and the second pair of palmate hairs on the larval abdomen is often 
unpigmented. 

There has been much confusion over barbumbrosus ; Haga (1924) mistakenly 
concluded that the adults could not be distinguished from those of barbirostris and 
the only reliable difference was the low number of branches on the outer clypeal 
hair of the larva. Other workers, like Christophers (1933) and Swellengrebel & 
Rodenwaldt (19x2), accepted this conclusion, so that adults were usually identified 
as barbirostris and the recorded distribution of barbumbrosus rested on larvae only. 
This had the result that the presence of barbumbrosus in India and Ceylon was 
overlooked, available adult specimens being identified as barbirostris, while 
barbirostris was wrongly recorded from New Guinea. Furthermore, the type 
specimen of A. vanus Walker, 1859, from Celebes, which has a wide lower apical 
fringe spot, had to be left as either barbirostris or barbumbrosus (Edwards, 1932), 
with the consequence that the common species in Celebes with barbumbrosus-like 
larvae was called barbumbrosus, and the much earlier name vanus was ignored, until 
it was misapplied to the vector form of barbirostris in Celebes (p. 129). 

Now that pupae have been compared, it is clear that barbumbrosus and vanus are 
two closely related but distinct species that seem to replace each other geographically; 
they are distinguished as in the key (p. IZO), but females and larvae cannot be 
separated at present. 

A. barbumbrosus seems to vary a little geographically, and the early stages, 
particularly pupae, from different parts of the range ought to be compared. The 
number of branches on the larval outer clypeal hair of specimens from Java and 
Sumatra (the type localities) is recorded as 8-15 (cf. 15-27 Malaya and Thailand). 
In adults there may be some differences in the number and shape of the phallosome 
leaflets of the male, while in a proportion of females, especially those from India 
(Wattal, Kalra & Gopal, rg62), and from Nepal and Ceylon, there is no fringe spot 
at 2.1 ; this may be of no significance, but the early stages of specimens with and 
without this fringe spot ought to be compared, both with one another and with 
those of the related species ahomi known from Assam and Burma. 

Distribution. The distribution of barbumbrosus appears to be from India and 
Ceylon to Thailand, and eastwards to Taiwan (Formosa) from where specimens with 
pupal skins have proved to be this species, not vanus (W. H. Cheong, J. C. Lien, 
in Zitt.), and south through the Malay Peninsula to Sumatra and Java. Whether 
it extends further east along the archipelago than Java, and overlaps anywhere 
with vanus is not known ; records from further east may all refer to vanus, which 
replaces barbumbrosus in Borneo, the Philippines, Celebes, Moluccas and the western 
tip of New Guinea. 

Habits and vector status. A. barbumbrosus is not a common species and appears 
to be very rare in central and southern Malaya ; possibly it may prove to be a little 
commoner in north Malaya where the climate is more seasonal. Larvae tend to be 
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found at the partly shaded edges of slow-moving streams in or near forest in hilly 
areas, and this seems to be true of vanus also. Relation to disease : no evidence 
but presumably harmless. 

Anopheles vanus Walker, 1859 

PYOC. Linn. Sot. Lond. 4 : 91. 
TYPE : 3, from Makassar, Celebes, collected by Wilfred Russell Wallace, in BMNH. 
Not vanus of Bonne-Wepster & Swellengrebel (19j3), = bavbivostris Celebes form of Venhuis; 

nor of Wattal, Kalra & Gopal (1961), (see p. 129). 

DIAGNOSIS. As for barbumbrosus but largest phallosome leaflet not strongly 
curved, pupa with a differently shaped trumpet without secondary cleft or seam 
and hairs I and 5 not tufted. 

FIG. 582~. Presumed egg of A. vanus, dorsal and lateral views. 
(After a drawing supplied by I?. E. Baisas) 

ADULT. Not distinguishable at present on external characters from barbumbrosus. 
In males the largest phallosome leaflet is not strongly curved, as is usual in 
barbumbvosus, and is somewhat shorter, about 0.07 mm. 

PUPA (fig. 58g, h). Trumpet without any secondary cleft or seam and with a less 
pronounced antero-lateral wing on the pinna. Abdominal hairs I and 5 few- 
branched, not tufted, hair 1,V11 with 1-7 branches and 5,VII with 5-12, compared 
with about 15-20 and 15-25 in barbumbrosus. 

LARVA. Not distinguishable at present from barbumbrosus. Outer clypeal hair 
similar with 16 to about 25 branches that are usually not stiff ; occasional specimens 
from Borneo have a higher number of branches, up to 35, or even 45-50 if the 
specimen seen by Haga (1924) was vanus. 

EGG (fig. #a). The drawing in fig. 58a is after illustrations, supplied by Mr. F. E. 
Baisas, of Philippine eggs believed to be those of vanus. Deck divided into an 
area at each end, float ribs prolonged ventrally into short tail-like processes. 

NOTES. The reasons for the previous confusion of vanus with barbumbrosus are 

explained in the notes under barbumbrosus (for more details see Reid, 1962). The 
reduced branching of hairs I and 5 on the pupal abdomen distinguishes vanus 
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from barbumbrosus and other species of the barbirostris group in Malaya, but in the 
Philippines vanus shares this character with the two other species of the group 
occurring there, franciscoi and manalangi, and with pseudobarbirostris of the related 
bancroftii group in which this reduced branching is a group character. 

Distribution. Borneo, Philippines, Celebes, Moluccas, and probably western 
New Guinea where a vanus-like species occurs ; possibly also Lesser Sunda Islands. 
-4. vanus seems to replace barbumbrosus in the eastern part of the archipelago. 
Records of vanus from India are due to a misidentification (p. 129). 

Habits and vector status. In Borneo, McArthur (1949) found larvae in the grassy 
margins of streams where these emerged from the forest into narrow ravines with 
pasture between forest-clad hills. Apparently a less uncommon species than 
barbumbrosus and quite common in Celebes. However, it seldom attacks man and 
only small numbers are found in houses. Van Hell (1950) in Celebes found two 
malaria infections in 21 dissected, but the species is not regarded as a vector of 
human disease. 

A. ALBOTAENIATUS species group, Reid & Knight (1961) 

A nopheles albotaeniatus (Theobald), Igo3 

Female pa&s black and shaggy, sternite VII of the abdomen with few scales or 
none, hind margin of wing without a pale fringe spot, hind tarsi with moderately broad 
to very broad pale bands. Pupa with teeth on the hind margins of the abdominal 
tergites (at least in albotaeniatus and montanus). Larva with fully developed palmate 
hairs on abdominal segments III-VII, outer clypeal hairs not very bushy. 

This is a small group of uncommon species mostly imperfectly known. The 
group is intermediate between the barbirostris and umbrosus groups ; the larvae 
have a full complement of palmate hairs as in the barbirostris group, but resemble 
the umbrosus group in lacking a fringe spot on the hind margin of the wing at the 
end of vein 5 -2. The pupae of only two species (albotaeniatus and montanus) are 
known and they resemble those of the umbrosus group in having teeth on the hind 
margins of the tergites. 

Previously the only species known were albotaeniatus and montanus, in the Malayan 
region. Then in 1946 A. saperoi was described from Okinawa in the Ryukyu 
Islands, north of Taiwan, by Bohart & Ingram. In 1947 a very similar species, 
ohamai Ohama, was described from Ishigaki, another of the Ryukyu Islands closer 
to Taiwan (Bohart, 1959). Judging from the description, saperoi belongs in this 
group, and Bohart & Ingram thought that it came somewhere between barbirostris 
and umbrosus, but in the larva the small antenna1 hair and long simple posterior 
clypeal hair, the egg without a frill but with the dorsal edge of the floats meeting 
the deck, and the mesonotum of the adult with a pale central area flanked by dark 
lateral areas, are points which suggest that saperoi may also have some affinity 
with the Zindesayi group in series Anopheles. 

Also in 1947, two new species, A. ejercitoi and A. balerensis, were described from the 
Philippines by Mendoza, from females caught round buffaloes near Baler, Luzon 
Island. Until more is known about these two rather similar species and their early 
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stages have been described, it is difficult to judge how much they differ from 
aZbotaeniatu.s and montanus which they clearly resemble ; evidently they are the 
Philippine representatives of this species group. Mendoza appears to have con- 
fused the hind-tarsal characters of these two species in his summary, which does 
not agree with his descriptions and figures. 

The following key to adults is based partly on the literature. 

KEY TO ADULTS OF THE A. albotaeniatus GROUP 

I Hind-tarsal pale bands not very broad, fifth segment not all pale; mesonotum with 
a pale centre and dark sides . . . . . . . . saperoi (p. 142) 

ohamai (p. 142) 
- Hind-tarsal pale bands broad, fifth segment all pale. Mesonotum not so . . 2 
z Third hind-tarsal segment with a dark base, pale at apex only . . . . 3 
- Third hind-tarsal segment pale at base and apex . . . . . . 4 
3 Fourth hind-tarsal segment all white, abdomen without scales . balerensis (p. 142) 
- Fourth hind-tarsal segment with middle half dark, abdomen beneath with minute 

scattered scales . . . . . . . . . ejercitoi (p. 142) 
4 Third hind-tarsal segment half or more than half white . . albotaeniatus (p. 143) 

- Third hind-tarsal segment mainly dark, only narrowly pale at base and apex 
montanus (p. 148) 

The distribution of the group appears to be southern Thailand, through the 
Malay Peninsula, Sumatra and Java, to Borneo (albotaeniatus and montanus) ; 
Philippines (ejercitoi and balerensis) ; Ryukyus (saperoi and ohanzai) . Possibly 
sn$eroi, or a related species, will be found to occur on Taiwan (Formosa). These 
species are mostly found in forest or other shaded situations and some will attack 
in the shade bv day. 

Anopheles albotaeniatus (Theobald), 1903 

Myzovhynchzrs albotaeniatus Theo., Mon. Cul. 3 : 88. 
TYPE : 9 from Perak, Malaya (Dv. 114. J. TYright), in BMNH. 

DIAGNOSIS. A large species. Female with black palps and no ventral scale tuft 
on segment VII ; hind tarsi in both sexes with very broad white bands, fifth seg- 
ment all white, third segment half or more white ; hind margin of wing without a 
pale fringe spot at 5 52. Pupal trumpet with a large tragus ; lateral spines short and 
truncate. Larva with inner clypeal hairs wide apart, outer clypeal with a divided 
main stem and 18 or more fine branches. Egg with a single narrow deck. 

FEMALE (fig. 59). Head. Palps black, shaggy, slightly shorter than proboscis, 
without pale bands though there may be a few paler scales at the last two joints. 
Proboscis black, somewhat shaggy towards the base. 

Thorax. Mesonotum, viewed from behind, greyish-brown with darker marks, 
the most prominent being a pair of median longitudinal dark lines in the anterior 
half and lateral ones in the posterior half ; anterior promontory with some narrow 
partly pale scales. Pronotal lobes with a tuft of dark scales. Haltere knobs black. 

Propleural setae 4-9. Pleura without scales. 
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Legs. Dark above, paler beneath, fore femur swollen towards the base, all coxae 

without scales. Fore leg : femur dark, tibia with small slightly paler areas at base 

and apex, tarsus with narrow, mainly apical, white bands on first two, or sometimes 
three segments ; fifth segment and distal part of third sometimes appearing pale 

but not white. Mid leg : femur dark, tibia as on the fore leg but the pale mark at 

the base more pronounced, tarsus all dark or with very narrow apical pale bands or 
flecks on the first two segments. * Hind leg . femur dark, tibia with a narrow basal 

white band and a pale ventral streak in the distal half, tibio-tarsal joint white dorsally, 
tarsus with a small white band covering apex of first segment and base of second, 

FIG. 59. A. aZbotaezziatu.s, adult. a, wing ; b, hind tarsus ; c, fore tarsus ; d, 9 palp 

and proboscis ; e, half of $ genitalia to show spines of coxite, harpago and phallosome ; 

f, phallosome with leaflets of left side and right half of harpago ; g and h, harpago and 
leaflets of Malayan specimen. 

(e and f, after Swellengrebel, 1921) 



apex of second and basal half of third segment white, middle quarter or more of 
third segment dark, apical quarter or less of third segment and basal half of fourth 
white, middle of fourth segment with a dark band usually narrow but up to about 
Q of the segment, apex of fourth segment and all fifth segment white. 

wings. Length about 4.6 mm. Dark, pattern as illustrated, much as in the 
umbrosz~s group but with more pale scales at the bases of veins I and 5 than in most 
species of that group. Costa dark except for a small subcostal pale spot not in- 
volving vein I, occasionally absent, and a small upper apical fringe spot at the end 
of vein I. Humeral cross vein with dark scales, remigium dark or light. Vein I 
with a few or very few scattered pale scales in the basal g, followed by a sector pale 
spot; between this spot and the level of the SC pale spot on the costa there are 
usually one or two scattered pale scales ; remainder of vein I dark except for the 
tip which, with the upper apical fringe spot and a pale spot near the end of 2.1, 
forms the apical pale spot. Vein 5 with mixed light and dark scales above and below 
the basal dark mark. Vein 6 with light and dark scales above the upper dark mark. 
Lower apical fringe spot narrow, between 2.2 and 3, no fringe spot at 5-z. 

A bdomen. Dark brown to black without any scales. 

MALE (fig. 59). Similar to female, palps dark, tip of mid as well as fore legs 
sometimes slightly pale. Fringe spot between 2.2 and 3 sometimes faint or missing. 
Abdominal segment VIII with a few narrow pale scales dorsally. 

Genitalia. Coxites with white dorsal and black lateral scales. Structure of the 
genitalia similar to that of the hyrcanus group, but ventral lobe of harpago with 
one large seta not two, sometimes a much smaller second seta is present. Phallo- 
some with 3-5 pairs of serrate leaflets ; the serrations are shown as distal by 
Swellengrebel (1921), but were basal in one Malayan specimen examined. 

PUPA (fig. 60). Moderately pigmented, in several respects resembles the pupa 
of ~o@ri and related species in the zmzbrosus group. Trumpet with a large spatulate 
lobe or tragus ; a pigmented flange at the angle of the cephalothorax near the root 
of the trumpet and two small knobs on the base of the wing case. Abdominal 
tergites with teeth on the hind margins, lateral spines very short, rounded truncate. 
Hairs I and 5 about half as long as the segments, hair 5 bushy, with about 10-12 

branches on VII and about 50 on IV, hair o very large, about the same size as 2, 
with about 8-14 branches on IV. As usual hair 3 on VI is close to hair I and median 
to it. Hind corners of VIII pigmented, with a few coarse teeth externally, lateral 
spine short with about 15 fine branches. Paddle border at base and a transverse 
band on male genital pouch, pigmented ; terminal paddle hair simple or bifid near 
the tip. Paddle nearly as wide as long (index I *I), refractile border about Q as long 
with very small teeth. 

LARVA (fig. 61). According to Swellengrebel & Swellengrebel de Graaf (1920) 
the living larva is dark rusty brown with lighter brown areas on abdominal segments 
III and VI, while IV is nearly black. Leicester (1908) describes the larvae as 
“ the most intensely black of any of this group ” [IMyzorhyn&us] , but see remarks 
in the notes. 
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Head. Clypeal hairs : inner wide apart, their bases not much further from the 
bases of the outer clypeals than from one another, simple, only a little longer than 
the outer, rather thick in the basal half ; outer dividing low down into 2-3 main 
branches ending in 18-26 fine branches spreading widely ; posterior small with 
about 2-4 branches from near the base. Sutural and transsutural with about 3-8 
branches, transsutural much anterior to the sutural. Antenna stout, rather sinuate, 
shaft hair with thick stem, bent near the tip, and many branches, about 24-34, 
giving a bushy appearance similar to that of separatus. 

FIG. 60. A. albotaeniatzts, pupa. a, trumpet ; b, lateral spine, segment V ; c, teeth on 
part of posterior border of tergite V ; d, segments IV and V, dorsal surface, right side, 
showing hairs ; e, 6 genital pouch and right paddle. 

Thorax. Inner shoulder hair usually simple or bifid from about half way, 
occasionally, according to Bonne-Wepster & Swellengrebel (1953)) with more 
branches from nearer the base. Prothoracic hair 4 as in barbirostris and sinensis, 
without a tuft of branches near the tip as in umbrosus. Propleural hair epl with 
3 or 4 fine branches from near the base. 
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Abdomen. Palmate hairs as in the hywamts group, smaller and unpigmented on 
first two segments, larger and pigmented on the next five segments III-VII, 
filaments of the leaflets poorly defined, pigment usually not extending into the tips. 
Segment III with 14-15 branches on the lateral hair (no. 6) and 6-8 on hair 5, 
hair o rather larger than usual with 3-4 branches as in Zetifer. Ventral surface of VII 
with a small median sclerotized plate as in the urnbrows group. Pecten with about 
IO long teeth, saddle hair simple. 

FIG. 61. 
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A. albotaeniatus, larva 
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and egg. a, right antenna ; b, clypeal hairs ; c, shoulder 
forms of the inner hair ; d, prothoracic pleural hair, epl ; 

e, leaflet of abdominal palmate hair ; f, egg. 
(b, c and e, after Swellengrebel & Swellengrebel de Graaf, Igzo ; f, after \Valch & 
Walch-Sorgdrager, 1935). 
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EGG (fig. 61). Described and figured by Walch & Walch-Sorgdrager (1935) from 
specimens from the east coast of Borneo. Length about 0.52 mm., deck undivided 
and narrow, floats with an average of about 27 ribs. 

NOTES. This is a striking but uncommon species ; the larva was first accurately 
described by Swellengrebel & Swellengrebel de Graaff (1920). Leicester’s descrip- 
tion of the female (1908, p. 34) does not agree in two particulars with typical 
albotaeniatus ; he found no pale fringe spot on the wing at the end of vein 3 in his 
specimens and the tip of the hind tarsus was black. His specimens appear to have 
been reared from very black larvae found in a brackish pool (2.8 parts of chloride 
per 1000, equivalent to about 16 per cent. of sea water) at Port Swettenham ; 
larvae usually seem to be found in fresh water. 

An adult with the conspicuous hind tarsi missing might be puzzling to identify ; 
such a specimen could be distinguished from barbirostris by the absence of any 
scattered pale scales on the basal half of the costa, fringe spot at 5 ‘2 or pale scales 
on the thoracic pleura and ventral surface of the abdomen ; from members of the 
unzbrosus group, except roperi, it could be distinguished by lacking the uniform 
grey centre of the mesonotum and by having a few pale scales on the bases of veins 
I and 5 ; it could be distinguished from roperi by having propleural setae but 
lacking the additional apical fringe spot at 2.1 present in roperi. 

Distribution. The known range of this species is peninsular Thailand (Iyengar, 
1953 ; but see Scanlon et al., 1968), Malaya, Sumatra, Java, Borneo, and van Hell 
(1950) records it from Celebes. 

Habits and vector status. In Malaya this uncommon species appears to be con- 
fined to the coastal plains near the landward limits of brackish water. On two 
occasions it has been found in some numbers in rather open fresh-water swamp 
forest on the banks of the Perak and Selangor rivers not far above the limits of 
brackish water (Kg. Ayer mati, Perak, and Bagan Terap, Selangor). The larvae 
are usually found in shaded pools or slowly moving water with dead leaves and 
sticks. Adults will attack man out of doors and have been collected in houses. 
Iyengar (1953) records filarial larvae (Brugia malayi) from specimens caught in 
houses in peninsular Thailand, but the larvae may have been immature ; Scanlon 
et al. (1968) could not find this species in this, or any part of Thailand, though they 
found naontanus. The species is probably rarely common enough to be a vector of 
human disease. 

Anopheles montanus Stanton & Hacker, 1917 

Bull. ent. lies. 7 : 273, as albotaeniatus var. vnontanus. 
TYPES : 3, $? f rom Ulu Gombak, Selangor, Malaya, in BMNH. 
peditaeniatus of Walch (1930), not of Leicester, 1908, p. 31. 

DIAGNOSIS. As for albotaeniatus, but hind-tarsal pale bands not so broad, third 
segment mainly dark. Pupal trumpet without a tragus but with a very deep 
secondary cleft, lateral spines long and pointed. Larva with inner clypeal hairs 
close together, outer clypeal with a single main stem and 6-12 branches. Egg with 
a divided and broader deck. 
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Adults are very similar to those of albotaeniatus though on the average even 
larger ; the species differs from albotaeniatzts mainly as follows :- 

FEMALE (fig. 62). Head. Palps as long as proboscis, without occasional pale 
scales at the last two joints. The usual patch of white scales on the vertex is 
somewhat larger. 

Thorax. Mesonotum brown flecked with grey, longitudinal dark lines less pro- 

nounced, those of the anterior half double. Propleural setae 2-4. 
Legs. Pale markings more variable and less clearly defined, often cream not 

white, their apparent extent depending partly on the direction of the light. Distri- 

bution of pale bands on the fore and mid tarsi similar to that in albotaeniatus, fifth 

FIG. 62. A. adult. a, wing ; b, hind 
phallosome. 

tarsus : c, harpago ; d, leaflets of 

segment of mid tarsi sometimes rather pale. Hind legs : second and third tarsal 

pale bands much narrower, so that most of segment three is dark with narrow pale 
bands at base and apex, segment four with approximately the middle half dark or 
semi-dark, fifth segment all pale. 

Wings. Length about 4.9 mm. Very similar to those of albotaeniatus, but on 
average a little longer and not so dark. The pattern differs mainly as follows :- 
Base of costa sometimes with some pale scales on the anterior edge forming a slight 
humeral and, or, pre-humeral pale spot (cf. roperi, p. 183). Subcostal and upper 
apical fringe spots wider. Pale scales on vein I in the same positions but usually 
more numerous. Lower apical fringe spot a little wider, sometimes extending 
from above 2.2 to beyond 3. 

MALE (fig. 62). Similar to the female, pale wing markings tend to be larger. 
Like the female, differs from albotaeniahs in the pattern of the mesonotum, the 
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banding of the hind tarsi and the slightly paler wing, Abdominal segment VIII 
without any scales. 

Genitalia. Backs of the coxites with white setae rather than scales, with dark 
lateral scales. Ventral lobe of harpago with two large setae, phallosome with 3-4 
pairs of narrower leaflets serrate distally. 

b 

FIG. 63. A. montanus, pupa. a, live pupa from above to show expanded trumpets ; 
b, enlarged view of expanded left trumpet, only internal surfaces are visible ; c, left 
trumpet of a mounted skin, side view, cl meatal cleft, SC secondary cleft ; d, teeth on 
part of posterior border of tergite V ; e, lateral spine V ; f, segments IV and V, dorsal 
surface, right side, showing hairs ; 8, $ genital pouch and right paddle. 
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PUPA (fig. 63). Moderately dark, differs considerably from albotaeniatus and 
resembles umbrosus in some respects. Trumpet like that of the hywanus group, 
but with a very deep secondary cleft giving an appearance that identifies the pupa 
either living or as a mounted skin. No pigmented flange at the angle of the 
cephalothorax, teeth on the hind margins of the tergites smaller, lateral spines 
IV-VII long and pointed. Hair 5 with rather fewer branches, about 25-30 on IV ; 
hair o small with few branches, I-Z on IV ; hair 3,VI median to hair I, hair 3,111 
between I and 5 as usual but level with them instead of anterior. Pigmentation of 
VIII more general, teeth on the outer margin of the hind corner smaller, lateral 
spine longer with about 20 branches. Pigmented area at base of paddle not con- 
fined to border, male genital pouch without an obvious transverse band of pig- 
mentation, terminal paddle hair 3-4 branched at the tip, fringe of paddle more 
conspicuous. Paddle not so broad, about 2 as wide as long (index 1.3), length of 
refractile border similar, about Q as long as paddle, teeth a little larger. 

d 

I;IG. 64. A. wontanus, larva and egg. a, shoulder hairs, right side, and inner hair en- 
larged ; b, clypeal hairs, right side ; c, right antenna ; d, egg, dorsal and lateral views. 
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LARVA (fig. 64). Dark, with a paler band on abdominal segment III. 
Head. Clypeal hairs : inner close together, simple ; outer rather small, j-1 as 

long as inner, with a single main stem branching from about halfway into 6-12 
mostly simple branches not spreading widely ; posterior small with z-5 branches 
from near the base. Antenna straight, fairly slender, shaft hair with 11-16 branches. 

Thorax. Inner shoulder hair with 3-7 short branches arising from the tip or 
about halfway. Prothoracic hair 4 with a concentration of branches towards the 
tip as in u~broszts. Propleural epl with 7-9 fine branches from the base, comb-like. 

A bdomen. Palmate hairs like those of albotaeniatus except that the pair on VII 
are often weakly pigmented and smaller ; lateral hair on III with considerably 
more branches, 26-30, hair 5 on most segments with more branches, on III 10-14 ; 
hair o smaller, 1-3 branches. Ventral sclerotized plate on VII sometimes weaker. 
Pecten with 4-6 long teeth, saddle hair simple. 

EGG (fig. 64). T wo batches examined, av. length o-51 mm., deck divided into 
an elongate area at each end, floats with about 22-24 ribs, exochorion with rather 
faint polygonal pattern above and below. 

NOTES. Adults with hind tarsi missing could be distinguished from members of 
the barbirostris or umbrosus groups as indicated in the notes for albotaeniatus. 

Leicester’s description (1908, p. 33) of the larva of Peditaeniatus (hyrcanus group) 
has been taken to mean that the outer clypeal hair had only 5 or 6 branches on a 
long stem, and this led Walch (1930) to identify larvae he found in hill forest on 
Banka Island as peditaeniatus ; in fact they were larvae of montanus. It is 
possible that Leicester was describing the sutural hairs, not the outer clypeal hairs, 
of peditaeniatus (Reid, 1953n). 

Distribution. Peninsular Thailand (Trang, 1960, E. I. Coher, P. F. Beales ; see 
also Scanlon et al., 1968), Malaya, Banka, west Borneo. 

Habits and vector status. Not a very common species though not rare in hill 
forest. Larvae are usually found in shaded pools or small swamps at the sides of 
forest streams in the hills up to about IOOO ft. Small numbers of adults have been 
caught biting man in hill forest at Ulu Gombak, Selangor (Traub in Malaya, 1957, 
pp. 107-8), but montanus does not seem to have beEn caught outside the forest and 
is unlikely to be a vector of human disease. 
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A. UMBROSUS species group, Reid & Hodgkin (1950) ; Reid (Ig63b) 

A4 nopheles uvnbrosus (Theobald), I 903. 

Larva without developed palmate hairs on the abdomen, or with only 2 or 3 pairs 
instead of the usual 5 or 6, outer clypeal hair seldom bushy. Pupa usually with a 

naore OY less complex lobe (traps) on the rim of the trumpet and small teeth on the hind 
margins of the tergites. Adult without a pale fringe spot on the hind margin of the 
wing, basal half of the costa without scattered pale scales, no scales on the abdomen 

FIG. 65. A. ‘ unzbvosus ‘, from Stanton. Female and head of larva. The adult is 
probably umbrosus or baezai (note the propleural setae), the larva is probably Zetifer. 
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and seldom on the coxae, centre of the mesonotum uniform ashy grey in most species. 
This is a very distinct group though less homogeneous than the barbirostris and 

hywanus groups. The adults range in appearance from the unicolorous Culicine- 
like A. brevipa@is to the well ornamented ,4. separatzts which superficially resembles 
some members of the hyycanus group. But in the larval and pupal stages all the 
species show marked resemblances and it is both convenient and natural to treat 
them as a single group distinguished mainly by having few or no developed palmate 
hairs on the larval abdomen. 

About a dozen species are known, all forest- or shade-loving and the group is 
characteristic of the evergreen rain-forests of equatorial South-East Asia, parti- 
cularly the Malay Peninsula, Sumatra and Borneo. All the known species, except 
samarensis of the Philippines (p. 169), occur in Malaya. The limits of the group 
appear to be from Assam and the Andaman Islands in the west to the Philippines 
and Moluccas in the east. 

A number of the species resemble one another very closely and this has caused 
confusion in the past, notably with A. zmzbrosus itself. The larvae of what is now 
A. Zetifer were mistaken for those of zmzbYosus, so that when the real larvae of 
uwzbrosus were discovered they and their resulting adults were described as a new 
species, A. novumbrosus. The vectors of malaria and filariasis are among these 
closely similar species and careful attention to small details is needed for correct 
identification. Males are sometimes mistaken for barbirostris as shown on p. 118. 

KEYS TO THE SPECIES OF THE A. UMBROSUS GROUP OCCURRING IN MALAYA AND BORNEO 

Anopheles Iwvteri and similissivnus are not included in these keys as they are insufficiently 
known. (i denotes species not yet known from Borneo). 

ADULTS 
Wings unspotted ; legs without pale bands ; ? palps thin and shorter than 

proboscis ; Culicine resting attitude . . . . . brevipalpis (p. 169) 
Not so, wings with some pale spots . . . . . . . . . 2 
Palps with variable pale markings, usually at least the last segment of 9 palps all pale 

separatus (p. 187) 
Palps of both sexes entirely dark . . . . . . . . . 3 
With propleural setae . . . . . . . . . . . 4 
Without propleural setae . . . . . . . . (letifer subgroup) 6 
Proboscis and palps of female short, about $ as long as the fore femur ; fore tarsi 

with broad pale bands extending across the joints ; phallosome leaflets serrate 
brevirostrist (p. 

Proboscis and palps as long as fore femur ; fore tarsi unbanded or with narrow 
apical pale bands not crossing the joints ; phallosome leaflets not serrate . . 

Fore and hind tarsi with small pale bands ; 1-6 subalar setae without associated 
scales ; phallosome leaflets long and threadlike . . . umbrosus (p. 

Tarsi all dark or at most minutely pale at the joints ; g-19 subalar setae with a few 
inconspicuous dark scales ; phallosome leaflets short, not threadlike . baezai (p. 

\VTng with 3 apical fringe spots, the middle one at 2 .I, some pale scales on the base of 
vein I and usually on the extreme base of the costa ; base of hind tibia with a 
pale band . . . . . . . . . . . roperi (p* 

With 2 apical fringe spots, no spot at 2 *I, base of vein I and costa all dark ; base of 
hind tibia without a pale band . , . . . . . . . 

162) 

5 

156) 

165) 

183) 

7 
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7 Base of vein 6 above the upper dark mark all pale, at most with z or 3 dark scales 
letifer (p. 

- Base of vein 6 above the upper dark mark with about 5-25 dark scales . . 
8 Extreme base of vein 5 with a small pale mark or scattered pale scales, the basal dark 

mark often small and poorly defined . . . _ . . . collessi (p. 
- So pale scales at the base of vein 5, the dark mark usually long and well defined 

181) 

whartonit (p. 180) 

(including A. 
PUPAE 

albotaeniatus, see P. 145) 

I Without a pigmented projection below the root of the trumpet, trumpets of the 
living pupa wide apart ; paddles mostly 4 or less as wide as long . . . 

- Ventro-lateral angle of the dorsal plate below the root of the trumpet projecting as a 
pigmented flange, trumpets of the living pupa approximated or meeting in the mid- 
dorsal line ; paddles mostly more than $ as wide as long . . . . . 

2 Lateral spines on V 4-6 times as long as wide and tapering to a point ; paddle with 
refractile border more than $ its length . . . . . umbrosus (p. 

- Lateral spines on V only about twice as long as wide and more rounded ; paddle 
with refractile border less than 3 its length . . . . . . . 

3 Paddle border with some large teeth about mid-way, base of paddle mostly 
unpigmented ; tergites without teeth on the hind margins . . baezai (p. 

- Teeth of the paddle border weak, base of paddle with a large dusky pigmented area ; 
tergites with small teeth on the hind margins . . . brevirostrist (p. 

4 Hair o,IV small with 1-2 branches ; trumpet with two thickened pigmented areas 
along the rim . . . . . . . . . separatus (p. 

- Hair o,IV large with 4-14 branches ; rim of trumpet not so. . . . . 
5 Lateral spines on VIII preapical ; mouth of the trumpet nearly closed by the large 

tragus . . . . . . . . . . . brevipalpis (p. 
- Lateral spines on VIII apical or nearly so ; tragus not so large . . . . 
6 Hair o,IV nearly as large as hair 2, with 10-14 branches . albotaeniatus (p. 
- Hair o,IV smaller than 2, with 4-g branches . . . . . . . 
7 Tragus of trumpet complex, more or less T-shaped in outline . . Zetifer (p. 
- Tragus simpler, spatulate . . . . . . . . . . 
8 Sides of male genital pouch nearly parallel ; lateral spines usually about 3 times as 

long as wide and rather sharp-pointed . . . . . . roperi (p. 
_ Sides of male genital pouch convergent ; lateral spines more often about twice as 

long as wide with rather blunt points . . . . . . collessi (p. 
whartonit (p. 

LARVAE 
I Palmate hairs with developed leaflets on at least two segments, IV and V . . 
- Palmate hairs undeveloped and without leaflets on any segment of the abdomen . 
z With a stigma1 filament on the spiracular apparatus ; posterior clypeal hair small, 

not reaching base of inner clypeal . . . . . . umbrosus (p. 
- X0 stigma1 filament ; posterior clypeal hair large, reaching to or beyond base of 

inner clypeal . . . . . . . . . brevirostrisf (p. 
3 Lateral hair IV with 7-10 branches ; inner clypeal hair usually frayed into 5 or more 

fine branches towards the tip ; ventral sabre piece of antenna truncate baezai (p. 
- Lateral IV with 2-4 branches, occasionally up to 6 ; inner clypeal simple or with up 

to 4 branches near the tip ; both antenna1 sabre pieces pointed . . . . 
4 Shaft hair of antenna usually bushy with 25 or more branches, branches of the 

terminal hair all fine not hooked . . . . . . separatus (11. 

173) 
8 

156) 

165) 

162) 

187) 

169) 
6 

143) 
7 

173) 
8 

183) 

181) 
180) 

2 

3 

156) 

162) 

16.9 

187) 
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- Shaft hair of antenna usually with less than 20 branches not particularly bushy, 
terminal hair usually with one or two of the branches rather stout and slightly 
hooked . . . . . . . . . . . . . 5 

j Posterior clypeal hair large, reaching to or beyond the base of inner clypeal which 
often divides towards the tip into 2-4 branches . . . brevipalpis (p. 169) 

- Posterior clypeal smaller, not usually reaching base of inner clypeal which is usually 
simple, occasionally with 2-3 branches towards the tip . . . . . 6 

6 Abd. III with lateral hair having 21-26 branches and hair o with 5-6 branches 
roperi (p. 183) 

- ;ibd. III with lateral hair having IZ--20 branches and hair o with 3-4 branches . 7 
7 Saddle hair usually bifid ; outer clypeal with j-15, commonly 8 or more branches ; 

antenna1 hair usually with about I 5 or more branches . . . collessi (p. 181) 

- Saddle hair simple ; outer clypeal with 2-9, seldom more than 7 branches ; 
antenna1 hair with 7-13 branches . . . . . . . letifer (p. 173) 

whartonit (p. 180) 

Anopheles umbrosus (Theobald), 1903 

~~Iyzov~~_ynclzzzs uvnbrosus Theo., AIon. Cul. 3 : 87. 
TYPE : 9 from Pekan hospital, Pahang, Malaya (UV. Uurhaun), in BMSH. 

~zovumbvosus Strickland, 19 I 6, Malaya, type none. 

$seudumbrosus, mentioned without description by Swellengrebel & Swellengrebel de Graaf 
(1920, p. 77) as a Malayan species, is presumably an error for novumbrosus. 

Not umbvosus Of Stanton (1915), PUri (1931), Gater (1934, 1935), Walch & Walch-Sorgdrager 
(1935), or Crawford (1938)~ which iS h?tifeY. 

DIAGNOSIS. In addition to the group characters of few or no developed palmate 
hairs on the larval abdomen, pupa with a tragus on the trumpet and teeth on the 
hind margins of the tergites, and adult without a pale fringe spot on the hind margin 
of the wing, this species has the following characters :-Palps black, those of the 
female shaggy, propleural setae present, tarsi with narrow pale bands, those of the 
hind tarsi lying mainly above the joints, subalar setae 1-6 without scales, male 
phallosome leaflets distinctive, long and thread-like. Pupa without a pigmented 
projection below the root of the trumpet, lateral spine V pointed and longer than 
the others, paddle with refractile border more than 8 its length. Larva with a long 
tapering stigma1 filament and with normal though sometimes unpigmented palmate 
hairs on abdominal segments IV and V. Egg with the deck occluded by a single 
strong median longitudinal frill, floats very long. 

A black Anopheline with ashy grey mesonotum. 
FEMALE (figs. 65-67). Head. Proboscis and palps black and shaggy, the palps 

not quite as thick as those of barbirostris and not thicker at the joints. 
ThOYLW. Mesonotum viewed from behind ashy grey with dark lateral areas 

(fig. 66). Pronotal lobes with the usual dark scales. Pleura dark with some grey 
areas, no scales. Propleural setae 2-6, subalar setae 1-6, dark, strong. 

Legs. Dark above, paler beneath with narrow tarsal pale bands. Coxae without 
scales except for an occasional one on the fore coxa. Fore tarsi with narrow apical 
pale bands, the first about as long as wide, mid tarsi similar but the bands usually 
a little narrower. Hind tarsi with the pale bands up to 3 times as long as wide, 
always mainly above the joints (cf. Zetifer). 
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Wings. Length 3.4-4.1 mm. Costa and vein I densely clothed with black 
scales forming a black margin along the front of the wing. Costa and subcosta all 
dark except for a small subcostal pale spot in about half of Malayan specimens and 
most Bornean ones. Remigium dark, humeral cross vein with dark scales. Vein I 

FIG. 66. A. wnbrosus, mesonotum showing the pale central and dark lateral areas. 

with a pale spot at the tip, otherwise all dark except that a very few pale scales 
representing the sector spot may be present in about half the specimens. With 
two apical fringe spots, one at the end of vein I, the other between 2.2 and 3, no 
fringe spot at 5-z. Vein 5 without pale scales at the base, the basal dark mark 
extending half way or more to the fork. Vein 6 usually with a few dark scales 
above the upper dark mark. 

Abdomen. Dark, entirely without scales. 
MALE (fig. 67). Similar to the female with palps all black, but there may be more 

pale scales on the wings with small sector and subcostal pale marks on vein I. No 
scales on abd. VIII. 

GenitaZia. Coxites with pale dorsal setae and dark lateral scales, The usual two 
parabasal spines on tubercles (one spine sometimes duplicated), one internal spine 
and a club on the dorsal lobe of the harpago, ventral lobe with one large and one 
small spine and sometimes a third minute spine. Phallosome about half as long 
as the coxite with about 8 pairs of slender thread-like leaflets, the largest about as 
long as the phallosome. 

PUPA (fig. 68). L iving pupa light brown, not heavily pigmented, trumpets wide 
apart separated by their own width or more, tragus narrow, grooved, abruptly 
twisted apically, no pigmented lateral projections below the root of the trumpet. 
Mounted skins show dark tips to the antenna1 cases, and the usual pattern of dark 
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lines on the wing cases, otherwise lightly pigmented. The abdominal tergites have 

small teeth on the posterior margins, hair o is small and I and 5 are not very dark 
or bushy ; on segment IV (fig. 68g), hair o has 2-4 branches, I has 8-16, 5 has 7-13, 

d 

FIG. 67. A. ur~!_~os~s, adult and egg. a, wing ; b, hind tarsus ; c, fore tarsus ; d, 

subalar setae, wze mesepimeron, sp metathoracic spiracle ; e, tip of phallosome with 
leaflets of one side ; f, harpago ; 8, egg, dorsal and lateral views. 
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FIG. 68. A. zmbvosus, pupa. a, live pupa from above to show expanded trumpets ; 
b, enlarged view of expanded trumpets tilted in the water meniscus, d median dorsal 
ridge of cephalothorax, m meatus ; c, left trumpet of a mounted skin ; d, teeth on 
part of posterior border of tergite V ; e, abdomen of male, dorsal hairs on the right, 
ventral hairs on the left ; f, 6 genital pouch and paddle ; g, segments IV and V, dorsal 
surface, right side ; h, lateral spine V. 
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and hair 3 is somewhat larger and with more branches, 12-16, than z with 3-4 
branches (cf. baezai) . Hair 3 on VI appears to be between I and 5 instead of 
median to I as is more usual, thus corresponding to its position in the larva. Seg- 
ment VII almost parallel-sided, not as much constricted towards the base as the 
other segments ; VII is not parallel-sided in the other species of the group. 

The lateral spines are pointed and spine V is larger than the others (except VIII) 
and 4-6 times as long as wide, spine VIII has a variable number of weak side 

a r/r 

~ d\ / 
3 2 1 

FIG. 69. A. WZ~YOSUS, larva. a, clypeal hairs, right side ; b, right antenna ; c, prothoracic 
hair 4 ; d, left shoulder hairs ; e, prothoracic pleural hair epl ; f, abdominal palmate 
hair IV ; g, stigma1 filament, s spiracle. 

(f, after Gater, 1934) 
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branches, from a few to about 16, lateral margin of VIII near the base of the spine 
with a few coarse teeth (fig. 68f). Paddle not pigmented, about Q-2 as wide as 
long (index I .3-1.5), refractile border very long, more than 8 as long as the paddle 
with well developed teeth distally, terminal hair fairly stout, usually frayed into 
3-4 branches near the tip. Sides of male genital pouch usually more or less parallel. 
not markedly convergent. 

LARVA (fig. 69). Not very dark, usually pinkish brown without definite pale 
bands. 

Head. Clypeal hairs : inner close together, each simple or with z-5 fine branches 
near the tip, outer as long as inner, each splitting dichotomously into IO-zz (av. 14) 
spreading and tapering branches, posterior small with 1-7 branches not reaching 
bases of inner. Antenna with a strong shaft hair with 13-25 branches, dorsal sabre 
piece nearly half as long as the shaft, ventral sabre piece slightly frayed at the tip. 

Thorax. Inner shoulder hair shorter than outer, simple or with 2-3 branches in 
the distal half, middle shoulder hair with 7-9 branches, outer simple as usual. 
Prothoracic hair 4 with a tuft of fine branches at the tip and normal plumose branch- 
ing along the stem. Pleural hair epl comb-like with about 5-8 stiff branches. 

A bdomen. Palmate hairs well developed only on two segments, IV and V and 
then sometimes unpigmented ; rudimentary or undeveloped on remaining seg- 
ments. Lateral hair IV with 2-3 branches. Hair 3,VI external to I (see p. 36). 
Ventral surface of VII with a small sclerotized plate near the posterior border, a 
little larger than the posterior tergal plates ; in mounted skins this plate is usually 
seen more or less beneath tergal plate VIII. Anterior fan-shaped plate of the 
spiracular apparatus with a long tapering stigma1 filament, this usually points 
backwards in mounted skins, but stands erect above the water surface in living 
larvae. The presence of this stigma1 filament, first described by Gater (1934)) 
distinguishes larvae of umbrosus from those of all other Malayan species known so 
far, except PoZZicaris in the barbirostris group but this has only a short blunt process. 
Pecten with 7 or 8 long teeth and generally without the usual alternating short 
teeth. 

EGG (fig. 67). Length 0.58 mm. Distinctive, a slender egg with prominent 
points, deck occluded by a strong median longitudinal frill, floats very long and 
narrow, nearly as long as the egg, with about 47-56 ribs. Exochorion with poly- 
gonal pattern above and below but rather faint. Described from four batches 
from Malaya, and a sketch and notes from Borneo by Dr. D. H. Colless. 

ILToTES. Adults of umbrosus are distinguished from those of baezai as in the key, 
and from those of Zetifer by having propleural setae, pale bands on the fore tarsi, 
and the bands on the hind tarsi mainly above the joints. This species is now well 
characterized, especially by the distinctive features of the male genitalia, larva and 
egg, but past records of zwzbrosus must often have included Zetifev and baezai, and 
occasionally other species of the group. Stanton’s description of the larva of 
umbrosus is a description of Zetifer, and this led to the latter being wrongly identified 
as ambrosus, whilst the true umbrosus was called nowmbrosus. It was not until 



reliable differences were known between adult females of the various species that 
the real identity of umbrosus could be established by examining Theobald’s type. 
This is a good example of the value of having a type specimen to refer to, because 
Theobald’s description of umbrosus could apply also to Zetifer and whartoni. 

Distribution. The known range of umbrosus is peninsular Thailand, Malaya, 
Sumatra and Borneo. Christophers (1933) records ’ umbroszts ’ from Assam and 
the Andaman Islands ; the species concerned in Assam may be ro$eri (Reid, 1963b), 
but the identity of that of the Andamans is not known. 

Habits and vector status. Although umbrosus can be found in small numbers in 
inland hilly forest, it is typically a species of the swamp-forests on the coastal plains 
where the larvae occur in shaded pools of peaty water and the adults will attack by 
dav. 

Though umbrosus has long been regarded as a vector of human malaria, recent 
work (Wharton, Eyles, Warren, et al., 1963) shows that many of the infections 
recorded in this species were not those of human malaria but probably came from 
mouse deer. It is possible that umbrosus is not a vector of human malaria at all, 
past records being based partly on confusion with Zetifer and baexai and partly on 
mistaking animal for human plasmodia. But against this, umbrosus can be caught 
in houses, will enter a man-baited window-trap hut, and has a man : calf attraction 
ratio (I : z-5, Reid, 1961) well within the range spanned by other Malayan vectors. 
All this suggests that, given the right circumstances, it would have enough contact 
with man to act as a vector, though whether it is a favourable host for any of the 
parasites of human malaria is uncertain. 

Anopheles brevirostris Reid, 1950 

Trans. R. ent. Sot. Lond. IOI : 300, 
TYPES : $2 type and paratype with pupal and larval skins from Bangi, Selangor, $ from 

Sijangkang, Selangor, Malaya, in BMNH. 

I11~0~0sIs. A very small species nearest to umbrosus but having the female 
palps and proboscis short, only about 1 as long as the fore femur, pale bands on the 
fore tarsi rather broad, phallosome leaflets short and serrate. Pupa with short 
rounded lateral spines and heavily pigmented paddle base. Larva with developed 
or partly developed palmate hairs on IV and V, but no stigma1 filament. 

Very 
follows 

few 
*- 

specimens have yet been seen, these differ from umbrosus mainly as 

FEMALE (fig. 70). Head. Palps and proboscis short, only about + as long as the 
fore femur instead of about equal, but shaggy as in umbrosus. 

Thorax. Propleural setae 1-2, subalar setae 1-3. 
Legs. Fore tarsi with two fairly broad pale bands extending across the joints ; 

mid and hind tarsi with narrow bands much as in umbrosus. 

wings. Length 27-3.1 mm. Paler than in umbrosus, the pale marks mostly 
larger and brighter. Basal dark mark on vein 5 well defined, extending 
half way to the fork, no dark scales on 6 above the upper dark mark. 

less than 
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MALE (fig. 70). As for female, but proboscis not short, longer than the fore 
femur, pale bands of fore tarsi may be broader, fifth segment may be pale. 

Genitalia. Phallosome leaflets of normal length, serrated, harpago with two 
large and one small spine on the ventral lobe. 

FIG. 70. A. breuin~stvis, adult. a, wing ; b, hind tarsus ; 
phallosome ; e, harpago ; f, parabasal spines. 

c, fore tarsus ; d, tip of 

PUPA (fig. 71). Living pupa has not been seen but mounted skins more pig- 
mented than in ~~brosz~s. Trumpet very similar to that of zlmbros~ but tragus a 
little differently folded, tergal teeth smaller, hair 5,IV darker with more (IS-zg) 
branches, 3,VI median to I,VI, segment VII constricted at the base like the other 
segments, lateral spine V about equal to spine VI, about twice as long as wide and 
not sharp-pointed, spine VIII with well developed side branches. Paddle about + 
as long as wide (index 1.4) with a large well defined patch of dusky pigment at the 
base, refractile border short, about half or less as long as the paddle, with weak 
teeth, fringe hairs longer than in ZW&YOSUS. 

LARVA (fig. 71). Head. Clypeal hairs : inner simple, outer each with 10-13 
branches, posterior long, reaching to or beyond bases of inner, simple or z-branched. 
Ventral sabre piece of antenna with a spinous end. 

Abdomen. Palmate hairs rudimentary, best developed on IV and V but without 
differentiated filaments and weaker than is usual in ztwzbroszts. So stigma1 filament 
on the spiracular apparatus. Pecten with about six long teeth, also some short 
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FIG. 71. A. bveuivostris, pupa and larva ; a-d pupa, e and f larva. a, trumpet ; b, 
lateral spine V ; c, teeth on part of posterior border of tergite V ; d, paddle ; e, clypeal 
hairs ; f, ventral sabre piece of antenna. 

EGG. Unknown. 

NOTES. So far known only from the Malay Peninsula, where it has been recorded 
from two localities in Selangor and one on Singapore Island. Larvae have been 
found in pools in small streams at the edge of the forest, and one or two adults have 
been found resting by day on shaded stems of coffee bushes together with Zetifer 
and wnbrosus. Probably too rare to be a vector of human disease. 
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Anopheles baezai Gater, 1933 

Bull. Rages Mus. 8 : 162. 

TYPES : 8, 9, 1 arval pelt and larva from Langkawi Islands, north-west Malaya, in BMNH. 

gate& Baisas, 1936, Palawan, Philippines, types in Institute of Hygiene, University of 

Philippines, Manila. 
“ uvnbvosus larval variation ” Swellengrebel & Swellengrebel de Graff, 1919. 

DIAGNOSIS. Confined to the coast where the larvae are usually found in brackish- 
water. Adult resembles ~mbrosz~s but tarsi lack pale bands, subalar setae 9-19 
with a few scales. Pupa without teeth on the hind margins of the tergites, lateral 
spines short and rounded. Larva without any developed palmate hairs, the tips 

of the inner clypeal hairs frayed, lateral hair IV with 7--x0 branches. Egg with the 

deck reduced to a small area at each end. 

FIG. 72. A. baezai, adult. a, wing ; b, hind tarsus ; c, fore tarsus ; d, subalar setae 
and scales ; e, harpago ; f, leaflets of phallosome ; g, parabasal spines ; h, tip of inner 
parabasal spine. 
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Differs from umbrosus mainly as follows :- 
FEMALE (fig. 72). Thorax. Many more subalar setae, 9-19, some may be small, 

often with a few inconspicuous scales antero-ventrally ; propleural setae usually 
fewer, 1-3. 

Legs. Coxae often with a few inconspicuous scales, tarsi unbanded or with only 
very minute pale bands. 

FIG. 73. A. baezai, pupa. a, live pupa from above to show expanded trumpets ; b, 
enlarged view of left trumpet ; c, left trumpet of a mounted skin, tr tragus ; d, larger 
form of tragus ; e, lateral spine V ; f, part of posterior border of tergite V, note absence 
of teeth ; g, segments IV and V, right half, dorsal ; h, $ genital pouch and paddle. 
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Wings. Length, 3.7-4.3 mm. Almost identical with those of umbrosus except 
that the basal dark mark on vein 5 is shorter, not reaching half way to the fork, and 
with more scattered dark scales distal to it. Otherwise there are only average 
differences, e.g., there is more reduction of the subcostal pale spot on the costa 
which is present only in about 4 of Malayan specimens though the sector spot on 
vein I is indicated in most specimens by about 1-7 pale scales. 

MALE (fig. 72). Similar to the female. 
GenitaZia. Coxites as in uwzbrosus, but phallosome less than half as long as the 

coxites with 4-6 pairs of blade-like unserrated leaflets about one-third its length. 
Ventral lobe of harpago with one long spine and sometimes a second smaller one of 
variable length. 

PUPA (fig. 73). Trumpets exceptionally variable, even among the progeny of 
one female. The tragus may be shorter than in fig. 73c with a more shallow emargi- 
nation at its base, and the secondary cleft or seam, represented by the fold in fig. 73c, 
may be absent, or the tragus may be nearly as long as in umbrosus, defined by a 
deep basal emargination, and a small but definite secondary cleft may be present. 

Abdominal tergites without teeth on the hind margins. As in umbrosus hair 
3,VI appears to be between I and 5 (cf. fig. 68e) ; also as in umbYosus, and unlike 
in brevipa@is and Zetifer, hair o is few-branched, commonly simple on IV and VII, 
but unlike in uwzbrosus hair z has more branches than 3 (on IV hair 214-18, hair 
3,6-7, fig. 73g), in this respect resembling brevi$aZ@s and Zetifer. The lateral 
spines are short, dark and bluntly rounded, spine VIII strongly branched. Paddle 
about Q as wide as long (index I -4), only slightly pigmented at base, refractile 
border about 3 as long as the paddle with some coarse teeth distally, terminal hair 
with about 4-7 branches from about half way or nearer the base. Sides of male 
genital pouch more convergent. 

LARVA (fig. 74). Blackish with variable paler markings forming a disruptive 
pattern. 

Head. Clypeal hairs : inner hair with the distal third or the tip frayed into about 
z-8, commonly about 6, usually fine branches, outer with 11-25 branches, posterior 
simple or z-branched. Antenna1 shaft relatively longer, usually darkly pigmented, 
the dorsal sabre piece considerably less than half as long as the shaft, ventral sabre 
piece toothed and frayed at the tip. 

A bdolrten. Palmate hairs undeveloped, with ordinary filamentous branches from 
the base, about 10-16 on IV and V. Lateral hair on IV (fig. 74~) with more branches, 
7-10, than in other members of the umbrosus group (1-6). Pecten with 6-7 long 
teeth, alternating with short ones, 

EGG (fig. 74). Length 0.52 mm., with 19-27 float ribs. Deck reduced to a small 
area at each end, points fairly prominent, exochorion with polygonal pattern above 
and below which is only partly indicated in the figure (see p. 91). Described 
from two batches from Malaya, and a sketch and notes from Borneo by Dr. D. H. 
Colless. 

Baisas & Pagayon (1952, pl. 8) illustrate the egg of Philippine baexai (under the 
name gateri) as having a single deck stretching the length of the egg, though con- 
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stricted in the middle. Possibly this indicates the range of variation that may 
occur in the deck of eggs of baezai, or else that gateri does differ somewhat from 
baezai (see below under Notes), or perhaps the illustration in Baisas Sz Pagayon is 
of the egg of A. samareasis, the adult of which closely resembles that of baezai. 

NOTES. Russell & Baisas (1936) indicate that Gater thought specimens of baexai 
from the Philippines differed slightly from typical Malayan specimens, and Baisas 

d 

k 

FIG. 74. A. baezai, larva and egg. a, clypeal hairs, right side ; b, right antenna (dorsal 
sabre piece appears on the left, because the antenna1 shaft of this specimen is rotated a 
little anti-clockwise compared to that of ~nzbrosz~ in fi g. 6gb, where the dorsal sabre piece 
appears on the right) ; c, lateral hair abd. seg. IV (cf. 6 in fig. 8rf) ; d, egg, dorsal and 
lateral views. 
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named them as a distinct species A. gateri. However, the descriptions and illustra- 
tions of the larva, adult and pupa of the Philippine form (Russell & Baisas 1934, 

1936 ; Baisas, 1936) agree well with Malayan specimens in all important points, and 
do not provide any means of distinguishing the two. Probably the wing shows a 
subcostal pale spot on the costa more frequently in Philippine (and Bornean) than in 
Malayan specimens, but there seem to be no grounds at present for treating gateri 
as other than a synonym or at most a subspecies of baezai. 

A. samarensis Rozeboom, 1951, is a Philippine species closely resembling baexai, 
from which it differs mainly in having small pale bands on the tarsi, and the outer 
clypeal hair of the larva usually simple or with not more than 5 branches ; 
samarensis might be found in northern Borneo. 

Distribution. A. baezai occurs along the coasts of Malaya, Borneo, Indonesia 
including Celebes, the Philippines, Indo-China and Thailand. 

Habits and vector status. A. baezai is confined to coastal areas where the larvae 
are found in shaded pools and ditches usually containing brackish water. Adults 
are mainly zoophilous and do not readily enter houses ; they rest outdoors by day 
on the fronds of Nipah palms and other shaded upright vegetation and seldom 
attack by day as umbrosm does. Heavy oocyst and sporozoite infections have 
been found, but these are probably of animal origin, possibly from mouse deer. It 
is most unlikely that baexai is a vector of human malaria. 

Anopheles brevipalpis Roper, 1914 

Bull. ent. Res. 5 : 141. 
TYPES : 3, 3 from Membakut, north Borneo, in BMNH. 

DIAGNOSIS. Adult uniformly dark brown without any distinct pale areas on 
wings or legs, palps shorter than proboscis, thin except at the base, resting attitude 
almost Culicine. Pupa with trumpet of a complex and distinctive shape and 
cephalothorax with a pigmented projection below the root of the trumpet, lateral 
spine VIII inserted preapically and ventrally, paddle nearly as wide as long, base 

FIG. 75. A. bvevipalfiis female, from Stanton. The palps are usually more slender 
the tips and less abruptly bushy at the base than shown here. 

towards 
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strongly pigmented. Larva without any developed palmate hairs, terminal antenna1 

hair with one or two rather stout hooked branches, posterior clypeal hair large. 
Egg with the floats projecting in shoulders at either end, deck obsolete. 

-b 

FIG. 76. A. bvevi$x@is, adult, larva and egg. a, wing ; bl hin,d tarsus ; c, harpago ; 
d, tip of phallosome with leaflets of one side ; e, clypesl hslrs, right side ; f, egg, dorsal 
and lateral views. 
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The adult is a large dark unicolorous mosquito, superficially resembling a Culicine 
and unlike other members of the umbrosus group. 

FEMALE (figs. 75, 76). Head. Palps slender, shaggy only at the base, of variable 
length but distinctly shorter than the proboscis, dark and unornamented. Head 
scales numerous and broad (cf. aitkenii with narrow head scales), mostly dark, but 
often with a few paler scales towards the front of the vertex though not sufficient 
to form the usual definite pale vertical spot as seen in wnbrosus and most Anopheline 
species. 

Thorax. Shiny, dark brown to black with a faint greyish bloom. Anterior 
pronotal lobes with the usual tuft of dark scales (cf. aitkenii and sintonoides which 
lack these scales). Propleural setae 2-6. 

Legs. All dark, tarsi unbanded, coxae without scales. 

Wings. Length about 3.8-4.6 mm. Veins evenly clothed with narrow dark 
scales, unornamented by thicker clumps of scales or pale spots, though there may be 
some paler scales on the remigium and base of vein I, no fringe spots. 

Abdomen. Dark, without scales. 

MALE (fig. 76). Like the female but the palps about the same length as the 
proboscis, with the usual small bare area on the stem at the joint between segments 
z and 3. 

Genitalia. Coxites without the usual dark lateral scales or other scales. Phallo- 
some usually with four pairs of unserrated leaflets rather similar to those of baexai 
and Zet<fer. Ventral lobe of harpago with one long stout spine and usually a second 
very small one. 

PUPA (fig. 77). Living pupa dark coloured and angular in appearance, trumpets 
meeting or almost meeting in the mid-dorsal line, their mouths largely filled by the 
more or less rectangular tragus with upturned rim. Ventro-lateral angle of the 
dorsal plate of the cephalothorax, below the root of the trumpet, projecting in a 
pigmented flange and knob, another pigmented knob on the wing case. Mounted 
skins rather dark, teeth on hind margins of tergites small. Hair o well developed 
and hair z larger than usual ; on IV (fig. 77g) hair o has 7-8 branches, hair z is a 
dark tuft with 25-28 rather stiff branches and hair 5 is similar with 25-30 longer 
branches. Hair 3,VI close to and apparently median to I (cf. fig. 79). Lateral 
spines short, globose, spine VIII inserted ventrally well before the apex of the 
segment, with about IO branches, more teeth on the hind corner of segment VIII 
than in umbrosus. Paddle broad, about $ as wide as long (index I-I), pigmented 
at the base, refractile border about half the length of the paddle with very small 
teeth. Male genital pouch with a transverse pigmented band, sides convergent. 

LARVA (fig. 76). Some living larvae from Sijangkang, Selangor, were dark brown 
with a prominent pale triangle on the thorax and several pale marks on the abdomen. 

Head. Usually heavily pigmented including basal half of antenna. Clypeal 
hairs : inner hair usually dividing towards the tip into 2-4 branches, outer about 
as long as inner with 6-13 branches (av. IO), posterior rather large, reaching about 
to the base of inner or beyond, with r-g, commonly 4 branches (1-3 in Bornean 
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FIG. 77. A. bveuipalpis, pupa. a, live pupa from above ; 
enlarged ; 

b, right trumpet of live pupa, 
c, left trumpet of a live pupa, more enlarged view, cl median dorsal ridge of 

cephalothorax, wz opening of meatus, t tragus ; 
meatal cleft, pi pinna, t tragus ; 

d, left trumpet of a mounted skin, cl 

f, lateral spine V ; 
e, teeth on part of posterior border of tergite V ; 

g, segments IV and I’, right half, dorsal ; h, 8 genital pouch and 
paddle, as if in ventral view. 
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specimens). Antenna : shaft hair with IO--21 branches, both sabre pieces pointed, 
terminal hair with one or two stout hooked branches as in fig. 87. 

Thorax. Inner shoulder hair much shorter than outer, simple or with 2-3 
branches distally, middle hair 5-8 branches. Prothoracic hair 4 with a tuft of fine 
branches at the tip, side branches short and inconspicuous as in Zetifer (fig. 81~). 

Propleural hair epl with about 4-8 branches, comb-like. 
Abdomen. Palmate hairs undeveloped, with about 4-g ordinary filamentous 

branches on segments IV and V (cf. fig. 8zb). Lateral hair on IV with 3-4 branches. 
Pecten with about 7 long teeth and a variable number of short ones. 

EGG (fig. 76). Length o-51 mm., with 28-34 float ribs. The floats are of an 
unusual shape and give the egg a distinctive appearance, first illustrated by Strick- 
land (IgIsa) ; they are placed low down on each side of the egg and viewed from 
above they project as shoulders towards each end of the egg. Deck confined to a 
very small area at each end of the egg, polygonal pattern well marked above and 
below. Described from two batches. 

NOTES. On account of the unicolorous somewhat Culicine appearance of the 
adults, this species has usually been placed in the Anopheles series which contains 
some superficially similar species ; it probably has some relation to that series but 
the balance of structural characters, especially in the pupa and larva, clearly shows 
that it is a member of the Myxorhynchus series quite closely related to Zetifer. 

Distribzztion. Malaya, Borneo and Sumatra (Banka), and it is said to occur in 
Thailand though not reported by Scanlon et al., (1968). 

Habits and vector status. This is an uncommon and rather local species, appa- 
rently confined to the coastal plains. Larvae are found in heavily shaded and 
usually acid waters, sometimes with larvae of umbyosus, Zetifer or separates. Adults 
are occasionally taken in small numbers in houses or man-baited net traps, but the 
species is believed to be mainly zoophilous and not a vector of human disease. 

The next four species form the Zetifer subgroup (see key, p. 1154) in which the adults 
lack propleural setae and there is a sclerotized area in the cibarium near the ventral 
papillae. 

Atzopheles letifer Sandosham, 1944 (Gater, MS.) 

Malaria in Malai p. I 29. 
TYPES : Lost, neotypes with pupal and larval skins from Sijangkang, Klang, Malaya in BMNH 

(Reid, 1950). 
Sp._9 near ~nzbrosus of Colless, 1948, Borneo. 
uvnbvosus of Stanton (1915), Puri (1931), Gater (1934, 1935), Walch & Walch-Sorgdrager (193 j) 

and Crawford (1938). 

DIAGNOSIS. Adults resemble those of umbtbrosus but lack propleural setae, the 
palps are thinner distally, the fore tarsi are without distinct pale bands and the 
bands on the hind tarsi are mainly below the joints. Base of vein 5 all dark, base 
of vein 6 all pale. Pupa with a pigmented projection below the root of the trumpet 
and broad paddles as in brevipalpis, but trumpet of a different and also distinctive 
shape, and lateral spine VIII inserted apically. Larva very similar to that of 
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breui@zZ@s but posterior clypeal hair smaller. Egg with the deck variable but 
commonly divided into a small area at each end and a larger one in the middle. 

f - 

l 

1 11 
g 

i l 
i h 

1::. . .:: . . 
.:::..: 

::. ..:.,: 

.: : ,- _. 

-7 
:‘; : ‘.: 

,:‘.; : : 
. . ., . . . . ..Y. \&i.l..y $$i :.f& 

*..qJ.>,~::.: ): :;::I!!: 
. . .,.:...” 

l+-IG. 78. A. Zetifer, adult. a, wing ; b, dorsal scales from the base of vein 2.2 (cf. fig. 

85c) ; c, base of wing enlarged ; d, fore tarsus ; e, hind tarsus ; f, half of 8 genitalia 
to show coxite, harpago, phallosome and process of 9th tergite ; g, tip of inner parabasal 
spine ; h, harpago ; i, tip of phallosome with leaflets ; j, separate leaflets ; k, posterior 
part of $? cibarium (pharyngeal or posterior end towards the top of the page) showing 
the sclerotized area sa, other symbols are, Zf lateral flange, pa pigmented area of posterior 
ha1.d palate, p/z posterior hard palate, VP ventral papillae. 
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FIG. 79. A. letifev, 3 pupa. 1, abdomen and metathorax, dorsal hairs on left, ventral on 
right (but see legend, fig. 29) ; 2, trumpet ; 3, lateral spines ; 4, lateral border of paddle. 

(From Crawford) 
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FIG. 80. A. letifer, pupa. a, live pupa from above ; b, left trumpet of live pupa ; 
c, more enlarged view of left trumpet of live pupa, d meclian dorsal ridge of cephalothorax, 
112 opening of meatus, t tragus ; d, left trumpet of mounted skin ; e, left trumpet of 
another mounted skin, slightly more posterior view than d ; f, teeth on part of posterior 
border of tergite V ; g, $ genital pouch and paddle ; h, lateral spine V ; i, lateral 
spine VI ; j, segments IV and T’, right half, dorsal. 
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Differs from uumbrosm mainly as follows :- 
FI~K~LE (fig. 78). Head. Palps and proboscis less shaggy, appearing thinner. 

Posterior hard palate of the cibarium with a small median heavily sclerotized area 
immediately anterior to the ventral papillae. 

Thorax. Pleura greyer. No propleural setae (rarely there may be a single one 
on one side), subalar setae more numerous, 7-10, but without scales. 

Legs. Coxae without scales, fore and mid tarsi unbanded or only with minute 
pale bands, hind tarsi with pale bands up to about 3 x as long as wide, as in 
wnbrosm, but mainly below the joints. 

Wings. Length, 3.4-4.4 mm. Rather less densely scaled and dark, subcostal 
pale spot nearly always present on costa, occasionally involving vein I. Sector 
pale spot present on vein I and sometimes a few pale scales in the middle dark mark. 
Apical pale spot usually complete on 2.1, basal dark mark on vein 5 seldom reaching 
more than half way to the fork, vein 6 rarely with any dark scales above the upper 
dark mark and then only z or 3 (fig. 7%~). Scales mostly narrower than in ro+ri 
(cf. figs. 78b and 85~). 

MALE (fig. 78). Similar to female. 
Genitalia. Coxites without obvious pale dorsal setae, dark lateral scales scanty, 

harpago and phallosome leaflets similar to those of baexai. 
PUPA (figs. 79, 80). Resembles that of brevipaZ$is and differs from that of 

umbrosus by having trumpets that meet in the mid-dorsal line of the living pupa 
and pigmented projections below the root of the trumpet and on the wing case, ab- 
dominal hairs o and 2 rather large (fig. Soj), and paddles $ to $ as wide as long. 
The tragus of the trumpet is complex, roughly T-shaped in outline and distinctive 
of this species. Mounted skins usually fairly dark, but pigmentation of paddle base 
and male genital pouch less pronounced than in brevipalpis. Abdominal segments 
rather deeply constricted at the base, teeth on the hind margins of the tergites 
rather large and wide apart. Hair 3,VI apparently between I and 5 (see fig. 79, in 
which on segment VI hair 3 is branched while I is simple and just median to 3, 
and similar to I on VII). Lateral spines short and blunt but less globose than those 
of brevipalpis, spine VIII inserted more or less at the apex of the segment which 
bears rather stronger teeth. Paddle index I ~2-1.3, refractile border about +-Q the 
length of the paddle with a few fairly large teeth distally. For further description 
see Crawford (1938, ’ umbrosus ‘), and Appendix, Table V. 

LARVA (figs. 65, 81,82). Very similar to that of bvevipalpis, but head and base of 
antenna not usually as dark. Best distinguished by the clypeal hairs; inner hair 
usually simple, outer with fewer branches 4-9 (av. 5 or 6), posterior with 1-3 
branches, smaller not reaching bases of inner. Antenna : shaft hair with 7-13 
branches, terminal hair with one or two somewhat thickened and hooked branches. 

Thorax. Prothoracic hair 4 (fig. 81~) with a tuft of fine branches at the tip, side 
branches short and inconspicuous (less conspicuous than in the figure). Shoulder 
hairs and prothoracic pleural hair epl as illustrated (fig. 8re, d). 

Abdomen. Palmate hairs undeveloped as in brevipalpis, with filamentous 
branches (fig. 82b). Segment III, hair o with 3-4 branches, lateral hair with 13-20 
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(cf. roperi). Lateral on IV (fig. 8If) 2-6 branches (cf. baezai). Saddle hair (fig. 
&a) simple (cf. collessi). Pecten with 8-10 long teeth alternating with short ones. 
For further details of chaetotaxy see Appendix, Table VI. 

\ 

I;IG. 81. A. letifer, larva. a, clypeal hairs, right side ; b, right antenna ; c, prothoracic 
hair 4 ; d, prothoracic pleural hair epl ; e, left shoulder hairs ; f, abdominal segment 
IV, left side, dorsal (cf. lateral hair, 6, with fig. 74~). 



EGG (fig. 82). 

batches. Deck 
into three parts 
this is also the 
Indonesia under 
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Length 0.50 mm., with 23-29 float ribs. Described from four 
very variable, sometimes single but usually divided, commonly 
consisting of a short area at each end and a long central area ; 
pattern illustrated by Walch & Walch-Sorgdrager (1935) from 
the name u~~brosus. 

NOTES. The confusion between this species and umbrosus has been described 

(PP. 154, 161). Gater discovered the cibarial character and proposed the name 
Zetifer, but his paper and specimens were lost in transit during the 1939-45 war so 
that Sandosham’s description, though he attributed it to Gater, was the first publi- 
cation of the name Zetifer and he is therefore the author of the name. The original 

d 

I+-IG. 82. A. Zetifeev, larva and egg. a, saddle hair (cf. fig. 84d) ; b, hair I (undeveloped 

palmate) on abd. seg. V (cf. fig. 9IC) ; c, egg, dorsal view and variations of the deck ; 
d, egg, lateral view. 
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description of Zetifer was based on specimens from the coastal plains of Selangor 
south of Klang (Gater, personal communication), from which Reid’s neotypes also 
came. This point is of some importance since the original description could also 
apply to whartoni or coZZessi which have a similar sclerotized area in the cibarium, 
but in many years of collecting in the type area only the one species, Zetifer, has 
been found. 

Distribution. Peninsular Thailand, Malaya, Sumatra and Borneo. 

Habits and vector status. This species seems to occur only at low elevations, 
chiefly on the coastal plains. Adults rest outdoors on upright shaded stems or 
sometimes beneath houses ; unlike adults of umbrosus they do not often attack in 
the shade by day. Larvae occur in a variety of breeding places, but are typically 
found in stagnant somewhat acid waters, usually though not always in the shade, 
but seldom inside the dense swamp-forest where umbrosus usually breeds. A. Zetifer 
is slightly more anthropophilous than umbrosus and owing to its habits is more 
often found near houses. It is also strongly attracted to chickens and ducks 
(Moorhouse & Wharton, 1965). At times it is an important vector of human 
malaria, though possibly also a vector of mouse-deer malaria ; it is a vector of a 
rural strain of Wuchereria bancrofti. 

Anopheles whartoni Reid, 1963 

Awn. hop. Med. Pavasit. 57 : 106. 
TYPES : 0, $ with pupal and larval skins from Singgora, Pahang, Malaya, in BMNH. 

DIAGNOSIS. Very close to Zetifer, but wing with dark scales on the base of vein 6 
and pupal trumpet of a different shape. 

Differs from Zetifer only as follows :- 

FEMALE (fig. 83). Head. Sclerotized area in the cibarium perhaps a little less 
pronounced. 

Wings. Darker, always with some dark scales at the base of vein 6 ranging in 
number from about 5-25, commonly about 7-15. Basal dark mark on vein 5 tends 
to be longer, often reaching half way or more to the fork, subcostal pale spot on 
the costa sometimes absent, apical pale spot usually incomplete on Z-I. 

MALE. Wing as in female ; the genitalia, including leaflets, as in Zetifer. 

PUPA (fig. 83). Trumpets appear different, in particular the tragus is spatulate, 
not T-shaped, and in the living pupa the trumpets do not quite meet in the mid- 
dorsal line (see figs. 84 and 86 of collessi and roperi). Abdominal hair 2,111 usually 
with more branches (16-23) than in Zetifer (7-17). Width of paddle (index I ~2) and 
length of refractile border (6) similar to those of Zetifer. 

LARVA. Living larva blackish to greyish brown, with paler markings on thorax 
and abdominal segments III and VIII. Indistinguishable at present from that of 
Zetifer, though the number of branches on the outer clypeal hair is a little lower, 
2-7 (av. 4.8), compared with 4-g (av. 5.5) for Zetifer. 

EGG. Apparently very similar to that of Zetifer. 
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NOTES. So far this species is known only from the east side of Malaya (Pahang 
and Kelantan) ; it is occasionally common in low-lying parts of east Pahang where 
it largely replaces Zetifev, although that species is also present. Larvae are found in 

a variety of breeding places similar to those of Zetifer. Adults will attack man at 

night, especially outdoors, and the species apparently maintains low levels of endemic 
malaria, and of filariasis due to a rural strain of Wztchereria bancrofti. 

FIG. 83. A. wlaavtoni, adult an d pupa. a, wing ; b, base of wing enlarged ; 
trumpet of live pupa ; 4 left trumpet of mounted skin. 

c, left 

Anopheles collessi Reid, 1963 

Ann. hop. Med. Parasit. 57 : x03. 
TYPES : $2, $ with pupal and larval skins from Ulu Gombak, Selangor, Malaya, in BMNH. 
Larval form from Kelantan of Reid, 1950. 

DIAGNOSIS. Close to Zetifer, but wing with some pale scales on the base of vein 5 
and dark scales on the base of vein 6 ; pupal trumpet differs in the same way as 

that of whartoni ; larva usually with a branched saddle hair and more branches on 
the outer clypeal hair. Egg with the deck reduced to a small area at each end. 

Differs from Zetifer only as follows :- 

FEMALE (fig. 84). Head. Sclerotized area in the cibarium perhaps a little more 

pronounced. 
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Wings. With a few pale scales at the extreme base of vein 5 varying in number 
from about 5-25, either scattered or forming a small pale area ; basal dark mark 
on vein 5 usually smaller and less well defined. Base of vein 6 with about 3-10 
dark scales. 

MALE. Wing as in female ; the genitalia, including leaflets, as in Zetifer. 
PUPA (fig. 84). Not distinguishable at present from that of the preceding species 

whartoni ; has a similar spatulate tragus in the trumpet. Abdominal hair 2,111 
has 14-25 branches in the few Malayan specimens examined and 8-15 branches in 
Bornean specimens. 

LARVA (fig. 84). Differs from those of Zetifer and whartoni only as follows :- 
Outer clypeal hair usually with more branches, 7-15 in Malayan specimens, 5-13 in 

FIG. 84. A. collessi, adult, 
and left trumpet enlarged 
dorsal and lateral views. 

pupa, larva, egg. a, base of wing ; b, live pupa from above 
; c, clypeal hairs of larva ; d, saddle hair (cf. fig. &a) ; e, egg, 
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Bornean, commonest number 8 (Zetifer and whartoni 2-9 branches, usually less than 
7). Antenna1 hair with 15-18 branches (Zetifer and whartoni 7-13). Saddle hair 
1-3 branches, usually bifid ; branching of the saddle hair is an unusual character, 
but is common, for example, in the aitkenii group in series AnopheZes. 

EGG (fig. 84). Differs from that of Zetifer and whartoni in having the deck reduced 
to a small area at each end. Resembles the egg of baexai, but a little shorter 
(0.49 mm.) though with more float ribs (27-32). The polygonal pattern on the 
exochorion of the egg of baezai is much the same as in this species, but is only partly 
indicated in fig. 74d (see pp. 91, 167). Described from drawings and measure- 
ments of Bornean (Labuan) material made by Dr. D. H. Colless. 

NOTES. This species may be commoner in Borneo than in Malaya. Larvae 
and pupae from Borneo (Labuan) tend to have fewer branches on some hairs than 
Malayan specimens, and the terminal antenna1 hair of the larva usually lacks the 
slightly thickened and hooked branches seen in Malayan specimens, and in both 
Malayan and Bornean Zetifer (see fig. 81-b). 

Distribution. So far recorded from Borneo (Labuan Island and Brunei), and 
Malaya (Kedah, Perak, Selangor, Kelantan and Pahang). 

Habits and vector status. Jrery little is known about this species as yet ; it is 
widely distributed in Malaya but so far has only been found in small numbers. 
Larvae have been collected from shaded pools and swamps, in situations varying 
from swamp-forest near the mouth of the Perak river to hill forest at about 1,000 ft. 
near Kuala Lumpur. A few adults have been caught attacking in the shade by 
day, but there is no evidence at present to show whether it is a vector of human 
disease. 

Anopheles roperi Reid, 1950 

Tvans. R. ent. Sot. Load. IOI : 298. 
TYPES : $J, 3 with pupal and larval skins from Kuala Kubu Bahru, Selangor, Malaya, in BMNH. 
u~zbrosus largest variety of Roper, 1914, Borneo. 
Sp.B near zwzbvosz~s of Colless, 1948, Borneo. 

DIAGNOSIS. A large species which, like Zetifer, lacks propleural setae, but the 
centre of the mesonotum is not uniformly grey ; tip of wing with an additional 
fringe spot, extreme base of costa and bases of veins I and 5 with some pale scales 
(cf. montanm, p. 149), base of hind tibia with a pale band. Phallosome leaflets 
long, curved and strap-like. Pupa similar to those of zwhartoni and collessi. Larva 
like Zetifer but with more branches on the lateral hair on abd. III. Egg with a 
single or divided deck. 

Differs from Zetifeer mainly as follows :- 

FWALE (fig. 8s). Head. Palps and proboscis shaggy as in unzbrosus. Sclero- 
tized area in the cibarium weaker. 

Thorax. Mesonotum with a mottled pattern of light and dark patches (cf. 
montanus). Occasionally there may be a few very small propleural setae, upper 
sternopleural setae more numerous, 7-17 (Zetifer 3-6). 
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Legs. Coxae with scales, base of hind tibia with a pale band. Fore and mid 
tarsi with minute pale bands ; hind tarsi with third pale band lying across the joint, 

not usually mainly below the joint as in Zetifer. 

d 

FIG. 85. 
of vein 
tibia ; 

A. roperi, adult. 
z ‘2 (cf. fig. 78b) 

g, harpago ; h, 

a, wing ; b, base oi wmg enlargea ; 

; d, fore tarsus ; e, hind tarsus ; f, pale band 

tip of phallosome and leaflets ; i, posterior par 

3Ld,l-- -- 

on base 01 
t of 9 cibz 

base 
hind 
rium 

(compare fig. 78k) 
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Wings (fig. 8s). Length 3-g--4-g mm., with broader scales (fig. 85c, cf. fig. 78b). 
Base of costa proximal to the humeral cross vein with pale scales, varying from a 

. ‘..‘..T . . . 6 ‘is I 

.-. 

FIG. 86. A. roperi, pupa. a, live pupa from above and left trumpet enlarged ; b, left 
trumpet of mounted skin ; c, teeth on part of posterior border of tergite V ; d, lateral 
spine V ; e, lateral spine VI ; f, paddle and $ genital pouch. 
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trace on the anterior edge to two small pale spots as illustrated. Subcostal pale 
spot present on costa and usually involving vein I. Remigium with some pale 
scales, basal 8 of vein I with some scattered pale scales, sector pale spot usually 
larger and more often involving subcosta. An additional apical fringe spot at the 
end of vein 2.1. Extreme base of vein 5 with some pale scales, scattered dark 
scales distal to the upper dark mark sometimes tend to form an additional dark 
mark before the fork. Base of vein 6 with scattered dark scales (1-27). 

MALE (fig. 85). Pale area at base of costa better developed than in female. 
Abdominal segment VIII with pale setae dorsally, or sometimes very slender pale 
scales. 

Genitalia. Coxites with pale dorsal setae or slender scales, and dark lateral scales. 
Phallosome about half as long as the coxites, with 4 or 5 pairs of leaflets of distinctive 
shape, narrow, curved and strap-like, the larger ones with a tiny point at the tip. 
Ventral lobe of harpago with three spines. 

PUPA (fig. 86). Living pupa with trumpets not quite meeting in the mid-dorsal 
line, tragus spatulate as in whartoni and collessi. Lateral spines, e.g., on VI, usually 
rather longer and sharper than in Zetifer, sides of male genital pouch roughly parallel 
instead of convergent. 

LARVA. Terminal antenna1 hair with one or two branches stout and hooked 
(fig. 87a) as in Zetifer. Outer clypeal hairs with about the same number of branches, 
4-7, as in Zetifer ; differs only in the larger number of branches on the lateral hair 

E‘IG. 87. A. YO@Y~, larva and egg. a, terminal antenna1 hair 
views and variations of the deck. 

. b, egg, dorsal and lateral > 
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and hair o on segment III ; lateral III with 21-26 and hair 0,111 with 5-6 branches 
(Zetifer, whartoni and collessi, lateral III with 13-20 and 0,111 with 3-4). 

EGG (fig. 87). Described from one batch ; length 0.50 mm., floats with zo-24 
ribs. Most eggs had a single deck but about IO per cent. had the deck divided into 
two or three portions. Differs from the egg of Zetifer in being rather more slender, 
the polygonal pattern well developed beneath but absent dorsally and the deck 
usually undivided. 

NOTES. Widely distributed but seldom common ; recorded from Assam (where 
it may be the species to which past records of umbrosus refer), and from Thailand 
(Scanlon et al., 1968), Malaya, Sumatra and Borneo. 

Habits and vector status. It is found from the coastal plains to about 1,000 ft. in 
the hills, but appears to be most numerous in wooded swampy valleys where the 
foothills merge into the plains. Larvae are found in shaded pools, swamps and 
ditches. Adults will attack man in forest throughout the 24 hours, but mainly by 
day with a peak in the late afternoon (Moorhouse & Wharton, 1965). Rarely taken 

in houses, and though oocyst and sporozoite infections have been found these may 
have been non-human, possibly from mouse deer. Reid & Hodgkin (1950) sug- 
gested that roperi might possibly have been the vector of malaria at Gemas in 
Negri Sembilan. However, the discovery since then of another possible vector, 
A. donaldi, that occurred in some numbers near Gemas (Reid, 1962, p. 20), and what 
has been learnt of the adult habits of roperi, make it seem unlikely that roperi was 
the vector. 

Anopheles separatus (Leicester), 1908 

Myzorhynchus sepavatus Leic., Cul. Malaya p. 36. 
TYPES : 0, $ paratypes from Kuala Lumpur, Malaya, in BMNH. 
snijdersi (Swellengrebel), 1921, (as Myzorhynchus sinensis var. snijdersi), Medan, east coast of 

Sumatra, male described, type none, synonymy by Christophers, 1924. 
huntevi Strickland, 1916 and later, and of other authors, in part. 

DIAGNOSIS. Palps with variable pale bands, apex usually largely pale, wing 
brightly marked ; adults superficially resemble species in the hyrcanus group, but 
females lack the ventral scale tuft on abdominal segment VII and the tufts on the 
clypeus, while in both sexes the bases of veins I and 5 are without pale scales. 
Phallosome with serrated leaflets. Pupal trumpet with pigmented thickenings on 
the rim and a spatulate tragus, paddle base pigmented. Larval antenna with very 
bushy shaft hair, terminal hair without thickened hooked branches. Egg with long 

narrow floats and deck usually reduced to a short narrow area at each end. 

Differs from wnbrosus mainly as follows :- 

FEMALE (fig. 88). Head. Palps with variable pale markings, usually the ter- 
minal (5th) segment is all pale and there are some pale scales at the joints 2-3 and 
3-4 ; less often the pale scales may be almost absent, or at the other extreme the 
last two segments may be continuously pale with a well marked pale band at the 
joint 2-3. 
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Thorax. Grey median area of the mesonotum less pronounced. Propleural 
setae 2-3, subalar setae 2-3. 

Legs. Coxae without scales. Tarsi of all legs with narrow apical pale bands, tip 
of fifth segment sometimes a little pale. 

Wings. Length about 3.6 mm. More brightly marked, the pale areas usually 
larger and more creamy. Subcostal pale spot on the costa involves vein I and is 
usually well marked, though sometimes narrow on the costa. Vein I with sector 
pale spot and usually a few scattered pale scales in the middle dark mark, tip pale. 
Apical fringe spots at I and z -2 usually wider, the latter often stretching between 
Z-I and 3. Basal dark mark on vein 5 shorter, only reaching about 3 way to the 
fork. 

bJ .- 

P c 8 
FIG. 88. A. sepavatus, adult. a, wing ; b, distal part of hind tarsus ; c, 9 and d palps ; 

d, harpago ; e, parabasal spines ; f, phallosome leaflets of two different specimens. 
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FIG. 89. A. sepavatus, $2 pupa. 1, abdomen and metathorax, dorsal hairs on left, ventral 

on right (but see legend, fig. 29) ; 2, trumpet ; 3, lateral spines ; 4, lateral border of 
paddle. 

(From Crawford) 
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MALE (fig. 88). Head. Club of palps largely white or greyish white with a small 
median and basal dark band, stem with a variable amount of pale scales. 

Wings and legs. Pale marks usually somewhat larger than in female, the tarsal 
bands sometimes extending below the joints, fifth segment more often pale. 

A bdowen. Upper side of VIII with rather numerous median pale scales. 
Genitalia. Back of coxites with pale scales, sides with dark scales. Phallosome 

with 4-5 pairs of conspicuous leaflets, the larger broad and serrate, the smaller 
narrow and sometimes forked apically. Harpago with three lobes, the ventral with 
two large setae and often a small third seta. 

b 

I+(;. go. A. SeparatzLs, pupa. a, live pup from abo\-e ; b, left trumpet of live pupa ; 
c, left trumpet of mounted skin, tl/ thickening on rim ; d, teeth on posterior border of 
tergite and lateral spine of segment V ; e, segments I\’ and V, right half, dorsal ; f, 
paddle and genital pouch of 3. 
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PUPA (figs. 89, 90). With a pigmented projection below the root of the trumpet 
but no obvious one on the wing case. Trumpets of the living pupa approximated 
in the mid-dorsal line but not meeting, tragus broadly spatulate, rim of pinna with 
two thickened or pigmented areas, one of them forming part of a small secondary 
cleft and seam. Hair o small as in umnb~osus, simple or bifid ; relative sizes of hairs 
o, z and 3 on IV (fig. 9oe) much as in baezai (fig. 7x8) ; hair 3,VI apparently external 
to I as in Zetifer (cf. figs. 89 and 79). Mounted skins fairly dark, base of paddle and 
nearly the whole of male genital pouch well pigmented. Teeth on hind margins of 
tergites small. Lateral spines small and obtuse. Paddle about + to $ as wide as 
long (index I .3-1.5)) refractile border about $-Q as long as the paddle with very 
small teeth. 

LARVA (fig. 91). Head. Head capsule and basal g of antenna often rather 
darkly pigmented. Clypeal hairs : inner hair simple, outer with 7-17 branches, 
average 13, posterior usually simple. Antenna somewhat stout and sinuate with 
bushy shaft hair much as in albotaeniatus (fig. 61), shaft hair with 17-36, usually 25 
or more, branches, terminal hair with the branches fine and not hooked. 

Thorax. Inner shoulder hair shorter than outer, with 3-5 branches in the distal 
half or at the tip, middle hair with 9-14 branches (cf. brevi$aZ@s and Zetifev sub- 
group with 5-9 branches). Prothoracic hair 4 as in Zetifer (fig. 81). 

A bdonaen. Undeveloped palmate hairs (fig. 91~) with more branches, 15-30 on 
IV and V, than in brevifmZ@is and the Zetifer subgroup, 4-12. Pecten with 5-7 
long teeth alternating with short ones. 

EGG (fig. 91). Length 0.52 mm. A slender egg with long narrow floats having 
some 32-35 ribs, deck reduced, variable, usually appearing as a short narrow area 
at each end. 

NOTES. On superficial examination adults of this species may be mistaken for 
sinensis or other members of the hyxanus group with narrow tarsal bands ; females 
are distinguished by the lack of clypeal scale tufts or ventral tuft on VII and with 
less certainty by having the last segment of the palps usually all pale. Both sexes 
differ from ‘ hyycanus ’ in lacking pale scales at the base of veins I and 5 ; also, 
as in other members of the umbrosus group, the upper apical fringe spot is opposite 
the end of vein I the tip of which is pale, whereas in ‘ hyrcanus ’ this fringe spot is 
usually above the end of vein I the extreme tip of which is usually dark. Males of 
separatus have more extensively pale palpal clubs than those of ’ hyrcanus ’ and 
more pale scales on abdominal segment VIII. 

On larval and PuPal characters 
zmbrosus and the Zetifer subgroup. 

separatus is somewhat intermediate between 

Distribution. Recorded from peninsular Thailand (Iyengar, 1953 ; Scanlon et al., 
x968), Malaya, Sumatra and Borneo, and doubtfully from Buru in the Moluccas. 

Habits and vector status. This species is found from the landward edge of the 
brackish-water zone on the coast, inland to the foothills. It is commonest on the 



192 ANOPHELES OF MALAYA AND BORNEO 

coastal plains in acid water under shade, but not in the forest. Adults can be 
caught at night with a man-baited net trap, but much larger numbers are attracted 
to cattle, and it is not known to be a vector of human disease. 

FIG. 91. A. separatus, larva and egg. a, clypeal hairs, right side ; b, right antenna ; 
c, hair I (undeveloped palmate) on abd. seg. V (cf. fig. 8zb) ; d, egg, dorsal and lateral 
views and variations of the deck. 
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Anopheles hunteri (Strickland), I-916 

Myzorhynchus hunteri Strick., Indian J. med. Res. 4 : 263. 
TYPE : None ; type locality, Tebong, Negri Sembilan, Malaya. 
Further described by Essed (1928) from the Riouw and Natuna Islands. 

DIAGNOSIS. Imperfectly known, distinguished from separatus by the absence of 
leaflets on the phallosome, and probably by fewer branches on some of the larval 
hairs. 

This species is known only from the incomplete descriptions of Strickland and 
Essed. At present, females could not be distinguished from those of separatus, and 
males only after examining the genitalia. From the descriptions, larvae of hunteri 
seem to have fewer branches on certain hairs than have those of separatus. Pupae 
and eggs unknown. Differences between hunteri and separatus are summarized in 
the following couplet :- 

Phallosome with obvious toothed leaflets, harpago trilobed. Larva usually with 
more than IO branches on the outer clypeal hair and 25 or more on the antenna1 
hair . . . . . . . . . . . . . separa tus 

Phallosome without leaflets, harpago bilobed. 
outer clypeal hair and probably less than 20 

Larva with 6-10 branches on 
on the antenna1 hair . . 

the 
hunteri 

NOTES. Strickland’s illustration of the wing (probably a male) shows a fringe 
spot at 5.2 ; this was not seen by Essed in his specimens and is exceptional for any 
member of the umbrosus group. 

Since the adults of hunteri cannot be distinguished at present on external 
characters from those of the commoner species separatus, the best chance of re- 
discovering hunteri would seem to be by looking for larvae of ’ separatus ’ with 
consistently less than the usual number of branches on the outer clypeal and 
antenna1 hairs. If such larvae were commonly found at any locality the genitalia 
of resulting males should be examined. Much of Strickland’s description probably 
refers to separatus, but his illustration of the larval outer clypeal hair with only 6 
branches and Essed’s finding of only 8-10 branches, coupled with the lack of 
phallosome leaflets, seems to make it certain that hunteri is a distinct species. Essed 
compared his larvae with those of umbrosus (almost certainly Zetifer) and he describes 
the antenna1 hair as similar ; since Zetifer has 7-13 branches on this hair it seems 
likely that hunteri has less than 20, compared with separatus which usually has 25 
or more. 

The distribution of hunteri seems to be southerly : south Malaya, Negri Sembilan; 
Indonesia, Riouw (Bintan) and south Natuna Islands. 

Essed records larvae on Bintan Island from clean water with vegetation at the 
edges, either in wells or slowly flowing streams, in sun or shade ; some adults were 
found in houses. Relation to malaria : no evidence. 
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Anopheles similissimus Strickland & Choudhury, 1927 

Xnoph. I,arvae India, Ceylon, Malaya p. 19. 
TYPE : None ; type locality, Malaya. 
AV7yzovhynchus sinzilis Strickland, 1917, Indian J. nzed. lies. 4 : 611 ; preoccupied by similis 

Theobald, 1901 (= A. coustani). 

DIAGNOSIS. Larva like that of Zet<fer, but said to have bushy outer clypeal hairs 
as in sine&s (see Strickland & Choudhury pl. VI and p. 35). 

This species is known only from the very inadequate original description which 
reads as follows. ” Larva.-Clypeal hairs and other cephalic hairs as in sinensis. 
Anterior thoracic hairs as in sinensis. Palmate hairs absent but represented by 
a series of filamentous cockades as in ~mbros~s [= Zetifer]. Image.-The single 
female which I have is indistinguishable from ZWZ~YOSUS.” The place where the 
larvae were found and the nature of the breeding place are not stated. 

In an unpublished report of about rgr7* (see Reid, rg5o), Strickland records 
finding larvae of this species only on four occasions ; at Sungei Batang Kuala 
Pilah, Negri Sembilan ; on Kuala Pahi estate, Kelantan ; at Behrang, Perak ; 
and at Sungei Batang Johore Bahru, Johore. He remarks that it ranges from the 
coast (not on alluvium) to the hinterland. As three of these localities are well 
inland, similissimus cannot be baexai as has been suggested, as the latter is confined 
to brackish water on the coast. Strickland & Choudhury briefly indicate the 
distribution of similissimus as British Malaya, Selangor ; possibly Selangor is an 
error as this State is not included in the localities mentioned in the report. 

If it exists, similissimus must be very rare or local as it has not been definitely 
identified by anyone except Strickland. It may be another member of the Zetifer 
subgroup with a large number (presumably more than zo) branches on the outer 
clypeal hair. Strickland & Choudhury place it biologically in a group of species, 
including PhiZippinensis, hyrcanus, jamesii, tessellatus, etc., which they classify as 
breeding in paddy fields and grassy swamps. 

* Now in the library of the Faculty of Medicine, University of Singapore. 

ANGUSTICORN section, Reid & Knight, (1961) 

For characters see the key on p.50. 

LophosceZomyia 

Edwards, 1932, Gen. I%?SeCt. I94 : 37. 

ADULT. Fore femur a little swollen at the base, tarsi without pale bands but coxae 
and usually the tip of the abdomen with scales (compare Anopheles series, p. 206) ; 
apex of hind femur with a prominent tuft of scales (black proximally white distally), or 
the mid and hind tarsi with areas of outstanding scales ; mesonotum with pale 
centre contrasting with dark sides, $? palps somewhat shaggy basally and head 
scales broad, pronotai lobes with scales, wings with pale areas ; spines on the dorsal 
lobe of the harpago separate, phallosome without LeaJets. 

series 
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PUPA. Trumpets simple, longer axis vertical ; hair I on V-VII small and few- 
branched, much smaller than 5 which is very strong with fairly numerous branches. 

LARVA. Found in tree holes and bamboos, frontal hairs siw@li$ed, subantennal hair 
longer than antenna and simple OY few-bmnched, antenna1 hair small, simple or few- 
branched, spicules of the antenna1 shaft tend to be reduced dorsally, outer clypeal 
hairs few-branched or simple. Long thoracic pleural hairs simple or branched, 
epl very small simple or branched. Lateral abdominal hairs long on IV-VI as well 
as on I-III. 

This is a small, purely Oriental series, well represented in Malaya, and consisting 
of forest species breeding in tree holes and bamboos. They are easily recognized 
by the striking apical tuft of white scales, preceded by black scales, on the hind 
femur (except in bulkleyi, see below). The related A. mellingtonianus in series 
Anopheles has a similar tuft, but the colours are reversed, the black scales being 
apical, and the larvae are found in ground waters. 

A. bulkleyi Causey, 1937, was described from a single male bred from a larva 
found in a tree hole at Chandburi, south-east Thailand. Reid & Knight (1961) give 
reasons for thinking that it belongs to this series ; it has the diagnostic adult 
characters except that the tuft of scales on the apex of the hind femur is replaced 
by outstanding black scales on the first, or first and second segments of the mid and 
hind tarsi. Causey’s description is reproduced by Bonne-Wepster & Swellengrebel 
(1953). This curious species might be found to occur in north Malaya. 

Apart from A. bulkleyi, the species in this series form a single group distinguished 
by the apical tuft of white scales on the hind femur. The group is divisible into two 
parts, asiaticus and noniae on the one hand and annandalei and interruptus on the 
other. This is shown in the following key to adults, pupae and larvae. 

KEY TO THE SPECIES OF THE A, ASIATICUS GROUP 
None of these species has yet been found in Borneo. 

Adult : end of abdomen with pale scales, wing without a pale fringe spot at the end of 
vein 3, costa usually with an SC pale spot extending on to vein I. Pupa : lateral 
spines VI and VII frayed or strongly branched, not hooked at the tip. La!rva : 
subantennal, terminal antenna1 and outer clypeal hairs usually simple, palmate II 
weak or undeveloped . . . . . . . . . . . 2 

Adult : end of abdomen without pale scales, wing usually with a fringe spot at 3, SC 
pale spot, if present on costa, not extending on to vein I. Pupa : lateral spines 
VI and VII smooth, unbranched, and slightly hooked at the tip (at least in 
interruptus). Lavva : subantennal, terminal antenna1 and outer clypeal hairs 
branched, palmate II fully developed . . . . . . . . 3 

Adult : black scales on the bases of veins 4 and 6 forming more or less distinct 
clumps. Pupa : lateral spine VII simple or slightly frayed, meatus about half the 
total length of the trumpet. Larva : posterior clypeal hairs short, reaching about 
to the bases of the inner clypeals, antenna1 shaft hair with 2-6 branches in the 
distal half . . . . . . . . . . asiaticus (p. 196) 

Adult : black scales on bases of veins 4 and 6 not or only slightly clumped, wing 
usually darker. Pupa : lateral spine VII strongly branched, meatus about two- 
thirds the length of the trumpet. Larva : posterior clypeal hairs long, reaching 
near to or beyond the tips of the outer clypeals, antenna1 shaft hair with 5-9 
branches from near the base . . . . . . . . noniae (p. 201) 



196 ANOPHELES OF MALAYA AND BORNEO 

3 Adult : sometimes with an SC pale spot on the costa of the wing. Larva : one of 
the long pleural hairs on each segment of the thorax with barb-like side branches 

interruptus (p. 203) 
- Adult : costa without an SC pale spot. Larva : all the long pleural hairs simple 

annandalei (p. 203) 
(not yet recorded from Malaya) 

Anopheles asiaticus (Leicester), Igo4 

Lophoscelovnyia asiatica Leic., Entomologist 37 : 13. 
TYPE : $2 from larva in bamboo, Ampang jungle, 6 miles from Kuala Lumpur, Malaya, in 

BMNH. 

DIAGNOSIS. Group characters : apex of hind femur in both sexes with a striking 
tuft of scales, black proximally, white distally (cf. wellingtonianus, black distally), 
pupal abdomen with hair 5 strong and hair I very weak, larva with reduced frontal 

FIG. 92. A. asiaticus female, from Stanton. Joints and pale 
usually as conspicuous as this. 

bands on th e palps are not 

hairs and subantennal hair longer than antenna. Other characters : end of $! 
abdomen with pale golden dorsal scales, wings without a fringe spot at 3, black 
scales at bases of veins 4 and 6 usually forming more or less distinct clumps ; lateral 
spine VII of pupa not hooked at tip, usually frayed ; larva usually in cut open or 
split bamboos, the subantennal, terminal antenna1 and outer clypeal hairs usually 
simple, posterior clypeal hairs short only reaching to about the bases of inner clypeals, 
palmate hairs weak on abdominal segment II, lateral hairs IV and V simple. 

FEMALE (figs. gz, 93). Head. Proboscis and palps mainly black, basal (2nd) 
segment of palps shaggy, joint between z and 3 well marked, sometimes one or two 
pale scales at this joint and at joints 3-4 and 4-5. Head scales broad, white at the 
vertex, black elsewhere. 

Thorax. Mesonotum with pale ashy-brown centre contrasting with dark chocolate 
lateral areas (scutellum with a dark median spot), anterior promontory with a 
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median tuft of narrow white scales. Pronotal lobes with a tuft of dark scales. 
Pleura without scales, z or 3 propleural setae, haltere knobs black. 

Legs. Coxae, trochanters and bases of femora pale, fore and mid coxae with 
some long pale scales. Fore femur somewhat swollen towards the base, mid femur 
with a small dorsal patch of white scales near the apex, hind femur with a prominent 
apical tuft of semi-erect scales, black proximally and white distally. Hind tibia 
with a narrow basal pale band, otherwise tibiae and tarsi dark. 

a 

FIG. 93. A. asiaticus, adult and egg. a, base of wing ; b, hind femur ; c, hind tarsus 
d, egg, dorsal and lateral views. 

Wings. Length about 3.0 mm. The most prominent feature of the wing pattern 
is the presence of several distinct clumps of black scales, particularly at the bases 
of veins 2, 3, 4 and 6. Costa with a small humeral pale spot, a subcostal pale spot 
involving vein I and often broad but occasionally absent, and an apical pale spot 
involving tips of veins I and 2 -I. Vein I dark except for the SC and apical pale 
spots, stem of 2 with dark clumps at base and fork, 2-1 pale at the tip and some- 
times before the middle, 2.2 dark with a variable pale area before the middle, 3 
mainly dark with a basal clump, 4 and 5 mainly dark with clumps or darker areas 
on 4 at the base and opposite beginning of 3, and on 5.1 near the base, 6 mainly 
dark with a basal clump. Fringe dark except for the apical pale mark. 
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Abdomen. Brown, tergite IV often black (cf. black mark on larval abdomen), 
tergite VIII clothed with scales, pale golden dorsally, black laterally, the black 
scales sometimes forming a subapical band, tergite VII with a few pale scales on the 
posterior margin, sternite VIII with some black scales, cerci without scales. 

MALE. Similar to female but the wing paler, SC pale mark on costa broader. 
Palps with a narrow pale band on the stem at the base of segment 3, and the club 
with pale marks at base, middle and apex. Abdomen with pale scales on VIII 
above and a few darker scales beneath. 

FIG. 94. A. asiaticus, pupa. a, left trumpet ; b, end of $ abdomen, right half, dorsal. 

Genitalia (As in noniae, fig. 97). Coxites with a few pale dorsal and dark lateral 
scales. Two parabasal spines arising from tubercles, their tips curved and tapering, 
one internal spine. Harpago (see also fig. 98) : dorsally with a group of three broad 
blade-like spines not fused into a club ; ventrally with two or three large spines 
and internal and more ventral to these there is first a short fine spine and then a 
large one. Phallosome poorly sclerotized without leaflets or terminal spines. 

PUPA (fig. 94). Skin evenly and rather lightly pigmented. Trumpet simple, 
fairly wide-mouthed, meatus about a third to a little more than half the total length 
of the trumpet. Abdomen with lateral spine IV small and peg-like, V-VII large, 
slightly curved and sharp-pointed, simple or frayed, VII about $ to + as long as the 
segment, usually frayed, VIII with 18-23 branches. On V-VII, hair I weak and 
inconspicuous, hair 5 strong, dark and slightly curved ; on VII, hair I has about 
3-7 fine branches, hair 5 is about $ or more as long as the segment and has about 
12 branches not spreading much. Paddle about 2 as wide as long (index 1.3)) 
refractile border about $ as long as the paddle, without or with only very minute 
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teeth, and merging gradually with the fringe hairs ; fringe strong between end of 
refractile border and terminal paddle hair, internal border without fringe hairs ; 
terminal hair bushy with about rg branches from near the base, accessory hair 
small with about 2-4 branches. 

LARVA (figs. 95, 96). Living larva pale with a striking large black mark on the 
thorax usually shaped somewhat like a Maltese cross, and a smaller lozenge-shaped 
black mark on the abdomen between segments IV and V (fig. 96a). 

Head. Clypeal hairs : preclypeal hair (no. I) rather large, as long as outer ; 
inner simple, occasionally forked ; outer simple, rarely bifid near the tip ; posterior 
small, simple, reaching only to about the base of the inner. Frontal hairs reduced, 
inner (5) long, thin and simple, reaching to the base of posterior clypeal ; middle (6) 

f & b 

FIG. 95. il. asiaticus (and A. noniae), larva. a, right antenna and subantennal hair s, 
showing also for comparison (on left) the shaft hair of A. noniae ; b, clypeal hairs ; c, left 
frontal hairs ; d, some leaflets of palmate hair IV ; e, lateral hairs III-VI ; f, clypeal 
hairs as figured by Strickland (after Strickland). 
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short, simple or two-branched ; outer (7) a little longer than middle, with 2-6 
branches. Sutural and transsutural thin and simple. Antenna : shaft hair dorso- 
external, about Q as long as the shaft, with 2-6 branches in the distal half, occasion- 
ally simple ; terminal hair simple. Subantennal hair longer than the antenna, 
simple, occasionally bifid or trifid. 

Thorax. Shoulder hairs : inner rather distant from middle hair, with 3-6 
branches from near the base or about half-way ; middle with 8-14 branches and a 
small root ; outer simple, about same length as inner. Hair 4 of prothorax with a 
large dark root, stem rather stout with plumose branching. Long pleural hairs all 
simple, epi small and fine, simple to 4-branched, tubercles of the pleural hairs 
without prominent spines. 

A bdomen. Palmate hairs fully developed on III-VII, evenly and moderately 
pigmented, the filaments slender and fine-pointed and about &Q as long as the 
blades. Lateral hairs long on IV-VI as well as on I-III ; plumose as usual on I-III, 
as long but simple and not as thick on IV and V, a little shorter on VI but with 
about 12-15 branches. Pecten teeth numerous, about 20, mostly long. Saddle 
hair simple. 

EGG (fig. 93). One batch examined, length about 0.47 mm. There are no floats 
but the striated frill is very large and stretches from pole to pole, enclosing a large 
eliptical deck, exochorion on sides and lower surface without polygonal pattern. 

NOTES. Strickland (1914) described the larva of asiaticzbs from specimens collected 
from cut bamboo at an altitude of about z,ooo ft. on the pass between Kuala 
Lumpur and Bentong. His description and figures indicate that his larvae differed 
somewhat from those of normal asiaticus or noniae ; in particular the inner clypeal 
hairs were “ bifurcate about their middle ” (fig. gsf) and the dark mark on the 
thorax was of a different shape (fig. g6c). Strickland’s larvae resembled those of 
noniae in having long posterior clypeal hairs and a freely branched antenna1 shaft 
hair. This form will have to be rediscovered before one can decide whether or not 
it is distinct from asiaths and noniae ; a search near the original locality produced 
only normal asiaticus (W. H. Cheong, in lit.). 

Distribution. Until recently, asiaticus was not known outside the Malay Penin- 
sula, but it has now been collected from fallen split bamboo in Tak Province, 

FIG. 96. A. asiaticus and A. noniae, larva. Dark marks on the thorax (upper row) and 
abdomen (lower row) : a, asiaticus ; b, noniae ; c, asiaticus as figured by Strickland 
(after Strickland). 
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northern Thailand (August 1965), by J. E. Scanlon, who kindly loaned specimens. 

Habits and vector status. This beautiful species is a hill-forest mosquito closely 
associated with bamboo. It is not often collected, but where it occurs it can some- 
times be found in fair numbers during the wetter part of the year. The breeding 
places are recorded as cut open and split bamboos or living bored bamboos, but the 
records from bored bamboos may refer to noniae. Small numbers of adults have 
been captured with human bait in forest, but they do not readily engorge and their 
natural hosts are unknown. Not a vector of human disease. 

Anopheles noniae Reid, 1963 

Ann. hop. Med. Parasit. 57 : 108. 
TYPES : 0 type and $ sllotype with pupal and larval skins from Ulu Langat, Selangor, Malaya, 

in BMNH. 

DIAGNOSIS. As for asiaticus, but the wing usually darker without distinct clumps 
of black scales on the bases of veins 4 and 6, and abdominal tergite IV not usually 
darker than the others, the pupa with lateral spine VII strongly branched, larva 
usually in living bored bamboos, and with posterior clypeal hair long, often reaching 
about to the tip of the outer clypeal. 

ADULT (fig. 97). There does not appear to be any clear-cut difference from 
asiaticus, but most specimens can be distinguished by the lack of distinct clumps 
of black scales at the bases of veins 4 and 6, the rather darker wing, and tergite IV 
not obviously darker than III and V. Male genitalia as in asiaticus, no phallosome 
leaflets. 

PUPA (fig. 97). Similar to that of asiaticus but distinguished by the bushy 
branching of spine VII (about 30 branches) and to a lesser extent of spines VI and 
V ; this is an unusual character in Anopheles, though spine VII is often branched 
in Culcines ; a Neotropical species, Anopheles (Lophopodomyia) gilesi, also has 
spines V-VII branched, though in the distal half ; subgenus Lophopodomyia and 
series Lophoscelomyia are probably related to some extent (p. 48). 

Trumpet with a longer meatus, about 3 its length. Some hairs tend to have 
more branches ; 5,VII 15--20, spine VIII about 40, terminal paddle hair 15-ZZ. 
Refractile border of paddle about 3-9 its length. 

LARVA (figs. 95a, 96b, 97). Very similar to that of asiaticus but differs as follows : 
In the living larva the mark on the thorax is less deep black and is differently shaped, 
the vertical arm of the cross being largely absent, the rest of the thorax sometimes 
appears pale blue. On the abdomen there are roughly pyramidal marks on IV and V. 

Head. Posterior clypeal hair much larger, reaching near to or beyond the tip of 
the outer clypeal, simple or with z or 3 fine branches distally ; outer clypeal some- 
times with one or two fine distal branches. Frontal hairs : inner simple to 
3-branched, middle simple, longer and placed somewhat further back than in 
asiaticus, outer with 4-8 branches. Sutural often bifid. Antenna1 shaft hair with 
5-9 branches from towards the base, terminal hair occasionally bifid. 

Abdomen. Lateral VI with about 1%-20 branches, 
EGG. Unknown. 
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NOTES. The shape of the dark marks on the thorax and abdomen of the living 
larva in this species and asiaticus is variable, but usually recognizably different in 
the two species. So far recorded only from Selangor, Malaya. Larvae are found in 

living bamboos bored by the larva of a Chrysomelid beetle, Anisodera goryi Baly, 
which leaves an exit hole in the internode about IO mm. in diameter. The mosquito 

fauna of bored bamboos is a specialized one (Macdonald, 1960). 

FIG. 97. A. noniac, adult, pupa and larva. a, base of wing ; b, half of 3 genitalia to 

show coxite, harpago, and phallosome without leaflets ; c, pupa, left trumpet ; d, end 
of 6 pupal abdomen, right half dorsal, ; e, larval clypesl hairs ; f, left frontal hairs. 
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Anopheles annandalei Prashad, 1918 
Rec. Indian Mm. 15 : 123. 
TYPE : $ from Sureil, Darjeeling district, India, in Indian Mus., Calcutta. 
djajasanensis Brug, 1926, (as annandalei var. cljajasanensis), from Java ; types, 8, 9 and larva 

in BlVINH, synonymy by Puri, 1929. 

This species is less common than its variety interruptm (here treated as a distinct 
species) and has not yet been found in Malaya, but as it has been recorded recently 
from Thailand and occurs in Java, it may be present in Malaya. Remarks on the 
relation between annandalei and interruptus are given in the notes on interruptus. 

Anopheles interruptus, Puri 1929 

annandalei var. intevvuptus Pm-i, Indian J. med. Res. 17 : 387. 
TYPES : paratype 3 (with larval skin) and 3 in BMIVH, other paratypes in Indian nlus., 

Calcutta, and National Inst. Communicable Diseases (former Malaria Inst. India), Delhi. 

DIAGNOSIS. As for asiaticus, but end of q abdomen without pale scales, wings 
usually with a fringe spot at 3, lateral spine VII of pupa unbranched but hooked at 
the tip, larva in tree holes, and with the subantennal, terminal antenna1 and outer 
clypeal hairs branched, palmate hairs fully developed on II, lateral hairs IV and V 
branched. 

Considerably darker and slightly larger than asiaticus, from which Malayan 
specimens differ mainly as follows :- 

FEMALE (fig. 98). Head. Palps with narrow pale bands at bases of segments 3, 
4 and 5. 

Thorax. Centre of mesonotum ashy grey contrasting with black lateral areas. 
Legs. Coxae darker, pale spot near apex of mid femur usually V-shaped, other- 

wise legs similar to those of asiaticus. 
Wings. Length about 3.5 mm., darker, the clumps of black scales more numerous 

and prominent and usually composed of broader scales. SC, 2 and 4 with scattered 
broad dark scales. Costa often without a subcostal pale spot, if present not in- 
volving vein I. Usually with a pale fringe spot at the end of vein 3 the tip of which 
may be pale, sometimes also the tip of 2.2. 

A bdomen. Black, segment VIII without scales except sometimes for a few dark 
ventral ones. 

MALE (fig. 98). Similar to female, the scattered broad dark scales more obvious 
on subcosta and veins z and 4. Palps with the middle pale mark on the club usually 
narrower than in asiaticus. Abdomen without pale scales at the end. Coxites 
with dark lateral scales and pale dorsal setae. Genitalia similar to those of 
asiaticus. 

PUPA (fig. 99). Darker, trumpet of somewhat different shape, lateral spines on 
IT-VII hooked at the tips and not branched or frayed, spine IV nearly as large as V. 
Hair 5 strong and dark on IV as well as on V-VII. Paddle distinctly narrower, 
about 3 as wide as long (index I-S), refractile border about t its length, terminal 
paddle hair not bushy, simple or with a few branches in the distal half, fringe hairs 
not so strong but present on the internal as well as the external border. 



LARVA (figs. 98, gg). L iving lar\ra entirely black, mounted skins darker than 
those of asiaticus, long plumose hairs of thorax and abdomen strongly developed 
with dark roots. 

FIG. 98. A. interrz$&4s, adult and larva. 1, wing ; 2 and 3, 9 and 3 palp ; 4, vertex ; 
5, hind femur ; 6, apical portion of mid femur, showing V-shaped spot ; 7, phallosome ; 
8, harpago ; 9, larval clypeal hairs ; 9a, outer clypeal hair, showing another form of 
branching ; 10, pleural hairs of right side of mesothorax. 

(From Christophers) 

Head. Outer clypeal hair with 2-7 branches ; inner frontal hair simple or bifid. 
Antenna : shaft hair usually simple, terminal hair with 8-11 branches. Sub- 
antenna1 hair distinctive, with 4-8 strong branches, mostly arising along the inner 
side of the stem with one or two longer curved external branches. 

ThOYlZX. Shoulder hairs : middle with about 18-22 branches and a dark root 
which is sometimes large with the inner and outer hairs arising from it ; inner with 
about 12-15 branches,closer to middle hair ; outer simple or-split towards the tip. 
Prothoracic 4 with a very large dark root. One of the long pleural hairs of each 
group with barb-like side branches, epr very reduced, simple. 

Abdomen. Palmate hairs fully developed on II-VII, leaflets broader, filaments 
shorter, about 8 or less as long as the blades. Lateral hairs as in asiaticus, but IV 
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and V branched. Hair 9 with rather stiff and sharp-pointed branches giving a 
slightly spinous appearance. Ventral and lateral surfaces of abdomen (and thorax) 
sometimes clothed with small curved spicules giving a shagreened appearance. 
This character is sometimes given as a difference from larvae of asiaticus which 
usually lack these spicules, but it is not reliable and is probably under environmental 
control like hairiness among larvae of some tree-hole species of Aedes (Colless, 

r956c). 
EGG (fig. 99). From the description and figures of Puri. Length about 0.45 mm., 

deck and frill confined to a small area at each end, remainder of upper surface be- 
tween the floats, and the ventral surface, with a polygonal pattern, floats nearly as 

d 
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FIG. 99. A. ixterruptus, pupa, larva, egg. a, pupa, left trumpet ; b, end of $ abdomen, 
right half, dorsal ; c, larva, some leaflets of palmate hair IV ; d, lateral hairs III-VI ; 
e, right antenna and subantennal hair ; f, egg, dorsal and lateral views (after Puri). 



long as the egg, taperin g at each end, with about 25 ribs. This egg is markedly 
different from that of asiaticus, and if Puri’s description has been correctly inter- 
preted it resembles a Myzorhynch~s egg, such as that of separatus (fig. 91), rather 
than the egg of Zindesayi (fig. 102) as he suggests. 

NOTES. Reid (1963b) has discussed the relation of intervuptus to annandalei. 
Puri (1929) found both forms breeding in tree holes near Darjeeling, north-east 
India, and described intermptus as a variety of annandalei from which it differed 
principally in having an SC pale spot on the costa, and side branches on some of the 
long pleural hairs of the larva, both these characters being absent in annandalei. 
He showed that Brug’s var. djajasanensis from Java agreed with annazzdalei and 
placed it as a synonym of that species. 

Coher (in lit.) found both annandalei and interru+tus in Thailand, so that the two 
forms are sympatric at least from north-east India to Thailand which strongly 
suggests that they are distinct species. Proof of this will depend on obtaining more, 
preferably sympatric, material of the two forms for comparison, especially of 
annandalei of which the pupa and egg have not yet been described. At present the 
only difference that seems to hold good throughout the range of the two forms is the 
presence or absence of side branches on the long pleural hairs of the larva, for though 
annandalei always seems to lack a SC pale spot on the wing this spot is not always 
present in interruptus, at least in Malaya. Puri (1949) changed interruptus from a 
variety to a subspecies of annandalei, but this cannot be correct as the two are 
sympatric (p. 402). 

Distribution. At present annandalei is known from north-east India, Thailand 
and Java ; interrupttis has a considerably wider range, from south-west India and 
Ceylon eastward to Indo-China and China (Yunnan), and south through Thailand 
to central Malaya. 

Habits and vector status. A. interruptus (also annandalei) is a hill-forest species 
like asiaticus, but the larvae are found in tree holes, not bamboos, and in the dark- 
coloured water from these holes the black larvae are difficult to see. Adults will 
occasionally attack man in the forest, and this species was first recognized in Malaya 
in 1956 by Mr. A. Ganapathipillai among a collection of mosquitoes, including 
asiaticus, caught in the forest with human bait. Not a vector of human disease. 

Anopheles series 

Edwards, 1932, Gen. Insect. 194 : 36. 

ADULT. Fore femur usually slender, tarsi rarely banded, coxae and abdomen 
without scales, 9 palps usually slender and head scales often narrow, pronotal lobes 
sometimes without scales, wings with or without pale areas ; spines on the dorsal 
lobe of the harpago mostly separate, phallosome with or without leaflets. 

PUPA. Trumpets simple, longer axis vertical (except perhaps in A. gigas). 
Other characters vary with the species group ; in the aitkenii and cuZiciformis 
groups, hair I on V-VII is small and weaker than hair 5 and usually has some 
branches ; in the Zindesayi group hair I is strong, often simple, and may be nearly 



a long as the segments ; in all three groups the paddles are usually rather narrow 
and generally with long fringe hairs. 

LARVA. Antenna1 hair usually less than half as long as the shaft, outer clypeal 
hairs in Malayan and Bornean species usually simple or few-branched, frontal hairs 
simplified in tree-hole species, long pleural hairs of the thorax simple or branched, 
pleural hair epr simple, or with branches but these are seldom spine-like from the 
base as in the Myzorhynchus series. 

The species of the Anopheles series vary from large, well-ornamented mountain 
forms like those of the Zindesayi group in the Orient and the pseudopunctipennis 
group in the Americas, to small unicolorous forms with a Culicine resting attitude 
like those of the Oriental cuZiciforrnis and aitkenii groups. About half the species 
in this series are Holarctic, and most of the Anophelines of Europe and North 
America belong to this series which includes the important maculipennis group. 
The Malayan and Bornean species seldom bite man and are not known to be vectors 
of disease ; only the aitkenii group is widespread and at all common. 

A. LINDESAYI species group, Reid & Knight (1961) 

Anopheles lindesayi Giles, Igoo. 

Layge well-ornamented mountain species : palps a little shaggy at the base, fore 
femur slightly swollen towards the base, head scales moderately broad, pronotal 
lobes with scales, mesonotum with pale centre contrasting with dark sides, bases of 
femora white, wings with pale areas, phallosome with leaflets. Pupa with hair _r on 
V-VII strong, g-3 OY more as long as the segments, simple OY few-branched. Larva 
with simple inner clypeal hairs (branched in some forms of gigas) placed close 
together, frontal hairs normal. 

This is a small group of relatively unspecialized Oriental species showing a marked 
resemblance to the Neotropical pseudopunctipennis group and, like that group, 
mainly confined to high elevations except in the more northerly parts of its range. 
There are reasons (p. 51) for thinking that these two groups are older than the 
better known and less ornamented macuZipen?zis group, and nearer to the ancestral 
form from which subgenus CeZZia diverged. The Zindesayi group contains three 
species, Zindesayi, wellingtonianus and gigas, distinguished as follows :- 

KEY TO THE SPECIES OF THE A. LI,?krfiESlf 1’1 GROUP 

Adult : costa with three or more pale spots including a presector pale spot, fringe 
with a pale spot between veins 5 *I and 6 ; tarsi with pale bands at the joints, hind 
femur without a broad subapical pale band. Pupa : fringe of paddle weak, on 
external border only, terminal hair short and straight. Lama : palmate II 
undeveloped or weak . . . . . . . . . gigas (p. 2 

Adult : costa with not more than two pale spots, subcostal and apical, no fringe spot 
between veins 5 .I and 6 ; tarsi all dark, hind femur with a broad subapical pale 
band. Pupa : fringe of paddle strongly developed on internal and external 
border, terminal hair rather long and somewhat hooked. Larzla : pahnate II 
fully developed . . . . . . . . . . . . 

ISi 
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z Hind femur with an outstanding apical tuft of black scales ; costa nearly always 
with an SC pale spot. Pupa and larva not yet distinguishable from those of 
Zindesayi . . . . . . . . . wellingtonianus (p. 214) 

- Hind femur without such tuft ; costa without SC pale spot . . lindesayi (p. 208) 

Both gigas and lindesayi are widespread and variable species with a considerable 
number of named forms. Many of these forms are geographic, and those of Zindesayi 
at least are best regarded as subspecies, though whether all of them are distinct 
enough to merit names is less certain. 

Anopheles lindesayi Giles, Igoo 

Handbook p. 166. 
TYPE : 9 from Bakloh, western Himalayas, India, in BMNH. 
maculata Theobald, rgro (as Zindesayi var. unaculata), Rec. Indian Mus. 4 : I (preoccupied by 

maculatus Theobald, rgor), 9 from Kurseong, Darjeeling district, in Indian Mus. Calcutta. 

DIAGNOSIS. A large mountain species, the hind femur with a conspicuous sub- 
apical white band, and a black apex without a tuft of scales, costa of wing with 
only one pale spot, the apical, no subcostal pale spot. Pupal paddle with long 
fringe on external and internal border. Larva with fully developed palmate hairs 
on abdominal segment II. 

A number of geographically separated forms have been named and are treated 
now as subspecies. Christophers (19x3) gives a key to the adults of these forms, 
some of which do not appear to differ very much from one another. The following 
partial key shows that there seems to be some resemblance between the south 
Indian and Malayan forms which differ rather constantly from the remainder. 

Tips of veins I, 2 -I, 6 and occasionally 5 ‘2, pale, tips of others dark, base of hind femur 
with a pale ring of about equal width above and below . . niligiricus S. India 

cameronensis Malaya 
Tip of at least one other vein pale, usually 4.2, base of hind femur more extensively 

pale below than above . . . . . . . . lindesayi N. India 
japonicus China, Japan, Korea 

pleccau Formosa 
benguetensis Philippines 

Subspecies nilgirhs has yellow scales on the remigium and the basal pale ring 
on the hind femur short, about equal to the width of the femur, while cameronensis 
has dark scales on the remigium and a longer basal pale band on the hind femur, 
about # as long as the subapical pale band. The other forms seem to be founded 
mainly on rather variable differences in the shape and extent of the basal pale 
mark on the hind femur. 

Subspecies cameronensis Edwards, 1929 

Bull. ent. Res. 20 : 323, as Zindesayi var. cawaeronensis. 
TYPES : $? type, $ allotype from Cameron Highlands, 5,000 ft., 

Hacker) , in BMNH. 
Malay Peninsula (H. P. 

FEMALE (fig. IOI, and cf. fig. 100). Head. Proboscis and palps black, palps 
slightly shorter than proboscis, somewhat shaggy at base, otherwise slender. Head 
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scales rather broad, dark except on vertex, white scales and setae of the vertex well 
marked. 

i/l00 mm. Standard sea i e 

! h : ’ ’ 1 I for leaflets 

FIG. 100. 

wing 
A. Zindesayi, adult and larva, type form, and subspecies ni@Yicus (5, 9). 1, 

(the Malayan form, subspecies camcronensis, lacks the pale spot at the tip of vein 3) * 
2 and 3, 9 and 3 palp ; 4, hind femur . 5, ditto, zzilgiricus (camevonensis has th; 
basal pale band broader, fig. IOI) ; 6, vert& ; 7, harpago ; 8, leaflets of one side of 
phallosome ; 9, ditto, nilgivicus ; 10, clypeal hairs ; 11, mentum ; 12, fore-tarsal claw 
of $. 

(From Christophers) 



Thorax. Mesonotum with a broad pale central band (see fig. 103~) contrasting 
with dark brown sides (much as in asiaticm), a median tuft of narrow white scales 
anteriorly, pronotal lobe with a tuft of dark scales, pleura without scales, propleural 
setae mostly 2-4, haltere knobs black. 

Legs. Coxae, trochanters and bases of femora pale, coxae without scales, ventral 
aspect of trochanters, particularly of hind legs, with a very small patch of black 
scales. Hind femur with a broad basal pale band about 3 x as long as the width 
of the femur and + or more as long as the conspicuous subapical white band which 
contrasts with the black and slightly rough apical + of the femur (fig. Iorb). Femoro- 
tibia1 and tibio-tarsal joints may be a little pale, tarsi all dark. 

b 
-a , 

FIG. IOI. A. Zindesayi cameronensis, adult and pupa. a, hind tarsus and b, hind femur 
(after Gater) ; c, half of 3 genitalia showing coxite, harpago and phallosome ; d, pupa, 
left trumpet ; e, end of $ pupal abdomen, right half, dorsal. 

Wirygs. Length about 4.8 mm. Predominantly dark but with a definite number 
of well defined pale areas, also two darker marks due to clumps of scales at bases of 
veins z and 3. Wing scales mostly rather narrow, pattern very much as illustrated 
for the type form (fig. IOO) except that the tip of 3 is dark. Costa, subcosta, 
remigium and vein I all dark except for the apical pale spot which involves the tip 
of I and the end of Z-I (though extreme tip of Z-I may be dark) ; other pale marks 
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as follows, 2.2 subapical, 3 sub-basal, 4.1 about the middle, 5.1 at base, middle 
and towards apex, 5.2 at base and sometimes the tip slightly pale, 6 at tip. Fringe 
dark except for the apical pale spot, and sometimes a faint one at the end of 5.2, 
and less often a fainter one at the end of 6. 

Abdomen. Dark, without scales. 
MALE (cf. fig. 100). Similar to female though with a paler wing ; palps all 

dark, abdomen without scales. 
Genitalia (fig. IOIC). Coxites more or less bare of scales, with the usual pair of 

stout parabasal spines on tubercles and single internal spine ; harpago and phallo- 
some as illustrated. Harpago (one Malayan specimen examined) on larger scale as 
in figure 100/7 of Indian type form, dorsal lobe with 3 flattened spines free at the 
tips (which usually appear sharp as in fig. IOIC, not rounded as in fig. 100/7), ventral 
lobe with one large spine and one smaller internal spine well separated from it. 
Gater (rg35) describes only the one large ventral spine, but evidently these ventral 
spines are somewhat variable (see Russell & Baisas, 1936, pl. 4, Philippine Zindesayi). 
Phallosome with numerous narrow leaflets and a few broader and serrate ones. 

PUPA (fig. 101). Skin moderately dark. Trumpet as illustrated, simple, meatus 
about $ total length. Lateral spines minute on III, well developed from IV on- 
wards, long, sharp and curved, especially those on VII which are nearly half as 
long as the segment, spine VIII with about 12 branches. Hair I strong on IV-VII, 
long, tapering, simple or bifid, about $ as long as the segments ; hair 5 thicker and 
slightly shorter with 3 or 4 branches. Paddle long and narrow, only a little over 
half as wide as long (index r-8), refractile border short, about 6 as long as the paddle, 
without teeth ; fringe strong, composed of long hairs on both external and internal 
borders ; terminal hair long, simple and usually hooked, accessory hair placed well 
back with z or 3 distal branches. 

LARVA (fig. 102, and cf. fig. 100). Head. Clypeal hairs : inner and outer long 
and simple, posterior arising far back and reaching to or just beyond bases of outer, 
simple or more often with up to 5 distal branches (fig. ro2b). Frontal hairs plumose, 
inner longest but not reaching much beyond bases of inner clypeals ; sutural simple 
or bifid, transsutural with 2 or 3 distal branches. Antenna (fig. 102~) slender, 
slightly curved, shaft hair small, 6 or less as long as the shaft, inserted dorsally near 
its base, with about 4-6 branches ; subantennal hair plumose, about as long as the 
antenna. 

Thorax. Shoulder hairs : inner with 10-14 branches along its length and a small 
pale root, middle about twice as long as inner with 12-20 branches and a large dark 
root, outer short, simple, arising independently. Long pleural hairs all simple, epr 
simple. Hair I of metathorax palmate, with narrow lanceolate leaflets. 

A bdomen. Palmate hairs fully developed on II-VII, evenly pigmented with 
slender sharp-pointed filaments about half as long as the blades. Lateral hairs on 
IV and V long, divided near the base into 2 or 3 branches. Pecten with about 18 
teeth, long and short. Saddle hair simple. 

EGG (fig. 102). From the description and figures of the type form by Christophers 
& Barraud (1931). Length about 0.5 mm., deck complete or sometimes divided in 
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the middle by the floats meeting, bounded by a frill at each end and by the floats in 
the longer middle portion (cf. the African A. implexus in subgenus AnopheZes, 
Christya series (p. 5r), also A. maculatm and other species in subgenus CeZZia, 
Neocellia series, in which the middle portion of the deck is also bounded by the 
floats, not the frill, but they lack a polygonal pattern on the exochorion). Floats 
broad, about 6 as long as the egg, with about 20 ribs, the ends large, flat and rounded. 
Ventral surface with a polygonal network pattern. 

NOTES. As only the one form of Zindesayi is known in Malaya there will usually be 
no need, for internal purposes, to add the subspecific name cameronensis. At 
present the species is known only from Cameron Highlands at about 4,000~5,000 ft., 
where it was first found in 1922 by Hacker (1923) ; presumably it occurs elsewhere, 
at least along the main range, perhaps as rather isolated populations, and until some 
of these have been studied we shall not know the range of variation. Mountain 

d 

FIG. 102. A. Zindesuyi, larva and egg. A. 1. carnsronensis : a, leaflets of palmate hair IV 
(after Gater) ; b, posterior clypeal hair ; c, antenna. A. 1. Zindesuyi : d, egg, dorsal 
and lateral views (after Christophers & Barraud). 

species are liable to consist of different populations, somewhat isolated on dis- 
connected areas of sufficiently high land, and in consequence discontinuous variation 
is common among them leading to the naming of subspecies, but the apparent 
degree of discontinuity may be much exaggerated by insufficient collecting. 
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Distribution. In its various forms Zindesayi is widely distributed, from north- 
west and south India (not Ceylon) eastwards and north through China, the Philip- 
pines and Taiwan (Formosa) to Korea and Japan, and southwards into the Malay 
Peninsula. It has not yet been found in Borneo or Indonesia. 
except in the more northern parts of its range such as Japan, 

A mountain species 

FIG. 103. A. wellingtonianus, adult. a, wing ; b, hind femur ; c, mesonotum. 

Habits and vector status. Little is known about this species in Malaya. It is 
believed that it will attack in the forest by day, and the type form in India does so 
and will enter houses to bite, but it is regarded as essentially a wild species and not 
a vector of malaria, though it can be infected experimentally. 
it is much more attracted to cattle than to men. 

In Japan and Korea 

Larvae have been found at Cameron Highlands in pools in rocky jungle streams. 
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Anopheles wellingtonianus Alcock, 1912 

J. Lond. Sch. trap. Med. 2 : I. 
TYPE : 3 from Larut Hills, 4,000 ft., Perak, llalaya (DY. A. R. Wellington), in BMNH. 

DIAGNOSIS. As for Zindesayi, but the apex of the hind femur has a tuft of out- 
standing black scales and the costa a small subcostal pale spot. 

FEMALE (fig. 103). Differs from Malayan Zindesayi mainly as follows :- 
Head. Palps slightly thicker. 
Legs. Apical t of hind femur with an outstanding tuft of black scales. Basal 

pale band of hind femur usually narrower, at least dorsally, similar to that on the 
mid femur. 

Wings. Costa with a subcostal pale spot, tip of 4.2 usually pale, pale mark on 
4. I usually more basal. There may be faint fringe spots at 4.2, 5.2 and 6. 

MALE. As for female, SC pale spot on costa somewhat broader. Palps all dark 
abdomen without scales. 

Genitalia (fig. 104). Like those of Malayan Zindesayi ; one specimen examined 
had only a single strong spine on the ventral lobe of the harpago close to the dorsal 
spines ; Gater (1935) describes a second smaller internal spine as is usual in Zindesayi. 
Leaflets of phallosome numerous, apparently not serrated, many narrow and needle- 
like. 

PUPA. Not definitely distinguishable at present from that of Zindesayi, though 
lateral spine VII is usually not quite so long, nearer Q the length of the segment 
rather than 3. 

FIG. 104. A. wellingtonianus, adult $ and larva. a, harpago ; b, leaflets of one side of 
phallosome ; c, leaflets of palmate hair IV (after Gater). 

LARVA (fig. 104). Not definitely distinguishable at present from Zindesayi (contra 
Bonne-Wepster & Swellengrebel, 1953, and Bonne-Wepster, 1963)) though the 
filaments of the abdominal palmate hairs tend to be a little shorter, about 8 as long 
as the blades, and the teeth at the shoulders of the blades less sharp. Posterior 
clypeal hair 1-3 branches. 

EGG. Unknown. 

NOTES. Very closely related to Zindesayi but perhaps commoner and occurring 
at slightly lower altitudes. 
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Distribution. Only known from the Malay Peninsula. 
Habits and vector statm. Apart from the type locality in the Larut Hills, has also 

been found at Cameron Highlands, and at about 4,000 ft. at Fraser’s Hill. Larvae 
are found in pools and seepages beside jungle streams ; if brought down to the 
plains they do not develop unless the water is kept cool, as for example by putting 
it in an unglazed earthenware pot on which the draught from a table fan is directed. 
Adults are not known to bite man. 

Anopheles gigas Giles, x901 

Ent. won. Adug. 37 : 196. 
TYPES : I$, ~$29 from Coonoor (6,000 ft.), Nilgiri Hills, S. India, in BMNH. 

DIAGNOSIS. A large, brightly ornamented mountain species, costa with three or 
more pale spots including a presector one, but without the sector pale spot of sub- 
genus CeZZia, and vein I with not more than 3 dark marks (4 or more in Cellia), 
fringe with a pale spot between 5.1 and 6 (usually between 5.2 and 6, but between 
5 .I and 5 -2 in szcmatrana) . Palps and tarsi with pale bands. Pupal paddle with 
weak fringe on external border only. Larva without developed palmate hairs on 
abdominal segment II. 

Stone, Knight & Starcke (1959) list eleven forms of gigas, five of them from 
Sumatra, and on account of the apparent overlap in the distribution of some of the 
forms they rank them all as varieties, not subspecies. Though easily distinguished 
from other species, A. gigas is variable both in adult ornamentation and in the 
branching of the clypeal hairs of the larva, but the true status of the different 
forms probably cannot be decided without much more material than is yet available. 

Keys and descriptions for many of the forms will be found in Christophers (1933) 
and Bonne-Wepster & Swellengrebel (1953), and the following partial key is based 
on these authors. This key shows that on adult characters the various forms seem 
to fall into three groups. 

PARTIAL KEY TO THE ADULT FORMS OF A. GIGAS 

I Vein 6 without a pale spot on the outer half, mid femur with a large pale spot on 
the dorsum towards the apex . . . simlensis W. Himalayas, S. Indiar, Ceylon” 

baileyi E. Himalayas to central China 
- Vein 6 with a pale spot on outer half, mid femur without such dorsal apical spot 

though there may be small lateral spots . . . . . . . . 2 
z Fringe spots present at the ends of some or all veins from 3 to 5.1. . gigas S. India 

Celebes form 
crockeri Borneo 

- Fringe all dark from vein 3 onwards except for the usual spot between 5 ‘I and 6 
formosus Philippines 

refutans Ceylon 
sumatrana Sumatra3 
danaubento Sumatra 

oedjalikalahensis Sumatra 

INilgiris, together with type form, Russell & Jacob (1942). 
ZStone, Knight & Starcke (1959). 
3Tw0 other Sumatran forms, listed bv Stone, Knight & Starcke, have been described only as larvae. 
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A. &as is usually found above 3,000 ft., often above 5,000 ft., breeding in grassy 
seepages and streams, ponds and marshes, and as it has been reported from northern 
Thailand (recorded as sumatmna andforwzoszls, but see Scanlon et al., 1968) and from 
Borneo and Sumatra, one would expect it to occur on some of the mountains of 

FIG. 105. 

palp ; 
A. gigas, adult and larva. Var. siwzlensis : 1, wing ; 3 and 4, 0 and g 

5, vertex ; 6, apical portion of mid femur ; 10 and 12, dorsal lobe of harpago ; 
11, leaflets of one side of phallosome ; 14, processes of 9th tergite ; 15, parabasal spines. 
Type form : 2, Gj palp ; 7, apical portion of mid femur ; 8, leaflets of one side of 
phallosome ; 9, harpago ; 16, pleural hairs of larval prothorax ; 17, base of fore 
tarsal claw of male. I-ar. baileyi : 13, phallosome leaflets. 

(From Christophers) 
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Malaya. Perhaps the densely forested heights of the main granite range in Malaya 
are unsuitable and it should be looked for in such places as the quartzite massif of 
Gunong Tahan where there is a more open type of country. 

As the Bornean form, CYOCKWZ’, is only known at present from very few specimens 
(unlike cameronensis, the Malayan form of Zindesayi), the description which follows is 
of the species as a whole, after which there is a short description of crockeri. 

FEMALE (figs. 105, 106). Head. Palps with narrow pale bands at the joints or 
at some of them, tips dark. Proboscis dark. A well marked patch of white scales 
on vertex. 

Thorax. Mesonotum with contrasting pale central band and dark lateral areas. 
Legs. Bases of femora pale, conspicuously so in baileyi and simlensis. Mid 

femur often with a pale spot near the tip, usually largely confined to posterior aspect 
but forming a prominent dorsal spot in baileyi and simlensis. Tibiae pale at base 
and tip, tarsi with narrow pale bands lying across the joints. Coxae may carry a 
few scales. Tarsal pale bands and coxal scales are unusual in series Anopheles. 

Wings. Length about 5-7 mm. Costa usually with at least four pale spots, the 
humeral, presector, subcostal and apical ; in some forms there is also a prehumeral 
and a subapical pale spot as in fig. 105 of the wing of simlensis. Other important 
characters are the pale fringe spot between veins 5-z and 6 (between 5.1 and 5-z in 
sumatrana), and, as indicated in the key, the presence or absence of a pale spot in 
the distal half of 6, and pale fringe spots at the ends of veins 3 to 5 61. 

A bdomen. Brown without any scales. 

MALE (fig. 105). Palps with pale marks as illustrated. 

GenitaZia. Coxites with dark lateral scales and the usual pair of parabasal spines 
and one internal spine. Phallosome with about seven pairs of narrow leaflets and 
spicules, some of the leaflets with teeth. Harpago, dorsal lobe, with 3 or 4 flattened 
external spines with fine terminal points, and one or two flattened internal spines 
without such points ; ventral lobe with two long setae and usually a small third one. 

PUPA (fig. 106). Trumpet with a very broad pinna tending towards the laticorn 
type, though without secondary cleft or differentiated lobe (see also illustration by 
Baisas, 1936, of the trumpet of foymows). Abdominal hairs I and 5 long, from 3 to 
slightly longer than the segments, on VII hair I longer than 5 in simlensis and 
formosus, shorter in cyo&eyz’, simple or with 2-3 branches, hair 5 with 3-8 branches. 
Lateral spines pointed, dark, spine VII curved +-Q as long as the segment. Paddle 
fairly broad, j-2 as wide as long (index about I -4), refractile border about 3-s as 
long as the paddle with teeth along its length, longer in distal half, remainder of 
external border with short, sparse, fringe hairs, internal border without hairs, 
paddle hair short, simple, straight or slightly curved. 

LARVA (figs. 105, 106). The larva is mainly distinguished by its large size and 
lack of developed palmate hairs on abdominal segment II, which are present in 
Zindesayi and the aitkenii group. 

Clypeal hairs (fig. ro6e) very variable, even within one form ; inner close together 
and usually simple, sometimes branched ; outer usually variously branched, 
occasionally simple ; posterior simple or variously branched. Frontal hairs normal, 
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plumose. Antenna1 hair from less than 3 to more than + the length of the shaft. 
Inner shoulder hair without large root, with Z-IO branches along its length. Long 

f 

FIG. 106. A. &as cvockeri, and &as var. vefutans, adult, pupa, larva, egg. Subspecies 

cvochwi : a, wing ; b, hind tarsus ; c, end of ? pupal abdomen, right half, dorsal ; d, 

trumpet ; e, larval clypeal hairs (after Colless). Var. @idam : f, egg, dorsal and lateral 

views (after d’Abrera). 
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thoracic pleural hairs all simple, epl with z-6 branches (fig. 105/16). Abdominal 
palmate hairs well developed on III-VII, undeveloped on I and II. 

EGG (fig. 106). The egg of the Ceylon form, refzttans, is described and figured by 
D’Abrera (1944) ; IVaryandas (1954) found the egg of the type form to be very 
similar. Length 0~61-0.6s mm., deck entire, about Q the width of the egg and 
surrounded by a moderately broad frill. Floats about 6 the length of the egg, well 
separated from the deck, and with about 25-30 ribs. Exochorion with polygonal 
pattern above and belaw. 

NOTES. A. gigas in its various forms ranges from the western Himalayas to 
central China, and south of this is found in Burma, Thailand, Indo-China and the 
Philippines, south India, Sumatra, Borneo and Celebes, mostly above 4,000 ft. 
The breeding places have been mentioned earlier, after the key; they are mostly in 
the open, not in forest. Adults occasionally enter houses, attracted to light, but 
seldom bite man. Not a vector of human disease. 

Subspecies crockeri Colless, 1955 

Savazvak Mus. J. 6 : 337. 
TYPE : 9 with pupal and larval skins from Saung-Saung, Sunsuran Trace, Sabah (North 

Borneo), in BMNH. 

ADULT (fig. 106). Described from a single female. Resembles the type form in 
having a pale spot on the outer half of vein 6, no dorsal spot on the apex of the mid 
femur, and pale fringe spots at the ends of veins 4.1, 4.2 and 5.1, but lacks a fringe 
spot at 3 usually present in the type form ; however, this might be merely a feature 
of this particular specimen. 

PUPA (fig. 106). A single specimen. As described for the species as a whole 
only that hair 5,VII is longer than I and the fringe hairs of the paddle are greatly 
reduced. 

LARVA (fig. 106). Described by Colless from seven specimens. Clypeal hairs 
somewhat like those of the type form (see Puri, 1931) with the posterior ones usually 
simple, the outer tending to bifurcate, and the inner long and simple ; outer about 
$ length of inner, 1-3 branched, usually bifurcating near base ; posterior markedly 
stout, simple or bifid near the tip. The Philippine fowzosus, as figured by King 
(1931)) has somewhat similar outer clypeal hairs, but these are evidently very vari- 
able as a different type with short side branches is figured by Russell & Baisas 
(1934). The larva of foymosus differs from that of crockeri in having strongly 
branched posterior clypeals. For variations in the outer clypeals of these gigas 
forms see also Bonne-Wepster & Swellengrebel (1953, p. 144). Antenna1 hair of 
crockeri longer than usual, about half or more as long as the shaft. 

EGG. Unknown. 

NOTES. Appears rather similar to the type form. Although, because of overlap 
and variation, it seems best at present to treat most of these forms of gigas as 
varieties (p. ZIP), crockeri is retained here as a subspecies as it is not yet known to 
occur with any of the other forms. Larvae found with those of A. saungi in muddy 
pools on jungle tracks above 3,500 ft. in the Cracker Range of Sabah (North Borneo). 
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A. CULICIFORMIS species group, Reid & Knight (1961) 
Anopheles culiciformis Cogill, 1903. 

Unornamented dark species usually breeding in tree holes, bamboos, OY rock pools in 
caves, female pulps slightly shorter than proboscis, head scales fairly broad, pronotal 
lobes without scales, phallosowe with leajets OY hairs. Pupa with hair I on V-VII 
small, simple or few-branched distally, hair 5 strong, usually about $ to more than 
as long as the segments, simple or few-branched, paddle oval with complete and well 
developed fringe. Larva z&h frontal hairs very small but branched, inner not reaching 
bases of posterior clypeals, subantennal hair various but not longer than antenna 
and with many branches, antenna1 shaft nearly smooth with much reduced spicules, 
especially dorsally. Long thoracic pleural hairs vary from all simple to one or more 
in each group with side branches. Palmate hairs with medium to narrow leaflets 
and slender fine-pointed filaments mostly half or more as long as the blades. 

This is a small group of unicolorous Anophelines, probably all with a Culicine 
resting attitude, and having larvae with reduced frontal hairs, though not all species 
are found in tree holes. Morphologically the group is related on the one hand to the 
tree-hole breeding and more northerly plzmbeus group from which it differs mainly 
in the lack of ornamentation, broader head scales and presence of leaflets or hairs 
on the phallosome, and on the other to the ground-water breeding aitkenii group 
from which it differs in the shorter, less slender female palps, broader head scales, 
presence of leaflets or hairs on the phallosome, the reduced frontal hairs of the larva 
and other characters. 

The group is poorly known as yet, and identification rests on characters of the 
larva and male genitalia. So far five species have been found, of which only one, 
sintonoides, occurs in Malaya, but as some of the others may prove to be more wide- 
spread than is known at present, a key to the larvae is given here, followed by some 
notes. 

KEY TO LARVAE OF THE SPECIES OF THE ,4. CULICIFORMIS GROUP 

I Subantennal hair about as long as antenna with branches along its length ; lateral 
hair VI long and simple or small and branched . . . . . . 

- Subantennal hair shorter than antenna, base of stem bare, branches tending to form 
a terminal tuft ; lateral VI long and branched. . . . . . . 

z Inner clypeals rather wide apart, closer to outer than to one another ; lateral VI 
small and branched. In pools in semi-darkness in limestone caves. (Ray of 
Along, Indo-China) . . . . . . . . alongensis (p. 

- Inner clypeals very close together ; lateral VI simple and fairly long. In shaded 
pools at edge of streams in hill jungle. (Lower Rurma) . kyondawensis (p. 

3 Lateral and ventral surfaces of thorax and abdomen densely clothed with coarse 
spicules, abdominal hairs 9 and 13 with stout spine-like branches. Tree holes and 
bamboos. (Hainan Island, Indo-China, Thailand, Malaya). . sintonoides (p. 

- Abdominal hairs 9 and 13 not so, thorax and abdomen without or with much weaker 
spicules . . . . . . . . . . . . . 

4 Prothoracic hair 14 with spine-like branches, saddle hair with z or 3 distal branches, 
subantennal hair not markedly expanded distally, frontal hairs with more branches, 
inner with 4-7. Tree holes. (West coast of India) . . . . sintoni (p. 

- Prothoracic hair 14 not spinous, saddle hair simple, subantennal hair expanded 
distally, frontal hairs with fewer branches, inner usually with z or 3. Tree holes and 
ground pools. (\Vest coast of India) . . . . . culiciformis (p. 

2 

3 
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The larvae all have reduced frontal hairs as in other tree-hole breeding Anophelines, 
but other larval characters, usually associated with the tree-hole habitat (Iyengar, 
rg3o), show a gradation from well developed to absent, by which the species can be 
placed in an order that agrees fairly well with the little that is known about their 
larval habitats. Thus the larva of sintonoides is possibly the most modified with its 
several stout spinous hairs and coarse spicular cuticle in addition to modified sub- 
antenna1 and lateral abdominal hairs ; the larvae have been found in tree holes and 
bamboos. A. sintoni has a less coarsely spicular cuticle and only one pair of spinous 
hairs (prothoracic 14), larvae in tree holes ; culiciformis as for sintoni, but without 
spicules or spinous hairs, larvae found in ground pools as well as tree holes ; 
kyondawensis, subantennal hair normal, plumose from the base, larvae in ground 
pools ; alongensis as for kyondawensis but lateral abdominal hairs normal, larvae 
in rock pools in caves. It may be that tree holes are the usual habitat for the 
larvae of cz&ciformis and kyondawensis from which they may be washed out into 
ground pools by heavy rain, and that alongensis may eventually be found also in 
tree holes, but it seems that these three species cannot be more than facultative, not 
obligatory, tree-hole breeders. 

A. alongensis Venhuis, 1940. Geneesk. Tijdschr. Ned.-Ind. 80 : 173. Under 
the name tonkinensis this species is well described and illustrated by Galliard & 

Ngu (1946) 3 whose description of the adult and larva is reproduced by Bonne- 
Wepster & Swellengrebel (1953). Galliard & Ngu state that a single female was 
sent to Edwards at the British Museum, but the specimen is not in the collection. 
Male phallosome with 5 pairs of short lanceolate leaflets, spines of the dorsal lobe of 
the harpago almost fused into a club, ventral lobe with a single strong spine. Pupa 
like that of sintonoides but hair 5 on V-VII simple or with distal branches only. 
Egg unknown. The possibility that this species may occur in some of the limestone 
caves in Malaya should be borne in mind, especially as the type locality of sintonoides, 
which does occur in Malaya, is Hainan Island on the east side of the Gulf of Tonkin 
in which is the Bay of Along from which azongensis comes. 

A. kyondazuensis Abraham, 1947. Med. J. Malaya, I : 173. Only the larva is 
known ; several collections were made in November 1943 from small shallow pools 
of clear water, under shade, along the sides of streams in hilly jungle, near Kyondaw 
(Kyondo), Moulmein district of Lower Burma. * 

A. culiciformis Cogill, 1903, J. Bombay nat. Hist. Sot. 15 : 333, and A. sintoni 
Puri, Igzg, Ind. J. med. Res. 17 : 397. These two species are described and illus- 
trated by Christophers (1933) from whom figure 107 is borrowed. They occur 
together in forest on the west coast of India. 

Most of Cogill’s specimens of culiciformis came from ground pools, with one large 
collection from a tree hole, and the species was quite common in September and 
October towards the end of the rains ; subsequent collections have been from tree 
holes. The following variations from the descriptions have been noted in the 
material examined in the British Museum :-The female palps of some specimens 

(CfT Recently a single larva of this species was collected from a fresh-water crab-hole in a 
A. tigertti, p. 230) in eastern Thailand, near the border with Laos (J. E. Scadon, iv Id 

forest stream 



are slender, not shaggy as described and illustrated ; in larvae branches on the 
long thoracic pleural hairs may be confined to one hair of the brothoracic group 

FIG. 107. A. 
proboscis ; 

culiciformis, also A. sintoni, adult anJ larva 1, wing ; 2, $ palp and 
2a, ditto sktoni ; 3, 6 palp ; 4, vertex * 5 head scale . 6 phallosome 

7, sintoni, tip of phallosome ; 8, harpago . 9, ditto’ s&oni . 10 l,‘rva\ subantenna; 
hair ; 
claw 

11, ditto sintoni ; 12, tips of inner &d outer parabasdl spines ; 13, fore-tarsal 
of 0”. 

(From Christophers) 



instead of one hair in each group, also the third lateral hair of the abdomen is 
sometimes simple. The very large strong curved leaflets of the phallosome are 
distinctive of this species. In the pupa, hair 5 on V-VII is simple and nearly twice 
as long as the segments. Egg unknown. 

A. sintoni differs from cz&cifor~~is mainly in the male phallosome (fig. 107/7), 
and in the larval characters summarized in the key ; the presence of a branched 
saddle hair is a point of resemblance to sintonoides and the aitkenii group. The 
female type in the British Museum has short, stout, slightly shaggy legs, but as the 
legs of the male type are normal and this character of the female is not mentioned 
by Puri or Christophers it is presumably an abnormality of this particular specimen. 
Pupa and egg unknown. 

Anopheles sintonoides Ho, 1938 

Ann. hop. *Wed. Parasit. 32 : 279. 
TYPES : 8 type and $2 allotype bred from larvae from tree holes at 600 metres or more, Hainan 

Island, in Fan Rlemorial Institute of Biology, Peiping, China. 

DIAGKOSIS. A dark unicolorous mosquito, differing from adults of the aitkenii 
group in the broader head scales, palps less slender and shorter than the proboscis, 
and phallosome with spicular hairs ; differs from brevipalpis by its smaller size, 
lack of scales on the pronotal lobes, fewer propleural setae, and slender fore femora. 
Chiefly distinguished by the larva which has the sides and venter of the thorax and 
abdomen densely clothed with coarse spicules, and some of the hairs stout and 
spinous ; found in tree holes and bamboos. 

FEMALE (fig. 108). Head. Scales fairly broad (see fig. 107/5), all dark, no pale 
spot at the vertex. Palps a little shorter than the proboscis, dark, slender. An- 
tennal hairs rather long, about 4-5 x as long as the segments compared with the 
more usual 2-3 x (also long in females of culicifovmis and sintoni, and those of the 
aitkenii group). 

Thorax. Brown, with faint darker longitudinal marks on the mesonotum, with- 
out any scales on mesonotum, anterior pronotal lobes, or pleura. Propleural setae 
I each side, sometimes hooked. 

Legs. Uniformly dark, no tarsal pale bands, coxac without scales, fore femur 
not swollen towards the base. 

Wings. Length about 3.7 mm. Similar to those of culiciformis (fig. 107/1), 

clothed with narrow dark scales and without any pale areas. 
Abdomen. Dark, without any scales. 
MALE (fig. 108). All dark like the female, palps equal to or a little shorter than 

the proboscis, with narrow club. 
Genitalia. Coxites without scales, with a pair of parabasal spines on a tubercle 

and one inner spine as is usual in subgenus Anopheles ; parabasal spines very large 
and tubercle prominent as in culiciformis. Harpago with an ascending row of 
separate curved setae, the larger ones with stout bases and flattened blades. The 
number of setae is difficult to make out but is probably about 6-8 in three groups, 
dorsal, median and ventral. The ventral setae are relatively small but the largest 
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is easy to see as it is the innermost of all the setae and the ventral lobe of the harpago 
is well developed. Phallosome with a cluster of spkular hairs on each side near the 
tip, but without the preceding tuft of thin hairs seen in sintoni. 

PUPA (fig. 109). Moderately pigmented. Trumpet with shallow wide-bottomed 
meatal cleft, meatus long, about +-4j the length of the trumpet, thus resembling 
trumpets of the related tree-hole breeding +unbeus group (non-Malayan) and 
differing from most other Malayan species with angusticorn trumpets. Lateral 

b 

FIG. 108. A. sintowoides, adult. a, $2 palp and proboscis and $ palp ; b, hind tarsus ; 
c, tip of phallosome (after Ho) ; d, half of ? genitalia, showing coxite, harpago and 
phallosome ; e, harpago, v ventral, d dorsal. 
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spines very small on III, well developed from IV onwards, rather slender, those on 
VII long, about 8 to nearly 3 the length of the segment, on VIII with about u-15 

branches and from 8 to more than + the length of the segment. On IV-VII hair I 

is small and slender with z-4 mainly distal branches, while hair 5 is strong, though 
of variable length from about $ to longer than the segments and with a few branches 
(6-9 on VII) along its length, not spreading. Paddles ovoid, rather less than Q as 
wide as long (index I ‘7) ; refractile border between 4 and 3 the paddle length, with 
small teeth ; fringe dense and long, on internal and external border ; terminal hair 
long, simple and usually hooked. 

FIG. 109. A. sintonoides, PuPa. a, right trumpet, somewhat median view ; b, left 
trumpet, more posterior view, larger scale ; c, end of 3 abdomen, right half, dorsal. 

LARVA (fig. 110). Head. Clypeal hairs : inner long, slender and simple, bases 
close together or touching ; outer rather close together, varying a little in length 
and thickness, often short and simple, but sometimes spikily frayed with up to 6 
short branches ; posterior very wide apart, larger than outer and reaching nearly 
to their tips, simple or frayed into 2-9 branches. Frontal hairs short and feathered, 
not reaching bases of posterior clypeals, outer frontal (7) with 7-9 branches, inner 
(5) with 3-5. Sutural and transsutural hairs simple or bifid. Antenna : shaft 
hair small, simple or bifid near the tip, arising less than $ of the length of the shaft 
from its base, terminal hair simple or with 2-6 distal branches. Subantennal hair 
shorter than antenna, without branches at the base but with numerous distal 
branches which commence further from the base on the outer than on the inner 
side of the hair. Mouth brushes with a variable number of the bristles pectinately 
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6 a 

FIG. 110. A. sintonoides, larva. a, clypeal (2, 3, 4) and frontal hairs (5, 6, 7), antenna, 
and subantennal hair (I I), also variations of outer clypeal hair on larger scale ; al, 
pectinate ends of some of the mouth brush setae ; b, subantennal hair, enlarged (after 
Ho) ; c, spinous hair 14 of prothorax ; d, spinous hairs 9 and 13 and cuticular spicules 
(segment V) ; e, cuticular spicules enlarged, on the left after Ho, on the right a complex 
and a simple spicule further enlarged ; f, palmate hair V ; g, leaflet of palmate hair ; 
h, lateral hairs III-VI. 
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toothed or frayed (fig. IIoal) ; this is unusual in Anojdzeles but occurs also, to a 
smaller degree, in some specimens of cz~Ziciformis and sintoni. 

Thorax. Lateral and ventral surfaces densely clothed with coarse spicules, more 
strongly developed in some larvae than others. These spicules may be simple or 
compound (fig. IIoe), the larger among the latter with a stem dividing distally into 
up to 6 or more branches. The proportion of single or compound spicules varies on 
different larvae, but commonly a large proportion are trifid without obvious stems 
(fig. 1 Iod) . Shoulder hairs : inner with about 3-10 branches, root not enlarged, 
middle with 7-17 branches and a large dark root, outer simple with its root close 
to that of the middle hair. One or two of the long pleural hairs in each group with 
some barb-like side branches, epl with 1-4 branches. Prothoracic 14 (the most 
median ventral hair) with II--20 branches arranged fanwise and modified into stout 
spines (fig. IIOC), mesothoracic hair 14 smaller but also spinous. Hair 6 on meso- 
thorax strong, as long as or longer than on the prothorax, similar to that of sintoni 
(see Puri, 1931, pl. 16), simple or bifid at the tip. 

A bdomen. As on the thorax, the sides and venter are densely clothed with coarse 
spicules. Palmate hairs well developed on II-VII, filaments slender, about half as 
long as the blades. Lateral hairs on III-VI long, on III longest with short rather 
barb-like side branches along its length, on IV-VI unbranched in the basal & but then 
dividing into 2-4 large branches. Hair g (latero-ventral) and 13 (ventral) with 
stout spinous branches on all segments, 13 variable in size, usually about equal to g, 
but sometimes smaller and occasionally larger ; hair IO on I also with spinous 
branches. The dorsal hairs and their branches, though somewhat stiff, are not 
developed into stout spines except occasionally no. 2. Pecten with about 20 teeth, 
the long and short ones alternating, all with well developed basal serrations. Saddle 
hair dividing into 2-4 branches towards the tip. 

EGG. Unknown. 

NOTES. The above description is based on specimens from Malaya and Thailand 
and on Ho’s description of his Hainan material. Dr. E. I. Coher kindly presented 
specimens from Thailand and made his notes available. Further specimens from 
Thailand, illustrating larval variation, were presented by Lt.-Col. J. E. Scanlon, 
and Dr. Do-Van Quy showed me specimens from South Vietnam, Indo-China. 
The Malayan, Thailand and Indo-Chinese specimens are very similar and appear to 
differ a little from Hainan specimens as described and figured by Ho, but the differ- 
ences are mostly slight and could well be accounted for by geographic variation. 
In the Hainan pupa the paddle hair is illustrated and described by Ho as straight, 
hair 5 is considerably longer than the segments, and hair I has 4-6 branches, while 
in Malayan, Thailand and Indo-Chinese specimens the paddle hair is hooked, hair 5 
is not usually so long and hair I has 2-5 branches. In the larva, Hainan specimens 
have the terminal antenna1 hair simple or bifid, prothoracic hair 14 has 16-20 
branches and abdominal hair 2 is spinous as well as 9 and 13, while in Malayan, 
Thailand and Indo-Chinese specimens the terminal antenna1 hair has 2-6 branches, 
prothoracic 14 has g-17 branches, and abdominal 2 is seldom spinous. The degree 
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of development of the spinous hairs, and also of the cuticular spicules, are probably 
partly under environmental control and liable to vary somewhat from one breeding 
place to another like hairiness in some Aedes larvae (see p. 205). 

A. sintonoides has only recently been recognized as occurring in Malaya (Reid, 
Ig63b) on the basis of a single larva in the British Museum collected from fallen 
bamboo at Ulu Gombak in 1935. This larva was identified by Edwards as probably 
a new species near to sintoni, and he mentioned other specimens shown to him 
some years earlier by H. P. Hacker. By a strange chance Hacker’s specimens have 
since come to light among material presented to me by his widow ; they consist of 
299, z $8, larval and pupal skins, and one or two whole larvae. All were collected 
from bamboo, mostly dead, near the 16th mile on the Ulu Gombak road at about 
1,000 ft., between 1921 and 1923 in the months of October, February and March. 
Apparently the species no longer occurs at that place as intensive mosquito collect- 
ing there from bamboos in recent years has not revealed it. Probably it occurs in 
north Malaya, for Coher’s specimens were collected from tree and bamboo stumps in 
Trang Province, south Thailand, in May and June 1960, and Scanlon’s were from 
tree holes, also in Trang Province, in October 1964. 

Distribution. Malaya, Thailand, Indo-China, and Hainan Island. 
Habits and vector status. Larvae are found in tree holes, in fallen or cut bamboos, 

and in tree stumps, in or on the edge of forest, often at altitudes of 1,000 ft. or more. 
Larvae of the related species culicifor~~is, and of two other tree-hole species, 
barianensis in India and barberi in North America, are said to be predaceous (see 
Marston Bates, 1949). The slightly pectinate mouth brushes of sintonoides larvae 
suggest that if they are not predatory neither are they purely filter feeders. As this 
species has so far only been collected as larvae, the habits of the adults are not 
known, and it is unlikely to be a vector of human disease. 

A. AITKENII species group, Reid & Knight (1961), Reid (1965) 

Anopheles aitkenii James, 1903. 

Brown unornamented species with a Culicine resting attitude and fragile appear- 
ance, head scales very namow, female pulps about as long as the proboscis, very slender, 
slightly expanded towards the tips, pronotal lobes without scales, phallosome bare or 
with short scales but without leaflets, inner spines on the dorsal lobe of the harpago 
more or less fused into a club, outer spines separate. Pupa with hair 5 on V-VII 
shorter than the segments in most species. Larvae of several species with bases of 
inner clypeal hairs rather wide apart, posterior clypeal hairs of all species branched 
from near the base (cf. A. Zindesayi and zuellingtonianus in Zindesayi group, not so), 
palmate hairs developed on abd. II (cf. A. gigas in Zindesayi group, not so), saddle 
hair often branched. 

This is a group of about ten species of forest- or shade-loving mosquitoes of which 
six are known from Malaya and five from Borneo. The adults are brown insects 
without any pale areas on legs, wings or palps, and the females of most species 
cannot be distinguished at present. The adults resemble the members of the 
related cuZiciformis group, but are distinguished by the very narrow head scales 
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and the longer more slender female palps, and there are differences in the male 
genitalia and larvae (p. 220). In the Australian region the related stipaticzcs 
group differs in the male genitalia by having a $igl_e parabasal spine on a tall 
tubercle and leaflets on the phallosome. 

The aitkenii group is widely distributed in the Oriental region from the west coast 
of India to south China, Taiwan* and the Philippines, and through Malaya and 
Indonesia as far east as the western tip of New Guinea. The females of some species 
will attack man at times, but usually the species are encountered as larvae in pools 
and seepages under shade, often at the edges of small streams. None is yet known 
to be a vector of human disease. 

FIG. III. ,4. ’ aitkenii ‘, from Stanton. Head of larva ; on the left A. fragdis, on the 
right A. bengalensis. 

The species are mainly distinguished by differences in the larvae, particularly the 
appearance of the inner clypeal hairs, and in the past ,4. aitkenii has been treated 
as a single species with a number of larval forms. Then some of these forms were 
found to differ also in the male genitalia of the resulting adults, and more recently 
in the pupae, making it clear that this is another group of closely related but distinct 
species of Anopheles. 

In the following key emphasis is on the larval differences. 

KEY TO THE SPECIES OF THE A. .4ITKENII GROUP 
(except pinjaurensis, see p. 232) 

I Larva with very large tergal plates about 3 as wide as the abdomen, inner shoulder 
hair markedly fan-shaped . . . . . . . palmatus (p. 246) 

- Tergal plates not so, less than 3 as wide as the abdomen, inner shoulder hair not 
markedly fan-shaped . . . . . . . . . . . 2 

* Kanda & Kamimura (1967, Jap. J. safait. Zool. 18: 108-113) record bengalemis from further north 
than Taiwan, on the Amami Islands north of Okinawa in the Ryukyu Archipelago. 
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z Inner clypeal hairs branched or frayed and distance between their bases not much 
less than between bases of inner and outer clypeals, lateral hair on abd. III usually 
with many branches (20-50, except tigertti) . . . . . . . 3 

- Inner clypeal hairs simple, their bases close together and distant from bases of outer 
clypeals, lateral III with few branches (3-10) . . . . . . . 8 

3 Inner clypeal hair with short fine side branches about the middle, giving a frayed 
appearance, the main stem single, or divided into 2 or sometimes 3 branches. 
Dorsal lobe of harpago usually with two external spines and a club formed of one 
spine . . . . . . . . . . . . fragilis (p. 232) 

- Inner clypeal hair without short side branches of this sort, not frayed, the main stem 
dividing into 2-16 branches. Dorsal lobe of harpago with two or three external 
spines and a club formed of one or two spines . . . . . . . 4 

4 Lateral hair on abd. III with few (6-13) branches, inner clypeal hair dividing high up 

(3 way from base) into 3-4 branches. Pupa with hair 5 about as long as the 
segments. Apical 3 of phallosome with strong spicules . . . tigertti (p. 230) 

- Lateral III with many (20 or more) branches, inner clypeal hair dividing less than 
half way from base, if more than half way then with 7 or more branches. Pupa 
with hair 5 shorter than the segments. Phallosome without spicules . . . 5 

5 Inner clypeal hair dividing about + way from base into 2 or sometimes 3 branches. 
Dorsal lobe of harpago with three external spines . . . . aitkenii (p. 237) 

- Inner clypeal hair with 4-16 branches ; if with only 2 or 3 then dividing about 3 way 
or more from base, and dorsal lobe of harpago with two external spines . . 6 

6 Inner clypeal hair with 7-16, commonly about g or more branches, the distal ones 
crowded together, lowest branches often not reaching to level of tips of distal 
branches, abdominal cuticle often with obvious spicules. Club of harpago formed 
of one spine, or phallosome markedly narrowed before apex . . . . 7 

- Inner clypeal hair with 2-g (commonly 4-7) branches well separated, lowest branches 
mostly reaching about as far as the distal branches, abdominal cuticle without 
obvious spicules. Club of harpago formed of two spines, phallosome not markedly 
narrowed before apex . . . . . . . . bengalensis (p. 238) 

7 Outer clypeal hair with 7-14 spreading branches, the lowest from close to the base. 
Pupa with lateral spine VII nearly half as long as the tergite, often somewhat 
frayed. Male with normal plumose antennae and phallosome not markedly 
narrowed before apex . . . . . . . . borneensis (p. 245) 

- Outer clypeal hair with 2-g branches spreading little, the lowest arising 3 way or more 
from the base. Pupa with lateral spine VII about 3 length of tergite, not frayed. 
Male with antennae like those of female and phallosome markedly narrowed 
before apex . . . . . . . . . . . acaci (p. 241) 

8 Outer clypeal hair simple, rarely bifid, palmate hair on abd. I developed with small 
leaflets. Pupa without prominent angles on tergite VIII at the root of each 
paddle. Wing with posterior fork cell usually more than + as long as stem ; 
male with distinct lateral spicules or serrations on phallosome insulaejIorum (p. 248) 

- Outer clypeal hair with 2-4 branches, palmate I undeveloped with filamentous 
branches. Pupa with prominent angles on tergite VIII at the root of each paddle. 
Wing with posterior fork cell usually less than -$ as long as the stem ; male without 
distinct spicules on the phallosome . . . . . . stricklandi (p. 250) 

The following two species are not described in detail as they are not known from 
Malaya or Borneo :- 

.4. tigertti Scanlon & Peyton, 1967. Proc. ent. Sot. Was/z. 6g : 19. From south- 
east Thailand. Larvae were found in holes of fresh-water crabs along the margins 
of forest streams. They resemble those of bengalensis, but are distinguished by the 
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very distal branching of the inner clypeal hair, and the fewer branches on lateral 
hair III of the abdomen. The spines of the male harpago appear to be similar to 
those of bengalensis, except that the most median ventral one may be hooked or 
curved distally, but the phallosome is distinctive with fairly strong spicules scattered 
over the apical 4, not confined to the lateral margins as in insdaeJEorum. 

FIG. 112. A. aitkenii group, adult and larva. A. aitkenii : 1, wing ; 2 and 3, $? and 6 
palp ; 4, side view of head showing scales and vertex setae ; 5, vertex ; 6, head scale ; 
7, phallosome ; 9, harpago, a external portion of dorsal lobe, b internal portion ; 
10, dorsal lobe of harpago, slightly crushed, a and b as before ; 14, anterior clypeal hairs 
of larva. A. insulaejorum : 8, phallosome ; 11, apical portion of phallosome, enlarged ; 
13, anterior clypeal hairs of larva. A. bengalensis : 12, dorsal lobe of harpago ; 15, 
anterior clypeal hairs of larva ; 16, inner anterior clypeal hair with 5 branches. A. 
fragilis : 17, anterior clypeal hairs of larva, with inner undivided. 

(From Christophers) 
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A. pinjattrensis Barraud, 1932, from the Punjab, India, is not included in the key 
as it is known only from a single male. This differs from the male of aitkenii by 
having a much longer phallosome somewhat expanded at the tip (see Christophers, 

1933) * 
Because A. fragilis is the common form in Malaya, where aitkenii itself appears 

to be rare, fragilis is described first. 

Anopheles fragilis (Theobald), Igo3 

Stethowzyia fragilis, Entomologist 36 : 257. 
TYPES : z $$, bred from pupae from a jungle pool near Kuala Lmnpur, Malaya (Dr. H. E. 

Dwhawz), in BMNH. 
tveachevii Leicester, 1908, Cul. Malaya p. 19. From hillside streams in jungle near Kuala 

Lumpur, 8, $2 types in BMNH. 
aitkeni stantoni Puri, 1949, (ic of larva frayed, main stem simple) ; = aitkeni larval variation 

A of Gater, 1934, aitkeni larval form I of Bonne-Wepster & Swellengrebel, 1953, and aitkenii 
Indonesian form in part (couplet 24) of Bonne-Wepster, 1963. 

aitkeni &each& of Pm-i, 1949 (ic frayed, main stem bifid) ; = aitkeni Malayan type of Gater, 
1934, and Crawford, 1938, aitkeni larval form z of Bonne-Wepster & Swellengrebel, 1953, 
and aitkenii tveacheri of Bonne-Wepster, 1963. 

FIG. 113. &-i. fragilis, adult. a, left half of $ genitalia (lectotype of A. treacherii) ; b, right 
harpago of a specimen with pupal and larval skins, side view somewhat displayed, 
n external and b internal half of d dorsal lobe, ZI ventral lobe ; c, spines and club on 
dorsal lobe of harpago of one of Theobald’s two type specimens ; d, hind tarsus of ? ; 
e, posterior fork cell and stem, with cross vein 3-4, ? wing. 
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DIAGNOSIS. Group characters : a brown mosquito of fragile appearance without 
pale markings on legs, wings or palps, with very narrow upright head scales and the 
female palps very slender and about the same length as the proboscis. Differs 
from other members of the group mainly by the presence of fine side branches on 
the inner clypeal hair of the larva. 

FE~IALE (fig. 113, and cf. fig. 112). Head. Scales dark, very slender, rod-like, 
widening slightly distally, a few narrow white frontal scales (cf. fig. 112/4-6). 
Palps very slender, straight, all dark, about as long as the proboscis, last two seg- 
ments slightly swollen (cf. fig. 112/2). Antennae bare of scales, hairs rather long, 
about 3-5 x as long as the segments (p. 223). The slightly swollen ends of the 
palps and long antenna1 hairs suggest a tendency towards maleness and a reduction 
in the usual amount of sexual dimorphism (cf. also very reduced sexual dimorphism 
in males of acaci, p. 241). 

Thorax. Including the pronotal lobes, entirely bare of scales. Mesonotum a 
rather uniform dull reddish brown with dark setae, pleura slightly paler and more 
shiny. Subalar setae about 3 or 4, propleural setae O-I, usually I. 

Legs (fig. 113). Slender, all dark, without any pale bands on tarsi, coxae without 
scales. 

Wings. Length about 3.0 mm., clothed with narrow dark scales, no pale marks 
(cf. fig. 112/I). Posterior fork cell about Q as long as its stem (fig. II3e), varying 
from about 3 to as long as the stem. 

Abdomen. Mainly dark, without any scales. 
MALE (fig. 113, and cf. fig. 112). Dark like the female, including the palps. 
Getuitalia. Coxites without scales, with a pair of parabasal spines on a tubercle, 

and an internal spine placed more distally than usual. Dorsal lobe of harpago 
usually with two external spines and a club formed of a single internal spine ; 
ventral lobe with three spines as long as or longer than the club, and sometimes a 
small fourth spine. Phallosome with rounded end, bare, without leaflets or scales. 

PUPA (figs. 114, 115). This has been described in detail by Crawford (1938). 
Lightly pigmented ; trumpet simple, deeply cleft, with meatus about 6 of its length. 
Lateral spines well developed from IV onwards, spine VII about Q-& as long as the 
segment, spine VIII with 7-17 branches. Hairs I and 5 on IV-VII slightly bushy, 
5 stronger than I, and +-% as long as the segments ; on VII, hair I with 3-7 branches 
and hair 5 with 6-13 ; on IV, hair I with 4-10 (commonly s-8) branches, hair 5 
with 5-7. Hair 7 of the cephalothorax with 3-7 branches. Paddle rather elongate, 
between 3 and Q as wide as long (index 1.6-1.9) ; refractile border about Q the 
paddle length, with slender teeth ; fringe long and dense on internal and external 
border ; terminal hair simple, not hooked. 

LARVA (figs. III, 112/17, IIS). Living larva usually pale brown. 

Head. Inner clypeal hairs with bases wider apart than is usual in subgenus 
Anopheles, distance between them only a little less than between inner and outer 
clypeals, middle third of each inner hair with a variable number of short, fine, side 
branches giving a frayed appearance, the main stem simple or divided at more than 

3 of the length of the hair from the base (occasionally less) into 2, or less often 3 
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FIG. 114. A. fvagilis, $2 pupa. 1, abdomen and metathorax, dorsal hairs on left, ventral 
on right (but see legend, fig. zg) ; 2, trumpet ; 3, lateral spines ; 4, lateral border of 
paddle ; 5, paddle hairs. (From Crawford) 
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branches ; specimens with 3 branches seem to be commoner at higher altitudes or 
in the eastern part of the range (up to 5 branches in the Philippines). Outer 
clypeal simple or with 2-3 distal branches, base slightly posterior to base of inner. 
Posterior clypeals slightly wider apart than outer, each with 2-7 branches from -__ 
F a ,,, 

I’ 
G 

FIG. 115. A. fyagilis, pupa and larva. a, trumpet and b, end of abdomen of 3 pupa, 
right half, dorsal ; c, larval clypeal hairs ; d and e, variations of the inner clypeal 

hairs ; f, prothoracic hair 13 ; g, inner shoulder hair ; h, leaflets from palmate 1T’ ; i, 
lateral hair III ; j, saddle hair. 
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towards the base, seldom reaching to bases of outer. Frontal hairs normal, plumose, 
inner reaching about to bases of inner clypeals. Sutural and transsutural about as 
long as outer clypeals, with 2-6 and 3-7 branches. Antenna1 shaft with some large 
spines (as fig. II~), shaft hair small, about Q as long as the shaft and inserted 
less than $ way from the base, with 4-8 branches, terminal hair with about IO 

branches ; subantennal hair normal, as long as or longer than the antenna and 
plumose. 

Thorax. Shoulder hairs : inner with 7-14 branches and a small root (fig. 115g), 
middle with 8-14 and a larger root. One long pleural hair of the pro- and meta- 
thorax dividing above the base into 3-5 (prothorax) and 2-4 branches (metathorax), 
both mesopleural long hairs simple, prothoracic short hair, epl, with 1-4 branches. 
Prothoracic hair 13 with 8-14 branches in a dendritic pattern (fig. rrqf), hair 14 
with 5-7 slender branches. Metathoracic palmate weakly developed. 

A bdomen. Palmate I very weak with small narrow leaflets, II moderately 
developed with lanceolate pigmented leaflets, III-VII fully developed, lightly and 
evenly pigmented, the filaments about + as long as the blades and tapering irregularly 
to fine points. Lateral hairs normal, long and plumose only on segments I-III, 
lateral III with 21-28 branches (fig. II5i). Posterior tergal plates not developed, 
or only weakly on VI and VII. Pecten with about IO-II teeth of which 3 or 4 
are short. Saddle hair with 3-5 distal branches (fig. II5j). 

EGG. Unknown. 

NOTES. The main distinguishing character of this species is the presence of fine 
side branches on the inner clypeal hair of the larva. Examination of a series (with 
corresponding pupae and adults) showed that there is continuous variation from 
larvae with both inner clypeals simple (undivided) to those with both trifid (Reid, 
1965). Consequently the division into those with the inner clypeals simple (Gater’s 
aitkenii var. A) and those having them bifid (Gater’s aitkenii Malayan type) is 
artificial and has been dropped. Comparison of males from this series with the 
male types of fragilis Theobald and treacherii Leicester, showed that this species is 
fragilis of which treacherii is a synonym. 

Occasionally the side branches on the inner clypeals are very reduced, and if, at 
the same time, these hairs are bifid or trifid, the larvae, unless very carefully ex- 
amined, could be mistaken for those of aitkenii, or possibly those of bengalensis (see 
remarks under those species). 

Distribution. Probably Burma, certainly Thailand, Malaya, Borneo and the 
Philippines, and Indonesia as far east as Celebes. 

Habits and vector status. This is the commonest lowland member of the aitkenii 
group in Malaya, where above about 1,000 ft. it is replaced by bengalensis. Larvae 
are found under shade, usually in or near forest on rising ground, often in association 
with small streams, but also in pools and sometimes swamps. Not common on the 
flat coastal plain. Nothing is known of the habits of the adults which do not appear 
to attack man ; not a vector of human disease. 
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Anopheles aitkenii James, 1903, in Theobald, Mon. Cul. 3 : zz. 

TYPE : 9, from Karwar, Bombay, India, in BMNH. 
aitkeni Indian type of Gater, 1934. 
aitkeni aitkeni of Pm-i, 1949. 

aitksni larval form 3 of Bonne-Wepster & Swellengrebel, 1953. 

aitkenii Indian form, and Indonesian form in part (couplet zz), of Bonne-Wepster, 1963. 

DIAGNOSIS. Inner clypeal hair of larva dividing into two (or three) rather low 
down, usually between $ and + its length from the base. Dorsal lobe of harpago 
with three external spines and a club formed of two spines. 

FEMALE (fig. 112). Wing length 2.5-3.5 mm., propleural setae 1-2. Indistin- 
guishable at present from fragiZis. 

MALE (figs. 112, 116). As for fragilis, except that the dorsal lobe of the harpago 
has three external spines, and the club is formed of two spines expanded and over- 
lapping distally to form the head of the club which appears to be hood-like. 

PUPA. The only specimen seen (a female from Malaya) was very similar to that 
of fragilis but with II branches on both hairs I,IV compared with 4-10 in fragih. 

FIG. 116. A. aitkenii, adult and larva. a, harpago of a male from the type locality, 
Karwar, India ; b, clypeal hairs of a larva from Malaya ; c, inner and right outer 
clypeal hairs of a larva from Borneo. 

LARVA (figs. 112, 116). As for fragilis, except that the inner clypeal hairs are 
smooth without any small side branches, and divide rather low down, between $ 
and 4 of the way from the base, into z or 3 branches. In consequence, at least in 
specimens from Malaya, Borneo and Indonesia, the outer clypeals often reach beyond 
the fork of the inner (fig. 116), whereas more often they do not do so in fragilis ; 
this does not apply to aitkenii in India as the outer clypeals appear to be shorter, 
they are described as only & the length of the inner (see fig. 112/14). 
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Outer clypeal with 1-5 branches, posterior with 3-7. One long pleural hair 
branched on pro- and metathorax (on prothorax only in Indian larvae). Lateral 
hair III with many branches (24), saddle hair with 4-6, pecten with about IO teeth 
(a.bout 13 in Indian larvae-Puri, 1931). 

EGG. Described from Ceylon by D’Abrera (rg44), very similar to that of 
bengalensis (see fig. 118). Length 0.45-0.5 mm., deck entire, between 14 and 4 the 
width of the egg, surrounded by a tall frill. Floats about Q as long as the egg with 
16-18 coarse and widely spaced ribs. Exochorion without polygonal pattern 
except sometimes faintly near the ends. 

NOTE.5. In India, which includes the type locality, this species is said to have 
the inner clypeal hairs of the larva always bifid ; elsewhere these hairs are bifid or 
trifid. The genitalia of some male specimens, from larvae with trifid inner clypeals, 
ought to be examined to confirm that they are aitkenii. If they are, the difference 
in branching of the inner clypeals between India and more easterly parts of the 
range would be evidence of geographic variation which also affects other hairs, 
e.g., the shorter outer clypeals and unbranched long pleural hairs of the metathorax 
in Indian specimens. 

Distribution. India (especially the south-west where it occurs from the lowlands 
up to 6,000 ft. in the Nilgiri Hills), Ceylon, Burma, Thailand, south China, Malaya, 
Indonesia as far east as Celebes, Borneo and possibly the Philippines. 

Habits and vector status. Uncommon in Malaya ; the writer has seen only a single 
specimen collected as a larva, together with larvae of fragilis, from a partly shaded 
stream in a new clearing in lowland forest near Gemas, Negri Sembilan. Some of 
the records of breeding places in India may refer to bengalensis rather than aitkenii, 
but the breeding places appear to be similar to those of fragilis, usually in connection 
with small streams, seepage springs, pools, etc., in forest or under shade. 

A. aitkenii has been found by Christophers (1933) attacking man in numbers in 
forest in the Nilgiri Hills (compare bengalensis in the hills in Malaya), but in general 
it is seldom encountered biting. Not a vector of human disease. 

Anopheles bengalensis Puri, 1930 

aitkeni var. bengalensis, Indian J. med. Res. 17 : 955. 
TYPES : paratypes from Marianbarie, W. Bengal, in Indian Mus. Calcutta, and Nat. Inst. 

Commun. Dis., Delhi. 

DIAGNOSIS. Inner clypeal hairs of larva usually dividing about 8 or more of 
their length from the base into three, the central branch usually dividing again, 
commonly giving a total of 4-7 branches. Dorsal lobe of harpago with two external 
spines and a club formed of two spines. 

FEMALE. Wing length about 2.9-3 -8 mm., the larger specimens from higher 
altitudes. Propleural setae I each side. Indistinguishable at present from fragilis. 

MALE (figs. 112, 117). As forfragilis except that the club of the harpago is formed 
of two spines. 
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PUPA (fig. 117). Very similar to that of fragdis but with rather fewer branches 
on some hairs, and the refractile border of the paddle commonly rather longer, 
about 8 the paddle length. 

b 

FIG. 117. A. bengalensis, adult and pupa. a, harpago (specimen from Cameron Highlands, 
Malaya) ; b, pupal trumpet ; C, appearance of expanded trumpets in the living pupa, 
left trumpet shown enlarged below ; d, end of abdomen of 6 pupa, right half, dorsal. 

Segment VII, hair I with 1-5 branches (commonly 1-3, compare 3-7 in fragilis), 
hair 5 with 8-13 ; segment IV, hair I with 3-7 branches (commonly 3-5, compare 
fragilis commonly 5-B), hair 5 with 3-5. Hair 7 of cephalothorax with 2-3 branches 
(fragilis 3-7). 

LARVA (figs. III, 112, 118). Living larva usually pale brown like that of fragilis, 
and with similar rather strong spines on the antenna1 shaft. Differs from fragilis 
mainly by the inner clypeal hairs which are smooth, without fine side branches, 
and commonly dividing into 4 or more large branches ; the outer clypeals tend to 
be placed slightly further back and to have rather more (2-5) branches. Differs 
from aitkenii in usually having more branches on the inner clypeals which divide 
rather higher up, Q or more of their length from the base. 
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Chaetotaxy as follows : Inner clypeal with 2-g, usually 4-7 branches, outer 2-5, 

posterior 2-7. Sutural 1-5, transsutural 3-6. Inner shoulder hair g-14, middle 
10-21. Pleural hairs : one long hair of prothorax with 2-5 branches, short hair of 
prothorax, epi, with r-5 branches, long hairs of mesothorax simple, occasionally 
one bifid, one long hair of metathorax with 2-3 branches, occasionally simple. 
Hair 13 of prothorax dendritic with about 11-14 branches. Abdominal palmate I 

FIG. 118. A. bengalensis, larva and egg. a, antenna ; b, clypeal hairs ; c, 
of the inner (and outer) clypeal hairs ; f, egg, dorsal and lateral views. 

a 

e 

Y 7 
4 e, variations 
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often undeveloped, lateral III with 23-32 branches, saddle hair with 3-8. Pecten 
with 13-16 teeth. 

EGG (fig. 118). Very similar to that of aitkenii, about 0.46 mm. long with an 
undivided deck about &Q as wide as the egg, surrounded by a tall frill. Floats 
with about 17 coarse ribs and exochorion without polygonal pattern. 

NOTES. The size of bengalensis varies considerably with altitude, and large 
specimens from about 4,000 ft. tend to have more branches on the inner clypeal 
hair of the larva. 

Distribution. Eastern India (Bengal and Assam) but not the south or west, 
Burma, Thailand, Indo-China, south China (including Hong Kong), Taiwan, 
Ryukyus (see footnote p. 22g), Philippines, Borneo, Java and Malaya. 

Habits and vector status. In Malaya, bengalensis seems to be largely a hill and 
mountain species, uncommon or absent below about 500 ft. where it tends to be 
replaced by fragilis. Larvae are usually found in shaded pools beside streams. 
Adults will attack man in the shade, and Macdonald & Traub (1960) record that 
’ aitkeni ’ (probably bengalensis) was not uncommon in biting catches with human 
bait in forest at Ulu Gombak, but the species is not known to be a vector of human 
disease. 

Anopheles acaci Baisas, 1946 

Mon. Bull. BUT. Hlth Philipp. 22 : 30. 
TYPES : type material from Llavac, Luzon, Philippines, in Institute of Hygiene, University of 

the Philippines, Nlanila ; 265, I? paratypes with skins in BMNH. 

DIAGNOSIS. Male antennae not plumose but like those of a female, phallosome 
abruptly narrowed before the tip, pupa with short lateral spines and short refractile 
border on paddle, inner clypeal hair of larva with about IO branches crowded to- 
gether especially distally, lateral hair III with more than 30 branches, abdominal 
cuticle with spicules. 

FEMALE. One Philippine specimen examined (the paratype) had a wing length 
of 2-g mm., a short posterior fork cell about + as long as the stem, and one pro- 
pleural seta. 

MALE (fig. 119). Antennae not plumose but like those of a female, palp club 
slender, fore-tarsal claw rather small. 

Genitalia. Distinctive, one paratype specimen examined agreed well with 
Baisas’s illustration. Internal spine further from apex of coxite than usual in this 
group, about Q length of coxite from apex instead of about 6 or less. Phallosome 
bare, abruptly narrowed before the apex. Harpago : dorsal lobe with three stout 
external spines, and a club probably formed from two spines ; ventral lobe with two 
stout blade-like spines dorsally, the more median and dorsal a little shorter than the 
club, the other longer than the club, ventrally with 5 or 6 slender setae instead of 
the usual one or two. 

PUPA (fig. 119). Living pupa very dark. Like that of insuZaejorum in having a 
short refractile border on the paddle and short lateral spines, but abdominal hair I 

is smaller and the male genital pouch larger. 



242 XNOPHELES OF MALAY4 ,4ND BORNEO 

Lateral spine VII about $ as long as the segment. Hair I relatively weak, only 
about 3 the length of 5 which on VII is about $ as long as the segment. Hair I 

on VII with 1-3 branches and hair 5 with 11-18, on IV hair I with 3-6 branches 
(insulaejlorum 5-13) and hair 5 with 5-g. Paddle between + and Q as wide as long 
(index I -7) with slightly hooked terminal hair, fringe hairs long and dense on both 
borders and extending far up the external border leaving only a short refractile border 
(between 13 and 8 length of paddle) with few obvious teeth. Male genital pouch 
about half as long as the paddle instead of about + or less as in the other species. 

FIG. 119. A. acaci, adult and pupa (Philippines), larva (Borneo). a, harpago and 
phallosome ; b, end of abdomen of $ pupa, right half, dorsal, smaller setae not shown ; 
c, trumpet ; d, clypeal hairs of larva, strongly branched specimen from Tambunan, 
Sabah (North Borneo) ; e, left inner and outer clypeal hairs, less branched specimen 
from Sarawak ; f, portion of the dorsal and lateral surfaces of abd. seg. V near hair 3 
(truncated) showing cuticular spicules. 

(a and c, after Baisas) 



A. AITKENII SPECIES GROUP 243 

LARVA (fig. 119). The living larva is described by Baisas as very dark coloured 
compared with the light brown of bengalensis. Largely similar in chaetotaxy to the 
preceding three species, distinguished mainly by the rather numerous crowded 
branches on the inner clypeal hair, lateral hair III with more than 30 branches, the 
abdominal cuticle spicular, and one long mesopleural hair usually branched. 

Head. Inner clypeal hair with large socket and about IO branches (7-12) rather 
closely pressed together, especially distally where they are usually more strongly 
curved downwards than in the other species. The size and position of the lower 
branches on the inner clypeal hair vary ; they may be small and arise half way or 
more up the stem of the hair (fig. 119e), or at the other extreme they may be large 
and arise quite close to the base of the hair (fig. 119d), and all intermediate con- 
ditions occur. Specimens with large lower branches arising about 4 way up the 
stem could be mistaken for bengalensis, especially if the more distal branches are 
obscured by the mouth-brushes. But in acaci the lower branches are seldom as 
long as in bengalensis where they usually end at the same level as, or not much 
below the tips of the more distal branches, instead of more often well short of them 
as in acaci. Further, the two lowest branches in acaci do not arise opposite one 
another so often as in bengalensis, and the most distal branches are short and 
crowded but are not so in bengalensis. 

Outer clypeal hair with 2-9 distal branches, commonly 3-7, lower Q-6 of the stem 
bare, posterior clypeal with 3-10 branches ; sutural with 1-5, transsutural 
2-10. 

Thorax. Inner shoulder hair 9-15 branches, prothoracic 13 dendritic with about 
11-14 branches ; one long pleural hair of mesothorax usually branched (2-3) as 
well as one of the prothorax (4-6) and metathorax (2-4), short hair of the pro- 
thoracic group, epr, with 4-6 branches. 

Abdomen. Palmate hair undeveloped on I or only weakly developed, well 
developed on II-VII. Lateral III with 31-51 branches. Cuticle with rather pro- 
nounced simple spicules on dorsal and ventral surfaces of most specimens, especially 
from IV backwards ; these spicules are usually much less pronounced in the other 
species of the group except borneensis. Posterior tergal plates usually present on 
III-VII in Philippine specimens, but commonly smaller, or only on three segments 
(V-VII) or less, or absent, in Bornean specimens. 

EGG. Unknown. 

NOTES. The feminized antennae of the males are a remarkable feature of this 
species. Examination of specimens with skins from the Philippines kindly sent 
by Mr. Baisas, and comparison with borneensis shows that these two are quite 
distinct species, although having very similar larvae. It seems that both species 
occur in Borneo, because larvae apparently indistinguishable from those of Philippine 
acaci have been seen from Sarawak, and from Tambunan in Sabah (North Borneo) 
the type locality of borneensis. Final confirmation that these Bornean larvae are 
those of acaci requires rearing of pupae and males. 

In describing the pupa of acaci, Baisas mentions several points of difference from 
the pupa of in.suZaejZorum, including fewer branches (2-3) on hair o (his hair 5) than 
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in insulaejlorum (4-13), but in two Philippine pupae of in.suZaeJEorum examined hair 
o had only 2-3 branches. 

Distribution. Borneo and the Philippines (Luzon). 
Habits and vector status. In the Philippines, larvae have been found in small 

numbers in hill forest, sometimes with other members of the aitkenii group, more 
often alone. In Borneo, larvae sent by Mr. Joseph Yong from two different 
localities in Sarawak, were found in shaded rock pools beside waterfalls, but larvae 
from Tambunan (Sabah) had been identified as borneensis and information on the 

FIG. 120. A. bomeensis, adult, pupa, larva. a, harpago, on right a variation in form 
of ventral spines ; b, end of abdomen of 3 pupa, right half, dorsal, on right are variations 
of lateral spine VII, enlarged ; c, clypeal hairs of larva. 
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exact breeding places is not available. Nothing is known of the habits of the adults. 
Significant numbers of female ‘ aitkenii ’ were caught with human bait in Sarawak 
(Macdonald et al., 1967) in the general area where larvae of acaci were found, but it 
is not known to which species of the group they belonged (the authors refer to them 
as acaci var. borneensis). Presumably not a vector of human disease. 

Anopheles borneensis McArthur, 1949 

aitkeni var. bovneensis, Bull. ed. Res. 40 : 49. 
TYPES : from hills above Kampong Naudu, Tambunan plain, Sabah (North Borneo), Dec. 

1941, probably lOSt ; three larvae on slides (Tambunan, Sept. 1941) in Nat. Inst. Commun. 
Dis., Delhi, India. 

Other specimens : z $3 with skins from foothills, Kampong Batau Batau, Tambunan plain 
(F. Y. Cheng and T. K. Chung) Feb. 1965 ; ?$? and $ with skins from Long Tebangan, Akah 
river, Sarawak (D. H. Colless) June-July 1953 ; in BMNH. 

DIAGNOSIS. Larva like that of acaci but outer clypeal hair more bushy and 
branching from near the base instead of 3 way or more from base ; pupa with short 
refractile paddle border but long lateral spines, often frayed ; male with normal 
plumose antennae and phallosome not abruptly narrowed before tip. 

FEMALE. Wing length 3-4 mm., posterior fork cell Q or more as long as the 
stem, propleural setae I each side. 

MALE (fig. 120). With normal plumose antennae, broad palp clubs and large 
fore-tarsal claws. Genitalia as in frugilis, dorsal lobe of harpago with z external 
spines and a club formed of a single spine ; ventral lobe with three spines, the distal 
portion of these, particularly of the slender median ventral one, may be twisted. 

PUPA (fig. 120). Resembles that of acaci in the short refractile border of the 
paddle, but has long lateral spines. 

Trumpet as for other species of the group. Lateral spines long as in fragilis and 
bengalensis ; spine VII between + and + as long as the tergite, often frayed, some- 
times freely branched. Hair I stronger than in acaci, on VII about Q as long as 
hair 5 and with s-10 branches, on IV with about IO branches ; hair 5 on VII with 
13-20 branches, on IV with about 10-12 branches. Paddle similar to that of acaci 
though refractile border perhaps slightly longer, more than Q the paddle length ; 
male genital pouch smaller, of normal size, about + the paddle length. 

LARVA (fig. 120). Living larva black. Very similar to that of acaci, but dis- 
tinguished by the more bushy outer clypeal hair branching from near the base as 
figured by McArthur ; differs mainly as follows :- 

Inner clypeal hair similar to that of acaci with crowded distal branches turned 
down at the tips, but the lower branches usually arise within $ of the length of the 
hair from the base and the total number tends to be higher, 8-16. Outer clypeal 
hair of distinctly different appearance, the lower branches arising close to the base 
and usually widely spread, total number of branches higher, 7-14. Posterior 
clypeal with 4-11 branches, usually 6 or more. Thoracic pleural hairs similar to 
those of acaci, though epi tends to have more branches, 3-11, commonly more than 6. 

Lateral hair on abdominal segment III with 41-49 branches in IO specimens 
examined, this is within the range for acaci but most specimens of acaci have less 
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than 40. Cuticular spicules as in acaci. Saddle hair with 3-5 branches. Pecten 
with 14-15 teeth. 

EGG. Unknown. 

NOTES. Through the kindness of Dr. B. L. Wattal I have been able to see the 
four larvae McArthur sent to Delhi ; three are borneensis and one is acaci. The 
confusion of these two species in Borneo means that records of larval breeding 
places may refer to either species. However, specimens of true borneensis, collected 
from Tambunan in 1965, came from clear, cool, running water under dense shade, 
in company with larvae of bengalensis, and McArthur, in his description of 
borneensis, records larvae from clear running water under dense jungle shade, often 
with those of bengalensis. Colless (Ig56a) records borneensis from rocky jungle 
seepages on the Akah river, Sarawak ; his specimens have been examined and are 
borneensis, not acaci. It is not clear at this stage whether there is any difference 
between the preferred breeding places of the two species, though so far they are not 
definitely known to have been found together in the same breeding place. 

Distribution. Borneo. 
Habits and vector status. Nothing is known of the habits of the adults or their 

vector status. Larvae seem to be found in seeping or running water under dense 
shade. 

Anopheles palmatus (Rodenwaldt), 1926 

Stethomyia aitkenii var. palvnata Rodn., Geneesk Tijdschr. Ned.-Ind. 66 : 794. 
TYPE : none, type locality, Sidoeagoeng, West Java. 

DIAGNOSIS. Larva with very large tergal plates on the abdomen, fan-shaped 
inner shoulder hairs, and the branched outer clypeal hairs only about 3 as long as 
the simple inner clypeals which are rather close together. 

FEMALE. Not seen, said to be indistinguishable from that of aitkenii. 
MALE. Not seen. Genitalia of two males believed to be of this species were 

described by Gater (1935). The phallosome is bare, the dorsal lobe of the harpago 
carries two external spines and a club formed of two spines, the ventral lobe has four 
stout setae. 

PUPA. Unknown. 
LARVA (fig. IZI). Living larva said to be dark grey with a pale yellow mark on 

the front of the thorax and on abdominal segment IV. Differs in several respects 
from those of the preceding species, though sharing with them the characters of 
prothoracic hair 13 dendritic, lateral hair III with many branches, and the saddle 
hair branched. 

Head. Clypeal hairs : inner simple, closer together than in the preceding species, 
the distance between them distinctly less than between inner and outer hairs ; 
outer very small, only about 5 as long as the inner, simple or with 2-3 branches 
from the base ; posterior placed rather far back, wider apart than outer, with 2-5 
branches. Sutural 1-3, transsutural 2-4 branches. Frontal hairs a little shorter 
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than usual, the inner not reaching much beyond the bases of the posterior clypeals. 
Antenna1 shaft rather darkly pigmented. 

Thorax. Inner shoulder hair with short flattened stem from which the IS-zz 
branches radiate giving a fan-shaped appearance to the hair (fig. r2rb) ; middle 
shoulder hair with 12-16 branches and a large root. Prothoracic 13 dendritic with 

FIG. IZI. A. pahnatus, larva. a, clypeal hairs ; b, inner shoulder hair ; c, tergal plates ; 
d, leaflet from palmate III. 

7-11 branches. One long pleural hair of the prothorax with 3-4 branches, long 
pleural hairs of the meso- and metathorax all simple, short prothoracic pleural hair, 
epi, with 5-7 mostly long branches from the base, somewhat as in series Myxorhyn- 
chm. Metathoracic palmate hair better developed than in the preceding species, 
leaflets pigmented and with differentiated filaments. 

Abdomen. Palmate I fully developed as well as those on II-VII, all are pig- 
mented but with the tips of the leaflets more or less clear, filaments with the terminal 
portion thread-like and i-3 as long as the blades. Tergal plates very large, about 
$ as wide as the segments from III backwards. Lateral hair III with 21-26 branches, 
saddle hair with 2-4 distal branches. Pecten with about 15-17 teeth. 

NOTES. The distinctive larva of this species is easily recognized. The large 
abdominal tergal plates are like those of the minimz~ group in subgenus Cellia, but 
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the branched antenna1 hair and inner clypeals close together show that the larva 
belongs to subgenus Anopheles. Larvae were found in Malaya for the first time in 
1961, near Sungei Betis in Ulu Kelantan ; the species has been known for some 
years from Borneo. Rodenwaldt figures the larva (from Java) as having only 3 
branches on lateral hair III of the abdomen, possibly this is an error (Reid, 1965a). 

Distribzhon. Thailand, Malaya, Borneo, and Indonesia from Sumatra east- 
ward to the Moluccas and the western tip of New Guinea. Not reported from 
Celebes or the Philippines. 

Habits and vector status. Nothing is known about the adults, and probably this 
species has been collected only as larvae up to now. Larvae are usually found in 
quiet water at the shaded edges of forest streams in hilly areas. Presumably not a 
vector of human disease. 

Anopheles insulaeflorum (Swellengrebel & Swellengrebel de Graaf), IgIg 

Stethomyia aitkenii var. insulae J~OYZWZ SW. & Sw.d.G., Meded. burgevl. Geneesk. Dienst. Ned.-Ind. 
IgIg, p. 2 of addendum to pt. 6. 

TYPE : none, type locality, Noesa Kembangan, South Java. 

DIAGNOSIS. Male phallosome with scales, pupa with short lateral spines but 
without prominent posterior angles on tergite VIII (cf. stricklandi) and male genital 
pouch about 8 as long as paddle (cf. acaci), larva with inner and outer clypeal hairs 
simple, abdominal palmate I with leaflets, and lateral III with few branches. 

FEMALE. The single specimen seen (from the Philippines) had 4 propleural setae 
on each side, and a wing length of 3.5 mm. 

MALE (figs. 112, 122). Distinguished from the preceding species by having short 
lateral scales, spicules or serrations towards the tip of the phallosome. Harpago 
with 2-4, usually three external spines on the dorsal lobe and a broad club formed 
of two spines, ventral lobe with three or four spines, usually shorter than the club 
in Philippine specimens (fig. 122a), and probably in those from Indonesia (Swellen- 
g-rebel & Rodenwaldt, 1932, pl. 9), but perhaps longer than this in Indian specimens 
(Puri, 1930). Description based mainly on that of Philippine specimens by Russell 
& Baisas (1936). 

PUPA (figs. 122). Distinguished from that of fragilis by the short lateral spines 
and short refractile border of the paddle. Spine VII about $ as long as the segment 
instead of Q or more, and the refractile border less than 3 as long as the paddle 
instead of 3 or more. 

Hairs I and 5 on VII with 3-5 and 10-12 branches, I about 8 as long as 5 (+ in 
acaci), hairs I and 5 on IV with 5-13 and 6-9 branches. Paddle width much as in 
fragilis, between + and Q as wide as long and with well developed fringe on both 
borders, but refractile border shorter (see above), terminal hair slightly hooked. 
Described from two Philippine pupae. 

LARVA (figs. 112, 122). Living larva brown or black. Differs from the preceding 
species in several respects, chiefly as follows . *-The inner clypeal hairs are very 
close together at the base and simple, outer clypeals also simple (occasionally bifid), 
lateral hair III with few branches (3-4), all long thoracic pleural hairs simple, 
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prothoracic 13 with fewer (3-7) branches and not dendritic (see fig. 123g), that is 
the branches simple instead of bifurcating (cf. fig. IIsf), small posterior tergal 
plates usually present on abdominal segments III or IV to VII. Palmate I better 
developed (fig. Izzf) than in fragilis, but less so than in pahnatus. 

FIG. 122. A. insulaeflovunz, adult, pupa, larva. a, harpago and b, tip of phallosome 
(after Russell & Basias, 1936) ; c, trumpet, and d, end of abdomen of a $ pupa from 
the Philippines, right half, dorsal, many setae not shown ; e, clypeal hairs and f, palmate 
hair I of a larva from Malaya. 

Other characters : posterior clypeal hair with 2-6 branches, sutural 2-4, trans- 
sutural 3-7, inner shoulder hair 7-10, short prothoracic pleural hair and the saddle 
hair usually simple (India and Malaya), or with 1-4 and 2-3 branches, respectively 
(Philippines). Pecten with 11-15 teeth. 

EGG. Unknown. 
NOTES. In Malaya first found in 1961 when larvae were collected at Sungei 

Betis (Ulu Kelantan), and Kuala Tahan (Pahang). 
Distribution. India (west and east), Ceylon, Burma, Thailand, Taiwan, Philip- 

pines, Malaya, and Indonesia from Sumatra eastward to Misool Island off the 
western tip of New Guinea. Not yet recorded from Borneo. 

Habits and vector status. Nothing appears to be known about the adults. The 
larvae are usually found in the shaded edges of forest streams in the foothills, some- 
times with other species of the group. Presumably not a vector of human disease. 
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Anopheles stricklandi Reid, 1965 

Ann. hop. Med. Parasit. 59 : 121. 

TYPES : 8 holotype and SL), with pupal and larval skins, from Johore, Malaya, in BMNH. 
aitkeni larval variation B of Gater, 1934. 

aitkenii Malayan form of Bonne-Wepster, 1963 (not of Gater, 1934 = fvagih). 

DIAGNOSIS. Posterior fork cell of wing short, usually about half as long as the 
stem (but see also acaci). Pupa with short lateral spines and prominent rounded 
angles on tergite VIII at the root of each paddle. Larva like that of insdaeJlorum, 
but with branched outer clypeal hair and abdominal palmate I undeveloped. 

FEMALE (fig. rz3b). This is a very small species, wing length about 2.5 mm., 
posterior fork cell of variable length from less than 4 to about Q as long as the stem, 
commonly about 3, compared with usually 8 or more in the other species except 
perhaps acaci (palmatus not known). Propleural setae 0, occasionally I. 

MALE (fig. 123). Posterior fork cell of wing usually shorter than in female, 3 or 
less the length of the stem. 
serrations. Harpago with 

a 
i 

Phallosome bare, or possibly with very slight marginal 
even broader spines and club than in Philippine 

FIG. 123. A. stricklandi, adult, pupa, larva. a, harpago ; b, posterior fork cell and 
stem, ? wing ; c, trumpet, and d, end of abdomen of $ pupa, right half, dorsal ; e, 
clypeal hairs of larva ; f, undeveloped palmate I ; g, prothoracic hair 13 ; h, lateral 
hair III. 
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insulaej?orum ; the dorsal lobe with three short thick spines and a very broad club 
formed of two spines ; ventral lobe with three spines of about the same length as 
the club or shorter. 

PUPA (fig. 123). Resembles that of insuZaeJEorum (and acaci) in having short 
lateral spines, distinguished by the fewer branches on hair 5,VII and hairs I and 5 
on IV, but chiefly by the prominent angles on tergite VIII at the root of each paddle; 
these angles, together with the short lateral spines, differentiate it also from the 
other species. 

Trumpets appear a little narrow, spine VII about $ as long as the segment. Hairs 
I and 5 on VII with z-5 and 3-5 branches ; hairs I and 5 on IV with 3-5 and 3-5 
branches (insuZae$omm 5,VII 10-12, 1,117 5-13, 5,IV 6-9). Paddle about Q as wide 
as long (index I .4-1.6), refractile border about 3-8 its length, fringe rather shorter 
than in the other species and often less dense. Angles of tergite VIII near the 
insertions of the paddles prominent and rounded. 

LARVA (fig. 123). Closely resembles that of insulae~ommz, but has the outer 
clypeal hairs branched and palmate I of the abdomen undeveloped. 

Clypeal hairs : inner simple, bases more or less touching ; outer with 2-4 branches 
and bases almost level with those of the inner ; posterior with 3-4 branches. 
Sutural 2-4, transsutural 3-5 branches. Inner shoulder hair S-II branches ; 
prothoracic 13 with 3-6 simple branches from the base, not dendritic (fig. Iz3g) ; 
long pleural hairs all simple, rarely one on the prothorax bifid distally, short pleural 
hair of the prothorax simple and often fusiform, occasionally bifid. Abdominal 
palmate I not developed (fig. 123f), with filamentous or occasionally very slightly 
flattened branches, lateral III with 4-10 branches (fig. 123h), small posterior tergal 
plates usually present on III-VII, saddle hair simple, rarely bifid, pecten with 9-12 
teeth. 

EGG. Unknown. 

NOTES. This form was first recognized by Strickland who figured the clypeal 
hairs as one of the two types of clypeal hairs of aitkenii larvae shown in his pictorial 
key to larvae of Malayan Anophelines (Strickland, 1915b). Gater saw no specimens, 
but considered that Strickland’s figure represented a distinct form and called it 
aitkeni larval variation B. Closely related to A. insuZae$orum. 

Distribution. Not yet known outside Malaya. 
Habits and vector status. Apparently an uncommon lowland species. Larvae 

have been found in seepages, drains and hoof marks under shade, in Perlis, Negri 
Sembilan, and Johore. Nothing is known about the habits of the adults. Pre- 
sumably not a vector of human disease. 

Subgenus CELLZA Theobald, 1902 (June 16) 

Stone, Knight & Starcke (1959). TYPE SPECIES A. phwwwk Theobsld. For characters 
see Classification, p. 48. 

SYNONY~L~S : IVy,zomyia Hanchard, 1902 (July 4). P_yretoPFzorus Blanchard, 1902. Neocelliu 
Theobald, 1907. Pseudom~/zowzyia Theobald, 1907. Neowzyzomyia Theobald, 1910. Etc., etc. 
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Neomyzomyia series 

Christophers, 1924, (as group Neo~~~yzowzyia), Indian med. Res. -‘Uewz. no. 3, p. 70. 

ADULT. 9 with a single YOZU of rather large cibavial teeth not differentiated info 
rods and_ cones ; palps with four or more pale bands, scales at base of- proboscis 
beneath often roughened, sometimes enough to form a tuft ; 1-4 propleural setae, 
pronotal lobes with some scales ; wing sometimes with many small dark marks, 
then usually four or more on vein 6 ; legs usually speckled ; end of abdomen some- 
times with scales. 

PUP~A. Lateral spines often short, usually less than half as long as the segments ; 
paddle hair seldom long and(hxes; hair I on V-VII usually shorter than the seg- 
ments and with about I-IO branches ; hair Q on I small or vqy__small,_ usu_~lly _--__ 
shorter than the_s_eg_ce$. _-- 

LARVA. Long thoracic pleural hairs usually all sim@e (but see p. 52) ; anterior 
tergal plates small, their width on IV-VI less than the diameter of the palmate 
hairs. 

EGG. Usually with polygonal pattern on the exochorion, floats with prominent 
ribs, and ends with prominent pale bosses. 

Mostly medium-sized well ornamented species breeding in forest or other shaded 
situations (except A. kochi). The series is well represented in Malaya and Borneo 
with about II species out of a total of about 16 in the Oriental region ; in addition 
there are about a dozen species in the Australian region and about twice as many 
in Africa. Most of the Oriental species occur in Malaya or Borneo except the Philip- 
pine A. kolambuganensis (p. 269) and certain members of the A. leucosphyrus group ; 
only three of the Australian species, @wzctulatus, farauti and Zongirostris, are known 
to reach as far west as the Moluccas. Keys to adults and larvae of the Oriental 
and Australian species of the Neomyzomyia series will be found in Bonne-Wepster 
& Swellengrebel (1953). The Australian species include the important punctulatzzs 
group which contains the chief malaria vectors of New Guinea. The African species 
include several vectors of animal malaria (e.g. the smithii group, vectors of porcupine 
malaria, and A. dzweni, vector of the murine Plasmodium berghei), thus affording 
some parallel with the species of the Oriental leucosphyrus group which are vectors 
of monkey malaria. 

Anopheles aurirostris (Watson), 1910 

Myzowzyia aurivostvis Wats., Ann. hop. Med. Pavasit. 4 : 251. 

TYPE : ? from Merton estate, Klang, Selangor, Malaya, in BMNH (on loan from Liverpool 
Sch. trop. Med.). 

DIAGNOSIS. Female with four pale bands on the palps and outer half of proboscis 
pale, legs of both sexes dark without obvious pale speckles or bands, hind margin 
of wing without pale fringe spots. Pupa with very short obtuse lateral spines. 
Larva with inner clypeals rather close together and converging towards the tips, 
inner shoulder hairs small with 2-4 branches. 

FE~~ALE (fig. 124). Head. Palps slender, about as long as proboscis, with four 
pale bands, a narrow one at distal end of segment 2, then two broad ones, each 
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FIG. 124. A. azwivostvis, adult. a, wing ; b, 3 palp and proboscis ; c, $ palp ; d, fore 

femur ; e, fore tarsus ; f, cibarial teeth ; g, 6 genitalia ; h, phallosome leaflet. 
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about as long as 5th segment, at joints 3-4 and 4-5, with an intervening slightly 
narrower dark band, fourth pale band at apex of 5th segment. Proboscis about 
equal to or slightly shorter than the fore femur, black in basal half, not shaggy at 
base beneath, outer half pale golden with a narrow mostly ventral black ring at 
apex before the labella which are pale. Head scales broad, white at vertex, dark 
elsewhere, antennae with some small white scales on front of first flagellar segment. 

Cibarium : with the single row of large teeth characteristic of the Neomyzomyia 
series. About 13 teeth of which 3 or 4 lateral ones are small and imperfect. Typical 
teeth have broad flat filaments trifid distally with the central prong longest, base 
dark with a short tooth on each shoulder. 

Thorax. Mesonotum brown with slight frosty markings, without scales except 
on the anterior promontory where they are pale above and dark at the sides below. 
Anterior pronotal lobes with a few dark scales. Pleura without scales. Propleural 
setae I or 2, usually I. Halteres pale. 

Legs. Dark, without obvious pale marks, though there may be a few pale speckles 
on the femora, and the tarsi are often very narrowly pale at the joints. Coxae 
without scales. 

Wings. Length about z-5 to 3.0 mm. Rather dark, pattern as illustrated. 
Costa with five pale spots, mostly narrow (presector, sector, subcostal, preapical 
and apical), base of costa dark, no humeral pale spot. Vein I usually with 6 or 7 
dark marks, pale at extreme base, then dark as far as the sector pale spot, other 
pale spots are the accessory sector, subcostal, preapical and apical, and in addition 
there are usually one or two pale spots before or after the subcostal one. Vein 3 
with 5-7 dark marks, veins 5 plus 52 with 4-8, vein 6 with 3 or 4 the apical one long. 
Fringe all dark except for the apical pale spot opposite the end of vein I, and 
occasionally a faint one at the end of 3. 

Abdomen. Brown, without any scales. 

MALE (fig. 124). Head. Palps with a narrow pale band in the middle of the 
stem on the end of segment 2, a pale mark on the inner side of segment 3 just below 
the club, and club with two broad pale marks. Proboscis all dark, not pale in 
outer half as in female. Antennae with a few pale scales on first flagellar segment. 

Wings. Similar to those of female, but the pattern of light spots and dark 
marks much fainter, and difficult to make out on most veins except the costa which 
has the same five pale spots as the female. 

Abdomen. No scales. 
Genitalia. Back of coxites with some pale scales. Parabasal spines 5, as is 

typical of subgenus CeZZia ; these spines are not on tubercles, four are stout with 
curved ends, the fifth and most distal is long and slender, the fourth stout spine is a 
little apart from the other three and between them and the slender fifth spine. 
The harpago has a pronounced club on the dorsal lobe formed of a number of fused 
spines, and a single slender seta on the ventral lobe a little longer than the club. 
Phallosome with 4-6 pairs of leaflets, the larger with some small teeth. 

PUPA (fig. 125). Trumpet with meatus about &Q its length. Lateral spines on 
III-VII very short, squarely truncate, widest beyond the middle, spine VIII with 
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FIG. 125. A. aztrirost~is, pupa and larva. a, pupal trumpet ; b, end of abdomen of $ 
pupa, right half, dorsal, on right spine VII enlarged ; c, clypeal hairs and bases of inner 
frontal hairs (hair 5) ; d, shoulder hairs ; e, mesothoracic hair I ; f, leaflets from 
palmate hair V. 
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about IO branches. Hairs I and 5 branched, 5 stronger than I on V-VII, about 
equal on IV, on VII they are about 2 as long as the segment and hair I has 2-3 
branches, hair 5 with 4-10 ; on IV hair I with 4-8 and hair 5 with 5-g branches. 
Paddle about f as wide as long (index 1.6) ; refractile border short, about 6 the 
paddle length, with few teeth ; fringe present on external and internal borders, not 
very dense, hairs a little shorter on internal border ; terminal hair simple or frayed 
distally, sometimes slightly hooked. Lobes of male genital pouch each ending in a 
small knob or papilla, characteristic of subgenus CeZZia (p. 25). 

LARVA (fig. 125). Head. Clypeal hairs : inner closer together than is usual in 
subgenus C&a, the distance between their bases only a little more than between 
bases of inner and outer, the hairs are stout near the base, tapering and converging 
towards the tips, simple or with a few small side branches ; outer small and thin, 
about $ length of inner and placed further back, simple or occasionally with one or 
two fine side branches ; posterior very small and simple and placed very far back, 
may be difficult to locate. Sutural and transsutural hairs small, fine and simple. 
Antenna pale, shaft hair minute, simple, dorso-external, about &+ way from base. 

Thorax. Inner shoulder hair weak, similar in size to outer, with 2-4 distal 
branches and a very small root ; middle hair moderately stout with 7 or 8 branches 
and a small pigmented root. Mesothoracic hair I short with flattened stem and 
about 22 branches. Metathoracic palmate moderately developed with about 9-12 
unpigmented lanceolate leaflets with long tips. All pleural long hairs and epr 
simple. 

A bdomen. Palmate I undeveloped or weakly developed, II weakly developed 
with thickened stem and lanceolate leaflets unpigmented or slightly pigmented, 
palmates III-VII fully developed and evenly pigmented with filaments moderately 
to well defined at the base and varying from +-+ as long as the blades. Lateral III 
with about 22-26 branches. Anterior tergal plates small with II the smallest, 
posterior tergal plates present from IV or V to VII. Pecten with about IO teeth 
large and small. 

EGG. Unknown. 

NOTES. The larva was first briefly described by Hacker (1921) from specimens 
collected at the mouth of the Perak river. 

Distribution. Known only from the west coast of 
confined to the banks in the tidal reaches of rivers. 

Malaya where it seems to be 

Habits and vector status. So far this rare species has been found only in the tidal 
reaches of the Klang and Perak rivers. Larvae are found in pools of fresh or brackish 
water under shade on the river banks. The type locality is some six miles up the 
Klang river and, though tidal, is probably not brackish ; the species also occurs in 
brackish water lower down the river opposite the Connaught Bridge power station 
at Klang, and at this place some adults have been caught at night with human bait 
together with large numbers of Aedes butleri (Reid, 1950, and in Malaya, 1958). 
Presumably not a vector of human disease. 
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Anopheles tessellatus Theobald, 1901 

Mon. Cul. I : 175. 

TYPE : $I! from Taiping, Perak, hlalaya (1899, L. Wvuy), in BMNH. 
thO?'ntOnii Ludlow, 1904. Canad. Ent. 36 : 69, 0 from Mindanao, Philippines, in U.S. Natn. 

MUS. 
ceylonica Newstead & Carter, 1910. Ann. tvop. ,lIed. Pavasit. 4 : 377, $! from Trincomalee, 

Ceylon, in BMNH (loaned from Liverpool Sch. trop. Med.). 
pmctztlatus of Leicester (1908) and other authors, not of Dkitz, 1901. 

DIAGNOSIS. Female with four pale bands on the palps and outer half of proboscis 
pale. Both sexes with speckled legs and the hind tarsi with narrow pale bands, 
wing with pale fringe spots opposite all veins. Pupa with short but pointed lateral 
spines. Larva with stoutish inner clypeals wide apart, inner shoulder hair small 
with z-5 branches, palmate II undeveloped. Egg with narrow floats. 

Vrc;. I 26. ‘-1. trssrlZafais female, from Stanton. 

FEWLE (figs. 126, 127). Head. Palps about as long as proboscis, roughened at 
base, with four pale bands, a narrow one at apex of segment 2, and three broad 
distal ones separated by two narrow black bands, in addition there are usually some 
pale scales on dorsum of segments z and 3 ; the two subapical pale bands are about 
equal and are broader than the apical which may have a golden tinge. Proboscis 
about equal to fore femur, a little shaggy or thickened at the base beneath, outer 
half pale golden with a dark spot before the labella which are pale. Head scales 
broad, white at the vertex, dark elsewhere, antennae with some white scales on first 
one or two flagellar segments. The cibarium is described by Christophers as very 
similar to that of kochi. 

Thorax. Mesonotum brown with frosty areas and darker marks, anteriorly with 
median and lateral tufts of pale scales and latero-ventrally with dark scales, a few 
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very narrow pale scales scattered elsewhere, anterior pronotal lobes bare or with a 
few dark scales. Pleura without scales, with alternating more or less horizontal 
bands of light and dark marks. Propleural setae I, occasionally 2. Halteres pale. 

Legs. Femora, tibiae, and first tarsal segments of all legs speckled. Fore tarsi 

with first three pale bands broad and on both sides of the joints, fourth narrow and 
usually apical only, tip of fifth segment may be pale. Mid tarsi with narrower pale 

bands, mainly apical. Hind tarsi with narrow apical pale bands, fifth segment dark 
or sometimes with a pale tip. Coxae without scales. 

a 

d x 
e w 

FIG. 127. A. tessekztus, adult. a, dorsal view of 9 palp on left, $ on right ; b, cibarial 
tooth, anterior view on left, lateral view on right ; c, fore tibia and tarsus ; d, hind 
tarsus ; e, phallosome leaflets ; f, harpago. 

(ad, b, e, f, from Christophers) 
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FIG. 128, A. tessellatus, $! pupa. I, abdomen and metathorax, 
dorsal hairs on left, 

ventral on right (but see legend, fig. zg) ; 2, trumpet ; 3, lateral spines ; 4, lateral 
border of paddle ; 5, paddle hairs. 

(From Crawford) 
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Wings. Length about 3.0-3.5 mm. Veins strongly speckled with numerous small 
dark marks, the number variable. Costa with 6-8 pale spots of variable width, 
these are the humeral, presector, sector, subcostal, preapical and apical, and usually 
there is a prehumeral and sometimes an accessory sector spot. Vein I with about 
5-8 dark marks, pale at base. Basal half of vein 4 may be pale or dark ; veins 5 
plus 5-z with 8-10 small dark marks, vein 6 with 4-6. Pale fringe spots opposite 
all veins. 

A bdomen. Without scales except for some narrow pale ones on the cerci. 

R~ALE (fig. 127). In general as in female, but proboscis all dark, palps as illus- 
trated, and fore tarsi with rather narrower mainly apical pale bands. Wings with 
markings of the costa, vein I and fringe as in female, but other veins with fewer and 
fainter small dark marks, about 5-7 on veins 5 plus 52. Abdomen with a few 
mainly pale scales on hind margin of VIII above. 

Genitalia. Coxites with median pale scales and dark lateral ones. Parabasal 
spines : three basal and two more distal. Harpago with stout apical seta about 
equal to or longer than the club, and sometimes one or two small setae internally, 
also numerous small accessory hairs. Phallosome with 4-7 pairs of leaflets, the 
larger broad, claw-shaped and with some serrations on the concave edge. 

PUPA (figs. 128, 129). Trumpets rather short, meatus about +Q their length. 
Lateral spines short, pointed, spine VII about h-i as long as the tergite, spine IV 
about half or more as long as spine V, spine VIII with 6-16 branches, commonly 
about IO. Hairs I and 5 branched, about 4-6 as long as the segments ; 1,V11 with 
2-4 branches, occasionally simple, 5,VII with 5-8. Crawford distinguished the 
pupa of tessellatus from those of KocJzi and ‘ Zewos$hyms ’ by the larger number of 
branches on hairs 5,111 (15-17) and 2,V (6-9) in tessellatus, but he had only one 
specimen which appears to have borne more branches than usual on these hairs, 
for in 5 specimens examined the range was 5-11 branches on 5,111 and 4-5 on 2,V. 
Paddle about g-9 as wide as long (index 1.5-1.3) ; refractile border variable, from 
about half (Crawford) to + or % as long as the paddle and bearing teeth distally ; 
remainder of external border and the internal border with inconspicuous fringe. 
Terminal hair usually simple and straight, sometimes frayed distally or curved. 
Lobes of male genital pouch with prominent terminal papillae. 

LARVA (fig. 129). Head. Clypeal hairs : inner with bases wide apart, about 
1+2 x distance between inner and outer, with a few small side branches or simple, 
the bases are not as wide apart as in Kochi but the stems are usually shorter and 
stouter ; outer about $ length of inner, fine and simple ; posterior placed far back 
and in line with or slightly external to inner, about as long as outer, fine and simple. 
Sutural and transsutural hairs small, about as long as posterior clypeal, with 2-4 
branches. Antenna usually pigmented (cf. Kochi), antenna1 hair dorso-external, 
&Q way from base of shaft, very small, simple. 

Thorax. Inner shoulder hair weak, with 2-5 branches and a small separate un- 
pigmented root, middle hair with 6-13 branches and a moderately prominent and 
pigmented root. Mesothoracic hair I with more elongate stem than in aurirostris. 
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Metathoracic palmate weak with unpigmented leaflets. Long pleural hairs all 
simple. 

1 \ \, 
I 

\ I 

\ 

FIG. 129. A. tesseZZatus, pupa, larva, egg. a, pupal trumpet ; b, end of $ abdomen, 
most setae omitted ; c, larval clypeal hairs (one posterior hair further back than the 

other in this specimen) ; d, shoulder hairs ; e, part of palmate IV ; f, palmate II ; 
g, mesothoracic hair I ; h, egg, dorsal and lateral views. 

(e, f, after Gater ; h, after Christophers & Barraud) 
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A bdomen. Palmate hairs on I and II usually undeveloped with hair-like branches, 
fully developed on III-VII but with filaments not well differentiated, there being 
few indentations, or the leaflets lanceolate as on palmate VII which is smaller. 
Lateral hair III with about 7-11 branches. Tergal plates as for the series and as 
described for aurirostris. Pecten with about g-11 teeth of which only about three 
are long. 

EGG (fig. 129). First described from Maliya by Stanton (1913), and later from 
India by Christophers & Barraud (1931), and from Java by Walch & Walch- 
Sorgdrager (1935), and from the Philippines by Baisas & Pagayon (1956). Length 
0.45-0*55 mm., deck entire about 4 width of egg, not concave in side view. Frill 
thick viewed from above and tall (i.e. broad) viewed from the side. Terminal 
bosses prominent and pale. Floats about 4 as long as the egg, unusually narrow 
dorso-ventrally and situated rather low down on the side of the egg and thus widely 
separated from the frill, with 18-19 strongly marked ribs with the float deeply 
indented between the ribs giving a serrated appearance from above. Exochorion 
with polygonal pattern. Distinguished from the eggs of Kochi and the Zezdcos@hyrzzs 
group chiefly by its narrow floats and thicker, broader frill. 

NOTES. Theobald mistook this species for A. @mtuZatus Diinitz and described it 
under that name, but mentioned his own manuscript name tessellatus. Other workers 
followed Theobald and many of the earlier references to this species call it pzmwtz~latus. 
We now know that the jmnctulatus group is Australian and does not occur much 
further west than the Moluccas, which are the eastern limit for tessellatus and the 
only part of its range where it overlaps with the $mnctuZatus group. Records of 
tessellatus from New Guinea are probably due to misidentification. The punctulatus 
group has black-scaled knobs on the halteres and broad pale scales scattered over 

- the mesonotum, while in tessellatus the halteres are all pale and the mesonotum is 
without scattered broad scales. The larvae of the punctulatus group can be distin- 
guished from those of tessellatus by having stronger inner shoulder hairs with more 
branches and usually with a pronounced root sometimes fused with that of the 
middle hair, and better differentiated filaments on the palmate hairs. 

Larvae of tesseZZatus from the Celebes and Moluccas may have all the palmate 
hairs with the leaflets lanceolate and lacking indentations ; this form was named 
var. orientalis by Swellengrebel & Swellengrebel de Graaf, 1920. 

Distribution. Widespread, most of India except the north-west, Ceylon, Anda- 
mans, Maldives, Burma, Thailand, Indo-China, south China including Hong Kong, 
Taiwan, the Philippines, Malaya, Borneo, and Indpnesia from Sumatra eastward to 
the Celebes and Moluccas. 

Habits and vector status. Generally distributed, except in forest, but seldom 
abundant. Adults will enter houses and bite man but are more attracted to cattle ; 
Reid (1961) found that one calf attracted 20 times more tessellatus than two men, 
and two goats about twice as many. Adults rest by day both indoors and outdoors ; 
Rao & Russell (1940) record them resting in wells. Larvae are found in a variety 
of breeding places in sun or shade, but in Malaya are most often found in rather 
dirty stagnant water under shade. Not regarded as a vector of human malaria 
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except in the Maldive Islands where it is the only Anopheline, apart from small 
numbers of subpictus ; larvae were found in wells, and adults rested in houses by 
day (Iyengar et al., 1953). In the Maldives it is also a secondary vector of filariasis 
due to Wztchereria bancrofti, the main vector being C&X @piens fat&am (Iyengar, 

I954. 

Anopheles kochi Donitz, rgo1 (Jan.) 

Insektenbbvse 18 : 36. 
TYPES : from Padang, Sumatra, in 2001. Mus. Berlin. 
ocellatus Theobald, 1901 (Nov.). Mon. Cul. I : 174, type $? from Taiping, Perak, Malaya 

(1899, L. Wvay), in BMNH. 
jlaaa Ludlow, 1908 (Cellia). Canad. Ent. 40 : 32, $, Q from Luzon, Philippines, in U.S. Natn. 

nhs. 
halli James, 1910. Paludisnz I : 33, 3, Q from Assam, in Indian Mus., Calcutta. 

DIAGKOSIS. Adult pale, highly ornamented and very distinct, both sexes with 
tufts of black scales along the underside of the abdomen, speckled legs with broad 
hind-tarsal pale bands, pronounced eye spots on the mesonotum, and outer half or 
more of proboscis golden ; female with four broad pale bands on the palps, part 
white, part golden, separated by narrow dark bands. Pupa with lateral spines of 
moderate length, hair 1,V11 simple and 5,VII with 2-4 branches. Larva with pale 
antenna, small inner shoulder hair usually with 7-10 branches, and palmate II with 
lanceolate leaflets. 

FEMALE (figs. 130, 131). Head. Palps about as long as proboscis, largely pale, 
shaggy at the base, with four broad pale bands separated by narrow dark bands, the 
pale bands part golden, part white ; in detail as follows, fifth segment largely pale 
golden with narrow basal dark band, fourth segment largely white, narrowly golden 
towards the base and with narrow basal dark band, third segment white in distal 
half with a mixture of dark and golden scales in basal half and a basal dark band, 
second segment with an apical pale band followed by a narrow dark band, then two 
shaggy bands the distal pale the proximal dark, then an obscure pale or golden 
area followed by dark scales at the extreme base. Proboscis about equal to fore 
femur, with distal half or more golden, sometimes narrowly dark before the labella, 
basal Q to half mainly dark with some golden patches, a pronounced basal tuft of 
dark scales beneath. Head scales broad, white at vertex, dark elsewhere, white 
frontal tuft prominent, antenna with a few pale scales at base of flagellum. 
Cibarium as illustrated, no post-cibarial ridges, cibarial bar very broad, straight ; 
teeth having strap-like filaments with fimbriated ends. 

Thorax. Mesonotum pale, frosty, with a pair of prominent dark eye spots and 
one spot on the scutellum. Front of mesonotum with median and lateral tufts of 
pale scales and setae passing into dark scales on the anterior face, dorsum with 
numerous broad white scales, anterior pronotal lobes with scales. Pleura with 
several prominent dark spots, one of the largest behind the anterior spiracle, some 
pale scales among several of the groups of setae, particularly the upper sternopleural 
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and the subalar, propleural setae 2-3. Haltere knobs dark-scaled below pale- 
scaled above. 

Legs. Femora, tibiae, and usually the first and second tarsal segments, speckled 
on all legs. Fore tarsi with first three pale bands broad and lying across the joints, 
mainly on anterior aspect, fourth band minute, apical only, or missing, tip of seg- 
ment 5 may be pale. Mid tarsi similar but the pale bands much narrower and may 

FIG. 130. A. kochi, from Stanton. Female and head of larva. 

be mainly apical. Hind tarsi with first pale band narrow and apical only, but 
second, third and fourth bands broad and lying across the joints, tip of segment 5 
white. Coxae with some pale scales. 
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Wi’ngs. Length 3-4 mm. Predominently pale, the pale areas cream rather than 
white, the dark areas mostly small. Costa with full complement of pale spots, 
prehumeral, humeral, presector, sector, accessory sector, subcostal (long), preapical 
and apical. Veins 5 plus 5.2 usually with only two dark marks, a basal and an 

j. . . _, . ..i . .._ 

FIG. 131. A. kochi, adult and larva. 
5, vertex ; 

1, wing ; 2 and 3, $? and $ palp ; 4, proboscis ; 

teeth ; 
6, hind tarsus ; 7, fore femur ; 8, mid tibia ; 9, abdomen ; 10, cibarial 

11, single tooth, front view, and 12, side view ; 13, leaflets of one side of phall- 
osome ; 14, the five parabasal spines, labelled a-e ; 15, clypeal hairs of larva. 

(From Christophers) 
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apical, and vein 6 with three. Fringe largely pale, with pale spots between and 
opposite the veins, and the dark areas narrow. 

FIG. 132. A. hochi, $? pupa. 1, abdomen and metathorax, dorsal hairs on left, ventral 

on right (but see legend, fig. 29) ; 2, trumpet ; 3, lateral spines ; 4, lateral border of 
paddle. (From Crawford) 
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A bdomen. Dorsum with pale golden scales on segments II-VIII posteriorly, 
most numerous on the distal segments and on the cerci, first tergite without scales 
but with a dark area on each side. ITenter with a prominent tuft of black scales 
posteriorly on each of segments II-VII, occasionally a few pale scales at the posterior 
border of the tufts ; with pale scales on sternite VIII. There is a pair of semi- 
circular or semi-lunar pale areas on the chitin of each of sternites II-VII anteriorly, 
prominent in fresh specimens or those with distended abdomens ; these marks are 
present in many species, but vary in prominence (cf. hyrcanus group). 

MALE (fig. 131). Similar to female, including the pale ornamentation of the 
proboscis which may be more extensive (cf. azrrirostris and tessellatm in which the 
male proboscis is dark). Palps as illustrated or with more pale marks towards the 
base. Abdomen as in female. 

Genitalia. Coxites with pale scales, 5 parabasal spines as for subgenus, but 
fourth more widely separated than usual from the basal three. Apical seta of 
harpago equal to or slightly longer than the club. Phallosome short, squat, less 
than half as long as the coxite, with about six leaflets on each side, the larger showing 
serrations and the longest about $ as long as the phallosome. 

PUPA (figs. 132, 133). Trumpets with meatus between $ and 4 their length. 
Lateral spines brown, pointed, of moderate length, spine VII about $ or more as 
long as the tergite, spine IV about 4-4 as long as spine V which is usually less than 
+ as long as tergite V, spine VIII with 8-15 branches. Hairs I and 5 on VII about 
i-t as long as the segment, hair I simple, 5 with 2-4 branches ; on IV hair I with 
3-5 branches, 5 with 3-7 branches. Paddle about $2 as wide as long (index 
I .6-1.4), refractile border about 4 its length with well marked teeth distally, fringe 
hairs inconspicuous, terminal hair dark, straight or undulant, usually simple but 
occasionally bifid at the tip. For fuller description see Crawford (1938). Differs 
from aurirostris and tesseZZatus in the longer lateral spines and fewer branches on 
hairs I and 5 on VII. Differs from most members of the Zeucosfihyrus group also 
in the fewer branches on hairs I and 5 on VII, but the main difference from this 
group and A. saungi is the shorter spine V of kochi which is usually less than 4 as 
long as the tergite. The paddle teeth and fringe hairs are often stronger in the 
Zeucosphyrus group. 

LARVA (figs. 130, 133). Living larva may be yellowish-brown with a white mark 
on the thorax. 

Head. Clypeal hairs : inner long, fine, simple or usually with some very fine 
side branches visible under high power, bases wider apart than in tessellatus, the 
distance between them 253 x the distance between the inner and outer hairs ; 
outer about t length of inner, fine, simple or sometimes forked at tip ; posterior 
placed far back, external to inner, about as long as outer but a little finer, simple. 
Sutural and transsutural up to 2 or 3 times longer than posterior clypeal, simple 
or 2-3 branched distally. Antenna pale, antenna1 hair as in tessellatus. 

Thorax. Inner shoulder hair weak with 7-10 branches, occasionally fewer, and a 
small root, middle hair with 11-15 branches and a fairly prominent root. Meso- 
thoracic hair I similar to that of tessellatus. Metathoracic palmate with unpig- 
mented lanceolate leaflets. Pleural long hairs all simple. 
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A bdonten. Palmate I undeveloped or slightly developed, palmate II with 
lanceolate leaflets usually unpigmented, palmates III-VII fully developed, the 
leaflets fairly uniformly pigmented in the basal 8, clear at the tip, filaments with 
broad bases. Lateral hair III with about 7-11 branches. Tergal plates as for 
series (see az~irostris) . Pecten with about 13 teeth of which about three are long, 
the remainder tend to be of two sizes, small and very small. 

l;rc. 133. ,il. kochi, pupa, larva, egg. a, pupal trumpet ; b, end of 3 abdomen ; 
c, larval clypeal hairs ; d, shoulder hairs ; e, palmate II ; f, part of palmate Ihr ; 
g, egg, dorsal and lateral views. 

(e, f, after Gater ; g, after \Valch & Walch-Sorgdrager) 
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The larva can usually be distinguished from that of tessellatus by the rather 
larger inner shoulder hair which commonly has more than 5 branches ; other 
differences are the inner clypeals longer, more slender and wider apart, the un- 
pigmented antennae, and the second abdominal palmate hairs with leaflets lanceolate 
instead of being quite undeveloped as is usual in tessellates. 

EGG (fig. 133). Described by Walch & Walch-Sorgdrager (1935) and other 
authors. Length 0.55 mm., floats with 14-24 ribs, average 18. Very similar to the 
egg of tessellatus, but with a broader deck about Q the width of the egg and appearing 
a little concave in side view, a less prominent frill not so thick through or so broad 
in side view, and floats not so narrow dorsoventrally and coming closer to the frill. 
With the same polygonal pattern on the exochorion, prominent pale bosses and 
pronounced float ribs. Not distinguishable at present from eggs of the Zewos$hyrus 
group. 

NOTES. Although the larvae and pupae are not remarkable, the adults of 
A. kochi are about the most distinctive and ornamental of all common South-East 
Asian Anophelines ; the combination of largely pale palps and proboscis with the 
row of black scale tufts beneath the abdomen at once distinguishes them. Adults 
of the Philippine A. kolambuganensis Baisas, 1932, an uncommon forest species, 
resemble kochi in general appearance, but lack the median ventral abdominal scale 
tufts ; also the proboscis is dark or with only a narrow distal pale golden area. 
A. kolambuganensis might be found in Borneo and would run to couplet 17 in the 
primary key to adults, but is distinguished from tessellatus and zuatsonii, etc., by its 
broad pale and dark scales on the hind corners of abdominal tergites V-VII forming 
incipient lateral tufts ; larvae have shoulder hairs with large fused pigmented 
roots and resemble the larvae of watsonii, but the clypeal hairs are mostly branched, 
the posterior pair with z-8 spreading branches ; they are found in forest streams, 
not in bamboos or tree holes like those of watsonii and stookesi, and are very black 
and white in colour. 

Distribtition. A. kochi occurs in north-east Bengal and Assam (not in the rest 
of India, Ceylon, or the Andamans), Burma, Siam, Indo-China, south China (not 
in Taiwan, see Chow, 1949, or Hong Kong), Philippines, Malaya, Borneo, and 
Indonesia from Sumatra to the Celebes and Moluccas. 

Habits and vector status. A common species in Malaya, adults rest mainly out- 
doors amongst vegetation near the ground, though occasionally found indoors. 
They feed chiefly on cattle (Wharton, 1953) to which they are very much more 
strongly attracted than to man (Reid, 1961) ; somewhat attracted to monkeys at 
ground-level, more so than to man (Reid & Weitz, 1961 ; Wharton et al., 1964). 
Larvae are found in a variety of breeding places in the open, but especially in small 
muddy collections of water, such as ruts, hoof marks, buffalo wallows, and pools in 
trampled rice-fields just after the harvest. 

Not usually regarded as a vector of human malaria and not a vector in Malaya, 
though it is easily infected experimentally, and natural infections have been recorded 
elsewhere, particularly in Indonesia (Covell, 1944). Possibly some of these natural 
infections were with animal plasmodia. 
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Anopheles watsonii (Leicester), Igo 

Pyreto$~hovm watsonii Leic., Cd. Malaya p. 38. 
TYPE : $! caught in jungle near Klang, Malaya (1904, Watson), in UMSH. 

DIAGNOSIS. Legs speckled, hind tarsi with last 2% segments all white, female 
palps with four narrow or medium white bands. Pupa with hairs I and 5 nearly as 
long as or longer than the segments and with branches along their length, paddle 
fringe well developed, terminal hair simple. Larva with strong inner shoulder hair 
on large root, palmate II fully developed as in hackeri but base of posterior clypeal 
hair placed further forward. 

FEK~LE (fig. 134). Head. Palps about as long as proboscis, a little shaggy at 
the base, black with four narrow to medium white bands, one at the tips and the 
other three at the joints, occasionally with a few pale scales about the middle of 
segment 3. Proboscis all dark except for labella, a little roughened at the base 
beneath, shorter than the fore femur. Head scales broad, white at vertex, black 
elsewhere, a few white scales on the first flagellar segment of the antenna. 

Cibarium with the usual single row of large teeth of the Neomyxomyia series, 
about rg teeth of which the two most lateral on each side are imperfect. Typical 
teeth have filaments much longer than in aurirostris, about three to four times as 
long as wide against two or three times in azcrirostris, and though trifid at the ends, 
the central prong is the shortest. Bases of teeth dark with a short tooth on each 
shoulder. 

Thorax. Mesonotum with a mottled pattern of frosty and darker areas, median 
and lateral tufts of narrow white scales at the front margin, elsewhere with some 
narrow white scales, especially in the median line and above the wing roots. An- 
terior pronotal lobes with dark scales. Pleura dark, usually without scales, pro- 
pleural setae 1-3. Halteres with pale stems and dark knobs. 

Legs. Femora, tibiae and first and sometimes second tarsal segments speckled. 
Tips of femora and tibiae narrowly pale. Fore tarsi with first two pale bands apical, 
third often broader and may extend across the joint, fourth mainly apical, segment 
5 pale towards tip or much of segments 4 and 5 diffusely pale. Mid tarsi with apical 
pale bands, tip of segment 5 may be pale. Hind tarsi : segment I with narrow 
apical pale band, z with broader apical pale band but less than $ as long as the 
segment, 3 with a basal dark band between 4 and Q as long as the segment, remainder 
of segment and all of segments 4 and 5 white (a female from Sungei Penga, 2nd div., 
Sarawak, had the middle $ of 5 dark). 

Wings. Length about 3.0-3.5 mm. Pattern well defined, with fewer and longer 
dark marks than in tessellatus. Pale spots on costa fairly narrow ; with humeral, 
presector, sector, accessory sector, subcostal, preapical and apical pale spots. 
Remigium pale. Vein I pale at base, presector dark mark without pale spots, 
middle dark mark with accessory pale spot, preapical dark mark with one pale spot. 
Stem of vein 2 and 2.1 mainly dark, or with one or two not very well defined pale 
spots, tips of veins I and 2 -I pale. Vein 5 with a short well defined dark mark near 
the base, and a longer one before the fork. Vein 6 with three dark marks. A 
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pale fringe spot stretching between ends of veins z-2 and 3, and usually narrow ones 
at 4.1, 42 and 5.1. 

A bdomen. Dark, without scales except for a few narrow pale golden ones on VIII 
and the cerci. 

FIG. 134. A. watso~~ii, adult. a, wing ; b, $! palp and proboscis ; c, 3 palp, dorsal 
view ; d, cibarial teeth ; e, fore femur and tibia ; f, hind tarsus ; g, phallosome 
leaflets ; h, harpago. 

(c, after Gater) 
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MALE (fig. 134). Palps as illustrated, the club with two broad pale bands, narrow 
pale bands at the joints 2-3 and 3-4 and a pale mark in the middle of segments z and 
3. Proboscis longer than fore femur. Legs as in female ; wings similar though paler, 
the costa and vein I with wider pale spots, there may be a small prehumeral pale 
spot on the costa, and the pale spot in the preapical dark mark on vein I usually 
includes the costa, there may he a second pale spot in the middle dark mark on 
vein I, often with pale fringe spots at 5.2 and 6. 

Genitalia. Dorsum of VIII and coxites with pale golden scales, a few black 
latero-ventral scales on coxites which bear the usual 5 parabasal spines. Harpago 
with rounded club on dorsal lobe formed of 4 or 5 fused setae ; ventral lobe with 3 
or 4 setae, the longest, arising from a tall socket on the summit of the lobe, is longer 
than the club, the second seta is about half the length of the large one and ventral 
to it, internal to the second seta is a very small third one, the fourth seta in the 
specimen examined was represented by a socket dorsal and internal to the base of 
the large seta. Phallosome with 4-6 pairs of toothed leaflets. 

FIG. 135. A. watsonii, pupa. a, trumpet ; b, end of 6 abdomen, right half, dorsal ; 
c, lateral spine VII ; d, terminal paddle hair ; e, paddle teeth. 



PUpA (fig. 135). Trumpet simple with meatus about Q its length. Lateral spines 
on IV-VII long, brown, tapering and sharp-pointed, mostly somewhat curved and 
often with side spicules, spine VII about Q to nearly 3 as long as the tergite, spine 
VIII with about 25 branches and about 4 as long as the paddle. Hairs I and 5 
strong, nearly as long as or longer than the segments, with branches along their 
length, on VII hair I with about 9-12 and 5 with about 5-16 branches, on IV hair I 
with about 10-16 and 5 with 15-17 branches. Paddle about + as wide as long 
(index I -5)) refractile border $ the paddle length with fairly long narrow teeth 
distally, fringe long on both borders, terminal hair fairly stout, sinuate or slightly 
hooked, simple or occasionally branched near the tip. 

LARVA (fig. 136). Living larva dark, many of the setae strong and pigmented 
or somewhat stiff. 

Head. Clypeal hairs : inner wide apart with rather stout basal third tapering 
rapidly to fine distal two-thirds, simple or occasionally with one or two fine side 
branches ; outer about half or less length of inner, tapering in the same manner, 
often with one or two side branches ; posterior placed between inner and outer 
and well forward, the distance between their bases and those of inner about equal 
to or not much more than between bases of inner and outer, so that the bases of 
the three clypeal hairs usually form a more or less equilateral triangle (cf. hacker;), 
posterior hairs reaching well beyond bases of inner (cf. a~irostris, tessellates and 
Kochi), simple or with z or 3 branches. Sutural and transsutural simple, or the 
latter occasionally bifid (usually bifid in hackeri), both about as long as posterior 
clypeal. Antenna slender, brown, the shaft hair simple, dorso-external, usually 
between 3 and half way from the base, terminal hair long and bifid from near the 
base. 

l’hovax. Shoulder hairs dark with prominent roots, inner stout with 16-23 
branches, the root sometimes fused with that of the middle hair which has I&I 

branches. Mesothoracic hair I large, the stem flattened towards the base, and 
slightly bent about the middle. Metathoracic palmate with lanceolate lightly 
pigmented leaflets. Long pleural hairs usually all simple, but one of the pro- 
thoracic group sometimes dividing into z or 3 in the distal half, short hair of the 
prothoracic group, ep1, stiff, tapering, about + or less the length of the long hairs, 
occasionally bifid. Prothoracic hair 14 with 5-7 rather stiff branches, 13 smaller 
than 14 with 5-8 branches. 

A bdome ft. Palmate I small with narrow lanceolate lightly pigmented leaflets, 
II-VII fully developed, evenly pigmented including the filaments which are fine, 
well differentiated at the base (more abruptly than in hackeri) and about half as 
long as the blades. Lateral III with 16-32 (usually more than 25) branches, IV and 
V long and simple, rarely bifid, VI with 3-7 branches along its length (cf. hackeri). 
Tergal plates as for series. Pecten with about 11-13 teeth of rather even length, 
mostly long and strongly pectinate at their bases (see fig. 138, stookesi) which 
accords with the container-breeding habits. 

EGG. Unknown. 
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XOTES. The larva of watsonii was not discovered until 1921 when Hacker 
(I~z) collected several from fallen split bamboo at Ulu Gombak together with 

FIG. 136. A. watsonii, larva. a, clypeal hairs ; b, shoulder hairs ; c, part of palmate 
IV ; d, mesothol-acic hair I ; e, lateral hairs IV-1’1. 

(b, c, after Gater) 

e 
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larvae of asiaticus and ‘ Ze~cosp~zyrz~~ ’ (= hack&). He could find no difference 
between the larvae of watsonii and hackeri except that the transsutural hair of the 
latter was branched but was simple in watsonii. Gater noticed the difference in the 
position of the posterior clypeal hairs in the two species, to which is now added the 
difference in the lateral hairs III-VI. 

The rather heavy sclerotization of some larval setae, the tendency to stiffness or 
spikiness of some, and the strong pectination at the bases of the well developed 
pecten teeth, are probably correlated with the bamboo habitat of the larva ; in the 
true tree-hole breeding species in the subgenus Anopheles, such as annandalei and 
sintonoides, there are similar and additional modifications, but more pronounced. 

In the combination of speckled legs with the last z or 3 hind-tarsal segments all 
white, the adults of watsonii (and stookesi) resemble such species as ramsayi and 
jamesii in the Neocellia series, but these have only three pale bands on the female 
palps, broad pale scales scattered over the mesonotum, and no propleural setae. 

Cheong & Pillai (1965) reported a possible new species near watsonii from Sarawak. 
Examination of the specimen, a female reared from a larva found in a forest swamp 
in the 3rd division of Sarawak (Dr. E. S. Thevasagayam), confirms that it is close to 
zuatsonii, stookesi and saungi, but it has only narrow pale bands on the hind tarsi, 
segments 2-4 being merely faintly mottled pale between the bands. The costa has 
a prehumeral pale spot as in saungi, but vein 3 is mainly dark and there is no fringe 
spot at s-2. Probably this is a new species but until specimens with larval and 
pupal skins are available it is not possible to be sure. The second specimen men- 
tioned by Cheong & Pillai appears to be watsonii with the 5th hind tarsal segment 
partly dark (p. 270). 

Distribtition. Malaya, also Borneo (Brunei, Colless, 1955, p. 334 ; Sarawak, 
E. S. Thevasagayawz ~011.). 

Habits and vector status. A rare forest species ; larvae are usually found in fallen 
split, or cut-open bamboo, sometimes in collections of water on fallen tree trunks. 
VVharton et al. (1964) caught small numbers in hill forest at night with human and 
monkey bait, more were caught in the canopy than at ground-level ; dissections 
were negative. Presumably not a vector of human disease. 

Anopheles stookesi Colless, 1955 

Sarawak 
‘bPES : 

Mus.J. 6 : 331. 

9 and $ with skins, from Tambunan, Sabah (North Borneo), in BMNH. 

DIAGNOSIS. Adult closely resembles that of watsonii but hind tarsus is usually 
more extensively pale, and wing veins 2 and 2.1 usually have more definite pale 
spots. Pupa has the paddle hair branched from near the base and hairs I and 5 
considerably longer than the segments. Larva with very distinctive clypeal hairs 
having strong branches towards the base. 

ADULT (fig. 137). So far only a few specimens have been seen, but there appear 
to be only minor differences from watsonii which it very closely resembles. The 
hind tarsi tend to be more extensively white, the apical pale band on segment I 

sometimes crossing the joint and that on segment 2 being -$-Q as long as the segment 
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instead of less than $ as in zwatsonii, and often the tarsi are continuously white from 
there on instead of with a well marked dark band on the base of segment 3. Tips 
of fore and mid tarsi more extensively suffused pale. 

FIG. 137. A. stookesi, adult. a, wing ; b, hind tarsus, with variations (two lower figures). 
(b, after Colless) 

Wing somewhat paler, veins z and 2.1 usually with 3 or 4 fairly definite pale spots 
in addition to the pale tip of 2 .I. Accessory sector pale spot in the middle dark 
mark on vein I is usually wider so that the basal portion of the dark mark is con- 
siderably shorter than the pale spot, and may be absent in the male ; similarly 
with the preapical dark mark in which the basal portion may be missing in the male. 

Abdomen without scales, cibarium not described, male genitalia said to be similar 
to those of watsonii. 

PUPA (fig. 138). Very similar to that of zwatsonii, differs mainly as follows :- 
Terminal paddle hair not stout and simple, but dividing near the base into 2-3 
slender branches, refractile border of paddle much shorter, less than half as long as 
the paddle, about Q. Paddle of female as illustrated by Colless wider than that of 
the male illustrated here. Branches of spine VIII much longer, longest reaching 
nearly half the length of the paddle. Hairs I and 5 similar, but considerably longer 
than the segments, spines IV-VII similar in length but straighter. 

LARVA (fig. 138). Black and very active. In most respects very similar to that 
of watsonii, but with very distinctive branching of the clypeal hairs. Differs mainly 
as follows :-inner clypeal hair stout basally, tapering sharply about $- way from 
base to long fine point, 5-9 conspicuous side branches in the basal $ ; outer hair 
J-g length of inner, placed well back, with strong stem, single or bifid, and 9-17 

strong branches ; posterior as stout and nearly as long as outer, placed well forward 
between inner and outer, with 12-18 strong branches. Inner frontal hairs rather 
short, not reaching bases of inner clypeals. 
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Prothoracic hair 13 similar in size and appearance to 14, with about 10-13 dark 
stiff branches radiating from the base, 14 with about IO branches and a sclerotized 
plaque or root at one side of the base (fig. 138d), comparable, except in position, to 
the sclerotized roots of the other large hairs, and not present in zwatsonii. 

FIG. 138. A. stookesi, pupa and larva. a, end of 3 pupal abdomen, right half, dorsal ; 
b, lateral spine VII on left, terminal paddle hair on right ; c, larval clypeal hairs ; 

* d, prothoracic hair 14 with plate at base , e, leaflets from palmate hair TV ; f, pecten. 
(c-f, after Colless) 
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Abdominal palmate hairs evenly pigmented with slender well differentiated 
filaments about half as long as the blades of the leaflets, but the latter considerably 
narrower than in watsonii. Lateral hair III with fewer branches, 10-13, but laterals 
IV-VI quite similar, though IV & V more often bifid. Pecten as in watsonii with 
long teeth strongly pectinate in basal half. 

EGG. Unknown. 

NOTES. A rare forest species from the interior of Borneo where larvae have been 
collected by Colless on two occasions, once from a fallen split bamboo at 2,000 ft. 
near Tambunan, Sabah (North Borneo), and once from a tree hole on the Akah 
river, Sarawak (Colless, 1956a). 

The remarks under watsonii on the larval modifications correlated with the tree- 
hole habitat (p. 275) apply also to this species, with the addition of the shortening 
of the inner frontal hairs and the size and stiffness of the ventral anterior hairs, 
13 and 14, on the prothorax. The clypeal hairs of the larva, though more strongly 
branched, resemble those of A. cristatus in the leucosphyrzts group, the larvae of 
which are found in comparable habitats (p. 309). 

Anopheles saungi Colless, 1955 
Savawak Mus. J. 6 : 334. 
TYPES : $? and $, latter with skins, and two larvae, from Saung-Saung, Sunsuran Trace, 

4,000 ft. Sabah (North Borneo), in BMNH. 

DIAGNOSIS. A mountain species of Borneo, adult resembling those of watsonii 
and stookesi, but with hind-tarsal segments 4 and 5 largely dark. Pupa and larva 
resembling those of the Zeucosphyrzzs group, but pupa with markedly dendritic hair 
1,11, and larva with long posterior clypeal hairs reaching beyond front margin of 
head. 

ADULT (fig. 139). A rather large species (wing length 4.2-4.4 mm.) resembling 
watsonii and stookesi, but differing mainly as follows :-Female palps a little shorter 
than proboscis, rather slender, often with a pale mark in the middle of segments 
2 and 3 in addition to the four pale bands. Propleural setae 2-4. Legs con- 
spicuously speckled and splashed with yellowish white, fore tarsi with rather narrow 
ill defined apical pale bands, the distal segments may be diffusely pale. Hind 
tarsi with third segment all pale except for a narrow basal dark band that is some- 
times absent, but segments 4 and 5 largely dark with apical pale bands, 4 also 
with a basal pale band. 

Wing pattern similar to that of watsonii and stookesi with relatively few dark 
marks ; 3 on vein 6 and 4 on 5 plus 5.2 in females compared with 4-7 and 8-10 in 
the Zeucosphyrm group. Pale areas more extensive than in watsonii and stookesi, 
costa with a well marked prehumeral pale spot in female as well as male, vein 3 pale 
except for a small divided dark mark at base and a dark tip, female with a fringe 
spot at 5.2 as well as the preceding veins. Cibarium not described. 

Male genitalia. Phallosome with about 9-10 pairs of blade-like leaflets, largest 
with serrations along one edge. Harpago with rather broad club, a terminal seta 
slightly shorter than the club and a small internal seta. 
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PUPA (fig. 140). Very similar to those of the le~~~~~yr~s group, distinguished 
mainly by hair 1,11 which is markedly dendritic, like hair 1,1 (the dendritic or float 
hair) though smaller. 

FIG. 139. ,4. saztn,ni, adult. a, wing ; b, hind tarsus ; c, Q palp and proboscis ; d, ' 
harpago ; e, phallosome leaflets. 

(b-e, after Colless) 

Trumpet with broader pinna than usual, meatus about & trumpet length. Lateral 

spines V-VII long, slightly curved, sharp-pointed, sometimes with side spicules, 
spine VII 8 length of tergite ; spine IV very small, similar to III, about & length of 
spine V ; spine VIII with about 12 branches. Hairs I and 5 shorter than the 

segments, about +-I their length, on VII hair I with z branches and 5 with 6 ; on 
IV hair I with 4-7 and 5 with 7 branches. Paddle about Q as wide as long, refractile 
border about g-8 paddle length with moderately long narrow teeth as in watsonii, 
fringe of moderate length, terminal hair rather short and stout, pigmented and 
simple. In the single specimen examined here tergite IV, and to a lesser extent III, 
has a small round area in the centre with a thickened border. 

LARVA (fig. 140). A large larva, when alive with the dorsum of the thorax white 
as in Koclzi. Very similar to those of the Ze~cos@yr~.s group, chaetotaxy differing 
only in minor respects. The lack of developed palmate hairs on abdominal seg- 
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ment II distinguishes it from hackeri, and the long posterior clypeals, reaching 
beyond the front margin of the head, will usually distinguish it from the other 
species of the Ze~cos~hyrus group, except the ” Fraser’s Hill form ” of balabacensis, 
but this has the roots of the inner and middle shoulder hairs fused as is usual in 
balabacensis instead of well separated as in saungi. In addition the transsutural 

FIG. 140. A. saungi, pupa and larva. a, end of $ pupal abdomen, right half, dorsal ; 
b, trumpet, on left open, on right closed ; c, pupal hair I on abd. II ; d, leaflets from 
palmate IV of larva ; e, clypeal hairs ; f, left shoulder hairs. 

(d-f, after Colless) 
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hairs and lateral hairs IV and V of saungi usually have more branches than in the 
Zeucos~hyrzzs group. 

Head. Clypeal hairs as figured : inner long, simple, usually with a few fine side 
branches ; outer simple g-g as long as inner ; posterior long, reaching well past 
bases of inner and beyond front margin of head, simple or 2-3 branched towards the 
tip. Sutural long, simple, or bifid at tip, transsutural long with 3-7 branches 
(usually 1-3 in the Zeucosphyrus group). 

Thorax. Inner and middle shoulder hairs with prominent well separated roots, 
inner with a stout stem and rg-ZI branches, middle with 10-16 branches. Pro- 
thoracic hair 14 with 4-7 branches. Metathoracic palmate with weak slender 
leaflets. All pleural long hairs simple. 

A bdonzen. Palmate hairs fully developed on III-VII though a little weak on VII, 
leaflets pigmented to the tips with well differentiated filaments about half as long 
as the blades. Lateral hairs on IV-VI usually 3 branched (more often I-Z branched 
in Zeucosphyrzhs group), less often with z or 4 branches. Pecten with about 14 long 
and short teeth. 

EGG. Unknown. 

NOTES. So far known only from the Cracker Range of Sabah (North Borneo) 
above 3,500 ft. where larvae were numerous in muddy pools and seepages along 
forest tracks, together with larvae of A. gigas. 

Colless considers that records of ‘ Zeucosphyrus ’ larvae breeding with those of 
gigas up to about 5,500 ft. in Sumatra (Nainggolan, 1939) might possibly refer to 
this species. 

Nothing is known of the adult habits or vector status of this species. 

A. LEUCOSPHYRUS species group, Colless (Ig56b, 1957) 

A. leucosphyvus Diinitz, 1901. 

A group of closely related forms, easily recognized in the adult stage by the broad 
wlzite band covering the tibio-tarsal joint of the hind leg (fig. 145/6), but without 
distinctive group characters in the pupa or larva. The larvae differ from those of 
kochi and tessellatus by their larger shoulder hairs with prominent roots, and from 
watsonii by their posterior clypeal hairs which are placed further back. 

The group ranges from south-west India eastwards to south China and Taiwan, 
and through Malaya and Indonesia (as far as Celebes) to the Philippines. It con- 
sists of about eight species of forest mosquitoes, some with marked geographic 
variation. Five of the species occur in Malaya and Borneo and are vectors of 
monkey malaria, and two are also important vectors of human malaria. They can 
usually be caught more readily in the forest canopy than at ground-level. Larvae 
are found under shade in a variety of situations, those of several species are usually 
found in small muddy pools, those of others in pools at the edges of small streams, 
or on rocks and logs, and one is usually found in split bamboos or at ground-level 
in the leaf bases of nipah palms. 
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The complexity of the group was first indicated by King & Baisas (1936) who 
described several Philippine forms. Then, following the discovery by McArthur 

(1947) that ’ Ze~os~hyrz~s ’ was the principal malaria vector of Borneo, Reid (1949) 
gave a preliminary account of the whole group, which was later studied in detail by 
Colless (1956b, 1957)~ 

FIG. 141. A. ‘ Zeucos~hyvus ’ from Stanton. The adult is probably ~i$xzris judging from 

the palp length and wing pattern ; the larva is probably hackevi judging by the long 

posterior clypeals. 
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There follow keys to adults and partial keys to pupae and larvae. Differences 
between pupae and larvae of the various species are mostly too small and too much 
subject to geographic and local variation to allow correct identification of all 
specimens ; however, the keys to the forms encountered in Malaya and Borneo, 
if used together with the descriptions, should serve to identify a large proportion 
of specimens. For identifying adults, the number and position of the light and 
dark areas on vein I are important ; the main differences are summarized in a 
diagram (fig. 142). 

PHp HP PSP SP ASP SCP 
I PP 

a Hd P&l Md Pd Ad :7 

PHP HP PSP SP ASP SCP PP 

Hd PSd Md 

b 
Pd Ad “’ 

Hd 

SP ASP 

c PSd 

IJIG. 142. A. Zet~cosPhyYus species group. Diagram to show typical differences in wing 

markings on vein I between : lzackevi and ~ipavis (also eZe,nans and cristat~s) as in a, 
with Psd undivided and same length as on costs, ,Md and Pd with one pale interruption 

each : p p t zz ‘u ensis as in b, with Psd as in a, but Md and or Pd t?-ith two pale inter- 
ruptions : and lezLcos$ILyrus as in c, with Psd divided by pale interruptions and longer 
than on costa, extending basally towards I!, Md and Pd with two or more pale interrup- 
tions ; balabacemis (also szllazjesi) is similar to lezdcosphyvzrs except that Psd is usually 
about same length as on costa. C, costa ; h, humeral cross vein ; TX I, vein I. 

Pale areas : AP, apical ; Asp, accessory sector ; HP, humeral ; Pp, preapical ; 
Php, prehumeral ; Psp, presector ; Sp, sector ; Scp, subcostal. Dark marks : Ad, 
apical ; Hd, humeral ; Md, middle ; Pd, preapical ; Psd, presector. See also fig. 7. 

(Modified from Reid, 1949) 
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GENERALKEYTOTHESPECIES OF-THEA. LEUCOSPHYRUS GROUP 

11Sased mainly on characters of the adult females (both wings of a specimen should be 
examined). 

Proboscis distinctly longer than the fore femur (about I$ times) and often con- 
siderably longer than the palps ; there may be a narrow ring of pale scales at the 
apex proximal to the labella . . . . . . . . . . 2 

Proboscis about equal to or shorter than the fore femur and at most only slightly 
longer than the palps ; without an apical ring of pale scales . . . . 5 

Presector dark mark on vein I with one or more pale interruptions sulawesi (p. 303) 
(Celebes) 

This mark without pale interruptions . . . . . . . . . 3 
I’ale band at apex of palps very narro\v, much narrower than the preapical dark band 

hackeri (p. 300) 
This band broader, about equal to the preapical dark band . . . . . 4 
14iddle and preapical dark marks on vein I each with only one pale interruption ; 

hind tarsus 4 with a prominent basal pale band . . . . elegans (p. 303) 
(S.117. India, Ceylon) 

Middle and/or preapical dark marks on vein I with two or more pale interruptions ; 
basal pale band of hind tarsus 4 small or absent . . . pujutensis (p. 303) 

Presector dark mark on vein I nearly always with one or more pale interruptions on 
at least one wing, and the middle and/or preapical dark marks nearly always with 
two or more ; pale band at apex of hind tibia usually without a longitudinal dark 
stripe on the ventral aspect . . . . . . . . . . 

Presector dark mark always without pale interruptions, and the middle and preapical 
marks with only one each ; pale band at apex of hind tibia usually with a longi- 
tudinal dark stripe proximally on the ventral aspect. . . . . . 

Presector dark mark on vein I extending basally, usually well beyond the middle of 
the humeral dark mark on the costa. Root of inner shoulder hair of larva without 
or with only a small apical tooth, the root small and not joined to the root of the 
middle hair. Pupal spine IV usually short and less than half as long as spine V 

leucosphyrus (p 
Presector dark mark on vein I about the same length as that on the costa, if extending 

basally then seldom further than the middle of the humeral dark mark on the 
costa. * Root of inner shoulder hair with a well marked apical tooth, the root 
large and often joined to the root of the middle hair. Pupal spine IV often, but 

1. 

not always, more than half as long as spine V . . . . balabacensis (p. 291) 
Costa usually with prehumeral pale spot. Posterior clypeal hairs of larva small, 

simple or with only a few distal branches, palmate II undeveloped or weak 
riparis (p. 305) 

Costa usually without prehumeral pale spot. Posterior clypeal hairs large with 
conspicuous side branches, palmate II fully developed . . &status (p, 309) 

(Philippines) 

* Excluding specimens from the Philippines, only occasional specimens have the presector dark mark on 
\-ein I extending basally as far as in leucosphyrus. Most of such specimens come from north-west Malaya 
and Thailand, and these can be distinguished from Zeucosplzyrus by having an obvious basal pale band on 
hind tarsus 4 and the accessory sector pale spot not reaching the costa, and often not the subcosta (see 
notes on balabacensis, p, 297). 

X proportion of Philippine specimens (from Luzon) have the presector dark mark long as in 
~ezccos~lzyvus (which probably does not occur in the Philippines), and might not be distinguishable except 
by their larvae which have the large toothed root on the inner shoulder hair typical of all balabacensis. 
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I<EYS TO MALES, PUPAE, AND LARVAE OF THE /f . LEUCOSPHYR US GROUP 
IN ;\/IALAYA AND BORKEO 

hIALES 
I Presector dark mark on xrein I usually with one or more pale interruptions and the 

middle and/or preapical dark marks with two or more ; tip of proboscis without 
pale ring ; usually no ventral dark stripe on apical pale band of hind tibia . 

- Presector dark mark on vein I always without pale interruptions ; other characters 
may or may not be as above . . . . . . . . . . 

z Presector dark mark on vein I extending basally, usually well beyond the middle of 
the humeral dark mark on the costa . . . . . Zeucosphyrus (p. 

- Presector dark mark on vein I about the same length as that on costa, rarely extend- 
ing further than the middle of the humeral dark mark on the Costa* 

balabacensis (p. 
3 Xiddle dark mark on vein I with two or more pale interruptions ; apical pale band 

of hind tibia without a ventral dark stripe . . . . pujutensis (p 
_ Middle dark mark on vein I with only one pale interruption ; apical pale band of 

hind tibia with a ventral dark stripe . , . . . . . . 
4 Proboscis long with a narrow apical pale ring before the labella . . hackeri (p. 
- Proboscis shorter and without apical pale ring . . . . . riparis (p 

* See footnote to general key to females, p. 281. 

2 

3 

286) 

291) 

303) 

4 
300) 
305) 

PUPAE 
Spine IV more than half as long as spine IT. . . . most balabacensis (p. 291) 

(except “ Fraser’s Hill form “) 
Spine IV less than half as long as spine V . . . . . . . . 2 

Spine VII about + or more as long as tergite VII, often more or less curved, and 
commonly without obvious side spicules . . . . . . . . 3 

Spine VII between $ and f as long as tergite VII, more often straight, and usually 
with some side spicules . . . . . . . many leucosphyrus (p. 286) 

and pujutensis (p. 303) 
Hair 1,111 with 7-23 branches, commonly with more than IO on at least one side 

hackeri (p. 300) 
Hair 1,111 with 3-9 branches . . . . . . . . riparis (p. 305) 

LARVAE 
Palmate hairs on abd. segment II fully developed, posterior clypeal hairs projecting 

beyond the anterior edge of the fronto-clypeus (front margin of the head) 
hackeri (p 300) 

Palmate hairs on II undeveloped or weak, posterior clypeal hairs seldom reaching 
further than the anterior edge of the fronto-clypeus . . . . . . 2 

Root of inner shoulder hair with an apical tooth, usually prominent and square-ended 
balabacensis (p 291) 

Root of inner shoulder hair without an apical tooth, or if present it is rounded and less 
prominent . . . . . . . . . . . . . 3 

Root of inner shoulder hair often joined to root of middle hair and often about the 
same size, prothoracic hair 14 often with 5 or less branches . . . . 4 

Root of inner shoulder hair not joined to root of middle hair and rather smaller, 
prothoracic hair 14 often with 6 or more branches . . . Zeucosphyrus (p. 286) 

Hair 9 on abd. segment I usually with 5 or more branches, posterior clypeal hairs 
usually reaching bases of inner clypeals . . . . . . riparis (p. 305) 

Hair g,I usually with 4 or less branches, posterior clypeals usually not reaching bases 
of inner clypeals . . . . . . . . . pujutensis (p. 303) 



It is easy to separate larvae of hackeri by their well developed palmate II from 
the other species, but the latter are often difficult to separate from one another. 

Most larvae of Zez~os@yrzz.s arc fairly easily separated from those of balabacensis 
by their smaller less stout inner shoulder hairs, without a strong tooth on the root, 
and the root smaller than that of the middle hair and usually well separated from it. 

In addition to the characters in the key, larvae of Zezzcos$hyr~s differ from those 
of @jutens& by usually having 5 or more branches on hair 9 of abdominal segment I, 
at least on one side, compared with the usual maximum of 4 in @jute&s. They 
differ from riparis in the smaller root of the inner shoulder hair, about +$ the size 
of the root of the middle hair, instead of about equal or only slightly smaller as in 
riparis. 

Larvae of riparis occasionally have a prominent tooth on the root of the inner 
shoulder hair, but they can usually be separated from larvae of balabacensis as 
follows :-In north-west Malaya and Borneo, larvae of balabacensis (the subspecies 
balabacensis) usually have 4 or fewer branches on hair 9,1 compared with 5 or more 
in riparis. In central Malaya, balabacensis (b. intvolatus and the “ Fraser’s Hill 
form “) commonly have 7 or more branches on prothoracic hair 14 (Colless’s hair 13) 
compared with the 6 or fewer usual in &Paris. 

Anopheles leucosphyrus Donitz, 1901 

Insektenbdvse 18 : 37. 
Tams : ? in 2001. Xl us. Berlin ; paratype $! in BMNH. Type locality, Kajoe Tanam, near 

Padang, Sumatra. 

DIAGNOSIS. Group characters : hind leg with a broad white band, visible to the 
naked eye, covering the tibio-tarsal joint, legs speckled, female palps with four pale 
bands. Specific characters : vein I with presector dark mark divided by pale 
interruptions and extending basally well beyond the middle of the humeral dark 
mark on the costa, middle and preapical dark marks usually with two or more pale 
interruptions each ; apical pale band of hind tibia without a ventral dark stripe. 
Larva with root of inner shoulder hair separated from root of middle hair and with- 
out a prominent apical tooth. 

FEMALE (fig. 143). Head. Palps a little shaggy towards the base and often at 
the base of segment 3, with four pale bands, three narrow and on apices of segments 
z to 4, the fourth broader covering the apex of segment 5 and as wide as or wider than 
the preapical dark band (similar to the palps of balabacensis, fig. 145). Palps often 
a little shorter than proboscis, ratio O&I .o : I ; proboscis all dark except for 
labella, as long as or slightly longer than the fore femur, ratio I ‘O-I *I : I, with a 
tuft of scales beneath near the base. Head scales as usual, broad, white at the 
vertex, dark elsewhere, first flagellar segment of antenna with a few scales, flagellar 
segments with a total of about 30 coeloconic sensillae (fig. zA). Maxillary teeth 
14-19. Cibarium with 13-17 rather long teeth. 

Thorax. Mesonotum light brown with dark marks and frosty grey areas, median 
anterior pale scales becoming dark laterally, and sometimes a few pale scales in the 



fossae and near the wing roots. Anterior pronotal lobe with a tuft of dark scales. 
Pleura without scales, with the usual light and dark areas tending to be distributed 

VI e 
VII - 

J 

FIG. 143. A. leucosfhyvws, adult and pupa. a, wing ; b, cibarial teeth ; c, pupal 

trumpet, on left open, on right closed ; d, end of 5 pupal abdomen, right half, dorsal ; 
e, lateral spines. 
(a, b, e, from Colless ; a, modified to show an accessory sector pale spot on the costa) 
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in horizontal bands, propleural setae 1-4, usually z. Halteres snowy white above, 
dark below. 

Legs. Conspicuously speckled on femora, tibiae and at least the first tarsal 
segments, in general similar to the legs of balabacensis (fig. 145). Apex of hind tibia 
and base of first hind-tarsal segment covered by a conspicuous broad white band, 
occasionally the ventral or anterior aspect of this band on the tibia has a short line 
of dark scales at the base, but much less marked than in ri@ris for example (cf. 

fig. 149). Fore tarsi with broad pale bands covering the joints ; mid tarsi with 
narrower, rather ill-defined, mainly apical bands, hind tarsi with rather narrow 
mainly apical pale bands, except for the basal band on segment I which forms part 
of the characteristic tibio-tarsal pale band, tip of segment 5 pale, segment 4 in 
about 80 per cent. of specimens without or with only an inconspicuous basal pale 
band. Coxae without scales ; the medianly directed flange of the mid coxa (postero- 
internal sclerite of Evans, 1938) is dark, contrasting with pale remainder of the coxa 
(similar in zelatsonii). 

Wings. Length 2.7-4.0 mm. Costa with prehumeral, humeral, presector, 
sector, subcostal, preapical and apical pale spots, and in about 85 per cent. of 
specimens with an accessory sector pale spot on at least one wing, and almost always 
on the subcosta. Vein 1 (see fig. 142~) with presector dark mark divided by 1-4 
pale spots, commonly 3 on at least one wing, and extending basally at least to the 
level of the middle of the humeral dark mark on the costa and usually to the level 
of the humeral pale spot ; middle and preapical dark marks with 1-4 pale inter- 
ruptions, nearly always 2 or 3. Veins 5 plus 5-z with about 8-10 short dark marks 
and vein 6 with 5-7. Vein 5.1 often with a downward kink in the basal half, and 
stem of vein 4 opposite with a slight upward kink. In addition to the apical pale 
spot on the costa, or apical fringe spot, which stretches between veins I and 2.1 
and is followed by a narrow dark area, there is a pale fringe spot stretching between 
2.2 and 3, and others at 4.1, 4.2, 5.1 and sometimes at 5.2 and between 5.2 and 6. 

A bdomen. Mainly dark, with some pale golden scales towards the tip, mostly 
on tergite VIII and the cerci, and a small median tuft of black scales below on the 
hind margin of sternite VII, sternites with paired semi-lunar pale areas (as in ho&). 

MERLE. Similar to female, especially in the diagnostic characters of the wings 
and legs, namely the presector dark mark on vein I with pale interruptions and 
extending basally towards the humeral cross vein, the apical pale band on the hind 
tibia lacking a ventral dark stripe, and hind tarsus 4 usually without a basal pale 
band. Differs mainly as follows :- proboscis longer, about IQ-I* times the length 
of the fore femur. Palps (see fig. 145, balabacensis) with pale bands at the joint 2-3 
and at the apex of segment 3, club pale except for narrow dark bands at base and 
middle, long dorsal pale marks in the middle of segments 2 and 3 (that on 3 not 
shown in fig. 145). Wings paler as is usual in males. Fore tarsi with pale bands 
mainly apical, but segments 4 and 5 may be diffusely pale. Segment VIII of 
abdomen with rather more dorsal pale scales and with dark scales below. 

Genitalia (see figs. 145, 146, balabacensis). Backs of coxites clothed with pale 
golden scales, sides with dark scales. Phallosome with 6-g pairs of blade-like 
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leaflets, some with serrations. Harpago with dorsal club, occasionally double, and 
with a ventral seta of about same length as club and one or two smaller setae. 

PUPA (fig. 143). Trumpet simple, pinna fairly broad, meatus about &+ as long 
as the trumpet. Lateral spines of moderate length, spine VII usually between $ 
and Q as long as tergite VII, pointed, often with some side spicules and often straight ; 
spine IV usually small and half or less as long as spine V ; spine VIII with about 
12-15 branches. On segment VII hair I about -$ as long as the segment and with 
2-3 branches, hair 5 about Q as long as the segment and with 5-8 branches. On 
segment IV hair I with 3-8 branches and hair 5 with 5-8. Paddle about 4 as wide 
as long (index I ‘4) ; refractile border usually long, about Q or more as long as the 
paddle, teeth variable but usually coarse and somewhat erect, fringe hairs present 
on both borders but sparse and not very conspicuous ; terminal hair usually simple, 
straight or somewhat curved. 

LARVA (fig. 144). Living larva usually medium to pale brown without con- 
spicuous markings. 

Head. Clypeal hairs : inner wide apart, simple, often with a few short, fine side 
branches ; outer placed further back than inner, about &+ as long, simple ; pos- 
terior placed far back, not or barely reaching bases of inner, slightly external to 
them, nearly always simple, distance between their bases and bases of inner clypeals 
about I+ to twice or more the distance between bases of inner and outer clypeals 
(bases of the three clypeal hairs on each side thus forming a more or less isosceles 
triangle, not an equilateral one as in watsonii). Antenna1 shaft hair dorso-external, 
at about 4 the length of the shaft from the base, simple. 

Thorax. Root (basal tubercle) of the imler shoulder hair usually separate from 
the root of the middle hair and smaller, without the prominent apical tooth of 
balabacensis though a small tooth may be present, the hair with 11-17 branches and 
the stem not particularly stout ; middle hair with a large root and 6-13 branches. 
Prothoracic hair 14 with 4-8 (av. 6 or 7) branches, commonly 6 or more on at least 
one side. Mesothoracic hair I much as in watsonii, bent near the middle. Meta- 
thoracic palmate weak. All pleural long hairs simple, epl simple, occasionally 
b&d. 

Abdomen. Palmates undeveloped or weak on first two segments, fully developed 
and fairly evenly pigmented on III-VII, with broad-based filaments about 6 as 
long as the blades. Hair 9 on I with 3-7 ( av. 5) branches, usually 5 or more on at 
least one side (cf. &iutensis) ; lateral hair III with II--20 branches, IV and V with 
1-3, VI with 3-7, usually 3 or 4 ; hair 13,IV with 2-6 branches, often 4 or more, 
and often half or less as long as hair 12. Pecten with 10-14 teeth well differentiated 
into long and short ones. 

EGG (fig. 144). Described by Walch & Walch-Sorgdrager (1935) from three 
eggs from south-west Borneo (Kapuas river) ; floats about 0.6 times length of eggs 
and with about 15 ribs. Not distinguishable at present from the egg of Kochi, 
though the frill appears to be a little narrower. 

NOTES. This species is very closely related to the more widespread balabacensis 
from which it evidently originated by geographic isolation. Even now the ranges 
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FIG. 144. A. leucosphyrus, larva and egg a, clypeal hairs ; b, antenna ; c, right shoulder 
hairs ; 
view. 

d, root of inner shoulder hair ; e, part of palmate IV ; f, pecten ; g, egg, dorsal 

(d and f, from Colless ; e, after Gater ; g, after Walch & Walch-Sorgdrager) 
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of the two are not known to overlap except in Malaya, and before this overlap was 
discovered they were treated as subspecies of a single species, Zeztcos@yr~s. 

The wing of the paratype in the British Museum has three pale interruptions in 
the middle dark mark on vein I, not two as figured by Reid (1949). 

Distribution. Malaya, Sumatra and probably most of Borneo except the north ; 
not reported from Thailand by Scanlon et al. (1968). The exact northern limits in 
Malaya and Borneo are not yet known, though in north-western Borneo the limit 
appears to be in the Baram river basin, in the 4th Division of Sarawak. Here 
Zezuosphyrus seems to meet balabacensis, with very little overlap, in a narrow zone 
running roughly north-west and south-east, north of which only balabacensis has 
been found (information kindly supplied by the World Health Organization). 

Habits and vector status. Like all members of the group this is a forest mosquito. 
It is usually found in hilly areas where the larvae occur in a variety of situations 
under some degree of shade. At places where balabacensis is also present, the 
larvae tend to occupy different breeding places ; for example, at Ulu Gombak, 
Selangor, and on the Nenggiri river in Ulu Kelantan, Wharton (in Malaya, 1962, 
p. 70) observed that larvae of Zeztcosphyrus were usually found in clear seepage pools 
in forest swamps, whilst larvae of balabacensis characteristically occurred in muddy 
animal wallows. In Sarawak, where balabacensis was absent, Colless (Ig56a) found 
larvae of Zeucosphyrus and pujutensis in large numbers in small pools beside a forest 
stream, and in swampy patches along the hill foot. 

Adults do not rest in houses by day, but will enter to bite at night, mostly from 
IO p.m. onwards (Colless Ig56a). In hill-forest in Malaya rather more may be 
caught with human or monkey bait in the canopy than at ground-level (Macdonald 
& Traub, 1960 ; Wharton et aZ., 1964). 

This species has been shown to be a vector of human malaria in Sarawak and 
Sumatra, and of monkey malaria in Malaya. 

Anopheles balabacensis Baisas, 1936 

Phil@@ J. Sci. 59 : 65. 
TYPES : from Balabac Island, Palawan, Philippines, in Inst. Hyg. Univ. Philippines, Manila. 
A. ZeucosPhyms spine IV long pupal type of Crawford, 1938. 

DIAGNOSIS. Vein I with presector dark mark nearly always divided by one or 
more pale interruptions on at least one wing as in Zezzcosphyrzzs, but not extending 
basally beyond the middle of the humeral dark mark on the costa, and usually not 
nearly so far ; middle and/or preapical dark marks usually with two or more pale 
interruptions at least on one wing ; apical pale band of hind tibia without a ventral 
dark stripe. Pupa with spine IV commonly more than half as long as spine V. 
Larva with root of inner shoulder hair bearing a prominent apical tooth and usually 
joined with root of middle hair. 

This species is very similar to Zezxosphyrm, from which occasional specimens 
cannot be distinguished 
as follows *- 

unless more than one life stage is available. Differs mainly 
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FEMALE (figs. 2A, 145, 146, 149). Maxillary teeth 11-18 ; cibarial teeth 12-20, 
variable in shape but often long and strap-like with small spicules on the stem, 
tips fimbriate or deeply cleft. Last two pale bands of the palps varying a little in 
width (fig. 146d). 

Wing with the presector dark mark on vein I usually about the same length as 
the corresponding mark on the costa, or not extending further toward the base of the 
wing than the level of the presector pale spot on the costa. However, in specimens 

FIG. 145. A. balabacensis, adult. 1, wing ; 2, ? palp ; 3, $ palp (note, on the basal seg- 
ment there is usually a pale mark not shown in this drawing) ; 4, vertex ; 5, two 
cibarial teeth ; 6, hind leg, showing tibio-tarsal pale band, distal tarsal segments on 
right ; 7, fore tarsus ; 8, harpago ; 9, phallosome leaflets of one side. 

(From Christophers, as &~cosp~zyrus) 
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a 

FIG. 146. A. balabacensis, adult. a, wing, typical form from Borneo ; b, costa and vein I, 
north Malaya form ; c, wing tip showing progressive reduction of the pale fringe spot 
that normally stretches between the tips of veins 2 -2 and 3, see a ; d, 9 palp and pro- 
boscis of Borneo form, and apex of palp of north Malaya form ; e, cibarial teeth, on left 
“ Fraser’s Hill form “, on right typical form from Borneo ; f, harpago and g, tip of 
phallosome (Philippines). 

(a-e, from Colless ; f and g, from Russell & Baisas, 1936) 
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FIG. 147. A. balabacensis, $ pupa. 1, abdomen and metathorax, dorsal hairs on left, 
ventral on right (but see legend fig. 29) ; 2, trumpet ; 3, lateral spines ; 4, lateral 
border of paddle. 

(From Crawford, as Zeucosphyrus spine IV long type) 
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from north-west Malaya and Thailand the presector dark mark usually reaches the 
distal half of the humeral dark mark on the costa (fig. 146b), and in a few such 
specimens extends beyond the middle of this mark, giving an appearance similar 
to that of Ze?Acosphyrus. There tend to be fewer pale interruptions in the presector 
dark mark than in Ze~cosphyrtis, o-3, commonly I or 2. Specimens from north-west 
Malaya and Thailand lack the accessory sector pale spot on the costa usually present 
in Zeucosphyrzhs, but this spot is present in about 60 per cent. of specimens from 
northern Borneo (cf. figs. r46a and b) and go per cent. from central Malaya (except 
at higher altitudes). Sometimes the lower apical fringe spot may be reduced 
(fig. 146~). 

Hind tarsus with an obvious pale band at the base of segment 4 in specimens 
from Borneo, north-west Malaya and Thailand, but not in about Q of those from 
central Malaya. 

MALE (figs. 145, 146). Similar in wing and leg characters to female. Genitalia 
as described for Zeacosphyrus ; harpago and phallosome leaflets as illustrated. 

PUPA (figs. 147, 148). Indistinguishable from that of Zeucosphyrus except that 
spine IV is usually long, from half to as long as spine V, but there are some areas in 
which this spine is short (see notes). The paddle teeth are less often as coarse as 
they commonly are in Zez~cosphyrus. Details of chaetotaxy will be found in the 
Appendix, Table VII, and a full description in Crawford (1938). 

LARVA (fig. 148). Usually easily distinguished from that of Zezzcosphyrzts by the 
pronounced, often darkly pigmented, apical tooth on the large root of the inner 
shoulder hair ; this root is about the same size as that of the middle shoulder hair 
and usually more or less joined to it, and the inner shoulder hair itself often has a 
stout stem. Other minor differences are that the posterior clypeal hairs often reach 
beyond the bases of the inner clypeals, and sometimes beyond the front margin of 
the head, and may be bifid toward the tip, and hair 13,IV tends to have fewer 
branches (z-5, commonly 4 or less) which are often more than half as long as hair 12 
and more wide-spreading. Palmate II sometimes moderately well developed. 

Prothoracic hair 14 has 3-13 branches and abdominal hair g,I has 3-7, but within 
these limits there is geographic variation ; specimens from central Malaya tend to 
have rather more branches on these hairs (pthx 14, 5-13, av. 7 or 8 ; g,I, 3-7, 
av. 4 or 5) than those from Borneo, Thailand and north-west Malaya (pthx 14, 
3-10, av. 5 or 6 ; g,L 3-5, av. 3 or 4). Details of chaetotaxy will be found in the 
Appendix, Table VIII. 

EGG (fig. 148). Apparently not distinguishable from that of Zeucosphyrus ; 
fresh eggs of the two species, placed side by side, did not seem to differ in appearance. 
Colless describes the egg from northern Borneo as 0.5-0.6 mm. long, the deck 
concave in side view and between 4 and t as wide as the egg, with 3-4 or 5 erect 
prominent bosses at either end, and surrounded by an erect, striated, continuous 
frill. Floats serrated when viewed from above, well separated from deck, with 
14-19 (av. 16) ribs. Exochorion with polygonal pattern. 

Baisas & Pagayon (1956) compared seven eggs of balabacensis from Palawan with 
many eggs of kochi and tessellatus. Their description of the egg of tessellatus agrees 
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FIG. 148. A. balabacensis, pupa, larva, egg. a, pupal spines, on left “ Fraser’s Hill form “, 
on right typical form from Borneo ; b, larva, left clypeal hairs, Borneo ; c, left clypeal 
hairs, ” Fraser’s Hill form ” ; d, shoulder hairs, Borneo ; e, root of inner shoulder hair 
showing variations in the apical tooth, Borneo ; f, palmate II, Borneo ; g, pecten ; 
h, egg, dorsal and lateral views. 

(a-g, from Colless ; h, after Iyengar, 1938) 
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with those of other authors (p. 262), the narrow floats being distinctive, but they 
found no clear-cut difference between the eggs of balabacensis and Kochi. Their 
description of the egg of balabacensis agrees with that of Colless, though their 
measurements (but not their illustration) suggest a narrower deck, less than 4 the 
width of the egg. Iyengar’s illustration (copied here as fig. 148h) of eggs from 
Darjeeling suggests a wider deck than Colless’s, about Q the width of the egg. 

NOTES. This is a difficult species, much subject to geographic variation which 
affects several of the characters used in identification. Colless has recognized a 
number of these geographic variants and given some of them formal subspecific 
names. However, for the sake of simplicity, while our knowledge of these variants 
is still incomplete, they have not been given formal descriptions here, but are dis- 
cussed below. 

The type subspecies, balabacensis baZabacensis,* as seen in northern Borneo and 
the nearby type locality of Palawan (Balabac Island), usually has the presector 
dark mark on vein I about the same length as that on the costa, rather more than 
half the specimens have an accessory sector pale spot on the costa (as do those 
from Java), and all have a basal pale band on hind tarsus 4. The pupa has a long 
spine IV, and the larva usually has an average of 5 or 6 branches on prothoracic 
hair 14 and 3 or 4 on abdominal hair g,I. 

Specimens from north-west Malaya (Perlis) and Thailand are also treated at 
present as belonging to the type subspecies. They agree with Borneo specimens in 
the above characters, except that the presector dark mark on vein I tends to extend 
basally, often as far as the middle of the humeral dark mark on the costa and, 
exceptionally, as far as in Zeucos@yrtis, also they lack an accessory sector pale spot 
on the costa (as do those from the rest of mainland Asia, and those from Taiwan). 
The absence of this costal pale spot and the presence of an obvious basal pale band 
on hind tarsus 4 allows specimens with exceptionally long presector dark marks on 
vein I to be distinguished from ZeucosjAyrus (see footnote to general key, p. 284). 
Five typical specimens of this form from Ban Pong and Doi Sutep, Chiengmai, 
north Thailand (altitude about 1,500 ft.), collected by E. I. Coher and P. F. Beales 
in 1959, had pupal spine IV short, but it is usually long in specimens from Perlis. 

In most of Malaya (except Perlis near the border with Thailand) at altitudes up 
to probably about I,OOO-1,500 ft., the common form appears to be balabacensis 
introlatus Colless, 1957. Crawford’s pupal “ spine IV long ” type of ‘ Zeuco@yrus ’ 
is presumably this form. This is the form which has been collected together with 
Zeucos~hyrus at Ulu Gombak in Selangor and on the Nenggiri river in Ulu Kelantan 
(p. zgr). It differs from the Perlis/Thai form in nearly always (go”/,) having an 
accessory sector pale spot on the costa and rarely having the presector dark mark 
on vein I extending basally. In these respects it resembles the Borneo form, but 
differs from it and the Perlis/Thai form in lacking a basal pale band on hind tarsus 4 
in about 80 per cent. of specimens. Specimens of b. introlatm without any pale 

* A.b. takasagoensis Morishita, 1946 (as leucosphyvus var.) from Taiwan is a synonym (see also Stone, 
I 963, synonymy of A. balabacensis). 
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interruptions in the presector dark mark on vein I are sometimes encountered, and 
possibly are more frequent than in the type form ; such specimens can be distin- 
guished from rij~is as indicated in the general key (p. 284). Pupal spine IV is 
long. Larvae usually have the posterior clypeal hairs reaching beyond the bases 
of the inner clypeals and sometimes reaching the front margin of the head ; pro- 
thoracic hair 14 averages 7 or 8 branches, and hair g,I averages 4 or 5. The northern 
limit of b. introlattis seems to be in lower peninsular Thailand about 8”N, especially 
on the eastern side of the Peninsula, whilst the southern limit of b. balabacensis in 
this region seems to be on the west in Perlis, Malaya, about 63”N. Between these 
latitudes populations that are morphologically intermediate between the two forms 
have been found, as well as populations clearly assignable to one form or the other 
(Scanlon et al., 1967). This suggests that interbreeding does occur so that the two 
forms are subspecies (p. 403), but further investigation is needed. There is a 
partial climatic barrier in Perlis which affects the distribution of a number of 
species (Reid, rgso), so it would not be surprising if the dominant forms of balaba- 
censis were different on opposite sides of this barrier. 

The “ Fraser’s Hill form ” of Colless (Ig56b) appears to be a mountain variant of 
b. introlatm. It has been found at Fraser’s Hill on the main range at about 4,000 ft., 
and IOO miles further north at about 3,000 ft. on Maxwell’s Hill in the Larut Hills. 
The presector dark mark on vein I does not extend basally, and the tendency to 
reduction in the number of pale interruptions in the dark marks on vein I, some- 
times seen in introlatus, is more pronounced ; specimens without any interruptions 
in the presector dark mark on at least one wing are common. There is usually no 
accessory sector pale spot on the costa and a basal pale band is more often present 
on hind tarsus 4 than in introlatws. Spine IV of the pupa is short. The posterior 
clypeal hairs of the larva are long, usually reaching beyond the front margin of the 
head (anterior edge of the fronto-clypeus), while the number of branches on pro- 
thoracic hair 14 and abdominal hair g,I are as in introlatus. Some of the adults 
from Maxwell’s Hill had irregular pale areas on the proboscis. More material from 
more localities is needed before the status of this form can be decided. Collections 
are needed from altitudes intermediate between those where only introlatus has been 
found (about 1,000 ft.) and those where only the “ Fraser’s Hill form ” has been 
encountered (about 3,000-4,000 ft.). These should show whether there is a gradual 
transition with increasing altitude from typical introlatzds to typical “ Fraser’s Hill 
form “, or whether the two are distinct. 

In the Philippines, A. balabacensis occurs in three forms, b. balabacensis in 
Palawan and neighbouring islands, b. baisasi Colless (1957) in Luzon, and the 
“ Negros form ” of Colless (Ig56b) in the island of Negros. These last two both have 
pupal spine IV short, but baisasi often has the presector dark mark on vein I 

extending basally, and it lacks an accessory sector pale spot on the costa or basal 
pale band on hind tarsus 4. 

Table 6 roughly summarizes some of the characters of these forms of A. balab- 
acensis and compares them with Zeucos~hyrzts. 
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TABLE 6 

,I comparison of certain characters of A. Zeucospl~yv~~s and the forms of A. balabacens is 

xsp spot usually 
on costa 1- 

Basal pale 
band on hind 0 or & 
tarsus 4 

PSd mark on 
vein I reaching 
past middle of Yes 
Hd mark on 
costs 

Pupal 
spine IV 

Root of inner 
shoulder hair 
of larva 
large and 
toothed 

short 

no 

0 

t- 

rarely 

usually 
long 

Yes 

often 

-1 

t- 

no 

long 

Yes 

usually 

f 

0 or 5 

no 

long 

Yes 

0 0 

k or 0 0 

no sometimes 

short short 

yes Yes 

Explanation of symbols : + means the character is present and fairly well developed, & present but 
weak, o absent. 

It will be seen that the most constant difference between balabacensis and 
Zezzcos$hyrz/ls is the large toothed root of the inner shoulder hair in the larvae of all 
forms of balabacensis, and next is their shorter presector dark mark on vein I. 

Distribution. A. balabacensis is the most widespread species of the Zeucosphyrus 
group, though its range is partly discontinuous. It occurs on the west coast of 
India (Karwar) and in Ceylon together with elegans, but not in the rest of India 
except the north-east, and perhaps in small numbers from there westward along the 
Himalayan foothills (Kalra & Wattal, x962, record a single specimen from Kasauli, 
Punjab) . In the north-east it is present in eastern Bengal and Assam, and con- 
tinuously from there through Burma, the Andaman Islands, Thailand, Malaya, 
Indo-China and south China, also in Taiwan, the Philippines, northern Borneo, and 
western Java. Whether it occurs in Sumatra is not yet known. 

Habits and vector status. Larvae are found in various sorts of pools with at least 
a little shade, but especially in muddy animal wallows, hoof prints, wheel ruts, and 
other rather temporary water collections, often in clay soil, also in heavily shaded 
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pools with clear water and dead leaves. At Maxwell’s Hill, larvae of the ‘I Fraser’s 
Hill form ” were found in a small rocky reservoir, but in a wild pig wallow at Fraser’s 
Hill. Like Zeucos@yrm, this species is commonest in hilly areas ; it does not rest 
in houses by day but readily enters to bite at night, especially from IO p.m. onwards 
with peak numbers often after midnight. 

The type form is strongly attracted to man on the ground or monkeys in the forest 
canopy ; Eyles et al. (1964) in comparative trapping in Cambodia found a man : calf 
attraction ratio of 5 : 1 in favour of man. This form is an important vector of 
human malaria in forested areas of Assam, Burma, Thailand, north-west Malaya, 
Indo-China and northern Borneo. Subspecies introlatus in Malaya, like Zeucos~hyr~s, 
can be caught in the forest with human or monkey bait, particularly in the canopy, 
but seems less strongly attracted to man than b. balabacensis, and is not yet known 
to be a vector of human malaria. Both subspecies are vectors of monkey malaria, 
and with the type form the interpretation of sporozoite rates is difficult since the 
parasites may be of human or simian origin. The same presumably applies to 
Zeucosfihyrz~s in places such as Borneo where it is a vector of human malaria. 

a b C 

~;IG. 149. Hind leg, tibio-tarsal band (semi-diagrammatic). a, balabacensis (also leuco- 
s~hpus and usually fizq%tensis) ; b, Yipuris (also hackevi and elegans) ; c, sulawesi. 

(From Colless) 

Anopheles hackeri Edwards, 1921 

Bull. ent. Res. 12 : 70. 
TYPE : $? from Malaya (Hacker, ? from mouth of Perak river), in BMNH. 

DIAGNOSIS. Palps of female considerably shorter than proboscis which has a 
narrow pale ring before the labella and is distinctly longer than fore femur, apical 
pale band of palps minute. Presector dark mark on vein I undivided by pale 
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interruptions, middle and preapical dark marks each with only one pale interruption; 
apical pale band of hind tibia with a ventral dark stripe. Pupa usually with rather 
long curved lateral spines. Larva with fully developed palmate II and long posterior 
clypeals reaching beyond front margin of head. 

Differs from Lez~os~hyrus chiefly as follows :- 
FEMALE (fig. 150). Head. Palps much shorter than proboscis, only about 

-$-$ as long, with a very narrow apical pale band at extreme tip ; proboscis about 
I$ to nearly 13 times as long as fore femur and with a narrow golden apical ring 
just before the labella. Maxillary teeth 13-18 ; cibarial teeth 16-19. 

Thorax. Integument generally darker. Propleural setae 2-4, usually 3 or 4. 

Legs. Speckling may be less pronounced, apical pale band on hind tibia with a 
longitudinal basal dark stripe on the ventral aspect (fig. 149b) ; hind tarsus 4 
usually with a basal pale band. Dark postero-internal sclerite of mid coxa rather 
prominent. 

Wings. Length 32-3.8 mm. Costa sometimes without prehumeral pale spot 
(as in fig. 15oa), usually without accessory sector pale spot, sometimes with a small 
additional pale spot in the middle dark mark distal to the level of the accessory 
sector pale spot on vein I (as in fig. r5oa), or this additional pale spot may be con- 
fined to the subcosta, seldom reaching vein I. Vein I with the presector dark mark 
undivided and about the same length as on the costa, middle and preapical dark 
marks rarely with more than one pale interruption each. 

Abdomen. Integument somewhat darker, dorsal pale golden scales on tergite 
VIII more restricted to the posterior half, dark ventral scales on sternite VII few. 

MALE. As for female, but the accessory sector pale spot on vein I often reaches 
the costa and the pale spot in the preapical dark mark on vein I may also reach the 
costa. Tarsus 4 of hind leg often without basal pale band. Genitalia as for Zeuco- 
SQ?&~YUS and balabacensis. 

PUPA (fig. 150). Lateral spines V-VII longer, spine VII usually between 4 and 3 
as long as the tergite, often curved and without side spicules, spine IV very small in 
comparison with V. Hair 1,111 with 7-23 branches, often IO or more (cf. ripuris). 
Paddle teeth usually finer and sharper ; refractile border a little shorter on average, 
about 4 to $ the paddle length. Terminal hair more often curved or slightly hooked. 

LARVA (figs. 141, 150). Living larva very dark, often with contrasting white 
marks. Clypeal hairs : inner without side branches, posterior long and reaching 
well past the anterior margin of the head, simple or with z or 3 apical branches. 
Inner shoulder hair often with a broad flattened stem, with 17-25 branches, the 
root large and often joined to the root of the middle hair, with an apical tooth but 
less prominent than in balabacensis. Second abdominal palmate hair smaller than 
third, but well developed with fully differentiated filaments. Lateral hair III with 
15-25 branches (av. IS), IV and V with 1-3, usually bifid, VI with 2-3, usually from 
near the base (cf. watsonii). Pecten teeth long, subequal, which accords with the 
container type of breeding place in which the larvae are usually found (see also 
cristatus and watsonii). 
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t 
IV 

FIG. rjo. A. hnckevi, adult, pupa and larva. a, wing ; b, ‘; palp and proboscis ; C, 

cibarial teeth ; d, pupal spines ; e, shoulder hairs of larva ; f, root of inner shoulder 

hair ; g, clypeal hairs, left side ; h, palmate hair II ; i, lateral hairs IV-VI. 
(a-h, from Colless) 
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EGG. Similar to that of Zez~os$hyrz,ls and balabacensis, but longer (0.6-0.65 mm.) 
though of same width and thus relatively narrower, floats with rather more ribs, 
18-20 (av. 18.5). 

NOTES. Colless records 7-12 branches on hair 1,111 of Malayan pupae compared 
with 14-23 in Bornean specimens, but examination of further specimens from Malaya 
shows this hair to be more variable with at least up to 18 branches. 

In addition to hackeri and the next species @jute&s, there are two other species, 
not occurring in Malaya or Borneo, which have short palps and a long proboscis. 
These are A. elegans James, 1903, found in south-west India and Ceylon, and 
sulawesi Waktoedi, 1954, found in Celebes. The latter, referred to by Waktoedi as 
Zeucos@yrus var. sulawesi and by Colless (1956b) as “ Zeucosphyrus Celebes form “, 
is treated here as a distinct species in conformity with Colless’s views. 

A. elegam has a wing like that of hackeri, but the apical pale band of the palps is 
of normal width, as wide as or wider than the preapical dark band, also the palps 
are not so short, about 1 to & the length of the proboscis which is a little less than 
I$ times as long as the fore femur. Larvae are found in rock pools, tree holes and 
bamboo stumps as well as in ground pools. The detailed characters of the larvae 
and pupae have not been described. Vector of monkey malaria in the Nilgiri Hills, 
south India (Choudhury et al., 1963). 

A. sulawesi has palps and proboscis identical with those of hackeri, but has 
numerous pale interruptions in the dark marks on vein I, there are 1-3 in the pre- 
sector, 2-4 in the middle, and 3-6 in the preapical dark mark. Ventral dark stripe 
on apical pale band of hind tibia often divided giving a basal stripe and a distal 
dark dot (fig. 149). Larval and pupal characters not known. May be a vector of 
human malaria (Bonne-Wepster & Swellengrebel, 1953, p. 285). 

Distribution. A. hackeri is largely confined to the Malay Peninsula, Sumatra 
and Borneo ; its northern limits appear to be south Thailand (Scanlon et al., 1967) 
in the west, and south Philippines (Palawan) in the east. 

Habits and vector status. Larvae are usually found in split or cut bamboos, or in 
pools on logs, in inland and often hilly forest, but on the coast they occur in collec- 
tions of rain-water at ground-level in old leaf bases of nipah palms. Less often, 
larvae are found in ground pools, usually with other members of the group. 

On the coast, adults can be found resting by day in the bases of nipah palms, and 
even though close to houses they seldom if ever bite man or domestic animals, but 
feed on monkeys (Reid & Weitz, 1961), which they attack in their sleeping places 
in the canopy of the mangrove-forest (Wharton et al., 1963), and to which they 
transmit at least five different species of monkey Plasmodium (Wharton et al., 1964). 
Not a vector of human malaria. 

Anopheles pujutensis Colless, 1948 

Proc. Linn. Sot. X.S. W. 73 : 101. 
TYPES : from Pujut, Sarawak, in C.S.I.R.O. Museum, Canberra, A1ustralia ; paratypes in 

BMNH. 

DIAGNOSIS. Female with short palps and long proboscis as in hackeri, but apical 



pale band of palps of normal length, about as long as preapical dark band. Pre- 

sector dark mark on vein I undivided, but middle and/or preapical dark marks 
usually with two or more pale interruptions. Apical pale band of hind tibia usually 

without a ventral dark stripe. Pupa and larva very similar to those of Zeucoq5hyrz~. 

FEMALE (fig. 151). Head. Palps distinctly shorter than proboscis, about $-+ as 

long, the pale bands much as in Ze~cos@yrus, the apical one about as long as the 

preapical dark band ; proboscis about I& times as long as the fore femur (ratio 
IQ-I.4 : I), with a narrow ring or fleck of golden scales at apex before the labella. 
Maxillary teeth 14-19 ; cibarial teeth 15--20. 

Thorax. Propleural setae I-4, commonly 2. 

t $ ra, . ,;.. . : : 
‘.._d 

f - 
VII 

FIG. 151. A. pujutensis, adult, pupa and larva. a, wing ; b, 9 palp and proboscis ; 
c, cibarial teeth ; d, pupal spines ; e, larval shoulder hairs ; f, base of inner shoulder 
hair. 

(From Colless) 
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Legs. As for Zeucos@yrz~s and balabacensis, usually without a ventral dark stripe 
on the apical pale band of the hind tibia, and usually without or with only a very 
small basal pale band on hind tarsus 4. 

T/t/‘ings. Length 3-o-3.5 mm. Vein I with presector dark mark undivided and 
about the same length as that on the costa, but with at least two pale interruptions 
in the middle and/or preapical dark marks on at least one wing. Costa often with 
accessory sector pale spot. 

MALE. In general as for female, but wing nearly always with accessory sector 
pale spot on costa, and the preapical dark mark on vein I often with only one pale 
interruption. Genitalia as for Zeucoq5hyrzt.s and balabacensis. 

PUPA (fig. 151). Very similar to that of Zeuco.s@zyrzts, not definitely distinguish- 
able at present. Refractile border of paddle tends to be shorter, averaging between 
about $ and + of the paddle length with the teeth as coarse but usually sharper ; 
the terminal hair is usually curved or somewhat hooked and sometimes bifid distally. 

LARVA (fig. ISI). Very similar to that of Zeucosphyrzls, with rather short posterior 
clypeal hairs and the inner shoulder hair and its root rather small, the root without 
a prominent apical tooth. Differs slightly as follows :-The roots of the inner and 
middle shoulder hair are often joined, and hairs prothoracic 14 and abdominal 9,1 
have rather fewer branches ; prothoracic 14 with 3-6 (av. 4 or 5), 9,I with z-5 
(av. 3 or 4). 

EGG. Unknown. 
NOTES. Distribution. South Thailand (Scanlon et al., 1967), Malaya, Sumatra 

and Borneo. Probably widespread in Malaya, though most records so far are from 
Selangor ; widespread in Borneo, including the north. 

Habits and vector status. This species is commoner in low-lying land than Zeuco- 
s~hyrus or balabacensis, it occurs from the coastal zone to the lower hills. Larval 
breeding places are similar to those of Zeucosphyrus and balabacensis, usually some 
kind of ground pool under shade. In the foothills, larvae may be found in the same 
breeding places as Zeucosphyrus or balabacensis. 

Adults are very seldom attracted to man or domestic animals at ground-level, 
but small numbers have been caught with a bait of monkeys in the canopy of both 
mangrove- and lowland swamp-forest (Wharton et al., 1964). They feed on monkeys 
and have been found infected with malaria parasites presumed to be from monkeys ; 
by day they have been found resting at the bases of nipah palms together with 
hackeri (Reid & Weitz, 1961). 

Anopheles riparis King & Baisas, 1936 

Proc. ent. Sot. Jvash. 38 : 79, 
TYPES : from Kolambugan, Mindanao, Philippines, in U.S. Natn. Mus. 
? A. Zeztcosphyvus spine IV short pupal type of Crawford, 1938. 

DIAGNOSIS. Wing with markings on vein I as in hackeri, that is, presector dark 
mark undivided, and middle and preapical dark marks with only one pale inter- 
ruption each, but female palps about as long as proboscis which is not longer than 
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e 

FIG. 152. A. yipuris (Malaya), adult, pupa and larva. a, wing ; b, cibarial teeth ; 

c, pupal spines ; d, larval clypeal hairs, left side ; e, palmate hair II ; f, shoulder 

hairs ; g, base of inner shoulder hair ; h, pecten. 
(From Colless ; d modified to show pc reaching about to base of ic) 
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the fore femur and lacks an apical pale ring. Apical pale band of the hind tibia 
with a ventral dark stripe. Pupa with lateral spines nearly as long as in hackeri, 
but with fewer branches on abdominal hair 1,111. Larva not distinctive. 

FEMALE (figs. 141, 149, 152). Head. Palps about as long as proboscis, or more 
than 8 as long, with four pale bands usually of normal width. Proboscis often 
shorter than fore femur, from about $J to as long as, without apical pale ring. 
Maxillary teeth numerous (20-28) ; cibarial teeth 10-13, rather short and stout. 

Thorax. Propleural setae 1-3. 
Legs. Apical pale band of hind tibia with a linear dark stripe on the ventral 

aspect, at least in the proximal half (fig. 149). Hind tarsus 4 without a basal pale 
band. 

Wings. Length about 3.5 mm. Costa usually with prehumeral pale spot (cf. 
&status), sometimes with accessory sector pale spot. Vein I with presector dark 
mark undivided by pale interruptions and about the same length as that on the 
costa ; middle dark mark with only one interruption, the accessory sector pale 
spot ; preapical dark mark with only one pale interruption, occasionally with none. 

A bdomen. Segment VII without any ventral tuft of dark scales. 
MALE. Similar to female. Genitalia as for Zez~cosfihyrus and balabacensis. 
PUPA (figs. 152, 153). Lateral spines similar to those of hackeri though not quite 

so long, spine VII from t to more than Q as long as the tergite. Hair 1,111 with 
fewer branches (3-9) than hackeri. Refractile border of paddle about $-+ its length. 
Crawford’s “ Spine IV short ” pupal type of ’ Zeucosphyrus ’ is probably this species. 

LARVA (fig. 152). Living larva sometimes with pronounced pale marks on thorax 
and abdomen. In Malaya and Borneo, larvae are not easy to distinguish from those 
of leucosphyrus, balabacensis or pujutensis ; they tend to have the following 
characters :- Inner clypeals usually with short fine side branches on the middle third, 
posterior clypeals usually reaching to but not beyond bases of inner (cf. Zeucosphyrus 
and @jute&s, often not reaching) ; root of inner shoulder hair usually joined to 
root of middle hair and about the same size and often with a rounded apical tip or 
tooth (cf. Zeucosphyrus, not joined, smaller and without tooth). Prothoracic hair 
14 with 3-7 branches, seldom more than 6, commonly 5 or less (cf. leucosphyrzcs, av. 
6 or 7 ; balabacensis introlatus and “ Fraser’s Hill form “, commonly 7 or more and 
posterior clypeals longer). Abdominal hair 9,1 with 3-7 branches, usually 5 or 
more on at least one side (cf. b. balabacensis and pzbjutensis, usually 4 or less). 
Pecten with teeth clearly differentiated into short and long ones (cf. &status p. 309). 

EGG. Unknown. 

NOTES. This species varies geographically ; there are adult and larval differences 
between Malayan and Bornean (Sarawak) specimens, and between these and 
specimens from the Philippines. Females from the Philippines usually have an 
accessory sector pale spot on the costa and more strongly speckled legs, especially 
on mid tarsus I (up to 15 spots, av. 6), whilst those from Borneo and Malaya usually 
lack this costal spot, and mid tarsus I has fewer speckles, o-4. However, while 
males from Malaya also usually lack an accessory sector pale spot on the costa, this 
is usually present in males from Sarawak. So far riparis (like Zeucosphyrus) is not 
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4 

FIG. 153. Probably A. yi@ris, 3 pupa. 1, abdomen and metathorax, dorsal hairs on 
left, ventral on right (but see legend, fig. 29) ; 2, trumpet ; 3, lateral spines ; 4, lateral 
border of paddle. 

(From Crawford, as Zeucosph3~ms spine IV short type) 
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known from northern Borneo, so that there is a gap in its distribution between 
Sarawak, and Mindanao where it occurs in the Philippines. On account of this and 
the small morphological differences, Colless (1956b) has named the Bornean and 
Malayan forms as subspecies macarthuri, though recognizing that the Bornean form 
is somewhat intermediate between those of Malaya and the Philippines. 

In Mindano there is an uncommon species, A. cristatus King & Baisas, 1936, the 
adults of which closely resemble those of A. riparis, though the larvae are distinctive. 
Adults usually lack the prehumeral pale spot on the costa present in riparis ; larvae 
have long, strongly branched posterior clypeal hairs and the inner and outer clypeals 
have well marked side branches (cf. larvae of A. stookesi with similar though more 
strongly branched clypeal hairs) ; also abdominal palmate II is well developed, and 
there are other differences such as the pecten with long subequal teeth. The black 
larvae have been found in small rock holes under dense shade in stream beds, also 
in tree holes. Van Hell (1953) records larvae of this species from New Guinea, but 
Colless (1956b) considers that this needs confirmation. 

Distribution. A. riparis is recorded from south Thailand (Scanlon et al., 1967), 
Malaya, Borneo (Sarawak) and the Philippines (Mindanao, Negros and Samar). 

Habits and vector status. A. riparis is aptly named as the larvae are found 
particularly along the edges of streams, usually in rock pools and gravelly or sandy 
pools at the margins of small shaded streams in hilly areas. In Malaya, larvae are 
quite common in suitable places, but wild adults had not been encountered until 
recently, when two were caught in the canopy of hill forest with monkey bait ; one 
of these two had a sporozoite infection, but this could not be identified (Wharton 
et al., 1964). Evidently not a vector of human malaria, but probably a vector of 
monkey malaria. 

Myxomyia series 

Christophers, 1924, (as group ,Vyzomyia), Ind. med. Res. Mena. no. 3, p. 44. 

ADULT. Cibarial teeth in two YOWS, one of rods and one of cones, the cones without 
roots and with a single row of spines on the pediment ; female palps usually with 
three pale bands, propleural setae 1-2, pronotal lobes without scales ; legs not 
speckled, tarsal bands usually narrow ; abdomen without scales. 

PUPA. Lateral spines usually large and sharp-pointed, about half or more as 
long as the segments ; paddle hair long and hooked at the tip ; hair I on V-VII 
varying from shorter than the segments and with up to about 6 branches to con- 
siderably longer than the segments and simple ; hair 9 on I small, about as long as 
the segment. 

LARVA. Tergal plates often very large, about as wide as or wider than the distance 
between the bases of the pairs of palmate hairs. Some of the long pleuural hairs 
branched ; prothorax, with two long hairs branched (one about half the length of 
the other) and one simple ; mesothorax, with two long hairs, both usually simple ; 
metathorax, with two long hairs, one branched and one simple. Metathoracic palmate 

hair often well developed. 
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Mostly medium-sized or small species with a rather fixed wing pattern. This is 
a large series of which the majority of species occur in Africa. There are several 
important malaria vectors, such as f~nestus in Africa, culicifacies and $uuviatiZis in 
India and minimus in the region stretching eastwards from Assam to Taiwan and 
the Philippines. 

Most of the species, at least the Oriental ones, seem to be adapted to climates 
with a dry season, so it is understandable that the series is not well represented in 
Malaya where only aconitus is generally distributed. However, all the Oriental 
species (except the predominantly middle-eastern dthali and serge&ii which only 
reach the western fringe of the Oriental region in West Pakistan) have been recorded 
from, or might be found in, Thailand, and, as some of them might turn up in northern 
Malaya, keys are given to the females and larvae of all of them. 

I(EYS TO THE ORIENTAL SPECIES OF THE MYZOMYIA SERIES 

ADULTS (FEMALES) 

I Fore tarsi with white bands ; mesonotum with numerous white scales . . . 2 
- Fore tarsi unbanded or with narrow pale bands not pure white ; mesonotum usually 

without obvious scales except at the front margin . . . . . . 3 
z Hind tarsi with broad pale bands, fifth segment all white . . . majidi (p. 312) 
_- Hind tarsi with narrow pale bands, fifth segment dark . . jeyporiensis (p. 312) 

3 Vein 3 largely dark, hind margin of wing with not more than 2 fringe spots (at 4 ‘2 
and 5 .I), base of vein I with a black mark near the humeral cross vein 

culicifacies (p. 3 I I) 
- Vein 3 largely pale, fringe spots at ends of all veins except sometimes at 6, base of 

vein I pale or at most with grey scales . . . . . . . . 4 
4 ? palps usual1 y with subapical pale band much shorter than apical, intervening dark 

band broad, usually 3 or more times as long as subapical pale band ; basal third 
of costa all dark . . . . . . . . . jkviatilis (p. 312) 

- $? palps usually with subapical pale band only a little shorter than apical or equal to 
it, intervening dark band narrow, often shorter than the subapical pale band and 
not more than twice as long ; basal third of costa with or without pale spots . 5 

5 Usually with a fringe spot at end of vein 6. (Larval clypeal hairs branched or frayed) 6 

- Usually without a fringe spot at 6. (Larval clypeal hairs simple) . . . . 7 
6 Outer half of $? proboscis markedly pale . . . . . . aconitus (p. 320) 

- Proboscis dark. . . . . . . . . . . j?lipinae (p. 313) 

7 Base of costa with 2 pale spots (humeral and presector) . . . . . 8 
- Base of costa without or with only one pale spot (presector) . . . . . 9 

8 Extreme base of vein I with a small patch of grey scales ; tarsi with obvious small 
pale rings . . . . . . . . . . pampanai (p. 313) 

- Base of vein I all pale ; tarsi dark or only very narrowly and faintly pale at joints 
mangyanus (p. 313) 

9 Base of costa usually with a presector pale spot or at least a few pale scales on one 
wing ; proboscis sometimes with a pale patch below towards apex minimus (p. 314) 

- Base of costa all dark ; proboscis if pale towards apex then pale above as well as 
below . . . . . . . . . . . . varuna (p. 3 13) 
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LARVAE 

Anterior tergal plates on III-VII very large, enclosing the small median posterior 
plate . . . . . . . . . . . . . , 2 

Anterior tergal plates on III-VII of normal size, or if large not enclosing the posterior 
plate . . . . . . . . . . . . . . 7 

Inner clypeal hairs frayed, posterior branched from the base . . . . . 3 
Inner clypeals simple not frayed, posterior simple occasionally forked . . . 4 
Outer clypeals frayed, about $ length of inner . . . . aconitus (p. 320) 
Outer clypeals simple or forked, not frayed, about 3 length of inner 1 JWpinae (p. 313) 

Leaflets of thoracic palmate hair with long tapering filaments (fig. 156~) ; hair o 
arising from inside the margin of the tergal plates . . . . . . 5 

Leaflets of thoracic palmate hair without obvious filaments ; hair o may or may not 
arise from inside the margin of the tergal plates . , . . . . 6 

Anterior tergal plate on II always fused with the small posterior plate . varuna (p. 313) 
Anterior tergal plate on II usually sharply concave behind and not fused with the 

posterior plate . . . . . . . . . mangyanus (p. 313) 
Hair o on IV-VII usually arising well outside the margin of the tergal plate*, simple 

or with up to 5 branches ; most segments with a small pair of posterior submedian 
tergal plates . . . . . . . . . . minimus (p. 314) 

jluviatilis (p. 312) 
Hair o on IV-VII arising inside the margin of the tergal plate, simple or sometimes 

bifid ; small posterior submedian plates usually not visible . pampanai (p. 313) 
Inner and outer clypeal hairs with conspicuous side branches ; tergal plates large 

jeyporiensis (p 
Clypeal hairs completely simple ; tergal plates small . . . . . . 
Outer clypeal hair more than half as long as the inner ; thoracic palmate hair weak, 

filaments of abdominal palmate hairs more than half as long as the blades ; with 
a pair of small submedian oval plates behind the posterior tergal plates 

culicifacies (p 
Outer clypeal hair less than half as long as the inner ; thoracic palmate well 

developed, filaments of abdominal palmates less than half as long as the blades ; 
no submedian oval plates behind the posterior tergal plates . . majidi (p. 

312) 
8 

311) 

312) 

Among the ten species in these keys it is convenient to regard the seven which 
have larvae with large anterior tergal plates, enclosing the posterior plates, as forming 
the nainimzzs species group. Within this group the species may be difficult to identify 
and new locality records need to be supported by good specimens. The African 
counterpart of the minimus group is the fun&us group which also contains about 
seven species ; the two groups are probably not distinct morphologically. 

To return to the Oriental species and dealing first with the three not included 
in the minimus group, and not found in Malaya or Borneo :- 

A. culicifacies Giles, Igoo, has a wide distribution from Ethiopia and Arabia 
(subspecies adenensis) to Iran, Afghanistan, all of India and Ceylon, and eastwards 
to Indo-China and south China, but not the Philippines or Taiwan ; it occurs in 
Thailand and has been recorded from the southern peninsular part by Anigstein 
(1932). Though attracted to cattle it can be an important vector of human malaria, 
and is said to be the only vector in Ceylon. 

* In mounted specimens, especially skins, this hair sometimes appears to arise from the plate due to the 
area of cuticle bearing the hair being folded so that it overlies the plate. But when the hair really arises 
from the plate its socket usually shows as a small pale circle in the plate. 
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A. jeyeoriensis James, 1902, occurs from Bombay to Hong Kong and Taiwan, 
including Thailand but it has not been recorded from the Thai peninsula. The 
banding of the female palps is variable ; in the western end of the range, that is, 
western and southern India, most specimens have the subapical dark band on the 
female palps as long as or longer than the apical pale band. In eastern India and 
elsewhere the majority of specimens have the apical pale band broader so that the 
subapical dark band is shorter than the apical pale band (compare a somewhat 
similar variation in s+%ct~s) and may be less than half as long ; this form is usually 
called variety candidiensis and is said to have fewer and stouter branches on the 
inner clypeal hairs of the larva than the type form. A. jey$oriensis is suspected to 
be a minor vector of malaria. 

A, majidi Young & Majid, 1928, is known from southern and eastern India 
(Assam) and Nepal. It has been recorded from Thailand, but this needs con- 
firmation. Females of karwari that have lost the last segment of the palps, as 
sometimes happens, then appear to have three-banded palps and can be mistaken 
for majidi as the broad banding of the hind tarsi is similar. However, kavwari, 
being a member of the Neocellia series, lacks the propleural setae present in majidi, 
but has some golden scales at the end of the abdomen absent in majidi. A. majidi 
is not known to be a vector of malaria. 

A. MINIMWS species group 

A. rninimus Theobald, 1 gor 

Among Oriental species of the Myxomyia series those of the minimus group are 
characterized by the very large anterior tergal plates of the larvae, distinctly wider than 
the distance between the bases of the pairs of palmate hairs of each segment (at least 
from III backwards) and usually deep enough to enclose the median posterior plate, 
and commonly with an additional pair of small submedian posterior plates. Adults 
have hairs or only very narrow scales over most of the mesonotum, the legs are 
largely unornamented with the tarsi unbanded or only narrowly banded, and the 
wing fringe has pale spots at the ends of all veins except often vein 6. Apart from 
aconitzu and minimus which occur in Malaya and Borneo and are described in detail 
below, there are five other species as follows, some of which need further study. 

A. &wuiatiZis James, rgoz, (fig. 158) has a rather similar distribution to that of 
cdicifacies, from the Middle East, through India and Ceylon, eastwards to China 
(including Hong Kong) and Taiwan, but not the Philippines, It is recorded from 
Thailand and by Anigstein (1932) from the southern peninsular part but this requires 
confirmation. Very similar to minimus, but adults can nearly always be distin- 
guished by the broader dark band between the two distal pale bands of the female 
palps, and by the dark base of the costa where minimus usually has a presector pale 
spot. Proboscis all dark. Occasionally the apical pale band of the palps is divided 
by a narrow band giving four pale bands ; Rahman et al. (1960) show that this is a 
seasonal variation. Larvae seem to be almost indistinguishable from those 
minimus, though pupae seem to differ a little (p. 316). An important vector 
malaria, at least in parts of the Middle East and India. 

of 
of 
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A. varuna Iyengar, 1924, (figs. 156, 158) is known from India, Ceylon, Burma and 
Nepal. It may well have a wider distribution but has been much confused with 
minimus. It is said to occur in Thailand but this needs to be confirmed. The 
adults differ from minimze as indicated in the key, and from fZuviatiZis by the 
different palp banding, also the proboscis is often somewhat flavescent but is always 
dark in JEuviatiZis. The larvae are readily distinguished from those of minimus 
and Jluviatdis by having long slender filaments on the thoracic palmate hairs, and 
abdominal hair o arising from the tergal plates and very small. Roy (x938) des- 
cribed a larval form of vayuna from Bengal with frayed inner clypeal hairs. The 
egg is described from Travancore, south India by Menon (1938) who compares it 
with that of Jluviatilis which has rather longer floats. D’Abrera (1944) describes 
the egg of vaYuna from Ceylon as having a marked polygonal pattern on the 
exochorion. A. varuna has been found infected and is considered to be a vector 
of malaria in central and north-eastern India, but not in the south (Covell, 1944). 

A. mangyanus Banks, 1906, closely resembles vamna in the larval stage, but the 
adult has two pale spots on the base of the costa and the proboscis is always dark. 
Formerly known only from the Philippines, but there are recent reports that it 
occurs in Nepal (Wattal, 1963 ; Brydon et al., 1961) ; however, the possibility of 
confusion with pampanai needs to be considered (see below). Has been suspected 
as a possible vector of malaria in the Philippines where it has been found infected 
once (in Mindoro, by Urbino, 1947). 

A. pampanai Biittiker & Beales, 1959,” (fig. 160) is known from Cambodia, 
Thailand and Burma. Adults resemble mangyanus but differ as shown in the key, 
the dark scales at the base of vein I vary from black to pale grey but are nearly 
always present, An additional difference seems to be in the basal dark mark on 
vein 5 which in pampanai is usually about twice as long as the humeral dark mark 
on the costa, and overlaps the base of the presector dark mark on vein I, but does 
not reach this mark in mangyanus in which it is usually roughly the same length as 
the humeral dark mark on the costa. Larvae, like those of minimus, have thoracic 
palmate hairs without obvious filaments though the leaflets may taper to very 
slender tips, but hair o, as in varuna and mangyanus, arises from the tergal plates 
and is usually simple. Larvae further resemble those of mangyanus, but differ 
from those of varuna, in having posterior tergal plate II separate from the anterior 
plate ; they differ from mangyanus (in addition to lacking filaments on the thoracic 
palmate hair) by usually having the roots of the inner and middle shoulder hairs 
fused, the large tergal plates not so rectangular, and sometimes by lacking the pairs 
of small posterior submedian tergal plates. The records of mangyanus from Nepal 
might possibly refer to this species. Relation to malaria not known. 

A. fifilipinae Manalang, 1930, resembles aconitus but the outer half of the female 
proboscis is dark and the outer clypeal hairs of the larva are not frayed. Like 
mangyanus,fiZiPinae was known only from the Philippines where it replaces aconitus, 
but there are recent records of the species from Nepal (apparently based on a single 

Acta hop. 16 : 63, as pampanae (see p. 56), corrected to pampanai; idem, 288. Types from Preke 
Meang, Cambodia, in BMNH; a ? labelled 2, with skins, has been marked as the holotype. 
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female, Pradhan & Brydon, 1960) and Thailand ; confirmation is needed. Not 
known to be a vector of malaria. 

Anopheles minimus Theobald, 1901 (23 Nov.) 

Mon. Cul. I : 186. 
TYPE : described from a single Q from Hong Kong, now lost. 
vincenti Laveran, rgor (30 Nov.). C.R. Sot. Biol., Pavis 53 : 993, 3 09 on slide, from Tonkin, 

Indo-China, in Pasteur Inst. Paris (Reid, 1947). 
forwzosaensis I Tsuzuki, Igoz. Arch. Schiffs. u. Tropenhyg. 6 : 288, 8 and ? on slides, from 

Formosa (Taiwan), in BMNH. 
christophersi Theobald, rgo2. Proc. voy. Sot. 6g : 378, $? from west Bengal, in BMNH. 
aZboapicaZis Theobald, 1910. Mon. Cul. 5 : 25, Q from west Bengal, in BMNH. 
jlavirostris Ludlow, 1914. Psyche 21 : 30, $2 from Luzon, Philippines, in U.S. Natn. Mus. 

DIAGNOSIS. Group characters : legs dark with almost unbanded tarsi, $Z palps 
with three pale bands, wing with fringe spots at the ends of nearly all veins, larva 
with very large tergal plates. Specific characters : no fringe spot at end of vein 6, 
base of costa with one pale spot (presector), 9 proboscis dark or with only a small 
pale area beneath in apical third, larva with clypeal hairs all simple, and hair o 
arising outside the tergal plates. 

FEMALE (fig. 154). Head. Palps as long as proboscis, a little shaggy at the base, 
otherwise rather thin, with three white bands, one narrow basal band at the joint 2-3 
and two broad distal ones, the subapical of which is as broad or nearly as broad as 
the apical, the intervening dark band varies from shorter than the subapical pale 
band to not more than about twice as long. “ The proboscis may be dark or may 
show a small flavescent area in the distal half on the ventral aspect, which, when 
present, is very characteristic of the species ” (Christophers, 1933). Head scales of 
normal broad type with a large white vertex area, white frontal tuft rather pro- 
minent and bifurcate. Cibarium as for series, with rods and cones, filaments of cones 
without the fimbriated ends and lateral spicules seen inJluviatiZis. 

Thorax. Mesonotum viewed from behind with pale median and dark lateral 
areas, with a median anterior tuft of pale scales, otherwise clothed with hairs or only 
narrow hair-like scales, anterior pronotal lobes and pleura without scales, propleural 
setae I-2, usually I. Haltere knobs dark. 

Legs. Rather uniformly dark, tarsi unbanded or with only very narrow rather 
faint pale bands at the joints. Coxae without scales. 

Wings. Length about 2.5-3 mm. Pattern as illustrated (fig. 154), with pre- 
sector, sector, subcostal, preapical and apical pale spots of varying width on the 
costa. Over much of the range of this species the presector costal spot (absent in 
varuna and $?uviatiZis) is nearly always present, at least as a few pale scales on one 
wing, but it is absent from about $ of Philippine specimens (King, 1932), and from 
about 8 of those from Yunnan (Liu et al., 1959), though present in those from Hong 
Kong. There are pale fringe spots at the ends of all veins, except usually vein 6. 
Other wing characters are said by Christophers to be too variable for use in identi- 
fication. 
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Abdomen. Dark, entirely without scales. 
MALE (fig. 154). Markings in general as in female, but proboscis usually all dark 

and wing more frequently with a fringe spot at 6. Palps as illustrated. 
Genitalia. Coxites without scales except a few dark lateral ones. Harpago with 

dorsal club and three, rarely four, ventral setae of which the apical is stout and 
longer than the club, and that between the apical seta and the club about as long 
as the club and 8 as long as the apical seta. Phallosome with four or five pairs of 
leaflets, the smallest pair like spicules. 

PUPA (fig. 155). Six Malayan specimens examined. Trumpets simple with deep 
and narrowly round-bottomed meatal cleft, meatus about &-& length of trumpet. 

FIG. 154. A nzininzus, adult and larva, also A. fun&us (7) and A. aconitus (9). 1, wing ; 
2, a 6 and $2 palp, b club of $ palp enlarged ; 3, $2 palp and proboscis ; 4, cibarial 
armature ; 5, single cone, anterior view ; 6, leaflets of one side of phallosome ; 7, ditto, 
funestus ; 8, leaflets from palmate hair of larva ; 9, larval spiracular apparatus of 
aconitus, note the short lateral arms on the median plate of the scoop between the 
spiracles, nzinimus is similar. 

(From Christophers) 
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Lateral spines brown, tapering, pointed, distal ones somewhat curved, fairly long, 
spine VII usually a little over 3 as long as tergite, spine VIII with about IO-zo 
branches, commonly about 12-15. Hair I on V-VII strong, about as long as the 
segments, often simple on VII (1-4) and VI (I-3), usually branched on V (I-6), on 
IV shorter with about IO spreading branches and resembling hair 5, on II hair I 
has about 20 branches ; hair 5 not so strong as I on V-VII, with somewhat spreading 
branches, 4-6 on ‘c’ and VII ; hair 2 with 4 branches on VII and 5-6 on V. Baisas 
(1936b) records similar branching of hair I for zlciximzbs $zvirostris in the Philippines, 
but slightly more branches on hairs 5 and 2. Paddle and male genital pouch 
evenly pigmented, paddle just under 1 as wide as long (index 1.4), refractile border 
about Q-s the paddle length with very small denticles basally and stiff fringe hairs 
rather than teeth distally, fringe hairs less conspicuous towards apex of paddle, 
small and inconspicuous on inner margin. Paddle hair strong, length (in a straight 
line from base to tip, not along the curve) more than Q the paddle length, curved 
and with a hooked tip, whole hair often shaped somewhat like a question mark. 

Pupae of the WZ&&TZUS group seem to resemble one another rather closely, but those 
of flztviatilis usually seem to have hair I on V-VII simple, whilst in ~~inim~s, at 

l+-~ti. 155. d. nziw&zus, pupa and egg. a, pupal trumpet ; b, end of 6 abdomen, right 
half, dorsal, arrow indicates normal variation of hair I, VII ; c, egg, dorsal and lateral 
views (after Morishita) . 
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least on V, this hair is usually branched. In this respect aconihs, Jilipinae, 
pampanai and manyganus resemble wzinitizzcs. Baisas (Ig36b) found no clear-cut 
differences between Philippine fniniwzzhs $auirostris, jlipinae and mangyanus, though 
the latter tended to have longer lateral spines, occasionally forked on VII, but there 
appear to be small differences between Malayan minimus and aconitus, the latter 
having shorter lateral spines and a shorter paddle hair (see pp. 70, 320). 

LARVA (figs. 154, 156). Head. Clypeal hairs as illustrated : inner fairly stout, 
simple ; outer half or more length of inner, less stout ; posterior more slender, 

00 

SPt 

d 

FIG. 156. ,-I. uzini~uus, larva, also A. LYZYI~~ (c). a, clypeal hairs ; b, leaflets from 
metathoracic palmate hair ; c, ditto, VUYZCHLX ; d, tergal plates and hair o on abd. seg. 

V, position of plamate hairs indicated by broken outlines, pt posterior plate, sfit sub- 
median posterior plates. 
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seldom reaching beyond bases of inner ; outer and posterior nearly always simple, 
occasionally forked towards the tip. Sutural and transsutural hairs well developed 
with about 3-8 branches, often dendritic. 

Thorax. Inner shoulder hair stout with 19-26 branches and a prominent dark 
root sometimes fused with the root of the middle hair (see fig. 16ob, aconitus). 
Metathoracic palmate hair well developed with the leaflets slender lanceolate but 
without definite filaments, usually minutely truncate at tips. Pleural long hairs as 
for series, prothorax with two branched, one of medium length, mesothorax with 
both long hairs simple, metathorax with one simple and one branched. In the 
mid-dorsal surface of the thorax, slightly behind a line drawn between the bases of 
the pair of feathered mesothoracic hairs (hair I), is a small, often bilobed, pigmented 
plate, and behind this a pair of small oval pigmented plates similar to the submedian 
posterior pair on the abdominal segments of this species. These thoracic plates are 
present in several other members of the group but are not usually evident in aconitus. 
The posterior pair is present in some species of the Neocellia series such as annularis. 

A bdomen. Palmate hairs well developed on segments I-VII, filaments slender, 
sharply differentiated, about $-Q as long as the blades, pigmentation of leaflets as 
illustrated (fig. 154/8). Anterior tergal plates very large, enclosing the small median 
posterior plate, except sometimes on II (it is not present on I), and followed by a 
pair of small transversely oval submedian plates ; the larger plates from III-VII 
are distinctly wider than the distance between the bases of the palmate hairs of 
each pair, and cover about half the dorsum of each segment. Hair o is usually 
relatively large and prominent on III-VII with 1-4 branches, and arises outside the 
postero-lateral margin of the large tergal plate, occasionally at the margin but not 
inside it. Median plate of the scoop on the spiracular apparatus with short lateral 
arms at the level of the posterior edges of the spiracles in this and other species of 
the group (cf. fig. 154/9). 

There appear to be no clear-cut differences between the larvae of minimus and 
fhiatilis though the latter tends to average more branches (z-5) on hair o, and 
there are said to be slight differences in the filaments of the palmate hairs and the 
shape of the tergal plates (Christophers, 1933). 

EGG (fig. 155). The following description is based on that of Morishita (1932, 

Taiwan). Length about 0.41 to 0.43 mm. with 18-25 ribs on the floats. Usually 
without the polygonal pattern on the exochorion seen in most species of subgenus 
Anopheles and in the Neowzyzomyia series of subgenus CeZZia. Eggs of A. m. 
$avirostris in the Philippines, described by Urbino (1936), are very similar though 
the deck is often divided or narrowed in the middle. 

NOTES. This important species varies both geographically and locally and this 
can make identification of some specimens difficult. For example, adults lacking 
the presector pale spot near the base of the costa may not be distinguishable with 
certainty from varuna unless larvae are also available. 

The Philippine populations of this species have a combination of morphological 
characters which apparently distinguishes them slightly from most populations 



elsewhere. King (rg32a) records that more than go per cent. of female Philippine 
specimens have a pale area on the outer half of the proboscis beneath, and about $ 
lack the presector pale spot on the costa ; the larvae have the posterior tergal 
plate on II separate from the anterior plate and hair o on segments III-VII is 
usually simple or only bifid. However, we know that any one of these characters, 
though apparently not the combination, can be found in specimens elsewhere, and it 
seems clear that King was right in treating this form as no more than a subspecies. 
It is usually referred to now as A. minimus Jlavirostris Ludlow, 1914, though one 
may question whether the subspecific name is necessary, at least on morphological 
grounds, for any but specialized purposes. In Indonesia there are records of both 
minimus nzinimz4s and minimus JEavirostris from Sumatra to Celebes (Bonne- 
Wepster & Swellengrebel, rg53), but if the geographic definition of subspecies is 
accepted (p. 402) these records are probably incorrect as the two subspecies could 
hardly coexist and maintain their separate identities over such a wide area. Possibly 
there are in fact two species, but it seems more likely in this instance that specimens 
with paleness of the proboscis (and these occur sporadically over much of the range) 
have been called subspecies$fZavirostris on this character alone. But this name should 
be reserved for populations in which 75 per cent. or more of the specimens have the 
combination of characters shown by the Philippine form, and so far there is in- 
sufficient evidence to show that such populations occur outside the Philippines, 
though they may do so, perhaps in Celebes (van Hell, 1952). Possibly investigation 
would show a gradual or clinal decrease in the proportion of specimens with the 
characters of $avirostris on passing westward from the Philippines through the 
Indonesian Archipelago. 

Four synonyms of minimus are listed because these have type specimens which 
should be examined if further species resembling minimus are discovered. 

Distribution. This is wide but with important gaps. A. minimus is recorded 
from western India (Goa area) eastward through Assam, Burma, Thailand, Indo- 
China, south China (including Hong Kong), to Taiwan, the Ryukyu Islands, and 
the Philippines (including Palawan, see Rozeboom & Cabrera, 1965) ; then south 
through Ceylon and Indonesia as far east as the Lesser Sunda Islands and Celebes. 
But the species is absent from most parts of Malaya and Borneo, probably because 
these countries are too uniformly wet throughout the year and lack any marked dry 
season, except in a few peripheral areas (Dobby, 1950). In Malaya minimzis is 
known only from the seasonally drier north-west corner, particularly Perlis near the 
Thai border (Reid, Ig5o), and perhaps Kedah north of Alor Star (three larvae, 
collected from an unspecified locality in Kedah in 1936, have been seen). In 
Borneo it is recorded from Pulau Laut off the south-east corner facing Makasar in 
Celebes, and in recent years a few females have been collected by F. Y. Cheng from 
the Kudat and Semporna peninsulas in Sabah. It may be significant that Kudat 
and Semporna can be said to form the Borneo ends of, respectively, the Palawan and 
Sulu Island chains that link Borneo to the Philippines. Two specimens from Kudat 
seen by the writer appear to be ssp. JEavirostris which is the form recorded on 
Palawan. It seems unlikely that this species extends much further into northern 
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Borneo, as it was not encountered by Colless during several years collecting in the 
area. Commonest in the monsoon belt north of Malaya from Assam to Taiwan and 
the Philippines. 

Habits and vector status. This is a mosquito of foothill and hilly areas, breeding 
especially in the shaded grassy edges of sunlit streams, usually where there is a 
larger volume of water than is favoured by maculates (p. 360). Adults rest in 
houses by day but the extent of indoor resting varies in different areas, and prob- 
ably with season and climate. Muirhead-Thomson (1940-1942) made a classic 
study of the biology of this species in Assam, especially of the mechanism governing 
choice of oviposition sites. 

Although precipitin results are very variable (e.g. Bruce-Chwatt & Gockel, 1960), 
it is clear that this species readily enters houses and bites man, but is also attracted 
to cattle. It is a most important vector of malaria in the monsoon countries north 
of Malaya from Assam to Taiwan and the Philippines, though now greatly reduced 
in numbers by DDT, and it is a vector of bancroftian filariasis in the Philippines 
and Hong Kong. It was always less important in Indonesia, probably because less 
common, and is not regarded as a vector in Ceylon. 

Anopheles aconitus Dijnitz, 1902 

2. Hyg. Infektkv. 41 : 70. 
TYPES : ?$? from Kajoe Tanam, Padang, Sumatra, and Willem Island, Soekaboemi, Java, 

in 2001. Mus., Berlin. 
albirostris Theobald, 1903. AIon. Cul. 3 : 24, $ and $? from Kuala Lumpur, in BMNH. 
bvahvvzaclzavi Christophers, 1912. Palzcdisw 5 : I I, specimens from Calcutta in Nat. Inst. 

Commun. Dis., Delhi. 

DIAGNOSIS. As for nzinimus but wing with fringe spot at end of vein 6, outer 
half of female proboscis always pale, and larva with clypeal hairs frayed or branched. 

AIX?LT (figs. 157, 158, 160). Differs from OZ~&ZUS chiefly as follows :-The two 
distal pale bands on the female palps are often wider and may join so that apical 
i - : or so is all pale, and the apical Q-+ of the proboscis is always pale, above as well as 
below. The wings nearly always have a pale fringe spot opposite the end of vein 6, 
but other differences are too variable to be relied on for identification, though vein 6 
commonly has three dark marks where mini~zz~ commonly has two, the base of 
vein 3 is often without dark marks which are usually present in mi&mz~s, and the 
costa often lacks a presector pale spot. Tarsi with or without narrow pale bands 
(fig. 160). Cibarium and male genitalia similar to those of ~inimz,~. 

PUPA (fig. 159). Judging from five Malayan specimens examined and Crawford’s 
description of one specimen, it appears that the pupa differs slightly from that of 
minimus as follows :-Lateral spines shorter, spine VII less than half as long as the 
tergite, about 56. Hair I on V-VII with higher average number of branches, 2-4 
on VII, 2-6 on VI, 3-5 on V, but a lower number on II (10-19). Paddle hair shorter, 
less than i length of paddle, the same shape as in minimtis, not straight as described 
by Christophers, refractile border a little longer, $-Q paddle length. 
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LARVA (figs. 154, 157, 158, 160). Very similar to that of miniwzzcs but at once 
distinguished by the frayed or branched clypeal hairs (figs. 157, 158) : inner and 
outer clypeals stout with short but usually obvious side branches giving a frayed 
appearance ; posterior clypeals short, not usually reaching bases of inner, with z-5 
branches from near the base. Shoulder hairs as illustrated (fig. r6ob), or the roots 

FIG. 157. A. aconitus, from Stanton. Female and head of larva. 
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of the hairs separate from one another. Thoracic palmate hair with slightly more 
elongate and slender tips to the leaflets. Usually without the small pigmented 
dorsal plates on the median posterior aspect of the thorax seen in minim~s. Hair o 
arising close to the margin of the tergal plates or just inside, with up to 3 branches, 
usually simple or bifid (fig. 160~). 

EGG (fig. 160). About 0.44 mm. long with more prominent points than in 
minimus, deck narrow and of fairly uniform width not narrowed towards the middle 
as in minimz~, floats long about 8 the length of the egg compared with about + in 
minimus, with an average of 19 strong double-crested ribs. 

NOTES. Distribution. From southern and eastern India and Ceylon eastwards 
to Indo-China, and south China (Hainan Island and Yunnan). Absent from Taiwan 
and the Philippines. Southwards through Malaya into Indonesia as far east as 
Celebes and the Lesser Sunda Islands. Like minimzls it appears to be absent from 

3 V 0 0 8 

FIG. 158. A. aconitus, adult and larva, also A .~~viatiZis (7) and A. vamna (3,8). 1, wing ; 
2, 9 palp and proboscis ; 3, $? proboscis and club of 3 palp, vamna ; 4, cibarial teeth, 
a anterior and b lateral view of cone ; 5, leaflets of one side of phallosome ; 6, clypeal 
hairs of larva ; 7, tergal plates and hair o, jIuviatiZis* ; 8, ditto, varuna. 

(From Christophers) 

* incorrectly labelled as aconitus by Christophers, see Puri (1931, pl. 34/3) from which it is copied. 
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FIG. 159. A. acoutitus, 9 pupa. 
on right (but see legend, fig. 
paddle. 

1, abdomen and metathorax, dorsal hairs on left, ventral 

29) ; 2, trumpets ; 3, lateral spines ; 4, lateral border of 

(From Crawford) 
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most of Borneo and is only recorded from the south-east. Fairly common in 

suitable places throughout Malaya. 
Habits and vector status. Larvae are usually found in the grassy edges of rice- 

fields, ponds, and swamps. Some adults can be found resting in houses bJ 

pt e 

FIG. 160. A. aconitus, adult, larva, egg, also A. pavnpanai (e). a, fore tarsus ; b, larval 

shoulder hairs ; c, tergal plates and hair o on abd. seg. V ; d, tergal plates and hair o 

on II ; e, ditto, pampanai, note posterior plate not included in anterior ; f, egg, dorsal 
and lateral views (after Walch & Walch-Sorgdrager). Symbols as in fig. 156. 
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day, but in Malaya these have usually fed on cattle (Wharton, 1953), and the 
species seems to be primarily zoophilous. Outdoors, adults rest in low vegetation 
(Wharton, 1950) and under the banks of streams (Venhuis, 1942). 

Not a vector of human malaria in Malaya and not considered to be of more than 
minor importance over much of its range, but important in parts of Indonesia, 
particularly Java. Apparently if this species is present in large numbers in Java 
close to dense human populations, with insufficient cattle to divert it from feeding 
on man, it can be an important malaria vector. It has recently been found infected 
in the central plains of Thailand, at a place near Bangkok where the human parasite 
rate was about 4 per cent. (all infections were with P. km) ; cam#wtris was the 
commonest Anopheline in the houses but no infected specimens were found (Gould 
et al., 1967). 

Pyretophorus series 

Edwards, 1932, Gen. Insect. 194 : 48 (as group @WtophOvuS) ; Christophers (1933, p. 229) 
prefers Pseudonzyzomyia (see p. 53). 

ADULT. Cibarial teeth in two rows, one of rods and one of cones, the cones with 
deep roots and a single row of spines on the pediment ; female palps with three pale 
bands, propleural setae present (z-4), pronotal lobes without scales in Oriental 
species (see p. 53), wing pattern much as in Myxomyyia series, though the pale areas, 
particularly the subcostal and preapical, may be larger ; legs often speckled, tarsi 
always banded but the tip of hind tarsus not white ; end of abdomen usually with 
some scales. 

PUPA. Lateral spines V-VII very long, tapering, usually curved, about $ as long 
as the segments, spine IV short ; hair I on V-VII long or very long, simple ; hair g 
on I long, often more than twice as long as the segment, slender, usually simple ; 
paddle hair long and hooked. 

LARVA. Can usually be recognized by the small lightly pigmented separate roots 
of the shoulder hairs and the long sharply defined filaments of the palmate hairs. 
Clypeal hairs usually simple in Oriental species. Pleural long hairs variable, but 
both long hairs of the metathorax branched, usually feathered ; long hairs of the pro- 
and mesothorax usually simple or with one hair bearing a few branches distally 
(feathered in parangensis and ’ gambiae ‘) ; tergal plates medium-sized, as wide as 
or wider than the diameter of the palmate hairs without their filaments, these are 
long, usually more than half as long as the blades. 

This is a small series of medium-sized species which are chiefly open-pool breeders 
with a tendency to produce forms adapted to salt water. The notorious malaria 
vector of Africa, A. gambiae, now known to be a species complex, belongs to this 
series. The following keys include all the Oriental species, as the Philippine ones 
(parangensis, Zitoralis and Zudlowae) may occur in Borneo. Differences between 
some of the species are small and complicated by geographical variation. 
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KEYS TO ORIENTAL SPECIES OF THE PYRETOPH0RU.S SERIES 

ADULTS 

I Legs speckled . . . . . . . . . . . . . 2 
- Legs not speckled . . . . . . . . . . . . 5 
2 Vein 6 with 3 dark marks, a fringe spot present between veins 5 .I and 5 ‘2 

parangensis (p. 328) 
- Vein 6 with 2 dark marks*, no fringe spot between 5 ‘I and 5.2 . . . . 3 
3 Costa with prehumeral pale spot or at least a few pale scales on the anterior margin 

1itoraliS (p. 327) 
- Costa without any prehumeral pale spot . . . . . . . . 4 
4 Vein I often with 3 dark marks beneath the middle dark mark on the costa, usually 

with a fringe spot between 5.2 and 6 . . . . . ludlowae (p. 327) 
- Vein I with 2 dark marks below the middle dark mark on the costa, seldom with a 

fringe spot between veins 5.2 and 6 . . . . . sundaicus (p. 343) 
5 9 with subapical dark band of palps narrow, about 4 (f-3) as long as the apical pale 

band ; proboscis with a pale mark towards the apex, or if regularly without this pale 
mark (subsp. Zinzosus) the prehumeral area of the costa is dark. J usually with 3rd 
pale band of fore tarsus very narrow, shorter than the width of the tarsus vagus (p. 337) 

- $? with subapical dark band of palps usually broad, about 3 or more (f > I) as long as 
the apical pale band ; proboscis without obvious pale mark towards apex, 

prehumeral area of costa with pale scales anteriorly. 6 with 3rd pale band of fore 
tarsus broader, longer than the width of the tarsus . . . . . . 6 

6 ? with subapical pale band of palps usually 3_ or less as long as the subapical dark 
band which is 3 or more as long as the apical pale band ; mesonotum with a few 
white scales in the fossae . . 

- Q with subapical pale band of palps usually 3 ’ * ’ ’ 
subpictus (p. 328) 

or more as long as the subapical dark 
band which is +-+ as long as the apical pale band ; mesonotum sometimes without 
white scales in the fossae . . . . . . . indefinitus (p. 334) 

PARTIAL KEY TO PUPAE 

I Paddle hair 3 or more as long as the paddle, hair I,IV usually with 7 branches 
parangensis (p. 328) 

- Paddle hair less than 3, usually less than 3 as long as the paddle, hair I,IV usually 

with fewer than 6 branches . . . . . . . . . . 2 

z Hair I,IV usually simple . . . . . . . . . Zitoralis (p. 327) 
ludlowae (p. 327) 

- Hair I,IV usually branched . . . . . . . . . . 3 
3 Hair 6,1V usually simple and nearly as long as the segment, paddle fringe hairs with 

the tips difficult to see, not clearly hooked . . . . . vaus (P. 337) 
- Hair 6,1V usually 2-4 branched and about 3 or less as long as the segment, paddle 

fringe hairs with hooked tips fairly easily seen with high power . subpictus (p. 328) 
indefinitus (p. 334) 
sundaicus (p. 343) 

LARVAE 

I Outer clypeal hairs $ or more as long as inner, posterior nearly as long and placed 

far back and wide apart . . . . . . . . . . 2 
- Outer clypeals short, about + as long as inner, posterior also short and (except in 

subsp. Zinzosus) placed far forward and close together . . . VwJ~ (P. 337) 

* Baisas & Dowel1 (1967) report specimens of Zudlowae from Luzon, Philippines, with 3 dark marks. 
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- 

One of the long pleural hairs of the pro- and mesothoracic groups feathered 
parangensis (p. 328) 

Long pleural hairs of the pro- and mesothorax not feathered, all simple or with a few 
distal branches . . . . . . . . . . . . 3 

Lateral hairs IV-VI with branches arising some distance from the base along the 
length of the hair, commonly 4 branches on IV . . . ludlowae (p. 327) 

Lateral hairs IV-VI with branches arising near the base and close together, often 
with 2 or 3 branches on IV . . . . . . . . . . 4 

Outer clypeal hairs usually more than + length of inner, the inner shoulder hair 
seldom with more than 8 branches, commonly less . . . Zitoralis (p. 327) 

Outer clypeal hairs usually less than + length of inner, the inner shoulder hair usually 
with more than 8 branches . . . . . . . . . . 5 

Mesothoracic hair 4 commonly with 3 branches from near the base sundaicus (p. 343) 
Mesothoracic hair 4 commonly with 2 branches, if with a third branch this arises 

from about halfway along the hair . . . . . . . . . 6 

Palmate I weak, seldom with more than 6 leaflets and those without serrations, inner 
shoulder hair with 8-13 branches . . . . . . subpictus (p. 328) 

Palmate I stronger, seldom with less than 8 leaflets some or most of them with 
serrations, inner shoulder hair usually with 14 or more branches indeflnitus (p. 334) 

Among the seven species included in these keys, only the four definitely known to 
occur in Malaya and Borneo are described and illustrated. The following are brief 
notes on the other three species. 

A. litoralis King, 1932. This species has speckled legs and appears to be the 
Philippine equivalent of sundaicus which it closely resembles, but it does not appear 
to be a vector of malaria. Larvae are found in brackish water but differ from those 
of sundaicus as indicated in the key ; in addition, mesothoracic hair 4 usually has z 
branches and the transsutural hair seldom more than 3, instead of the 3 branches 
usual on mesothoracic hair 4, and the 4 or more branches usual on the transsutural 
hair in sundaicus. Adults have a prehumeral pale spot on the costa, and the pre- 
apical dark mark is usually shorter than in sundaicus, seldom more than I$ times as 
long as the SC pale spot compared with 2-4 times as is usual in sundaicus. Phallo- 
some leaflets have serrations seldom seen in sundaicus. The egg, figured by Urbino 
(1936)) seems a little different from that of sundaicus, having a considerably narrower 
frill. 

Records of this species from northern Borneo (Hodgkin in McArthur, 1950) 
require confirmation, but I have seen one larva believed to be from Jesselton 
(McArthur, Jan. 1942). 

A. hdlowae (Theobald), 1903 ; Myzomyia ZudZow,ii, named for Miss Ludlow 
(amended, Stone, 1957, to ae, see Stone, Knight & Starcke, 1959). This is another 
speckle-legged Philippine species closely resembling sundaicus which was previously 
confused with it. King (193zb) has pointed out the differences. Larvae are found 
in fresh water and are best distinguished from those of sundaicus by the appearance 
of the lateral hairs on abdominal segments IV-VI (see the key and fig. 172). Adults 
are distinguished as in the key, and in addition the preapical dark mark on the 
costa tends to be like that of Zitoralis, shorter than in sundaicus, usually less than 
twice the SC pale spot, also the extreme base of the costa where it joins the thorax 
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usually has some pale scales not present in sundaicus. The eggs (Urbino, 1936) are 
quite different from those of smdaiws and lack floats. 

Outside the Philippines this species occurs in Taiwan, Hainan Island, Celebes and 
the Moluccas ; records from northern Borneo require confirmation. It is not a 
vector of malaria in the Philippines, but is considered to be a vector in Celebes where 
the varietal name torakala has been applied to it (van Hell, 1952 ; Stone, Knight & 
Starcke, 1959). 

A. parangensis (Ludlow), 1914. This is the third Philippine speckle-legged 
species ; it occurs also in Celebes and possibly the Moluccas. It is a rather distinc- 
tive species with strongly speckled legs, and is readily distinguished as in the keys. 
In addition the male genitalia are peculiar, the phallosome leaflets are replaced by 
an inflated membrane with lateral corrugations, and the parabasal and harpago 
spines are variously modified (see illustrations in Bonne-Wepster & Swellengrebel, 

1953 ; King, Ig32b). Not known to be a disease vector. 

Anopheles subpictus Grassi, 1899 (Feb.) 

R. C. Accad. Lincei 8 : IOI. 
TYPE : from Calcutta, India, in Rome Univ. Mus. 
rossii Giles, 1899 (Oct.). J. tvop. Med. z : 63. $, 9 types from India (probably Calcutta) in 

BMNH. 

DIAGNOSIS. Group characters : $? palps with three pale bands, fore tarsi with 
fairly broad pale bands, hind tarsi with narrower bands the fifth segment dark, 
thorax with propleural setae. Pupa with hair g,I simple and about twice as long 
as the segment. Larva with clypeal hairs usually simple, shoulder hairs with small 
separate roots and abdominal palmate hairs with long slender filaments. Specific 
characters : legs not speckled, subapical dark band of $2 palps usually half or more 
as long as apical pale band, proboscis all dark. Larva with outer clypeal hairs half 
or more as long as inner, first abdominal palmate hair weak the leaflets usually 6 or 
fewer and without clearly differentiated filaments, inner shoulder hair with 8-13 
branches. 

FEM_~LE (figs. 161, 162). Head. Palps same length as proboscis, somewhat 
shaggy, with three pale bands, the apical broad but variable so that the subapical 

FIG. 161. A. subpictus, adult and larva. 1, wing ; 2, $ and 9 palp ; 3, legs, a fore leg, 
b mid tarsus, c hind tarsus ; 4, vertex ; 5, cibarial teeth, a anterior view of cone showing 
root, b lateral view of same, direction of root indicated by dotted line, c lateral and 
anterior view of rod, d, looking down on crest, the cone itself and rod at side directed 
towards observer - a very usual view when armature is mounted whole (the general 
effect given in 8b), e posterior view of crest (right), and scallop (left) from which rod 
arises (see SC) ; 6, apex of harpago ; 7, leaflets on one side of phallosome ; 8, three 
views of cibarial armature as a whole, a oriented to show cones as in 5a, the rods oblique 
and only partially in focus, b oriented to show as in 5d, c oriented to show as in 5e, 
the rods placed in somewhat schematically ; 9, clypeal hairs of larva (those of indefinitus 
and suwdaicus are similar) ; 10, a-c, basal tubercles of pro- meso- and metathoracic 
pleural hairs. 

(From Christophers) 
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dark band which intervenes between it and the subapical pale band varies from 
3 to 18 times the length of the apical pale band. In Indian specimens the subapical 
(or intervening) dark band is on average about equal to the apical pale band (range 
j-16) ; in Malayan specimens the apical pale band is broader so that the subapical 
dark band is only j-8 as long. Subapical (or preapical) pale band narrow about + 
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or less as long as the subapical dark band. Proboscis dark. Head scales broad 
with the usual white patch on the vertex and white frontal tuft, the latter bifurcate. 
Cibarium as for series, with rods and cones, the cones with deep roots and a single 
row of spines on the pediment. 

Thorax. Mesonotum with the usual pale scales on the anterior promontory 
passing into dark ones ventrolaterally, elsewhere with a variable number of narrow 
or moderately broad pale scales, some pale scales in the fossae. Anterior pronotal 
lobes without scales. Propleural setae 2-3. 

Legs. Not speckled, often pale below, femora above with areas of darker scales 
at base and apex, and one or two pale areas at apex. Fore tarsi with first three pale 
bands fairly broad, lying across the joints, fourth narrow, faint or absent. Mid and 
hind tarsi with narrower mainly apical pale bands, the hind tarsi with four bands, 
last hind-tarsal segment dark. 

Wings. As illustrated, fairly pale, about 3 mm. long. Costa with the following 
pale spots : prehumeral, varying from complete to incomplete with only a few pale 
scales on the front margin ; humeral ; presector ; sector, usually complete ; sub- 
costal, usually rather longer than the preapical dark mark in Indian specimens, 
shorter or longer in Malayan ; preapical. Dark marks, other than those on costa 
and vein I, mostly small. Pale fringe spots at ends of all veins and often one 
between 5.2 and 6 and between 6 and base. 

Abdomen. With a few narrow mainly pale scales on hind margins of last two 
segments, above and below, and on cerci. 

MALE (fig. 161). In general as in female. Palps as illustrated, the club mainly 
pale. Third fore-tarsal pale band usually fairly broad, as broad as or broader than 
the width (thickness) of the tarsus (cf. vagus). Dorsum of abdominal segment VIII 
with pale scales, coxites with pale and dark scales. Phallosome with 6-8 pairs of 
leaflets, the smallest spicular, the largest blade-shaped, often with some shallow 
basal serrations, 38 ~1 long in a Malayan specimen (King, Igpb, found av. 57 JJ in 
specimens from Sind, W. Pakistan). Harpago with strong apical seta twice as long 
as the club and between this and the club a much smaller seta about Q as long as 
the club. 

PUPA (fig. 162). Ten Malayan specimens examined. Trumpets simple, meatus 
between $ and 5 the trumpet length. Lateral spines V-VII often curved inwards 
and tapering to long slender points, spine VII about $ length of tergite. Hair g on 
abdominal segment I long and simple, about twice as long as the segment. Hair I 
with 6-10 branches on II, 3-4 on IV, simple on V-VII and very long, about 13 times 
as long as the segments. Hair 5 with 3-7 branches on IV and 2-4 on VII, about 2 
as long as the segments. Hair z with 3-4 branches on IV and 1-3 on VII. Hair 
6,1V is 8 or less as long as the segment, with 1-3 branches usually z (cf. vagzts). Paddle 
about $ as wide as long (index 1.3-1.4), refractile border about $-Q its length with 
small clearly defined teeth, fringe hairs with hooked tips (see also fig. 171), medial 
border of paddle bare, terminal hair long and hooked. 

LARVA (figs. 161, 163). Head. Clypeal hairs slender, simple, outer a little over 
half length of inner, posterior a little shorter than outer and with bases placed far 
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back and a little wider apart than inner. Sutural hair simple or bifid, transsutural 
with 2-6 branches. 

Thorax. Shoulder hairs with small separate roots, inner hair not stout or bushy, 
with 8-15 branches. Mesothoracic hair I with 21-34 branches ; hair 4 (fig. 163d, 
e, g) usually with 2 branches which are sometimes distal, occasionally the hair is 

d 

FIG. 162. A. subpictus, adult, pupa, egg. a, distal half of ? palp and proboscis, Nalayan 

specimen ; b, pupal trumpet ; c, end of abdomen of 3 pupa, right half, dorsal, with 
portion of paddle border enlarged to show most distal tooth followed by three fringe 
hairs with hooked tips ; d, egg, dorsal view (Java salt-water form, probably that of 

subpictus) ; e, egg, dorsal, lateral and t dorsal views (India). 
(d, after Walch & Walch-Sorgdrager ; e, after Christophers & Rarraud) 

simple, rarely with a third branch about half way from the base (cf. sundaicus, 

13. 346). Metathoracic palmate undeveloped with 1-5 branches. Pleural long 
hairs simple on pro- and mesothorax or sometimes one hair of a group split into a 
few distal branches, both long hairs of metathorax feathered. 

A bdomen. Palmate I weak with 3-8 leaflets, usually 6 or fewer, without clearly 
differentiated filaments and without serrations (fig. 163b). Palmates II-VII fully 
developed, rather evenly pigmented, filaments usually rather sharply differentiated 
and from over half to about as long as the blades, palmate IV with 9-17 leaflets. 
Lateral hair IV split into 2-3 branches near the base. Tergal plates moderate to 
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small, smallest on II, posterior plates present from III-VII. Pecten with about 
11-14 teeth mostly of rather even length. Postspiracular hair with 4-8 branches. 

EGG (fig. 162). Walch & Walch-Sorgdrager (19x5, 1936) describe two main 
types of egg of ‘ subpictus ’ in Java, and Urbino (1936) describes three types in the 
Philippines. The Java fresh-water type is obviously very similar to Urbino’s type I 

FIG. 163. A. subpictus larva, also A. indejinitus (f). a, shoulder hairs ; b, abdominal 
palmate I ; c, leaflets from abdominal palmate IV ; d-g, mesothoracic hair 4, simple 
to s-branched, f is indefinitus ; h, lateral hair IV ; i, pecten. 
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and is probably the egg of A. indejinitzts (fig. 164). The Java salt-water type of egg 
(fig. 16zd) is probably that of sz@ict~s ; it differs from that of indefinitus mainly 
in having a much narrower frill, usually not projectin g laterally beyond the edges of 
the floats (which can be seen through the frill) when the egg is viewed from above, 
as the frill does in inde$nitus, also the deck is slightly narrowed in the middle and 
the number of float ribs is a little lower (av. 19 compared with av. 21). The egg of 
s~b$ictz~s from India (fig. 16ze), as described by Christophers & Barraud (1931), 
resembles that from Java in the breadth of the frill in relation to the floats, but is 

compared with an average of 0.46 mm., and with considerably longer, o -66 mm., 
many more float ribs (30-40). 

NOTES. It appears that A. sub$ictus, which until recently has been confused 
with indefinitus, has a restricted distribution in Malaya and is probably confined to 
the coast, possibly in the northern half of the country. Reid (1966) has shown that 
the commoner inland form of ‘ s~b~ictus ’ in Malaya is A. inde$nitus (= A. szab~5ictza 
malayensis) ; for differences see under that species.* 

Distribution. This is uncertain as some of the records may refer to inde$nitm, 
but subjictus probably occurs alone from the Middle East to India. From Malaya 
eastwards szcb$ctus overlaps with inde$nitus and seems often to be a coastal species ; 
it may be absent from Taiwan and the Philippines but is present in Java, Celebes 
and New Guinea. Records from Indo-China and south China might refer to either 
species, and the same applies to a doubtful record from south-east Borneo (Pulau 
Laut). 

Habits and vector status. In India larvae are typically found in muddy pools, 
often near houses, also in brackish water on the coast. In Malaya and Java, 
.sub@ctus seems to be confined to the coast ; possibly it is excluded from muddy 
pools inland by the common A. vaps which already occupies this niche but appears 
to be less common in India. Adults are found in cattle sheds and houses but usually 
only a small proportion have fed on man. 

It is not regarded as a malaria vector of any importance in India though a few 
infected specimens have been found ; it appears to be a vector of some importance 
in Celebes (van Hell, 1952), and records of infections from the coasts of Java and 
Indo-China probably refer to this species (Covell, 1944). Sundararaman et al. (1957) 
found subpictus to be a minor vector of malaria on the south coast of Java, while 
Ferriera & Breda (1962) considered it and szmdaicus to be the main vectors around 
Dili in Portugese Timor. It can be infected experimentally with Wzhchereria 
bancrofti and there is one record of a natural infection with this filaria in India 
(Raghavan, 1961), but it is not usually regarded as a vector of human filariasis. 

*Stone (1967) records a new varietal name, subpictus var. vadakadiensis Doraisamy, 1963 (Hull. Ent. 
Loyola CoZZ. 4 : 42), based on larvae with bifid inner clypeal hairs from turf pools near Vadakadu on 
Rameswaram Island, Madras. Possibly this is A. indefinitus. 
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Anopheles indeflnitus (Ludlow), Igo4 

;%!Tyzomyia rossi var. indefinita Ludl., Canad. Ent. 36 : zgg. 
TYPES : from Philippines in U.S. Natn. Mus. 
formosaensis II Tsuzuki, 1 goz. Saikingaku Zasshi 75 : 28, I 3 in balsam on slide in BMNH. 
trimaculatus Tsuzuki, r 907. Zool. jb., .4bt. syst. 25 : 549. Formosa ; var. of formosaensis 11, 

type unknown. 
subpictus var. malayensis Hacker, 192 I. Rep. Malar. Bw. F.,ZI.S. L : I. ;I series from Malaya 

with larval skins in BMNH. 
szcbpictus var. indejinitus of King, 1932 and later authors. 

DIAGNOSIS. As for subpictus but subapical dark band of $! palps a little shorter 
Q-3 as long as the apical pale band, proboscis may be faintly pale towards tip. 
Larva with stronger first abdominal palmate hair, the leaflets usually 8 or more 
and with clearly differentiated filaments, inner shoulder hair usually with 14 or more 
branches. 

Very closely resembles subpictus, differs mainly as follows :- 
FE~~ALE (fig. 164). The apical and subapical pale bands of the palps a little 

broader, so that in Malayan specimens the subapical (or preapical) pale band is 
usually from 3 to as long as the subapical (or intervening) dark band (compared 
with &Q in Malayan subpictus), whilst the dark band is usually from 3-3 as long as 
the apical pale band (compared with &-+ in Malayan subpictus). Proboscis often 
with a faint pale area towards the tip in Malayan but not in Philippine specimens. 

Mesonotum often with fewer or narrower scales, so that many specimens lack 
obvious pale scales in the fossae ; those of sternite VIII may also be absent. 

No constant differences could be found in wing markings of either sex of Malayan 
specimens of the two species, nor in the size and shape of the phallosome leaflets 
and other parts of the male genitalia, 

PUPA. Ten Malayan specimens examined. Very similar to that of stibpictus 
but average number of branches on some hairs a little higher, in particular hair 
z,VII has 3-5 branches compared with 1-3 in subpictus. Specimens in which the 
sum of the branches on both hairs z,VII is more than 6 are very probably indeJinitus 
and those in which this sum is less than 6 are very probably sub$ctus. Hair 2,1V 
with 3-6 branches. Paddle slightly narrower, about 8-t as wide as long (index 
I ‘4-1.5). Philippine specimens seem to be very similar, and Baisas (1936) records 
3-6 branches on hair 2,VII. 

LART~A (fig. 164). Differs slightly in several respects, and tends to have more 
branches on a number of hairs. 

Head. Inner clypeal hairs usually simple but one or both bifid in about 20 per 
cent. of Malayan specimens (bifid in most Indonesian specimens according to Bonne- 
Wepster Pr Swellengrebel, Ig53), rarely with three branches ; outer and posterior 
clypeals also occasionally forked. This branching of the clypeal hairs is commoner 
in earlier instars as was noted by Barber (1918). Transsutural hair with 4-7 
branches. 

Thorax. Inner shoulder hair with 11-21 branches, usually 14 or more. Meso- 
thoracic hair I usually larger and with more than 30 branches (2350) ; hair 4 as in 
subpictus, usually bifid (fig. 163f). Metathoracic hair I with 3-6 branches. 
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A bdonaen. Palmate I (fig. x64b) much stronger with 6-17 broader leaflets, usually 
more than 8, mostly with serrations and well differentiated filaments. Other 
palmate hairs often somewhat larger and with more abruptly defined shoulders, 
palmate IV with 14-18 leaflets. Pecten often with short and long teeth of more 
markedly different length. Postspiracular hair with 7-9 branches. 

EGG (fig. 164). What is probably the egg of inde$nitus is described and illustrated 
by Urbino (1936, type I) for the Philippines, and by Walch & Walch-Sorgdrager 

FIG. 164. A. indefinitzts, adult, larva, egg. a, distal half of ‘$) palp and proboscis, 
Malayan specimen ; b, abdominal palmate I of larva ; c, leaflets from abdominal 
palmate IV ; d, inner shoulder hair ; e, pecten ; f, egg, dorsal view (Philippines, after 
Urbino, 1936, type I, probably that of indefinitws). Note : b and c same scale as b and 
c in fig. 163. 
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(1935, 1936, stibfiictz~, fresh-water form) for Java ; the two descriptions agree well. 
As in subpictus the deck occupies the whole dorsal surface of the egg body and is 
covered by coarse subtriangular columellae giving a granular appearance, and the 
floats occupy about half the total length of the egg with about 18-24 ribs ; but the 
transparent striated frill is much wider than in sub$ictus and viewed from above 
extends laterally well beyond the edges of the floats and may be as much as twice 
the width of the floats. 

Walch & Walch-Sorgdrager (1936) sub-divide their fresh-water form eggs (prob- 
ably indefinitus, see above) into those with coarser and those with finer columellae 
on the decks. Urbino, in addition to his type I (probably indeftnitus eggs, see 
above), describes two other types of ’ subpictus ’ egg in the Philippines ; type 2 

with a much narrower transparent frill not nearly as wide as the floats, and type 3 
with an opaque frill nearly as wide as the floats which are about 8 the length of the 
egg. One cannot say whether either type 2 or type 3 corresponds to the salt-water 
type in Java, assumed here to be the egg of sub$ictus (p. 333) ; type 3 resembles it 
in the width of the frill and the slight narrowing of the deck in the middle, though 
not in the opaqueness of the frill or the longer floats ; in these two features type 3 
resembles the egg of subpictus in India as described by Christophers & Barraud 

(1931) * 
NOTES. Reid (1966) has shown that in Malaya two species have been confused 

under the name A. subeictus malayensis. The commoner, inland, or fresh-water 
form is A. inde$nitus (previously treated as a sub-species of subeictus) of which 
subpictus malayensis is a synonym ; the less common, coastal, or salt-water form is 
A. subpictus. A similar situation seems to exist in Java where differences between 
larvae and eggs of ’ salt-water ’ and ’ fresh-water ’ ‘ subpictus ’ have long been 
known (Walch & Walch-Sorgdrager, 1935 ; Bonne-Wepster & Swellengrebel, 1953). 
In the Philippines, the type locality of inde$nitus, King (Ig32b) was unable to find 
any important difference between larvae from fresh and salt water, and the same 
was true of subpictus in India (Christopher, 1933). It appears that both species 
can tolerate brackish water, but that subpictus probably has a greater salt tolerance 
and that where their ranges overlap, as in Malaya and Java, subpictus tends to be 
confined to salt water from which indefinitus is usually absent. 

Although King did not detect more than one form of indejinitus in the Philippines, 
Urbino (1936) has described three types of egg (see above), and it may be that 
’ subpictus ’ consists of more than the two species distinguished by Reid. Tsuzuki 
described A. fownosaensis II from Taiwan in 1902, but the name is invalid as the 
combination of a name and a numeral is inadmissible. For some time his name 
was thought to be a synonym of vagus, but this species is not found in Taiwan and 
the species present is believed to be A. indefinitus as in the Philippines. One of 
Tsuzuki’s specimens, a male mounted in balsam on a slide, is in the British Museum 
and appears to be inde$nitus, not vagus, as the fore tarsi have a fairly broad third 
pale band (contra Christophers, rg24), and the prehumeral area of the costa has 
pale scales. Later Tsuzuki described a variety, trimaculatus, of his formosaensis II, 
differing by having 3 main dark marks on the costa instead of the usual 4. His 
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photograph shows the sector pale spot of trimaculatus to be incomplete, not breaking 
the front margin of the costa. Probably this is a normal variant of no significance, 
for he obtained both 3 spot and 4 spot offspring from mothers of each form, and 
King (1932b) records 12 per cent. of fresh-water indefinitus in the Philippines with 
this spot incomplete or absent. But the name triunaculatus appears to be valid 
and might need to be considered (as might rossii Giles) if further species are dis- 
covered in ‘ sub$ictz~s ‘. 

Distribution. As with subpictus this is uncertain at present, but is at least from 
Malaya and Java to Taiwan and the Philippines. A. indeftnitus became established 
on Guam in the western Pacific sometime between 1945 and 1948 (Reeves & Rudnick, 
1951). On the mainland of Asia it might be expected to occur as far west as Assam, 
and presumably it is present in Thailand, Indo-China and south China. In the 
Malay Archipelago it presumably occurs in Sumatra as well as Java, but how far it 
extends east of Java is not known. It may be absent from Borneo (see under 
sub$ictus) . 

Habits and vector status. Larvae are typically found in grassy pools, ponds and 
ditches, not in the small muddy pools favoured by sz~b$ictz~s in India ; in Malaya 
these latter sites are occupied by vagus. Larvae are usually found in fresh water 
but can also be found in slightly brackish water, at least in the Philippines. Adults 
feed mainly on cattle and there is no evidence in the Philippines or Malaya that it is 
a vector of human disease though adults can be found in houses. On the south 
coast of Java, where Sundararaman et al. (1957) found subpictus to be a minor 
vector of malaria, they found no infections in this species. 

Attopheles vugus Dijnitz, 1902 (about Sept., see Christophers, 1916) 

2. Hyg. InfektKy. 41 : 80. 
TYPE : $? from Fort de Kock, west coast of Sumatra, in 2001. Mus. Berlin. 
~ossii var. indejinitus of many authors but not of Ludlow, Igod. 
imvnaculata James, 1 goz. Sci. f&fern. med. sanit. Dept. Govt. India 2 : 35 (prob. after Sept., 

received in BMNH 6 Feb. 1903). Type : $? from Ennur, Madras, in BMNH. = $azla 
Swellengrebel, 1917. Geneeslz. Tijdschv. Ned.-Ind. 57 : 807 ; 3, 9 from Soerabaia, Java, in 
BMNH, synonymy by Edwards & Swellengrebel, Bull. ent. Res. II : 77, footnote. Also 
? = flavescens Swellengrebel, rgzr (Zudlowi var.). *Weded. kolon. Inst. Amsterdam (Trap. 
Hyg.) no. IO. 15 : 47 ; ? from Soerabaia, no type. 

DIAGNOSIS. Legs not speckled, subapical dark band of $? palps usually narrower 
than in subpictus and indeftnitus, about $ as long as apical pale band, proboscis with 
a fairly obvious pale mark towards the tip except in subsp. limosus King, which 
has the prehumeral area of the costa all dark. Larva with short outer clypeal hairs 
about Q as long as the inner, posterior only a little longer and, except in subsp. 
limosz~s, placed far forward and closer together than inner. 

FEMALE (figs. 165, 166, 167). Very similar to those of subpictus and inde$nitus, 
particularly the latter, though slightly larger on average, the wing about 3.5 mm. 
long. Differs mainly as follows . *-The apical pale band of the palps is usually 
broader and the subapical dark band narrower, so that the latter is about $ (5-h) 
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the length of the apical pale band instead of about 3 (&+) as in inde$nitus ; variants 
with more extensively pale palps are sometimes encountered. Except in subspecies 
Zimosus the proboscis of vagus nearly always has a fairly obvious pale mark towards 
the tip, not present in sub$ct~s and indejinitus, though the latter may have a faintly 
pale area in Malayan specimens. The wing differences indicated by Christophers 
(1933) do not hold in Malaya where there seem to be no constant differences between 

FIG. 165. A. vagus, from Stanton. Female and head of larva. 
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the wing patterns of the three species ; vagus Zimosus, however, lacks pale scales 
on the prehumeral part of the costa nearly always present in some degree in vagus 
vagus, subpictus and inde$nitus. 

MALE (fig. 166). Barely distinguishable from males of subpictus and indejfinittis 
except that the third fore-tarsal pale band is usually narrower, not as long as the 
width of the tarsus, and the largest phallosome leaflets are longer (King, 19323, 
found the longest averaged 68~ in subsp. limosus). 

PUPA (fig. 168). Fully described by Crawford, very similar to that of subpictus 
but hair 6,1V usually simple and as long as or nearly as long as the segment ; Baisas 

FIG. 166. A. vagus, adult and larva. 1, wing ; 2, 6 and Q palp ; 3, cibarial teeth, 
a anterior view of cone, full length of root not shown, b lateral view of same, c lateral 
view of rod, d posterior view of cone (right) and basal scallop of rod (left) ; 4, apex of 
harpago ; 5, leaflets on one side of phallosome ; 6, larval clypeal hairs of vagus vagus ; 
7, same of vagus livnosus. 

(From Christophers) 
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(Ig36b) says this hair is usually bifid in vagzis Zimosz~s but it was simple, at least on 
one side, in a few specimens examined. Paddle fringe hairs weaker, tips not as 
clearly hooked as in subpictus, paddle index and refractile border similar to those of 
subpictus. 

LARVA (figs. 165, 166). Similar to that of subpictus but distinguished by the 
shorter outer and posterior clypeal hairs. The following description is partly from 
Gater (19x4, v. vagus) and King (1932, v. Zimos~s). 

Head. Clypeal hairs : inner simple occasionally forked ; outer small 54 length 
of inner and close to them, usually simple ; posterior slightly longer than outer, 
simple, and in vagus vagus (fig. 166/6) placed far forward and closer together than 
the inner, but further back and only slightly or not closer together than inner in 
vagus limosus (fig. 166/7). T ranssutural hair (outer occipital) with 4-7 branches 
(Gater, v. vagus), or 3-4 (King, v. Zimosz~). 

Thorax. Inner shoulder hair 12-21 branches (Gater), 10-18 (King), middle hair 
11-20 (Gater) and g-17 (King). Metathoracic palmate with 1-6 filamentous 
branches or narrow leaflets. Long pleural hairs all simple on pro- and mesothorax, 
branched on metathorax but one of the two more sparsely branched than the other, 
instead of both feathered as in subpictus (Colless, 1948). 

A. vugus, adult and egg. a, distal half of $2 palp and proboscis, Malayan 
specimen ; b, distal half of proboscis subsp. Zirnosus, specimen from northern Borneo ; 
c, egg, dorsal and lateral views (India, after Christophers & Barraud) ; d, egg, dorsal 
and lateral views (Java, after Walch & Walch-Sorgdrager). 



FIG. 168. A. vagus, 9 pupa. 1, abdomen and metathorax, dorsal hairs on left, ventral 
on right (but see legend, fig. 29) ; 2, trumpet ; 3, lateral spines ; 4, lateral border of 
paddle. (From Crawford) 
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Abdommz. Palmate I small the leaflets sometimes with differentiated filaments, 
other palmates well developed with long filaments. Lateral hair on IV usually 
with z or 3 branches arising close together not far above the base. Long and short 
pecten teeth usually well differentiated. 

EGG (fig. 167). The descriptions and figures (fig. 167d) of the egg of vagzbs vagus 
in Java (Walch & Walch-Sorgdrager, 1935), and of vagus Zimosus in the Philippines 
(Urbino, 1936) agree closely. The egg is about 0.5 mm. long and about o.I&o.Ig 
mm. wide, the floats are about 0.6 of the length of the egg with some 20-30 ribs. 
The deck is not quite as wide as the dorsum of the egg which is visible from above 
between the floats and the frill which does not overlie the floats, the deck is some- 
what angled near the ends of the floats and slightly narrowed in the middle. The 
egg of vagus in India (fig. 167~) as described by Christophers R- Barraud (1931) is a 
little different ; in particular, viewed from above, the deck covers the whole dorsum 
of the egg body, and the frill partly overlies the floats ; although about the same 
length, 0.49 mm., the Indian egg is narrower, 0.16 mm. 

NOTES. In Malaya the larvae of vagus are easily recognized and separated from 
those of indejinitus, sub$ictus and sundaicus by the position of the posterior clypeal 
hairs, far forward and close together. But adults are not always easy to distinguish 
from those of indeftnitus, and to a lesser extent subpictus, for though most females of 
vagus have a narrower subapical dark band on the palps, there is some overlap in 
this character, as was shown by Barber (1918). The figures in his Table IC indicate 
that in his samples about 12 per cent. of his rossi type form (= inde$nitzhs, possibly 
including about g per cent. of subpictus from brackish water) had the subapical 
dark band $ or less the length of the apical pale band, while about 15 per cent. of 
his rossi var. indejinitus (= vagus) had this band 4 or more as long as the apical 
pale band. So, if one relied only on the width of the palp bands, more than IO per 
cent. of females of vagus could be mistaken for indeJinitzts and vice versa. However, 
the presence of the pale mark towards the end of the proboscis of female vagus 
vagzbs will identify most doubtful specimens. 

In Borneo there should be little difficulty as subpictus and indejnitus appear to be 
rare or absent. In northern Borneo, vagus is represented by the Philippine sub- 
species Zimosus (vagus var. Zimosus King, 1932) which lacks the pale mark towards 
the end of the proboscis but has the prehumeral area of the costa all dark ; the 
larva has the posterior clypeal hairs in a more usual position instead of far forward 
and close together as in vagus vagus, but it has the same short outer clypeals. A. 
vagus vagus is recorded from south-eastern Borneo, and, if the two forms should be 
found to overlap anywhere in Borneo without interbreeding, Zimosus would have to 
be treated as a distinct species. 

Pale variants of vagus are not uncommon, and in the more extreme of these most 
or all of the dark scales are pale and the whole mosquito is straw-coloured except for 
the dark thoracic and abdominal integument. Such forms have been described 
under the names immaculata James, 1902, java Swellengrebel, 1917 (preoccupied 
byJlava Ludlow, rgo8 = Kochi), and albino Stoker & Waktoedi, 1949 ; Zudlowi var. 
$avescens Swellengrebel, 1921, may also be a pale form of vagzbs (see p. 347). 
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Distribution. Throughout eastern and southern India as far west as a line be- 
tween Bombay and Nepal, in Ceylon, the Andaman Islands, Burma and eastwards 
on the mainland to south China, through the Malaya Peninsula and Indonesia 
as far east as the Moluccas, and northwards into Borneo and the Philippines but not 
Taiwan. Records from New Guinea are probably incorrect. 

Habits and vector status. Larvae are typically found in open muddy pools and 
in hoof marks, ditches, etc., often in rather foul water, sometimes in brackish water. 
Adults rest indoors by day as well as outdoors, but few bite man and the species is 
strongly attracted to cattle. It is not regarded as a vector of human disease. 

Anopheles sundaicus (Rodenwaldt), 1925 

hfyzomyia ludlowi var. sundaica Rodn., Geneesk. Tijdschr. Ned.-Ind. 65 : 185. 
TYPE : none ; type locality, Sunda Islands, Indonesia. 
Zudlowii of many authors but not of Theobald, 1903. 

DIAGNOSIS. Adult differs from the three preceding species chiefly in having 
speckled legs (distinguished from related species with speckled legs as in the key, 

P. 326). Larva very similar to those of sub$ictm and indejinitus, particularly the 
latter, best distinguished by mesothoracic hair 4 usually x-branched instead of 
z-branched. 

FEMALE (figs. 169, 170). Similar in general to that of sub$ictus but with speckled 
legs. 

Palps with subapical dark band from about 4 to about as long as apical pale band, 
usually a little shorter. Proboscis all dark. 

FIG. 169. A, sundaicus female, from Stanton, 
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Wings usually distinctly darker than in sz@ictz~s, the white spots shorter, middle 
dark mark on vein I nearly always with a small proximal dark mark sometimes 
absent in sz@ictus, seldom with the fringe spot between 5.2 and 6 usually seen in 
s~bpicttzs, but the only constant difference seems to be that the prehumeral area of 
the costa is all dark, whereas in subpictus there is nearly always a prehumeral pale 
spot or at least some pale scales on the front margin. There is geographical varia- 
tion in the size of the dark marks on the costa, and the preapical dark mark is 
rather shorter in specimens from Borneo than in those from Java or Singapore ; 
the preapical dark mark averages about 56 per cent. of the length of the subcostal 
plus preapical pale spots in those from Java and Singapore, compared with about 
47 per cent. in those from Borneo, and compared with 38 per cent. in A. Moralis 
(Colless, 1948). 

FIG. 170. A. sundaicus, adult. 1, wing ; 2, 3 and $? palp ; 3, fore leg ; 4, cibarial teeth, 
a lateral view of cone, B same of rod ; 5, apex of harpago ; 6, leaflets on one side of 
phallosome. 

(From Christophers) 
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FIG. 171. A. swdaicus, $ 

ventral on right (but see 
border of paddle. 

pupa* 1, abdomen and metathorax, dorsal hairs on left, 

legend, fig. 29) ; 2, trumpet ; 3, lateral spines ; 4, lateral 

(From Crawford) 
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Legs (fig. 170/3) speckled with areas of pale yellowish scales on femora, tibiae and 
first tarsal segments, banding of tarsi as in sz&@ctz~s. 

MALE (fig. 170). Wings and legs similar to those of female. Genitalia similar 
to those of s~bfiictzzs though leaflets usually without serrations, and harpago with 
1-3 small setae beside the large apical seta. 

PUPA (fig. 171). Fully described by Crawford. Not distinguishable at present 
from that of indefcnitus. 

LARVA (fig. 172). Very closely resembles the larvae of subeictus and indefinitus, 
particularly the latter, but the great majority of specimens can be distinguished by 
mesothoracic hair 4 (fig. r72a) which usually has 3 branches from near the base on 
one or both sides (range 2-4), instead of the 2 branches at any distance from the 
base (fig. 163e, f) usual in subpictus and indefinitus (Ghosh, 1932 ; Reid, 1959, 1966). 
Other differences have been described, such as coarser more pigmented spicules on the 
tenth segment, more uneven length of pecten teeth, and greater number of branches 
(7-g) on the postspiracular hair, but these are differences from subpictus (‘salt- 
water form of subpictus’ of Bonne-Wepster & Swellengrebel, 1953, p. 399) not from 
indefbnitus. 

Clypeal hairs similar to those of subpictus (fig. 161), simple, occasionally forked. 
Inner shoulder hair with 8-16 branches. Mesothoracic hair 4 as described above. 

b 

FIG. 172. A. sunduicus, larva and egg, also A. Zudlowae larva (c). a, mesothoracic hair 
4 (cf. fig. 163 d-g) ; b, egg, dorsal and lateral views ; c, lateral hair IV of Zudlowae (in 
sundaicz~s this hair is like that of subpictus, fig. 163 h, as also are the clypeal hairs, cf. 
fig. 161/g). (b, after Christophers & Barraud) 
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Pleural hairs as in .szzb$ictz~s but one of the long prothoracic hairs more often with 2-4 
branches. Abdominal palmate I intermediate between those of sz+ict~s and 
indejinitus, with moderately broad leaflets but usually without obvious serrations 
or well defined filaments. 

EGG (fig. 172). About 0.44 mm. long by 0.16 mm. wide, deck as wide as the egg 
body, slightly narrowed in the middle with some pale punctae around the margins, 
bounded by a wide transparent frill which, seen from above, overlies and is about as 
wide as the floats ; these meet the base of the frill, are about 8-t as long as the egg 
and have about 20 ribs. Eggs from Calcutta described by Christophers & Barraud 
(1931) seem to be very similar to those from the north coast of Java described by 
Walch & Walch-Sorgdrager (1935) ; the latter found eggs of sundaicus from inland 
fresh-water localities in Sumatra indistinguishable from those from coastal salt- 
water localities in Java. 

NOTES. For a long time sundaicus was confused with Zudlowae until Rodenwaldt, 
and later King (1932b), pointed out the differences in the adults and larvae. There 
are also differences in the pupae, while the egg of Zudlowae is very distinct. (See 
keys p. 326, and the notes on Zudlowae, p. 327.) The resemblance between sundaicus 
and Zitoralis is still closer though they appear to be distinct species ; it is not yet 
clear whether both occur in northern Borneo. 

Swellengrebel (1921) named a very pale Anopheline female (or females) from 
Soerabaia, Java, as variety $avescens of Zudlowae (= sundaicus because Zudlowae 
does not occur in Java). If this were correct, the name Javescens would have 
priority over sundaicus, but as the legs were orange brown and unspotted and the 
wings yellow with all dark scales bleached, there are some grounds for questioning 
the identification and the statement that the wings had the typical sundaicus 
pattern. As the specimen or specimens are no longer available it seems reasonable, 
and certainly more convenient, to suppose that they were pale specimens of sub$ictus 
or vagus. The latter seems more probable, as very pale specimens of vagus had 
already been found at Soerabaia (Myxomyia flava Swellengrebel, 1917)) and vagus is 
especially prone to albinism (p. 342). The palps of jiavescens had the outer half all 
pale merging gradually into the darker basal half, and the palps of the type of 
vagus var. immaculata are similar ; this tendency to over-all paleness in the distal 
half of the palps is not uncommon in vagus. 

Distribution. In coastal areas from south-eastern India through Burma, Thailand, 
Malaya, and Indonesia as far east as the Lesser Sunda Islands and south Celebes ; 
also in Borneo and the Andaman Islands, and probably south Indo-China. Not in 
Ceylon or the Philippines, nor in south China or Taiwan where records refer to 
Zudlowae. Found inland as well as on the coast in parts of Sumatra and Java. 

Habits and vector status. Larvae are typically found in sunlit brackish pools with 
algae on the coast, sometimes in dirty water. Also found inland in fresh water in 
various places in Sumatra up to about 3,000 ft. and at a few places inland in Java. 
Larval populations fluctuate widely in response to the varying interactions of tides 
and rainfall. Adults rest by day both outdoors and indoors ; in Malaya they are 
more attracted to cattle than to men but readily bite people indoors. This species 



348 ANOPHELES OF MXLAYA AND BORNEO 

is an important if sporadic vector of malaria throughout its range. Infection rates 

are usually low but are often compensated by the large numbers of sundaicus and 
their considerable flight range of at least a mile. The distribution of the species 
tends to be patchy and it may appear on and disappear from stretches of coast 
(COVell, 1944). 

Xeocellia series 

Christophers, 1924, (as group Neocellia), Indiauz med. Res. Mem. no. 3, p. Or. 

ADULT. Cibarial teeth of female in two rows, one of rods and one of cones, the 
cones without roots but z&h a double YOW of spines on the pediment ; $2 palps with 3 
or 4 pale bands ; no proplezwal setae, pronotal lobes may have a few scales ; top of 
mesonohm -with scales ; legs with tips of hind tarsi zwhite in most species and often 
several segments all white, legs sometimes speckled ; abdomen usually with some 
scales, at least at the tip. 

PUPA. Similar to that of Pyretophorus, but hair 9 on I small, seldom longer than 
the segment ; lateral spines V-VII varying from less than + to more than $ as long 
as the segments ; hair I on V-VII long and usually simple ; paddle hair long and 
hooked ; in some species the paddle teeth on the distal part of the refractile border 
are usually slender and intermediate in character between teeth and fringe hairs 
(fringe teeth, Reid, 1967) ; typically they have a thickened refractile basal half and 
a slender filamentous non-refractile distal half. 

LARVA. Inner clypeal hairs usually with side branches, though sometimes small 
and fine, outer clypeals simple, or with side branches, or bushy. Pleural long hairs : 
prothorax usually with two branched (one, epl, about i length of the other) and two 
simple ; mesothorax, one branched and one simple ; metathorax, both branched. 
Tergal plates medium-sized, about as wide as the diameter of the palmate hairs. 

Small or mostly medium-sized species, usually well ornamented, with a light 
covering of broadish pale scales on the mesonotum. In all species likely to be 
found in Malaya and Borneo the tips of the hind tarsi are white, and in several the 
last two or more segments are entirely white. About a dozen of the Oriental species 
occur in South-East Asia and are included in the keys which follow. Excluded 
are superpictus and p&herrimus which are Mediterranean and Middle East species 
that reach into north-west India, moghtiZensis mainly central, western and north- 
west India, and pattoni of north-central China. Also excluded is errabundus which 
was thought to be from Borneo and related to @ziZippinensis, but is in fact the South 
American A. darlingi (see Reid & Bonne-Wepster, 1966). 

KEYS TO THE SOUTH-EAST ASIAN SPECIES OF THE NEOCELLIA SERIES 

-ADULTS 

1 Legs speckled. . . . . . . . . . . . . 2 

- Legs not speckled . . . . . . . . . . . . 7 
L Hind tarsi with only narrow pale bands, 5th segment dark . . stephensi (p. 351) 
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Hind tarsi with broad pale bands, at least the 5th segment all white . . . 
Idiot more than the 4th and 5th segments of hind tarsi all white . . . . 
3rd, 4th and 5th segments of hind tarsi all white . . . . . . 
4th and 5th segments of hind tarsi all white . . . . theobaldi (p. 
Only 5th segment all white, 4th with a dark band in the middle . maculatus (p, 
Palps of $! with last two pale bands broad and subequal, segment 3 in both sexes with 

some distinct pale spots ; wing vein 3 usually with four dark marks splendidus (p. 
Palps of 9 with apical pale band broad but subapical one narrow, segment 3 in both 

sexes without pale spots ; wing vein 3 with three dark marks . . . . 
Tip of abdomen above (particularly 9) clothed with pale golden scales, wing with 

humeral pale spot on costa usually wider than either of the flanking dark marks, 
vein 5 usually without dark mark at the fork . . . . . jamesii (p 

Tip of abdomen above (particularly 3) without golden scales though with some 
black lateral and white median ones, humeral pale spot narrower than either of 
the flanking dark marks, vein 5 with a dark mark at the fork . . ramsayi (p. 

Hind tarsi with broad pale bands, only the 5th segment all white, 1 palps with four 
pale bands . . . . . . . . . . . karwari (p. 

Hind tarsi with at least the 4th and 5th segments all white and usually the 3rd also, 
$2 palps with three pale bands . . . . . , . . . 

Hind tarsi with only the 4th and 5th segments all white, 0 palps with apical pale 
band about three times as long as subapical dark band . . schueflneri (p. 

Hind tarsi with 31-d, 4th and 5th segments all white, $J palps with apical pale band 
shorter, about 1 to as long as subapical dark band . . . . . . 

Vein 5 with a dark mark in the middle near the fork, subcostal pale spot of costa 
absent or incomplete on vein I in female . . . . annularis (p 

Vein 5 all pale in the middle, subcostal pale spot usually complete on vein I . . 

Apex of hind tarsus I without pale band, ventral pale scales of abdomen more 
numerous with scattered broad ones present as far forward as sternites III or II 

pallidus (p. 
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373) 
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Apex of hind tarsus I usually with a pale band or fleck, ventral abdominal pale 
scales usually fewer and not extending further forward than sternites V or IV . 

Presector dark mark on vein I usually reaching back as far as or overlapping distal 
end of humeral dark mark on costa. Male with a median patch of dark scales 
surrounded by pale scales on sternite VIII . . . . . nivipes (p. 

Presector dark mark on vein I not usually reaching end of humeral dark mark on 
costa. Male with scales on sternite VIII all pale . . philippinensis (p. 

PUPAE 

(The pupa of schtieffneri is not known) 

Hair I on abdominal segments V-VII with side branches . . splendidus (p. 
Hair I on V-VII simple or with only occasional branches . . . . . 
Spine IV usually less than & length of tergite IV, refractile border of paddle \vith 

fringe teeth extending almost to the terminal hair . . . . karwari (p. 
Spine IV is or more (usually about + or more) as long as tergite IV, refractile border 

and teeth seldom extending so far . . . . . . . . . 
Paddle hair, unstraightened, usually 3 or more length of paddle . . . . 
Paddle hair, unstraightened, less than + length of paddle, usually about + . . 
Spine III usually less than + as long as spine IV, paddle with more than IO fringe 

*. , 

352) 

II 

386) 

379) 

351) 
2 

360) 

3 
4 
5 

teeth . . . . . . . . . . . maculatus (p. 353) 

theobaldi (p. 351) 

Spine III usually 3 or more as long as spine IV, paddle with less than IO fringe teeth 
philippinensis (p. 379) 
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Spine VII somewhat more than 3 as long as tergite VII . . stephensi (p. 

Spine VII 3 or less as long as tergite VII . . . . . . . . 
Hair 2,VII usually simple, trumpet with meatus about f its length . ramsayi (p. 
Hair z,VII usually with 2-4 branches, trumpet with meatus about $ its length . 
Hair 9,I usually 3-branched, spine IV usually about 5-t as long as spine V, lower part 

of refractile border of paddle mainly with ordinary teeth without filamentous ends 
annularis (p. 

Hair 9,I usually simple or bifid, spine IV usually about +-+ length of spine jr, lower 
part of refractile border mainly with fringe teeth having non-refractile filamentous 
distal halves . . . . . . . . . . . . 

Paddle hair rather strongly coiled . . . . . . . jamesii (p. 
Paddle hair hooked but not coiled . . . . . . . nivipes (p. 

pallidus (p. 

LARVAE 
(The larva of schueffneri is insufficiently known to be included) 

Outer clypeal hair simple or with only short side branches not more than t the length 
of the hair, not brush-like . . . . . . . . . . 

Outer clypeal hair with long branches, brush-like. . . . . . . 
Outer clypeal hair always simple, inner often simple . . . stephensi (p. 
Outer and inner clypeals always with at least a few fine side branches . . . 
Inner shoulder hair small with less than 15 branches, shortest prothoracic pleural 

hair stout and bluntly barbed along its length . . . . . ramsayi (p. 
Inner shoulder hair usually with more than 15 branches, shortest prothoracic pleural 

hair not stout and barbed but with a few medium to longish branches . . 
Sutural hair usually with 2-4 branches, seldom simple . . . splendidus (p. 
Sutural hair usually simple, seldom more than 2-branched . . . . . 
Lateral hairs on abdominal segments V and VI with 6-16 branches, filaments of 

palmate hairs blunt-ended . . . . . . . . kczrwari (p. 
Lateral hairs on V and VI with 3-6 branches, filaments of palmate hairs sharp- 

pointed . . . . . . . . . . maculatus (p 
theobaldi (p 

Sutural hair simple, sometimes bifid distally . . . . . . . 
Sutural hair split near the base into 2-10 branches . . . . . . 
Palmate hair on abdominal segment I fairly well developed with obvious leaflets 

annularis (p 
Palmate I undeveloped without obvious leaflets, the branches filamentous or almost so 

jamesii (p. 
Posterior clypeal hair with 2-6 branches ; sum of the branches on both posterior 

clypeals plus both abdominal hairs 3,IV is usually less than 15 (8-14). pallidus (p 
Posterior clypeal with 4-11 branches ; sum of the branches on both posterior 

clypeals plus both 3,1V is usually 15 or more (14-25) . . . . . 
Filaments of palmate hairs usually about half as long as the blades which are usually 

lightly and evenly pigmented ; sum of the branches on both sutural plus both 
transsutural hairs minus both posterior clypeals is usually 15 or more. nivipes (p. 

Filaments of palmate hairs commonly about + as long as the blades which frequently 
have a mottled pattern distally ; sum of the branches on both sutural plus both 
transsutural hairs minus both posterior clypeals is usually less than 15 

philippinensis* (p. 
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* Larvae of philippinemu in northern Borneo and the Philippines, where pallidus is not known to 

occur, would run to pallidus in this key as they have few (z-4) branches on the posterior clypeal hair. 
However, they also have few branches (usually 2-4) on the sutural hair compared with pallidus (usually 
4-8), and the fil 
as the blades. 

aments on the palmate hairs are frequently longer in pallidus, about 3 or more as long 
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Among the twelve species in the key to adults, five closely related ones form the 
annularis species group (couplets 8-11 in the key), characterized by non-speckled 
legs with the last two or more hind-tarsal segments all white, and the outer clypeal 
hairs of the larva brush-like. The remaining seven species consist of three (jamesii, 
ramsayi and .s@endidtis) which have speckled legs with the last three hind-tarsal 
segments all white, and the outer clypeal hairs of the larva not brush-like (except 
jamesii) ; and four (ste@zensi, maculatus, theobaldi and karwari) which also have 
speckled legs (except karwari), but with not more than the last two hind-tarsal 
segments all white, and all with the outer clypeal hairs of the larva not brush-like. 

Out of the twelve species in the key, five are not yet known from Malaya or Borneo. 
However, three of these (pallidus, splendidus and stephensi) occur in Thailand, and 
one (schzLej?zeri) in Sumatra ; the fifth (theobaZdi) has been recorded from Upper 
Burma. Brief notes follow on these five species :- 

A. splendidus Koidzumi, rgzo, ranges from Afghanistan across India (not Ceylon), 
Burma and north Thailand to Indo-China, south China and Taiwan, but not the 
Philippines. It resembles ramsayi and differs from jamesii in having white rather 
than cream scales on the wings, and black and white not golden scales at the tip of 
the abdomen. In addition to the characters in the key, adults differ from those of 
ramsayi and jamesii in having an additional dark mark on the stem of vein 5 be- 
tween the basal dark mark and the fork. Larvae resemble those of maculatus and 
karwari but have branched sutural hairs ; in addition the branches on the outer 
clypeals are usually longer than in maculatus and sometimes the palmate filaments 
are blunt-ended ; lateral hairs V and VI with few branches (z-5) compared with 
those of karwari. Not considered to be a vector of malaria. 

A. stephensi Liston, 1901, ranges from the Middle East across India, Burma and 
north Thailand to south China (Yunnan). It is an important vector of malaria in 
parts of the Middle East and India, and can breed in wells, cisterns, etc. in cities, as 
well as in natural breeding places. Sweet & Rao (1937) distinguished two forms, 
stephensi and stephensi var. mysorensis, differing in the size of the eggs ; these were 
consistently smaller with fewer float ridges in var. fti_ysoYe&s which they found 
difficult to colonize compared with the type form. In crosses between the two 
forms (Sweet, Rao & Rao, 1938) very few fertile hybrids were produced. Possibly 
these two forms are distinct species, but until other morphological differences are 
found wzysorensis is perhaps best treated as a variety of stephensi ; it is not a sub- 
species, as the two are sympatric. 

A. theobaZdi Giles, rgor (Aug.), is common mainly in the central and western parts 
of the Indian plateau, with scattered records from other parts of India, Pakistan 
and Upper Burma. Reid, Wattal & Peters (1966) suggest that it may be a poly- 
morph of maculatus, from which it apparently differs only in the 4th hind-tarsal 
segment being all white without the central black band normally seen in maculatus. 
It is treated here as a distinct species, pending proof of its true status, because if it 
is only a form of maculatus then the name theobaldi has priority over maculatus by 
a few months. Habits as for maculatus, not a vector of malaria. 



3.52 ANOPHELES OF MALAYA AND BORNEO 

A. PaZZidus Theobald, 1901, belongs to the annularis species group and is difficult 
to distinguish from phi@pinensis and nivipes, especially the latter (for further notes 
on identification see under nivifies). For this reason its distribution is uncertain, 
but appears to be India, Ceylon, Burma, probably Thailand, and possibly Indo- 
China ; it is also recorded from Sumatra. There is need to compare specimens of 
pallidus and nivipes, having matching skins, from the same area, to confirm the 
distinction between them (Reid, Wattal & Peters, 1966). The following is the 
number of branches on certain larval hairs : posterior clypeal 2-6, sutural 3-8, 
transsutural 4-8, abdominal 3,IV 1-3. Gater (1935) records a single specimen of 
this species (presumably a female) from Malaya, but as occasional specimens of 
nivipes can be mistaken for pallidus, it seems best to exclude pallidus from the 
Malayan list unless an unequivocal series of specimens is obtained. 

.4. schueJ%eri Stanton, 1915, is another member of the annularis group, but is 
known only from Sumatra and Java and appears to be uncommon. Three of 
Stanton’s original six females are in the British Museum and have now been marked 
as syntypes. Stanton’s original spelling of the name was schi@+zeri, but under the 
rules of nomenclature (article 32~) diacritical marks over letters are no longer used 
and the German umlaut over a vowel is replaced by an “e” after the vowel. This 
is a small species with a wing like that of philippinensis, though rather paler, and 
without the dark mark at the fork of 5 which characterizes annularis. This is of 
interest because the dark basal half of the third hind-tarsal segment in schueflneri 
is seen also in a proportion of annularis in India during the winter months 
(Christophers, 1933), and the larva of schuej‘keri, so far as it is known, is like that 
of some larvae of annularis in having the posterior clypeal hairs simple or forked 
only at the tip. However, because of the difference from annularis in the wings, 
and from all the other members of the group in the broad apical pale band on the 

PalPs (see key P* 349L schueffneri is clearly a distinct species and not merely a 
seasonal form of one of the other species. 

FIG. 173. A. nzaculatus female, from Stanton. 
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Anopheles maculatus Theobald, 1901 (Nov.) 

Mon. Cul. 1 : 171. 

TYPE : $ from Hong Kong in BMNH. 
wz&nori James, 1903, in Theobald, Mon. Cul. 3 : IOO, $! from Kashmir, in BMNH. 
indica Theobald, 1907, Mon. Cul. 4 : III, 3, i! from Dhera Dun, India, in BMNH. 
dudgeonii Theobald, 1907, &Ion. Cul. 4 : I 13, 3, $? from Kangra valley, western Himalayas, in 

BMNH. 
pseudowilhovi Theobald, Igro, Mon. Cul. 5 : 65, ? from Meenglas, west Bengal, in Indian 

nb., Calcutta. 
maculosa James & Liston, 1911, Anoph. Mosq. India 2nd ed., p. 112 (willwovi var.), ? from 

Punjab, in BMXH. 
dravidicus Christophers, 1924, Indian J. med. Res. 12 : 297 (macz4Zatus var.), $, ? from Silgiri 

Hills, S. India, in BMNH. 
hanabusai Yamada, 1925, Sci. Rep. Inst. inject. Dis. Tokyo Univ. 4 : 471, syntypes, both sexes, 

from Kagi, Taiwan, in Institute of Infectious Diseases, Tokyo. 
‘ Species near A. jamesii ’ Cater, 1935, Alnoph. Malaya, p. 205, 2 $3 from Cameron Highlands, 

Malaya, in BMNH. 

DIAGNOSIS. Adults easily distinguished by the speckled legs with fifth hind- 
tarsal segment all white but not the fourth, and three pale bands on the female 
palps. Larva with short fine side branches on the inner and outer clypeal hairs, 
filaments of palmate hairs sharp-pointed, lateral hairs V and VI with 3-6 branches. 

FEMALE (figs. 173, 174, 175). Head. Palps as long as proboscis, with three white 
bands, one narrow and basal at joint 2-3, two broad and distal (apical and preapical), 
and of about equal width, separated by a narrow black band about bQ length of 
either pale band. Segment 3 of palps, and sometimes 2, may have some irregular 
pale spots. Proboscis dark. Head scales as usual, broad, white on vertex, with a 
bifurcate white frontal tuft. Cibarium as for series, the cones with a double row of 
spines on the pediment. 

Thorax. Mesonotum viewed from behind, grey with some darker lines and eye 
spots, thinly covered with broad pale scales. Anterior pronotal lobes may have a 
few pale scales, also some pale scales near the groups of pleural setae. No propleural 
setae, this is a character of the series. Tips of haltere knobs dark. 

Legs. Well speckled, tarsi with pale bands at the joints. Fore tarsi with pale 
bands covering the first three joints, or sometimes apical only, the fourth joint 
usually dark or with only a small pale fleck ; mid tarsi similar but bands narrower 
and usually apical only. Hind tarsi with three broad white bands, an apical 
which covers all of 5th segment and distal third of 4th, and two lying across the 
second and third joints ; this leaves the 4th segment with a small median black 
band 
on to 

* apex 
base of 

of first segment with a small pale band sometimes extending a little 
second segment. Coxae, especially mid ones, with a few pale scales. 

Wings. Length usually about 3.5-4 mm. Pattern as illustrated, the costa with 
humeral, presector, sector, subcostal, preapical and apical pale spots, and usually 
with at least a partial prehumeral pale spot ; width of the subcostal and preapical 
pale spots varies considerably and tends to be less in specimens from high altitudes. 
Vein I usually pale at the base and with the middle dark mark divided into three. 
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Small dark marks on the wing field (veins z-5) variable in size ; vein 6 usually with 
three dark marks, sometimes two. Pale fringe spots at the ends of all veins. 

A bdomen. With a very variable number of pale scales on the dorsum (fig. 174/5, 

sa), ranging from none (fig. 175/3) to all segments as far forward as II with many 
creamy scales (fig. 17512). Usually the variation is less extreme than this and ranges 
from a few narrow scales on VIII to some on all segments from VIII to II but 
mostly on the posterior segments. Hind corners of the more posterior segments 
often with small tufts of scales some of which may be black. Cerci with many scales, 
mostly black. Ventrally some scattered pale scales and median apical dark scales 
often present on the more posterior segments. 

FIG. 174. A. wzacuZatus, adult. 1, wing ; 2, 6 and $2 palp ; 2a, terminal segments of 
$? palp, showing relation of bands to segments ; 3, vertex ; 4, legs, a fore leg, b mid 
tarsus, G hind tarsus ; 5, dorsum of abdomen of type form, normal scaling ; 5a, the 
same, showing “ z&Znzovi-like ” scaling (cf. fig. 175/z) ; 6, leaflets of phallosome of one 
side, type form ; 7, the same, “ pseudowillwzori ” form (see fig. 175/3). 

(From Christophers) 
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MALE (figs. 174, 177). Ornamentation of wings, legs and abdomen similar to that 
of female. Palps as illustrated, the club with three pale bands, segments z and 3 
often with a median pale streak. Sternite VIII and coxites of genitalia with pale 
scales, some dark lateral scales on the coxites. 

Genitalia. Harpago with strong apical seta longer than the club, usually no 
seta between this and the club, but with 1-3 smaller more ventral and median setae. 
Phallosome with 5-7 leaflets on each side, the larger ones broad with well marked 
serrations on concave edge. 

5 2 : 3 I+’ ::: ,_ ,, f:: 2. 

k 

: : ‘.’ ;_ __.. _ ,.c.... :., ;’ ._ . . .;.c.. . . .* . /: 
Cr.’ .:. ;-i _. ofs : \I, ‘.,., ._ . . . . . ,;’ ~ .:.: . . \..” ‘:- ;. ~. . 
7 

FIG. 175. A. maculatus, adult and larva. 1, wing of var. w!iZZnzori ; 2, dorsum of abdomen 

of var. willmori ; 3, the same of “ pseudowillmori ” form ; 4, cibarial ba.r as commonly 
seen when cibarium is mounted whole ; 4a, portion of same enlarged ; 5, cibarial teeth, 
a anterior view of cone, b lateral view of same, showing one row of teeth only, c cone 
tilted to show the two rows, d view looking down on crest of cone, showing position of 
lateral- and crest-spines, e posterior view of crest, f lateral view of rod ; 6, clypeal 
hairs of larva ; 7, leaflets from palmate hair. (From Christophers) 
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PUPA (figs. rqb, 15, 176). Trumpet simple with deep meatal cleft, meatus about 
* as long as trumpet. Lateral spines moderately dark, posterior ones long and 
tapering to slender points, spine VII about 3 as long as tergite VII (range 0.44-0.73), 
spine IV & or more as long as tergite IV and about 4 as long as spine V, spine III 
about &+ length of spine IV, spine VIII usually with 11-16 branches, but occasion- 
ally as few as 3. Hair I on VII-V strong, simple, as long as or longer than the 
segments, shorter and branched from IV forwards. Hair 5 with about 3-6 branches 
on VII-V, occasionally simple or nearly so (some specimens from Cameron High- 
lands, Malaya). Hair z,VII usually simple or bifid. Paddle and genital pouch 
usually light and uniform in colour, paddle about 1 as wide as long (index 1.4-1-5). 
Refractile border commonly about 9 as long as paddle but variable in appearance, 
with slender fine-pointed teeth distally that tend to pass gradually into fringe hairs, 
often with a fairly definite intermediate zone of fringe teeth with thickened refractile 
basal halves and filamentous non-refractile distal halves ; the refractile border 
ends where the fringe teeth give place to ordinary fringe hairs. Paddle hair strong 
and hooked, unstraightened length about $ that of the paddle. Chaetotaxy des- 
cribed in full by Crawford (1938). 

LARVA (figs. 175, 177). Living larva usually dark in colour, blackish brown or 

Head. Clypeal hairs as illustrated (fig. 175/6) : inner and outer fairly stout with 
small side branches that may be obvious, or so fine that they are difficult to see 
except under high power, especially those of the inner clypeals ; outer about 4 to Q 
length of inner ; posterior simple or sometimes forked distally, placed in line with 
or slightly external to the inner and reaching beyond their bases. Sutural simple, 
occasionally forked, length variable but roughly as long as the posterior clypeal, 
about Q as long as the antenna1 shaft in Malayan specimens (range o-30-o-48), but 
about 3 as long in specimens from elsewhere (India to China and the Philippines ; 
range 0 -43-O *66) ; transsutural shorter with z-5 branches. 

Thorax. Inner shoulder hair (fig. 177~) stout with a fairly dark root and usually 
about 20 branches (IS--25)) but sometimes rather fewer as in India (12-24) and the 
Philippines (14-21) ; middle hair stout with 14-24 branches and a prominent root 
separate from that of the inner hair. Metathoracic palmate undeveloped or with 
1-4 narrow leaflets. Pleural long hairs as for series : prothorax with two branched, 
one about & to 3 as long as the other and with 3-5 branches, and two simple ; 
mesothorax with one branched and one simple ; metathorax with two branched. 

A bdomen. Palmate I small, undeveloped or with only narrow leaflets, II 
developed but not full sized, the leaflets without or with poorly developed filaments, 
III-VII fully developed (fig. 175/7) with sharp-pointed filaments varying from Q-g 
the length of the blades which usually have a patchy pigmentation heavier distally ; 
if the tips of the filaments have been broken off they may appear blunt like those 
of karwari. Lateral hairs V and VI with 3-6 branches (fig. I77b), lateral IV with 
4-7 (cf. karzwari, V and VI 6-16, IV 5-8). Hair 4,I with 6-8 branches (cf. stephensi 
3-5). Hair 5,II with 4-6 branches (cf. karwari 6-10 Malaya, 4-8 Borneo). An- 
terior tergal plates small to medium sized with small rounded posterior plates from 
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FIG. 176. A. wumdatus, 9 pupa (see also figs. Iqb and 15). 1, abdomen and metathorax, 
dorsal hairs on left, ventral on right (but see legend, fig. zg) ; 2, two views of trumpet ; 
3, lateral spines ; 4, lateral border of paddle. 

(From Crawford) 
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II backwards. Pecten with 3-5 long teeth and &II small ones ; tail hooks (see 
fig. zz and p. 39) well developed. 

EGG (fig. 177). Length about 0.4-0.5 mm., floats about half as long with 13-17 
ribs. Upper surface variable as illustrated, sometimes with a single continuous deck 
divided by constrictions into anterior and posterior portions each surrounded by a 

d 

FIG. 177. A. nzaculatus, adult $, larva, egg. a, 3 genitalia showing phallosome, right 

coxite with 5 parabasal spines (appearing somewhat foreshortened and curved), and 
right harpago ; b, larva, lateral hair segment V (cf. fig. r8ra) ; c, shoulder hairs ; 
d, egg, dorsal and lateral views on left (after Walch & \Valch-Sorgdrager, this seems to 
be the common form in Malaya), dorsal view on right (after Christophers & Barraud, 
the common form in India). 

(b and c, after Gater) 
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frill, and a middle portion bordered by the floats, or sometimes with the deck com- 
pletely divided into three separate portions ; intermediate conditions occur. From 
the illustrations and descriptions it appears that the form with three separate areas 
of deck is usually the commoner in the Philippines (Urbino, 1936)) India (Christophers 
& Barraud, 1931 ; Roy & Siddons, 1939) and Ceylon (D’Abrera, 19#), whilst that 
with a single deck having two constrictions is the commoner form in Malaya where 
it has been seen by the writer and by Stanton (in Lamborn, 1922), and in Indonesia 
(Walch & Walch-Sorgdrager, 1935, whose illustration is copied here as the left- 
hand part of fig. 177d). 

NOTES. This is a variable species, the adults of which may have the dorsum of 
the abdomen quite bare of scales or heavily clothed with pale scales, or the hind 
corners of the posterior segments may have small tufts of black scales. There are 
variations also in the markings of the palps, wings and legs (for details see 
Christophers, 1931). These differences have led in the past to the naming of 
several varieties or even species, as will be seen from the list of synonyms. In 
certain areas the variation assumes a strikingly discontinuous form which appears 
to be a true polymorphism (Reid, Wattal & Peters, 1966). For example, 
Christophers (1931) has shown that, along the foothills of the Himalayas, maculatus 
occurs in two contrasting forms ; one without scales on the abdomen predominates 
at about 2,000 ft. while higher up most specimens have a very scaly abdomen ; 
the two forms overlap to some extent, but few intermediate specimens are seen. 
There do not appear to be any other constant differences between these forms in 
any life stage, and it seems that they are polymorphs of the one species, maculatus. 
As already mentioned (p. 35x), A. theobaldi may also be a polymorph of maculatus. 
In view of this variability it seems best to use few formal names at this stage, and 
to follow Christophers who recognizes only one variety, A.m. var. willmori, with a 
very scaly abdomen, largely confined to the Himalayas where it contrasts with the 
non-scaly form. Then pseudowillmori (the non-scaly form), dravidicus and hanabusai 
are synonyms of maculatus, while indica, dudgeonii and macuulosa are synonyms of 
maculatus var. willmori. * 

Gater’s ‘species near A. jamesii’ was founded on two males collected by K. B. 
Williamson near Ringlet, Cameron Highlands, in 1932. They appear to be un- 
usually pale specimens of maculatus with the hind tarsi largely white (Reid, 1963) ; 
the wings also are paler than usual. It may be significant that they were collected 
at a time when the opening up of Cameron Highlands had caused a large increase 
in the numbers of maculatus, a situation which might have led to increased 
variation. 

Distribution. In hilly and foothill areas from Swat (W. Pakistan) in the north- 
west, eastwards along the foothills of the Himalayas to Assam and Burma, and on 
through Thailand, Indo-China and south China to Taiwan and the Philippines ; 
south through India to Ceylon, Malaya, Borneo, and the Indonesian islands as far 
east as Timor and south Celebes. 

*Stone (1967) emends the spelling to willmovei to agree with Willmore, the collector mentioned by 
James in his description. 
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Habits and vector status. Found always in or near hilly land where the larvae 
occur mainly in springs, seepages and small streams exposed to at least partial 
sunlight. Often especially numerous in recently cleared areas where trees have 
been felled and the soil disturbed. Adults rest outdoors by day in low vegetation 
and very rarely in houses. 

In Malaya the species is more attracted to cattle than to man and bites in larger 
numbers outdoors, but significant numbers continue to enter houses at night and 
bite the occupants even when cattle are present nearby (Wharton, 1951, 1953) ; if 
cattle or other large animals are scarce a high proportion of maculatus feeds on man 
(Davidson & Ganapathipillai, 1956). In Borneo and most other parts of its range 
maculahs appears to be more zoophilous than in Malaya. This agrees with the 
fact that it is seldom considered important as a malaria vector except in Malaya 
where it is the principal vector in nearly all hilly areas not covered with forest. It 
is a vector of filariasis due to kvzkchereria bancrofti on Pulau Aur off the south-east 
coast of Malaya (Cheong & Omar, 1965). Reid, Wattal & Peters (1966) were unable 
to find any definite morphological differences between macuZatus of Malaya and 
elsewhere (they did not see specimens from Indonesia) though the rather shorter 
sutural hairs of Malayan larvae suggest some geographic difference. 

Anopheles karwari (James), Igo3 
Nyssorhynchus karzm.zri James, in Theobald, Mon. Cul. 3 : 102. 

TYPE : ‘$? from Karwar, Bombay, in BMNH. 

DIAGNOSIS. Legs not speckled, fifth, but not fourth hind-tarsal segment all white, 
$2 palps with four pale bands. Pupa with lateral spine IV less than -& as long as the 
segment, and the refractile border of the paddle long, nearly reaching the terminal 
hair. Larva is like that of maculatus, but palmate hairs blunt-ended, and lateral 
hairs V and VI with 6-16 branches. 

Differs from maculatus mainly as follows :- 
FEMALE (figs. 178, 179). Head. Palps with four pale bands instead of three ; 

apical segment longer with the narrow subapical dark band at or near its base 
instead of on the preceding (fourth) segment as in maculatus, fourth segment pale 
with dark band at base, narrow pale bands at joints 3-4 and 2-3, segment 3 without 
pale spots. The subapical dark band seems most often to be at the base of the 
apical (5th) segment as described by Colless (1948) and as in the type series from 
Karwar, less often before the base as illustrated by Christophers (1933) (fig. 17g/3 
here) and Gater (1935) ; it is not at the tip of the fourth segment as it appears to 
be in fig. 178. 

Legs. Not speckled ; mid and to a lesser extend hind tibia with a pale basal 
stripe on anterior face ; banding of tarsi similar to that in maculatus but hind 
tarsus z usually with apical band only as in the type series from Karwar, less often 
spreading across the joint on to base of tarsus 3 as illustrated by Christophers. 

Wiqs. Costa without prehumeral pale spot, vein 4 often with an additional 
small dark mark between the cross veins, vein 6 with two dark marks the outer one 
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long, with an additional fringe spot between the ends of veins 5.2 and 6, and often 
one midway between 6 and the base of the wing. 

Abdomen. Dorsal pale scales usually restricted to segments VII and VIII. 
MALE (fig. 179). GenitaZia. Harpago with an accessory seta shorter than the 

club between the club and the large apical seta and external to the latter (fig. r7g/7) ; 
often without setae internal to the apical one in India, Malaya (Gater, 1935) and 
Indonesia (Swellengrebel & Rodenwaldt, 1932, plate 17), but usually with one or 
two internal setae in Borneo (Colless, 1948) and the Philippines (Russell & Baisas, 

1936) * 

FIG. 178. A. kaywari, from Stanton, Female and head of larva, 
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PUPA (fig. 180). Described in full by Crawford (1938). Differs from that of 
wzaczdatus mainly in the much shorter spine IV, usually less than & as long as 
tergite IV and less than $ as long as spine V ; the longer refractile border of the 
paddle with fringe teeth (acicular teeth of Crawford) reaching almost to the terminal 
hair ; also hair 9,1 is shorter and hair 5 on VII-V is more often simple or nearly so. 

LARVA (figs. 178, 179, I&). Closely resembles that of maculatus, but the fraying 
of the anterior clypeal hairs is less often so inconspicuous as it sometimes is in 

I a 

2 

FIG. 179. A. karwavz’, adult and larva. 1, wing ; 2, palp of d $, b $! ; 3, terminal 
segments of 9 palp showing relation of bands to segments (cf. maculatus, fig. 174/2a) ; 
4, vertex ; 5, cibarial armature, posterior view of two crests with base of rod ; 6, legs, 
a fore leg, b mid tarsus, c hind tarsus ; 7, apex of harpago ; 8, leaflets of phallosome, 
CI fully flattened, b seen on edge ; 9, leaflets from larval palmate hair ; 10, clypeal hairs, 

left side. 
(From Christophers) 
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FIG. 180. A. kavwwi, !yJ pupa. 1, abdomen and metathorax, dorsal hairs on left, ventral 
on right (but see legend, fig 29) ; 2, trumpet ; 3, lateral spines ; 4, lateral border of 

paddle. (From Crawford) 
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macdatzcs, the metathoracic palmate hair is always undeveloped and the abdominal 
ones have blunt-ended filaments (fig. 179/g), while lateral hairs IV, V (fig. 181) and 
VrI have more branches (IV 5-8, V 6-14, VI 7-16). The ventral submedian hair 
(no. 13) on II, III and IV has more branches ; on III with 6-g shorter branches than 
in macdatus which has 3-5. Hair 5,II with more branches (6-10) in Malaya than 
maczclatus, but about the same number (4-8, commonly 5 or 6) in northern Borneo 
(Colless, 1948). 

EGG (fig. 181). Length about 0.45 mm., with 14-20 float ribs, the floats between 
I and $ as long as the egg. Deck variable, the three 
&e locality in Malaya (Bungsar, Kuala Lumpur) - 

forms illustrated came from 
a single deck, not or only slightly 

narrowed in the middle, as in the right-hand dr’awing in figure 181, is shown by 
Urbino (1936) for the Philippines, and D’Abrera (1944) for Ceylon. Not described 
for India by Christophers & Barraud (Ig31), or for Indonesia by Walch & Walch- 
Sorgdrager (1935). Stanton’s remark (in Lamborn, 1922) that the egg is precisely 

a 

FIG. 181. A. karwari, larva and egg. a, lateral hair segment V (after Gater, cf. fig. 
IW4 ; b, egg, showing three forms of deck and one lateral view, Malayan specimens. 
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similar to that of ma&a&s is evidently misleading, though possibly the range of 
appearances of the deck in the two species may overlap a little. 

NOTES. This species is usually easily identified, though sometimes females lose 
the last segment of the palps which then appear to be three-banded. Such specimens 
could be mistaken for majidi (p. 312), but their lack of propleural setae coupled 
with the presence of pale scales at the end of the abdomen will distinguish them. 
Larvae of maculatus with the tips of the filaments broken off the palmate hairs might 
be mistaken for this species, but are easily distinguished by the fewer branches on 
lateral hairs V and VI. 

Distribution. Eastern and southern India and the west coast not further north 
than Bombay ; in Ceylon, Burma, Thailand, Indo-China, south China (Hong Kong), 
and the Philippines, but not Taiwan ; through Malaya, Sumatra, Borneo and Celebes 
but not in Java, the Lesser Sunda Islands or the Moluccas, but at one place in western 
New Guinea near Hollandia where it was presumably accidentally introduced at 
some time, and was first detected by de Rook in 1931 (Metselaar, 1955). 

Habits and vector status. Larvae are found in very much the same breeding places 
as those of maculatus, that is, chiefly hill-foot seepages and small streams in the open 
or under light shade, and often the two species are found together. Adults rest 
outdoors and bite cattle more often than man ; in Malaya they attack man less 
readily than does macuZatus but more readily than say Kochi or vagus. Not a vector 
of malaria, except near Hollandia, New Guinea, where Metselaar (1955) found it 
infected together with A. ’ punctulatus ‘. 

Anopheles ramsayi Covell, rgq 

Indian J. med. Res. 14 : 1019. 
TYPE : 6, 9 from Cachar, Assam, in BMNH. 

DIAGNOSIS. A small species. Legs speckled, the last three hind-tarsal segments 
all white ; ? p a lp s with three pale bands, one broad and apical and the other two 
narrow ; wing black and white, pale spots on the costa fairly narrow, no prehumeral 
pale spot, vein 5 with a small dark mark at the fork ; tip of ? abdomen with black 
and white, not golden scales (cf. jamesii). Larva with outer clypeal hairs not 
bushy but with some of the side hairs slightly spinous ; inner shoulder hair small 
with 7-15 branches ; one of the prothoracic pleural hairs stout and barbed. 

FEMALE (fig. 182). Head. Palps as illustrated for jamesii (fig. 182/z) with three 
pale bands, a broad apical one separated by a black band, of roughly similar breadth, 
from a narrow subapical pale band at the joint 3-4, the third pale band at 2-3 also 
narrow. Proboscis dark, Head scales as described for maculatus. Cibarium 
similar to that of jamesii (fig. 182/3), with crest of pediment markedly bifid. 

Thorax. Mesonotum grey with some small darker markings, thinly covered with 
broad white scales. Anterior pronotal lobes without scales. No propleural setae. 
Haltere knobs black. 

Legs. Much as illustrated for jamesii (fig. 182/4) ; femora, tibiae and first-tarsal 
segments speckled with pale spots. Fore tarsi with broad apical pale bands on 
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b 

FIG. 182. A. jamesii and A. vawzsayi, adult and larva. la, wing of javnesii ; lb, wing of 
rarvzsayi ; 2 a and b, $ and $? palp of jawzesii ; 3, cibarial teeth of jamesii, a anterior 
view of cone, b posterior view of crest and rod (the teeth of vanzsayi are very similar) ; 
4, legs of jamesii, a fore leg, b mid tarsus, c hind tarsus ; 5, leaflets of phallosome of 
jamesii ; 6, ditto of ranzsayi ; 7, clypeal hairs of larva, a of jamesii, b of ranzsayi ; 8, 
pleural hairs, a chitinous base of mesothoracic hairs of jaunesii, b ditto of rawzsayi, 
c same of metathoracic hairs of jamesii, d prothoracic hairs of vamsayi ; 9, leaflets 
from palmate hair, a of jawzesii, b of ramsayi. 

(From Christophers) 
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first three segments, mid tarsi with narrower bands, hind tarsi with narrow apical 
pale band on segment I and continuously white from about the apical 5 or Q of 
segment z onwards. In Assam some specimens may have an area of dark scales 
at the base of segment 3 (Covell, 1928) ; probably this is a seasonal variation as in 
awzularis in which it occurs in the colder months; it appears to be commoner in 
males and in both sexes it tends to be associated with a darker wing. 

wings. Length about 2-3 mm. Pattern as illustrated, very black and white, 
the white spots on the costa narrow, without prehumeral pale spot, vein 5 with a 
small dark mark at the fork (s@endidz~s has a similar mark but it is usually some- 
what distal to the fork), pale fringe spots at the ends of all veins and often one 
between the end of vein 6 and the base of the wing. 

,4 bdowzelz. Dark with pale hairs, dorsum of last segment with some pale median 
scales and black scales at the hind corners, cerci with black scales, sternite VIII 
may have a few pale scales. 

MALE (fig. 182). In general similar to female. Palps dark with a bare joint at 
2-3 appearing pale, and two broad white bands on the club, also a small one at the 
base of the club ; the latter sometimes missing in specimens from Assam which 
show a dark band at the base of segment 3 of the hind tarsus (see description of leg 
above). Dorsal aspect of VIII with a few pale scales, coxites with many dorsal 
white scales and a few lateral dark ones. 

Geyzitalia. According to Cove11 the harpago has an apical seta about I+ times as 
long as the club (only half as long according to Bonne-Wepster & Swellengrebel, 
1953), with two smaller accessory setae, one of these presumably between the apical 
seta and the club and the other median to the apical seta as in jam&i which 
Christophers (1933) says ramsayi resembles. Phallosome with about five pairs of 
leaflets. 

PUPA (fig. 183). Seven Malayan specimens examined. Trumpet of usual simple 
form, but meatus rather longer than in wzaculatus, about Q length of trumpet. 
Lateral spines not stout, often curved or twisted and flattened, spine VII between 
1 and 3 as long as tergite VII, IV & or more of tergite IV, VIII with about 10-14 
{ranches. Hair I on VII-V simple, rather slender, $ or more as long as the seg- 
ments, hair 5 on VII-V with about 2-4 branches some of which may be very small 
and basal. Hair z,VII usually simple. Paddle and male genital pouch light and 
uniform in colour, paddle a little less than -$ as wide as long (index about I ‘6). 
Refractile border about k or more as long as paddle (o-80-o.g6), the distal part 
with about 10-20 sometimes widely spaced fringe teeth with fine tips and sometimes 
rather broad bases. Paddle hair slender, undulant, unstraightened length about 4 
that of the paddle. Described by Crawford (1938) from a single slightly damaged 
skin. 

LARVA (figs. I&, 183). A small larva, greenish grey to black in life with a pale 
mark behind the head. 

Head. Clypeal hairs : inner and outer frayed, outer 3-3 length of inner, rather 
stout, with 3-8 somewhat spinous side hairs (fig. 183d), some at least longer and 
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stouter than in macdatus ; posterior simple. Sutural hair simple, transsutural 
with 2-3 branches. 

Thorax. Shoulder hairs small (fig. 183e), the inner without or with only a small 

root, with 7-15 branches, the middle with a small dark root and about 9-16 branches. 
Methathoracic hair I not palmate. Pleura.1 long hairs as in macdatus except that 

f 

e 

FIG. 183. A. rawwyi, pupa, larva, egg. a, pupal trumpet ; b, end of abdomen of $ 
pupa, right half, dorsal ; c, part of 1 a era1 t border of paddle enlarged to show end of 
refractile border with fringe teeth followed by non-refractile fringe hairs ; d, outer 

e, shoulder hairs ; f, egg, dorsal and lateral views (after clypeal hair 
Christophers 

of larva ; 
& Barraud) 
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the shorter prothoracic one (epl) is stout with short barb-like side branches (fig. 
rSz/Sd). A pair of small round chitinous plates may be visible postero-medianly 
on the metathorax as in annularis and the mini~~us group. 

Abdomen. Palmate hairs undeveloped on I, weak on II, well developed on III- 
VII and fairly evenly and darkly pigmented, the filaments short, about + as long 
as the blades, slender and pointed (fig. 182/gb). Lateral hairs on IV and V with 
2-3 branches from near the base, on VI with 3-4 branches. Tergal plates similar 
to those of maculatus, pecten with 3-5 long teeth and 7-g short ones. 

EGG (fig. 183). Based on the description and figure by Christophers & Barraud 
(1931). Length 0.4 mm., single deck nearly as wide as the egg, with anterior and 
posterior areas surrounded by frill and marked off from the central area, which is 
bordered by the floats, by small inwardly projecting points or tags of the exo- 
chorion as often seen in maculatus, but less pronounced. Floats about half as long 
as the eggs, with about 11-13 broad ribs. 

NOTES. Distribution. From eastern India through Burma, Ceylon, Thailand 
and north Malaya to Indo-China, but not China or Taiwan ; not in central or south 
Malaya but occurring again in Sumatra and Java ; absent from the rest of Indonesia, 
Borneo and the Philippines. 

Habits and vector status. Larvae are found mainly in ponds and swamps, shelter- 
ing beneath dense floating vegetation. In Malaya the species is only known so far 
from larvae collected in the Kedah and Kelantan plains. In Kedah, larvae were 
found beneath the leaves of the water-lettuce Pistia stratiotes (Reid, 1950) ; in 
Kelantan amongst floating water-fern, Salvinia cuculata, growing between plants 
of water-hyacinth, Eichhornia wassipes (Malaya, 1960, p. 45). 

This is one of the species, like minimus and annularis, which are found only in the 
north of Malaya, where there is a more pronounced dry season, but which occur 
again in Java and Sumatra ; Reid (1950) lists two more species, varuna and pallidus, 
but these should now be excluded. 

Little is known about the habits of the adults ; they can be found in houses and 
cow sheds in India, and one gland infection is reported from Assam in about 2,500 
specimens dissected (Covell, Ig44), but the species is not considered to be a vector 
of malaria. On epidemiological grounds it was suspected of being connected with 
some small localised outbreaks of malaria near Alor Star in Kedah, but much more 
evidence is needed. 

Anopheles jamesii Theobald, IgoI 

Mon. Cul. I : 134. 
TYPE : $J from Quilon, Travancore, S. India, in BMNH. 

DIAGNOSIS. Legs and female palps as in ramsayi, but wing with broad creamy 
pale spots on the costa including a prehumeral pale spot, vein 5 usually without a 
dark mark at the fork ; tip of female abdomen with golden scales. Larva with 
bushy outer clypeal hairs and simple or bifid sutural hairs as in the larva of annulah, 
but with palmate I of abdomen undeveloped. 
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Differs from ramsayi mainly as follows :- 
FEMALE (fig. 182). Head. Palps with apical pale band sometimes partially or 

completely divided by a narrow black band, as described by Wattal et al. (rg6o), 
thus giving 4 pale bands ; this was seen in 2/S Malayan specimens from Langkawi 
Island. Cibarium (fig. 182/3) d oes not differ much from that of ramsayi or annularis. 

Legs. With the apical pale mark on hind tarsus I usually narrower, sometimes 
absent, hind tarsus 2 usually with apical $-+ pale though Christophers says 9. 

IV&gS. Larger, about 2.5-3 ‘5 mm. long ; paler, the costa with a prehumeral 
pale spot and the subcostal and preapical pale spots together about 3 to twice as 
long as the intervening dark mark, compared to about &-+ in ramsayi, the pale 
scales cream rather than white ; usually no dark scales on 5 at the fork. 

A bdomen. With golden scales on the dorsum of segment VIII and on VII and 
the tips of the cerci. 

MALE (fig. 182). Wing similar to that of female, end of abdomen with some pale 
golden scales. 

Genitalia. Similar to those of ramsayi, harpago with 1-3 setae internal to the 
apical, phallosome with 5-7 pairs of leaflets. 

PUPA (fig. 184). Described from two specimens from Mysore, India (Reid, 
Wattal & Peters, 1966). Distinguished from those of nivipes and pallidus as in the 

key (P- 354 ; meatus of trumpet about $ its length, and hair 2,VII with three 
branches (usually simple in ramsayi). Lateral spine VIII with about 8-10 branches, 
spine VII about Q length of tergite VII, spine IV about 4-t length of tergite IV and 
about &-$ length of spine V. Hair I on VII-V about as long as the segment, stout 
basally and simple, or sometimes bifid on VI and V, shorter and with 4-6 branches 
on IV ; hair 5 with 1-4 branches on VII and 4-6 on IV. Paddle and male genital 
pouch light and uniform in colour, paddle a little less than $ as wide as long (index 

1.4) ; refractile border about 0.95 of the paddle length, the distal half with about 
12-15 slender fringe teeth ; paddle hair strongly bent or coiled, unstraightened 
length 0.12-0.16 of the paddle length ; accessory hair simple or bifid ; male genital 
pouch 0.52 length of paddle. 

LARVA (figs. 182, 184). Differs from that of ramsayi in having bushy outer 
clypeals, and lacking the thickened barbed prothoracic pleural hair (epi) of that 
species ; closely resembles that of annularis from which it differs mainly in the 
undeveloped first abdominal palmate hair (fig. r84d), the second only partly devel- 
oped, and the filaments on the other palmates usually shorter, commonly about 3 
the length of the blades (fig. 182/ga) instead of about Q or more (fig. 187e). 

Clypeal hairs as illustrated (fig. 182/7a), the outer about $-$ as long as the inner, 
and with about 10-17 branches, posterior a little further apart than inner and with 
1-4 branches ; sutural simple or bifid. Inner shoulder hair with 8-12 branches 
(fig. 184~) and a more swollen stem than in annularis, roots of inner and middle 
hairs may be joined. Lateral hairs IV and V with 2-3 branches from about the 
middle. 

A single larva from Srirachar, Chonburi Province, Thailand (Jan. 1960, Coher 
and Beales, in BMNH) has the outer clypeals placed rather close to the inner and 



nearly as long as them and the side branches are well spaced out ; the posterior 
clypeals appear to be as wide apart as the outer ; in all other respects like jamesii. 

EGG (fig. 184). Described by Christophers & Barraud (1931) for India and by 
D’Abrera (1944) for Ceylon. Very similar in appearance to that of ramsayi but a 
little larger, about 0.45 mm. long, the central portion of the deck usually rather 
longer than the sum of the two end portions (rather shorter in ramsayi) ; floats 
with 15-17 ribs. D’Abrera found the eggs laid by a female with four pale bands on 

FIG. 184. A. jamesii, pupa, larva, egg, Indian specimens. a, terminal segments of 
pupal abdomen, right half, dorsal ; b, outer half of left paddle and lobe of $ genital 
pouch, on larger scale, to show external border of paddle and paddle hair ; c, shoulder 
hairs of larva ; d, undeveloped palm 
views (after Christophers & Barraud) . 

ate I (cf. fig. 187d) ; e, egg, dorsal and lateral 
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the palps (p. 370) were a little different from this, the two end portions of deck 
together were about twice as long as the central portion, and the ends of the floats 
nearly met, or actually met in a few eggs, to make three disconnected areas of deck 
as often seen in maculatus. This suggests the possibility that the female, thought 
by Christophers & Barraud (1931) to be a specimen of @hiZippinensis and which laid 
macztlattis-like eggs (p. 384)) might perhaps have been a specimen of jaw&i ; it 
was badly rubbed so that the speckling of the legs, which would have distinguished it 
from philippinensis, might not have been visible. 

NOTES. In Malaya, at the time of writing, this species has been collected only 
once, on Langkawi Island where a few females were caught around buffaloes 
(January, 1963, Wharton, reported by Reid, 1963) *. Consequently much of what is 
written here is based on specimens from India, and on the literature. The occur- 
rence of a proportion of females with the apical pale band on the palps divided is 
probably a seasonal effect, as with annularis (p. 373). However, in Malaya seasonal 
differences of temperature are very limited, even in Langkawi Island in the extreme 
north-west of the country, and the finding of a rather atypical larva (p. 370) not 
far away in peninsular Thailand, coupled with D’Abrera’s record from Ceylon of a 
female with four-banded palps laying a different type of egg from the usual, suggests 
that some further investigation would be warranted. 

Distribution. From the west coast of India through southern and eastern India, 
Ceylon, Burma, Thailand, north-west Malaya, and Indo-China, to south China 
(Hainan Island, Y unnan) . Not in Taiwan, the Philippines, Borneo or Indonesia. 

Habits and vector status. Larvae are recorded from breeding places similar to 
those of ramsayi, that is, still water with dense vegetation, also from pools in river 
beds, springs and surface wells, and from swampy ground. Adults have been 
found in houses and stables, but appear to be mainly attracted to cattle (Macan, 

1950) l 
Not regarded as a malaria vector and not found infected. 

* Since reported from Baling, Kedah (Cheong, 1968, in Rep. Inst. med. Res. Malaya, 1963, p. 75). 

A. ANNULARIS species group 

A. annularis Van der Wulp, 1884. 

Among Oriental species of the Neocellia series, five (annularis, nivipes, pallidus, 
philippinensis and schuefneri) are distinguished from the remainder by having non- 
speckled legs with the last two OY moye hind-tarsal segments all white, and the outer 
clypeal hairs of the larvae brush-like. The eggs, so far as known, also appear to be 
somewhat characteristic, having the anterior and posterior portions of the deck 
usually fully as wide as the egg so that the sides of the egg are seldom visible from 
above as they are in other Oriental species of the series. It is convenient to treat 
these five very similar species as forming the annularis species group. Two of 
them, pallidus and schueflneri, are not known in Malaya or Borneo and so are not 
described in detail here though brief notes are given after the keys (p. 352) ; descrip- 
tions of the other species follow. 
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Anopheles annularis Van der Wulp, 1884 

Notes Leyden Mus. 6 : 249. 
TYPE : $2 from Mount Ardjoeno, Java, in Leyden Mus. 
fuliginosus Giles, I 900. Handbook p. 161, 9 from Calcutta in BXIXH (see p. 378). Synonymy 

by Edwards (1925, Bull. emt. Res. 15 : 260) who saw the type of anndavis (also seen by the 
present writer in 1946). 

Zeucopus Dijnitz, 1901. Insektenbdvse 18 : 37, types from Doerian, Palembang, Sumatra, in 
2001. Mus. Berlin ; I $2 from Padang, Sumatra, in BMSH. 

Zineata Ludlow, 1908 (Chagasia?). Canad. Ent. 40 : 50, type 9 from Luzon, Philippines, in 
U.S. Natn. Mus. 

DIAGNOSIS. Group characters : unspeckled legs with the last three hind-tarsal 
segments all white, larva with bushy outer clypeal hairs. Specific characters : 
vein 5 with a dark mark in the middle near the fork, pupal paddle teeth without 
filamentous ends, larva with sutural hair simple or bifid distally, palmate I of 
abdomen moderately developed. 

FEMALE (fig. 185). Head. Palps shaggy with three pale bands as illustrated, 
though in India during the colder months, from about December to April, the apical 
pale band may be divided by a partial or complete narrow dark band giving four 
pale bands ; third segment, and sometimes the fourth, often with a small median 
longitudinal pale streak. Proboscis dark. Head scales as described for waculatus 
and with the usual white scales on the first few flagellar segments of the antennae. 
Cibarium : cones bifid in posterior view, the crest very broad and massive, with 
two rows of spines and anteriorly several lateral spines, also two behind the base of 
the filament ; filament broad, tapering rather abruptly and slightly fimbriate. 

Thorax. Mesonotum dark grey to black, thinly covered with prostrate broad 
white scales, the usual upright narrow pale scales anteriorly merging into dark ones 
anterolaterally, the anterior pronotal lobes may bear a few scales. Pleura dark 
with small lighter areas ; with a few white scales mainly associated with the sterno- 
pleural and prealar setae. No propleural setae. Haltere knobs black. 

Legs. As illustrated, not speckled ; coxae with some pale scales, more numerous 
on the mid coxa, mid femur with a conspicuous pale spot on anterior face towards 
apex (fig. r85/Sa), a similar though usually smaller spot on hind femur ; tips of 
femora and particularly the tibiae with narrow pale bands. Fore tarsi with three 
fairly broad mainly apical pale bands, mid tarsi with similar but usually narrower 
bands, particularly the third. Hind tarsi with a well marked apical white band 
on segment I, apical 4-i of segment z white and the remaining segments normally 
all white, but sometimes with a dark band of varying width at the base of segment 3 
in a proportion of Indian specimens in the winter months. 

Wirygs. As illustrated, length about z-5-4 mm. Darker than those of $Jzili~+G~- 
ensis (fig. 188), with rather narrower areas of white scales. Costa without pre- 
humeral pale spot, with narrow humeral, presector, sector, subcostal, preapical and 
apical pale spots ; the subcostal pale spot usually not reaching on to vein I, but 
doing so more often in the Philippines. Stem of vein 5 may be entirely dark, but 
more often with a basal dark mark and a second large dark mark near 
Fringe spots usually at the ends of all veins except 2.2 and sometimes 2.1. 

the fork. 
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FIG. 185. A. annulavis, also A. philippinensis (5e, 7~) and A. pallidus (Sf, 7b), adult and 
larva. 1, wing of annulavis ; 2, palp of a $ and b Q ; 3, vertex ; 4, cibarial teeth, 
a front view of cone, b lateral view of cone showing both rows of crest spines, c vie\\ 
from above of pediment of cone showing foreshortened filament and arrangement of 
crest spines, base of a rod shown on right, d rod ; 5, legs, a anterior view of mid femur, 
b fore leg, c mid tarsus, d hind tarsus, e hind tarsus of philippinensis, f ditto of Pallidus ; 
6, left harpago of annularis ; 7, leaflets of phallosome, a annularis, b pallidus, c phili- 
ppinensis ; 8, larval clypeal hairs of annularis, left side. 

(From Christophers) 
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A bdomen. Dark, the dorsum of segments VI or VII and VIII with some dark 
apical and lateral scales, the latter projecting a little ; there may also be some pale 
scales, usually anterolateral and median posterior in position ; ventrally with a 
few scattered light and dark scales on these segments ; cerci with black scales. 

FIG. 186. A. annulavis, pupa and egg. a, pupal trumpet ; b, end of abdomen of $ 
pupa, right half, dorsal ; c, part of 1 a t era1 border of paddle enlarged to show teeth on 
the end of the refractile border followed by non-refractile fringe hairs ; d, egg, dorsal 
and lateral views (after Christophers & Barraud) ; e, ditto (after Walch & Walch- 
Sorgdrager) . 
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MALE (fig. 185). In general similar to female, the wing paler but with the 
characteristic dark mark on 5 near the fork, but the subcostal pale spot on the costa 
usually extending on to vein I. Dark mark at base of vein 5 sometimes small or 
absent in specimens from Indonesia. Palps as illustrated, but often with a median 
longitudinal line of pale scales on segments z and 3. Abdomen with scattered pale 
scales on the dorsal aspect (sternite) of VIII and a few on the hind margin of VII 
(tergite), dense white scales on IX and the back of the coxites which have some 
dark lateral scales. 

Genitalia. Apical seta of harpago a little longer than club, with a smaller seta 
between it and the club, and one to three internal setae (fig. 185/6). Phallosome 
with 4-5 pairs of leaflets with serrations along most of the length of the straight 
edge (fig. 185/7a). 

PUPA (fig. 186). Seven Malayan specimens examined ; described by Senevet 
(x931) from two Indian specimens, and by Baisas (1935) for the Philippines. 
Trumpet simple, meatus about + its length. Spine VIII with about 6-14 branches, 
VII about + as long as tergite VII, IV about Q-+ of the tergite and from Q to as long 
as spine V, usually about $. Hair I on VII-V long, simple, tapering, about as long 
as or longer than the segments, shorter with 4-5 branches on IV ; hair 5 with 2-4 
branches on VII and 4-5 on IV. Hair 2,VII with 1-4 branches, commonly 3. 
Hair g,I moderately strong with 2-4 branches, usually 3. Paddle and male genital 
pouch light and uniform in colour, paddle a little less than $ as wide as long (index 
1.3-1.5) ; refractile border about & as long as the paddle, the distal Q with about 
8-12 slender refractile teeth not prolonged into obvious non-refractile filamentous 
ends. Paddle hair, unstraightened, about t as long as paddle, accessory hair with 
1-4 branches. 

LARVA (figs. 185, 187). Head. Clypeal hairs as illustrated ; inner conspicuously 
frayed, outer Q-2 as long as inner, bushy, with 12-27 long branches, the main stem 
sometimes divided ; posterior simple to six-branched, usually not reaching beyond 
bases of inner. Sutural simple or bifid distally (fig. r87b), longer than posterior 
clypeals ; transsutural shorter with 3-6 branches. Antenna1 hair at about $ length 
of shaft from base, very small as usual, simple or bifid, terminal hair with about 
3-5 branches. 

Thorax. Shoulder hairs : inner and middle strong, pigmented, with fused pig- 
mented roots, inner with 12-21 branches the stem sometimes swollen, middle with 
10-15 branches. Metathoracic palmate fairly well developed with 6-12 lanceolate 
leaflets. Pleural hairs as for series, the shorter branched hair of the prothoracic 
group (epi) with 2-3 branches. Metathorax with a pair of small median dorsal 
oval plates corresponding to the posterior pair in minilrtus. 

A bdomen. Palmate I moderately developed with 5-12 lightly pigmented leaflets 
mostly with partly differentiated filaments (fig. r87d) ; palmate II-VII well 
developed, pigmentation uniform and moderately dark or sometimes darker distally, 
filaments usually g-1 as long as the blades, very slender distally, well differentiated 
at the base (fig. r87e). Lateral hairs on IV and V with 3-5 branches from some 
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way above the base, on VI with 3 from near the base. Tergal plates similar to those 
of maculatus, pecten with 3-5 long teeth and 10-12 much shorter ones. 

EGG (fig. 186). Length about 0.45-0.50 mm., with a single broad deck, the 
middle part of which, bordered by the floats, is slightly narrower than the end 
portions surrounded by frill. The anterior portion of deck is slightly longer and 
wider than the posterior ; in India, and probably in Ceylon, both are often as wide 
as the egg body so that the sides of the egg are not visible from above (Christophers 
& Barraud, 1931, fig. 186d here, Roy & Siddons, 1939, India ; D’Abrera, 1944, 

Ceylon), but are apparently not quite so wide in Java (Walch & Walch-Sorgdrager, 
1935, fig. r86e here) and the Philippines (Urbino, 1936). The Javan egg also has 

4 b 
4! 

FIG. 187. A. annulavis, larva. a, clypeal hairs ; b, sutural and transsutural hairs ; 
c, shoulder hairs ; d, palmate hair of abdominal segment I (cf. fig. 184d) ; e, leaflets 
from palmate IV. 

(a, b and c, after Gater) 
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slightly developed inwardly directed points or tags where the frill meets the floats 
not described for the Indian or Philippine eggs. Floats just over half as long as the 
egg with 14-20 ribs. 

NOTES. The name fuliginosus was widely used until Edwards showed it to be a 
synonym of annularis ; earlier workers in Malaya used the name fuliginosus for 
what are now fh’Zi$$xkensis and nivipes. 

There has been doubt about the validity of the specimen in the British Museum 
(Nat. Hist.) labelled as the type of f~liginos~s ; a remark by Theobald (IgoIa, 
p. 134) seems to show that it is not the original type, but a later specimen. This 
led Stone, Knight & Starcke (1959) to list fL?iginosus as having no type. However, 
examination of the labels on the types and other specimens of the three species 
described by Giles, and referred to by Ross as his various dapple-winged mosquitoes, 
namely rossii 1899 (- s~bpictz~s Grassi), and fuliginosus and nigerrimus 1900, and 
comparison with the published information, points to the probability that Theobald’s 
remarks should have referred to rossii and not fuliginosus. There is no space to 
give all the details here, but the female type of rossii bears an additional label in 
Theobald’s writing “ original type of A. rossii Giles ” ; it and the male type (prob- 
ably collected on 6.3.1899, see Theobald, Igora, p. 156) are differently mounted 
and labelled from two other specimens of ros&i in the collection which were prob- 
ably the later specimens meant by Theobald ; these latter bear exactly the same 
printed collection data as the specimens labelled as the types of fuliginosus and 
nigerrimus ; that is, “ 7.4.99. Calcutta. Dr. C. W. Daniels “. There seems no 
reason to doubt the validity of the type of nigerrimzbs, which was described by 
Giles on the same page as fzbliginosus, so presumably the latter is also valid ; both 
bear old type labels in the same writing ; both appear to be syntypes rather than 
holotypes. This information is given because the possibility that further species 
might be found in this group, and the large gap in the distribution of annularis 
between the most southerly mainland populations in Perak, Malaya, and those of 
the type form in Java, both make it desirable to clarify the status of the type of 
fuliginosus. 

In India this species has long been known to show seasonal variation in adult 
markings (Covell, 1928). In the colder months from about the end of November to 
April some specimens show an increased amount of dark markings; the apical pale 
band of the female palps may be divided by a narrow dark band (also reported in 
_fiuviatiZis p. 312, jamesii p. 372, and occasionally in pallidus and philippinensis, see 
Wattal et al., Ig6o), or the base of the third hind-tarsal segment may be dark to a 
varying extent (also reported in ramsayi and jamesii, but not in pallidus or 
~hziZi~@zensis) ; probably the wing also tends to be darker in some of these 
specimens. Giles’s original description of fzbliginosus refers to the last two hind- 
tarsal segments as white, so that one of his specimens (they were collected early in 
April) may have been one of these dark variants, though the type and the second 
remaining specimen have the normal complement of three segments all white. 
Dark variations of this sort have not yet been noted in Malayan annula&, and are 
not reported from Indonesi .a ; probably the seasonal temperature differences are 
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too small to produce such marked effects as those seen in India, but examination of 
specimens from the extreme north-west of Malaya might show some degree of 
seasonal variation (compare the palp banding of jamesii from Langkawi, in north- 
west Malaya, p. 370). 

Distribution. Throughout India from the north-west eastwards through Ceylon, 
Burma, Thailand, Indo-China and south China to Taiwan and the Philippines ; in 
Malaya only in the northern half, absent from the centre and south ; in Indonesia 
from Sumatra eastwards to Timor but not in the Celebes or Moluccas ; recorded 
from south-west Borneo, but Colless (1948) thinks this record may refer to larvae of 
@ziZi@inen.sis of the type form, which is present in Borneo as well as the Philippines, 
and which could be mistaken for larvae of annularis because of the low number of 
branches on the posterior clypeal and sutural hairs of many specimens. 

Habits and vector status. Larvae are typically found in clean still water with 
much vegetation, in ponds, swamps, rice-fields, etc. Adults can be caught in 
houses and cow sheds, but are mainly attracted to cattle. Low sporozoite rates 
have been found in India, in Orissa, Bengal and Assam and in the Akyab region of 
Burma, and in these areas it is considered to be a vector of malaria ; elsewhere 
only sporadic infections have been recorded and it is not regarded as a regular 
vector. 

Anopheles phifippinensis Ludlow, 1902 

J. Amer. med. Ass. 39 : 426. 

TYPE : z $29 from Luzon, Philippines, in U.S. Natn. Mus. 
fveerae Banks, I 906. Philipp. J. Sci. I : 993, described from one $J from Manila, Philippines, 

now lost. 
~fuliginosus in part of Stanton (1912, 1915) and other authors. 
nivipes in part of Leicester (1908)) Stanton (1912). 
var. hainanensis Takei (I 94 I). 

DIAGKOSIS. As for annularis but vein 5 pale in the middle, without dark mark 
near the fork, pupal paddle teeth usually with filamentous ends, larva with branched 
sutural hair. Differs from nivi@s in usually having a shorter presector dark mark 
on vein I, sternite VIII of male with scales all pale ; pupal paddle with less than 
IO fringe teeth on a shorter refractile border, and with longer paddle hair, the 
unstraightened length about Q of paddle ; larva usually with shorter filaments on 
palmate hairs which usually have a mottled distal pattern on the blades, sutural 
hairs average fewer branches, 4-8. 

Similar to annularis, differs mainly as follows :-- 
ADULT (figs. 185, 188, 189). Wing paler, particularly at base of costa and on 

vein 5, base of costa usually with prehumeral pale spot, humeral and other costal 
pale spots usually wider, subcostal pale spot complete on vein I in females as well 
as males, middle of vein 5 all pale without dark mark at the fork, other dark marks 
tend to be shorter. 

Wing differs from that of nivipes only in the shorter presector dark mark on 
vein I, which commonly does not reach back as far as the distal end of the humeral 
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dark mark on the costa ; in the type form from northern Borneo and the Philip- 
pines, which has a paler wing than the average Malayan specimen, this mark is not 
usually longer than its counterpart on the costa (fig. IQb), and the subcostal and 
preapical pale spots tend to be wider, the latter commonly from about 6 to longer 
than the preapical dark mark, compared with about $ to a little over 3 the preapical 
dark mark in most Malayan specimens. 

FIG. 188. A. ’ philippineusis ’ from Stanton, female and head of larva. The wing is 
that of vtivipes as the presector dark mark on vein I overlaps the humeral dark mark 
on the costa ; usually there is a third dark mark on vein 6 near the base. The larval 
head appears to be that of philippinensis. 
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Legs similar to those of annularis, though with the apical pale band on hind tarsus 
I narrower (fig. IQ/se), sometimes very small, occasionally absent, but that on 

a tcv Hd 

e 

b 

d 

FIG. 189. A. PhiZippinensis, adult and pupa. a, part of wing of Malayan specimen, base 
of costa and vein I showing presector dark mark on vein I extending basally beyond 
the end of the corresponding mark on the costa, but not reaching the distal end of the 
humeral dark mark on the costa, C costa, hcv humeral cross vein, Hd humeral dark 
mark, Psd presector dark mark, SC subcosta, I vein I ; b, ditto, specimen from northern 
Borneo, Psd on vein I same length as on costa, not extending basally ; c, white scales 
on $ sternite VIII ; cl, half of left paddle and genital pouch of 8 pupa, and part of external 
border of paddle enlarged showing small number of fringe teeth on end of refractile 
border (cf. fig. 193, niuipes) followed by some non-refractile fringe hairs ; e, common 
shape of pupal vertex plate (Malaya). 



XNOPHELES OF MALAYA AND BORNEO 

FIG. 190. A. phalippinensis, $ pupa. 1, abdomen and metathorax, dorsal hairs on 
left, ventral on right (but see legend, fig. zg) ; 2, trumpet ; 3, lateral spines ; 4, lateral 
border of paddle. (From Crawford) 
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tarsus 2 wider, about i-+ the length of the segment though less (more often about $) 
in India. 

Abdomen of female with variable amount of scales, those of the dorsum sometimes 
more numerous than in annularis with a few pale ones on the apices of the tergites 
as far forward as segment III or IV, becoming numerous on VII and VIII ; there 
may be small tufts of black scales at the hind corners of tergites VI-VIII and the 
rest of tergite VIII is covered with fairly broad creamy scales. Cerci with pale 
dorsal and black ventral scales. Ventral scales few but also variable in number, 
commonly the scattered pale scales are confined to sternites VIII and VII, but 
sometimes there are a few as far forward as about sternite IV. Abdomen of male 
and the genitalia similar to those of annularis ; sternite VIII (dorsal after inversion) 
with scales all pale (cf. niz@es) . 

PUPA (figs. 189, 190). Crawford’s figure, reproduced here, appears to be of 
philippinensis, but his description may include both this species and niz@es. 
Described for the Philippines by Baisas (1935). 

Differs from annularis mainly in hair 9,1 usually being simple or bifid, the more 
posterior lateral spines rather longer, the paddle having a shorter refractile border 
bearing distal teeth with filamentous ends (fringe teeth), and in having a longer 
paddle hair. 

The following description is of Malayan specimens, but in all important respects 
those of the Philippines and India appear to be similar. Spine VIII with 8-12 
branches, VII about 3 the length of the tergite (0.39-0.60), IV about i-4 of the tergite 
and i-5 the length of spine V. Hair I on VII-VT long, simple, with 3-4 branches on 
IV ; hair 5 with 2-3 branches on VII and 3-5 on IV. Hair z,VII with 1-3 branches, 
av. 2, hair z,IV with z-3. Hair 9,1 with 1-3, usually I or 2 branches. Paddle and 
male genital pouch light and uniform in colour, the latter more than half as long as 
the paddle (o-55-0.61), paddle a little less than $ as wide as long (0.69-0.73, index 
about 1.4) ; refractile border about 2 as long as paddle (o-71-o-84), distal $ or less 
with a few (usually less than IO) slender fringe teeth with refractile bases and non- 
refractile filamentous ends (fig. IBgd), Paddle hair, unstraightened, about + the 
paddle length (0.27-0.39) ; accessory hair simple or bifid. Vertex plate often with 
rather square corners (fig. r89e). 

LARVA (figs. 188, 191). Closely resembles that of anndaris, but has a branched 
sutural hair (fig. rgrb). 

Outer clypeal hair with 16-38 branches, posterior clypeal (fig. rgra) with 4-11, 
average for Malaya 6.8 (2-4 in the Philippines and northern Borneo) ; sutural with 
2-7 (Malaya, av. 4-B), transsutural 5-8 (Malaya, av. 6.4). In Malayan specimens 
examined the sum of the branches on the four sutural and transsutural hairs was 
17-28, and this sum minus the sum of the branches on both posterior clypeal hairs 
was 1-16. Inner shoulder hair with 18-28 branches, usually paler than in annularis, 
always paler in the Philippines and used there to distinguish the larvae of the two 
species as both may have the sutural hair bifid and have 4 or fewer branches on the 
posterior clypeal hairs. Palmate hairs commonly with a mottled pattern of dark- 
edged paler areas towards the ends of the blades, and filaments about Q the length 
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of the blades (022-0~82, av. 0*40). Abdominal hair 3,1V with 1-5 branches, av. 
3 2 (cf. pallidus, 1-3, av. 1.8). 

EGG (fig. 191). Very similar to that of annularis. Assuming that the descrip- 
tions of Walch & Walch-Sorgdrager (1935, Sumatra) and Roy & Siddons (1939, 
India) refer to this species and not to rzivipes, then the egg of philippinensis is 
usually a little longer (0.49-0.54 mm.) than that of anwlaris and has slightly more 
float ribs (18822). Also the central part of the deck bordered by the floats (which 
are about 8 as long as the egg) is slightly longer relative to the sum of the lengths of 
the two end parts of the deck bordered by the frills ; these latter parts together are 
less than half the egg length, but more than half in anndaris. Somewhat similar 
differences seem to hold in the Philippines, except that the length of the two eggs 
is about the same and @ziZi@ inensis has a slightly wider deck than has annularis 

(Urbino, 1936). 
Christophers & Barraud (1931) obtained eggs similar to those described above 

from one female, but from another, rubbed, specimen believed to be philippinensis 

FIG. 191. A. philippinensis, larva and egg. a, posterior clypeal hairs of (top) a Philippine 
specimen, those of Borneo are similar, and (bottom) a Malayan specimen ; b, sutural hair 
(cf. fig. 194, nivipes) ; c, leaflets from palmate IV (cf. fig. 194) ; d, egg, dorsal and 
lateral views, (after Walch & Walch-Sorgdrager). 
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they obtained eggs like those of maculatus ; possibly, as suggested on p- 372, this 
individual was in fact a specimen of jamesii. 

pallidus and nivipes ; for further NOTES. 

remarks on 
This species very 
identification see 

closely resembles 
under nivipes. 

Pyretophorus freerae Banks was described from a single female captured at Manila 
by Banks but now lost. His detailed description of the wing, especially of the 
rnarkings of the costa and veins I and 5, makes it clear that the specimen was 
phiZipp&ensis, not annularis, although a specimen in the British Museum from 
Manila, labelled by Banks as freerae after comparison with the type, is annularis ; 
this is noted by Christophers (1924). 

Takei (1941), in a key to the Anophelines of Hainan Island, distinguishes two 
forms of phi&p inensis on the darkness or lightness of the wing, naming the one 
with the lighter wing var. hainanensis.* Ho (1938) describes philippinensis from 
Hainan and remarks on the variable proportion of light and dark scales on the costa, 
and this is a variable character elsewhere in the range. His figures of the male 
genitalia and pupa suggest that his specimens were philippinensis, not nivipes. 
Possibly nivipes is also present on Hainan ; on average it would probably have a 
darker wing than philippinensis. But whether there are two distinct forms or not, 
it seems probable that Takei’s lighter-winged form would be true phiZippinensi.s, of 
which his name var. hainanensis is therefore a synonym. 

Distribution. This is a little uncertain because in some areas the records may 
refer to nivipes ; present in India (not the north-west), Burma, Thailand, Indo- 
China, south China (Hainan, Yunnan), and the Philippines, but not Taiwan ; present 
in Borneo, where at least in the north it is represented by the type form as in the 
Philippines ; probably present throughout Malaya ; recorded from Sumatra and 
West Java (in both of which the records could be of nivipes), but not further east 
along the Archipelago. 

Habits and vector status, Larvae are usually found in fairly clean, still, or slowly 
moving water with vegetation, such as the grassy edges of rice-fields (very commonly) 
and in ponds, swamps and irrigation channels. Like maculatus, this species seems 
to vary geographically in habits as well as morphology, for though it has frequently 
been found infected with malaria in lower Bengal (Covell, 1944) where nivipes is 
probably scarce or absent, it is not a vector in the Philippines and northern Borneo 
where also nivipes is not known to occur. Elsewhere records may refer to both 
species, but, apart from infections found by Feegrade at Bhamo in Burma which 
were probably in philippinensis (Reid, 1967), most dissections have been negative. 
In lower Bengal the species was found much more commonly in houses than in 
cow sheds, but elsewhere it appears to be mainly zoophilous, though the confusion 
with nivipes means that this conclusion should be treated with caution. Rests out- 
doors by day in Malaya. 

* Dr. D. G. Maitland Muller of the Commonwealth Institute of Entomology, London, kindly translated 
the relevant couplet from the Japanese. 
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Anopheles nivipes (Theobald), Igo3 

hTyssovlz_vnclzus niuipes Theo., Entomologist 36 : 258. 
TYPE : $, with $, y paratypes, from Kuala Lumpur (“ opposite buffalo wallow “), Malaya, 

(Jan. 1903, nv. E. H. Duvharn), in HRZNH. 
fuliginosus in part of Stanton (rgrz, rgr5), and other authors. 
philippinensis in part of Gater (1934, rg35), Hodgkin (rg56), and other authors. 

DIAGNOSIS. Very like @zi&%zensis, but the presector dark mark on vein I 

usually longer, reaching or overlapping the distal end of the humeral dark mark on 
the costa ; sternite VIII of male with a small median patch of dark scales surrounded 
by pale scales. Pupal paddle with IO or more fringe teeth on a longer refractile 
border, but paddle hair shorter, about + length of paddle. Larva usually with 
longer filaments on palmate hairs, the blades usually without mottled distal pattern; 
sutural hairs tend to have more branches, av. 7.3. 

Very closely resembles phi@pinensis, differs only as follows :- 
ADULT (figs. 188, 192). The presector dark mark on vein I tends to be longer 

and usually reaches back to or overlaps with the distal end of the humeral dark 
mark on the costa * on average the wings are probably slightly darker. , Pale 
ventral scales on the female abdomen tend to be a little broader and more numerous, 
usually a few present on sternite VI and occasionally as far forward as III or II. 
Male with a small median patch of dark scales surrounded by pale scales on sternite 
VIII (dorsal after inversion) ; ventral half of harpago with dorsal accessory seta in 

FIG. 192. A. nivipes, adult. a, part of wing, base of costa and vein I, showing presector 
dark mark on vein I extending basally beyond the distal end of humeral dark mark on 
the costa (cf. fig. 189, philippinensis) ; b, scales on 3 sternite VIII showing dark central 
patch (cf. fig. 189) ; c, ventral halves of left and right harpago showing accessory seta 
not external to large apical seta as in ~1ziZippinensis and annularis (fig. 185/6). 
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line with or internal to the large apical seta (fig. I~ZC), instead of external to it 
(cf. fig. 185/6). 

PUPA (fig. 193). With rather more branches on some hairs ; spine VIII with 

10-16, hair z,VII with 1-5, av. 3, hair z,IV with 3-5. Paddle perhaps slightly 
narrower, width o-65-0.71 of the length, length of male genital pouch relative to that 

FIG. 193. A. nivipes, pup. a, half of left paddle and genital pouch of 3 pupa, and part 

of external border of paddle enlarged (cf. fig. 189, philippiyzensis), length of refractile 
border ~b, of paddle p, of paddle hair plz ; b, common shape of vertex plate. 
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of paddle about the same, 0.54-0.62 ; refractile border, fringe teeth and paddle hair 
distinctly different, refractile border about $G the paddle length with the distal 
&+ bearing 10-20 fringe teeth, paddle hair shorter, unstraightened length about $ 
that of paddle (0~12-0~27). Vertex plate more often with round corners (fig. rg3b). 

LARVA (fig. 194). With rather more branches on the sutural (4-10, av. 7.3) and 
transsutural hair (5-11, av. 7*7), particularly on the sutural (fig. 194~) ; posterior 
clypeal with very slightly fewer (4-10, av. 6.4). In Malayan specimens seen the 
sum of the branches on the four sutural and transsutural hairs was 22-37, and this 
sum minus the sum of the branches on both posterior clypeal hairs was 11-26. 
Inner shoulder hair sometimes darker. Abdominal palmate hairs usually without 
a mottled distal pattern, commonly lightly and uniformly pigmented and with a 

longer filament, about half as long as the blade (0.33-0.69, av. 0.51) ; hair 3,1V 
with 1-4 branches, av. z-8. 

EGG. Not known, probably very similar to that of philippinensis. Stanton’s 
description and figure of the egg of fuliginosus (in Lamborn, 1922) may refer to 
nivipes. 

The egg of the closely related pallidus is described by Christophers & Barraud 
(1931) and D’Abrera (1944) as having smoother (more gently rounded) float ribs 

FIG. 194. A. nivipes, larva. a, clypeal hairs and b, sutural and transsutural hairs 
(after Gater as ‘ philippinensis ‘) ; c, sutural hair, larger scale (cf. fig. 191, philippinen- 
sis) ; d, leaflets from palmate IV (cf. fig. 191). 
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than has that of annularis. D’Abrera found the floats shorter, less than half (0.40) 
as long as the egg, and with slightly fewer ribs, 15-17. 

NOTES. This species has only recently been distinguished from p~ilippinensis 
by Reid (1967). In Malaya, where nivipes appears to be slightly the commoner, 
larvae of the two species often occur in the same breeding place. In several respects 
nivipes is intermediate between pallidus and phiZi@+zensis and until adequate 
specimens of nivipes and pallidus from the same area can be compared we shall not 
be quite sure that they are distinct species and not geographic variants of one 
species. If they are distinct, as seems probable, then such a comparison of sym- 
patric specimens will be needed to show which are the best characters for distin- 
guishing them (Reid, Wattal & Peters, 1966). 

The keys should serve to distinguish the majority of specimens of the three 
species, pallidus, philippinensis and nivipes, but at present not all could be identified 
with certainty unless accompanied by pupal and larval skins. Females of pallidus 
can usually be identified by the lack of any apical pale band on the first hind-tarsal 
segment and the presence of a few broad pale scales on the anterior abdominal 
sternites, but occasional specimens of @ziZippinensis and nivipes lack the tarsal band, 
and nivi$es occasionally has a few pale scales on sternites II or III. Most examples 
of nivipes appear to have a darker win g than most pallidzts (Reid, 1963 ; the speci- 
mens sent from Kelantan by Wharton appear to be nivipes), but this may be 
because the specimens compared came from different geographic areas ; if speci- 
mens of the two species from the same area could be compared there might be little 
difference. The length of the presector dark mark on vein I is variable in pallidzts, 
and though most males have the scales on sternite VIII all pale as in plziZippinensis, 
a few have a dark median patch as in nivipes. The pupa of pallidus, so far as it is 
known, resembles that of nivipes, at least in the characters of the paddle, though 
the male genital pouch appears to be shorter, just under half the paddle length in- 
stead of over half. In most of India the larvae of pallidus and $hiZi$+zensis can 
be distinguished by most of those of pallidz~s having fewer branches on the posterior 
clypeal hairs, rather more on the suturals, and usually longer filaments (like those 
of nivipes) on the palmate hairs (Reid, Wattal & Peters, 1966). Outside India, 
phiZippinensis larvae show a wider range in the number of branches, particularly 
on the sutural hairs, and with the possible added presence of nivipes, identification 
of larvae becomes much more difficult. However, the differences in the average 
number of branches on the relevant hairs can be accentuated by the summation 
method as employed in the key. Larvae of nivipes differ further from those of 
PaZZidzu by having rather more branches on the sutural hairs (av. 7.3 compared 
with s-5), and adding the sum of the branches on both these hairs to the previous 
sum of the posterior clypeals and abdominal hair 3,IV, gives a total for the specimens 
examined of 27-35 for &vipes compared with 19-26 for pallidus. 

Differences between nivipes and philippinensis are clearest in the pupa in which 
there appears to be little or no overlap in the characters on the paddle ; the longer 
refractile border with distinctly more numerous fringe teeth, and the shorter paddle 
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hair, distinguish nivipes. Most males also are readily identified, if not rubbed, by 
the small area of dark scales in the middle of sternite VIII (dorsal after inversion) 
in ~zivipes, in addition to which the presector dark mark on vein I is usually longer. 
This wing character is the only fairly clear-cut difference known at present between 
females, and it is equivocal in some specimens. About 80 per cent. or more of 
larvae should be identifiable with the key, plus the fact that specimens with the 
sum of the branches on the four sutural and transsutural hairs exceeding 28 will 
usually be nivipes. 

Distribution. This is uncertain at present, but is not as wide as that of ~51ziZip- 
pine&s ; probably it is from Assam eastward through Burma, Thailand and 
Malaya, and possibly Indo-China ; some of the records of pallidzts and philip- 
pinensis in Sumatra might refer to this species which may tend to replace pallidus 
east of Assam and Burma, but this is conjecture ; apparently absent from northern 
Borneo and the Philippines. 

Habits and vector status. Sothing is yet known of the biological differences that 
must exist between this species and philippinensis where they occur together, and 
records from Malaya probably mostly refer to a mixture of the two species. Larvae 
are found in breeding places similar to those of philippinensis, often in the same 
breeding place. The evidence of dissection and of catches in houses and cow sheds, 
in areas such as Assam and Malaya where both species occur, suggests that nivipes 
is largely zoophilous, possibly more so than PhiZippinensis, and is unlikely to be 
more than a very minor vector of human disease, but further investigation is needed. 

7. BIOLOGY 

This chapter is not intended to be in any sense a complete or balanced account 
of the biology of Anophelines, for that would be quite beyond the scope of this 
book. The aim is mainly to review some of the large amount of information that 
has been published, since the end of the second world war, on the biology of adult 
Anophelines in Malaya and Borneo, and the relation of this to their status as vectors 
of disease. This concentration of research on the adults has been the natural 
outcome of the introduction of residual insecticides, and the consequent change of 
emphasis in malaria control from anti-larval to anti-adult measures. 

In addition, an attempt has been made, in the first section of this chapter, to 
explain the biological species concept which has guided the writer in his taxonomic 
work, and which has led to the recognition of the sibling species groups that form 
such an important part of the Anopheline fauna of South-East Asia. There is no 
doubt that the proper place for this explanation is here, in the chapter on biology, 
rather than in the chapter on classification. 

For a broader and more balanced account of the biology of mosquitoes in relation 
to disease see Mattingly (in press). 



BIOLOGY: NXTURE OF SPECIES 391 

THE NATURE OF SPECIES* 
The nature of species, and their evolution, form an inexhaustible subject for 

argument among biologists, and there are several specialist journals devoted entirely 
to discussions of evolution, taxonomic theory and nomenclature. Although Darwin’s 
great work led to general agreement with his view, that new species evolve from 
existing ones by the natural selection of advantageous heritable variations (survival 
of the fittest), the details of how and why this happens, and how species should be 
recognized and defined, continue to be an important and sometimes acrimonious 
subject of enquiry. But the ordinary biologist needs a relatively simple statement 
of the nature of species, which will work well in practice for most of the species he 
encounters, and which need not involve him in the more contentious questions that 
still exercise the soecialists. 

Indeed, at first it is a little difficult for the non-specialist to see what the continued 
fuss is about. If asked for a definition, he would say something to the effect that 
species are different kinds of animals (or plants), each of which reproduces its own 
kind, but does not reproduce with other kinds. This definition is implicit in the 
Old Testament story of Noah and the ark. However, the causes of contention 
begin to appear when one asks how these different kinds of animals are to be recog- 
nized in practice. Is it by their appearance, or habits, or by the test of reproduction, 
or by a combination of these? Anyone can tell the difference between an elephant 
and a tiger, or between a hawk and a sparrow, by looking at them, but it may 
require an experienced ornithologist to distinguish one kind of hawk, or one kind of 
sparrow, from another by their appearance alone. With small animals like insects, 
this difficulty of distinguishing them by their appearance may be much greater, 
and though two similar-looking species of birds can often be distinguished when 
alive by aspects of their behaviour, such as different songs, nesting habits, mode of 
flight, etc., comparable differences may be much less obvious and more difficult to 
observe in insects, especially if they are nocturnal like most mosquitoes. This 
leaves the more fundamental reproductive test : the fact that in nature, among 
bisexual animals, with a few exceptions, the males and females of one species repro- 
duce successfully and do not do so with those of other species (even if in some cases 
they can do so in captivity). But the proportion of species for which we have 
observational proof of this reproductive isolation from other species in nature, is 
very small as yet. 

Most of the species of insects known today have been described from small 
numbers of dead preserved specimens, accompanied by little biological information 
other than the date and place of capture. Theobald (1901-1910), and other early 
workers in mosquito taxonomy, were obliged to do the best they could with such 
material, and it is a tribute to their ability that much of their work has stood the 
test of time. But this enforced reliance on purely morphological characters for 
distinguishing species, that is, the apparently constant differences of appearance 
taxonomists could find between small numbers of preserved specimens, led to much 
bad work by the less competent of them. So much depended (and still does) on the 

* This section should be read with that on nomenclature (p. 53). 
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experience and judgement of each taxonomist to decide whether some difference he 
saw in some of his specimens was only an individual, seasonal, sexual, or geographic 
difference, or was probably a constant specific difference. This led to the quip, 
in which there is much truth, that a species is what a competent taxonomist says is 
a species. But it also led, on the one hand to the naming of Ig,ooo species of birds 
in the world, since reduced to about 8,600 by the recognition that many of these 
‘ species ’ were only geographic variants of widespread species (Mayr, Ig63), and on 
the other hand to reluctance to accept that the races of Ano@ieZes macdifwznis, for 
example, are distinct species. This reluctance was because the morphological 
differences between the races of maczclibennis were so much smaller than those that 
taxonomists were accustomed to finding between species, and were such that in- 
dividual adult specimens in collections could not be identified to their race or 
species. 

The growth of knowledge has now led to abandonment of the purely morpho- 
logical concept of species, which largely prevailed at the beginning of this century. 
There was dissatisfaction with some of its results, such as those quoted above for 
birds, and with its subjectiveness. At the same time, advances in genetics (a 
science unknown to Darwin) and ecology permitted a deeper understanding of the 
nature of species, which came to be visualized as consisting each of collections of 
living populations, constantly undergoing small changes to remain adapted to 
fluctuations in their environments, but retaining their specific identity through 
interbreeding directly or indirectly with one another (maintaining gene flow between 
themselves), but not with the populations of other species inhabiting the same areas. 
The discovery of more and more groups of species like the A. macuZi$mznis group, 
the members of which behaved reproductively and ecologically like other species, 
but were barely, if at all, distinguishable morphologically (the so-called sibling 
species), gave further impetus to the change from a morphological to a biological 
concept of species, such as that ably set forth by Mayr (1942). 

Mayr’s definition of species, embodying this biological concept, stressed their 
reproductive isolation from one another, and made no mention of morphological 
differences. But because, even with sibling species, slight but reliable morpho- 
logical differences have eventually been found between most of them, and because 
most species-identifications will of necessity, or from ease and convenience, continue 
to be made on morphological grounds, the writer has preferred (Reid, rg65b) to 
modify Mayr’s definition slightly to read as follows :-Species are groups of actually 
or potentially interbreeding populations reproductively isolated, and usually 
morphologically distinguishable, from other such groups. 

In the writer’s experience this definition and the biological concept on which it is 
based have worked well in practice. The easiest way to demonstrate this is to 
show, in a simplified way, how the definition and concept apply to the usual sort of 
situation encountered by medical entomologists in the field, illustrating specific 
points with examples. For a full yet concise account of the biological species 
concept, see Cain (1954). 

The man in the field is concerned with his own local area, not with the whole of 
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large countries or continents, and in local areas most species are morphologically 
distinct, and only a proportion are troublesome to identify, usually because they 
seem to occur in more than one form. Some of these complex species have more 
than one form within the local area, others have only one form in the local area but 
occur in different forms in adjacent areas or countries. Complex species of the first 
kind form a sympatric complex, that is one in which the constituent forms occur in 
the same geographic area, often side by side. Complex species of the second kind 
form an allopatric complex, in which the constituent forms occupy different 
geographic areas. 

Synapatric conafdex 

Among mosquitoes, apart from some seasonal forms, there are two main kinds of 
sympatric complex. The commonest and most important is the kind which proves 
to be a group of sibling species ; the second kind is the polymorphic single 
species. 

Sibling species. As already indicated, these are good species, fully reproductively 
isolated and ecologically distinct, like any other species, but with minimal morpho- 
logical differences. There is, of course, no sharp dividing line between species which 
are easily distinguished morphologically and those which are not. As Cain (1954) 
says “ Examples of every degree of intermediacy between the most extreme sibling 
species and the most obviously ‘ good ’ species can be found “. The term sibling 
species is a purely descriptive one, and should not be over-used. Ecological dis- 
tinctions between species are important, because it is an established fact that species 
which occupy the same area must have different requirements which prevent them 
from being in constant competition. In other words, two species, however similar, 
cannot occupy exactly the same ecological niche in the same area, though it some- 
times takes a long time to discover what the essential differences in their require- 
ments may be (e.g. Mansonia dives and M. bonneae, see Wharton, x962). 

Classic examples of sibling species are those of the Drosophila psezbdoobscwa and 
Anopheles maculipennis groups. In the first example, laboratory experiments 
showed that there were two incompatible strains of the North American fruit-fly 
species, D. pseudoobscura. These were called the A and B races, and when crossed 
the male progeny were always sterile. For a time the only morphological difference 
known between the two was in the shape of the Y chromosome ; this was J-shaped 
in race A (= pseudoobscura), and V-shaped in race B (= persirnilis), but the two 
races remained distinct in nature, although occurring together, and were recognized 
to be different species (Dobzhansky & Epling, 1944). Later a slight difference in 
wing size was discovered, and more recently a small difference in the male genitalia 

(Mayr, 1963) - 
In the second example, the existence of races in the A. macuulipennis group in 

Europe was suspected on field evidence, particularly the fact that malaria was 
absent in some places where macu@ennis was abundant, but present in some others 
where maculipennis was less common. The story of how this puzzle was solved 
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and the ‘ races ’ of mnacu@ennis discovered, is well told by Hackett (1937). Briefly, 
it was found that maczclipewzis consists of a number of races, later recognized as 
species (some with geographic variants or subspecies), which could be distinguished 
with certainty only by the different appearance of their eggs. Crosses between 
these species were unsuccessful, or if viable adult offspring were produced the males 
were sterile (Bates, 1940). The principal species had different host preferences, and 
only those that were sufficiently attracted to man were vectors of malaria, and though 
the species occurred together in various areas intermediate forms were not found. 
Later studies, summarized by Kitzmiller (196x), have shown that the species of the 
macuZi@znis group, both in Europe and America, can be distinguished by their 
chromosome morphology, which also appears to afford some clues to probable 
evolution and relationships within the group (see also Kitzmiller, Frizzi & Baker, 
pp. 151-210 in Wright & Pal, 1967). 

Perhaps one should interpolate at this point that for practical purposes of 
identification, morphological differences in the chromosomes have the same value, 
and must be judged for reliability by the same criteria, as any other morphological 
difference. Chromosome differences may be very useful where more easily acces- 
sible differences have not been found (they have been used to identify larvae of 
the maculifwvznis group in Europe), or in the early stages of investigating a 
sibling species group (e.g. A. gambiae, forms A and B, Mason, 1964, Coluzzi & 
Sabatini, 1967, or the Simulium damnosum complex, Dunbar, 1966). But the 
techniques are specialized, and with some species, especially those of Aelles and 
CaZex, it may be difficult to make suitable preparations which will show chromo- 
some structure in enough detail. One should also remember that there is growing 
evidence that other parts of the cell, such as the cytoplasm, as well as the chromo- 
somes in the nucleus, carry hereditary information (Srb et al., 1965). 

A more recent example of a sibling species group in Anopheles, which may well 
become as famous as that of the macztlipennis group, is the gambiae group in Africa, 
already briefly mentioned. Arising out of work on the genetics of insecticide 
resistance in ’ gambiae ‘, Davidson (1964) found that there are at least five forms 
that are evidently species, as crosses between them always produce sterile males, 
and ecological and small external morphological differences are known between 
some of them. For example, the salt-water A. melas of the West African coast can 
usually be distinguished from the fresh-water forms found in the same area. Most 
interest attaches to the fresh-water forms A and B, as these are the formidable 
malaria vectors, and the adults in particular are not yet distinguishable on external 
characters (Coluzzi, 1964) ; until one or more life stages of A and B are so distin- 
guishable, and existing type specimens can be identified (p. 54), it is more conven- 
ient to call them A and B rather than to give them formal specific names (see also 
Davidson et al., pp. 211-250 in Wright & Pal, 1967). 

The male sterility found in crosses in the gambiae group, and between the more 
closely related members of the maculipennis group, is in accordance with Haldane’s 
rule that in hybrids the heterogametic sex (that is, the sex having dissimilar sex 
chromosomes), which is the male in mosquitoes, is usually the more abnormal. 
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The field recognition of sibling species in a local area depends, as for other species, 
on the demonstration or inference that sywapatric fowm which can be distinpished in 
some way, whether morphological OY biological, aye also reproductively isolated -from one 
another. With ordinary species, reproductive isolation can usually be assumed to 
accompany the distinct morphological differences, and can be inferred from the 
absence of intermediate forms. But with sibling species, the morphological differ- 
ences are so slight that it is especially desirable to have some more direct evidence 
of reproductive isolation. \F’l:ith mosquitoes this can usually be obtained by rearing 
and examining the progeny of wild females, to see that those of each female are all 
of the same form as their mother, and do not include individuals of any of the other 
forms in the group, or intermediates between them. This has been done with many 
of the sibling species of Anopheles of Malaya, but now that forced mating techniques 
can often be used to make crosses between forms that will not mate voluntarily in 
captivity (e.g., Ow-Yang et al., 1963), it would be useful to try crossing the species 
within some of the important species groups, such as the barbirostris and leucosphyrzcs 
groups, and if possible to examine their chromosomes. 

Sibling species appear to be common in Diptera, and about half the Anophelines 
of Malaya and Borneo, including several of the vector species, belong to well defined 
species groups, in which many of the individual species resemble one another very 
closely. For this reason it is important to be able, when necessary, to identify the 
species in these groups correctly, even though it may be troublesome (p. 57). The 
evolutionary significance of sibling species groups is not clear ; possibly the morpho- 
logical form or phenotype to which most of the species in each group conform, is a 
particularly successful one, and any large deviations from that phenotype are likely 
to be less successful and will be selected against. In this way the species come to 
differ from each other much more genetically and biologically than morphologically 
(Mayr, 1963). Th ere is little reason to think that sibling species originate differently 
from other species, and many of them are still essentially allopatric (e.g. A. 
leucosphyrzu and balabacensis in Borneo), suggesting that they originated by the 
usual process of differentiation during separation, that is, by geographic (allopatric) 
speciation (p. 402). 

Polymorphic species. This term is generally used to describe species which have 
two or more rather distinct-looking forms occurring simultaneously in the same area. 
The progeny of a single female may contain more than one of these forms, and the 
forms are fertile when crossed, showing that they are infraspecific variants and not 
distinct species. An example in mosquitoes is that of Aedes aegypti, the adults of 
which vary greatly in colour in some areas. Mattingly (1957) has shown that it is 
useful to recognize three forms ; fownoszts, black, usually wild and found mainly in 
the interior of Africa ; the type form, brown, mainly domestic and widespread ; 
and peenslandensis, pale, entirely domestic and nearly as widespread as the type 
form. McClelland (1960) has confirmed the differences of domesticity, and has 
shown that when females of an inbred strain of gueenslmzdensis were offered human 
arm and guinea-pig they bit only the arm, while those of a dark strain readily bit 
both. Despite these differences, there is continuous variation on the Kenya coast 
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from dark to pale forms, and crosses produce fertile offspring. Evidently aegypti 

is a variable species in which colour differences go with biological differences that 
make the pale form better adapted to houses, and therefore commoner in them than 
the dark form which predominates outside. Consequently, on the Kenya coast, and 
in some other areas where the queenslandensis form is common, aegypti is poly- 
morphic, though the variation is not as striking and as discontinuous as in some 
mimetic butterflies. In the latter, the adaptive nature of the mimicry and the 
action of selection pressure (mainly predation by birds) in maintaining the distinct- 
ness of the polymorphs (mimics) has been amply demonstrated (Mayr, 1963). 

Another example of colour polymorphism in mosquitoes may be that of 
Anopheles maculatus, discussed by Reid, Wattal & Peters (1966). This species 
occurs in two forms at different altitudes along the Himalayas, and possibly in a 
third form (theobaLd;) on the central plateau of India (p. 359). As with the 
queenslandensis and type forms of Aedes aegypti, there are no correlated clear-cut 
differences in the other life stages, such as would be expected between good species. 

A rather different example of polymorphism may be that of CuZex @@ens which 
exists in a number of forms (some of them geographic, e.g. subspecies fatigans), 
which differ more in biology than in morphology (Mattingly, 1953, 1967a). One of 
these forms is molestus, which occurs as scattered populations within the range of 
C.P. @ens, from which it differs little in appearance except that it tends to be paler, 
but from which it differs markedly in behaviour, especially in northern Europe. 
IJnlike 9. @piens, molestus is autogenous (i.e. lays the first batch of eggs without 
a blood-meal), stenogamous (i.e. mates in small spaces), bites man, does not hiber- 
nate, and is a cryptic breeder in flooded cellars and other underground collections of 
water. The puzzle about molestus is that some populations are sterile when crossed, 
due to a cytoplasmic factor as shown by Laven (1959). But since 9. pipiens and 
molestus are usually fertile when crossed, and intermediate populations occur in 
nature or can be derived by selection from @ens, it seems that molestus is not a 
distinct species. More probably, as suggested by Kitzmiller (1959), wtolestus is a 
name for separately arising populations of 9. @iens with high gene frequencies for 
those adaptive characters, such as autogeny, stenogamy and man-biting, which fit 
them for the specialized niche they occupy. In other words molestus may be an 
ecotype* of p. pipiens, and thus polyphyletic (i.e. having more than one origin). 

There does not appear to be any sharp demarcation between an ecotype and a 
polymorph. Both are sympatric adaptive forms, but in the ecotype the biological 
differences are likely to be more prominent than the morphological ones, which are 
the chief distinguishing feature of the polymorph. Nor, probably, is there any 
sharp demarcation between polymorphism and normal variation in species ; the 
one probably grades into the other. We use the term polymorph when intermediate 
forms are scarce so that the forms of a species we see occurring together appear 
rather sharply contrasted with one another. Genetically at least, if not pheno- 
typically, most species are probably polymorphic. Dobzhansky (1950, 1961) has 

* A local race that owes its most conspicuous characters to the selective effects of local environments 
f&lay-, I 963). 
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shown that chromosomal polymorphism (often in the form of inversions) is common 
in species of Drosophila, and is evidently adaptive. The proportions of different 
chromosome polymorphs within one species may vary in the same locality at different 
seasons, and also over a period of years, or between geographically separated 
populations adapted to somewhat different environments, or according to whether 
a species is dominant and occupies many niches in an area when it is likely to show 
a lot of chromosomal polymorphism, or is restricted by competition with other 
species when it is likely to show reduced polymorphism. These polymorphisms 
appear to be visible evidence of a small fraction of the enormous store of heritable 
variations carried on the chromosomes, which enable species populations to adapt 
themselves rapidly and successfully to environmental changes of many kinds. 
There is evidence of similar chromosomal polymorphisms within species of Anopheles 
(Kitzmiller, 1963). 

Insecticide-resistant strains should be mentioned here, because though they are 
not polymorphisms in the usual sense as they are not obviously different in appear- 
ance, they are sympatric variants within species, since the susceptible and resistant 
genotypes normally occur together and are interfertile. Resistant strains appear 
in response to a drastic environmental change, the introduction of insecticide. By 
intense selection pressure, the insecticide causes a large increase in the proportion of 
a pre-existing but hitherto scarce genotype in the species, because this genotype 
enables individuals that possess it to survive and breed despite the insecticide. 
Insecticide-resistant strains could in fact be called ecotypes (see footnote p. 3g6), 
but then so could many successful genotypes within species. We have to recognize 
that most terms, such as polymorph and ecotype, are only descriptive of some of 
the more striking aspects of the great range of variation that species can display. 
To employ these terms too freely, or in too wide a sense is to devalue them. 

One other kind of polymorphism which appears to be phenetic rather than genetic, 
should be mentioned. Examples are hairiness or non-hairiness in the larvae of 
some tree-hole species of Aedes (p. zag), and pectinate or non-pectinate mouth- 
brushes in the larvae of various species of Culicines (Mattingly, rg67b). Experiments 
show that these characters are under environmental control, and larvae of either 
type can be produced from a single batch of eggs, by rearing them under suitable 
conditions. It appears that a single genotype produces either phenotype according 
to the environmental conditions. 

What terms or categories to employ for sympatric variants within species is one 
of the subjects of contention. This is mainly because of the difficulty inherent in 
any system of classification simple enough to be practical ; namely, that it involves 
more or less arbitrary decisions on where to draw the lines between a limited number 
of categories. Or, conversely, into which of these categories particular specimens 
or groups should be placed, when animals in nature in fact display every gradation 
from individual variations, through those of local populations, to geographic varia- 
tions, and on to partially or fully differentiated species and species complexes. In 
other words, no matter how true to nature our species concept may be, any generally 
useful system of classification based on it will encounter some difficulties in practice. 



398 AANOPHELES OF M~ILXS’A AND BORNEO 

We have to accept this, and try to adopt whatever system seems to work best and 
produces the fewest difficulties, and this is likely to be a system which most nearly 
corresponds to the species situation in nature, and this is the outcome of evolution. 
As Mackerras (1963) says, evolutionary taxonomy has a sound theoretical foundation, 
but is inherently imperfect in application. 

To return to sympatric variants, if these are common enough and distinct enough, 
either in appearance (e.g. the pale form of _Jedes aegypti) or in behaviour (e.g. the 
autogenous man-biting form of C&Y 9. pip&s), to be important, formal latinized 
names printed in italics may be necessary, or may have come into use. These 
names must then be placed in some infraspecific category, such as race, variety, 
form, etc. (but not in the category subspecies which should be reserved for geo- 
graphic, i.c. non-sympatric forms, p. 402). The writer prefers the term variety, 
which is familiar in mosquito literature and is in common use, e.g. Aedes aegypti 
var. queenslandemk and CzLlex @piens var. molestus. Variety is out of favour 
with some authorities (p. 57), because it has been employed for so many different 
kinds of variants (but the term species itself has also been misused), and because 
at present, unlike subspecies, variety has no standing under the international rules 
of nomenclature. However, the latter objection applies to all terms, such as race 
and form, which are considered to be of less than subspecific rank (infrasubspecific 
categories), so that they are not subject to the law of priority (p. 55). But this 
may be a positive advantage at times, though at other times one suspects that 
unsuitable forms, such as sympatric ones, are occasionally described as subspecies 
so that the name and its author will gain permanency under the rules. 

Practical convenience suggests that where sympatric variants require formal 
latinized names, these should be placed for simplicity in a single category. This 
category, which it is suggested here should be the variety, can then be applied to 
distinct forms that are still of uncertain status (e.g. the forms of Anopheles gigas), 
as well as to those of known status such as polymorphs and ecotypes. There is 
much to be said, however, for giving as few formal names as possible (p. 404), and 
colloquial names are preferable for the less important or less easily recognizable 
sympatric variants within species. These variants may be seasonal forms, insecti- 
cide-resistant strains, suspected sibling species, genotypes resistant or susceptible to 
particular parasites (e.g. Aedes aegypti and Bmgia malayi, p. 464), and so forth. 
For these, such names as the dry-season form, or the resistant strain or genotype, 
or forms A and B of species so and so, are appropriate. 

ALlopatric complex 

Most species, if examined carefully enough, will be found to vary geographically 
in appearance. If Indian and Philippine, or even Malayan and Philippine specimens 
of almost any species of Anopheles are compared, slight or moderate differences of 
adult colour pattern, or numbers of branches on various larval and pupal hairs, will 
be found. The practical importance of these differences of appearance is partly 
that they may cause difficulties of identification, and partly that they may be 
correlated with differences in biology affecting vector status. For example, keys 
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for identifying Malayan Anophelines may not work well for certain species, if the 
specimens are from India (e.g. $editaeGahs, p. 84), or the Philippines (e.g. Zesteri, 
p. 83), because these species happen to \Tary geographically in characters used in 
the keys. Then, also, the type form of Zesteri found in the Philippines occurs also 
in China where it is a vector of human disease, though the form found in Malaya and 
Borneo is not a vector. Similarly the ty-pe form of balabacemis is a vector of human 
disease in Borneo and elsewhere, but the central Malayan form apparently is not. 
The theoretical importance of geographic variation is in its great bearing on 
speciation, that is, the way in which species are evolved. 

Zoogeopaphy and speciation. When the faunas and floras of distant parts of the 
world are compared, we find that they differ considerably, and have rather few 
genera and even fewer species in common (George, 1962). The longer they have 
been separated in geological time the greater are the differences, for example, 
the marsupial mammals of Australia compared with the placental mammals of 
South-East Asia and the rest of the world. ,4dmittedly, similar ecological oppor- 
tunities in different regions call forth similar adaptations, and there are burrowing, 
browsing, climbing and carnivorous marsupials, often superficially resembling their 
placental counterparts elsewhere, but this is due to adaptive convergence, not to 
relationship by descent. 

On the basis of these differences in the terrestrial faunas of \rarious parts of the 
world, zoologists have recognized several major zoogeographic regions (fig. 195). 
The distribution of mosquito species accords fairly well with these regions, and, 
except for a few cosmopolitan species spread around the warm parts of the world 
by man, such as Aedes aegypti and CzJex pipie~zs fatigans, there are no species shared 
between South America and South-East Asia, and very few, such as Mansonia 
mifomzis, which occur both in Africa south of the Sahara and South-East Asia. 
There are more species found both in South-East L4sia and the New Guinea part of 
the Australian region. But even here the great majority of species do not occur in 
both areas, though there is a transitional zone (fig. 196), between the Wallace and 
Weber lines, where Oriental and Australian species mingle (Smith, 1943 ; MattinglyT, 
1962). 

The conclusion is that the species of these main zoogeographic regions have evolved 
largely in isolation from one another. Within these main regions, barriers, such as 
mountains, deserts, seas, and climatic differences, have effectively subdivided the 
regions, thus isolating populations of individual species from one another for periods 
long enough to permit them to evolve independantly in response to their different 
environments. Then, if in the course of geological time, the barrier is removed, 
and the populations intermingle again, they may no longer be able to breed together 
and have in fact become different species. In the South-East Asian archipelago, 
the separation and rejoining of land areas by fluctuations in land- and sea-levels, 
such as those which occurred during the recent Pleistocene age, have provided many 
opportunities for the evolution of species in this way by geographic isolation, and 
their subsequent intermingling without interbreeding. 

If species populations are not isolated, then gene flow continues between them, 
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and though distant populations may differ somewhat, since they will be adapted 
to rather different environments, they normallyremain interfertile, and are commonly 
connected by intermediate-looking populations in the intervening territory. More 
or less continuous (clinal) geographic variation of this sort over long distances 
appears to be common in mosquito species, and, because it is continuous, formal 

FIG. 196. Transitional zone between the Oriental and Australian Regions as indicated by 
the distribution of vertebrates (the distribution of mosquitoes is similar). The zone 
lies between Wallace’s line (I) to the west and Weber’s line (2) to the east. Based on 

Smith (1943). 
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subspecific names are best avoided. The more discontinuous sort of geographic 
variation, in which rather different-looking forms occupy different parts of the range 
of a species, with no more than narrow zones of intergradation if they meet, is 
probably commoner in birds and butterflies than in mosquitoes. This is the classic 
situation which gave rise to the subspecies concept (p. 402). But there are all 
grades of geographic variation, from slight and continuous, to forms which are so 
sharply distinct from one another that it may be very difficult to decide, without 
breeding experiments or other data, whether they are distinct species or only marked 
colour forms of one species (e.g. certain parrots and pigeons, Cain, 1954). 

Allopatric versus sympatric speciation. The effect of this weight of evidence of 
the universality of geographic variation, and of the correlation between the extent 
of the separation in space and time of any tn-o areas and the divergence of their 
faunas-in fact the whole picture of the way in which animal species are distributed 
and vary about the world-leads clearly to the conclusion that geographic separation 
is a major factor in evolution, and that probably most species have arisen as a 
result of such separation (i.e. by allopatric speciation). But this does not exclude 
the possibility that some species have arisen without geographic separation, that is, 
by sympatric speciation, though it seems improbable for genetic reasons that more 
than a small minority can have arisen in this way. For if the populations of a 
species are not spatially separated, and thus at least partially genetically isolated 
from one another (e.g. fresh- and salt-water forms of Anopheline species ; Reid, 
1960), they will continue to interbreed, and any new variant will either be swamped 
in the general gene pool, or, if sufficiently favourable, will be selected and will 
eventually spread throughout the population. Maynard Smith (1962) has shown 
that only if there is very powerful selection pressure in favour of two genotypes 
within a species, each adapted to one of two niches within a local area, and the 
heterozygotes between these two genotypes are poorly adapted to both niches, can 
one envisage a polymorphism arising in that species that might go on to full sym- 
patric speciation. Such a process would be greatly helped if there was, from the 
beginning, an associated element of habitat selection ; for example, in the case of 
salt-water and fresh-water mosquito breeding places, if the adults of the genotype 
with larvae adapted to salt-water tended from the beginning to select salt- rather 
than fresh-water in which to lay their eggs. 

SzLbspecies. However, if one accepts that most speciation is allopatric, then 
geographic variation in species can evidently be a stage in the evolution of new 
species. If the geographic forms of a species are distinct enough, it may be necessary 
to give them a third formal latinized name which ranks them as subspecies (p. 56). 
The accepted rule of thumb is that 75 per cent. or more of the specimens should be 
clearly identifiable to their subspecies, without knowing which part of the species 
range they came from. Mayr (1963) gives the following definition :-A sz&species 
is an aggregate of local populations of a species inhabiting a geographic subdivision 
of the range of the species, and differing taxonomically from other populations of 
the species. 

Clearly this definition (differing taxonomically), and its counterpart in the 75 per 
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cent. rule, involve the subjective judgement of the taxonomist, but since the process 
of geographic variation within species gives rise to all degrees of differentiation, any 
line drawn through this range of variation must be arbitrary to some extent (p. 397). 
The aim should be to draw the line where it will be most convenient in practice 
(which will usually be the same place as where it is most natural), because the main 
purpose of classification is utility. Where geographic variants are not distinct 
enough to warrant formal subspecific names (these follow the rules of nomenclature 
for species names, p. 56), a colloquial term such as ’ Malayan form ’ of the species 
may be appropriate. 

The point about subspecies (and lesser geographic variants), which is implicit in the 
definitions of species (p. 392) and subspecies (p. 402), is that they are geographically 
separated, but not (or potentially not) reproductively isolated, from the other popu- 
lations of their species. Often reproductive continuity is shown by the existence of a 
zone of varying width where two subspecies meet, in which intermediate populations 
occur, or by continuous morphological change over long distances when there are no 
well defined subspecies. But often, also, the taxonomist has insufficient specimens 
to show that variation is continuous, or the specimens belong to island forms com- 
pletely separated geographically from one another. He then has to depend on his 
own judgement to decide (if he thinks he safely can) whether the differences he sees 
in the geographically separated forms he is studying are probably of subspecific rank 
or less, so that the forms belong to one species and would interbreed if they met, or 
whether the differences are so great that they would fail to interbreed and are thus 
different species. This is a real difficulty, and has caused some taxonomists to be 
impatient of subspecies defined in this geographic way, since the necessary evidence 
of reproductive continuity or of isolation is so often not available to them. But the 
proper answer is to get the evidence, not to abandon the subspecies-geographic 
variation concept, which so obviously describes an extremely common and important 
aspect of the evolution of species and their distribution in nature, and meanwhile 
to refrain from giving a formal subspecific or specific name. This difficulty in 
deciding the status, specific or otherwise, of allopatric forms, on the basis of a limited 
number of specimens, is why it is so important to study sympatric specimens when- 
ever possible. Even very small differences between sympatric forms, if these 
differences are constant and no intermediates are found, are probably reliable 
evidence that the forms are not interbreeding and are likely to be species, If this 
is established by further study, and the specific characters carefully defined, it may 
then be possible to work outwards and determine the status of some of the related 
allopatric forms. 

There are other difficulties involved in the subspecies concept, at least if formal 
subspecific names are to be used. For one thing, the concept is strictly a population 
or statistical one, and though the populations of a species inhabiting one part of the 
range of that species may be obviously distinct enough from the populations in- 
habiting other parts of the range, having 75 per cent. or more of individuals recog- 
nizable as belonging to that subspecies, this may still leave some individuals (up to 
25%) that do not show the subspecific characters. In other words, though a popula- 



404 ANOPHELES OF MALATA AND BORNEO 

tion in the area can easily be recognized (which means in effect the great majority 
of specimens in any sample) as belonging to the subspecies, not all individual 
specimens may be recognizable ; indeed, they may seem to resemble another sub- 
species occupying a different part of the range (see the difficulty over nzinimus and 
mini~z~s fZavirost& in Indonesia, p. 319). 

Then there are such questions as what amount of spatial separation qualifies as geo- 
graphic? Should mountain forms of a species, if distinct enough (cf. the “ Fraser’s 
Hill form ” of balabacensis), be regarded as subspecies? No simple answer can be 
given to this question, for it depends on the circumstances of each case, and varies 
with the kind of animals concerned. Thus species of wingless parasitic insects, like 
lice, may occur in distinctly different forms on different species of hosts, and these 
forms can properly be called subspecies. Here the spatial separation is that of 
occurring on different species of hosts that have no contact with one another, even 
if they occur at the same locality. In this way two host-races or subspecies of the 
parasite may occur at the same locality but remain microgeographically separated 
on different species of hosts. This situation may perhaps apply to the malaria and 
filaria parasites. Garnham (1966) recognizes several subspecies of the monkey 
parasite Plasmodium cynomolgi, at least two of which, P.c. cynomolgi and P.c. 
bastianellii, occur in Malaya and are found in the same mammalian host, the long- 
tailed macaque (Macaca irus), as well as probably in other Malayan monkeys. But 
it is possible that the two forms are normally transmitted by different species of 
AnoPheZes (p. 461), and this perhaps would provide sufficient spatial and genetic 
separation for them to be subspecies. However, comparable adaptations to 
different mosquito vectors occur in the two different forms (periodic and sub- 
periodic) of the filarial parasite, Brugia malayi, and reasons have been given (p. 
462) for regarding these forms as major strains rather than as subspecies or 
species requiring formal names. On the other hand, it may well be that P. 
cynomolgi and P. vivax belong to a sibling species complex, and that bastianellii is 
a distinct species in that complex (see Bray, 1963). The writer, accustomed to 
the geographically well separated subspecies or lesser geographic variants usu- 
ally seen in mosquitoes and other winged insects, and in birds, mammals and 
so forth, would prefer to treat these sympatric forms of malaria and filaria 
parasites as minor forms within the species not requiring formal latinized names ; 
or if such formal names are required, then as varieties within the species, or as full 
species, but not as subspecies. Their true status probably cannot be settled, unless 
someone, by means of elegant techniques, can make crossing experiments in the 
laboratory, or unless enough isolations (i.e. collections) can be made in the field to 
show, for example, whether or not intermediate forms between P. cynomolgi and 
bastianellii occur in Malaya. 

Because of these difficulties, and others which cannot be described here for lack 
of space (e.g. ring-species, see Cain, 1954, p. 141), there is a tendency now among 
taxonomists to use as few formal subspecific names as possible, whilst continuing to 
recognize the great importance of geographic variation, and the probable origin of 
most species by this means. 
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Nwnerical taxonomy 
Numerical taxonomy (Sokal & Sneath, 1963), or numerical phenetics as Mayr 

(1965) prefers to call it, has been much discussed in recent years (e.g. cogently by 
Mackerras, 1963). It does not provide a solution to the sort of difficulties in classi- 
fication discussed above in the section on subspecies (p. 402), for these are an in- 
evitable outcome of the evolutionary process itself (p. 398). It may help, however, 
in analysing difficult cases, because so far numerical taxonomy is largely a method 
of treating taxonomic data, with the aid of computers, so as to show the degree of 
resemblance (phenetic distance) between specimens, or groups of any rank. These 
phenetic distances can then be plotted as a diagram which may show clear groupings 
that will help the taxonomist concerned to decide, for example, how to divide his 
species into subgenera. The diagram alone will not tell him, however, whether the 
groupings should be ranked as genera, subgenera or species groups ; this he must 
decide for himself. But large numbers of characters have to be enumerated by the 
taxonomist for each of his specimens or groups, to provide enough data for the com- 
puter, and the time required to do this (let alone the judgement needed to decide 
which characters to enumerate) is seldom justified for any but the more difficult or 
specialized taxonomic problems. Until computers can directly scan and enumerate 
the characters of specimens, and the taxonomist has only to select which specimens 
to submit to the computer, numerical taxonomy seems likely to continue to be a 
powerful technique best suited to helping the taxonomist to solve special problems. 

Conclusions 
For the medical entomologist in his own local area, the foregoing very incomplete 

discussion of the nature of species and the problems of classification can be condensed 
into a simpler but serviceable statement that should meet most of his needs. To 
take a rough analogy, a simple camera will suffice for the needs of those who only 
take photographs when on holiday, and mostly under average conditions of light, 
speed and distance. The specialist, who uses his camera more often and needs to 
be able to take photographs under extreme as well as average conditions, requires a 
more complex camera with accessories. But both the simple and the complex 
camera work on the same basic principle of lens, shutter and film. And both simple 
and more complex or sophisticated ideas about species are based on the same prin- 
ciple of the reproductive barrier that exists between species in nature. 

Thus, for a simple statement about species, one can say that the entomologist in 
the field must remember that species are composed of actually or potentially inter- 
breeding populations, and these will consist of thousands, or more likely millions of 
individuals. The morphological characters of species vary within certain normal 
limits, which the taxonomist endeavours to discover and describe, but on the 
relatively small samples he can examine he cannot usually discover the limits of 
this variation. So if the field entomologist finds, for example, a single mosquito 
larva of a certain species which has more branches on a particular hair than the 
taxonomist’s description says it has, he need not be surprised. Probably he has 
merely extended the known range of this character. But if he finds that quite a 
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high proportion of the larvae of this species have more branches than the description 
records, this may be due to geographic variation, if he is working in a part of the 
range of the species from which the taxonomist did not have specimens. 

The field entomologist must also expect to encounter occasional freak specimens, 
such as larvae with some of the clypeal hairs doubled, but these are individual 
aberrations, rather than part of the normal variation of the species population. 

But to continue the example of the larvae, if the entomologist finds that in his 
area, in places not far apart or even at the same place, larvae of a certain species 
tend to have a high or a low number of branches on a particular hair, with few 
specimens showing an intermediate number, then he should investigate carefully. 
Ordinarily, in a single species at one place, the range of variation in the number of 
branches should be continuous and centred around the mean. Thus, with a large 
enough sample, if the number of branches is plotted against the number of specimens 
found with each number of branches, a symmetrical curve with a single peak at the 
mean or average number of branches, known as a normal curve of distribution, 
should result (Mayr et al., 1953, fig. 20). If the entomologist plots his observations 
showing a tendency for a high and low number of branches with few intermediates, 
he will not obtain a normal single-peak curve of distribution, but a bimodal or 
double-peak curve. This would be grounds for suspecting a polymorphism in the 
species, or else the existence of two species being confused together and having 
different though overlapping ranges in the number of branches on the hair. But 
from suspecting to confirming there may be a long and weary road to travel. 
First, pupae and adults resulting from larvae with a low number of branches on the 
particular hair must be compared with those resulting from larvae with a high 
number of branches on this hair, to see if they also show differences. Other larval 
differences must be looked for, and eggs may have to be examined, together with 
series of progeny (adults each with their corresponding pupal and last larval skins) 
raised from eggs laid in the laboratory by single females, and so on. 

If, at the end of this, it is evident that there are two forms of the species in the 
area with obviously overlapping local distributions (even if the forms tend to 
occupy somewhat different ecological zones), and if these forms differ constantly 
morphologically in at least one character, and usually in more than one distributed 
over several of the life stages, together with other less constant differences, and 
no intermediate forms are found, either wild or in the progeny raised from single 
females, then this is good evidence that these two forms, though sympatric and 
therefore presumably having the opportunity to cross, are not in fact doing so. 
In other words, they are reproductively isolated and are therefore behaving as 
distinct species. If, however, the morphological difference proves to be confined 
to one life stage (the larva in this example), with no other reliable correlated 
differences, and some intermediate specimens occur, and both forms can be found 
in the progeny of a single female, this is evidence of a polymorphism within a single 
species. 

Assuming the entomologist’s investigations, along the lines indicated above, have 
enabled him to decide the status, specific or otherwise, of his sympatric forms, he 
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has then to choose suitable formal or colloquial names for them. Some guidance is 
given on this in the section on nomenclature (p. 53), and in pages 398 and 402 to 

404. 
Frequently in Ano$FyeZes it is sympatric biological rather than morphological 

variations which are first noticed. For example, a species is found to be a vector of 
malaria in some places, but not in others nearby where it is equally common, e.g. 
’ barbirostris ’ (see Reid, 1942) ; or the larvae are found in an unusually wide range 
of breeding places. But investigation then follows the same course of a painstaking 
morphological comparison of the vector and non-vector strains, or whatever they 
may be ; though nowadays this would probably be preceded or accompanied by an 
attempt to cross them in the laboratory. If crossing produced sterile or non-viable 
hybrids this would be strong presumptive evidence that two species were involved, 
but the morphological investigation would still be needed to try to find means of 
recognizing the species and identifying individual specimens. 

If, on the other hand, the entomologist compares specimens of one species from 
areas that are several hundred miles apart, he may well find some differences be- 
tween them. But in this case he may be unable to say, without more evidence 
(including results of crossing experiments) than he can readily obtain, whether these 
differences are merely those of normal geographic variation within one species, or 
whether they indicate two different species (p. 403). 

LIFE CYCLE AND ADULT BEHAVIOUR 

The intention in this section is only to mention some of those aspects of the 
behaviour of adult mosquitoes that have attracted most attention in recent years, 
such as resting behaviour and z4-hour biting rhythms, and on which some work has 
been done in Malaya and Borneo. Details of the life cycle can be found in the 
standard works (e.g. Bates, 1949 ; Muirhead-Thomson, 1951 ; Clements, 1963), 
and only an outline of the cycle is given here, to serve as a reminder and as a frame- 
work for the remarks on adult behaviour. 

Life cycle 

The most significant point at which to commence an account of the life cycle of 
mosquitoes, or of any bisexual animal, is perhaps that of fertilization when the male 
and female nuclei fuse in the egg. But with mosquitoes a more convenient and 
observable point, which anyway occurs at about the same time, is when the eggs are 
laid. The duration of the life cycle from this point varies greatly with temperature 
and with the species of mosquito. With an Anopheline like macdatus or sundaicus, 
in the temperatures prevailing in the lowlands of Malaya (annual mean approxi- 
mately 27°C. or 80°F.) the minimum time from egg to adult appears to be about 
10-12 days in the laboratory (Malaya, 1958, p. 81), but may be as little as g days, 
or perhaps even less, in the field (Hodgkin, in Malaya, 1934, p. 114). The egg state 
occupies between I and 2 days, the larval stage 7-8 days, and the pupal stage 
between I and 2 days. In females, the time from emergence to first blood-meal 
(the pre-gravid phase) probably occupies 1-2 days (p. 456), and mating takes place 
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during this time, mostly before the blood-meal. From the first blood-meal to egg- 
laying (the first gonotrophic cycle) probably takes 2-4 days, depending on whether 
or not two blood-meals are needed to mature the first batch of eggs. Thus the 
complete cycle from egg to egg takes a minimum of about two weeks or slightly less. 

What percentage of the eggs laid in nature produce adults is not known, but there 
is usually a heavy mortality, especially among larvae, due to predators, disease, 
drought, flood and other hazards. For the same reasons it is difficult to say how 
long the adults live in nature. The evidence suggests (p. 460) that though most 
females of maculatzrs, for example, can live more than 4 weeks in the laboratory, 
probably fewer than IO per cent. survive longer than 3 weeks in nature. 

The adult Anopheline, after emergence from the pupa and hardening off, seeks a 
mate at the first opportunity, which is usually the first evening dusk period following 
emergence. If emergence has occurred during the afternoon, mating may take 
place a few hours later, but if emergence occurs during the night, mating is probably 
postponed until the following evening. The males form dancing swarms at dusk, 
usually over the tops of bushes and other objects, and females may be seen to enter 
these swarms in small numbers, if the swarms are observed against the fading light 
of the sky. Each female is promptly grabbed by a male, which locates her through 
the hearing organs of his antennae, and the couple can be seen to fall out of the 
swarm. Wharton (1953b) observed swarming in ‘ philippinensis ‘, indiensis, vagus, 
kochzi and macuulatus at Tampin, Malaya ; the swarms of maculatus were 15-20 feet 
above the ground, which was rather higher than in the other species. There has 
been much discussion on the significance of swarming in mosquitoes, and there are 
some, such as many species of Aedes and Mansonia, which mate without the males 
forming swarms. Nielsen & Haeger (1960) conclude that the main function of 
swarming is not as a means to mating, but Quraishi (1965) estimated that in 
stephensi var. mysorensis there were about 400 copulations per swarm of 500-600 
males per evening. Whatever may be true of other mosquitoes, there seems no 
doubt that in Anophelines many, if not most, females are mated as a result of 
entering a swarm of males. 

Host--nding 

After mating, the female, if not too recently emerged, seeks her first blood-meal. 
How she does this is still not clear, despite much research. Laboratory experiments 
have shown that important factors in the location and recognition of a suitable 
source of blood, i.e. a suitable host, are heat, moisture, carbon dioxide, odour and 
visual factors. But just how these act in nature, and over what distances, is not 
yet known. Visual factors, such as movement of the host, are important with 
species of Aedes that bite by day, but are less important with Anophelines biting at 
night. 

There is much evidence that in nature host-finding consists of a chain of reactions 
involving successive responses to different stimuli (Clements, 1963). There may be 
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pauses between one reaction and the next in the chain, for example the pre-biting 
rest observed in many Anophelines and Culicines (e.g. by Colless, Ig56a, and 
Wharton, rg6z), in which the female comes to rest near the host for a period of 
minutes or hours before attacking and feeding. Mattingly (1965) observed a 
comparable pre-oviposition rest in Culex. 9. fatigans, and suggested the general term 
‘ intercurrent resting ‘. 

It is assumed that a female Anopheline is attracted from a distance to the vicinity 
of a host in response to stimuli from the host, probably odour and carbon dioxide, 
perceived through the antennae. These stimuli are airborne and therefore tend to 
be carried downwind from the host, and in agreement with this Anophelines have 
often been observed to approach a host upwind (e.g. Bertram & MacGregor, 1956). 
It is not known over what distance these stimuli are effective, but whether the range 
is ten yards or a mile, such factors as the host size (and consequent CO2 output) 
and amount of odour, air movement and other atmospheric conditions, and the 
species of Anopheles and its particular host preferences, can all be expected to affect 
the range. Before the hungry mosquito comes within range it is probably making 
random searching flights. 

There is a great need to try and discover more about this difficult subject of the 
way in which mosquitoes in nature find their preferred hosts, because, as the next 
section on host preference makes clear, these preferences are real and differ markedly 
between species, and they can largely determine whether or not a species transmits 
disease to man. The period of the pre-biting rest might be one of the more favourable 
ones at which to attack the problem. It is an easily identifiable stage, in 
which mosquitoes can often be collected in large numbers around suitable hosts, as 
for example on grass stems near cattle sheds where the mosquitoes can be seen 
resting and twirling their hind legs. This characteristic oscillatory movement of 
the hind legs has been interpreted by Haufe (rg63), working with Aedes aegypti, as 
a fixed act, typical of mosquitoes, that accompanies other movements preparatory 
for flight. Investigations of the pre-biting rest could be both neuro-physiological 
and behavioural ; the former to see if there is an identifiable neuro-secretary 
hormonal process involved in the change from flight to resting, and then taking 
flight again to attack the host ; the latter to try to identify the components of the 
behaviour involved. 

Meanwhile, it is reasonable to suppose that stimuli from the host must reach a 
certain minimum level or threshold value to elicit a response from the mosquito, 
and further that this threshold value, at least for specific host odours, will vary 
according to the species of mosquito and its host preferences. Thus, for example, 
the strength of the odours five yards from a cow, which might be sufficient to make 
nearly all hungry resting females of kochi and vagzbs at that distance attack after 
only a brief pre-biting rest, might fail to activate more than a small proportion of 
campestris, and then only after a longer rest. In the same way the odour of the 
cow would presumably attract vagm to the pre-biting resting site from a greater 
distance, and therefore in larger numbers than campestris, if both were present in 
similar total numbers more or less randomly distributed in the area. The whole 
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process of host-finding by the mosquito at night is probably much more complex 
and subtle than this simple outline suggests, but such an outline is useful at this 
stage of our knowledge. The actual complexity may be indicated by some curious 
results obtained by Wharton, Eyles & VVarren (1963) with hackeri, which conveyed 
the impression that hungry females of this species knew their way to the normal 
sleeping area of their wild monkey hosts. However, one hesitates to accept that 
this is the true explanation of the results, which were briefly as follows :-Traps 
baited with monkeys, and placed in trees in the area of nipah palms where the larvae 
and resting adults of hackeri were found by day, caught hardly any hackeri at night, 
and none of those marked and released in this area in the mornings. But many 
females of hackeri, including 4 marked specimens out of the 205 released, were caught 

$ mile or more away in identical monkey-baited traps placed in trees in or on the 
edge of the mangrove forest where the wild monkeys slept. It may be that the 
hungry females require a period of free dispersal flight before responding to stimuli 
from the host, and thus tended to leave the resting and breeding area before be- 
coming responsive to, or beginning to search for a host ; or the nature or position 
of the emergent trees in which the traps were placed in the resting (nipah palm) area 
may have been less suitable than those in the mangrove area, or wind direction or 
some other meteorological factor may have favoured the traps in the mangrove, 
and so on. But whatever the explanation, the result was plain. During experi- 
ments spread over more than four months, baits of monkeys which caught very few 
hackeri in their resting and breeding area, caught large numbers about $ mile away 
in what might be termed their feeding area which was frequented by wild monkeys. 

When Anophelines, such as z~mb~osus, roperi or barbirostris, attack in the shade 
by day they may be reacting somewhat differently from at night (see Clements, 1963, 
p. 267). They have probably been disturbed in their day-time resting places, and 
they seem to attack directly, possibly in response to visual as much as to olfactory 
stimuli. They will readily attack men at this time, though at night roperi and 
barbirostris seldom do so. The potential importance of this day-time biting habit 
in the occasional transmission of zoonotic infections is discussed on p. 454. With 
such species it would be interesting to compare human and animal baits in the 
shade by day, to see if in fact they display any less marked preference for the 
animal bait than they do at night (~~430). 

Another important factor in host-finding behaviour and disease transmission by 
Anophelines is their readiness or otherwise to enter buildings to bite. The evidence 
of Table 12 suggests that this is often closely related to their degree of attraction to 
the host inside the building. If entry to a room is through narrow slits, as with the 
window-trap huts employed in Malaya, only species that are fairly strongly attracted 
to the host inside will enter, even though many other species will attack that host 
if it is in the open (p, 437). This may mean merely that one or more of the stimuli 
needed to terminate the pre-biting rest and initiate attack are largely retained inside 
the room and are not reaching the mosquitoes outside in sufficient strength to activate 
them. But there may also be a factor of minimum size of opening through which 
the mosquito will pass in response to stimuli from the host, and this may differ 
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between species. The wilder species may be very reluctant to enter any artificial 
structure to bite, though this could be because such species require to see as well 
as ‘ smell ’ the host before attacking. This is speculation, but visibility could be 
one of the factors in the success of the net trap method of catching mosquitoes, since 
the bait inside is usually visible to some extent ; possibly more important factors 
are that the walls of the net form a good pre-biting resting site (Moorhouse & 
Wharton, 1965), that air-borne stimuli from the bait are little obstructed by the 
netting, and that the openings are usually large. 

Biting 

After the pre-biting rest, if this occurs, and when the mosquito is in the attack 
state, it is probably guided to the host, and to a suitable site on the host’s body, by 
warmth, moisture, and visual and tactile stimuli, as well as by host odour and 
carbon dioxide. Even when the mosquito has landed on the host, a further series 
of satisfactory stimuli is needed before it will engorge. These stimuli probably 
affect successively the chemoreceptors of the tarsi, labella, labrum and cibarium, 
each one of which has to ‘ pass ’ the stimuli as satisfactory before the next stage of 
the feeding process can proceed. It appears that the tarsi and labella are mainly 
concerned with sugar solutions and water and the rejection of unacceptable sub- 
stances, and the labrum with blood, whilst the sensillae in the cibarial pump are 
responsive to blood, sugar and unacceptable substances, and finally determine 
whether engorgement occurs (Salama, 1966). Unsuitable blood will be rejected, 
and the mosquito will withdraw its mouthparts without engorging, or after doing so 
only partially. Blood passes into the stomach and sugar solutions above a certain 
strength into the crop. 

Sugar-feeding. Male mosquitoes do not take blood, and probably feed only on 
sugars, mainly nectar from flowers. Females also take sugar, but very little is 
known about the sugar-feeding habits of female Anophelines in the tropics. The 
subject deserves more attention. In southern Japan, Oda (1964) caught many 
C&ex @@ens pallens on the flowers of spindle trees (Eztonymz~ japonica) ; more 
than one third were females, mostly unfed, but some were blood-fed or half gravid. 
In Rangoon, De Meillon et al. (1967) caught several thousand C.P. fatigans on sugar- 
cane waste and found that nearly half were females, mostly unfed or gravid. They 
also found that, in the laboratory, cane sugar generally delayed oviposition if imbibed 
by blood-fed females. 

Resting 

After taking a blood-meal, the female mosquito, heavy and with distended abdo- 
men, usually rests for some time near the host, and ejects excess fluid from the 
anus, a process which may have commenced during feeding (Reid, 1953b ; Boorman, 
1960). If the host is, say, a cow tethered in the open, or in an open-sided shed, the 
mosquito may return to the pre-biting resting site, and the gradual change in the 
resting population, from mainly empty to mainly freshly gorged mosquitoes, can be 
observed at these sites as the night advances. If the host is a man indoors, the 
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post-biting rest often occurs on the inside walls of the room, and this is when the 
mosquito is most likely to come in contact with residual insecticides. With some 
species, many individuals rest on the walls after entering a room and before biting ; 
Scanlon & Sandhinand (1965) report this behaviour in baZabacensis in Thailand, and 
describe the pre- and post-biting resting behaviour of this species in some detail. 
Colless (1956a and b) records very similar behaviour in this species and in leucos@yrus 
in Borneo. This behaviour may include resting on the outside of the house before 
entering, and this has been observed also in maculatus by Moorhouse (1965). A 
proportion of the individuals that rest in this way on or very close to the outside of 
the house, may apparently be deterred from entering sprayed houses, presumably 
because they are affected by vapours or particles of insecticide escaping from the 
houses. If an irritant insecticide like DDT is used, many of those that do enter 
may escape and survive, fed or unfed, after only a very brief contact with the 
sprayed walls before biting ; this happens with balabacensis. With other species, 
such as macuulatus, it appears that most individuals attack on entering and do not 
rest on the walls until after feeding (Wallace, 1950 ; Reid & Wharton, 1956 ; Moor- 
house, Ig65), when they may be more sluggish and liable to pick up a lethal dose. 
Clearly, a knowledge of the resting behaviour of Anophelines, immediately before 
and after biting, is highly relevant to the use of residual insecticides. 

Under natural circumstances, with no residual insecticides, the blood-fed female 
mosquito usually leaves here post-biting resting site sometime before dawn, in search 
of a day-time resting place. With species that rest indoors by day, this may mean 
no more than moving to a darker part of the room in which she fed, but with species 
such as maculatus and balabacensis, and the majority of Anophelines of Malaya and 
Borneo, all or most individuals rest outdoors by day. In leaving a room where she 
has fed, the female Anopheline is usually attracted to the dim light entering through 
a window or beneath the eaves, and this attraction to light is used in the window- 
trap hut technique to catch the mosquitoes as they leave, by placing a trap over the 
outside of the only window (Muirhead-Thomson, 1951). 

Resting by day. Outdoor day-time resting places of Anophelines in Malaya and 
Borneo are usually amongst shady vegetation near the ground. Wharton (1950) 
described and illustrated the resting places of maculatus and IO other species (mostly 
’ phiZi+pinensis ‘, kochi, indiensis, aconitus and vagus) on a rubber estate in Malaya. 
The mosquitoes were found in moderately thick, short vegetation close to the ground, 
chiefly in areas of ferns and grass growing beneath light shade from overhead cast by 
mature rubber trees, and not far from the labourers’ lines and cow sheds (p. 446). 
He found relatively few Anophelines beneath stream banks, a situation favoured by 
minimus JEavirostris and other species in the Philippines (Russell, rg31), and in 
which Venhuis (1942) found II species in East Java, including most of the species 
collected by Wharton. On the Selangor coast of Malaya, hackeri and Zesteri were 
found in heavily shaded hollows between the old leaf bases of nipah palms at or 
below ground level (Reid & Weitz, 1961), whilst baexai was found at the same time 
and place, mostly 1-3 feet above the ground, on the smooth unobstructed stems of 
the palm fronds, where Hodgkin had first reported them (Malaya, 1941, p. 54). 
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These resting places in the nipah palms are illustrated by Wharton, Eyles & Warren 
(1963). A number of species in the barbirostris and umbrosus groups rest in com- 
parable situations to those of baexai ; that is on smooth, usually upright stems, with 
clear space all round, and from 1-8 feet above the ground beneath the shade cast 
by trees. This is in contrast to lnaculatus and other species of subgenus Cellia, and 
some of the species of the hyrcanus group (subgenus Ano@zeZes), which rest mainly 
in tangled vegetation, often close to the ground, on dead leaves and other objects 
as well as on upright stems. 

In all the resting places described in the previous paragraph it is usual to find 
both males and females, the latter including empty, blood-fed and gravid specimens, 
though not necessarily in the proportions in which they occur in the population as a 
whole. The evidence suggests that females in different stages of the gonotrophic 
cycle often tend to prefer slightly different resting places, so that in one particular 
resting place there may be, for example, a low proportion of gravid females. It was 
a deficiency of gravid females in houses that led Muirhead-Thomson (1951) to dis- 
cover that fed females of ‘ gambiae ’ tend to spend the second day-time period of 
their gonotrophic cycle in outdoor resting places, rather than in houses where most 
spend the first day. 

Resting attitude. In addition to any difference there may be in the type of day- 
time resting place chosen by different species, the resting attitude of the individual 
mosquito may also be characteristic of different species, and related to their taxo- 
nomic position (fig. 197). These characteristic attitudes depend mainly on the 
position of the hind legs and on the angle that the body makes when the mosquito 
is resting on a vertical surface. As is usual in mosquitoes, only the fore and mid 
legs are normally used for support, the hind legs being held free of the surface. 
Members of the Myxorhynchus series that have been observed (e.g. baexai, brevipaZ$Gs, 
brevirostris, letifer and umbrosus in the umbrosus group ; barbirostris, campestris 
and donaldi in the barbirostris group ; and Zesteri in the hyycanus group) were seen 
to hold the hind legs wide apart, roughly in the same plane as, and at right angles 
to the abdomen, the exact position varying with the species (fig. I97a, b), though 
Swellengrebel & Rodenwaldt (1932, fig. 27) illustrate albotaeniatus as holding them 
apart but parallel in the same line as and projecting behind the abdomen. But 
many species of subgenus CeZZia, e.g. kochi and hackeri, hold the hind legs close 
together pointing downwards beneath the abdomen with the tarsi curved gently 
upwards (fig. 197~). If the mosquito is fully at rest and undisturbed, perhaps one 
might say sleeping, the hind legs are held motionless in these characteristic positions, 
but will be moved in the usual oscillatory manner if the mosquito begins to be 
aroused (p. 409). 

As has often been noted, the angle that the body makes with a vertical surface 
on which the mosquito is resting also varies with the species of Anopheles. In 
those members of the umbrosus and barbirostris groups mentioned in the previous 
paragraph, except brevipalpis, the body is held at right angles to a vertical surface, 
and this, combined with the outstretched hind legs, makes a somewhat striking 
attitude (fig. 197”). In brevipalpis (fig. 197b) the angle is a low one, and though 



ITIC;. 197. Day-time resting attitudes. a, baezai, viewed from the side and from above, 
based on photographs by J. R. Gaudy ; b, brevipalpis, from rough sketches, legs of right 
side only shown in the side view, in the view from above the positions of the fore and 
mid legs are only approximately correct ; c, Jzackevi, from rough sketch. _f, ~1, I/, 
fore, mid and hind legs. 



the attitude is still Anopheline, not Culicine, this low angle combined with the 
complete lack of ornamentation and the thin palps, makes it quite easy to mistake 
this species for a Culicine ; the tarsi of the hind legs are rather strongly curved 
forward. In the related species, Zetifer, the hind tarsi may be more curved forward 
than in baezai or uwzbrosus (fig. 197a), though less so than in breuipalpis. Tn Zesteri 
(hyrcanz~ group) the body is held at slightly less than a right angle to a vertical 
surface, but at right angles (fig. 197~) in hackeri (Neomyzomyia series, subgenus 
Cellia). 

In the West Indies, Hoffman (1926) illustrates the curious resting attitude of 
A. grabhamii (Cycloleppteron series of subgenus Anopheles) which uses all three 
pairs of legs for support, and contrasts it with that of A. albimanus (subgenus 
Nyssodzynchus) . 

Egg-laying 
A female of, say, maczblatus, which has had a full blood-meal one night, will 

usually be ready to lay its eggs (oviposit) two nights later, that is, about 48 hours 
after the blood-meal, unless it is in its first gonotrophic cycle which may require two 
blood-meals to mature the eggs. Such a female seeks a suitable oviposition site, 
probably by responding successively to a series of stimuli, much as when she is 
seeking a blood-meal, though the stimuli are of course different ones. The now 
classic work of Muirhead-Thomson (1940-194~) on A. minimus in Assam, showed 
that the larvae are found in their characteristic breeding places at the grassy edges 
of streams, mainly because these places are chosen by the ovipositing female, not, 
as was sometimes believed, because of selective survival of larvae in these places 
and their deaths in others, eggs being laid more or less indiscriminately by the 
female Anopheline in many kinds of water. The stimuli that guide the female 
Anopheline to choose which collection of water to lay her eggs in are probably 
visual, tactile, and chemical, but there is no space to go into this subject here, and 
the egg-laying behaviour appears to differ between the few species in which it has 
been observed, according to the type of sites they choose. But some of Muirhead- 
Thomson’s results are worth describing briefly, as they illustrate the sort of errors 
one may fall into by accepting what seems to our eyes to be the obvious explanation 
of some piece of mosquito behaviour. 

It had long been noticed that larvae of minimus are not found in heavily shaded 
streams. This fact had been used in the tea gardens of Assam to control malaria 
cheaply (naturalistically) by planting vigorous leafy shrubs along the banks of 
streams so as to form a dense continuous canopy over the water. This prevented 
the breeding of nzinimz~s in these streams, and the species was considered to avoid 
heavy shade. Muirhead-Thomson showed, however, that it was not shade as such 
that prevented minimus from laying eggs ; the ovipositing females were actually 
attracted to shade, and laid more eggs in shady than in sunlit situations. The 
effect of dense shade was to kill the grass on the margins of the streams, which were 
then left bare and unprotected from the movement of the water. It was this 
water movement which largely deterred the females from laying eggs, and bare 
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edges in the open were even more strongly avoided. In the usual breeding places, 
the grassy edges of the streams provided both the necessary shade, and protection 
from the current, to attract minimzts to lay eggs, and to prevent larvae from being 
swept away. 

Rhythm 
In the previous pages the life cycle and behaviour of the female Anopheline in 

the tropics have been sketched, beginning with emergence from the pupa and 
mating, and ending with the laying of her first batch of eggs. Her life thereafter 
is normally a repetition of the biting and egg-laying cycle (gonotrophic cycle), and 
if she survives long enough (say about 12 days) to transmit disease, she is likely to 
have laid eggs 3 to 5 times (p. 456), assuming that there have been no delays in 
obtaining blood-meals or in ovipositing. 

Gonotrophic cycle. This cycle, with a normal period of z or 3 days from the 
second cycle onwards, can be described as a rhythm (one of many in the mosquito’s 
life), but is better called a cycle for reasons that will be apparent from what is said 
below about the oviposition cycle. The gonotrophic cycle is under the control of 
hormones from the medial neurosecretory cells and the corpora allata (Lea, 1967). 
Both are part of the neuro-endocrine system having connections with the brain, 
and apparently the corpora allata are triggered to secrete gonadotrophic hormone, 
which stimulates development of the ovaries, by the distention of the abdomen 
that results from a full blood-meal (Clements, 1963). Only under certain conditions, 
such as partial hibernation through the winter in cold climates, or aestivation 
through the hot dry season in some parts of the tropics, can some Anophelines take 
blood-meals that are not followed by development of the ovaries (the so-called 
gonotrophic dissociation). Development of the ovaries and laying of the first 
batch of eggs without a blood-meal (autogeny) is rare in Anophelines, though well 
known in some Culicines, such as Czclex pipiens var. molestus. Evidently in auto- 
genous species the gonadotrophic hormones for the first ovarian cycle are released 
without the stimulus of a blood-meal. Autogeny is under genetic control, and the 
percentage of autogenous females in a population of a species can be varied by 
selection, though also greatly influenced in its actual expression, in number of eggs 
laid autogenously, by larval nutrition, which must be adequate. 

Oviposition cycle. This cycle is a rhythm in two different senses. First that of 
being the climax of the gonotrophic cycle in the individual female Anopheline 
(biting being the commencement of the cycle), and thus normally occurring once 
every 2 or 3 days. Secondly, and this is the sense in which the term oviposition 
cycle is most frequently used, it means the time during the 24 hours when popula- 
tions of a particular species lay most of their eggs, in other words the daily oviposition 
rhythm of the species. This rhythm has been studied experimentally and in detail 
in Aedes aegypti (p. 424) in which the peak of oviposition usually occurs in the late 
afternoon. 

In Anophelines, as would be expected, oviposition is normally nocturnal, at least 
in open-country species. Russell & Rao (1942) observed that A. cdicifacies, in a 
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large outdoor cage, commenced laying at about 1830-1900 hours, after swarming 
was over and as dusk gave way to darkness. In pits dug outside the cage and 
exposed at different times of the night, they found that eggs were laid by wild 
culicifacies throughout the night, but with the greatest number in the first third of 
the night and a secondary peak in the last third, that is, before dawn. A. zagus 
laid in the same pits, but only in the first third of the night. Haddow & Ssenkubuge 
(1962), using a laboratory colony of ‘ gambiae ’ and the same methods employed 
for the work on oviposition in Aedes aegypti, found that ‘ gambiae ’ laid eggs virtually 
only at night, mostly in the first hour after sunset. 

Occasionally single Anophelines oviposit by day in the laboratory, but this is 
probably in response to abnormal conditions. However, it is possible that some of 
the forest species that will bite in the shade by day may be found to oviposit to 
some extent by day, perhaps in the late afternoon. 

Pupal rhythms. There are two of these. The daily rhythm of pupation by 
mature larvae, and that of emergence of adults from the pupae. Both are perhaps 
not very strongly marked, and seem to vary with the species and the environment, 
but few detailed observations have been published (though see footnote p.424). 

In East Africa both Goma (1959) and Shute (1956) found that most larvae of 
’ gambiae ’ pupated during the day, the greatest number between 1300 and 1600 
hours, though, on Mauritius, Halcrow (1956) found a rather later peak of pupation 
(1700-1900 h.). Bates (1949) records that albimanzcs and darliqzgi pupate most 
actively at midday, but that other species, such as mediopunctatus, generally 
pupated at night. Sen (1935) f ound that ten species of Anopheles in Bengal, India, 
tended to pupate more commonly by day, though Lamborn (1922) in Malaya, 
working with about a dozen species (six of them the same as Sen’s), found that most 
pupation took place at night. However, Lamborn did not have a satisfactory 
method of rearing his larvae, as is evident from the high mortality and slow develop- 
ment he records. For example, only 35 per cent. of a batch of 123 eggs of maculatus 
produced adults after 12-17 days (cf. 10-12 days when larval nutrition is satis- 
factory, p. 407). From another batch of 143 eggs of maculatus only 41 adults were 
obtained (29% survival) after 14-39 days. This faulty nutrition may well have 
delayed daily pupation so that most of it occurred at night. It seems likely that 
most Anophelines have a pupation rhythm, and that in many common species under 
favourable conditions the peak of this rhythm is by day, perhaps often after midday. 

There is even less published information about the time of emergence of the 
adult from the pupa, but the observations of Lamborn (1922), Sen (1935) and Shute 
(1956) suggest that though emergence may take place at any time during the 24 
hours (Sen), it is most frequent in the early evening, say from before dusk to about 
2100 h. 

Biting rhythm. The biting rhythm throughout the 24 hours, or biting cycle as it 
is often called, has been recorded for only a few Malayan Anophelines so far (fig. 

198) - Most records, naturally enough, refer only to the time of biting at night, 
and then usually on men indoors in relation to transmission of malaria. Such 
records agree in showing that, in Malaya, maculatus usually reaches its peak of 
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biting activity indoors between 2100 h. and midnight (Wallace, 1948, Kedah ; 
Wharton, 1951, Negri Sembilan ; Moorhouse & Wharton, 1965, Selangor) ; few 
individuals bite before 2000 h., and about 70 per cent. of the total is usually caught 
in the middle six hours of the night, 2100-0300 h. Indoor catches of balabacensis 
and lezlcosphyrz4.s in Borneo (Colless, 1:956b), and of balabacensis in Thailand (Scanlon 
Sr Sandhinand, 1965), show that the peak of biting activity in both species is later 
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FIG. 198. Biting activity throughout the 24 hours, on human bait, of four species of 
Anopheles at a site in swamp-forest, Selangor, Malaya. 

(From Moorhouse & Wharton, 1965) 

than in mactilatus, usually between midnight and 0400 h. There is less information 
about other Malayan vectors biting man indoors, but Moorhouse & Wharton, in 
all-night catches, caught 24/51 Zetifer between zooo and zzoo h., and 57/74 campestris 
and 68/85 donaldi between 2100 and 0300 h. Moorhouse (1965), on the Selangor 
coast, found that few sundaicus bit before 2000 h., though they bit more or less 
uniformly throughout the rest of the night. Sundararaman (1958), in south Java, 
found that sundaicus fed throughout the night in houses, but that the percentage 
blood-fed among those caught was highest in the second half of the night. However, 
this may refer to mosquitoes caught resting on the walls, rather than to those caught 
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biting, and such an increase in the proportion blood-fed among those resting on the 
walls might be expected to occur as the night advanced (p. 411). The same objec- 
tion applies to observations by Muirhead-Thomson (1951) on the time of biting of 
minim~s in Assam, though it is clear that little biting took place before 2230 h. 
In Thailand, Scanlon & Sandhinand caught small numbers of minimus biting 
indoors throughout the night, but with some indication of a slight peak between 
0400 and 0500 h. 

Some important Anopheline vectors in other countries, such as ‘ @zctuZatus ’ in 
New Guinea and darlingi in Brazil (Muirhead-Thomson, 1951)) or ‘ gambiae ’ in 
Africa (Haddow & Ssenkubuge, 1962), also bite late in the night indoors. The 
question is whether this late biting is a character of these vector species or is due to 
the indoor environment, since many non-vector species biting man outdoors show 
an early peak in the first two hours after sunset (e.g. Davidson & Ganapathipillai, 

1956) - With ‘ gambiae ‘, the form of the biting curve on human bait is much the 
same outdoors and indoors, according to Haddow & Ssenkubuge, rising gradually 
to a peak shortly before dawn. The available evidence suggests that for maculatzts 
also (Moorhouse & Wharton, 1965 ; Davidson & Ganapathipillai, 1956) the curve of 
biting activity on man outdoors is similar to that indoors, and, as Moorhouse & 
Wharton found, the peak outdoors may even be later than indoors (this was also 
true of Zetifer at one site though not at another). The pattern of biting activity by 
balabacensis on man outdoors is said to be similar to that indoors (Colless, 19563 ; 
Scanlon & Sandhinand, 1965). But there are other mosquitoes that bite later 
indoors than outdoors. For example, Mansonia uniformis was carefully investi- 
gated by Wharton (1962), who found that it shows a marked early peak of biting 
outdoors on man just after sunset, but a later and less sharp peak indoors. 

The need to investigate the mosquito-borne zoonoses, such as yellow fever in 
Africa and Central America, and more recently filariasis and even malaria in Malaya, 
in which transmission may be by day or night and at ground-level or in the forest 
canopy, has led to the more sophisticated methods of recording mosquito biting 
rhythms that are now generally used. The work is expensive, especially if the 
biting rhythm throughout the 24 hours is to be recorded, because this needs two 
teams of three men each, one for day and one for night, and careful supervision 
(Wharton, 1962 ; Moorhouse & Wharton, 1965). Because the time of commence- 
ment of biting is governed by the time of sunset, which varies throughout the year, 
even near the equator (fig. 199), catches must be timed by the time of sunset (usually 
by calling this always 1800 hours), not by the local mean clock time. Catches must 
be of mosquitoes actually attacking the bait, not of those resting on the walls of 
baited net traps, huts, etc. (see remarks above about sundaicus and minimus) as 
these mosquitoes may not bite until later, if at all, or may have bitten earlier. 
This point is well brought out by Moorhouse & Wharton (1965, fig. I) who found 
large differences between the time of peak catches in net traps and in biting catches. 
There was usually an early peak in the net traps composed mainly of mosquitoes 
that were in the pre-biting phase. 

All these and other precautions are necessary if the results with different species 
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from different places, and at different times of year, are to be compared. For 
example, apparent differences in the indoor nocturnal biting curves of macdatus as 
recorded by Moorhouse & Wharton in Malaya, and as recorded by Scanlon & 
Sandhinand in Thailand where the peak seems to come earlier, cannot be taken to 
indicate a real difference of biting behaviour unless the time-recording and the 

FIG. Igg. The relation between time of sunset throughout the year and the time when 
Mansonia (Mansonioides) mosquitoes commence biting man in open situations in the 
evening, at Kuantan, Malaya. 

(From Wharton, 1962) 

collecting methods were comparable. They were comparable in the nocturnal 
biting catches of Zetifer outside houses in Selangor (Moorhouse & Wharton, 1965, 
tables I and z, sites I and z), and of the closely related whartoni outside houses in 
Pahang (Wharton, 1960, table II). These catches show that whartoni had a marked 
early peak of biting between 1800 and 2000 h., with only small numbers caught 
during the rest of the night, compared with a slow build up to a broad peak between 
2100 and OIOO h. at site I, and between 1900 and 2300 h. at site 2, with Zetifer. 

The actual form of the biting curve for any species is undoubtedly the outcome of 
interaction between many factors, both external such as climate and the position 
of the catching site, and internal such as the habits of the species. Even so, the 
extensive work in Africa has shown that under a given set of conditions some species 
show rather constant patterns of biting activity that differ with the species. For 
example, Anopheles ‘ gambiae ’ shows much the same pattern in West and East 
Africa, which is quite different from that of Aedes africanus in the same areas 
(Mattingly, 1949 ; Haddow & Ssenkubuge, 1962). The evidence (p. 417) suggests 
that in Malaya macdatus may show a similar degree of constancy in its biting 
pattern, as may balabacensis in Borneo. 
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The position of the catching site is important. With species which do not rest 
in houses by day there is no point in making catches indoors except at night, for 
nothing will be caught by day. The same applies to unshaded situations in the 
open where the strong light usually inhibits biting by day (Wharton, 1962, fig. 22). 

The forest canopy by day approximates to an unshaded site on the ground by day, 
with relatively high light intensity and low humidity which prevent biting by most 
of those species of mosquitoes that will bite in the canopy at night (Wharton, 1962, 
figs. 23-26). Thus most 24-hour catches are made outdoors in the shade on the 
ground, as this is the situation in which the largest number of species is likely to be 
caught, including those that will bite man readily outdoors but not indoors, and in 
which any biting by day is most likely to be detected. This explains Moorhouse & 
Wharton’s choice of a site in the forest for their ail-hour biting catches of Anophelines 
on man (fig. 198). 

These catches show some remarkable differences between the biting rhythms of 
the four species concerned (three of which, ZC~P$IYOSUS, Zetifer and roperi, belong to the 
same species group). A. Zetifer bit mainly at night, and the curve is then quite 
similar to that obtained on man outside the forest at night (their fig. I). But the 
other three species bit at least as much, or more, by day in the forest as by night, 
with peaks of biting just before sunset and after sunrise. However, with donaldi it 
was evident that the low percentages caught in the forest at night were mainly due 
to a considerable proportion of the population leaving the forest and biting in and 
around the houses at night. The other two species, ~~~zbrosz~s and roperi, were not 
caught biting man outside the forest at night at this place, but it is possible that 
with them also the low percentages caught in the forest at night do not mean, as 
the curves suggest, that these species were mainly diurnal biters at this place. The 
explanation could be that at night they may have been biting hosts other than man 
(p. 410), such as mouse deer, possibly outside as well as inside the forest. A. 
ZUPZ~YOSUS, at least, can sometimes be caught outside the forest at night in consider- 
able numbers with a bait of cattle or men (Table II, p. 432 ; also Hodgkin, 1956). 

As always, one must be careful not to go beyond the evidence in drawing con- 
clusions from such experiments. Twenty-four-hour biting curves established under 
one set of conditions with man as bait cannot be taken, without confirmatory 
evidence, to be true for the same species of mosquito under different conditions and 
with some other host than man. Even so, the fact that the biting curves of the four 
species in fig. rg8 are so different is of great interest, and, as suggested in the previous 
paragraph, this may throw some light on the host preferences and feeding habits 
of these species. 

The whole subject of why the 24-hour biting curves of different species of mos- 
quitoes are often of different and characteristic shapes has been much discussed, 
especially by Haddow and his colleagues working in East Africa (Muirhead-Thomson, 

1951 ; Haddow, 1961). Obvious factors which contribute to the differences are 
whether a species is mainly nocturnal or diurnal, whether it bites mainly at ground- 
level or in the canopy, whether gravid females oviposit early in the night and bite 
late the same night (which might possibly account for the late peak of biting in 



422 ANOPHELES OF MALAYA AND BORNEO 

‘ gavzbiae ‘, but see p. 456), and so on. But when all such factors, including micro- 
climate, have been taken into account, there is apt to remain a constancy in the 
form of the biting curves characteristic of different species under the same conditions, 
which suggests the influence of some innate or internal rhythm peculiar to the 
species. Such an internal or endogenous rhythm (biological ‘ clock ‘), with a 
different timing effect in different species, is now known to be involved in oviposition 
and flight-activity rhythms in mosquitoes, and is discussed below. 

Endogenous Yhythns. These are rhythms which can continue independently of 
the external environment. They seem to exist in most living things, and only a 
rough, incomplete sketch of the way they and their controlling mechanisms seem to 
work can be given here. For a full discussion of the subject see Harker (rg64), or, 
for a briefer summary confined to arthropods, see Carthy (1965). 

The following is a simplified and approximate summary of the nature of daily 
endogenous rhythms :- 

The ultimate mechanism is not understood, but is probably at the level of the 
individual cell, perhaps in some cyclic synthesis of RNA from DNA within the cell. 
Certainly endogenous daily rhythms are found in unicellular as well as multicellular 
animals (and plants). 

In multicellular animals, the basic process, whatever it is, controls intermediate 
neurosecretory processes. These release hormones at about the same time during 
every 24 hours which control the rhythmic activities of the animal, although these 
are under the further control of the environment (see next paragraph). For example, 
in the cockroach Periplaneta, Harker (1964) has shown that a group of neurosecretory 
cells, lying on each side of the suboesophageal ganglion in the head (plus others, 
some of them in the corpus cardiacurn), control running activity. This normally 
commences with the onset of darkness, at which time release of hormone com- 
mences, and continues for about four hours. But if the cockroaches are kept in 
continuous light, running activity ceases to be rhythmic and becomes irregular. 

The mechanism of the endogenous rhythm is kept in time with the environmental 
day : night rhythm by a daily signal perceived by the animal. This signal is usually 
the change from light to darkness around sunset. In this way the internal ‘ clock ’ 
is corrected each day, and so can be kept in step with seasonal changes in day length. 
In nocturnal animals, such as Anopheline mosquitoes, the change from light to 
darkness around sunset is usually the releaser, allowing activity to commence, as 
well as the signal which sets the ‘ clock ’ for the ensuing 24 hours. If ’ sunset ’ is 
delayed by shining a light on the day-time resting place, as was done by Eyles & 
Bishop (1943) with A. quadrimaculatus, the mosquitoes are prevented from leaving, 
although their internal ‘ clock ’ would have permitted them to do so. 

In experiments under constant conditions, such as continuous darkness, where 
there is no daily signal from outside, the internal ‘ clock ’ can continue to function 
and keep the animal performing its rhythmic activities once a day for days, or even 
weeks on end. Such experiments are in fact the main proof that an internal ‘ clock ’ 
exists. 
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In these experiments under constant conditions, where the rhythmic activity 
continues without any apparent signal from the external environment, the period of 
the rhythm (then called a free-running rhythm) is found to be not 24 hours, but 
usually about 23 or 25 hours. (This is the reason for the term ‘ circadian ‘, meaning 
about one day, as an alternative to ‘ daily endogenous ’ or ‘ z4-hour ’ for describing 
these rhythms. They have also been called diurnal rhythms, employing diurnal 
in the sense of one day when ‘ day ’ means 24 hours, but this is confusing because 
of the more usual use of diurnal as opposed to nocturnal to describe animals active 
by day rather than by night.) 

Other experiments show that if the sunset, or ‘ light-off ’ signal, is given several 
hours earlier than usual, as if sunset were suddenly to occur several hours earlier 
than the day before, one of two things usually happens, which of the two depending 
upon how many hours earlier the light is switched off. If it is switched off only 
z or 3 hours earlier, the rhythmic activity will start earlier, though possibly not by 
the full 2 or 3 hours. If, however, the light is switched off say 6 or g hours earlier 
than the day before, there is no immediate response. There is in fact a period of 
several hours (round about IO in the cockroach) during the 24, when the system is 
not responsive to the usual ‘ light-off ’ signal or releaser. 

Connected with these two properties of the internal ‘ clock ’ (that its free-running 
rhythm is usually about 23 or 25 hours, and that it will not respond to the releaser 
more than about 2 or 3 hours earlier than usual) is the fact that the duration of the 
daily period of the ‘ clock ’ in any animal (vertebrate or invertebrate) cannot be 
made shorter than about 21 hours nor longer than about 28. Consequently, if day 
and night are reversed in a laboratory experiment, or if one flies half way round the 
world, so that there is a 12 hour time change, the internal ‘ clock ’ takes several days 
to adjust itself, changing by a few hours each day. This accounts for the well 
known fact that it takes us some days to adjust ourselves to the 7- or &hour time 
change that occurs if we fly from England to Malaya or the reverse, and explains 
Winston Churchill’s remark during one of his war-time flights across the Atlantic 
that he kept stomach-time not clock-time. 

The existence of a non-responsive period during the 24 hours, when an endo- 
genously controlled rhythm cannot occur, also explains how processes that take 
longer than 24 hours in the individual, such as maturation of the eggs, can be 
brought into step in a population so as to culminate in a daily rhythmic peak of 
egg-laying. Gillett (1962) has shown how this happens in Aedes aegypti, which 
may bite at almost any time during the 24 hours. Maturation of the eggs takes 
about 40 hours, but if maturity is reached during the non-responsive period, ovi- 
position is delayed until the normal laying time during the next responsive period. 
In much the same way the peak of emergence of adults of Drosophila from the pupa 
occurs soon after dawn each day, although larvae pupate at any time of the day. 

Two other properties of endogenous rhythms may be briefly mentioned. First, 
that their phase, that is the time at which the activity they control occurs, varies 
in different individuals of a species. Secondly, that under experimental conditions 
the light signal that sets the ‘ clock ’ need only be very brief, as short as five seconds 
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in At&s aegypti, and even shorter in Drosophila. These properties can be of im- 
portance in experimental work ; the first, for example, in permitting the selection 
of a strain of mosquitoes that will bite at a convenient time during the 24 hours 
(cf. Gentry et al., 1965, selection of a day-time biting strain of A. maculatus) ; the 
second could affect the planning of laboratory experiments on, for example, the 
periodicity of microfilariae in relation to the time of biting of the vector mosquito. 

So much for the general properties of endogenous rhythms. As Bates (1949) 
points out, failure to take them into account may explain some of the refractory 
behaviour and inconsistent results obtained in laboratory experiments with mos- 
quitoes. 

Endogenous rhythms have been shown to exist in various mosquitoes*. Examples 
are the commencement of flight activity in A~opheles superpictm and ‘ gambiae ’ 
(Bates, 1949 ; Jones et al., 1966), and the oviposition rhythm of Aedes aegypti 
(Gillett et al., 1961). In these examples it is the time of onset of darkness which 
initiates and sets the timing or phase of the rhythmic activity, though a second 
short burst of flight activity at ’ dawn ’ is often shown by single females of A. 
‘ gawzbiae ’ (form or species A) (Jones et al., 1967). But whereas in Ae. aegypti the 
time of peak oviposition (normally in the late afternoon) is determined by the time 
of onset of darkness on the previous day, 20-24 hours before, in A. ’ gambiae ‘, kept 
in constant light and flying arrhythmically, a return to a rhythmic flight pattern 
commences as soon as the light is turned off, as happens with running activity in 
the cockroach. 

It has long been known that the activity of nocturnal mosquitoes, such as 
Anophelines, is largely controlled by light. Strong light inhibits activity, but when 
the intensity falls below a certain level at dusk they fly out from their day-time 
resting places, and those in cage-colonies in the laboratory show great activity at 
this time. Subsequent behaviour depends upon their sex, age and physiological 
state. Gravid females seek a suitable place to lay their eggs, after which they may 
seek and obtain a blood-meal, or this may be delayed until the following night, 
If the time of oviposition in Anophelines is determined in part by an endogenous 
rhythm which is set some 24 hours earlier by the time of dusk on the previous day, 
as in Aedes aegypti, then it may be that the form of the 24-hour biting curve is partly 
determined in the same way, since it follows oviposition, with which it is functionally 
linked in the gonotrophic cycle. 

HOST PREFEREKCE 
The host preferences of different species form one of the most important aspects 

of mosquito biology, and one of the most difficult to investigate successfully. 
Obviously a species which does not bite man cannot infect him with disease, but 
among those species which do bite him, the frequency with which they do so is a 
prime factor in determining whether they are major or minor vectors of human 
disease, or not vectors at all. This frequency often depends more on the basic host 

* Nayar (1967, Nature Land. 214 : 8z8--g) reports an endogenous rhythm of pupation in Aedes 
aeniorhynchus. 
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preferences of the mosquito than on its numbers ; relatively small numbers of 
Anopheles ’ gambiae ’ and funestus, feeding largely on man, can maintain intense 
transmission of malaria in East African villages (Gillies, Ig55), but large numbers 
of vagus, feeding almost entirely on cattle, do not transmit malaria among human 
populations in Malaya. So there is a strong incentive to discover what these host 
preferences are, and a large and rather confusing body of literature has grown up 
around the attempts to do so. 

There are two main ways of investigating the host preferences of mosquitoes in 
relation to the transmission of human disease. One is to offer a choice of hosts, 
including man, or to observe a natural situation where such a choice exists. The 
other is to catch gorged mosquitoes and identify the kind of blood in their stomachs 
by means of the precipitin test. The first method is potentially able to show what 
are the basic host preferences of a species. The second method, the precipitin test, 
is potentially able to show what sorts of hosts a species is feeding on at a particular 
place, and what proportion of feeds are taken on the different hosts ; in other words, 
it will show the feeding pattern of the species at that place, which will be the resultant 
of its basic host preferences and the relative numbers of different sorts of suitable 
hosts available. If possible, both methods should be used, as they are comple- 
mentary. In practice both methods, especially the precipitin test, involve diffi- 
culties, and these will become apparent in the review which follows. However, 
this review starts with data that do not belong to either method, as they relate to 
the percentage of mosquitoes that fed on man in the laboratory when no other host 
was offered. 

Percentage of Anophelines biting man in the laboratory 
This method, in which there is no choice of hosts, is one of the simplest though 

least useful ways of trying to determine the relative avidity of different species for 
human blood. During the course of experiments to study the infectivity of different 
malaria patients to mosquitoes, Green & Gater (1931) recorded the percentage of 
different species which took blood. Table 7 summarises these and later records, 
and a few early ones by Barber (1918). In this and subsequent tables in this 
section the species are arranged in alphabetic order for simplicity (cf. taxonomic 
order used in the tables in the section on transmission of disease, p. 450). 

Although the percentages show marked differences between species, the method 
is too artificial to place any reliance on it as a guide to what may be expected to 
occur in nature. Even so, in the trials summarized under (b) the vector species, 
macdatus, shows a higher percentage (67%) feeding on the patients than common 
non-vector species such as kochi (42%), ‘ phiZippinensis ’ (33%), and vagus (38%). 
Only 27 per cent. of the vector species sundaicus fed, but this is an average com- 
posed of 21 per cent. fed among those applied in the morning in the earlier years, 
and 59 per cent. fed among those applied at night in 1936 and 1940. In (c) it is 
noticeable that only 17 per cent. of the non-vector species baexai fed, compared with 
43 per cent. of the vector species Zetifer, and these two will mostly have been applied 
at about the same time, in the later trials. The figure of 53 per cent. for separatus, 
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TABLE 7 

Summary of laboratory feeding experiments in &Ialaya. _%nopheline moscluitoes applied to 
malaria or filaria patients. 

Species Trial Applied Fed % fed 

aconitus 
‘ aitkenii ’ 
annularis 
’ asiaticus ’ 
baezai 
‘ barbirostris ’ 
barbirostris 
campestris 
crawfoordi 
indiensis 
karwari 
kochi 

1esLeri 
letifev 
’ leucosphyus ’ 
maculatus 
’ nigerrimus ’ 
nigerrimus 
Peditaeniatus 
‘ phili;bpinensis ’ 
sepavatus 
’ sinensis ’ 
sinensis 
’ subpictus ’ 
sundaicus 
tessellatus 
’ umbrosus ’ 

b 
b 
b 
b 

;i, 
d 
d 
e 
e 
b 

>, 
umbrosus 
vagus 

,, 
watsonii 

: 
e 
C 

b 
b 
b 
e 
e 
b 

; 
e 
b 
b 
b 

257 
24 
55 
I7 

1,300 

837 
> 500 
> 500 

8 

93 
I37 

1,036 
126 

683 

3,024 
424 
200 

87 
2,364 

180 

531 
I84 
309 
619 

12 

87 
I4I 

I5 
20 

1,228 

5 

95 
3 

22 

225 
202 

- 
- 

5 
48 
37 

438 
99 

297 
0 

,016 
282 

I72 
51 

782 
95 

208 
118 
III 
166 

6 

44 
49 

9 
I5 

469 
0 

37 
12 

40 

I7 
24 
26 
60 

52 
27 

42 
78 
43 

67 
66 
86 

59 
33 
53 
39 
64 
36 
27 

51 
35 

38 

Notes. Percentages are not calculated where the number of mosquitoes applied was 20 or less. 
Species names in inverted commas indicate that the exact species is not known. 

Trials:-(a) Barber (IgIS), mosquitoes caught as adults and applied to malaria patients during the 
day; (b) Hodgkin (Malaya, 1935-1937, Ig4I), mosquitoes bred from larvae and, after 24 hours of starva- 
tion when 3-5 days old, applied to patients, usually in the morning in 1934 and 1935, usually at night 
after that; (c) Reid & Hodgkin (1950) ; (d) Reid (1942) ; (e) Reid (Ig53a). 

a non-vector, is rather high, but is based largely on an early trial. Trial (d) shows 
a marked difference between the non-vector barbirostris (26%) and the very closely 
related vector species camjvstris (60%). Trial (e) shows considerable differences 
between various members of the lzyrcanzts species group ; 86 per cent. of the minor 
vector species nigerSnus took blood, compared with $2 per cent. of the non-vector 
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indiensis, and the others, lesteri, sine&s, crawfordi and peditaeniatus in that 
descending order, fell between these limits (argyrop~s and pursati were not tested). 

Green & Gater (1931) also fed mosquitoes on long-tailed macaque monkeys, 
Macaca irus, and obtained very similar results to those with men. A considerably 
higher percentage (88%) f o maculates fed, than of ‘ PhiZippinensis ’ (44%), or of 
kochi or vagzfs (40%). 

Comjbarative trapping 
The term comparative trapping is used here as a short generic title for various 

experiments in which different bait-animals, or different traps, or trapping positions, 
are compared with respect to the numbers and species of mosquitoes caught with 
each. 

Anophelines caught neaY houses OY cattle sheds. It was early noticed that such 
species as vagus could often be caught in large numbers in cattle sheds at night, 
although they were scarce in nearby houses. This led workers to compare catches 
in houses and cattle sheds, though usually without attempting to make the two 
catches in the same way. The results were often very useful in showing which of 
the species caught seemed most attracted to man, but were liable to misinterpretation 
which greatly exaggerated the degree of this attraction. Wharton (1953~) has 

TABLE 8 

Malaya : a comparison of catches in man-baited net traps with less frequent catches at cattle 
sheds. From Hodgkin (1956, Table 46), and Malaya (1941, p.74). 

Percentage of total catches 

Species 
Site 1 Site 2 Site 3 Site 4 Site j 

Man cow Man Cow Man Cow Man Cow Man cow 

baezai 
‘ bavbirostvis ’ 
’ hymanus ’ 
kavwari 
kochi 
nzaculatus 
’ philippinensis ’ 
separatus 
sundaicus 
’ umbvosus ’ 
vagus 
others 

36 7 
IO I 16 2 II 

27 71 6 6 23 25 12 
I3 20 6 

j I7 2 
26 5 42 

27 
9 33 

59 6 3 5 
25 I4 

28 62 

4 22 6 I 4 3 o 

3 2 9 
57 64 23 

4 
I 3 I 

4 5 6 

31 I3 I4 

II 46 
0 2 I 

100 100 100 100 100 100 100 100 100 100 

Total caught 1,016 980 11044 1,198 665 470 4J364 1,127 2,728 357 

Notes. Site I, Rantau Panjang (Ig36), 4 miles from Klang; site 2, Rantau Panjang (1938, Igjg), 
4; miles from Klang; site 3, Bukit Hitam estate, Selangor; site 4, Kg. Sungei Tua, Selangor; site 5, Kg. 
Lenggeng, Negri Sembilan. 
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shown how this happened with macdatus in Malaya, and how Hodgkin’s results (see 
Table S), misunderstood by others, contributed to the exaggeration. 

In Hodgkin’s experiments, summarized in Table 8, the time spent catching at 
cattle sheds was very much less than that spent catching in the man-baited net trap 
near houses ; usually I-I; hours once or twice a week, compared with 5 hours 
every night in the net trap. Consequently, quite apart from the dissimilarity of a 
net trap and a cattle shed as catching sites, a difference in the numbers of a species 
caught in the net trap and in the cattle shed could not be taken as an indication of 
the different degree of attraction of men or cattle for that species. Much of the 
difference in the numbers was obviously due to the unequal amount of time spent 
catching with the two baits. If equal time had been spent, the numbers of most 
species would have been much higher with the cattle bait than with the human bait. 

Laurel (1934)) in the Philippines, makes a similar point when he says “ that while 
the percentage of minimus around animals is less [than in the man-baited traps] due 
to the preponderance of other species, the numerical prevalence of minimus is 
greater than those caught in the [man-baited] traps “. 

Briefly, then, in such experiments as those summarized in Table 8, the numbers 
of a species caught with human and animal bait cannot be directly compared ; 
only the proportions (usually expressed as percentages) which that species forms 
of the total catches with each of the two baits can be compared. (The fact that the 
total numbers of mosquitoes caught in the net trap and the cattle shed are similar 
in Table 8, for example at site I, was probably intended, but it helps to mislead 
anyone who forgets that much more time was spent catching in the man-baited 
net traps than at the cattle sheds, particularly as this difference is not indicated in 
the original tables, only in the text.) Since the percentages for one species are 
affected by those for all the others, only the results for species that form a reason- 
ably large proportion of one or both catches are likely to be significant. 

On this basis one notices from Table 8 that at sites 3 and 4 maculatus formed a 
much larger percentage of the catch in the man-baited nets than at the cattle sheds, 
and to a lesser extent the same is true of ‘ umbrosus ’ at site 3. At the same time 
karwari and separatus at site 3 and ( hyycanus ’ at site 4 form larger percentages of 
the cattle-shed catches, and thus appear to be less attracted to man than are 
maculatus and ’ umbrosus ‘. Similarly sundaicus at site I, and ‘ barbirostris ’ at 
sites I and z (where the majority will have been campestris), form a much larger 
percentage of the catch with human than with cattle bait, whilst ‘ hyrcanus ’ at 
site I and kochi and vagus at site z form a larger percentage of the cattle-shed 
catches. 

The figures for baexai at site z suggest that this species also is much more attracted 
to man than are kochi and vaps, and this, together with the oocyst and sporozoite 
infections that Hodgkin found in this species, led him at one time to suggest that 
baexai might be a vector of human malaria (Hodgkin, 1956). But we know now 
that baexai is little attracted to man, and that the infections are those of an animal 
malaria, possibly that of mouse deer. The higher percentage of baexai in the human- 
bait net trap than in the cattle shed at site z was probably due to the presence of a 
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few cattle or goats which were sometimes tethered near this net trap. This could 
also explain why vagus formed a rather large percentage (28%) of the catch in the 
net trap at this site, nearly half as much as in the cattle shed (62%) ; the figures for 
uagus at site 5 (11% in the human-bait trap and 46% in the cattle shed) are more 
what one would expect. 

Other figures for wzaczdatzcs in Malaya show the same trend as Hodgkin’s. At 
Sungei Tua, in Selangor, nzaculatus formed 41 per cent. of the catch in a man-baited 
net trap compared with 4 per cent. at a cattle shed (Malaya, 1941). On a rubber 
estate in Kedah, north Malaya, Wallace (1939) found that maczllatus predominated 
in catches in the labourers’ quarters at night or in the early morning, whilst 
‘ hyYcanus ’ predominated in the cattle sheds. When the cattle were removed in 
1938 there was a great reduction in the numbers of all species except maczdatzcs. 

Catches in Borneo, comparable to Hodgkin’s in Malaya, were made by McArthur 

(1947, 1-949) in Sabah, and by de Zulueta & Lachance (1956) in Sarawak. McArthur 
found that balabacensis (his Zeucos@yrus) formed 70 per cent. of the catch with 
human bait compared with 2 per cent. of the catch with animal bait. Adults of 
wzaculatus were not common, but he caught four times more with animal than with 
human bait. De Zulueta & Lachance compared catches made in houses during a 
period of 13 months, with those made in a stable trap baited with a pig during a 
period of 9 months (Table 9). They found that in the houses Zeztcos~~zyrz~s formed 
a much larger proportion (96%) of the catch than in the stable trap (10%) ; in the 
latter the predominant species were tessellatus (6674) and maculatus (16%). In the 
houses, besides Zezlcos@yrus, the only other species of significance was donaldi (their 
barbirostris), of which about 260 specimens were caught, forming 4 per cent. of the 
total catch in the houses. 

TABLE 9 

Borneo (Sarawak) : a comparison of catches in houses with catches for a shorter period in a 
stable trap baited with a pig. From de Zulueta & Lachance (1956). 

Species 
Percentage of total catches 

Man Pig 

donaldi 
leucosphyyus 
naaculatus 
tessellatus 
others 

4 3 
96 IO 

0 16 
<I 66 

0 5 
______-__ 

100 100 

Total caught 6,661 343 

The foregoing examples illustrate how a comparison of the percentage composition 
of catches, made in a dissimilar way with human and animal baits, may indicate 
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clearlv which species appear to be most attracted to man. But, as already indicated, 
there-is a danger of forgetting that because the catching methods and, or, the time 
spent catching with the human and animal baits are not the same, the numbers of 
each species caught with the two baits cannot be directly compared. By abbrevia- 
tions that omit any reference to the other species present, though these form the 
whole basis of the comparison, percentages get misquoted as if they were the actual 
numbers of mosquitoes caught. Thus, for example, the figures for site 3 in Table 8, 
which show that maculatus formed a five times greater percentage of the catch in 
the man-baited net trap than of the catch at the cattle shed, get quoted in such a 
way as to imply that maculatus was five times more abundant with human bait 
than with cattle bait. From this it is only a step to believing what was said for 
many years-that maculatus in Malaya is strongly anthropophilous, and is much 
more attracted to men than to cattle. But, as Wharton (1951) has shown, this is 
the opposite of the truth, for in Malaya, if the type of traps and the time spent 
trapping with each bait are the same, one calf (or even two dogs) will attract slightly 
more maculatus than two men. It is only true to say that in Malaya man is more 
attractive to maculatus than to most other Anophelines, and even this is not true 
outside Malaya (p. 450). 

To make a direct comparison between the numbers of a species caught with 
human and animal bait, unaffected by the numbers of the other species caught, the 
traps and the amount of time spent trapping with each must be the same, so that 
as far as possible the only important difference between the two halves of the experi- 
ment is the baits used. The results of work based on this approach to the problem 
of determining host preferences of mosquitoes are summarized in the next section. 

Simultaneous catching with human and animal baits in identical traps. During 
experiments with window-trap huts in Malaya, Wharton (1951) found that when a 
calf was placed in one of these huts and one or two men in another, large numbers 

TABLE IO 

A comparison of simultaneous catches in window-trap huts baited with a calf or men, on 23 
nights, in Malaya. From Wharton (195 I). 

Caught with Caught with 
men as o/o of 

Species I calf 1 or 2 men Total total 
--- - 

aconitus 5 I 6 
indiensis 61 0 61 0 

karwari 4 0 4 
maculatus 375 257 632 41 
’ philippinensis ’ 5% IO 579 2 

zlagzcs I22 0 122 0 

Mansonia spp. 597 16 613 3 

Notes. Percentages are not calculated for species of which the total caught was 20 or less. d . mucu- 
Zatus: during I I of the 23 nights there were 3 men in the hut, and 160 specimens were caught compared 
with 183 in the hut with the calf; thus the number in the man-baited hut during this period was 47 per 
cent. of the total. 
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of ’ jhWip$inensis ’ and other species, as well as maculatus, were caught in the calf- 
baited hut, but that macdatus was the only species that was numerous in the man- 
baited hut. He then used a pair of these huts, placed ten yards apart and operated 
simultaneously, one containing two men, and the other containing two goats, or 
two dogs, or one calf, and in this way he studied the relative attractiveness of these 
baits for maculates. The dogs and the calf attracted larger numbers of macdatus 
than the men; only the goats attracted fewer. The results of his trials comparing 
man and calf are summarized in Table IO. Idater (Wharton, 195y), he suggested 
that window-trap huts could be used in this way to study the host preferences of 
macdatus in different parts of its range, to see whether in those countries where it is 
not a vector of human malaria it is less attracted to man than in Malaya (p. 450). 

Reid (1961) extended Wharton’s experiments, but used net traps, placed ~0-50 
yards apart, which caught a wider range of species than window-trap huts, and 
Eyles et a2. (1964) used net traps in Cambodia. These experiments with net traps, 
comparing man with calf, are summarised in Table II. 

Reid expressed his results as attraction ratios, and showed that these varied from 
more than 3 : I in favour of man for campestris, to more than 80 : I in favo ur of 

TABLE II 

A comparison of simultaneous catches in net traps baited with a calf or two men : (a) in 
Malaya, from Reid (1961), (b) in Cambodia, from Eyles et al. (1964). 

Caught with 
KO. Caught with 2 men as o/o 

Species Trial nights I calf 2 men Total of total 

aconitus 
baezai 
b. balabacensis 
’ barbirostvis ’ 
barbirostws 
canzpestris 
indiensis 
karwavi 

kochi 

I4 IO 

2x 267 

3 I’ 
3 152 

34 I85 
28 53 
20 36 
20 IO 

les’ievi E 
28 837 
28 3 I9I a 

1,983 
letifev 

: 

34 61 

maculatus 3 I5 
peditaeniatus 

’ philippinensis ’ ; 
20 23 

3 46 
separatus a 48 IS45 
sundaicus n 28 702 
tessellatus a 48 I83 

>t b 3 3I 
uunbrosus a 20 I73 
vagus a 48 985 
Mansonia spp. a 48 1,606 

IO 

64 

II 

I79 

12 

48 
38 

0 

2 

3 
126 

99 

0 

70 
12 

885 

II 

277 
76 

I52 
I96 
232 

42 
I3 

849 
I92 

2,031 
99 
I5 
25 
49 

1,671 
801 

I92 

31 

243 
997 

2,491 

(4 s 
0 

77 
I4 

<I 
2 

38 

8 
6 

7 
12 

5 
0 

29 
I 

36 

Notes. Percentages are not calculated for species of which the total caught was 20 specimens or less. 
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calf for vagus. In Tables IO and II ratios have not been used, and the comparison 
between the two baits is shown by expressing the number of each species caught 
with human bait as a percentage of the total of that species caught with both baits. 
This has the advantage of being the same as the method generally used to express 
the results of precipitin tests (as the percentage of all positive blood smears from a 
species that are identified as human), and is more convenient than ratios. 

The figures in Tables IO and II are not quite comparable because of the difference 
in the type of trap. Species not much attracted to man, which will nevertheless 
enter a man-baited net trap, will not usually enter a man-baited window-trap hut 
through its narrow entrance slits, or only in very small numbers. This increases 
the difference between the numbers of such species caught with human and animal 
bait if window-trap huts are used instead of net traps (cf. indiensis in Tables IO and 
II). Bearing this slight difference in mind it is still clear from Tables IO and II, 

that, with the exception of szwdaicus, the vector species (see p. 449) were distinctly 
more attracted to the human bait than were the non-vectors. The figures range 
from 64 out of a total of 76 of b. balabacensis (84%) caught with the human bait, 
through camjwstris (77%)) maculatus in Malaya (41%) (but much less in Cambodia 
where it is not a vector), Zetifer (38 %), umbrosus (29 %) to sundaicus (12%). This 
figure for sundaicus should probably be corrected to about 17 per cent. (Reid, I-961, 

P. 51). The non-vectors range from indiensis, of which 14 per cent. were caught 
in the man-baited net trap (but none in the man-baited window-trap hut), to kochi 
and vagus with I per cent. of each caught in the man-baited net. 

In the light of the former belief that maculatus in Malaya has a strong preference 
for men over cattle (p. 430), it is interesting to see that only two of the species in 
Tables IO and II, b. balabacensis and caritpestris, had percentages exceeding 50, in 
other words were attracted in larger numbers by two men than by one calf. The 
classical malaria vectors of Malaya, maculates, sundaicm and the umbrosus group, 
were all attracted in larger numbers by the calf. The figures for b. baZabacensis 
are rather small, but suggest that its degree of attraction to man under these con- 
ditions is comparable to that found by Haddow for ’ gambiae ’ in Kenya (83%), 
while camfiestris appears to be comparable to darlingi (77%) studied by de Zulueta 
in Colombia (Reid, 1961, Table VI). 

Figures for the Mansonia species (subgenus JWansonioides) are included in Tables 
IO and II, and some later tables, for the sake of comparison as the figures are 
available. Like the Anopheline vectors of malaria, these species of Mansonia, 
which are vectors of Brugian filariasis, rest outdoors by day, though entering 
houses at night to bite. There are differences between the species in their degree of 
attraction to man, and J8. annulata, bonneae and dives are more attracted than is 
uniformis (Reid, 1961 ; Wharton, 1962). Probably it is this, together with the 
effect of the window-trap hut in reducing the entry of the less anthropophilous 
species, which accounts for the difference between the percentages in the 
window-trap hut (374,, Table IO) and the net trap (36%, Table II). For where the 
window-trap hut was operated nearly all the specimens were uniformis, but where 
the nets were operated about two-thirds were awzulata and bonneae or dives, and 
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only one-third were ztniforvnis. As Table II shows, this latter combination 
species had an average attraction to man comparable with that of A. letifer. 

of 

This method of simultaneous catches with human and animal baits in the same 
kind of traps is clearly an effective method for comparing the attractiveness of man 
for different species of mosquitoes. Repeatable results can be obtained (Reid, 1961), 
provided reasonable care is taken to avoid bias in the trials, such as would result 
from placing either trap too close to another source of blood, such as a cattle shed ; 
also, where possible, the baits should be alternated between the two traps to allow 
for possible differences between the trap sites that might affect the numbers of 
mosquitoes caught at each. The method can help to fill the need, pointed out by 
Marston Bates (1949), for a way of comparing the host-seeking habits of species in 
different parts of the world, whether this comparison is of geographic variation within 
one species (e.g. maculatus in Malaya and Cambodia, Tables IO and II), or between 
different species (e.g. campestris and darlingi, p. 432). Because the method is 
largely independent of variations in the local environment, such as in the ratio of 
numbers of men to cattle (which greatly affect the results with precipitin tests), 
but reflects instead the inherent preferences of a species (see also p. 435 ; Gillies, 
1967), it should be capable of detecting changes in those preferences that might 
occur, for example, seasonally, or following the prolonged use of residual insecticides. 

However one must remember not to pay too much attention to exactly what 
percentage of a species is caught with human bait in a particular trial. This can 
be higher or lower according to the type of trap used (p. 432), or, to a lesser degree, 
the size of the calf, or individual variations in the attractiveness of the men acting 
as bait, and so on. But such variations will probably affect all the species caught in 
a trial, and will not substantially affect the order of attraction to man in which they 
are placed by their percentages. Consequently this order is more important than 
the exact value of the percentage for a particular species ; as always, a comparison 
between a number of species caught at the same time is much more informative 
than figures for a single species. 

What has been said in the previous paragraph refers to trials with man and calf. 
If a different species of animal, such as goat, is used in place of calf, considerable 
differences may result, including changes in the order of attraction to man in which 
the species of mosquitoes are placed. Thus, Reid (1961) found that while one calf 
attracted II times as many Anophelines as two men, two goats attracted only three 
times as many. But, as with calf, the vectors, in this case campestris (85%) and 
sundaicus (80%)) were more attracted to man compared with goat than were the 
non-vectors. The latter ranged from tessellatus (29% to man) to separatus (2%). 
Wharton (1951) had similar results comparing goats and men in window-trap huts. 
Macdonald et al. (1967)) at Kuching in Sarawak, compared net traps baited with 
two men or one pig. They found that 41 per cent. of 349 Anopheles nigerrimus 
were attracted to the men, compared with 38 per cent. of 650 Cu,Zex gelidus and 24 
per cent. of 256 C. tritaeniorhynchus, these last two species being the main vectors of 
Japanese encephalitis virus (cf. p. 453). Moorhouse & Wharton (1965), using net 
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traps in Malaya, found that four chickens attracted about twice as many Zetifer as 
one man, those in the man-baited net forming 30 per cent. of the total catch of 90. 

Releasing mosquitoes into a closed space containing diferent baits. Experiments 
of this sort resemble those described in the previous section to the extent that the 
baits being compared are exposed to mosquitoes simultaneously under the same 
conditions. They differ in using captive mosquitoes (usually of only one species) 
released into the enclosure containing the baits, and in the close proximity of the 
different baits to one another. It is not known to what extent the use of captive 
mosquitoes may modify the normal train of events in host-seeking, finding and 
biting, nor what effect such modification might have on the results of experiments. 

Hu & Yu (1936) released 700 females of sinensis into a room containing a man, a 
calf, a goat, a pig, and several other animals. In the morning they collected the 
gorged mosquitoes and subjected 500 of them to the precipitin test. This showed 
that only 5 per cent. had fed on the man, compared with 48 per cent. on the calf, 
25 per cent. on the goat, 14 per cent. on the pig, and the remaining 8 per cent. on 
the other animals. At Keningua in Sabah, unfed b. balabacensis were released into 
a net enclosing three men and a buffalo ; precipitin tests on 128 gorged specimens 
showed that 36 per cent. had fed on the men and the rest on the buffalo (WHO, in 
lit.). At the same place, when wild mosquitoes were caught in a hut containing 
three men and a buffalo, 34 per cent. of IIO gorged b. balabacensis were found to 
have fed on the men, but none of 313 donaldi, all of which had fed on the buffalo. 
This experiment with the hut resembles those in the previous section because wild 
mosquitoes were allowed to enter the hut naturally. It differs because the baits 
were close together in one hut, and because only gorged mosquitoes were counted, 
and the number of these that had fed on the men may have been reduced by clothing, 
which could have made the men less freely accessible to bites than was the buffalo 
(see also the experiment by Hu & Yu, above, and that by Muirhead-Thomson, 
p. 435, both of which could have been effected by clothing). 

With regard to the close proximity of the baits to one another, there is reason to 
think (Reid, 1961, p. 48) that this is an important factor which can cause a con- 
siderably larger proportion of the mosquitoes to be attracted to the more favoured 
bait than when the baits are 20-50 yards apart. At any rate, so far as donaldi is 
concerned, other data, indicating that it enters houses and bites men fairly readily 
(Tables 9 and 12, and p. 444), seem at variance with the result of the hut experiment 
recorded in the previous paragraph, which suggests that donaldi is not at all attracted 
to man compared with buffalo. If the men and the buffalo had been in separate 
similar huts 20-50 yards apart it seems likely that a significant number of donaldi 
would have been caught in the man-baited hut. The proportions of b. balabacensis 
that fed on the men compared with the buffalo in the experiments with the hut 
(34%) and the net (36%) also seem rather low, by comparison with other data for 
this species (e.g. Table II, 84% attracted to men compared with calf), even allowing 
for the effect of the men’s clothing. It may be that with three men and a buffalo 
confined in one net or hut, one or more of the non-host-specific mosquito stimuli 
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emitted by the buffalo, perhaps heat or carbon dioxide, outweighed that emitted 
by the men. 

However, in places where men and domestic animals occupy the same shelters, 
host-preference experiments in which the human and animal baits are close together 
may be the best. If captive mosquitoes are to be used, an improved method, such 
as that employed by Gillies (Ig67), might be tried. In this the mosquitoes are 
released into a central chamber from which they can make their way into one or 
other of the baited chambers on either side. Results can then be assessed by 
counting the number of mosquitoes found later in each baited chamber, instead of 
depending on the precipitin test to identify the blood in the gorged specimens, as 
must be done when the baits are in the same chamber. 

Rut in the more usual situation, where men and domestic animals are not under 
the same roof, the human and animal baits for host-preference experiments should 
preferably be in separate traps, probably about 20-50 yards apart. At this distance 
it appears that the two baits do not usually interfere much with one another, so 
that the mosquitoes are not subjected to stimuli from both baits at once (Reid, 

1961, P* 54). The results do not, therefore, reflect a choice between the two baits 
by the mosquitoes (this may occur when the baits are close together), but, seemingly, 
the degree of attraction for the mosquitoes exercised by each bait acting independent- 
ly of the other. 

Percentage of mosquitoes blood-fed. A further indication of host preference may 
be obtained by noting what percentage of the mosquitoes, caught in trials comparing 
different baits, are blood-fed. For example, in Wharton’s experiments with 
window-trap huts 64 per cent. of the ‘ philippimnsis ’ caught with the calf were 
blood-fed, but none of the few caught with the men ; but with maculates, which 
was only a little less attracted to the men than to the calf, over 80 per cent. were 
blood-fed in both huts. With C&ex 9. fatigans, which was four times more 
numerous in the man-baited than in the calf-baited hut, 70 per cent. in the man- 
baited hut were blood-fed compared with 16 per cent. in the hut containing a calf. 
Similarly, Reid (1961) found with net traps that not only did two goats attract less 
than one-third as many Anophelines as one calf, but only 32 per cent. were blood- 
fed compared with 69 per cent. with the calf (his figures from the man-baited net 
are not comparable as the men were protected by an inner net). 

Gillies (rg67), in careful host-preference experiments with man and calf, found 
that not only was the proportion of A. gambiae form A attracted to man consistently 
higher than that of A. nzems (the East African salt-water form of ganzbiae), but that 
a higher proportion of form A than of ?ney~s fed on the human bait. 

Muirhead-Thomson (1941, pt. V) in Assam released hungry minimus into a net 
containing various animals on different nights. He found that with a cow 84 per 
cent. of the mosquitoes recovered in the morning were blood-fed, compared with 
48 per cent. with a goat and 37 per cent. with two men, though with a dog 80 per 
cent. were blood-fed. 

Entry into houses to feed. It has long been known in a general way that vector 
species of mosquitoes can usually be caught in houses at night more readily than 
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non-vectors, even though both may be numerous in the area. But it was mainly 
the use of window-trap huts with men sleeping inside that led to this difference 

TABLE 12 

A comparison of simultaneous biting catches on men outdoors and indoors. 

Species Trial 
NO. 

nights 
Caught 

outdoors indoors Total 

Caught 
indoors as o/O 

of total 

aconitus 
baezai 
b. balabacensis 

I, 

campes tris 

dona& 
indiensis 
karwari 
kochi 
lesteri 
letifev 

a 

F 

g 
e 

c3 

c2 

a 
a 

e 

Cl 

c2 

8, e 
unaculatus a 

t> c4 

’ philippinensis ’ a 

,# 
sepavatus 
sundaicus 

tesseiiatus 
wnbvosus 

,, 
vagus 
whartoni 
Mansonia SPP. 

e 
d 
e 

Cl 

e 

it 
b 

9, e 

15 

3 
2 

3 
6 

4 
I.5 
15 

4 
4 

15 

15 
3 
4 
3 
2 

15 
2 

2 

7 

43 

30 
22 

IO 

17 
121 

24 
II 

15 
25 

262 

92 
0 

351 
901 

294 
48 
84 

170 
37 

12 

87 

=7o 
365 
101 

3 
0 

24 
I3 
12 

74 
85 

0 

2 

0 

28 

23 

8’S 

289 
17 

2 

2 

67 
=7 

0 

0 

16 
0 

5 
4r 
38 

46 6 

7 
54 
35 
22 

91 
206 41 

24 0 

12 

17 
25 0 

290 10-I 
115 

4 
439 

1,190 

311 
50 
86 2 

237 
54 

9 
12 

103 15 
I4 

I75 3 
406 10-L 
I39 27J14 

Notes. Percentages are not calculated for species of which the total caught was 20 or less; percentages 
after brackets are averages. Within each trial the catches were made in the same way and with the same 
number of men outdoors and indoors; other details differed as follows:- (a) Wharton (1951, Table II), 
Tampin, Negri Sembilan, I man inside a room and I in the open, catching on bare legs from dusk till 
midnight; (b) Wharton (1960, Table II), Singgora, Pahang, teams of 3 men, each man taking turns to 
stand, sit, or lie, catching all night, one team inside and one outside a house; (c) Moorhouse & Wharton 
(rg65), teams of 3 men catching as in (b) at the following places in Selangor : I, Bukit Mandul aborigine 
settlement, Kuala Langat Forest Reserve, 2, K.K.K. mine, Serendah, 3, Sungei Burong, north of Kuala 
Selangor, 4, Ulu Lui, Ulu Langat; (d) Moorhouse (rg65), Selangor coast, teams of 3 men catching as in 
(b) ; (e) previously unpublished data from the experiments with window-trap huts by Reid & Wharton 
(1956) at various places on the Selangor coast (Jeram, Rantau Panjang 44 miles from Klang, Sireh, 
Sijangkang), teams of 2 men outside and 2 inside window-trap huts (not sprayed with insecticide), catch- 
ing on bare legs from dusk till 2300 hours or midnight; (f) Colless (19563, Table XVI), Labuan Island, 
Borneo, inside and outside a house, number of men not stated; (g) Eyles et al. (rg64,Table V), teams 
of 3 men catching as in (b), at a village in Cambodia, only balabacensis was caught in significant num- 
bers. 
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, 

being measured in a reliable manner (Wharton, 1951). Further extensive use of 
window-trap huts in trials with residual insecticides (Reid & Wharton, 1956) showed 
that in Malaya, when the huts contained men, only the vector species entered them 
in significant numbers, even though other species might be abundant in the vicinity 
and easily caught on men outside the huts. This led Moorhouse & Wharton (1965) 
to make a direct comparison of the numbers of various species biting men stationed 
outside and inside houses. Their figures, and other comparable ones, are sum- 
marized in Table 12, which includes biting catches inside window-trap huts as well 
as ordinary rooms ; details will be found in the footnote to the table. 

Table 12 shows that considerably higher percentages of the vector species than of 
the non-vectors were caught biting men indoors. As with attraction to men 
compared with a calf (Table II), cam@Mis (76%) and b. balabacensis (42%) had the 
highest percent ages. They were followed by donaLdi (41%), szmdaicus (2,9%), 
macixlatus (23 %), umbrosus (14%) and Zetifer (13%). The Mansonia species (14~/~) 
seem to be comparable to Zetifer and wnbroszts. The non-vector species range from 
aconitus (6%) and ‘ philippinensis ’ (5%), to indiensis and lesteri of which none 
were caught indoors. The position of whartoni, of which only 3 per cent. bit indoors, 
seems anomalous, for at the place where this figure was recorded whartoni was 

TABLE 13 

A comparison of simultaneous catches, with men as bait, in net traps and window-trap huts in 
Malaya. 

Species 

aconitus 
baezai 
barbirostris 
cawapestris 
kochi 
lesteri 
letifer 
maculatus 
’ phili&%aensis ’ 
separatus 
sinensis 
sundaicus 
uvnbrosus 
vagus 
Mansonia spp. 

Trial 
NO. Caught in 

nights net hut Total 

Caught in 
hut as % 
of total 

e 

21 

192 
e 33 
e 178 
e 192 
e 211 

e 63 
a 21 

a 21 

e 203 
e 33 
e 192 
e 44 

192 
63 

58 
97 
47 

1,300 
112 

470 
50 
76 

363 
II 

I.5 

903 
64 

I37 
254 

I 

2 

2 

597 
2 

19 
21 

24.5 
IO 

I 

115 
41 

3 
240 

59 
99 
49 

097 

114 
489 

71 
321 
373 

I5 
16 

1,018 

105 
140 
494 

2 

2 

4 
32 

2 

4 
30 
76 

3 

II 

39 
3 

49 

Notes. Percentages are not calculated for species of which the total caught was 20 or less. The net 
trap contained one man who acted as bait and collected the mosquitoes in the net at hourly intervals 
between dusk and midnight, and often once more before dawn. The window-trap hut (not treated with 
insecticide) contained two men (one during I 2 nights in (a)) who remained there from dusk to dawn; the 
mosquitoes were collected from the window trap and the hut soon after dawn. Localities of trials (a) 
and (e) as in Table 12, footnote; data under (e) not previously published. 
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found to be the vector of bancroftian filariasis, and probably also of malaria. 
Possibly the figure is rather lower than it should be, because the figure for the 
Mansonia species at the same place (10%) is only about one-third of that found 
elsewhere (trial e) . 

Other data, comparing the numbers of various species attracted to men in window- 
trap huts and outside in net traps, are shown in Table 13. The methods of catching 
(see footnote to Table 13) were not the same in huts and nets, and the catches were 
not biting catches. The figures must be regarded, therefore, as less reliable than 
those in Table 12, but they confirm that the vectors enter man-baited huts more 
readily than the non-vectors, and they include figures for some species not present, 
or poorly represented, in Table 12. 

The high figure for maculatus in the hut (76%) is probably because the peak biting 
time of this species in Malaya is seldom before zzoo hours, and large numbers 

TABLE 14 

Summary of Tables IO, I I and 12. 

Species 

Simultaneous catches with men Simultaneous indoor and out- 
and calf, o/o of total caught with door catches on men, YL of total 

men (Tables IO & II) caught indoors (Table 12) 

aconitus 
baezai 

b. balabacensis 
barbivostvis 

canzpestris 
donaldi 
indiensis 

4 
84 42 

6 

77 76 
41 

0 

koch; I 

peditaeniatus 
’ philippinensis ’ 

sepavatus 
sundaicus 12 29 
tessellatus 
uuuzbrosus 
vagus 

I) 

whartoni 
Mansonia spp. 

29 

o*I_ 
I I’ 

3*1 
36 JZ9 

5 

I4 

I4 

Notes. Percentages not shown where 20 or fewer specimens were caught. * Figures in column z 
marked with an asterisk are from Table IO, and those unmarked are from Table I I. Percentages after 
brackets are averages based on the sums of the figures in Tables IO and I I. The figures for rnaculatus 
in Table I I have not been included as they refer to Cambodia where maculatus is not a vector as it is in 
Malaya (Table IO). 



HOST PREFERENCE 

continue to enter and bite after midnight (Moorhouse & Wharton, 1965). Thus 
maculatus will have been entering the hut all night, whilst catching in the net trap 
was confined mainly to the first half of the night up to midnight. A. camfx&+s 
also bites largely after midnight, but tends to show an early peak of numbers in the 
net trap (Moorhouse & Wharton, 1965) which may account for the larger numbers 
caught there. The percentage of sundaicus in the hut (11%) was rather low, but 
this includes a consecutive period of 15 nights at Sireh when 19 per cent. of the total 
of 417 were caught in the hut. Strictly speaking, since the methods of catching 
and the time spent catching were not the same, the numbers of each species caught 
in net trap and window-trap hut ought not to be directly compared ; the explana- 
tions that have had to be given for maculatus and campestris show this. 

Combining the results of catches with men and a calf, and with men outdoors and 
indoors. The results shown in Tables IO, II and 12, are brought together in Table 

14 ; this shows clearly the large differences between species in what one may call 
their degree of attraction to man. 

Seven Anophelines and the Mansonia species, all known or suspected vectors of 
human disease, have percentages of more than IO in one or both of the columns in 
Table 14, ranging from campestris (average of both columns 76%), through b. 
balabacensis (av. 63%)) donaldi (41%)) maculatus in Malaya (av. 32%), letifer 
(av. zs%), umbrosus and the Mansonia species (av. ZION), to sundaicus (av. 20%). 

Clearly donaldi, already suspected to be at least a minor vector of human malaria 
and filariasis, needs further study ; a trial comparing its attraction to human and 
calf baits would be valuable. The figures for umbrosus show that this species also 
must be regarded as a potentially important vector of human disease, even though 
recent studies (Wharton, Eyles, Warren et al., 1963) suggest that malaria infections 
in this species are commonly those of mouse deer. The anomalous position of 
whartoni among the non-vectors has already been remarked upon (p. 437) and further 
data are needed. 

The remaining II species, which are believed not to be vectors of human disease, 
have percentages ranging from about 6 to 8 per cent. (aconitus, barbirostris, indiensis 
and peditaeniatus), to I per cent. (kochi and vagus). Obviously there are other 
species which one would like to be able to fit into Table 14, such as minimus, 
nigerrimus, Zeucosphyrus, balabacensis in central Malaya (i.e. subsp. introlatus), and 
many others. 

Attraction to men OY monkeys. In the course of investigations on monkey malaria 
and its possible transmission to man, Eyles and Wharton and their colleagues 
compared the attractiveness of men and monkeys to mosquitoes. They compared 
I or 2 men in a net trap on the ground with 2 or 4 monkeys (long-tailed macaques, 
Macaca irus) in a smaller net trap on the ground or 25 feet or more above the ground 
in the forest canopy. They made their experiments in three types of forest in 
Malaya, coastal mangrove-, lowland swamp- and inland hill-forest (Wharton et al., 
1964), and in a hilly, partly forested, area of Cambodia (Eyles et aZ., 1964). Their 
principal results are summarized in Table 15, which includes only species of which 
IO or more specimens were caught with at least one of the baits, and in this table 
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their figures have been analysed so as to show separately the effect of the two 
factors, difference of bait, or difference of position (i.e. ground versus canopy). 
These two factors, though shown separately by Eyles et aZ. (1964, Table II), were 
not separated by Wharton et al. (1964) in their figure I and Table 12 ; consequently 
these show rather different results from those in Table 15 here, for some species, 
in respect of the proportion caught in the canopy compared with on the ground, 
or attracted on the ground to men compared with monkeys. 

Although the monkey-baited nets were smaller than the human-baited ones, it 
has been assumed here (contra Wharton et al., 1964) that the difference was in- 
sufficient to invalidate the direct comparison made in Table 15 between numbers 
of each species attracted on the ground to man or monkey. This analysis shows 
that under the conditions of the experiments, when the baits were at ground-level, 
man was much more attractive than monkey to most species, including those of the 
Zezbcos#zyrzts group (p. 474) which are the proved vectors of monkey malaria. Prob- 
ably the difference would have been less pronounced if the nets had been of the 
same size, but accepting the figures as they are, they show that 93 per cent. of 
b. balabacensis and 63 per cent. of Zeucosjdzyrus, were caught in the man-baited net. 
Among the other Anophelines, only Kochi (20% to man) was more attracted to the 
monkeys, but the Mansonia species were about equally attracted to men or monkeys. 
The figures for A. hackeri, which suggest that it was equally attracted to men or 
monkeys on the ground, may be exceptional. Possibly the man-baited net was 
affected by proximity to the monkey-baited net, or it lay across the flight path of 
the hackeri females that were caught, and these would have entered this net even if 
it had not contained any bait (see Colless, 1959a, who found that empty nets some- 
times caught considerable numbers of mosquitoes). At any rate, on no other of 
many occasions was hackeri caught in a man-baited trap on the ground. Even 
when 206 hackeri and 8 jwjutensis were caught in monkey-baited nets placed in 
mangrove trees, none of either species was caught in a man-baited net operated at 
the same time on the ground in the vicinity (Wharton et al., 1964). 

The last column of Table 15 shows the effect of having the traps on the ground or 
in the canopy, the bait (monkeys) being the same in both situations. It is clear 
that the species of the Zeucosphyrus group were caught mainly in the canopy ; 
b. balabacensis (92%), hackeri (85%), Zeucosphyrus (78%). Less than half of the 
specimens of all the other species were caught in the canopy, though the figure 
reaches about 40 per cent. with Zetifer and the Mansonia species. Other evidence 
shows the same effect ; two men, 87 feet above the ground in a tree in hill-forest in 
Malaya, caught upon themselves 145 Zeucosphyrus, 24 balabacensis introlatus, IO 

watsonii and 5 maculatus, whilst at the same time two other men at the foot of the 
tree caught 50 Zeucosphyrus, 20 b. introlatus, 2 watsonii and 37 maculatus (Wharton 
et al., 1964). Macdonald & Traub (1960), at the same locality, also found that with 
human bait larger numbers of Zeucosphyrus and b. introlatus were caught in the 
canopy than on the ground, though in similar catches in swamp-forest in Pahang, 
Malaya, Wharton, Eyles, Warren et al., (1963) record that 117 umbrosus were caught 
on the ground but none at 50 feet in the canopy. 
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TABLE 15 

-4 comparison of catches with men and monkeys in net traps. 
the ground and in the forest canopy. From Wharton et al. 

(Ig64), Cambodia. 

Species 

Caught 

on ground in canopy 
with with 

man monkey monkey 

Men on the ground, monkeys on 
(Ig64), Malaya, and Eyles et al. 

Monkey on 
Man V. monkey ground ZJ. 

on ground : monkey in 
caught with canopy : caught 

man as o/o of in canopy as o/o 
total of total 

b. balabacensis 203 12 93 
9, 58 655 92 

campestris 100 9 0 92 
crawfordi I47 50 I 75 2 

donaldi 126 I9 5 87 21 
hackeri II IO 55 52 85 
kochi IO 41 8 20 16 
lesteri 46 15 3 75 I7 
letjfer 1,457 264 201 85 43 
leucosphyrus IO G 21 63 78 
maculatus I,382 296 52 82 I.5 
roperi I4 6 I 70 
separatus 23 5 3 82 
sinensis 335 30 14 92 32 
sundaicus 292 21 8 93 28 
umbrosus 63 3I IO 67 24 
Mansonia spp. 3,841 3,626 2,308 51 39 

Notes. Percentages not shown where fewer than IO specimens were caught; to save space, totals 
columns are not included. 

The foregoing analysis seems to show that the reason why monkeys in the canopy 
attract more b. balabacensis than do men on the ground is not because monkeys as 
such are more attractive to this mosquito, for it seems to prefer men, but because 
it has a strong preference for biting in the canopy when a suitable host is available 
there. Probably this applies to all members of the Zez~os~lzyr~s group (and to 
watsonii), and possibly more strongly to those such as hackeri, pujutensis and riparis 
which are rarely or never caught with human bait on the ground ; it may not be 
that the latter three species will not bite man, but rather that they will seldom bite 
at ground-level. If this is so, members of the Zeucosphyrus group may well bite 
other arboreal animals as well as monkeys, and this may account for some of the 
sporozoite infections that have been found in them that were not infective to 
monkeys (Eyles et aZ., 1964 ; Wharton et al., 1964). 

So far as transmission of monkey malaria to man is concerned, Eyles and his 
colleagues were right to emphasise that b. balabacensis readily attacks men on the 
ground and monkeys in the forest canopy. Only species which behave in this 
way are likely to be potential vectors of disease between monkeys and men, since 
monkeys do not sleep on the ground nor men in the trees. Thus it is not surprising 
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to find that the vectors of subperiodic Brugia malayi between monkeys and men are 
the Mansonia species, such as dives, which behave in just this way. The proportion 
of A. Zetifer caught in the canopy was similar to that of the Mansonia species, and 
though it was less attracted to monkeys by comparison with men, the figures in 
Table 15 suggest that, where it is common, Zetifer should be considered as a possible 
vector of disease between monkeys and men. 

Precipitin test 
The precipitin test is a sensitive serological technique which can be used to identify 

the kind of blood in a mosquito’s stomach, up to about 24 hours after it has fed. 
Briefly, the test depends upon the interaction between a saline extract of the blood- 
meal and a suitable antiserum. Antisera are usually prepared by immunizing 
rabbits to the blood of those kinds of animals thought likely to be the principal hosts 
of the mosquitoes in question. When the saline extract of a blood-meal is allowed 
to interact with known antisera, each in a separate tube, the tube in which a white 
precipitate forms at the interface between the extract and the antiserum is the 
positive one ; that is, the extract and the antiserum derive from the same kind of 
animal. The test readily shows whether a mosquito has fed on a man or a domestic 
animal, and is most often used for this purpose. It is not specific enough to distin- 
guish between man and other primates, or between other closely related animals, 
and the number of tests that can be made on a single mosquito blood-meal is limited 
by the small size of these meals. To distinguish between closely related hosts, a 
more elaborate test, the haemagglutination inhibition test, is used. This inhibition 
test is very sensitive, but the conditions for success are rather critical and it requires 
blood-meals of good quality. For details of both tests and what they can do, see 
Weitz (1956). 

The term precipitin test is used here in a broad sense as a heading for this section, 
which is concerned not only with the results that different workers have obtained 
with the test itself, but also, and more importantly, with the effects of their sampling 
methods on those results. 

Rewlts with samples from buildings and haps. At first, workers tended to collect 
blood-fed mosquitoes by whatever method they found easiest. This might be in 
stables by day in Europe, or in houses by day in the tropics where stables often lack 
sides, or in houses, stables, or traps, by night, in those tropical countries like Malaya 
where few Anophelines rest indoors by day. As Marston Bates (1949) points out, 
there was always bias in such samples “ since mosquitoes found in houses are most 
apt to have human blood, in stables cow blood, and so forth “. 

Table 16 shows the results obtained by Hodgkin, using a man-baited net trap 
near houses at night, with cattle sheds not far away. 

The figures show large differences between the vector species, maculates and 
‘ uunbrosus ’ on the one hand, nearly all specimens of which contained human blood, 
most of it probably from the man operating the trap, and non-vectors such as KocFyi, 
tessellatzhs and uagus on the other, many of which had evidently fed on cattle nearby 
and then entered the outer net to rest. This demonstration of a marked difference 
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Summary of precipitin tests by Hodgkin on Anophelines caught at night in man-baited net 
traps in lilalaya, 1932-1935. After Wharton (1953). 

TABLE 16 

Species 
Total Positive 

positive for man 
o/o positive 

for man 

aconitus 53 
‘ bavbivostris ’ 158 
’ hyvcanus ’ 838 
karwari 17.5 
kochi 51 
maculatus 653 
’ philippivlensis ’ 113 
separatus I37 
tessellatus 53 
’ unzbvosus ’ 333 
vagus 31 

30 
107 
312 

90 

601 

42 
102 

3oo 

57 
68 

37 
51 
16 

92 
37 
75 
I5 
90 

3 

in the relative avidity for human blood between vectors and non-vectors was useful. 
But the figure for maculatus (over 90% with human blood) was then quoted by 
others (e.g. Boyd, 1949, p. 664) in such a way as to further the erroneous impression 
that maculatus in Malaya is a highly anthropophilous mosquito (p. 430). As 
Wharton (1953a) has shown, if maculatus is collected at night with cattle bait instead 
of human bait, the result is quite different, and neither result is representative for 
the general population of maculatus at the locality concerned. Wharton found 
that all of 40 specimens of maculatus from a man-baited net trap contained human 
blood, but none of 14 from a nearby cattle shed. 

Walch (1932) in Indonesia caught blood-fed Anophelines in houses (whether by 
day or night is not stated), and noted that the percentage with human blood was 
higher when there were no cattle in the vicinity. The difference was greatest with 
maculatzts (97% with human blood where cattle were scarce, 11% when there were 
cattle nearby), and aconitus (61% and IZ~/~). In areas with an average number 
of cattle the percentage of blood-fed mosquitoes with human blood varied from 
86 per cent. in sundaicus (his Ludlowi) to 4 per cent. and I per cent. in kochi and 
vagzcs. His samples of Zeucos@zyrus all came from places where cattle were scarce, 
and 99 per cent. had human blood. 

Laurel (1934) in the Philippines caught minimus (subsp. javirostris) in man- 
baited traps at night at several places, and found that 67 per cent. of the blood-fed 
ones had human blood. He caught other species in the same way, but as these 
came partly from a different set of places the results may not be comparable with 
those for minimus. 

Ramsay et al. (1936) in Assam caught blood-fed Anophelines in houses and cattle 
sheds both by day and night. They found minimus and balabacensis (their 
Zeucos@yrus) commoner in houses, but other species commoner in cattle sheds. 
The percentage of gorged mosquitoes that contained human blood ranged from 
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minimus (86%) and balabacensis (75%), to maculatus (5%), kochi (4%) and vagus 

(1%). 
Toumanoff (1936, p. 389) in Indo-China found human blood rates in Anophelines 

from houses (probably mostly caught by day) very similar to those found by Ramsay 
et al. in Assam. These rates ranged from g6 per cent. in balabacensis (his Zeztcos- 
phyrus) , through miniunus (93 % ) and sundaicus (42%) (this species was not caught 
by Ramsay et al.), to kochti (60/,), maculatus (5%) and vagus (4%). Like Walch, 
Toumanoff found the percentages with human blood to be higher if cattle were 
absent. 

Wharton (Ig53a) in Malaya collected blood-fed Anophelines resting in Malay 
houses by day, and found that 7 per cent. of go vagus and I per cent. of 113 aconitus 
had fed on man. 

Colbourne et al. (1959) in Sarawak caught blood-fed specimens of donaldi (their 
barbirostris) and Zeucosphyrus in houses at night. They found that 54 per cent. 
of 2,407 donaldi and 93 per cent. of 1,192 Zeucosphyrus had fed on man ; the 
remainder had fed on dog, pig or fowl in that order. These figures form part of 
those given under the headings barbirostris s.1. and Zeucosphyrus Zeucosphyrus by 
Bruce-Chwatt et al. (rg66), who do not indicate that the samples were collected at 
night. 

In Sabah, 80 per cent. of 594 specimens of b. balabacensis caught in houses at 
night (or in outlet window-traps in the early morning) contained human blood 
(WHO, in lit.). 

Some of the foregoing results are summarized in Table 17, which shows that for 
the most anthropophilous species, ’ Zeucosphyrus ’ (= Zeucosphyrus or balabacensis) 
and minimus, and the least anthropophilous, kochi and vagus, there is a fair measure 
of agreement in the percentages found with human blood by workers in different 

TABLE 17 

X comparison of the results of precipitin tests on blood-fed Anophelines from houses or man- 
baited traps (some from Assam from cattle sheds) in various parts of south-east Asia. Percentage 
with human blood ; species arranged approximately in descending order of this percentage. 

Borneo 
(Sarawak, 
Colbourne 

Indo- Philip- et a/., 1959; Malaya Malaya 
Assam China pines Sabah, Indonesia (Hodgkin, (Whar- 

(Ramsay (Toumanoff, (Laurel, WHO, in (Walch, see Table ton, 
et al., 1936) 1936) 1934) lit.) 1932) 16) 1953a) Species 

’ leucosphyrus ’ 75 96 93,80 99 
minimus 86 93 67 
sundaicus 42 98-86 

maculatus 5 
6; 

97-I 1 92 
aconitus 61-12 57 I 

kochi 4 6 4 16 

vagus I 
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parts of South-East Asia. (The figures for maculatus reflect the fact that it is a 
vector in Malaya and perhaps Indonesia, but not in Assam and Indo-China.) 
Evidently most of the blood-fed specimens of ko&i and vagus collected in houses or 
man-baited traps had fed elsewhere (mostly in fact on cattle), whilst the majority 
of specimens of ’ Zeucos~hyrus ’ and minimus had probably fed upon the occupants 
of the houses or traps in which they were caught. (In this respect the two groups 
are not comparable, and it is difficult to see how comparable samples can be obtained, 
unless outdoor day-time resting places can be found that are roughly equidistant 
from houses and cattle sheds.) The figures for ‘ Zeucosphyrus ’ and minimzzs cannot, 
therefore, represent the percentage of the general population of either species 
feeding on man at the places concerned (unless both species feed and rest only 
indoors which they do not, see Table IS), but only the percentage feeding on man 
among that fraction of the population that is found in houses. However, provided 
this is realized, the figures are a valuable aid to distinguishing vectors from non- 
vectors, and if more attention had been paid to the contrast between the two that 
the figures show, the importance of ‘ Zeucosphyrus ’ might have been recognized 
sooner. 

Results with samples collected outdoors by day. Table 18 contrasts the results of 
precipitin tests on samples of certain species that were collected from houses or 
traps, and from outdoors by day at the same time. These are vector species, and 
one sees that the percentage of blood-fed specimens that had human blood (the 
“ human blood index ” or “ rate ” of WHO, Ig63b) in the outdoor samples is much 
lower than in the samples from houses or traps. The outdoor human blood rate 
varied from less than half as much as the indoor rate in sundaicus, both samples of 
which were collected by day, to as little as one tenth as much in maculatus and the 

TABLE 18 

A comparison of the results of precipitin tests on mosquitoes caught in houses or man-baited 
traps with results on samples of the same species caught outdoors by day. Percentage of 

blood-fed specimens positive for human blood. 

Species 

Houses 
or 

traps Outdoors Author, country and method 

b. balabacensis 80 

maculatus 100 

minimus 67 

sundaicus 51 

ilfansonia spp. 81 

26 WHO (in lit.), Sabah, Borneo. In houses at night, 
outdoors by day. 

9 Wharton (1953a, Table III), Malaya. Man-baited 
net trap at night, outdoors by day. 

9 Laurel (1934)) Philippines. Baited traps at night, 
outdoors by day. 

22 Sundararaman et al. (1957), south Java. Day 
catches in houses and outdoors. 

8 Wharton (1962), Malaya. In houses early morn- 
ing, and near the houses outdoors by day. 
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hfansonia species the ’ indoor ’ samples of which were collected at night or in the 
early morning. Senior White (1947) had similar results with varuna in India ; 
those from houses had a human blood rate of 59 per cent. compared with 4 per cent. 
in those from outdoors. It might be objected that the outdoor samples could be 
biased in favour of domestic animals, because these are often kept in open-sided 
shelters less suitable than houses as day-time resting places for mosquitoes. But 
this objection does not apply to most of the species in Table 18 because these rest 
mainly (minimus in the Philippines), or almost entirely (balabacensis, maczdatus 
and Mansonia spp.) outdoors by day. 

Muirhead-Thomson (1951) points out the need to pay more attention to outdoor 
resting places, and evidently in countries like Malaya and Borneo, where most of 
the vector Anophelines rest outdoors by day, only outdoor day-time samples can 
give anything like a true figure for the percentage of the vector population feeding 
on man at any place. Quite apart from wishing to know what this figure is as a 
matter of general interest (for example, is the vector population obtaining 90% of 
its blood-meals from man, or only IoO/~?), the figure is essential to any attempt to 
measure Macdonald’s reproduction rate of malaria (Russell et al., 1963). Un- 
fortunately, finding and collecting blood-fed mosquitoes outdoors by day can be 
difficult, uncomfortable and very time consuming, unless they are of species which 
can be found in well defined, circumscribed situations such as under banks of 
streams, or which will make use of artificial outdoor resting places such as earth 
pits or boxes. Wharton (1962) found boxes effective for some species of Mansonia. 
Because of these difficulties there are, as yet, rather few precipitin results on samples 
from outdoor day-time resting places. Accordingly, those that are available for 
species occurring in Malaya or Borneo are given in detail in Table 19. 

In Table rg, where there are samples of a species from more than one place, the 
percentages with human blood in the different samples have not been averaged. 
The result for each place is liable to be different, depending upon differences in the 
relative numbers and accessibility of men compared to other animals, so that an 
average could be misleading, especially if the samples come from different countries 
where the preferences of the mosquito, as well as the nature of the environment, 
may be different. The figures for maczdatzts are an example. W7harton (Ig53a) in 
Negri Sembilan, Malaya, found mncztlatzls and other species resting by day in short 
vegetation beneath rubber trees, at a spot roughly equidistant from houses and 
cattle sheds (trial al in Table 19). Over a two-year period he found an average of 
14 per cent. of 598 gorged maczdatus contained human blood (in 1949 the figure 
was zo%, in 1950 only 9% although conditions appeared to be unchanged). But at 
another place in Malaya, an aborigine village without cattle nearby, Davidson & 
Ganapathipillai (trial b) found that 13/15 gorged macdatzzs from shaded vegetation 
near the houses contained human blood, which suggests that the macdatus popula- 
tion at this place was obtaining about four-fifths of its blood-meals from man. In 
the Philippines, where macuhtus is not a vector, Laurel (1934) found that only z per 
cent. of blood-fed specimens from stream banks had human blood, compared with 
g per cent. of minimus. 
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Because the results of precipitin tests vary in this way from place to place, it is 
important to compare the results for different species at the same place, before 
attempting to compare results for one species from different places. In Wharton’s 
investigation in Negri Sembilan, he found that all species had fed mainly on cattle, 
but whereas 14 per cent. of wzaculatzts had fed on man, only 3 per cent. or less of the 
other common species had done so (indiensis 3%, ‘ @&ppinensis ’ I%, aconitus, 
kochi and vagus 0%). The only exception was karwavi, of which z out of a small 
sample of 15 gorged specimens had fed on man, and I out of 8 of another small 
sample from a rubber estate in Kedah, giving an over-all figure of 13 per cent. with 
human blood. This relatively high figure for karwari may be a chance result due 
to small numbers, but further information is needed. 

Reid & Weitz (trial c in Table 19) used the precipitin and inhibition tests to try to 
identify the hosts of hackeri and baexai. These species were found resting among 
nipah palms on the Selangor coast of Malaya, and were infected with malaria para- 
sites believed to be of non-human origin. Reid & Weitz showed that some hackeri 
and @jute&s were feeding on monkeys, which were later shown to be the source of 
the infections in these species (Wharton et al. 1964), but they failed to identify a 
large proportion of the feeds. They found that some baexai were feeding on cattle 
and goats, but as these animals were not infected with malaria parasites, and 70 
per cent. of the feeds were not identified (except that many gave a weak anti-bovid 
reaction), the source of the infections in baexai was not discovered. Many of the 
unidentified feeds from hackeri and PujzLtensis gave anti-primate reactions ; prob- 
ably these were from monkeys, but were not good enough to give clear-cut reactions 
in the inhibition test. This may possibly account for the feeds recorded as positive 
for man in these two species, as the evidence from extensive trapping is that neither 
species is attracted to man, at least at ground-level. Conversely, poor-quality feeds 
might also account for some of the positives for monkey recorded for cwnpestris, as 
trapping results do not suggest that this species is attracted to monkeys, at least not 
in the canopy. This investigation shows that it may not be easy to identify the 
hosts of sylvan species of mosquitoes, by means of the precipitin and inhibition tests, 
if the number of possible host species is fairly large. So far as attraction to man is 
concerned, Reid & Weitz found that canzpestris, which was the vector of human 
malaria, had much the highest human blood rate, 63 per cent., compared with I per 
cent. or less in baezai, lesteri and kochi. 

Taking Table 19 as a whole, the percentages positive for human blood in these 
outdoor day-time samples are higher in the vector species (or vector forms of species) 
than in the non-vectors (except karwari), ranging from over 50 per cent. in campestris, 
and in wzaculatus in Malaya when no cattle were present (trial b), through b. bala- 
bacensis (Sabah, 26%), swzdaicm (Java, 22%), aconitus (Java, 17%)) wzacztlatus in 
Malaya when cattle were present (99zo%, av. 14%), gninivnus (Philippines, 9%), to 
Mansonia spp. (8%). The Philippine form of minimus is subspecies $avirostris 
which is considered to be less attracted to man and a less serious vector of malaria 
than the type form. There do not appear to be any comparable precipitin-test 
results on samples of the type form collected outdoors by day, but one would expect 
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the human blood rate to be higher, perhaps in the region of 20 per cent. where both 
cattle and men are present. In the non-vectors (in Malaya unless otherwise stated), 
except for karwari, the percentage with human blood ranges from 3 per cent. in 
indiensis and 2 per cent. in maculatus (Philippines), through I per cent. in baezai and 
‘ philip$Gaensis ‘, to o per cent. in aconitus, kochi, lesteri and vagus. 

Assuming that the samples in Table 19 were reasonably representative of the 
mosquito populations concerned, and that the numbers and accessibility of men 
and animals were within normal limits, the human blood rates for the vectors suggest 
that these species usually obtain from about one-tenth to about four-fifths, and 
often not more than about one-quarter, of their blood-meals from man. 

Conclusions 

The data on host preferences of South-East Asian Anophelines, reviewed in the 
foregoing pages, show that there are large differences between the species in their 
degree of attraction to man. The data also show that it is easier to demonstrate 
these differences between species than to obtain unbiased figures for any one species. 
In consequence, comparisons between different species caught together are often 
more informative and reliable than figures for a single species caught at several 
places. There are so many variables involved in field measurements of host prefer- 
ence that there can be no fixed indices for species, and all figures must be treated 
with caution. 

As Muirhead-Thomson (1951) suggests, a combination of precipitin tests on 
suitable samples, and trapping experiments with different baits, should be used to 
investigate host preferences. Where possible, the less biased methods ought to be 
used. For trapping experiments this means methods like those on which Table 14 
is based, that is, different baits in identical traps, or simultaneous biting catches on 
men indoors and outdoors. For precipitin tests it means samples collected from 
day-time resting places, preferably outdoors. 

Most attracted to man 

* b. balabacensis 

* leucosphyrus (Sarawak) 

* campestris 

* minimus 

* rnaculatus (Malaya) 

* letifeev 

* umbrosus 

* Mansonia spp. 

* donaldi 

* sundaicus 

karwavi 

aconi tus 

* Vectors 

sine&s 

indiensis 

’ PhilipjGnensis ’ 
separatus 

barbirostris 

baezai 

lesteri 

tessellatus 

kochi 

vnaculatus (Borneo) 

vagus 

Least attracted to man 
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Because of the large differences between species in their degree of attraction to 
man, it is possible to arrange them in a rough order from the most to the least 
attracted. The order obtained in this way cannot be a fixed one, as it will depend 
on the methods used to measure attraction to man, and on other variables, par- 
ticularly the geographic area, but the order can still be a useful approximate sum- 
mary of more detailed information. The order given on p. 449, for species in Malaya 
and Borneo, is based on a rough scoring of the positions of the species in some of the 
foregoing tables, adjusted where this seemed necessary. More information would 
doubtless modify the order a little. 

The first ten names in this list, each marked with an asterisk *, are known or 
suspected vectors of human malaria and, or filariasis. Two other vectors, whartoni 
and nigerrimtis, are not included for lack of suitable data; probably they would 
come towards the end of the vectors. 

The need to place maculatus twice in this list, among the vectors in Malaya and 
the non-vectors in Borneo, strongly suggests that there are real geographic differences 
in the innate degree of attraction to man in this species. This is supported by a 
comparison of its position in Tables 8 and 9, and IO and II, and the different figures 
for Assam and Indo-China compared with Indonesia and Malaya in Table 17, and 
for Malaya and the Philippines in Table 19. If one assumes, for simplicity, that 
there are two genotypes, a more and a less anthropophilous, it would be interesting 
to know the relative proportions of each in, for example, north Malaya and south 
Thailand. Is there a geographically abrupt or a gradual change from predominantly 
more to predominantly less anthropophilous populations? However, at present 
there are no clear-cut morphological characters (p. 360) by which these hypothetical 
genotypes could be recognized. There are indications, from differences in vector 
status, that several other species, such as aconitus, minimus, balabacensis, leuco- 
sfihyws, sundaicus, and possibly also campestris, may show similar geographic 
differences in degree of attraction to man. But the data on host preferences in the 
foregoing tables are too scanty to confirm this. 

TRANSMISSION OF DISEASE 

At one time the finding of sporozoites in the salivary glands of any species of 
Anopheles caught attacking man was considered sufficient evidence for labelling 
that species a vector of human malaria, unless there were strong indications to the 
contrary. Furthermore, the laboratory evidence seemed to show that all species 
that would take human blood could be infected when fed on persons with gametocytes 
in their blood, though positive results were usually difficulty to obtain with quartan 
malaria (Plasmodium malariae) . In addition, the malaria parasites were believed 
to be very host-specific, those of man not being transmissible to animals and vice 
versa, and the same applied to human filariasis, though in any case Anophelines 
appeared to be of only minor importance in the transmission of this disease. 

Today, all this has altered, and we have to adopt a much broader and more critical 
approach to the transmission of pathogens to man by Anopheline mosquitoes. 
Sporozoites found in Anophelines, even when caught with human bait, may not be 
of human origin. In the Zeucosphyrus group they may have come from monkeys, 
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in the umbrosz~s group from mouse deer, in the African smithii and its relatives 
from porcupines, and so on. A simple sporozoite rate, together with a measure of 
the man-biting density of the vector, can no longer be accepted as an indication of 
the intensity of transmission of human malaria unless there are good grounds for 
believing that nearly all the gland infections have in fact been derived from man. 
However, this will often be the case, especially near towns or in other settled areas 
where non-human malarias are probably rare, and where the vector Anopheline is 
one, such as maculatus in Malaya, which is known from long experience to be closely 
connected with human malaria that is controlled when this vector is controlled. 
But it has to be admitted that though the weight of evidence of this sort is more 
than sufficient to convince any reasonable person that maculatus, minimus, or 
sundaicus, for example, are important vectors of human malaria (whether or not 
they are also at times vectors of non-human malaria), nevertheless this evidence is 
only epidemiological and circumstantial. It is not parasitological proof, such as 
has been repeatedly obtained in recent years with monkey malaria, by the inocula- 
tion of sporozoites from wild Anophelines into monkeys and identification of the 
resulting infections. 

Not only is it necessary to try to decide whether sporozoites found in Anophelines 
attacking man are those of human or animal malaria, which is not always possible 
from their morphology alone, but also, if the sporozoites are thought to be from 
monkeys or apes (i.e. of simian malaria), the possibility has to be considered that 
they may be to some degree infectious to man. Garnham (1958) suggested that, in 
Malaya, PLasmodium knowlesi of monkeys might prove to be zoonotic, transmitted 
naturally to man in suitable environments, and he was proved right seven years 
later (Chin et al., 1965). At least two other monkey parasites common in Malaya, 
P. cynomolgi and P. inui, can be transmitted to man by the bites of Anophelines 
(Eyles et al., 1960 ; Coatney et al., Ig66), though transmission in nature has not yet 
been demonstrated. The wealth of simian species of Plasmodium in South-East 
Asia compared with the rest of the world (Garnham, Ig66), suggests that simian 
malaria may have originated in the forests of South-East Asia ; and certainly, 
whether or not the human parasites also evolved there, man is still liable to inocula- 
tion, and sometimes to infection, in these forests with some of the simian parasites. 

With regard to the susceptibility of Anophelines to the various strains of human 
malarias, experiments with the monkey parasite P. cynomolgi show that there are 
different strains, some of which will infect a particular species of Ano@zeZes while 
others will not (p. 461). The growing evidence of the flexibility and close local 
adaptation of malaria and filaria parasites to the insect vector species of each 
locality or main type of environment (cf. onchocerciasis in forest and savanna 
areas of W. Africa-Duke et al., and Lewis & Duke, Ig66-as well as filariasis in 
forested and open areas in Malaya, p. 462), suggests that the human malarias should 
be re-examined with this in mind. The difficulty usually experienced in infecting 
species of the Myzorhynchus series in the laboratory, e.g., the barbirostris and 
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umbrosus groups, despite the fact that some are vectors of the human malarias in 
nature, has long demanded an explanation (p. 460). 

Though the extent to which malaria in South-East Asia may be a zoonosis is still 
unknown, it is clear that Brugian filariasis is an active zoonosis in some swampy 
forested areas of Malaya. Again the principal non-human-reservoir host appears 
to be monkeys (chiefly species of Presbytis), though the subperiodic form of Brugia 
malayi, so far known to be involved in this zoonosis, is not transmitted by 
Anophelines, but by species of Mansonia. However, Anophelines of the barbirostks 
group are involved in transmission of the periodic form of B. malayi, not only in the 
settled rice-fields of the north-west coastal plains of Malaya, where monkeys may 
be scarce and the parasite confined to man (Reid et aZ., Ig6z), but also among small 
groups of aborigines in the forested inland hills (p. 468) where the parasite may not be 
confined to man. In these hills monkeys occur, and members of the Ze~cos~~yrz~ 
group, infected with simian malaria, have been caught attracted to human bait, 
showing that the possibility of transmission of pathogens by Anophelines between 
monkeys and men exists there (Wharton, Laing & Cheong, 1963). 

The widespread occurrence of B. malayi in forest vertebrates (Laing et aZ., 1960) 
and its existence as a zoonosis in forested areas, suggest that the human infection 
probably originated in such areas and later became adapted to transmission purely 
from man to man in settled areas away from the forest and through the medium of 
different species of mosquitoes. 

The situation with bancroftian filariasis appears similar in some respects. The 
discovery of numerous foci of this infection among remote human populations in the 
forests of Malaya and Borneo, where it is transmitted by Anophelines, suggests that 
the well known urban form of the disease, transmitted by CuZex 9. fatigans, is the 
more recent, and has evolved from the forest form. So far, Wuchereria bancrofti is 
not known to occur in animals other than man, though microfilariae resembling 
those of bancrofti have been reported from the forests of the Congo in the potto, a 
loris-like animal (van den Berghe et al., Ig63), but the discovery of a wild-animal 
host would not now surprise anyone. 

Other filarial infections, normally found only in animals other than man, but 
transmitted by mosquitoes, can no longer be dismissed as of no medical importance. 
There is now sufficient evidence to show that, when the larvae of these animal 
filariae get into man, some of them can cause troublesome, or occasionally serious, 
symptoms, even though they may fail to complete their development and do not 
produce microfilariae. Nelson (1965) thinks that these abortive filarial zoonoses 
probably cause a considerable amount of ill health in the tropics, and Beskin et al. 
(1966) record a number of cases of lesions of the lungs or heart in man due to Diro- 
$Zaria immitis. This is one reason why some of the records of natural infections in 
Anophelines with such parasites are included in Table zz ; another reason is that 
the assemblage of parasites found in a vector species may help to indicate its habits 
and host preferences (see Audy, 1958, the parasite pattern). 

One other class of mosquito-borne pathogens remains to be considered-the 
viruses. While it is true that most of the mosquito-borne ones are transmitted by 
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Culicines, there is growing evidence (Chamberlain, 1963) that some are transmitted 
by Anophelines. The enormous human epidemic of o’nyong-nyong fever that 
traversed East Africa was transmitted by A. funestus and ‘ gambiae ’ (Haddow et al., 

1960) ; the possible origins of this epidemic have been discussed by Mattingly 
(Ig62b). In the United States, Tensaw virus has been isolated repeatedly from 
A. crucians, and has been shown to develop in the laboratory in other Anophelines, 
including maculatus (Collins & Harrison, 1967). In India, Chittoor virus, which 
mainly infects large domestic animals, has been isolated chiefly from Anophelines, 
A. barbirostris, tessellatus and subpictus (Singh & Pavri, 1966) ,* It is well known that 
human infections with such viruses are usually derived from animals, either directly 
as in Japanese encephalitis, or originally as with yellow fever and African primates. 
It now seems likely that dengue in Malaya, like yellow fever in Africa, is also in 
origin a zoonosis, infecting forest monkeys, in which antibodies have been demon- 
strated (Gordon-Smith, 1958 ; Rudnick, 1965). Although the known vectors of 
the dengue viruses in man are species of Aedes, the vectors of these viruses for mon- 
keys are not known, and there may be other viruses in monkeys (or other arboreal 
animals) which could be transmitted to man by Anophelines of the Zeuco.s$hyrus 
group for example. Similarly there could be viruses in mouse deer (or other un- 
gulates) which might be transmissible to man by members of the umbrosus group. 

Factors determining vector status 

Hodgkin (1956) lists the prerequisites for an efficient vector of human malaria, 
and these can be summarized as follows :-The mosquito must be susceptible to the 
parasites, live long enough to transmit them, and bite man repeatedly in sufficient 
numbers. These prerequisites can be further summarized under the headings, 
susceptibility, longevity, host 
though in a different order. 

preference, and density, and these are reviewed below, 

Host preference. This has been discussed at length in the previous section, where 
an attempt was made (p. 449) to list the species, for which sufficient data were avail- 
able, in an order of attraction to man. The vectors of human malaria and filariasis 
in Malaya and Borneo were then found to occupy the first ten or so places in this list. 
However, as the introductory paragraphs to the present section have shown, there 
is need to broaden our outlook to include possible Anopheline vectors of zoonoses, 
and some of these vectors may be less attracted to man than are the vectors of 
purely human diseases, which must bite man at least twice to transmit. For 
example, Japanese encephalitis in Malaya and Borneo is a zoonosis, transmitted 
chiefly by CuZex gelidus and C. tritaeniorhynchus which feed mainly on cattle and 
pigs (Colless, 1959 ; Macdonald et al., 1967). In comparative catches with two men 
and a calf, Reid (1961) found that about II per cent. of C. gelidus and 8 per cent. of 
tritaeniorhynchus were caught with the human bait, compared with about 17-80 per 
cent. for the vectors of human malaria and filariasis. 

* Marchette (1967, Med. J. Malaya 21 : 388-g) records Tembusu virus isolated from Culicines and 
A. ‘ philippinensis ’ at Kuala Lumpur. 

Doherty et al. (1968, Trans. R. Sot. trap. Med. Hyg. 62 : 430-8) isolated several arboviruses from 
Anophelines in northern Australia. 
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Those Anophelines which bite man in forest by day may be vectors in this way 
of occasional zoonotic infections. They include species like barbirostris and roj~eri 
which are seldom attracted to man outside the forest at night, and are not vectors 
of purely human diseases, as well as species like donaldi and mnbroszts which will bite 
man in houses at night and probably are vectors of human as well as non-human 
pathogens. The evidence from Brugian filariasis suggests that a significant amount 
of infection can be acquired from bites received in the forest or other shade by day. 
In the areas of subperiodic B. malayi, not only are infected Mansonia mosquitoes 
caught biting in the shade by day, but there is a considerably higher total infection 
rate in men than in women, which is not the case in the main areas of the periodic 
form of malayi where transmission appears to be nocturnal only (Wilson, 1961). It 
seems probable that, by their occupations, men will be more exposed to infection 
by day than women, though this may not be the whole explanation of the difference 
between the infection rates in the sexes. 

Density. The numbers of a vector species coming to bite a man, sometimes 
referred to as the man-biting density, are obviously an important factor in the rate 
of disease transmission. If other factors such as longevity of the vector are equal, 
the transmission rate will be higher when the biting density of the vector is higher. 
Some approximate figures for the range of man-biting density commonly encountered 
in the Anopheline vectors of Malaya and Borneo, and the corresponding human 
parasite rates, are included in Table zz. 

Longevity in natwe. G. Macdonald (1957) has shown that longevity of the vector 
in nature is one of the most important single factors in the epidemiology of malaria. 
Quite small increases in the average length of life of the vector population, if these 
reflect increases in the proportion of females old enough to transmit, can consider- 
ably increase the rate of transmission. Conversely, if the length of life of adult 
females can be lowered by control measures, such as the use of DDT, to the point 
where few females live long enough to become infectious, then transmission of 
malaria may be interrupted without eradication of the vector. This led to attempts 
to get an entomological measure of the progress of malaria eradication schemes, by 
measuring the effect on vector longevity of residual insecticides sprayed in houses. 
In practice this has not proved easy, for a variety of reasons (WHO, 1963a), and the 
importance of age determination in Anophelines is matched by its technical com- 
plexity. Useful reviews are given by Gillies (1964, 1966). 

First, as might be expected, there are many short-term fluctuations in the average 
age of vector populations, due to changes in larval breeding places and so forth, as 
well as longer-term fluctuations due to seasonal changes in such factors as tempera- 
ture and humidity. These changes can cause rapid increases or decreases in the 
output of new adults from the breeding places, and seasonal changes in the survival 
rate of existing adults. To take a simple example, a larval breeding place which 
contains only first instar larvae on one day, may hold a large proportion of third 
and fourth instars and pupae (that is the older age groups) a week later, or it may 
have been flushed clean of all larvae by heavy rain. Thus, to get a valid measure of 
any effect of residual insecticides on female longevity, observations must be made 
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over a long enough period, in sprayed and unsprayed areas, to even out such fluctua- 
tions in age due to natural causes, and arrive at an average figure for both areas. 

But it should be remembered that where malaria or filariasis is maintained at a 
low level in the human population (e.g., hypoendemic malaria), this may be by 
short periods of moderate transmission at relatively long intervals. In such cases 
the fluctuations in longevity are particularly important, and an average figure may 
conceal the fact that there were periods when the longevity of the vector was 
sufficient for transmission to occur. For example, Wharton (1960) dissected mos- 
quitoes for about three years at Singgora, on the Pahang river, to discover the 
vector of bancroftian filariasis (human microfilaria rate, IO?&). But only towards 
the end, during a period of two months (April-May 1959) when the numbers of 
A. whartoni suddenly increased and the parous rate (determined then over two 
nights, though not at any other time) was 60 per cent., did he find any infected 
specimens. Then he found sporozoites and oocysts, as well as mature and im- 
mature larvae of W. bancrofti. 

Secondly, the techniques that have been most used for assessing the age of female 
mosquitoes are those based on examination of the ovaries and associated structures. 
These techniques, developed mainly by the Russians in their work on the relatively 
large temperate-climate species of the A. maczdijmznis group (Detinova, rg62), 
measure physiological rather than calendar age. Even with the more advanced and 
difficult of these techniques, that of ovariolar examination, deductions of calendar 
age (i.e. length of life in days), or of daily mortality rates, from the physiological 
age are not always reliable (p. 459 ; Wharton, 1962). In the more advanced tech- 
nique, individual ovarioles are examined for follicular relics, each of which marks 
the site of an egg that has been laid. In this way, if the follicular relics can be dis- 
tinguished and counted, which is often difficult with small tropical mosquitoes, then 
the number of times a mosquito has laid eggs (i.e. the number of gonotrophic cycles 
completed) can be determined. From this, an estimate of its age in days can be 
made, if the time from emergence to first oviposition and the time between sub- 
sequent ovipositions (duration of gonotrophic cycles) are known. 

More usually, examination is limited to the simpler task of distinguishing between 
those females which have laid eggs at least once, called parous females, and those 
which have not yet laid, called nulliparous. Methods of distinguishing between 
these two categories will be found in Detinova (1962)) WHO (rg63a), and other 
authors. From the proportion parous (the parous rate) it is possible, by making 
certain assumptions, to calculate p, the probability of survival through one day 
(p is the square-, cube-, or fourth-root of the parous rate, according to whether the 
gonotrophic cycle lasts 2, 3, or 4 days). The converse of p is the probable daily 
mortality rate ; for example a value for p of 0.75 should mean a daily average 
mortality rate of 25 per cent., from which an estimate of the probable average 
length of life in days can be made. But, as already mentioned, such conversions 
from measures of physiological age to measures of calendar age, may not be reliable. 

Where the malaria or filaria infection rate in the vector is not too low, another 
approach is possible. This is based on the rate of development of the parasite in 
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the mosquito, and the ratio between the numbers of the different stages found, 
oocysts to sporozoites, or earlier- to later-stage filarial larvae, or the ratio between 
the sporozoite rate at the time of capture and after keeping half the mosquitoes in 
the laboratory long enough for all infections to reach the sporozoite stage, i.e. the 
ratio between the immediate and delayed sporozoite rates (G. Macdonald, 1957 ; 
Laurence, 1963). 

The most complete investigations of longevity in tropical Anophelines have been 
those made on A. ‘ gambiae ’ and fun&us in Africa, culminating in a very detailed 
study by Gillies & Wilkes (1965). These authors, following feasibility studies by 
Detinova & Gillies (1964)) were able to count the follicular relics in both species. 
By doing this on laboratory-reared, marked females of known age, released and 
recaptured, as well as on the normal wild population, they were able to correlate 
physiological and calendar ages. They found that in the main the pre-gravid phase 
(from emergence to first blood-meal) lasted I-Z days, the first gonotrophic cycle 
(requiring z blood-meals) lasted 3-4 days, and later cycles (I blood-meal) 3 days. 
Most females did not bite again until the night following oviposition. At Muheza, 
where the climate was humid and equable, 20 per cent. of gambiae form A were 
3-parous (equivalent to about 11-13 days old) or older and thus old enough to 
transmit, compared with 23 per cent. of funestu ; I per cent. of both species were 
7-parous (approximately 3 weeks old) or older. At Gonja, with a very dry season 
of 5 months, gambiae (forms A and B) was not as long-lived ; 14 per cent. were 
3-parous and older, and only 0.3 per cent. 7-parous and older. At Muheza, these 
physiological ages corresponded to daily mortality rates of 14-15 per cent. (parous 
rate about 60%) for both species, up to the seventh cycle, after which the mortality 
was higher. At Gonja, the daily mortality rate of gambiae was 21 per cent. up to 
the sixth cycle, and higher after that. These daily mortality rates at Muheza were 
nearly twice those found in earlier investigations at Muheza, using the indirect 
methods of the total parous rate, or the immediate and delayed sporozoite rates. 
Amongst the recaptured marked specimens of gambiae A at Muheza, the oldest one 
was 34 days old and had laid eggs IO times. The sporozoite rates at Muheza rose 
from 4.1 and 3.2 per cent. respectively, in 3-parous gambiae and funestus, to 32 and 
30 per cent. respectively in females that were 7-parous and older. 

Hodgkin (1956, Table 44)) in Malaya, classified specimens of A. baexai, found 
resting by day on nipah palms, into young and old according to the condition of the 
fringe at the tip of the wing. The sporozoite rate was nil in those with a complete 
fringe, 2 per cent. in those with the fringe partially damaged, 7.4 per cent. in those 
with the fringe badly damaged, and 20 per cent. in those lacking any fringe. 

The only recent figures bearing on longevity of Anophelines in nature in Malaya 
are some parous rates summarized in Table 20. In this and other tables in this 
section the species are arranged mainly in their taxonomic order as this is related 
to their vector status. 

The figures in Table 20 are based on samples caught with bait, mostly with human 
bait at night though some in forest by day. But the figures above for ‘ gambiae ’ 
and funesttis (Gillies & Wilkes, 1965) are based on samples collected resting in houses 



457 

o/o parous Species 

TRANSMISSIOS OF DISE_\SE 

TABLE 20 

Psrous rates recorded for some Malayan Anophelines. 

Trial Time Dissected 

Subgenus Anopheles 
barbirostris group : 

barbirostris 
campestris 

d0nAi 

hyvca~us group : 
indiensis 

umbrosus group : 
letifer 

,, 
,P 

roperi 
umbrosus 

9, 
,, 
>, 
>f 

whartoni 
Subgenus Cellia 

karwari 
maculatus 

I, 
3, 

sundaicus 
vagus 

leucosphyrus group : 
b. balabacensis 

:I 
bz 
Cl 

c2 
d 

a 

:* 
f 
a 
a 

e 

? 2 years 
?2 

6 nights 
? 2 years 

4 nights* 

? 2 years 

?2 

4 nights* 

4 ,, * 
4 * ,f 

? 2 years 
4 nights* 
4 ,I * 

few ,, 
few 

2 nights 

? 2 years 189 
?2 

4 nigits 
I34 

2,03r 
? 4 months 1,217 
? 2 years 656 

?2 >, 278 

I week I7 

151 
125 
178 
489 
484 

365 

1,478 46 
689 39 
300 34 
222 36 
486 35 
381 35 
158 27 

59 27 
? 33 

I39 60 

51 
59 
38 
42 
34 

84 

90 
38 
39 
53 
64 
85 

88 

Notes. * Some of the catches were made in forest throughout the 24 hours. Trials :-(a) Moorhouse 
(1965); (b) Moorhouse & Wharton (rg65), bi Bukit Mandul, b2 K.K.K. mine, b3 Sungei Burong, b4 Ulu 
Lui; (c) Wharton, Eyles, Warren et al. (Ig63), cl Sungei Dusun, cz Pacific Tin; (d) Wharton (1960) ; 
(e) Sandosham et al. (1963); (f) G. Davidson (in ve~bis). 

by day. The method of sampling is important, as some age-groups may not be 
represented, or not in the proportions in which they occur in the population as a 
whole. Strictly, therefore, conclusions on longevity refer only to that portion of 
the population represented by the samples examined, and not to the population as 
a whole. 

The figures in Table 20 cannot safely be used to estimate daily mortality rates, 
and thus compare the longevity of the different species in nature. First, because 
many of the parous rates were determined over short periods of only a few nights, 
and secondly because of the lack of information on the length of the gonotrophic 
cycles in nature. Probably there were also differences of sampling and standards 
of examination, 
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However, it may not be a coincidence that Davidson found a higher parous rate 
(53%) in maculatus at Ulu Lang-at over a four-month period (trial f in Table zo) 
when the sporozoite rate was 1.1 per cent. (Table zz, trial 12), than the 39 per cent. 
(without any gland infections in 2,031 dissected) found by Moorhouse & Wharton 
in much the same area (trial b4 in Table 20). Similarly, on Aur Island, when the 
parous rate in 208 maculatus dissected in 1963 was 80 per cent., the sporozoite rate 
was 2.4 per cent., compared with 1964 when the parous rate in 353 maculatus was 
25 per cent. and the sporozoite rate 08 per cent. (Cheong, in lit.) ; the mean 
sporozoite rate for the two years was 1.4 per cent. (Table 22, trial 13). 

If the method using the ratio between the sporozoite rate and the total infection 
rate is applied to the dissection results for maculatus at Edinburgh estate (Hodgkin, 
1956), the resulting daily mortality rates, read off the graph given by G. Macdonald 
(1957, p. 106), are less than 5 per cent. which seems improbably low. Davidson’s 
parous rate of 53 per cent. for maculatus suggests daily mortality rates between 
about 19 per cent. if the gonotrophic cycle was 3 days and 28 per cent. if the cycle 
was 2 days. Wharton (1950) concluded that the cycle lasted 2 days, and thought 
that most individuals fed again on the same night after oviposition. 

An investigation of age in ~&nimus and vagus caught in houses in Vietnam 
(minimz~s in the cool months, vagus mainly in the hot and wet months) was made by 
Zulutskaya (1959)) by counting follicular relics. Gillies (1964) presents the results 
in a graph which shows that only about IO per cent. of vagus lived long enough to 
lay eggs more than three times and thus reach the potentially dangerous age, com- 
pared with about 20 per cent. of minimus. 

Laurence (1963), at Vellore in southern India, used the parous rates, and the 
infection rates with different growth stages of filarial larvae, to estimate daily 
mortality rates in CuZex p. fatigans infected with W. bancrofti, and Anopheles 
peditaeniatus infected with a species of Setaria. He found that the gonotrophic 
cycle in peditaeniatus, caught in bullock-baited traps, was 2 days, the mosquitoes, 
after oviposition, feeding again the same night. The parous rate was 0.61, giving a 
daily mortality rate of 22 per cent. The range of daily mortality rates in peditaeni- 
atus, determined by the two methods, was 15-24 per cent. 

In summary, present evidence suggests that average daily mortality rates for 
most tropical Anophelines probably lie somewhere between about IO and 30 per cent. 
Only in the longest-lived species, such as ‘ gambiae ’ and funestus, does the proportion 
surviving long enough to transmit human malaria approach 25 per cent. ; in many 
others it is probably around IO per cent., or less. With some of the non-human 
malarias, however, this proportion may prove to be higher because they develop 
very rapidly in species of Anopheles to which they are well adapted, e.g., P. traguli, 
the sporozoites of which commonly reach the glands of umbrosus in less than ten 
days from the infecting feed (Wharton, Eyles, Warren et al., 1963). But it is evident 
that reliable figures for the longevity of Malayan and Bornean Anophelines will not 
be obtained without much more detailed investigations. 

Meanwhile, little if any significance can be attached to the large differences shown 
in the parous rates in Table 20. The fairly high rate (880/,) for the small sample of 
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b. balabacensis from Perlis probably does indicate a comparatively old and dwindling 
population, because the sample was collected during the dry season, and no larvae 
could be found. But there is nothing to show why the rates for karwari (90%), 
vagus (85%) and indiensis (84%), f or example, should be so much higher than those 
for umbrosus (27-35%), Zetifer (34-46x) and rofieri (36%), even though the latter 
three species were infected with malaria parasites (Table 22). (The fact that the 
former three species were not infected is probably only because their normal hosts 
do not harbour malaria parasites.) However, one possible reason for the low parous 
rates in the three species of the uwzbrosus group is worth mentioning because of its 
importance. Wharton (1962) found that 9 out of 22 wild females of Mansonia 
dives and bonneae (40%), that he found infected with mature larvae of Brugia or 
Diroftlaria and which were therefore at least IO days old, had laid only one batch 
of eggs, on which evidence they would have been thought to be only about 6 days 
old (from emergence to first blood-meal, 1-2 days ; gonotrophic cycle 4 days). He 
points out that in the forest, far from houses, where most of these mosquitoes were 
caught, sources of blood may be scattered and not easy for the mosquitoes to find, 
so that the intervals between blood-meals, and therefore between ovipositions, may 
be lengthened in a proportion of the mosquitoes. The species of the umbrosus 
group are commonly found in similar forest conditions, and usually together with 
these two species of Mansonia, and a number of the samples in Table 20 were in fact 
collected in forest away from houses (whartoni, parous rate 60%, was collected in a 
village). But species of the open country, such as ‘ gambiae ’ and funestus, or the 
three (karwari, vagus and indiensis) contrasted above with those of the urnbrosus 
group, are found near human settlements. In such places there is usually an 
abundant supply of blood available from man and his domestic animals, and 
lengthening of the normal interval between ovipositions is seldom observed, except, 
perhaps, if oviposition is delayed by breeding places drying up (e.g., A. koliensis in 
New Guinea, Sloof, 1961). 

Moorhouse & Wharton did not find that the method or place of catching, or the 
time during the 24 hours, made any obvious difference to the proportions that were 
parous among the samples they caught of campestris, donaldi, Zetifer, roperi or 
zcnzbrosus. But with maculatus, caught biting at night, there was a higher propor- 
‘tion of younger mosquitoes in the early part of the night, as the parous rate was 
30 per cent. up to 2100 hours, compared with 51 per cent. between 0300 and 0600 h. 

Despite the uncertainty attaching to estimates of natural longevity based on the 
total parous rate, this rate is still of considerable value. This is partly because large 
differences between species, as in Table 20, may suggest that there are differences in 
the duration of their gonotrophic cycles, or some other aspect of their biology 
affecting apparent age, and partly because changes in the parous rate within a species 
at a particular locality will usually indicate changes in the environment and in the 
average age of the population that may affect rates of disease transmission, or may 
suggest other causes which ought to be investigated. 

Longevity in the laboratory. Though reliable estimates of mosquito longevity in 
nature may be difficult to make, it is easy to observe the length of life under fixed 
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conditions in the laboratory. But all the evidence tends to show that laboratory 
survival rates have little relevance to longevity in nature, because, at least during 
the first two or three weeks, mortality in most species in nature is almost entirely 
due to natural hazards, such as climate, predators, and the risks and stresses of host- 
finding, biting and oviposition, not to senescence. In the laboratory a high per- 
centage of most species of Anopheles can survive longer than three weeks, but since 
in nature in the tropics (barring aestivation) it appears that well under IO per cent. 
(1% in ‘ gambiae ’ andftinestus, p. 456) survive three weeks or more, senescence as a 
cause of death probably has little importance, even though there may be large 
differences between species in their potential life span measured in the laboratory. 
Sandosham (1965) summarizes data (Green & Hodgkin in Malaya, 1935) for about 
15 species of Anopheles kept alive as long as possible in the laboratory (presumably 
given sugar or raisins) after one blood-meal. The average age in days ranged from 
38 (maximum 59) in ’ umbrosus ’ (probably letifer, see Reid & Hodgkin, 1950, p. 325) 
and 34 in maculatus (max. 66), to 27 for sundaicus (max. 46) and 22 for vagus (max. 
36). Reid (Malaya, 1958, p. 81) found that cage-colonies of sundaicus lived about 
2-3 weeks, compared with 4-5 weeks for campestris, and 5-9 for CuZex p. fatigans. 

SusceptibiZity to malaria parasites. What is said in the following pages shows that 
the data on susceptibility of Anophelines to infection in the laboratory with malaria 
or filaria parasites need to be treated with caution, especially those for malaria. 
The growing evidence of local adaptations of parasite to vector means that labora- 
tory experiments showing that a particular species of mosquito is, or is not, suscept- 
ible to infection by a particular strain of parasite cannot be assumed to apply to 
other strains of that species of parasite from different localities, at least not without 
some confirmation. Nevertheless, the knowledge that a species of mosquito has 
been shown to be very susceptible to a particular species of parasite, or very 
refractory, can be of considerable help in identifying the vectors and parasites of a 
locality, by eliminating unlikely combinations. 

With human malaria in Malaya, the records of laboratory infections obtained by 
Green (Malaya, 1935, Table XV) and by Hodgkin (1956), chiefly with P. faZciparum, 
are summarized by Sandosham (1965). These records show that nine species in sub- 
genus CeZZia could be infected, the percentage (mainly with sporozoites) ranging 
from about 6 per cent. in annularis to 55 per cent. in vagus, with an average for the 
nine species of 27 per cent. The average for macuulatus was 29 per cent., and for 
Kochi 33 per cent ., though in many experiments the rate was much higher, 60 per 
cent. or more. But in subgenus Anopheles (Myzorhynchus series), only very low 
infection rates were obtained in most experiments, the average for 8 species, or 
species groups, being about 7 per cent. Yet there is no doubt whatever that some of 
these species, particularly Zetifer in the umbrosus group, campestris in the barbirostris 
group, and occasionally nigerrimus in the hyrcanus group, are vectors of human 
malaria. The difficulty in infecting species in this series was early noted in Malaya 
by Barber (1918), and it also occurs in Africa with the coustani group. 

There could be several explanations of this anomaly. Desowitz & Chellappah 
(1962) found that older individuals of CuZex 9. fatigans were more readily infected 
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with Brugia pahangi than younger ones, whether or not the older ones had had a 
previous non-infectious blood-meal. Wharton, Laing & Cheong (1963) found that 
a previous non-infectious blood-meal increased the susceptibility of C.P. fatigans to 
Wuchereria bancrofti. If something of this sort applies to Anophelines of the 
Myxorhynchus series and human malaria, then it would suggest that the parasites 
are not well adapted to transmission by these species, as the delay in becoming 
infected would considerably reduce the number of mosquitoes living long enough 
to transmit. Indeed, poor adaptation of the common strains of the human malaria 
parasites to species of the Myxorhynchus series, but ability in the parasites to produce 
local strains that are better adapted, may be the explanation of the anomaly. Most 
of the human gametocyte carriers on which the species of CeZZia and Myxorhynchus 
were fed (and they were usually fed on the same carriers) will have come from areas 
around Kuala Lumpur, where they will almost certainly have been infected by 
macuZatus (subgenus CeZZia) . It seems very probable that the primate malarias 
developed mainly in association with species of subgenus CeZZia, such as those of the 
Zeucosphyrus group, perhaps in South-East Asia (p. 451), and that the species of the 
older Myxorhynchus series of subgenus Anopheles (p. 51) may be, in origin, mainly 
feeders on ungulates, and vectors of such ungulate parasites as Plasmodium traguli 
and species of Setaria. At any rate, it is a fact that the most important vectors of 
human malaria in tropical Asia and Africa belong to subgenus CeZZia, and it would 
not be surprising if the parasites are better adapted to this subgenus than to sub- 
genus Anopheles. However, it looks as if the parasites are able to produce local 
strains that develop quite well in species of subgenus Anopheles, Myxorhynchus 
series. It would be interesting to repeat the susceptibility experiments, using 
human gametocyte carriers from areas where members of the Myxorhynchus series, 
such as campestris or Zetifer, are the vectors, by feeding these and related species on 
the carriers. 

It seems suggestive that, although Bennett, Warren & Cheong (1966) found that 
the monkey parasite P. cynomolgi also developed on the whole much better in 
species of subgenus CeZZia than in those of the Myxorhynchus series of subgenus 
Anopheles (on average nearly three-quarters of the species of CeZZia developed 
sporozoites, compared with less than one-third of the Anopheles), two out of the 
five strains of P. cynomolgi tested were moderately infectious to A. Zetifer, which is 
a species with habits that make it a potential vector of monkey parasites (p. 442). 

The importance of strain differences in transmission of malaria parasites seems to 
be well shown by this work on P. cynomoZggi, though one must note that Garnham 
(1966) believes some of the strains to be distinct species or subspecies (but see p. 404). 
There were marked differences between the five strains in their infectiousness to 
different species of mosquitoes. For example, a strain from Cambodia which in- 
fected most species, failed to infect balabacensis introlatus fed at the same time, 
although this mosquito belongs to the Zeucosphyrus group of species which are the 
natural vectors of P. cynomoZgi. A.b. introlatus was readily infected by its own local 
Gombak strain of cynomoZgi, but in Cambodia this mosquito is replaced by the type 
form, b. balabacensis. 
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Evidence is growing that the adaptation of malaria parasites to their vectors and 
vertebrate hosts may be much closer, and at the same time more flexible, than has 
been realised. Hawking et al. (1966, 1967) conclude from their experiments with 
P. cynomolgi and knowlesi, and on general grounds, that malaria parasites have an 
endogenous rhythm of their own of 24, 48 or 72 hours, depending on the species, 
but synchronized by the 24-hour rhythms of their vertebrate hosts. As is well 
known, the infectiousness of gametocytes may vary greatly from one day or week to 
another, due in part, no doubt, to ageing, but possibly in part also to the parasite 
going through its repertoire of antigenic variations in response to successive anti- 
bodies produced by the host (Brown & Brown, 1965). But in the short term, 
maximum infectiousness of the gametocytes of P. cynomolgi seemed to follow about 
60-90 hours after schizogony, and was at a peak around midnight. Probably the 
peak of infectiousness is adapted to the peak biting time of the vector, as is the 
peak of microfilaraemia in filariasis (p. 464) ; it would be interesting to see if this 
could be confirmed with the malaria parasites of man. 

Susceptibility to jilaria parasites. With regard to human filariasis in Malaya, due 
to Brugia malayi and Wuchereria bancrofti, the records of laboratory infections in 
Anophelines are summarized in Table 21, which also includes the animal parasite 
B. Pahangi as this can cause at least experimental infections in man (Edeson, Wilson, 
et al., 1960), and its larvae are indistinguishable in mosquitoes from those of B. 
malayi. Table 21 will not be discussed in detail here as many of the results will be 
referred to again when 
Anophelines as vectors. 

considering natural infections and the status of various 

In contrast to the malaria parasites of mammals, which seem to be transmitted 
only by species of AnopheZes, these filarial parasites can be transmitted by species 
of a number of different genera of mosquitoes, and yet at the same time they show 
considerable vector specificity. It appears that the parasites must have a large 
store of variations, from which strains adapted to the principal man-biting mos- 
quitoes of different localities can be selected.* The result is that each such strain 
often develops well only in one, or a few closely related species of mosquitoes, though 
the parasite species as a whole is polyvalent. This is well shown by W. bancrofti 
which is usually transmitted in urban areas by CuZex 9. _fatigans, but in rural areas, 
where fatigans is often scarce or absent, by species of Anopheles. In Malaya, rural 
strains of bancrofti, adapted to A. Zetifer and its close relative whartoni, do not 
develop as well in C.P. fatigans (Wharton, Laing & Cheong, 1963). In the Pacific 
the subperiodic form of bancrofti is adapted to transmission by the daytime-biting 
Aedes polynesiensis and related species, but is poorly adapted to C.P. fatigans, in 
which it frequently does not develop readily (Rosen, 1955), and to which its diurnal 
peak of microfilaraemia is not attuned. 

The principal vectors of B. malayi are species of Mansonia (Mansonioides) and 
Anopheles (Anopheles) . In Malaya there appear to be two major strains or forms of 
B. malayi (Wilson et al., 1958). The subperiodic form is found mainly in forested, 

* Laurence & Pester (1967, 
developed well in Aedes togoi. 

Helnzinth. 41 : 365-92) were able to select a strain of Brugia patei that 
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swampy, lowlands and is transmitted by forest species of Mansonia (dives, bonneae 
and annulata) in which it develops very readily, but it develops poorly or not at all 
in Anophelines. In this form microfilariae are present in the peripheral blood 
throughout the 24 hours, and the numbers at noon may be as much as a third of 
those during the peak counts at night (Turner & Edeson, 1957) ; in giemsa-stained 
thick blood-films the microfilariae seldom cast their sheaths. This reduced form 
of periodicity seems well adapted to the vectors, which bite freely in the forest or 
other shade by day, although biting in larger numbers and also outside the forest 
by night. 

The other, or periodic form of malayi, is found mainly in the open, settled, rice- 
fields of the north-west coastal plain of Malaya, and to a lesser extent in the inland 
hills. It is transmitted mainly by Anophelines of the barbirostris group, and by the 
open-country species of Mansonia (indiana, uniformis and annulifera), though 
M. dives plays a part in the forested inland hills. On the whole the periodic form 
does not develop well in the vectors of the subperiodic form ; there is little develop- 
ment in M. bonneae, and development in annulata and dives varies with the strain 
of the periodic form, but is considerably less than occurs with the subperiodic form. 
In the periodic form, microfilariae are scarce in the peripheral blood by day, the 
numbers at noon forming less than one per cent. of those at the peak hours at night 
(Turner & Edeson, 1957 ; Wharton, Laing & Cheong, 1963). In giemsa-stained 
thick blood-films the microfilariae usually cast their sheaths which then appear as 
conspicuous pink objects in the films. In the environments where the periodic form 
is found, particularly the broad rice-fields of the plains, there is insufficient shade for 
the vectors to bite in significant numbers by day, and so a strongly nocturnal 
periodicity is best adapted to transmission by these vectors. 

Neither form of B. malayi develops well in Anophelines of subgenus CeZZia (in 
contrast to W. bancrofti), but malayi will develop in some species of Aedes, subgenus 
Finlaya, such as A e. togoi ( W. bancrofti will also develop in some species of Finlaya). 
However, as Macdonald (1962) has shown, susceptibility of mosquitoes to infection 
may be genetically controlled, and it is possible to select strains of Aedes aegypti 
highly susceptible or refractory to infection with the same strain of subperiodic 
B. malayi, though most wild populations of aegypti show only a low susceptibility. 
In aegypti, susceptibility is controlled by a single recessive gene, for which susceptible 
individuals are homozygous. This gene also controls susceptibility to periodic 
B. malayi, to periodic and subperiodic ?V. bancrofti, and to B. pahangi, all of which 
develop in the thorax of the mosquito, but does not control susceptibility to 
Dirqfilaria immitis or repens which develop in the malpighian tubes (Macdonald & 
Ramachandran, 1965). 

Thus, although laboratory experiments may show that B. maLayi rarely develops 
in Anophelines of subgenus CeZZia, it is conceivable that variations of parasite and 
mosquito could coincide to make a man-biting species of CeZZia, such as balabacensis, 
minimus or maculates, become a vector of B. malayi in an area where the two are in 
close contact. Admittedly there is no evidence that this has happened yet, but a 
change in the mosquito, in response to some environmental change, might happen 
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to favour one of its genotypes that would prove susceptible to the parasite. This 
is hypothetical but serves to illustrate the evolutionary potential of these vector/ 
parasite relationships. 

The pattern of vector susceptibility to B. pahangi, so far as it is known, seems to 
be somewhat intermediate between that of the two forms of B. malayi. Like sub- 
periodic malayi, pahangi develops very readily in M. annulata which is an important 
natural vector, but like periodic malayi it develops less readily in M. dives and very 
poorly in M. bonneae. It develops moderately well in some Anophelines of the 
barbirostris group, and very well in Arwzigeres subalbatus which is refractory to 
B.maZayi and can thus be used to distinguish between these two species of Brugia” 
(Wharton, 1962). 

Natural infections 

With regard to malaria, there are summaries of dissections made in Malaya up to 
about 1958, and in Borneo up to 1949. Thus, no attempt is made here to present a 
complete summary of Anophelines dissected for malaria ; the purpose of Table 22 
is to give selected examples showing the range of infection rates and biting rates 
found in the different vectors, with the corresponding human infection rates where 
known, and the more important results published since the summaries. For 
Malaya, Sandosham (1965) gives a simple summary of most of the dissections made 
up to about 1958, with average sporozoite rates. His figures, which refer to mos- 
quitoes dissected soon after capture, show, for example, that over zo,ooo females of 
maculatus had been dissected, yielding an average sporozoite rate of 0.52 per cent., 
whilst over 10,000 ‘ PhiZi@zensis ’ were negative. Details of early dissections in 
Malaya (I~II-1934), some made after keeping the mosquitoes for several days, are 
given by Gater (1935, pp. 115-119). Details of those made between 1931 and 1941 
are given by Hodgkin (1956)) who distinguishes between dissections made with- 
out delay (the great majority), and those made four or more days after capture. 
Malaria dissections in Borneo from 1914 to 1949 are summarized by McArthur 

(1950a) - 
Most of the dissections of Anophelines for filarial parasites are comparatively 

recent, and the majority are summarized, along with the malaria dissections, in 
Table 22. This makes the table a little cumbersome, but it serves to illustrate 
what was said earlier (pp. 450-453) about the need to consider both human and non- 
human infections transmitted by Anophelines, and the parasite pattern found in 
the different vector species (e.g., see comparison of infections found in umbrosus 
and Zetifer, p. 471). The table shows how often species that are vectors of human 
malaria are also vectors of human filariasis, though not always at the same place. 
Consequently, those species, which so far are known to be vectors of only one of 
these diseases, may need to be considered as potential vectors of the other disease 
under suitable circumstances. 

* The same is true of Av. duvhami (Cheong, W. H. & Omar, A. H., 1967, Med. J. Malaya 
21 : 387). 
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Notes on the vector species 
The species are discussed in the order in which they appear in Table 22, which is 

mainly their taxonomic order, making use of relevant information from earlier 
sections, and other sources, as necessary. 

A. barbirostris group 
In common with the other members of the 1MyxorJzynchzts series, the species of this 

group have so far proved difficult to infect experimentally with human malaria, 
though, as suggested on p. 461, this may turn out to be at least partly due to using 
unsuitable strains of the parasites. Species of this group also seem to be largely 
refractory to P. cynomolgi of monkeys, and P. tragdi of mouse deer. * They are very 
susceptible to the periodic form of B. malayi, but not to the subperiodic form. 

A. campestris is the most important species, and is a vector of human malaria 
(often due to P. &ax), and of filariasis due to periodic B. malayi, on the western 
coastal plain of Malaya, but is absent from Borneo. Unlike nearly all the other 
vector Anophelines of Malaya and Borneo, campestris is not only strongly attracted 
to man (as also is b. balabacensis), but bites in larger numbers indoors than outdoors, 
and rests in houses by day to a significant extent (Moorhouse & Chooi, 1964). As a 
result of this close attachment to man, campestris is eradicated by spraying DDT or 
dieldrin in houses, whilst the closely related but zoophilous barbirostris, in the same 
areas, remains unaffected. The human-malaria parasite rates (all ages) maintained 
by campestris, which usually appear to be less than 30 per cent., seem rather low for 
such an anthropophilous species, when rates up to 50 per cent. can be found where 
the much less anthropophilous macuulatus is the vector. This could be due to a 
rather low susceptibility to the parasites of human malaria (p. 461), and certainly 
the sporozoite rates have not been high, averaging about 0.3 per cent. (Reid, 1962). 
Rates up to I per cent. have been found at Rantau Panjang on the Selangor coast 
(trial 1.1, Table 22), but there is a possibility that some of the infections were from 
monkeys. Figures for the biting density suggest that this rarely reaches the levels 
that may be found with maculates, seldom exceeding 15 per man per night. This 
might also account for the low malaria rates, though the figures are based on catches 
outdoors in net traps, and this species prefers to bite indoors. However, Moorhouse 
& Wharton (1965) f ound that a net trap caught relatively large numbers, and Table 
13 suggests the same effect, so that figures of biting density based on net-trap catches 
may not be underestimates. 

In areas where campestris is the principal vector of periodic B. malayi, microfilaria 
rates in the people of about 20-40 per cent. have been found. The higher rate 
(40%) is comparable with rates attained in the endemic areas of the subperiodic form 
of malayi, where the forest species of Mansonia are the vectors. 

A. donaldi is a vector of periodic B. malayi in Malaya, and of W. bancrofti, and 
possibly also of Lz. malayi, in Borneo. In Malaya it was found (trial 5.1) to be the 
vector, with Mansonia dives, of periodic B. malayi among a group of aborigines at 
Ulu Lui in the forested inland hills of Selangor, and was very susceptible to infection 
with the strain of the parasite occurring there (Table 21). The estimated trans- 

* But donaldi can transmit P. knowlesi of monkeys (Cheong, 1968. Rep. Inst. med. Res. ,Walaya, 1966. 
P- 23). 



VECTOR SPECIES 469 

mission rate was about 6 infective bites per man per year (5 from A. donaldi and I 

from M. dives), and the microfilaria rate (average of two surveys) was 23 per cent, 
Since there appear to be many such small foci of periodic B. malayi in the inland 
hills*, it is likely that donaldi, which often occurs in these hills, will be found to be a 
vector in a proportion of these foci. In Borneo, where donaldi is the dominant 
member of the barbirostris group, it was found to be a vector, with Zezuo.s$hyrus, of 
IV. bancrofti at a place in the hilly interior of Sarawak (trial 3.1), where microfilariae 
of bancrofti were seen in some of the blood-films taken by day for malaria. In 
south-east Borneo, at Martapura, which is a swampy place where the population 
was infected with B. maLayi (mf. rates 12-32~/~), Kariadi (1938) found natural 
infections in Mansonia anwzifera and uniformis, and in Anopheles ‘ barbirostris ‘, 
caught in houses. All three species were readily infected experimentally. The 
combination of these particular species, the kinds of open-swamp water plants 
present (Pistia, Eichhornia and AzoZZa), and the fact that ‘ barbirostris ’ (probably 
donaldi) was easily infected, all suggest that this was the periodic form of B. malayi, 
transmitted under ecological conditions comparable to those of the main endemic 
areas of the periodic form in Malaya on the north-west coastal plain, where campes- 
tris is the main vector. It seems quite likely, therefore, that donaLdi was one of the 
vectors of a strain of the periodic form of B. malayi at Martapura. 

The position of donaldi in relation to human malaria is much less clear. Like 
barbirostris, it bites freely in the shade by day if disturbed in its resting places 
(behaviour not yet recorded for campestris), but unlike barbirostris it readily enters 
houses at night to bite, and because it is at least a minor vector of human filariasis 
it would seem to be also a potential vector of human malaria. Oocysts and sporo- 
zoites have been found in donaldi, both in Borneo and Malaya, but it is not certain 
that any of them were those of human malaria, and some in Malaya almost certainly 
were not. Possibly, applying the theory put forward earlier (p. 461), we should not 
expect donaldi to be a vector of human malaria where the main vector is a species 
of subgenus CeZZia, as, for example, at Ulu Lui (trial 5.1) where donaldi was a 
vector of human filariasis, but maculatus was the vector of human malaria. Instead 
we might expect that donaldi will sometimes be a vector of human malaria in or 
near those lowland areas where the main vector is another species of the Myxorhyn- 
thus series of subgenus Anopheles, such as Zetifer (with which donaldi is sometimes 
found) or campestris. The origin of the non-human malarias in donaldi is unknown. 
To discover this, some knowledge of its wild animal hosts is needed, and possibly 
specific identification of the Diroftlaria (or other non-human) infections found in 
donaldi, if this can be done, might afford some clues. 

A. hyycanus group 
In laboratory experiments with human malaria in Malaya, about IO per cent. of 

‘ hyycanus ’ became infected. Several species of the group, particularly Zesteri, 
were moderately susceptible to some strains of P. cynollzolgi and produced sporozoites, 
but they seem unlikely to bite monkeys frequently ; they have not been tested for 

* See also Itam, O., 1967, Med. J. Malaya 21 : 384-5. 
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susceptibility to P. traguli. Within the group, susceptibility to periodic B. malayi 
varies from high (70% in peditaeniatus and crawfordi) to very low (3% in sinensis). 
Natural infections with Setaria were common in lesteri and nigerrimus caught with 
human bait in north-west Malaya, and were at first mistaken for B. malayi. On 
the whole the species of this group do not attack man readily in Malaya and Borneo, 
except out of doors, and appear to feed mainly on cattle, but nigerrinzus is an 
occasional vector of human malaria. In China the type form of Zesteri is an im- 
portant vector of malaria and filariasis in foothill areas, and sinensis is a minor 
vector in the plains. 

A. nigerrimus was responsible for a local outbreak of malaria in one part of 
Kuala Lumpur about 1930 (trial 6.1, Table 22), and is considered to be a vector of 
malaria in Indonesia in similar circumstances ; that is, when it is common close to 
a dense human population where large domestic animals are scarce. Its vector 
status in Malaya and Borneo needs further investigation, particularly its degree of 
attraction to man. Macdonald et al. (1967) found that one pig attracted rather 
more nigerrimus than two men, but was more attractive to CuZex gelidus and C. 
tritaeniorhynchus than to A. nigerrimus (p. 433). It has been reported as a vector 
of Brugian filariasis in Borneo, Thailand, Ceylon and India, but many of these 
records may be due to confusing larvae of Setaria with those of Brugia, and in some 
of these cases the mosquito was probably peditaeniatus, not nigerrimus (Reid et al., 
1962). 

A. timbrosus group 
As with the previous two groups, the species of this group have proved rather 

refractory to the strains of human malaria that have been tested so far, nor do they 
seem readily susceptible to the monkey parasite P. cynomolgi, though Zetifer was 
moderately susceptible to two strains (p. 461) and separatus to one. The species of 
this group seem to be the natural vectors of mouse-deer malaria (P. traguZi), and 
those tested all proved susceptible, especially Zetifer and umbrosus. Many malaria 
infections recorded in ’ umbrosus ’ in Malaya and Borneo in the past must have been 
infections with P. traguli. 

The few tests that have been made suggest that the species of this group are not 
easily infected with B. malayi or pahangi (Table 21), but Zetifer and whartoni are 
readily infected with the strains of IV. bancrofti of which they are the natural vectors. 

A. Zetifer is a vector of human malaria, and of filariasis due to IV. bancrofti, in the 
lowlands of Malaya. In Selangor, at Sijangkang (trial 6.5), it was the sole vector 
of malaria and almost the only Anopheline present at that time ; on Bukit Cheeding 
estate it was evidently the main vector, though numerous plasmodial infections 
were also found in umbrosus (trial 6.7) ; at Bukit Mandul (trial 5.2) it was the 
vector of human malaria and bancroftian filariasis among the aborigine population 
(for a description of this place see Moorhouse & Wharton, 1965), and probably also 
at Tasek Bera in Pahang, and other lowland aborigine settlements (Wharton, 
Laing & Cheong, 1963). But, at Bukit Mandul, Zetifer was probably carrying P. 
traguli, as well as the human parasites P. falciparum, &ax and malariae that were 
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found in the people. In the area of the malaria eradication pilot project in north 
Selangor, Zetifer was found infected with oocysts and sporozoites, but does not 
appear to have been a significant vector of human malaria (Moorhouse, 1965 ; 
Huehne et al., 1966). Similarly, in a lowland area of Sarawak with very low human 
malaria rates, de Zulueta (1956) found six gland infections in 3,195 ’ Zetifer ’ dis- 
sected, but the sporozoites do not appear to have been those of human malaria. 
A. Zetifer bites in small numbers in the shade by day, and at night will enter houses 
to bite, though attacking man more readily out of doors, where it is strongly attracted 
to fowls and ducks (p. 434) ; it can also be caught in significant numbers in the 
forest canopy with a bait of monkeys (Table 15). 

A. umbrosus bites readily in swamp-forest by day, and on occasion, as at Bukit 
Cheeding estate (trial 6.7), is attracted to man and bites indoors at night. In 
experiments it shows only a slightly lower degree of attraction to man than Zetifer 
(p. 439), and must be regarded as a potential vector of human disease, though 
probably most of the malaria infections found in umbrosus have been with P. traguli 
from mouse deer. It is perhaps significant that Wharton, Eyles, Warren et al. 
(1963)) who found Zetifer infected with human and animal plasmodia, and with 
human (W. bancrofti) and animal filaria (Diro$Zaria probably from domestic dogs), 
found umbrosus and roperi infected only with P. traguli of mouse deer and with 
Setaria that might also perhaps have come from mouse deer, which is a host of 
S. javensis (Artionema javensis of Yeh, 1959). Hodgkin (1956, writing of the years 
1937-1939), and Wharton, Eyles, Warren et aZ. (1963), working in different parts 
of the same area of swamp-forest in Selangor, found that umbrosus (unlike Zetifer) 
showed a marked seasonal periodicity. Females were numerous from about 
December to May, but scarce during the rest of the year when the forest was largely 
dry. 

A. whartoni is morphologically very similar to Zetifer, and has been found to be 
the vector of W. bancrofti, and probably of human malaria, at a place on the Pahang 
river (trial Is). Little is known about this species as yet, and so far it has been 
found only on the eastern side of the main range in Malaya. It appears to be more 
reluctant than Zetifer to bite indoors and seems to bite earlier outdoors. 

A. baezai, roperi and separatus *. These species show very little attraction to man, 
and the malaria infections found in them, both in Malaya and Borneo, were probably 
all of animal origin. The numerous oocyst and sporozoite infections found in 
baexai on the Selangor coast have not been identified. Possibly they were mostly 
infections with P. traguli, though attempts to discover by the precipitin test if 
baezai was feeding on mouse deer were not successful. A single record of finding 
two mature larvae resembling those of B. malayi in a specimen of baexai (Malaya, 
1954, p. 97) seems more likely to have been a misidentification of Setaria. A. roperi, 
like umbrosus, is almost certainly a vector of P. traguuli, and a remarkably high 
infection rate was found (trial 4), with an average sporozoite rate of over 5 per cent., 
equivalent to about 14 per cent. in the parous mosquitoes. This species is rather 
local, occurring mainly in forest where the foothills merge into the plains, but where 
present in the forest it bites man by day (like umbYosus, and unlike baexai and 

*Cheong (1968, Rep. Inst. med. Res. Malaya, 1966, p. 24) reports one unidentified sporozoite infection 
in collessi. 
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se@atz~s), especially in the late afternoon, and at night bites in only small numbers 
(Moorhouse & Wharton, 1965). These authors were unable to catch it outside the 
forest at night with human bait, though Macdonald et al. (1967), in Sarawak, did 
catch a few specimens in this way, in rice-fields near forest. Few infections have 
been found in separatus, either with malaria or filaria parasites, but it is sometimes 
a common species, especially in some peat-soil areas cleared of forest. 

Subgenus CeZZia 
A. maculatus is the principal vector of human malaria in Malaya; it occurs in 

all cleared hilly land, where the larvae are found in sunlit or lightly shaded springs, 
seepages and small streams. Its larval habits are much the same throughout its 
range, but it is not a vector of human malaria in Borneo, nor in many other parts of 
its range. Apparently this is because it is less attracted to man in these areas than 
in Malaya, where, although it is rather more attracted to cattle than to men and 
prefers to bite outdoors, it continues to enter houses and bite in significant numbers 
even when cattle are present nearby. It is readily susceptible to infection with the 
human parasites P. falci~arum and vivax, and moderately susceptible to several 
strains of P. cyno~~olgi (though less susceptible to cynomolgi than is A. kochi which 
shows some attraction to monkeys and is more closely related to the species of the 
Zez~cosp~yrus group which are the natural vectors of cynomolgi). A. maculatus is 
readily infected with W. bancrofti, but is refractory to infection with both periodic 
and subperiodic B. malayi and refractory to B. pahangi. 

Sporozoite rates in maculatus in Malaya have averaged about 0.5 per cent. (p. 465)) 
and probably all, or nearly all the infections on which this figure is based were those 
of human malaria. More recent investigations among aborigines in Malaya in 
forested hilly areas, and perhaps the investigations on Aur Island (p. 473), where 
over IOO maculatus were caught with a bait of monkeys in 1964, may possibly 
include some animal malaria among the infections found. But these investigations 
(e.g., trials 5.1,1z and 13 in Table 22) show that maculatus can maintain high human 
malaria rates in these places, though the possibility that these rates are partly due to 
additional vectors being involved cannot be entirely excluded yet. Much the 
highest human parasite rates found in the malaria eradication pilot project in 
Selangor (up to 65%) were among small groups of aborigines living in hill-forest 
(Moorhouse, 1965). In such places maculatus flourishes in the streams and seepages 
exposed to sunlight when the aborigines clear the steep forest to grow crops. (The 
close correlation in the past between clearing operations on rubber estates and the 
incidence of malaria due to maculatus, is shown by fig. 14 in Sandosham, 1965 ; 
the lack of correlation after 1946 shown in this figure is probably due to the replace- 
ment of antilarval measures on estates by prophylactic drugs and residual in- 
secticides.) 

As to the range of sporozoite rates encountered in maculatus, those recorded have 
seldom much exceeded I per cent. when based on more than 500 specimens dis- 
sected. Hodgkin (x956), on Edinburgh estate near Kuala Lumpur in 1932 (trial 
6.2), found the rate varied from 0.6 per cent. during January-March and 0.5 per 
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cent. during May-December, when the numbers of maculatus caught with a man- 
baited net trap averaged 12 and II per man per night, respectively, to I-I per cent. 
during the seasonal peak of abundance of maculatqs in March and April, when the 
number caught averaged 38 per man per night. This seasonal peak of abundance 
of maculatus about March-April occurs regularly over most of Malaya (Hodgkin, 
1956, fig. 6), followed a month later by a peak in the incidence of cases of malaria 
(Sandosham, 1965, fig. 20). Often, however, much lower sporozoite rates are 
found, around O-I per cent., especially in such places as the inland rice-growing 
valleys of Negri Sembilan (trial 14), where, unless there have been recent felling and 
clearing operations, the numbers of macuZatus are usually small due to scarcity of 
suitable larval breeding places. Numbers coming to bite may then average about 
I per man per night, and an unprotected person would receive an infective bite 
about once in two years, compared with about 20-30 infective bites per year in places 
where maculatus is more numerous and has higher sporozoite rates (e.g., trials 5.1, 

6.2 and 12). 

A. maculatus is the vector of W. bancrofti on Aur Island off the south-east coast of 
Malaya, where a microfilaria rate of 8 per cent. was found in the people (trial 13, 
Table 22), and is susceptible to the local strain of the parasite (trial g, Table 21). 

CuZex p. fatigans was not seen. Probably maculatus is also the vector of bancrofti 
at Juara on the larger island of Tioman about 25 miles to the north-west of Aur 
(mf. rate 7%, Balasingh am et al., 1967) ; it is the principal vector of human malaria 
on both islands. B. malayi was not found on either island. The figures in Table 22 
indicate a rate of transmission of IV. bancrofti by A. maculatus on Aur (approxi- 
mately 13 infective bites per man per year) that seems rather high for a microfilaria 
rate of only 8 per cent., at least by comparison with the microfilaria rates of 18 
per cent. at Bukit Mandul (trial 5.2, Zetifer, 185 infective bites per year) and IO per 
cent. at Singgora (z&artoni, 1.3 infective bites per year). However, this may be a 
chance effect due to the rather small number of nights’ trapping on Aur, about 20, 

compared with about 80 at Bukit Mandul and over 300 at Singgora, 

Among an aborigine population at Ulu Lui, in the inland hills of Selangor, where 
maculatus was the vector of malaria (trial 5.1)) and donaldi and Mansonia dives were 
the vectors of periodic B. malayi, two specimens of maculatus were found infected 
with mature larvae identified as those of W. bancrofti, although no microfilaria 
carriers of bancrofti were found among about 80 persons examined. 

A. sunduicus, like baexai, is confined to the coast where it breeds chiefly in sunlit 
pools of moderately brackish water with floating algae (fresh-water populations are 
known from a few inland localities in Sumatra and Java). It is a vector of human 
malaria in most parts of its range, and is particularly important on the coasts of 
Java, where it seems to be more strongly associated with man than in Malaya and 
Borneo. It is readily infected experimentally with human malaria, and is also 
susceptible to most strains of P. cynomoZggi (Bennett et aZ., 1966). It does not appear 
to be important in filariasis, though natural and experimental infections with 
W. bancrofti are recorded from Bengal, and experimental infections from Java 
(Raghavan, 1961). It was not found to be susceptible to periodic B. malayi (Table 21). 
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Sporozoite rates in Malaya have been very low, and Hodgkin (1956) dissected 
over 3,000 specimens at Rantau Panjang, Selangor, without finding any gland 
infections. He found a few gland infections in specimens from lower Perak (trial 
6.3), where the low sporozoite rate of 0.04 per cent. was compensated for by the 
enormous numbers of sundaicus caught (89 per man per night), resulting in a rate 
of infective bites of about 12 per man per year. Hodgkin suggests that the low 
sporozoite rate in this species, which readily enters houses to bite (though less 
attracted to man in Malaya than wzaculatus), is best explained by supposing that it 
is short-lived in nature. Colless (1952) makes the same suggestion, and the labora- 
tory evidence (p. 460) points the same way, but there is no conclusive field evidence 
as yet. In Borneo, McArthur (195oa) records an average sporozoite rate of 0.3 per 
cent., and, as in Malaya, the species is said to be common at times without apparently 
causing malaria. In south Java, Sundararaman et al. (1957) dissected over 38,000 
sundaicus and found sporozoite rates varying from 0.04 to 0.30 per cent., with an 
average of 0.26 per cent. 

A. Zeucosp~yrus group 

The species of this group are vectors of monkey malaria, from south-west India to 
Taiwan. They bite in larger numbers in the forest canopy than on the ground, and 
in host preference they range from species such as hackeri and riparis which are very 
rarely caught with human bait and are very difficult to induce to feed on any host 
in the laboratory, to species such as balabacensis which attack man readily and will 
enter houses to do so, although biting monkeys in the canopy even more readily. 
Two species found in Malaya and Borneo (balabacensis and Zeucosphyrus) are vectors 
of human as well as monkey malaria. The group as a whole occurs from the man- 
grove forests on the coast to the mountain forests of the interior. At least five 
species of Plasmodium, found in monkeys of the genera Macaca and Presbytis, have 
been isolated from wild-caught members of the Zeticosphyrus group (Warren & 
Wharton, 1963), but many sporozoite infections could not be identified. Some of 
these unidentified sporozoites might have come from other arboreal animals, and 
have belonged to species of Plasmodium not infectious to the rhesus monkeys used 
for parasite isolation and identification. For example, Warren et aZ. (1965) recog- 
nized three species of Plawnodium in gibbons (HyZobates). They found that one of 
these, P. eylesi, was not infectious to a rhesus monkey by blood inoculation, though 
it readily produced sporozoites in nzaculatus, Koch and sundaicus, and so would very 
likely have done the same in some members of the Zeucosphyrus group. On the 
other hand, one of the other gibbon parasites, P. youngi, did not develop beyond the 
oocyst stage in macuZatus, kochi or balabacensis introlatus, and so perhaps is not 
normally transmitted by members of the Zeucos@yrzcs group. 

Owing partly to the difficulty of inducing many of the members of the Zeucosphyrus 
group to feed in the laboratory, data on susceptibility to infection are limited. 
Results with b. introlatus and various strains of P. cynomolgi have already been 
referred to (p. 461), and in this work oocysts formed in I out of z Zezccosphyrus and 
z out of z ripavis exposed to the B strain of cynomoZgi. No susceptibility experi- 
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ments with filarial parasites appear to have been made yet, but Leucos@zyrus (and 
probably balabacensis) is a vector of IV. bancrofti in Borneo. 

A. balabacensis is found in forested foothill and hilly areas, and in its type form 
(b. balabacensis) is the principal vector of human malaria in northern Borneo (trials 
7 and 8, Table zz), and a most important vector in the monsoon countries north of 
Malaya from eastern India (Assam) to Indo-China, and also in the extreme north- 
west of Malaya in Perlis (trial 9). It is strongly attracted to man and enters houses 
to bite, though leaving to rest outdoors by day, but it is more strongly attracted to 
monkeys in the canopy than to men on the ground (p. 441). Sporozoite rates much 
higher than those found in northern Borneo have been recorded in Cambodia 
(4*4%, Eyles et al., 1964), Thailand (8.7 and 6.7%, Scanlon & Sandhinand, 1965) 
and Perlis, Malaya (trial 9). Whether this means that b. bazabacensis was carrying 
a heavier load of monkey and other non-human plasmodia in these areas than in 
Borneo, or that it is a more potent vector of human malaria in these areas, is not 
clear. Transmission of monkey malaria by the Zeucosphyrus group has not yet been 
demonstrated in Borneo, but presumably occurs ; on the other hand the very high 
malaria attack rates suffered by the investigators in Cambodia and Thailand shows 
that b. balabacensis in these places was maintaining very active transmission of 
malaria parasites infectious to man. P. cynomoZgi and P. inui have been isolated 
from b. balabacensis in Perlis (Cheong et aZ., 1965), and this mosquito must frequently 
inoculate man with sporozoites of simian origin, which no doubt, at least occasion- 
ally, cause patent infections. 

In most of Malaya this species is represented by its subspecies b. introlatus. This 
form seems to be less attracted to man than the type form, and has not yet been 
found to be a vector of human malaria, though otherwise its habits appear to be 
similar to those of the type form. P. cynomolgi and P. fieLdi have been isolated from 
b. introZatus (Warren & Wharton, 1963). 

A. leucosphyrus is the principal vector of human malaria in southern Borneo 
where it replaces b. balabacensis and occupies similar forested hilly land. The 
sporozoite rates found have been lower (trials 3.1 and 3.2), though whether this is 
because Zeucosphyrus is less strongly attracted to man in Borneo than is b. balabac- 
ensis, or because it carries fewer simian infections, is not known. In Malaya it 
occurs together with b. introlatus and, like it, does not normally appear to have 
much contact with man, though an infection with P. in& was isolated from a speci- 
men caught at ground-level with human bait (trial 10.1). 

In the interior of Sarawak, Zeucosphyrus was found to be a vector, with donaldi, 
of W. bancrofti (trial 3.1). 

A. hackeri, pujutensis and riparis. These species are rarely attracted to man, at 
least on the ground, and the malaria infections found in them may all be of simian 
origin. Like most members of the group, they bite mainly in the canopy. Five 
different species of Plasmodium of monkeys (P. cynomolgi, inui, coatneyi, JieZdi and 
knowlesi) have been isolated from hackeri caught among nipah palms and mangrove 
forest on the Selangor coast. This species is also found in hilly inland forest, breeding 
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mainly in split bamboos, but few adults have been caught there. The few infec- 
tions found so far in @jute&s and riparis have not been identified, though probably 
those in pujutensis were from the same simian sources as those found in hacked. 
,4. pujutensis occurs mainly in the lowlands, and riparis mainly in hilly areas. 

A. minimus group 
Of this group, only aconitus and minimus are so far known to occur in Malaya and 

Borneo. The former species is absent from most of Borneo, and though common in 
Malaya it does not appear to be a vector there, though it is a minor vector of human 
malaria in Thailand and an important one in Java. 

A. minimus is absent from most of Malaya and Borneo and is not included in 
Table 22. It is a major vector of malaria in the monsoon countries to the north of 
Malaya, and so may be a vector in the limited areas in which it occurs in the north 
of Malaya and of Borneo, but it has not yet been found infected in either country. 
However, it was found infected on Pulau Laut off south-east Borneo. It is a poten- 
tial vector of W. bancrofti, and has been found infected in the Philippines, including 
Palawan, by Rozeboom & Cabrera (1964,1965), and in Hong Kong by R. B. Jackson 
(Edeson & Wilson, 1964). 
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TABLES OF PUPALAND LARVAL CHAETOTAXY 

These tables relate only to Malayan and Bornean specimens in the A. hyrcanus, 
barbirostris, albotaeniatus, umbrosus and leucosphyrus species groups ; they serve to 
bring together a rather large body of data on the branching of pupal and larval hairs 
in these groups, hitherto scattered through various publications (see heads of tables). 
The tables also serve to convert the data to Belkin’s system of numbering (p. ZI), 
and to place them under the species names used in this book. 

Although there ought to be no need to use the tables for ordinary purposes of 
identification, they should assist anyone studying new forms in these groups, who 
would otherwise have to consult the original papers, and to remember, for example, 
to convert what Crawford (19x8) describes as pupal hair v,IV of umbrosus to read 
0,IV of Zetifer. 

The figures in the tables were recorded during the search for differences between 
the species in these groups, and, though only a few of the figures show significant 
differences between species, they form part of the descriptions of those species, with 
which any new forms can be compared. 

Although the figures are too numerous to be included in the main descriptions, 
and have had to be placed in this Appendix, the large gaps in the tables show how 
much of the pupal and larval chaetotaxy of many of the species in these groups is 
still undescribed ; this applies to an even greater extent to most of the species out- 
side these groups. All the figures are liable to revision as larger numbers of 
specimens are examined, particularly figures based on the smaller samples, such as 
~-IO hairs. However, one must not confuse revising these figures, that is, extending 
the known range of variation in the number of branches found on a particular hair by 
examining further specimens from Malaya or Borneo, with the finding of a rather 
different range of variation, with a different average, for the same hair on specimens 
from other geographic areas, such as Thailand or the Philippines. The latter is 
geographic variation, and to add such figures to those for Malaya or Borneo obscures 
this geographic variation when it occurs, and is adding together, or treating as one, 
two things which are not quite the same morphologically, nor, probably, biologically. 
Indeed, Malaya and Borneo are themselves separate geographic areas, and there is 
evidence of biological as well as morphological differences between Malayan and 
Bornean forms of some species, e.g., balabacensis and maculatus. It is only for the 
sake of brevity, and because there are few data for Borneo (except in the Zeucosphyrus 
group), that these have been combined with those for Malaya in the tables. 

N.B. The numeral I in the columns of the tables means a simple, i.e. unbranched, 
hair (see p. 19). 
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TABLE VII 

-1-93 

A. leucosphyrus species group. Pupae ; numbers of branches on dorsal hairs of abdominal 
segments II-VIII, and on the paddle hairs. Largely from Crawford (1938) and Colless (1g56b, 

19.57) ; figures in brackets under the names of the species are the approximate numbers of 
specimens examined. 

Hair 

*ABDOMEN I I 
I 

-ABDOMEN III 
0 
I 
2 

3 
4 
5 
6 

ABDOMEN IV 
0 

I 

2 

3 
4 
5 
6 

ABDOMEN V 
0 

I 

2 

3 
4 
5 
6 

ABDOMEN VI 
0 

I 

2 

3 
4 
5 
6 

ABDOMEN VII 
0 
I 
2 

3 
4 
5 
6 

leucosphyrus *balabacensis 

(30) (75) t 

20-30 13-40 

- 

3-13 
- 
- 
- 
- 
- 

- 

3- 8 
- 

- 

5- 8 
- 

- 
- 
- 
- 
- 

3- 7 
- 

- 
- 
- 
- 
- 
- 
- 

- 

2- 3 
-_ 
- 
- 

5- 8 
- 

I- 

5-13 
6-10 

3- 5 
6- 9 
g-1.5 

2- 4 

I- 
3-1 I 

4- 6 
7-1 I 

5- 8 
4-11 
I- 2 

I- 

3- 7 
3- 5 
3- 5 
6- 8 
4-12 
I- 2 

I- 

3- 5 
4- 5 
2- 4 
2- 6 

5- 9 
2- 

I- 

I- 4 
3- 5 
3- 5 
2- 3 
3- 9 
1- 4 

hackeri pujutensis 

(13) WV 

15-25 20-30 

- 

7-23 
- 
- 
- 
- 
- 

- 

4-10 
- 
- 
- 
- 
- 

- 

4-16 
- 
- 
- 

7- 9 
- 

- 

3- 6 
- 

4- 5 
- 

- 
- 
- 
- 
- 

4-10 

- 
- 
- 
- 
- 

3- 6 
- 

- 
- 
- 

- 
- 
- 

1- 3 

6-10 
- 

- 
- 
- 

- 
- 

I- 3 
- 
- 

4- 6 

*ripuris 
(27) 

IO-22 

I- 

3- 9 
it- 7 
2-- 5 
2- 6 
6-15 

1- 3 

I- 

3- 6 
2- 5 
5-10 

3- 5 
3-12 
I- 2 

I- 

2- 5 
2- 4 
2- 4 
3- 5 
4-13 
I- 2 

I- 

2- 4 
2- 5 
I- 3 
I- 2 
6-11 
I- 2 

I- 
I- 3 
2-- 5 
I- 5 
I- 2 
5-10 

2- 3 
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Hair 

ABDOMEN VIII 

leucosphyrus *balabacensis hackeri pujutensis *riparis 

(30) (750 (13) (18) (27) 

0 - I- - I- 

4 - 2- 3 - I- 3 
9 - 12-15 - - 10-14 

PADDLE 
I - I- - - I- 2 

2 - 2- 6 - - I- 2 

* Pupa described in full by Crawford, including the ventral hairs. 
t Included in the 75 are Colless’s separate figures for B. balabacensis from N. Malaya and Borneo, for 

b. introlatus, and for the “Fraser’s Hill form”. 
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TABLE VIII 

495 

A. leucosphyrus species group. Larvae ; numbers of branches on hairs from the head to the 

spiracular apparatus. Largely from Colless (1956b, 1957) ; figures in brackets under the names 
of the species are the approximate numbers of specimens examined. 

Hair leucosphyrus balabacensis hackevi pujutensis riparis 

(35) (85) t (10) (40) (30) 

HEAL> 
2 I- I- 2 I- I- I- 

3 I- I- I- I- I- 

4 I- I- 2 I- 3 I- I- 2 

8 - I- 2 - - - 

9 I- 3 - _ - - 

AANTENNA 

4 

PROTHORAX 
I 11-17 
2 6-13 
3 - 
4 - 

6 

7 
8 - 

I3 - 

14 4- 8 

LMESOTHORAX 
I 

2 

3 
4 
5 
6 

r3 

I3 
I4 

- 
- 
- 
- 
- 

2- 3 

10-24 
8-16 
I- 

12-18 
I- 

16-27 
20-32 

4- 6 
3-I 3 

19-34 
1- 5 
I- 

2- 3 
I- 

3- 5 
2- 4 

17-31 
2- 6 

3- 9 

17-25 
13-17 

- 

- 

5-10 

8-2 I 12-21 

9-15 8-14 
- - 
- 
- 
- 
_ 
- 

3- 6 

- 

- 

3- 7 
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Hair leucosphyrus balabacensis hackeri pujutensis riparis 

(35) (85) t (10) (40) (30) 

METATHORAX 
I 

2 

3 
4 
5 
6 
+7 

8 

I3 

- 1- 3 - - - 

- I- - - - 

5-12 2- 7 6-12 4-11 3-10 

- 3- 4 - - - 

- 23-40 - - 

- I- 3 - - - 

- 21-32 - - 

- 22-38 - - - 

- 2- 3 - - - 

ABDOMEN I 
5-12 

I- 2 

I- 4 

5- 7 
2- 4 

13-23 
12-19 

3- 7 

2- 7 

- - - 
- - 

I- 3 
- 

1- 4 
- 

I- 
- 

- - - - 
- - - - 
- 

3- 7 
- 

- 

4- 6 
- 

- 

2- 5 
- 

AABDOMEN II 
IO-22 

4- 8 
I- 

3- 6 
3- 6 

20-27 

13-24 
5-10 

2- 6 

_ 
2 

3 
4 
5 
6 

7 
9 

‘3 

- - 
- - - 
- - 

- 
- _ 
- _ 

- 

3- 9 

- 

3- 5 

- 

3- 7 3- 8 

ABDOMEN III 
I 

2 

3 
4 
5 
6 

9 

I3 

16-22 

3- 8 

I- 

3- 
3- 5 

IO-20 

4-I I 

3- 6 

- 
_ 
- - 
- - 
- 

15-25 
- 

- 
13-21 

- 

- 
15-25 I I-20 
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Hair 

ABDOMEN IV 
I 

2 

3 
4 
5 
6 

9 

I3 

XBDOMEN 1’ 
I 
2 

4 
5 
6 

9 
I3 

ABDOMEN VI 

2 

3 
4 
5 
6 

9 
13 

ABDOMEN VII 
I 
2 

3 

5 
6 

9 

I3 

leucosphyrus balabacensis 

(35) @s)t 

kackeri 

(10) 

pujutensis 

(40) 

rip aris 
(30) 

- 16-21 - - - 

2- 4 - - - - 
*- 4 - - - 

2- 3 - - - 
- - - - 2- 4 

2- 3 I- 3 I- 3 I- 3 *- 3 
5-12 5-10 s- 7 5- 9 7-12 

2- 6 *- 5 I- 2 3- 6 3- 7 

- 
- 

I- 3 
- 
- 

- 

3- 7 
- 
- 

- 
- 

16-23 

2- 4 
I- 

2- 3 
2- 5 
2- 3 
4- 8 
3- 

15-21 

3- 5 
I- 2 
I- 

3- 6 
2- 4 
5- 8 
4- 8 

9-15 

4- 6 
I- 

2- 4 
3- 6 
3- 5 
2- 4 
2- 3 

- 

- 
- - 

- 
I- 2 I- 3 

- 

- 
- 
- 
- 

- - 
- 

- 
- 

- 
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Hair leucosphyrus balabacensis hackeri p uj’u tensis riparis 

(35) (8s)t (10) (40) (30) 
ABDOMEN VIII 

3 - 4- 9 - - - 

5 - 3- 5 - - - 

SPIRACULAR 
APPARATUS 

2 
6 

- 3- 6 - - - 
- *- 3 - - - 

i Included in the 85 are Colless’s separate figures for b. balabacensis from N. Malaya and Borneo, for 
b. introlatus, and for the “Fraser’s Hill form”. 
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Names of species and forms within species are printed with a small initial letter, and names 
of higher rank with a capital letter. 

Species and higher groups within a genus are indexed under their genus, and forms within 
species under their species. 

Valid names of Anophelines found in Malaya and Borneo are in bold italic type, synonyms 
in plain italics. All other names, whether Anopheline or not, are in roman type. 

Bold page numbers indicate definitions or descriptions, italic numbers indicate the main 
notes on vector status of Malayan and Bornean Anophelines. 

Aberrations, 406 
Aborigines, 452, 472, 473 
Adaptive characters, 396, 397, 3gg ; conver- 

gence, 399 
Adult anatomy, I ; behaviour, 407-424 

-Aed=, 45, 56, 394, 397, 408, 423, 453 
aegypti, 45, 395, 398, 399, 409, 416, 464 
- formosus, 395 
- var. queenslandensis, 395, 398 
africanus, 420 
albopictus, 56 
butleri, 256 
Finlaya subgenus, 464 
polynesiensis, 462 
scutellaris, 45 
taeniorhynchus, 424 
togoi, 462, 464 

Age, calendar and physiological, 455 ; 
methods of determining, 454 ; by filarial 
larvae, ratio of stages, 456, 458 ; by 
ovariolar (follicular) relics, 455 ; by ovary 
examination, 455 ; by sporozoite rates, 
immediate and delayed, 456 ; by sporo- 
zoite to total infection rate, 456, 458 ; by 
wing fringe, 456 

Allopatric, 393, 395, 398 
Anatomy, 1-41 ; adult, I ; egg, 39 ; 

larva, 25 ; pupa, 17 
Anisodera goryi (Chrysomelid beetle), 202 
Anopheles genus, II, 12, 46, 47, 56, 58, 80 ; 

subgenus, 10, 13, 14, 17, 21, 24, 25, 29, 
32, 36, 39, 47, 4% 50, 58, 62, 66, 72, 80, 
415, 460, 462, 469 ; series, I I, 12, 50, 

59, 81, 206 ; species in surrounding 
countries, ix 

acaci, 59, 230, 241 
aconitus, 5, 37, 59, 66, 69, 70, 76, 310, 

311, 312, 32% 412, 437, 443, 447, 449, 
450, 476 

adenensis, see culicifacies 
ahomi, 120 

aitkenii, 3, 5, 8, IO, II, 24, 25, 56, 59, 
230, 237 

- species group, 14, 52, 59, 62, 68, 70, 
72, 206, 207, 220, 228 

albimanus, 48, 415, 417 
albino, 342 
albirostris, 320 
alboapicalis, 3 14 
albotaeniatus, 58, 69, 74, 143, 155, 413 
- species group, 58, 62, 68, 142, 477 
alongensis, 220, 221 
Angusticorn section, 50, 58, 194 ; pupal 

trumpet, 21, 53 
annandalei, 25, 195, 196, 203, 206 
annularis, 29, 60, 71, 349, 350, 373, 460 
- species group, 60, 66, 68, 74, 351, 372 

argyropus, 58, 82, 84, 85, 113, 427 
Arribalzagia series, 50, 81 
asiaticus, ix, 8, II, 24, 29, 59, 69, 195, 196 
- species group, 48, 51, 59, 64, 68, 6% 72, 

195 
atratipes, 46 
aurirostris, ix, 59, 66, 69, 70, 78, 252 

baezai, 58, 69, 154, 155, 165, 412, 413, 

425, 428, 447, 449, 456, 471 
baileyi, see gigas 
baisasi, see balabacensis 
balabacensis, viii, 59, 284, 285, 291, 299, 

395, 399, 412, 418, 429, 443, 446, 450, 

47.5, 477 
- baisasi, 298, 2gg 
- balabacensis, 286, 297, 298, 299, 432, 

434, 437, 440, 447, 449, 459, 461, 475 
- “Fraser’s Hill form”, 285, 286, 298, 

299, 300, 404 
- introlatus, 286, 297, 299, 440, 461, 

475 
- “Negros form”, 298, 2gg 
balerensis, I 42, I 43 
bancroftii, 46 
- species group, 81, 118, 142 
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barberi, 228 
barbirostris, 3, _j, IO, 24, gS, 120, 121, 

122, 410, 413, 426, 449, 453, 454, 
468 
- species group, viii, 8, 12, 28, 41, 58, 61, 

62, 68, 69, 74, 117, 118, 39.5, 413, 452, 

4641 4651 468, 477 
- subgroup, I 20 

barbumbrosus, 55, 58, 120, 121, 122, 

138 
barianensis, 228 
bellator, 48 
bengalensis, 59, 229, 230, 238 
benguetensis, see Zindesuyi 
borneensis, 59, 230, 245 
bramachavi, 320 
brevipalpis, 58, 62, 68, 81, 154, 155, 156, 

169, 413 
brevirostris, 58, 154, 155, 162, 413 

bulkleyi, 195 
cameronensis, see lindesuyi 
campestris, 58, 120, 121, 122, 129, 325, 

409, 413, 418, 426, 42% 432, 433, 437, 
447, 449, 450, 460, 468 

candidiensis, see jeyporiensis 
Celebes form, see gigas 
Celebes fawn (= sulawesi), 303 

Cellia subgenus, IO, 13, 14, 15, 24, 25, 29, 

32, 36, 39, 47, 48, 52, 56, 59, 62, 66, 69, 
72, 207, 212, 215, 251, 413, 460, 464, 

469 
Cellia series, 53 
Ceylon species, 120 
ceylonica, 25 7 
chvistophersi, 3 14 

Christya series, 50, 21.2 
collessi, 58, 155, 156, 181 
concolor, 5 1 
coustani, 113, 194 
- species group, 82, I 16, 460 
crawfordi, 58, 82, 831 84, 85, 102, 4~7 

470 
cristatus, 284, 309 
crockeri, see gigas 
crucians, 453 
culicifacies, 310, 311, 416 
- adenensis, 3 r 1 
culiciformis, 220, 221, 228 
- species group, 52, 59, 206, 207, 220 
Cycloleppteron series, 51, 415 
danaubento, see gigns 
darlingi, 48, 348, 417, 419, 432 
djajasanewsis, 20.3 

doncrldi, 58, 121, 122, 132, 413, 418, 421, 
4291 434, 4371 444, 449, 454, 468 

dravidicus, 353, 359 
dthali, 3 10 
dudgeonii 353, 359 
dureni, 252 
ejercitoi, 142, 143 
elegans, 284, 299, 303 
Eonzyzomyia series, 5 2 
ewaburtdus, 348 
farauti, 252 
filipinae, 310, 311, 313 
Java (= kochi), 55, 263, 342 
flava (= vagus), 337, 342 
$?avescens, 337, 342, 347 
pavirostris, see minimus 
fluvistilis, 310, 311, 312 
~fownosaensis I, 3 14 
fovmosaensis II, 334, 336 
formosus, see gigas 
fragilis, 59, 230, 232 
franciscoi, 121, 142 

‘(Fraser’s Hill form”, see balabacensis 
fveerae, 379, 385 
fztliginosats, 373, 378, 379, 386 
funestus, 310, 425, 453, 456 
- species group, 311 
gambiae Species group, 4, 325, 394, 413, 

417, 419, 424, 425, 432, 4351 4531 456 
gatevi, 165, 167, 169 

gigas, 52, 59, 69, 72, 206, 207, 215, 

398 
- var. baileyi, 215 
- Celebes form, 2 15 
- crockeri, 72, 215, 219 
- var. danaubento, 2 15 

--- var. formosus, 2 15 
- var. gigas, 215 
- var. oedjalikalahensis, 2 I 5 
--- var. refutans, 215 
- var. simlensis, 215 
- var. sumatrana, 2 15 
gilesi, 20 1 
gomezdelatorrei, 48 
grabhamii, 4 I5 

hackeri, II, 59, 70, 78, 284, 285, 300, 410, 

412, 413, 440~ 447, 475 
hainanensis, 379, 385 
halli, 55, 263 
hanabusai, 353, 359 
hodgkini, 58, 120, 121, 122, 134 
hunteri, 58, 154, 193 
hyrcanus, 82, 113 
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- species group, viii, 4, 12, 28, 29, 41, 55, 

57, 58, 62, 68, 74, 81, 413, 426, 428, 

469, 477 
-- species LIZ, g6 
-- var. X, 92 
immaculata, 337, 342 
implexus, 52, 212 

indeflnitus, 59, 66, 69, 70, 78, 326, 327, 
333,334 

indice, 353, 359 
indiensis, 40, 58, 82, 83, 84, 85, 98, 408, 

412, 427, 432, 437. 447, 449, 459 
innominata, 122, 129 

insulae$orum, 59, 230, 248 
interruptus, 59, 69, 195, 196, 203 
introlatus, see balabacensis 
j aponicus, see lindesayi 
jamesii, 56, 69, 64, 68, 71, 74, 275, 349, 

350, 351, 369 
jeyporiensis, 310, 311, 312 
- var. candidiensis, 3 I 2 

karwari, 36, 60, 66, 68, 7 I, 76, 312, 349, 
35% 351, 360, 428, 4471 44% 459 

Kerteszia subgenus, 47, 48 

kochi, 5, 8, 12, 55, 59, 64, 68, 70, 78, 252, 
263, 408, 499, 412, 413, 425, 428, 432, 
440, 442, 447, 449, 469 

kolambuganensis, 252, 269 
koliensis, 459 
koreicus, 8 I 
kweiyangensis, 83 
kyondawensis, 220, 221 
Laticorn section, 50, 58, 80 ; pupal 

trumpet, 2 I 

lesteri, 58, 82, 83, 105, 399, 412, 413, 427, 
437, 4471 4493 469 

- lesteri, 108 
- paraliae, 105 
letifer, 8, 14, 17, 20, 24, 57, 58, 81, 155, 

156, 173, 413, 418, 421, 425, 432, 434, 
437, 440, 442, 449, 459, 460, 461, 462, 
465, 470 

- subgroup, 154, I73 
leucopus, 373 
leucosphyrus, ix, 59, 284, 285, 286, 299, 

395, 412, 418, 429, 440, 443, 449, 459, 
461, 475 

- species group, I I, 41, 59, 64, 68, 70, 
78, 252, 281, 395, 440, 451, 452,474,477 

limosus, see vagus 
lindesayi, 8, II, 14, 52, 56, 59, 69, 72, 208 
- species group, 48, 51, 59, 64, 68, 206, 

207 

- benguetensis, 208 
-cameronensis, 56, 208 
- japonicus, 208 
- lindesayi, 208 
- nilgiricus, 208 
lineata, 373 
litoralis, 325, 326, 327 
longirostris, 252 
Lophopodomyia subgenus, 47, 48, 51, 201 
Lophoscelomyia series, 14, 51, 58, 194 
ludlowae (Zudlowi or -ii), 55, 325, 326, 327, 

333, 347 
- var. torakala, 328 
macarthuri, see riparis 
maculata, 208 
maculatus, viii, 8, II, 12, 24, 25, 56, 60, 

64, 68, 71, 76, 212, 349, 350, 351, 353, 
396, 407, 408, 4x2, 413, 417, 424, 425, 
428, 432, 4351 437, 440, 442, 445, 4471 
449,450,451,453,458,46o, 4659473,477 

- var. willmori, 57, 359 

wtaculosa, 353, 359 
maculipennis, 80, 392 

- species group, 39, 40, 51, r 18, 207, 393, 
455 

majidi, 310, 311, 312, 365 
manalangi, I 20, 139, 142 
mangyanus, 310, 311,313 
martini, I22 

mauritianus, I I 3 
mediopunctatus, 4 I 7 

melas, 394 
merus, 435 
minimus, 37, 59, 66, 69, 70, 76, 310, 31 r, 

312, 314, 404, 415, 419, 428, 435, 443, 
446, 449, 450, 451, 458, 476 

- species group, 59, 312, 476 
-$avirostris, 314, 319, 404, 412, 443 
- minimus, 3 19 
minutus, 92 
moghulensis, 348 
montanus, ix, 58, 69, 74, 143, 148 
mysorensis, see stephensi 
Myzomyia series, 35, 36, 53, 59, 309 
Myzomyia subgenus, IO, 29, 47 
Myiorhynchella group, see Nyssorhynchus 
Myzorhynchus series, II, 13, 50, 55, 58, 

8% 413, 451, 460, 469 
“Negros form”, see balabacensis 
Neocellia series, 8, 52, 53, 60, 212, 275, 

312, 318, 348 
Neomyzomyia series, 15, 24, 32, 39, 52, 

59, 252 
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nigerrimus, 58, 82 (var.), 83, 84, 85, 92, 

peditaeniatus, 31, 58, 82, 84, 85, 92, 109, 

10% 378, 426, 433, 450, 460, 470 
nilgiricus, see lindesayi 
nivipes, 60, 71, 349, 350, 379, 386 
noniae, 59, 69, 195, 201 
novumbrosus, I 54, I 56 
Nyssorhynchus subgenus, 15, 47, 48, 415 
- Myzorhynchella group, 48 
ocellatus, 55, 263 
oedj alikalahensis, see gigas 
ohamai, 142, 143 
oiketorakras, 48 
orientalis, see tessellatus 
pallidus, 138, 349, 350, 352, 387 
pallidus ( = barbumbrosus), 55, 138 
palmatus, 59, 229, 246 
pampanai (pampanae), 56, 310, 311, 313 
paraliae, see lesteri 
Paramyzomyia series, 53 
parangensis, 325, 326, 327, 328 
pattoni, 348 

399, 427, 458, 470 
pharoensis, 25 I 
philippinensis, I I, 29, 40, 60, 71, 349, 

350, 379, 386, 408, 412, 425, 435, 437, 
447, 449, 453, 465 

pinjaurensis, 229, 232 
pleccau, see lindesayi 
plumbeus species group, 220 
plurniger, 85 
pollicaris, 38, 58, 120, 121, 122, 136 
pseudobarbirostris, 142 
Pseudomyzomyia series, 53, 3 2.5 
pseudopictus, I I 3 
pseudopunctipennis species group, 48, 5 I, 

207 
pseudosinensis, 83 
pseudowillmori, 353, 359 
fxeudumbrosus, I 56 

pujutensis, 59, 284, 285, 303, 440, 447, 

475 
pulcherrimus, 348 
pullus, 83 
punctulstus, 252 
- species group, 252, 262, 365, 419 
pursati, 58, 82, 84, 85, 96, 427 
Pyretophorus series, 53, 59, 325 
quadrimaculatus, 422 

ramsaY& 60, 64, 68, 71, 76, 275, 349, 3.50, 
351, 365 

refutans, see gigas 
riparis, 59, 284, 285, 305, 441, 475 

- macarthuri, 309 
roperi, 58, 154, 155, 156, 183, 410, 421, 

454, 459, 471 
rossii or -i, 328, 337, 342, 378 
rossii var. indejinitus, 337, 342 

rufipes, 53 
samarensis, 154, 168, 169 
saperoi, 142, 143 
saungi, 59, 64, 68, 70, 78, 278 
schueffneri, 349, 350, 352 
SeparatUS, 58, 62, 68, 154, 155, 187, 425, 

428, 433, 449, 471 
sergentii, 310 
sin&is, 194 
similissimus, 58, 154, 194 
simlensis, see gigas 
sinensis, 20, 58, 82 (var.), 83, 84, 85, 427, 

434, 449, 470 
sineroides, 83 

220, 221, 223 

sintoni, 220, 221 
sintonoides, 25, 59, 62, 68, 69, 70, 72, 

“species neaY jamesii”, 353, 359 
species near watsonii, 275 

smithii, 252, 451 

splendidus, 349, 350, 351 

snijdersi, I 87 

squamifemur, 48, 51 
stantoni, 232 

species Dz, g6 

stephensi, 348, 350, 351 
- var. mysorensis, 351, 408 
Stethomyia subgenus, 47, 48 
stigmaticus species group, 229 
stookesi, 59, 64, 68, 70, 74, 76, 275 
stricklandi, 59, 230, 250 
subpictus, 31, 59, 66, 69, 70, 78, 263, 326, 

327,328, 336, 453 
- var. vadakadiensis, 333 
subpictus var. indefinitus, 334 
subpictus var. malayensis, 333, 334, 336 
sulawesi, 284, 303 
sumatrana, see gigas 
sundaicus, 25, 31, 55 (sundaica), 59, 64, 

68, 70, 78, 326, 327, 343, 407, 418, 425, 
428, 432, 433, 437, 443, 445, 447, 449, 
450, 451, 460, 473 

superpictus, 348, 424 
takasagoe&s, 297 
tenebrosus, I I 6 
tessellatus, 15, 59, 64, 68, 70, 78, 257, 429 

433, 442, 449, 453 
- var. orientalis, 262 
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theobaldi, 349, 350, 351, 359, 396 
thorntonii, 257 
tigertti, 221, 230 
tonkinensis, 22 I 
torakala, see ludlowae 
treacherii, 232, 236 
trimaculatus, 334, 336 

umbrosw 8, 14, 17, 38, 46, 57, 58, 81, 
118, 154, 155, 156, 410, 413, 421, 432, 

437, 440, 449, 454, 4581 459, 465, 471 
- species group, ix, I I, 12, 20, 34, 36, 51, 

57, 58, 62, 68, 69, 74, 118, 153, 413, 428, 

442, 451, 459) 470, 477 
vadakadiensis, see subpictus 
vagus, 59, 66, 69, 70, 78, 326, 337, 408, 

409, 412, 417, 425, 428, 432, 442, 447, 
449, 458, 459, 460 

Bironella, 46 

papuae, 47 
Biting, 41 I ; by day, 410, 421, 471 ; cycle, 

417 ; density, 454 ; in forest canopy, 

440 ; man in laboratory, 425 
Black-flies, see Simuliidae 
BMNH, ix 
Bromeliaceae, 48 

Brugia, 459 
malayi, 132, 148, 398, 442, 452, 462, 465 
- periodic, 404, 452, 454, 464, 468, 470 
-- subperiodic, 404, 452, 454, 462, 468 

pahangi, 461, 462, 464, 465 
patei, 462 

- k?%OSUS, 66, 78, 326, 337, 342 

- vagus, 5, 339 
vanus, 58, 61, 69, 120, 121, 122, 141 
- subgroup, 120, 140 
varuna, 310, 311, 313, 446 
venhuisi, 92, 96 
vincenti, 3 I4 
watsonii, ix, 56, 59, 64, 68, 70, 76, 78, 

270, 440 

Calliphoridae (blow-flies), 4 I 

Categories, 54, 56, 397 
Ceratopogonidae, 4 I 
Chaetotaxy, 19, 477 
Chagasia, 21, 45, 51 
Chaoborinae, 42 
Chittoor virus, 453 
Chromosomes, cytology, ix, 397 ; morph- 

ology, 394, 395 ; polymorphism, 397 
Cibarium, 15, 173 
Circadian, 423 

- , ? new species near, 275 
wellingtonianus, 51, 59, 69, 72, 195, 208, 

214 

Classification, 41-53, 397, 405 
Clinal variation, 319, 401 
Coconuts, 45 

whartoni, 58, 155, 156, 180, 420, 437, 450, 
455, 4591 462, 471 

williamsoni, 92 
willmovi or -ei (359)) see maculatus 
wilsoni, 5 2 

yatsushiroensis, 83 
Anophelinae subfamily, 42, 43, 45 
Anthropophilous, 430, 443, 450, 468 
Anti-larval measures, 472 
i4rmigeres, 56 

durhami, 465 
malayi, 56 
subalbatus, 465 

Arthropoda phylum, 41 
Attraction ratios, 431 
Autogenous, 396, 416 
Azolla (water fern), 469 

Coeloconic sensillae, 4, 286 
Colloquial names, 398, 403 
Comparative trapping, 427 ; houses or man- 

baited nets v. cattle sheds or animal- 
baited traps, 427 ; man U. animals in 
similar traps, 430, 453 

Crossing (hybridization), 393, 394, 407 ; 
sterile hybrid males, 393, 394 

Culex, 45, 394 

Bamboo breeders, 43, 48, 69, 70, 72, 76, 195, 
201, 202, 274, 278, 281, 303 

Behaviour, adult, 407-424 ; variation in, 
ix 

pipiens, 396, 398 
- fatigans, 263, 396, 399, 409, 411, 435, 

452, 458, 460, 462 
- pallens, 411 
- pipiens, 396 
- var. molestus, 396, 398, 416 

gelidus, 433, 453, 470 
tritaeniorhynchus, 433, 453, 470 

Culicidae family, 41, 42 
Culicinae subfamily, 42, 43, 45 
Culicini tribe, 42 
Culicoides, 41, 42 
Curve of distribution, bimodal, 406 ; normal, 

406 Biological clock, 422 
Biology, 390-476 Cuticular spicules, 25, 205, 221, 227 
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Cytoplasmic sterility, 396 

Darwin, 391, 392 
I>engue virus, 453 
1 >escriptions, 80-390 
Diptera order, 41, 395 
Dirofilaria, 459, 469, 471 

immitis, 452, 464 
repens, 464 

Dixinae (Dixidae), 42, 46 
Drosophila (fruit-fly), 397, 423 

persimilis, 393 
pseudoobscura, 393 

Ecology, 392, 393 ; ecotype, 396, 397, 398 
Egg, anatomy, 39 ; drought-resistant, 45 ; 

of A. maculipennis group, 394 

Egg-laying, 415 ; see also oviposition cycle 
Eichhornia (water hyacinth), 369, 469 
Entry into houses, 435 

Evolution, 391, 395, 39% 464 

Filariasis, 45, 419, 450, 455, 465 ; bancroft- 

ian, 438, 452, 455 ; Brugian, 432, 452, 

454 ; of animals, 452 ; microfilaraemia, 

462 ; vectors of, 450 ; zoonosis, 452 
Forced mating, ix, 395 
Forest, canopy, 421, 439, 471, 474 ; hill-, 

439 ; mangrove-, 439 ; swamp-, 439, 471 
Form, 398 

Gametocyte carriers, 461 
Genetics, 392, 394, 395, 396, 402 ; genes, 

396, 464 ; gene flow, 392, 399 ; geno- 

type, 397, 402, 450 
Genitalia, female, 14 ; male, 2, 12, 47 ; 

rotation of male, I I, 13 
Genus, 53 ; subgenus, 56 
Geographic differences, 392, 450 ; variation, 

see under Variation 
Glossina (tsetse-flies), 4 I 
Gonotrophic Cycle, 4oS, 413, 416, 424, 4jj ; 

dissociation, 416 
Gravid, 413 

Haemagglutination inhibition test, 442, 447 
Haemagogus, 45 
Haldane’s rule, 394 
Hepatocystis, 4 I 
Heterozygote, 402 
Homonyms, 55 
Host-finding, 408 
Host preference, 409, 424-450, 453 ; man 

v. calf or cow, chicken, dog, goat, pig, 
etc., 429, 431, 433, 444 ; InaIl V. monkey, 

439 

Human blood index, 445 
Hylobates (gibbons), 474 

Infraspecific forms, 57, 395, 308 
Insecta class, 41 
Insecticide resistance, 394, 397, 39X 
Instar, larval, 25 

Japanese encephalitis, 433, 453 

Keys, primary, ix, 61-79 ; secondary, ix 

Larva, anatomy, 25 ; instars, 25 ; in 

bamboos, see Bamboo breeders ; in tree 
holes, see Tree-hole breeders 

Leishmaniasis, 4 I 
Life Cycle, 407-424 
Linnaeus, 53 
Longevity, in nature, 454 ; in the laboratory, 

459 ; daily survival rate, 455 

Macaca, 474 
irus (long-tailed macaque monkey), 404, 

427, 439 
Malaria, human, 450, 4jj, 465 ; hypo- 

endemic, 455 ; vectors of, 4jO ; zoonosis, 

419 
Maldive Islands, 263 
Mammals, marsupial, 399 ; placental, 399 

filansonia, 45, 40% 432, 437, 440, 442, 446, 
447, 449, 452, 454, 462 (Mansonioides) 

annulata, 432, 464, 465 
annulifera, 464, 469 

bonneae, 393, 432, 459, 464, 465 
dives, 393, 432, 442, 459, 464, 465, 468 
indiana, 464 

uniformis, 399, 419, 432, 464, 469 
Mating, 408 ; forced, ix, 395 ; swarming of 

males, 408 
Megarhinini tribe, 42 
Moluccas, 252, 262 
Monkeys, 4 10, 453 ; filariasis of, 452 ; 

Hepatocystis of, 41 ; malaria of, 252, 

281, 291, 300, 303, 305, 309, 439, 4518 474, 

475 ; long-tailed macaque, see Macaca 

irus ; rhesus, 474 
Mortality, daily rate, 455 
Mouse deer, malaria of, 162, 169, 187, 451, 

470 
Musca (house-flies), 41 

Sematocera suborder, 4 I 
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Nepenthes (pitcher plants), 45 
Net traps, 41 I, 439 
Xpah palm, 169, 281, 303, 305, 412 
Komenclature, j3-57, 391 ; categories, 54, 

56, 397 ; law of priority, 55, 398 ; rules of, 

541 352 

Onchocerciasis, 4 I, 45 I 
O’nyong-nyong fever, 453 

Oocysts, 455, 456 
Oscillation of hind legs, 409, 413 
Oviposition cycle, 416, 424 

Palmate hairs, larval, 36, 39 
Parasite pattern, 452, 465 
Parous, 455 ; nulliparous, 455 ; parous 

rate, 455, 458 
Pectinate mouth brushes, 225, 228, 397 
Periplaneta (cockroach), 422 
Pharynx, see Cibarium 

Phenotype, 395, 396, 397 
Phlebotominae (sand-flies), 15, 41, 42 
Phylogenetic, classification, 57 
Pistia (water lettuce), 98, 369, 469 
Plasmodium, 303, 45 I 

berghei, 252 
coatneyi, 475 

cynomolgi, 404, 451, 461, 462, 468, 469, 

472, 475 
- bastianellii, 404 
- cynomolgi, 404 
eyelesi, 474 
falciparum, 460, 470, 472 
fieldi, 475 
inui, 451, 475 
knowlesi, 451, 462, 47j 
malariae, 4j0, 470 
traguli, 4j8, 461, 468, 470 

vivax, 325, 404, 468, 470, 472 
youngi, 474 

Pleural hairs, larval, 31 
Populations, 392, 403, 405 

Polymorphism (polymorphs), 57, 359, 398, 
402, 406 ; chromosomal, 397 ; genetic, 
397 ; in mimetic butterflies, 396 ; phenetic, 

397 
Polyphyletic, 396 
Porcupine, malaria of, 252, 451 
POttO, 452 
Precipitin test, 425, 431 I 4331 4341 442 ; on 

indoor samples, 442 ; on outdoor samples, 

445 
Predaceous larvae, 45, 228 

Pre-gravid, 407, 456 
Presbytis (leaf monkeys), 452, 474 
Primary keys, ix, 60-79 ; to adults, female, 

62, male, 66 ; to larvae, 72 ; to pupae, 

69 
Prophylactic drugs, 472 
Propleural setae, 8, 154, 173, 275, 312, 348, 

365 
Pupa, anatomy, 17 

Race, 392, 393, 398 
Residual insecticides, 390, 412, 433, 454, 472 
Resting, 41 I ; attitude, 413 ; by day, 412 ; 

intercurrent, 409 ; post-biting, 412 ; pre- 
biting, 409, 410, 411, 419 

Rhythms, 416 ; biting, 417 ; endogenous, 

422, 462 ; flight, 424 ; oviposition, 416 ; 
Pupal* 4171 424 

Rubber trees, 4x2 

Sabethini tribe, 42 
Salvinia (water fern), 369 
Sand-flies, see Phlebotominae 
Seasonal variation in morphology, 367, 378, 

398 ; legs, 367, 373 ; PalPs, 312, 372, 373 
Seasonal numbers, 471, 473 
Selection pressure, 397, 402 
Setaria (filaria), 458, 470, 471 
Simian malaria, 45 1 
Simuliidae (black-flies), 41, 42 
Simul ium damnosum, 394 
Speciation, 399 ; allopatric (geographic), 

395, 402 ; sympatric, 402 
Species, 53, 391 ; biological concept of, 390, 

392 ; definitions of, 391, 392, 406 ; 
diagnosis, ix ; distributions, ix ; groups, . 
vin, ix, 395 ; morphological concept of, 

392 ; nature of, 391-407 ; polymorphic, 

393, 395 ; reproductive isolation of, 391, 

392, 395, 403, 405, 406 ; ring-, 404 ; 
sibling, viii, 57, 390, 392, 393 ; sub- 
species, q.v. ; variation within, viii. 

Species group, 57, 395 ; see also under 
species 

Sporozoites, 450, 455 ; rate, 456, 465 ; rate, 
immediate and delayed, 456 

Stigma1 process (filament, club), larval, 38, 

46, 51, 161 
Strain, 460 ; insecticide resistant, 397 
Subgenus, 56 
Subspecies, 56, 319, 398, 402 ; in birds, 392 ; 

in lice, 404; infrasubspecific forms, 398; 75 
per cent. rule, 402 
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Sugar-feeding, 41 I 
Summation method of identification, I 18 
Swarms, male, 408 

Sympatric, 393, 395, 403, 406 
Synonyms, 5 5 
Systematic index, 57-61 

Tabanidae (horse-flies), 4 I 
Tapirs, 51 
Taxonomy (systematics), 54, 390, 391, 398, 

4031 405 ; numerical (phenetic), 405 
Tembusu virus, 453 
Tensaw virus, 453 
Thoracic plates, larval, 318, 322, 369, 376 
Tipulidae (crane-flies), 42 
Toxorhynchites, 45 

klossi, 45 
splendens, 45 

Toxorhynchitinae subfamily, 43, 44, 45 
Transmission of disease, 450-476 
Tree-hole breeders, 25, 43, 69, 70, 72, 76, 

195, 206, 221, 275, 278, 303, 309 
Type specimens, 54, 162 

Uranotaenia, 43 

Variation, adaptive, 396, 397 ; biological, 

407 ; geographic, viii, 56, 318, 392, 398, 

406, 477 ; geographic in birds or butter- 
flies, 402 ; infraspecific ; 395 ; morpho- 
logical, 405, 407 

Variety, 57, 398 
Vectors, 449, 468-476 ; determining factors, 

453 ; natural infections in, 465 ; suscep- 
tibility to parasites of malaria, 460 ; of 
filariasis, 462 

Vertebrates, 5 I 
Viruses, mosquito-borne, 45, 452 

Wallace’s line, 399, 401 
UTeber’s line, 399, 401 
Wuchereria bancrofti, 180, 181, 263, 333, 

360, 452, 455, 458, 461, 462, 464, 468, 473, 

475, 476 

Yellow fever, 419, 453 

Zoogeography, 399 ; of vertebrates, 51 ; 
zoogeographic regions, 399, 400 

Zoonoses, 419, 451, 452, 453 
Zoophilous, 468 


