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MOSQUITO STUDIES IN THE INDIAN SUBREGION

Part 1 Taxonomy—A brief review

By M. Qutubuddin!

INTRODUCTION

Ever since the important discoveries in the last few decades of the last century that
mosquitoes play the role of vectors of human diseases, these tiny insects have received special
attention of entomologists, health workers and sanitarians all the world over. As an im-
mediate consequence of this, basic research, particularly in the field of mosquito taxonomy,
received a great impetus and entomologists set about the task of describing and naming
all the different species that hitherto lay in obscurity. The Indo-Pakistan subcontinent,
birth place as it was of Ross’s discovery, started very late, so much so that at the time
when Theobald published his Monograph of World Culicidae which contained a whole
treasure of information on mosquitoes from other parts of the world, only very few spe-
cies were known from India. But fortunately this state of affairs did not last very long
and soon workers in India also engaged themselves in a similar pursuit, a description of
which will be attempted in the following pages.

WORK ACCOMPLISHED BETWEEN 1900-1934

Neither is it the aim of this review nor is it possible to circumscribe within the space
of these few pages the voluminous work turned out in the sub-continent during the half
century. Therefore, with a view to presenting a picture of the ground so far covered by
various workers under different disciplines of mosquito studies in the area, it is iptended
to give here as brief an account as possible, which is by no means exhaustive. The object
of such a study in retrospect is no other than to provide basis for comparison with what
has been done in other countries and to envisage important gaps in our knowledge of the
different aspects of the subject, relating to the fauna of this region so that efforts may be
made to fill them up.

The main heads are: (1) Taxonomy (2) Bionomics (3) Control and such other pro-
blems that intrude themselves during these investigations. In the present communication
it is proposed to deal with taxonomy and the other subjects will be treated subsequently.

Taxonomy . — Mosquito Taxonomy in India remained in slack waters for a long time.
Even Giles’s plea for collective investigation of Indian Culicidae, which appeared in 1901
the year that saw the publication of Theobald’s Monograph of World Culicidae, did not
have the desired effect. But soon it was felt that the fell disease malaria, which is aptly
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described as the ‘disease slow to kill, hard to cure and quick to incapacitate’, was the hu-
man malady that took a very heavy toll of life and cost India a great deal in terms of
annual revenue. Hence it was given top priority among the insect-borne diseases and con-
sequently work started on mosquitoes of the genus Amopheles. A full-fledged research in-
stitute started functioning under the name of the Malaria Survey of India (later redesig-
nated as the Malaria Institute of India) first at Kassauli and then at New Delhi. The
main function of the institute was to train doctors in malariology giving them a smatter-
ing of knowledge of the malaria parasite Plasmodium, and the identification of important
mosquito vectors and their control. But side by side with this the institute embarked upon
problems of basic research such as the taxonomy of anopheline adults and larvae. Before
a monographic work on Anophelinae by Sir S. Rickard Christophers (1933) embodying the
results of all the taxonomic studies in the country was published, James and Liston’s
(1904) volume on Anophelines of India was largely used as the guide to the identification
of species. What was perhaps more fascinating for the taxonomist was the study of the
culicine mosquitoes with a number of genera and an enormous wealth of new material
turning up almost every day. About two years before Edwards Synopsis of Adult Oriental
Culicine Mosquitoes (1922) was published in two parts, Capt. P. J. Barraud had received
a Commission under the Indian Research Fund Association to make a general survey of
the mosquitoes of India. This investigation unearthed such a large number of culicine
mosquitoes new to science that Barraud started publishing a series of papers entitled “A
Revision of the Culicine Mosquitoes of India” in the Indian Journal of Medical Research
and continued to do so for over a decade from 1923 onwards until in 1934 appeared his
Fauna of British India (including Ceylon and Burma) devoted to the two tribes Megar-
hinini and Culicini. The publication of these two great works of the Fauna marked a
land-mark in the history of mosquito studies in the sub-continent.

By this time as many as 43 anopheline and 245 culicine mosquitoes had come to be
known from the area. This account of the major works on the taxonomy of Indian Culi-
cidae will remain incomplete without mention of Puri’s (1931) excellent work on the lar-
vae of anopheline mosquitoes of India. Note-worthy among the earlier works are the An-
notated Catalogue of Culicidae and the Critical Review of the Genera in Culicidae by
Brunetti (1907-1920) published from the Indian Museum.

Therefore it would appear that quality as well as quantity of work thus produced not
only brought the mosquito investigation of the area in line with such great works, for ex-
ample, as that of Edwards in Africa and other parts of the world and of Howard, Dyar
and Knab in the Americas, but also it proved of immense practical value to mosquito
workers in India and abroad. It may also be pointed out here that in connection with
the study of new and more reliable taxonomic characters, Christophers and Barraud’s
(1923) work on the male genitalia of Anopheles and that of the former on the structure
and development of the female genital organs and hypopygium of the adult (Christophers
1923) are valuable contributions to basic research on mosquitoes. Christophers (1922) also
studied development and structure of the terminal abdominal segments and hypopygium of
the adult mosquito to establish homologies with the terminal segments of the larva. Bar-
raud and Covell (1927) and later on Barraud (1928) alone studied the morphology of
the buccal cavity of mosquito with a view to determining characters of diagnostic import-
ance for species, as similar studies on sandflies by Adler and Theodor (1926) had proved
of immense value from a taxonomic viewpoint. Among other works, Christophers (1906)
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paper on the importance of larval characters in the classification of mosquitoes, that of
Sinton and Covell (1927) on the relationship of morphology of buccal cavity to the clas-
sification of anopheline mosquitoes, and Christophers and Barraud’s (1931) description of
the eggs of Indian Anophelines are worth mentioning.

Having thus briefly summarised the taxonomic work accomplished in the Indian Sub-
region from 1900 to 1934 the progress made from then onwards will now be considered.

FROM THE YEAR 1934 ONWARDS

The year 1934 marks the end of an era of very active taxonomic research on Culici-
dae by virtue of which mosquitoes became one of the best known groups of insects in the
area. It will be seen that the number of species described registered a sharp rise from 30
to 288 during this period, but the only addition made from 1934-1959 is as follows:

1. Anopheles habibi Mulligan and Puri 1936.

2. A. stephensi mysorensis Sweet and Rao 1937,

3. Culex (Culex) parainfantulus Menon 1944, (since sunk as a synonym of infantulus
Edwards by Mattingly 1959).

Uranotaenia hussaini Qutubuddin 1946

ook

C. (Culiciomyia) stylifurcatus Carter and Wijesundara 1948 (synonymised by Mat-
tingly (1955a) with spathifurca Edw.).

C. (Mochthogenes) campilunati C. and W. 1948.
Aédes (Aédes) seculatus Menon 1950.
Uranotaenia mattinglyi Qutubuddin 1951.

Y 2 2o

Aédes (Aédes) petroelephantus Wijesundara 1951.
10. Aédes (Aédes) spermathecus Wijesundara 1951.

11. Aédes (Aedes) carteri Wijisundara 1951 (sunk as synonym of seculatus Menon by
Stone, 1956 (1957).

12. Aédes (Stegomyia) patricease Mattingly 1955b

13. Culex (Neoculex) quettensis Mattingly 1955b

14. C. (Culex) afridii Qutubuddin 1956.

15. Heizmannia reidi Mattingly 1957b

16. Aédes (Paraedes) menoni Mattingly 1958b

Before we proceed to look for the lacunae as they exist at present in our knowledge
of the group, it is desirable to make alterations and additions to Barraud’s Fauna of Bri-
tish India which are necessitated by the discovery of the above mentioned species. These
changes are suggested in the following:

I. Genus Uranotaenia Lynch Arribalzaga 1891

Insert the following sentence under couplet 22 on page 61:
Pleurae Uniformly PALE .ueevriierieriniiieinerrsreeriererenenrerusiesresencrinrmsmseesssnsnsasanns husaini
Delete couplet 23 and instead write the following:


http://%7bParaed.es

136 Pacific Insects Vol. 2, no. 2

23. Eye margins pale but not conSPICUOUSLY SO .vvvvrrriririirrrreeeinrenererienenens recondita
Eye margins with few or no pale scales except at Sides ........c.ceevvervininrenennnnnn. novobscura
Eye margins distinctly WHItISN......oiuiueiiiiiier it it cee e e e e e mattinglyi

II. Genus Aedes Meigen 1818

1. Subgenus: Stegomyia
On p. 220, substitute patriciae for flavopictus
2. Subgenus: Aedes
On p. 279, in couplet 9 delete the third line and insert in its place, “apex of coxite
not ending in @ fiNger-1iKe PrOCESS ... iuiiiviiiiiieriieriiieeierrieerierrteererseensnrnensennnns 9a
Between couplets 9 and 10 insert the following :
9a Apex of coxite wide and truncate. Process on inner side, long, slender and elbowed.
Style slender and curved with small pointed terminal appendage.................. indicus
Apex of coxite produced into a snout-like process carrying two short spines. Inner
process of coxite stumpy, bearing a pair of strong spines. Style large and
sickle-like with no terminal appendage........c.cveeveeiiiiiiiiiiiiiieiirieneeniiiernenns seculatus

The above is mainly adopted from Menon (1950)

III. Genus Culex Linnaeus 1758

1. Subgenus Neoculex
On page 334, under couplet 10 add:
Dorsum of abdomen: First tergite dark, II-IV segments with very distinct pale apical
bands, with median anterior prolongations forming rather regular triangles, V-
VII with wide apical pale bands........ocooviviiiiiniiiiiiiiiiiiiiiiiiie e, quettensis
The above is drawn from Mattingly (1955b)

2. Subgenus Culex
On page 388, in couplet 4 instead of bitaeniorhynchus write 5, and instead of 5 write 6
thus renumbering the present couplets 5 as 6 and 6 as 7 and so on, and between the coup-
lets 4 and 5 add the following:

5. Abdomen with apical pale Dands ......ocveeiiveerivieiinininiiiiiirieinieesieenee, bitaeniorhynchus
Abdomen with basal pale bands ........cccoviviviiiiiiiiiiiii afridii
Besides the above, the following brief account will bring up-to-date our knowledge of

the mosquitoes of the subregion.

This relates to the change of a generic name or the lowering of the rank of a genus
or the raising of that of a subgenus; the shifting of a species from one genus or subgenus
to another, the discovery of the early stages or the unknown sex of a species etc. It may
be mentioned here that such a change or discovery has not necessarily been made or ef-
fected by a worker located in the subregion, although it does apply to a species or a genus
occurring in the area. For the sake of brevity no attempt has been made here to mention
new locality records of species, which are not very many.

In briefly describing these discoveries relating to anophelines, as far as possible chro-
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nological arrangement has been adopted.

Baisas (1935) described the pupa of Aropheles pseudobarbirostris, and in 1938 that of
A. insulaeflorum. Sweet and Rao (1937) detected differences in the eggs of the two forms
of A. stephensi; one of which viz., mysoriensis is now regarded as a subspecies of the for-
mer. Crawford (1938) studied the pupae of Anopheles aconitus, kochi, leucosphyrus, philip-
pinensis, tessellatus, vagus, ramsayi, and maculatus which were not described before. D. Ab-
rera (1944) described eggs of A. gigas var. refutans and A. varuna. Abraham (1947) de-
scribed a new species A. kyondawensis from Burma, in larval stage, the adult being still
unknown. Reid (1949) resurrected A. elegans from the synonymy of leucosphyrus. Colless
(1956) described its egg and pupa.

Reid (1953) figured the larva and pupa of A. peditaeniatus and raised A4. hyrcanus var.
nigerrimus to the status of a species. This account will remain incomplete without men-
tion of the very detailed study by Colless (loc. cit.) of the leucosphyrus group of mosqui-
toes in Singapore, which will serve as a useful guide for workers on the group in the sub-
region.

For the culicines, as far as possible, Barraud’s arrangement of genera is adhered to
although on many occasions it has been disturbed. The additions to our knowledge made
during the period are as follows:—

The genus Megarhinus, Robineau-Desvoidy has been renamed as Toxorhynchites Theo-
bald (1901) (See 1959 Int. Comm. Zool. Nomencl. Opinion 548). Stone et al (1959)
adopted the name Malaya Leicester for Harpagomyia Meijere 1909. Stone (1957) after ex-
amining Theobald’s type of Uranotaenia atra in the Hungarian Museum discovered that
owing to the omission by Theobald (1905) in his description of the type of a very import-
ant character viz., the entirely dark postpronotum and the large dark spot in front of the
wing base on the scutum, Taylor (1914) was misled and described U. nigerrima as distinct
from atra. But since the latter name was constantly applied to a different species it be-
came necessary to resurrect a name to replace atra of authors and not Theobald. Such a
name is lateralis hence the species known as atra in the Indian subregion is actually U.
lateralis Ludlow 1905.

Theobaldia Nevcu-Lemaire is now replaced by Culisera Felt (see Stone et al, 1959). On
the discovery of the larva of Culiseta indica by Qutubuddin (1952), he constructed a key
for the identification of the larvae of the three species found in the subregion. Iyengar
(1935) described the egg of Ficalbia (Ficalbia) minima. Menon (1938) described the egg
of Ficalbia hybrida. Mattingly (1957a) described egg, larva and pupa of minima and the
larvae and pupae of chamberlaini, hybrida, luzonensis and fusca and transferred the last
species from the subgenus Etorleptiomyia to Ravenalites Doucet 1950. This subgenus, was
invalid since no type had been selected. Its author, however, validated it by selecting
F. (R.) roubaudi as the genotype (See Foreward in Mattingly, 1957a). Mattingly also
provisionally distinguished the Indian form of chamberlaini as ssp. clavipalpus Theo., and
recognised intermedia Barraud as a distinct species. F. aurea is now shown to occur in
Assam. The generic name Taeniorhynchus which was abandoned in favour of Mansonia
has been finally suppressed (See 1959 Opinion Int. Comm. Zool. Nomencl. 20 pt 17, Pp. 185-
198 London). Menon (1940) gave a synoptic table for the identification of the Indian
species of the subgenus Mansonioides. Knight and Chamberlain (1948) used a new nomen-
clature for describing the chaetotaxy of the pupae of M. uniformis, Aedomyia catasticta,
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Malaya genurostris, Armigeres malayi, Culex (Lutzia) halifaxi, and Aedes (Finlaya) niveus.
Carter (1950) described the egg of Mansonia uniformis and the larva and pupa of annuli-
fera. Bonne-Wepster (1954) figured and described the larva of M. (Cogquillettidia) crassipes.
Knight and Mattingly (1950) raised Orthopodomyia anopheloides var. andamanensis to the
status of a species, and described the larvae and pupae of albipes, flavithorax and flavicosta
using Knight and Chamberlain’s (loc. cit.) chaetotaxy for pupae. Lacasse and Yamaguti
(1950) described the pupae of M. (C.) ochracea, Aédes albopictus, Aédes (Aedimorphus) al-
boscutellaris, Culex (Lutzia) vorax, C. (Lophoceratomyia) rubithoracis, C. (L.) infantulus, (by
synonymising parainfantulus Menon with this species), Mattingly (1949) has extended its dis-
tribution to the Indian subregion), C. (Culiciomyia) pallidothorax, C. (Culex) bitaeniorhyn-
chus, sitiens, vishnui, mimeticus, whitmorei and Uranotaenia bimaculata. Sicart (1952) figured
and described the larva of Aeédes (Ochlerotatus) pulchritarsis. Knight and Laffoon (1946)
figured the pupa of Aédes (Finlaya) poicilus. Qutubuddin (1954) figured and described
the larva, pupa and the male terminalia of Aédes (Finlaya) lophoventralis. He employed
Belkin’s (1950) nomenclature for larval chaetotaxy and that of Knight and Chamberlain
(loc. cit.) for the pupal. Chow and Mattingly (1951) described the early stages of A.
(F.) albocinctus and albotaeniatus var. mikiranus and figured their male terminalia.

Knight (1947-48) described the male terminalia A. (F). chrysolineatus. Carter and Wi-
jesundra (1948) described the larvae of A. (F.) harveyi, A. (Aedimorphus) jamesi, the pre-
viously unknown larva and pupa of Hodgesia bailyi; the larvae of Culex (Culiciomyia)
edwardsi, and fuscifurcatus; and a new species Culex (Mochthogenes) campilunati. They
also discovered the adult of Tripteroides dofleini which species was known only by larva
and pupa. Bonne-Wepster and Brug (1939) described the larva, and later on Colless
(1958) described the male and larva of 4. (F.) niveoides. Peters and Dewar (1956) described
pupae of Aédes (Christophersiomyia) annulirostris, thomsoni, the larvae of Culex (Lophocera-
tomyia) plantaginis, C. (Culex) barraudi, C. (Culex) whitei, Uranotaenia compestris and an-
nandalei. Mattingly (1958a) described the larva and pupa of Aedes (Rhinoskusea) longi-
rostris. Knight and Hull (1952) described the larva of A. (Stegomyia) desmotes. Rajago-
palan (1956) described the larva and pupa of A. (S.)w-albus. Penn (1949) figured and
described the pupae of Aédes scutellaris, albolineatus, A. (Aedimorphus) vexans and those
of Culex (Lophoceratomyia) fraudatrix, uniformis, C. (Culiciomyia) fragilis, C. (Culex) siti-
ens, and Anopheles karwari. Senevet and Andarelli (1958) described the pupa and Ano-
pheles karwari. Senevet and Andarelli (1958) described the pupa of Aédes vittatus.

Mattingly (1958a) transferred Aédes ostentatio from Aedimorphs to the subgenus Pa-
raedes. According to Stone et al (1959) the subgeneric name Neomelaniconion Newstead
1907 (Feb. 1) enjoys priorty over Banksinella Theo. 1907 (Feb. 23) and therefore should
be protected. Qutubuddin (1945) published a description based on a single female (from
Hyderabad Deccan) which he identified as Aédes (Diceromyia) periskelerus which species
has been previously known only from the male sex. While it closely answered to Bar-
raud’s description of the male it differed in the head markings and the coloration of the
proboscis.

Mattingly (1959) figured and described the pupa Aédes iyengari. Stone and Knight
(1958) have given the new name of Aedes (Aédes) lankaensis to ceylonicus Edwards. Wi-
jesundara (1951) described the female of Aedes (Aédes) yerburyi which was not known
before and also described three new species of the subgenus viz., A. petroelephantus, sper-
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mathecus, and carteri the last of which is synonymised with seculafus Menon by Stone
(1956-1957). Unfortunately the descriptions are not available here to be included in the
identification key for subgenus Aédes given by Barraud (1934); sigmoides has been sunk
by Causey (1937) as the synonym of Aédes dux.

In a letter to Stone and others Mattingly (1958) suggested that Edward’s species Aédes
(Cancraedes) kanaraensis should be transferred to Diceromyia (Stone et al, 1959). Mat-
tingly (1958b) lowered the rank of the genus Paraedes Edward 1934 to that of a subgenus
under Aédes and described a new sp. Aédes (Paraedes) menoni Mattingly. Mattingly
(1957b) described a new species Heizmannia reidi from Sukna West Bengal, and figured the
larva of indica and synonymised funerea with scintillans. He is also of the opinion that
one of the two species, viz., discrepans, which Barraud had provisionally referred to the
Neotropical genus Haemagogus has its correct place in the genus Heizmannia and the other,
tripunctatus Theo., should be Aédes tripunctata. Mattingly (1949) figured the pupa of Heiz-
mannia himalayensis for the first time. Mattingly and Qutubuddin (1952) figured the unde-
scribed male terminalia of Armigeres theobaldi and conjugens, and showed these two species
to be annectant between the two subgenera Armigeres and Leicesteria. Armigeres (Leice-
steria) flavus was transferred to the subgenus Leicesteriomyia (see Stone et al, 1959). Bonne-
Wepster (1934) described the male of Armigeres (Leicesteria) annulipalpis (Theo.). Galliard
and Ngu (1949) figured the larva of C. (Mochthogenes) khazani and malayi. Baisas (1938)
described the pupa of C. (Culex) gelidus, and Colless (1955) the previously unknown larva
of hutchinsoni.

CONCLUSIONS AND DISCUSSION

Taxonomy : It is clear from the above brief review of work done since Barraud that
the number of new species added in the last twenty five years is extremely low. This re-
tardation in the pace of increase is surely not, as may be suggested, due to the fact that
exhaustive collecting has been done in the area and it held no further promise of new ma-
terial. This may be true to an extent in so far as the Indian anophelines are concerned.
On the other hand, it may be said without fear of contradiction that the set-back suffered
in respect to culicines is due to lack of efforts made during the period. Edward’s remarks
made in his Editorial Preface to Barraud’s Fauna, that many new species may be awaiting
discovery in certain parts of India, give point to this statement. This is further borne out
by the researches carried out in the contiguous Indo-Malayan subregion where efforts made
by R. M. Bohart, Baisas, Stone, Knight, Mattingly, Colless and others have proved very
fruitful and an enormous amount of new material has come to light. Some of Colless’s
(1955, 1957a, 1958) species, discovered in Singapore, belonging to the vishnui and bitae-
niorhynchus groups, particularly pseudovishnui, pseudositiens and perhaps in Aédes niveus sub-
group, and those of Mattingly’s (1957b, 1958a) in Heizmannia and Cancraedes from the
Indo-Malayan subregion may be awaiting discovery in the area. In fact Colless (1957a)
states that there is evidence of the existence of two distinct forms of vishnui in India and
closer examination of the Indian material is needed before the relationships of forms with-
in the species can finally be decided. Rao and Rajagopalan (1957) seem to have consider-
able amount of undescribed material in their collection from southern India. Moreover,
Mattingly (1957b) states that the British Museum has a number of undescribed species of
Heizmannia from Assam.
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A second fact that emerges from the above review is that barring a few publications
very little attention has been paid during this period to the taxonomy of the group by those
located in the subregion. Therefore, whatever addition is made to our knowledge is through
the labour of either the American and British workers from the United States National
Museum and the British Museum respectively or by those working in the Philippines, Jap-
an, New Guinea, and of late in Singapore. Besides this, there are still a large number of
species of which the larvae and pupae are either not isolated in the Indian subregion or
are still unknown. Nor is anything known about the first, second and the third stage
larvae of these species. Further a detailed study of even the known larvae and pupae us-
ing Belkin’s (1950, 1952) setal chaetotaxy for the larva and pupa and Knight and Cham-
berlain’s (loc. cit.) nomenclature for the pupa is yet to be made. No work on the eggs
of any group of culicine mosquitoes exists to compare with that of Christophers and Bar-
raud (loc. cit.) on anopheline eggs or that of Craig (1956) on the eggs of Nearctic aedine
mosquitoes. This state of affairs is really unfortunate particularly when we know that
Mattingly (1954b) sounded the note of caution that “final identification must await the ex-
amination of early stages and of adults of both sexes” even in the case of common species.

Apart from the solitary example of A. stephensi type and the subspecies mysoriensis
which show remarkable differences in egg measurements, biology, biting habits and trans-
mission of malaria no knowledge has been gained as to the occurrence of sibling species or
species complexes in other groups in the Indian subregion. The Culex pipiens complex has
been the subject of intensive study in Europe, America, Africa, and Australia as a result of
which many interesting facts have come to be known which throw light on the various as-
pects of its study. But still many issues need clarification. Roubaud and Ghelelovitch
(1959) have recently studied the maxillary indices of the complex in Europe. In view,
however, of the great medical importance of this group of mosquitoes and the many intric-
ate problems associated with the complex in all parts of the world, a Committee was
formed at the suggestion of Prof. Swellegrebel under the chairmanship of Mr. P. F. Mat-
tingly of the British Museum (with Prof. O. Theodor, Prof. C. Jucci, Lt. Cdr. K. L. Knight
and Dr. H. Laven as members) to report on the conclusions so far reached from previous
stuides and to recommend for future research with particular reference to standardization
of techniques and the securing of collaboration on an international basis. This committee
has made its recommendations for a world-wide study on lines suggested in the report (See
Knight, 1953). No attempt has been so far made to study this species complex in the In-
dian subregion where C. pipiens fatigans, an important member of this group, is a very
common widespread domestic mosquito and is the classical vector of filariasis in many parts
of the area. At least three intraspecific forms of this subspecies are known to occur
in the Ethiopian region (See Mattingly, 1956). Nothing is known about the existence or
otherwise of such forms in the area under discussion. Nor do we know whether C. pipi-
ens molestus, the autogenous, heterodynamic member of the complex has been introduced
also into the coastal areas of the subregion as it was into Southern Australia during the
last war. Only a large scale dissection of male terminalia and measurement of male palps
and a sustained study of the larval characters will reveal the truth about it.

Now about Aédes aegypti (L.), the equally important and perhaps almost equally com-
mon mosquito in the area. Mattingly (1957c) recognizes three distinct forms of this species,
viz., Aédes aegypti sens. str., the type form 2. Aédes aegypti ssp. formosus (Walker) 3.
A. aegypti var. queenslandensis Theo. Of these, ssp. formosus is confined entirely to



1960 Qutubuddin: Indian mosquito studies 141

Africa south of Sahara. Var. queenslandensis is reported by Barraud to occur in the Punjab
and a form resembling it from Bangalore. Mattingly (1957c) thinks it is probably com-
mon in parts of India. Since 1934 no attempt has been made to study in detail and map
the distribution of the species sems-lafo in the area. Mattingly (1957c) is inclined to
think that Barraud’s statement: ‘ Generally distributed throughout the Indian region” is
contradicted by the accompanying map itself at least in southern India where, with only
three exceptions, it has been shown to occur on or near the coast. Regarding the occur-
rence of the two forms in the Indian subregion one can deduce from Mattingly’s (1957¢c)
statement that the type form, as far as can be judged, is less common over most of the
Mediterranean area and in Australia and perhaps India than in the Indo-Malayan and
Pacific areas and in parts of the New World, and that var. queenslandensis as mentioned
above is probably common in parts of India. This has to be confirmed by a detailed
survey. Before leaving the subject of Aédes aegypti it seems worth while to mention
here that while var. queenslandensis throughout its range is purely a domestic and rural
species, wild populations of type form have been described by Haddow (1945, and 1948)
in Africa. In regard to altitudinal distribution, it is known to occur in Africa from sea
level on coastal belts to a height of 8000 ft. No data regarding its occurrence and in-
filtration into forests nor about its vertical distribution in the area under discussion are
available. For further detailed information on this very important, common, and at the
same time problematic species, the reader is referred to Mattingly (1957¢, 1958¢c).

Thus it is clear that the situation, as it stands at present, calls for a thorough study
of the distribution and taxonomy of this very important mosquito inside the area.

In regard to other data of interest to the taxonomist of the group, very little informa-
tion is recorded, for instance, in respect to the occurrence of any natural sympatric or al-
lopatric hybridizations, nor has the possibility of such a phenomenon occurring in nature
been surmised by hybridization experiments in laboratory in the area under discussion ex-
cept, of course, the single example of Anopheles subpictusxX A. vagus. While Toumanoff
(1937, 1938, 1939, 1950; See Mattingly, 1956) succeeded in obtaining hybrids by crossing
Aédes aegypti and Aédes albopictus in Indo-China, in Mac-Gilchrist’s (1913) experiments
copulations between the same species in Calcutta were found to be unproductive, suggest-
ing thereby the existance of some difference in the two populations (See Mattingly, 1956).
Hybridizations in nature are known to occur in many species in other areas, for instance,
between members of the C. pipiens group in Australia viz., molestus and globocoxitus (See
Mattingly, 1956) and amongst those of the European Anopheles maculipennis complex and
the American dark winged anophelines which have been confirmed by experimental hy-
bridization by Maryon et al (1951) and by Barr (1954) respectively.

Zoogeography :  Strictly speaking the Indian subregion as shown in the Eagle Clarke
and Grimshaw’s Atlas of Zoogeography includes the whole of W. Pakistan, a part of
southern Iran represented by a tongue-like coastal strip reaching the Persian gulf, and
the whole of India (excluding a portion of Assam), E. Pakistan and Ceylon. Thus the
area under review slightly differs from the Indian subregion in as much as while from the
former the strip from Persia is excluded, the whole of Assam and Burma are included
in it. This is precisely the area treated by Barraud as ‘ British India” for the purpose
of his work on the megarhines and culicines although he has also given the distribu-
tion of a large number of species outside this area. The zoogeography of the mosqui-
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toes of the area, which contains half of the total number of oriental species in so far as
culicines are particularly concerned, is imperfectly worked out. About 30 % of the species
occurring in the area are known to be endemic to it. The rest of the fauna is eastern
Oriental in character with an admixture of Palaearctic and Ethiopian species in the north
and west and with Malayan or eastern Oriental element in the southern, eastern and north-
eastern regions (See Barraud, 1934). In the north the Mediterranean element is repre-
sented by a number of species ( See Mattingly, 1957¢) and more precisely various south-
western species not found elsewhere unless in Assam show Malayan affinities (Mattingly
in litt). A very thorough study will be necessary before we have a clear picture before
us in respect to the affinities of the Indian mosquito fauna with the Palaearctic and Ethi-
opian on the one hand and the Indo-Malayan and Indo-Chinese subregions on the other.
Secondly the distribution records of various species within the area are not numerous
enough to permit demarcation of faunal provinces and districts as exemplified by mosqui-
toes as, for instance, has been done in case of the Ethiopian subregions. Last though not
least, no attempt whatsoever has been made to study mosquito distribution in the area in
relation to the geological formations which, in case of certain very important species of
the genus Aedes, are known to have very distinct correlation.

In conclusion it may be briefly pointed out here that in view of the various gaps
envisaged in the mosquito taxonomy of the area, the fauna stands in dire need of revision
and checking at the hand of the works accomplished during the last twenty five years in
other parts of the world, some of which have been mentioned above. This revision will
have to be done with the modern dynamic rather than the time-honoured static concept of
species in mind. To explain this I can do no better than to quote Bates (1945): “ Part
of the species problem then consists in determining what is meant by the term. If the
definition “sexually isolated populations” is accepted, the recognition of species in a given
locality depends on the discovery of morphological discontinuities serving to mark this
sexual isolation. Experimental procedures are necessary where there is doubt as to the
significance of the morphological discontinuities or where anomalies in behaviour indicate
the possibility of cryptic species. The question next arises: How did the sexual isolation
of these species come about? which is essentially the problem of the origin of species.
This also involves taxonomy, because we need not only recognize the end stage of sexual-
ly isolated populations, but also to recognise intermediate partially isolated populations
— subspecies — and to deal in some manner with intraspecific variation. ”
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