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INTRODUCTION
Carolous Linnaeus published his first edition of Systema Naturae in the year
1735 wherein he outlined the hierarchial classification of the animal kingdom and the
plant kingdom. He expanded his work through a number of editions culminating in
the voluminous 3000 pages, final and thirteenth edition in 1767. All through this work
several revisions in the classification were also made. For example, whales which
were classified as fishes in the first edition were placed in mammals in the tenth
edition published in 1758. This tenth edition also introduced the “binomial
nomenclature” that paved the way for naming and describing more and more species.
Taxonomic revision is thus as old as Systema Naturae itself, yet with the addition of
more species and the study of their relationship, revisionary work of various groups of
organisms remains a dynamic and continuous process.

Mosquitoes, like other forms of animal life, have evolved from primitive types
which have become dispersed, and by adaptive radiation have speciated as they have
exploited available niches throughout the world (Nielsen, 1980). Linnaeus, however,
classified mosquitoes as Culex, and referred 6 species to that genus, only 2 of which
are accepted as mosquitoes today. This was because Linnaeus’ concept of the genus
Culex included not only mosquitoes, but also biting gnats, black flies, and dance flies
(Barr, 1986). Mosquitoes at that time were more of a nuisance though, until they were
recognized as vectors of disease following the demonstration of the development of
filarial larvae in them by Sir Patrick Manson in 1879, the development of malarial
parasites in them by Sir Ronald Ross in 1899, and the transmission of yellow fever
virus by them by the Reed Commission (Reed and Carroll, 1901). These classical
discoveries established the discipline of medical entomology and the study of
mosquitoes increased enormously with mosquito systematics gaining more emphasis.

The intense study of mosquitoes that took place throughout the world at that
time has been chronicled in the Monograph of the Culicidae of the World, published
by Theobald from 1901 to 1910. Edwards (1932) reclassified the world mosquitoes by
using biological characters and reduced the number of genera, placed all the malaria
transmitting mosquitoes in the genus Anopheles, and raised many subgenera in the
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genera Aedes and Culex. Belkin’s Mosquitoes of the South Pacific (1962) set a new
standard for systematic studies of mosquitoes. No mosquito fauna elsewhere in the
world has been studied and analyzed as thoroughly as that of the South Pacific
(Zavortink, 1994).

Taxonomic revisions produced by projects like the “Mosquitoes of Middle
America” (Heinemann and Belkin, 1978) and the “Southeast Asia Mosquito Project”
(1961-1966), have made known the diversity of mosquitoes in these regions.
Taxonomic revisions such as these at regional level generate data that will ultimately
lead to the development of a natural classification. That classification will, in turn,
suggest innumerable hypotheses that can be tested by studies at the gamma level of
taxonomy, and may provide some basis for understanding the interrelationships
between mosquitoes and the diseases-causing organisms they vector (Zavortink,
1990).

The recent changes in the classification of the genus Aedes made by Reinert
(2000), however evoked considerable debate on nomenclatural changes among
researchers and public health personnel. Nevertheless, subsequent exhaustive works
on the phylogeny and classification of Aedini mosquitoes (Reinert et al., 2004, 2006,
2008) have shown the importance of mosquito revisionary studies. Such studies have
been done earlier also for various groups of mosquitoes in different parts of the world
(Berlin 1969, Peyton 1977, Sirivanakarn 1976, 1977). But in India, the classical
volumes of the Fauna of British India on the Culicidae by Christophers (1933) and
Barraud (1934) have been the only exhaustive work on the mosquitoes of India.
Though mosquito control in India has relied on these works, particularly for the
identification of vectors, there has been no major revision of mosquitoes, except for
that on the Anophelines (Rao 1981) which was more a consequence of the problems
posed by malaria and the need for its control. The Culicines continue to remain
neglected in this aspect, but for the limited taxonomic studies and the description of
new species (Reuben 1969, Bhat 1988, Tewari and Hiriyan 1991, 1992, 1996; Rajavel
1996).
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Among the Culicines, the subgenus Lophoceraomyia of genus Culex is most
enigmatic because of the difficulty in identifying the female of the members of this
subgenus, particularly in the absence of associated larval material. The subgenus
forms a significant element in the culicid fauna of the Indomalayan area (Colless
1965) but the larval stages of many of the species still remain unknown. Studies on
the taxonomy and also on the distribution of species of this subgenus expanded since
the record of some unidentified species with natural infection of four different
arboviruses in Malaysia (Anon 1960). Notable among them are of Colless (1965) in
Malaya, Sirivanakarn (1968) in New Guinea and Bismarck Archipelago, Tanaka et al.
(1979) in Japan and Korea, and Bram and Rattanarithikul (1967) in Thailand.

The only major revision of the subgenus was done for the Oriental region by
Sirivanakarn (1977). This broad regional revision was possible because of the
availability of considerable amount of Lophoceraomyia material from various parts of
the Oriental region collected in the Southeast Asia Mosquito Project (SEAMP), and
the various types and topotypic specimens of species from India, Sri Lanka and other
countries at the British Museum (Natural History) and the U.S. National Museum.
Only 14 species were found to be distributed in India, while 9 new species were
described from material examined from other countries in this revision, in which a
total of 58 species were recognized for the Oriental region. This reflects the highly
limited and localized collections done in India compared to the SEAMP. Subsequent
additions to Lophoceraomyia in India were only 7 species, namely, Cx. lasiopalpis,
Cx. raghavani, Cx. pholeter (Reuben et al. 1993), Cx. quadripalpis (Bhattacharyya et
al. 2003), Cx. wilfredi, Cx. pilifemoralis (Rajavel et al. 2005) and Cx. inculus (Rajavel
and Natarajan 2008).

Considering the emerging and re-emerging viral infections and the spread of
fevers of unknown origin in epidemic proportions, it is reasonable to doubt that
mosquito species other than the known vector species of common vector-borne
diseases may be involved in the transmission of such arboviruses. The ability of
species of Lophoceraomyia to harbour natural infection of viruses renders the group
vulnerable for such a situation. Updated information on the species occurring in the
country together with taxonomic treatment of the species and keys for their
identification is a primary requirement for tackling such eventualities. A revision of

4
the subgenus Lophoceraomyia in India which is highly warranted is attempted in this
study with the following objectives.
1. To validate the species of subgenus Lophoceraomyia occurring in India.
2. To diagnose, describe and illustrate all available stages of different species of
the subgenus in India.
3. To revise and formulate keys for identification of all Indian species of the
subgenus.

5

REVIEW OF LITERATURE
Mosquito is a Spanish word meaning "little fly", and its use dates back to
about 1583. Before then, they were called "biting flies" in English, but the term
"mosquito" was adopted to prevent confusion with the house fly. The word derives
from Sanskrit maksh (fly) via the Latin word musca (fly) and the Italian moschetta or
Spanish mosquito (little fly). The oldest known mosquito with a basically modern
anatomy was found in 79 million year old Canadian amber and is considered as the
first undeniable record of this group from the Cretaceous Period (Poinar et al. 2000).
Culiciformes Meigen, 1818 is the earliest family group name that established the date
of priority for Culicidae and all mosquitoes are today placed in the Family Culicidae.
However, it was Linnaeus (1758) who first gave the scientific name to mosquitoes by
erecting the genus Culex to include what he considered as mosquitoes. Of these only
two are known today as true mosquitoes and have valid names, viz: Culex pipiens L.
1758 and Aedes aegypti (L.) 1762. The latter had actually been named Culex aegypti
by Linnaeus. The family Culicidae is a large and abundant group which occurs
throughout temperate and tropical regions of the world, and well beyond the Arctic
Circle. The family today includes 3,524 species which are divided among two
subfamilies and 113 genera. The subfamily Anophelinae has three genera and
Culicinae has 110 genera divided between 11 tribes. This current taxonomic status of
mosquitoes is the outcome of numerous faunal studies and taxonomic revisions that
have been done by several workers over the past decades, probably starting from the
time of Linnaeus himself.

Taxonomic History and Classification of Culicidae

As insects, the mosquitoes besides being a group of interest to the
entomologists, gained considerable significance as carriers of disease, with the
classical discoveries of Manson (1879), Ross (1899) and Reed and Carroll (1901) that
established their involvement in the transmission of filaria, malaria and yellow fever,
respectively. The impetus given by these discoveries led to intensive studies to record
the species diversity of mosquitoes in different regions of the world which resulted in
the publication of several monographs and catalogues. Brunetti (1907) compiled an
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annotated catalogue to provide a systematic list of the mosquitoes recorded from the
Oriental Region, which included works spanning from that of James (1889) to Banks
(1906). This catalogue also includes the work on the “Anopheles Mosquitoes of India”
by James and Liston (1904) that deals with the distribution and classification of Indian
species of Anopheles, besides providing notes on the eggs, larvae, habitats, collecting,
mounting and preserving of specimens. Contemporary to this catalogue is the
monograph of Culicidae of Malaya published by Leicester in 1908.

The British Museum (Natural History) employed Fred. V. Theobald in 1899
whose work by its magnitude holds prior place in the literature of family Culicidae.
As a consequence of his studies many new generic names were introduced in an effort
to classify numerous new species into seemingly natural groups. Beginning from his
report on the collections of mosquitoes received at the British Museum in 1900,
Theobald went on to publish between 1901 and 1910 the 5 volumes of ‘A Monograph
of the Culicidae or mosquitoes’. This monograph provides a lengthy list of works and
essays, extensive information on life history, food, habitat, natural enemies and
geographical distribution of the mosquitoes of the world. Nevertheless, the splitting of
mosquitoes into many genera by Theobald who placed the 1,050 species known to
him in 149 genera rendered his classification neither practical nor natural.

Significant changes were made toward a much more conservative system of
classification during the following two decades. This was possible due to the
extensive collections and descriptions of mosquitoes made during this period,
remarkable among them being the works of Edwards who published a series of papers
from 1911 to 1932. Notable among these works were the “Synopsis of the species of
African Culicidae other than Anopheles” (Edwards, 1912), “Revision of the
mosquitoes of the Palearctic region” (Edwards, 1921), “Synopsis of adult Oriental
Culicine mosquitoes” (Edwards, 1922a, 1922b), “Synopsis of the adult mosquitoes of
the Australian region” (Edwards, 1924) and the compendium of all his works
published as the “Genera Insectorum. Family Culicidae” (Edwards, 1932). In this
master treatment Edwards included the study of immature stages as well, along with
the biological characteristics of the species that made it possible for him to develop a
conservative system of classification of Culicidae, thus reducing the enormous
number of generic names in use to a relative few. This treatment placed all the vectors
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of human malaria in the genus Anopheles rather than in many genera recognized by
Theobald and also accorded the same treatment to Culex and Aedes, reducing the
number of genera from 149 to 30.

Almost during the same period, mosquitoes of the Oriental region, particularly
that of the British India, were investigated extensively by Barraud who brought out
“A Revision of the Culicine Mosquitoes of India” in 26 parts through publications
spanning from 1923 to 1929. In these revisions many new species were described,
besides descriptions made of larvae for many of the species. He compiled his work
and including the treatment of Culicidae by Edwards (1932) and Senior White (1923),
published his classical volume of ‘Diptera. Family Culicidae’, in the “Fauna of British
India including Ceylon and Burma” (Barraud, 1934). It was during this period that
biological characteristics became an important element in the classification giving rise
to the concept of the biological species in mosquito classification.

The comprehensive works of Howard, Dyar and Knab (1912-1917), Dyar
(1928) and Matheson (1944) contributed to the knowledge of mosquitoes of North
America, but it was Carpenter and LaCasse (1955) who brought together this
information in the form of a monograph to fulfil the need of the systematic
entomologist. The arrangement of genera and species in this monograph closely
followed the classification of Edwards (1932). Belkin, while reviewing the crab-hole
mosquitoes of the Neotropical region, realized that the knowledge of the mosquitoes
found in the New World tropics was very limited. He therefore organized a project on
the “Mosquitoes of Middle America” that began in 1962 and continued till 1980 and
through which many papers on Neotropical mosquitoes were published.

Belkin’s contribution to the classification of Culicidae was, however, made
much earlier when he published the monograph on “Mosquitoes of the South Pacific”
(Belkin, 1962). This work is considered as the best example of a modern taxonomic
study of an entire mosquito fauna as it includes all three levels of taxonomic study.
There is alpha taxonomy, represented by the description of many new species, the
resurrection of many species from synonymy, and description of many previously
unknown stages. There is beta taxonomy, represented by the careful comparison of
mosquito species and their classification into tribes, sections, genera, subgenera,
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groups, and complexes. This classification was done largely on the basis of
comparative morphology, but distribution and ecology also were taken into
consideration. Finally, there is gamma taxonomy, represented by Belkin’s attempts to
explain the evolution of the mosquito fauna of the South Pacific.

The value of the classification of Culicidae developed by Belkin (1962) and its
robustness is evident from the following passage in the review of taxonomy,
classification and phylogeny of Culicidae by Harbach (2007). “Edwards (1932)
included dixid and chaoborid midge as subfamilies of Culicidae and regarded the
“true mosquitoes’ as members of a third subfamily, Culicinae. He recognized three
tribes within Culicinae, i.e. Anophelini, Toxorhynchitini (as Megarhinini) and
Culicini, and divided the tribe Culicini into five groups, i.e. Sabethes, Uranotaenia,
Theobaldia, Aedes and Culex. Stone (1957) removed Dixidae and Chaoboridae from
Culicidae and restricted family Culicidae to the Culicinae of Edwards (1932). This
brought about changes in subfamily and tribal designations that were adopted by
Stone et al. (1959) in their world catalogue of mosquitoes. This classification
recognized subfamilies Anophelinae, Culicinae and Toxorhynchitinae, and two tribes
within Culicinae, the Culicini and Sabethini. Belkin (1962) disagreed with this change
and retained Edwards’ subfamily structure, but reorganized the classification of
Culicinae (“true mosquitoes”) to include 12 tribes instead of three. He retained
Anophelini and Toxorhynchitini and recognized ten tribes in place of Edwards’
Culicini. At least some authors (e.g. Belkin et al. 1970) continued to treat dixids and
chaoborids as subfamilies of Culicidae until Knight and Stone (1977) once again
excluded them from the family. This action resulted in the recognition of three
subfamilies, i.e. Anophelinae, Culicinae and Toxorhynchitinae, and the division of
subfamily Culicinae into the 10 tribes established by Belkin (1962). Mattingly (1969,
1971, 1981), however, was unwilling to accept the division of Culicinae into 10 tribes
and consequently followed Stone et al. (1959) in recognizing only two, i.e. Culicini
and Sabethini. Service (1993) utilized Mattingly’s tribal divisions as a matter of
convenience, but for the most part mosquito taxonomists accepted all of the tribal
groups introduced by Belkin, including Toxorhynchitini (Harbach & Kitching, 1998;
Mitchell et al. 2002). Leaving aside the controversial proposals of Reinert et al. (2004,
2006) to divide tribe Aedini into 63 genera instead of 12, surprisingly few changes
have been made in the recognition of mosquito genera since Edwards (1932)”.
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Parallel to the Mosquitoes of the Middle America Project was the Southeast
Asia Mosquito Project (SEAMP). Beginning in 1961, a major study of the mosquito
fauna of Thailand was undertaken by the United States Army Medical Component –
Southeast Asia Treaty Organization, Bangkok, in connection with studies on a number
of mosquito-borne diseases. It rapidly became abundantly clear that a major revision
of the mosquito fauna of the entire area would be needed. The SEATO collections
became the nucleus for the Southeast Asia Mosquito Project. The Project was
formally organized at the United States National Museum in October 1964 (De
Meillon, 1969).

This project was instrumental in documenting valuable information of
mosquitoes, many of them medically important, besides description of many of the
unknown life stages of different species, and the distribution and ecology of many
mosquito species. Such information together with the vast mosquito material
accumulated for the study made it possible to bring out State or regional level
revisions of mosquitoes like those of Bram (1967a), Delfinado (1967, 1968), Reinert
(1970), Sirivanakarn (1972), and Huang (1972). Tanaka et al. (1979) made a revision
of the mosquitoes of Japan (including the Ryukyu Archipelago and the Ogasawara
Island) and Korea. Besides these, the mosquito fauna of the Philippines have been
extensively covered in a monograph by Basio (1971). State and regional level
revisions of mosquitoes are valuable and extremely useful to studies in mosquito
biology and control in the particular areas involved and each can contribute valuable
information to the overall picture of mosquito biology and distribution (Nielsen,
1980). So, not only in the Southeast Asian region, but also in other parts of the world
such revision of mosquitoes have been done, like that of Evenhuis and Gon (1989)
who up dated the list of mosquito species in the Australian / Oceanic region to over
600 valid species.

Revision of mosquitoes at sub-generic level also gained prominence due to the
importance of several subgenera being medically important. Reinert (1974) made a
new interpretation of the subgenus Verrallina of the genus Aedes, while the subgenus
Anopheles was revised in Thailand by Harrison and Scanlon (1975). A revision of the
subgenus Culex in the Oriental region was done by Sirivanakarn (1976). Huang
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(1977, 1979) made notable contributions on subgenus Stegomyia of genus Aedes in
the Oriental region, while Huang and Hitchcock (1980) revised the Aedes scutellaris
group of Tonga. A revision of the subgenus Paraedes of the genus Aedes was done by
Reinert (1981). Eldridge (1974) observed that the taxonomy of mosquito vectors must
be understood thoroughly before mosquito-borne diseases can be understood or
controlled. Some of the group and subgroups of mosquitoes which are medically
important have also been extensively studied in this regard. The subgroup vishnui in
the subgenus Culex is comprised of important vectors of Japanese encephalitis (JE),
the identification of which is very difficult. Reuben et al. (1994) studied this subgroup
and prepared a key to identify the species of this complicated subgroup. Harrison
(1980) has studied the important minimus group of Myzomyia series of subgenus
Cellia and resolved the taxonomic status of the different species, together with the
distribution and bionomics in Southeast Asia. Chen et al. (2002) carried out molecular
and morphological studies on the minimus group in southern China and have
elucidated its taxonomic, distributional and vectorial status. Another important group
that comprises malaria vectors in Southeast Asia is the Leucosphyrus group, a
taxonomic revision of which has been made by Sallum et al. (2006).

Among the revisions of several subgenera of genus Culex done by
Sirivanakarn (1972, 1976, 1977), the revision of the subgenus Lophoceraomyia in the
Oriental region (Sirivanakarn, 1977) is significant due to the reason that identification
of the females of this subgenus is very difficult, particularly in the absence of
associated larval material. Record of some unidentified species of this subgenus with
natural infection of four arboviruses in Malaysia, Bakau (MM-2325), Ketapang (MM2549), Bebaru (MM-2354) and Lahore (a strain of Bakau No.114) (Anon. 1960),
intensified studies on this subgenus. Notable among them are of Colless (1965) in
Malaya, Bram and Rattanarithikul (1967) in Thailand, and Sirivanakarn (1968) in
New Guinea and Bismarck Archipelago.

With more than 520 viruses registered in the International Catalogue of
Arthropod-Borne Viruses, somewhat less than half having biological relationships
with mosquitoes, about 100 known to infect humans (Mullen and Durden, 2002), it is
likely that several of the mosquito groups, other than the well known vectors, may be
involved in the viral disease cycles. Such a possibility, in the light of the view that it is
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probable that certain Lophoceraomyia species play an important role as a natural
reservoir of arboviruses (Sirivanakarn, 1977), emphasises the need for revisionary
studies of this subgenus in different parts of its distribution.
Distribution of subgenus Lophoceraomyia

Based on extensive studies, Colless (1965) has postulated that the subgenus
originated in Southeast Asia as a derivative of the stem that includes the subgenera
Neoculex, Mochthogenes and Culiciomyia. Belkin (1962) considered the subgenus as
significant in South Pacific Island and appears to replace Neoculex in the
Indomalayan region and the tropical portion of the Australasian region.

The subgenus Lophoceraomyia is confined to the Old World and is
predominantly Oriental, Indomalayan and Australasian in distribution (Belkin, 1962).
The subgenus occurs over a large area, centered on Malaya, covering all the Oriental
and Australasian regions (except New Zealand), and extending north into Japan and
eastern China and east into Oceania (Colless, 1965). It also occurs in islands of the
Western and South Pacific (Sirivanakarn, 1968). Majority of these occur in Southeast
Asia and neighbouring areas where they form one of the common elements of the
culicids of tropical rain forests and its westernmost limit appears to be in India and
Pakistan and it has never been reported further to the west in the Middle East and the
Ethiopian region (Sirivanakarn, 1977).

There are 111 species reported in different parts of its distribution covering
Australia, Indonesia, Papua New Guinea, Solomon Islands, Timor, New Britain, New
Ireland, China, Japan, India, Nepal, Pakistan, Singapore, Philippines, Sri Lanka,
Cambodia, Taiwan, Thailand, Vietnam, Malaysia, Burma, New Hebrides, Caroline
Islands, Bismarck Archipelago, Hongkong and Maldives Islands.

In the South Pacific region where mosquito species have been studied from
early period (Paine and Edwards 1929, Iyengar 1955) only two species of
Lophoceraomyia were known (Stone et al. 1959), but Belkin (1962) described ten
new species in this region. Similarly in the New Guinea and Bismarck Archipelago
region where only 11 species were known to occur (Brug 1932, King and Hoogstraal
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1955, Colless 1959a), Sirivanakarn (1968) described 33 forms that included 21
additional new species and 3 new records for this region. In the Oriental region where
the subgenus is more predominant, studies on mosquito fauna in different countries
such as Malaya (Macdonald 1957, Colless 1965), Thailand (Bram and Rattanarithikul
1967, Delfinado 1967), Philippines (Basio 1971, Delfinado 1966), and Sri Lanka
(Barraud 1934, Carter 1950) updated the species of Lophoceraomyia in different parts
of the region, but it was Sirivanakarn (1977) who made a major revision, recognized
58 species of Lophoceraomyia from the Oriental region that included description of 9
new species.

Taxonomic history and classification of subgenus Lophoceraomyia

Theobald (1905a) proposed Lophoceraomyia as a distinct genus, with
uniformis Theobald, 1905 as its type and the only included species. The spelling of
this name in the original reference is Lophoceraomyia, but this was altered later by
Theobald, in his Monograph, to Lophoceratomyia. The latter spelling was followed up
to Barraud (1934), but based on its priority, the spelling Lophoceraomyia came to be
used by Mattingly (1949), and the same is followed until now. Many of the species
that are now recognized as Lophoceraomyia were kept by Theobald (1905b) in his
different

genera such as Culiciomyia,

Cyathomyia,

Philodendromyia,

and

Melanoconion.

Edwards (1917) reduced the genus Lophoceratomyia to a subgenus of genus
Culex. The subgenus was also subdivided into three groups by Edwards (1932) based
primarily on the male antenna and palpus as follows:
Group A (minutissimus group). Torus of male antenna without prominence;
flagellomeres 5 to 7 without scale tufts; palpus simple.
Group B (fraudatrix group). Torus of male antenna without prominence;
flagellomeres 5 to 10 with scales tufts; palpus with a pair of basal processes.
Group C (mammilifer group). Torus of male antenna with prominence; flagellomeres
5 to 7 with scales tufts; palpus reduced in length.
Later, Edwards (in Barraud 1934) suggested a modification of this scheme by
combining groups A and B into one group (fraudatrix) and subdividing group C to
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separate the pitcher plant breeding species from those which breed in rock pools, tree
holes and bamboos.

Barraud (1934) suggested that the species of subgenus Lophoceratomyia may
be classed in three groups, according to their breeding habits, and also due to the
structural distinctions between these groups: (1) Those which breed only in ground
pools and have the torus of male antenna simple, without blunt prominence on inner
side; palpi of male longer than proboscis, with last two segments usually distinctly
hairy; proboscis of male usually with a row of stiff bristles beneath at base. This
group includes minutissimus, seniori, cinctellus, rubithoracis, and fraudatrix among
Indian species. (2) Those which breed mainly in rock pools, tree holes, or bamboos,
and have the torus of male antenna with a blunt prominence on inner side; palpi of
male as long as proboscis or longer, but with few or no hairs at tip; male proboscis
without stiff bristles at base beneath. This includes the remainder of the known Indian
species. (3) Those which breed mainly or exclusively in pitcher plants, have a blunt
prominence on inner side of torus of male antenna, and palpi of male shorter than
proboscis and bare. This includes six Oriental species but none of these are known to
occur in India.

Belkin (1962) in his treatment of subgenus Lophoceraomyia of the South
Pacific followed the subdivisions of Edwards (1932) and recognized all the South
Pacific species as belonging to group B (fraudatrix group). Further, he attempted to
group the different species into complexes and considered that the South Pacific
species of Lophoceraomyia fall into 4 or possibly 5 complexes: (1) the buxtoni
complex, (2) the bergi complex, (3) the solomonis complex, (4) the hurlbuti complex,
and (5) the Santa Cruz complex. He also considered that much of the speciation in the
South Pacific Lophoceraomyia may have occurred through hybridization of members
of the different complexes.

Colless (1965) in his study of subgenus Lophoceraomyia in Malaya preferred
to recognize only two major groups, with the second divided into two subgroups. He
felt that this scheme, although more complex, illustrates the trend towards increased
specialization in morphology and larval habitat, without obscuring the fundamental
cleavage into two groups which differ so markedly in morphology and biology. Group
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A (fraudatrix Group) usually inhabit ground water and occur in Oriental and
Australasian Regions, while Group B (mammilifer Group) inhabit containers
(including rock pools, but rarely in ground water) and occur in Oriental region only.
The Group B was subdivided into subgroup B1 (mammilifer Subgroup) inhabiting tree
holes, bamboo stumps, palm axils, rock pools, etc. and subgroup B2 (brevipalpus
Subgroup) whose habitat is the pitcher plants, or rarely in plant axils. In addition,
Colless also considered that there are several well-marked groups to which the term
“sibling species” might well be applied. He drew attention to the following groups: (a)
variatus, cubitatus, (b) minor, bicornutus, (c) traubi, ganapathi, (d) brevipalpus,
eminentia, lucaris, acutipalpus, for the reason that in each group, morphological
differences are exceedingly slight, but, in the first three groups at least, there is
evidence of distinct differences in larval habitat. He was of the view that they should
provide useful subjects for research into the problem of how such sibling species
originate and coexist in nature.

Sirivanakarn (1968) in his revision of the subgenus Lophoceraomyia in New
Guinea and Bismarck Archipelago considered the subdivision of Lophoceraomyia
into 2 major groups by Colless (1965) to be a sound one. However, he maintained that
a great deal of diversity and discordance is evident within both groups, when features
of all stages are considered as done in his study. He, therefore, recognized a number
of more or less distinct species complexes representing what he believed to be
separate lineages or phyletic lines and placed them in either the mammilifer or the
fraudatrix group. The presence of a prominence or similar modification of the male
torus, considered to be diagnostic for the mammilifer group by Edwards (1932) and
Colless (1965) was regarded as being of secondary importance in the Australasian
region by Sirivanakarn (1968). He observed that this particular character seems to be
well developed in a limited number of lineages represented in the Oriental region but
is absent in 3 species from New Guinea which share with mammilifer a number of
much more basic and significant features in the male phallosome, palpus and
proboscis. Thus the mammilifer group was considered to include several different
lineages, only some of which are characterized by modifications of the male torus.
Accordingly, in New Guinea the mammilifer group was considered to be represented
by three distinct subgroups, namely, mammilifer, bolii and digoelensis. The fraudatrix
group was also considered to be comprised of at least 10 different complexes.
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Sirivanakarn (1977) based his revision of the subgenus Lophoceraomyia in the
Oriental region on the study of about 8,000 specimens and recognized 58 species. He
considered these species to apparently fall into 3 natural groups: Fraudatrix,
Mammilifer and Wilfredi, on the basis of the male phallosome, antennal pedicel,
palpus and proboscis. He removed the species wilfredi from the Mammilifer Group
and along with two other species formed the Wilfredi Group. The Fraudatrix Group
was subdivided into 2 subgroups: Minutissimus and Fraudatrix. The latter was further
split into 7 complexes: seniori, cinctellus, rubithoracis, inculus, quadripalpis,
variatus and alphus. The Mammilifer Group was divided into 2 subgroups:
Mammilifer and Brevipalpus. The Mammilifer Subgroup was again split up into 8
complexes: impostor, traubi, mammilifer, ganapathi, minor, peytoni, pholeter and
flavicornis while the Brevipalpus Subgroup was divided into 5 complexes: navalis,
hewitti, jenseni, brevipalpus and curtipalpis.

In his revision of the subgenus Sirivanakarn (1977) also made the following
taxonomic changes: (1) synonymizing pachecoi Baisas 1935 with quadripalpis
(Edwards 1914); (2) resurrecting bicornutus (Theobald 1910) from the synonymy
with minor Leicester 1908 proposed by Bram (1967a); (3) synonymyzing hui Lien
1968 with spiculosus Bram and Rattanarithikul 1967; (4) synonymyzing fuscosiphonis
Bram and Rattanarithikul 1967 with demissus Colless 1965 (5) synonymyzing
plantaginis Barraud 1924 with minor (Leicester 1908); and (6) relegating barkerii
(Theobald 1907), bernardi (Borel 1926) and mindanaoensis Baisas 1935 to nomina
dubia. Several new species were also recognized for the Oriental region: alorensis
from Alor, Indonesia; paraculeatus from Sabah, Malaysia and the Philippines;
aestivus from Sabah, Malaysia; gracicornis from Peninsular Malaysia; pairoji from
Thailand; impostor from North Borneo, Malaysia; wardi and lasiopalpis from Sri
Lanka and hirtipalpis from northern Thailand. The classification of Lophoceraomyia
into groups, subgroups and complexes by Sirivanakarn (1977) forms the backbone of
the present day classification of the subgenus.

Subgenus Lophoceraomyia in India
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Mosquitoes have been known from India from very ancient time, both as a
cause of nuisance and human disease. Early mosquito records of the British India
included Ceylon and Burma, and mainly comprised of collections made by Giles
(1901), Liston (1901), James (1902), Cogill (1903), James and Liston (1904),
Edwards (1932), Senior White (1923), and Covell (1927). Most of these pertained to
the Anopheline species due to the severity of malaria in those days and the need for
study of the mosquitoes that transmit malaria. An up to date account on the species
and varieties of Anophelini recorded from the Indian area until 1933 was provided in
the Fauna of British India volume by Christophers (1933). A similar treatment of the
Culicini was done by Barraud (1934). Prior to this, in his revision of the Culicine
mosquitoes of India published in 26 parts, the Indian species of the subgenus
Lophoceraomyia has been dealt in Part 15 by Barraud (1924), which gives the earliest
information on the species of this subgenus in India.

A total of 8 species of subgenus Lophoceraomyia, namely minutissimus,
fraudatrix (as fraudator), cinctellus, uniformis, mammilifer, minor, flavicornis and
plantaginis were recognized as occurring in India by Barraud (1924). From the
localities in India, where each of these species have been recorded, it is evident that
uniformis, mammilifer and fraudatrix were the earliest known species of
Lophoceraomyia in India, as these have been collected in 1911 from Mount Harriet of
the Andaman Islands. The earliest known type locality for Lophoceraomyia in India
was that of flavicornis from the Nilgiri hills in 1915. Barraud (1934) added 2 more
species, seniori and rubithoracis and 1 variety as minor var. bengalensis to the Indian
list of Lophoceraomyia.

Further addition to the Lophoceraomyia of India was made only after a decade
when Menon (1944) described a new species parainfantulus, which was however,
later synonymised with infantulus by Mattingly (1949). Nearly after two decades
Rahman et al. (1968) described a new species raghavanii from the Nilgiri hills.
Sirivanakarn (1977) considered this as a nominal form but did not include it in his
revision of the Oriental species as it was not possible for him to determine whether or
not it is really distinct from flavicornis for want of material for study and due to the
reason that the type locality for both the species were same. Later, however, the
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identity of raghavanii as a distinct species was confirmed from collections made in
the Silent Valley in the Western Ghats of India (Reuben et al. 1993).

Colless (1965) added macdonaldi to the list of Indian Lophoceraomyia from
Golaghat of Assam and also elevated minor var. bengalensis to species status as
bengalensis. He also suggested that plantaginis may be a synonym of minor, based on
the characters of antenna and terminalia which he found to be identical with minor.
He also maintained that most or all of Barraud’s specimens of “minor” used by him
for comparison with plantaginis, belonged to the closely related bicornutus. Later,
plantaginis was synonymized with minor by Sirivanakarn (1977).

In the course of examination of specimens deposited by the Southeast Asia
Mosquito Project and types and topotype specimens from India in the British Museum
(Natural History), for revision of the Lophoceraomyia in the Oriental region,
Sirivanakarn (1977) added one more species, peytoni to the list of Indian
Lophoceraomyia which had been collected from the Andaman Islands.

Barraud (1934) included fraudatrix in the list of Indian species of
Lophoceraomyia based on the comparison with characters of the type material from
New Guinea. Colless (1959a) drew the conclusion that fraudatrix is almost certainly
confined to the Australasian Region and does not in fact occur in Malaya. In his
revision of the subgenus in Malaya, Colless (1965) resurrected variatus as a distinct
species, which was followed by Sirivanakarn (1977) who maintained that only
variatus is present in the Oriental region. Accordingly, the fraudatrix of Barraud in
India is truly variatus (Sirivanakarn, 1977).

Barraud (1934) included minor in the list of Indian Lophoceraomyia with a
foot note to the effect that ‘the Indian specimens had a small dense patch of minute
hairs on each side of the proboscis near base, and a number of longer curved hairs
laterally and on under surface of proboscis before middle, characters which were not
present in the Malayan specimens’ based on which he determined minor. Colless
(1965) on examination of the specimens, maintained that Barraud’s (1934) records of
“minor” from North Kanara and Bombay Deccan refer to bicornutus, and the footnote
of Barraud (1934) clearly refers to that species.
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The subgenus Lophoceraomyia in India thus included 15 species namely,
bengalensis, bicornutus, cinctellus, flavicornis, infantulus, macdonaldi, mammilifer,
minor, minutissimus, peytoni, raghavanii, rubithoracis, seniori, uniformis, and
variatus. Subsequent additions to Lophoceraomyia in India were from mosquito
faunistic studies done by various workers in different parts of the country. From
mosquito collections made in the Western Ghats, lasiopalpis was recorded from
Nilgiri hills, Tamilnadu, and pholeter from Coorg, Karnataka by Reuben et al. (1993).
In the Northeastern region, Bhattacharyya et al. (2003), recorded quadripalpis from
mosquito collections made in Assam. Rajavel et al. (2005) recorded the occurrence of
two species, wilfredi and pilifemoralis in the Jeypore hills tracts of Orissa and Rajavel
and Natarajan (2008) added inculus from collections made in the Bhitarkanika
mangroves of Orissa. A total of 21 species of Lophoceraomyia have been documented
from India.

Among the various subgenera of genus Culex, the subgenus Lophoceraomyia
ranks second with 111 species, next only to the subgenus Culex with 201 species
worldwide. Barraud (1934) in his treatment of Lophoceraomyia stated that about 25
species are known in all of its distributional range and 10 species occur in India. The
increase in the number of species from 25 to the currently known 111 species is
phenomenal for this subgenus, compared to which the currently known 21 species for
India is insignificant. Except for the few recent additions that have been made from
collection of mosquitoes done for other studies, a concerted effort to update the
species of Lophoceraomyia in India has not been made.

Further, certain uncertainties regarding the taxonomic status of few species of
Lophoceraomyia in India need to be resolved. Sirivanakarn (1977) while
synonymyzing plantaginis with minor stated “the proposed synonymy of plantaginis
Barraud from India with minor is only tentative but appears to be correct since the
type-male which I examined and designated as lectotype perfectly agrees with minor
in the characters of antenna, proboscis and genitalia. As described by Barraud (1924,
1934) and subsequently discussed by Colless (1965), plantaginis differs from minor
in having basal pale bands on the abdominal terga. However, as the type was mounted
in balsam and other specimens in the type-series were found to be a mixture of
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different species, including bicornutus, it has not been possible to evaluate the
taxonomic importance of this character. Further study of additional topotypic material
is required in establishing the identity of plantaginis, but for the present, it appears
justified to consider it as a synonym of minor. There is also a possibility that it may be
conspecific with bicornutus, but without additional material, this problem cannot be
resolved.” Furthermore, Sirivanakarn (1977) considered minor to be the most
common form in Malaysia, southern Thailand, Indonesia and the Philippines but
elsewhere in Southeast Asia and other parts of the Oriental region, it appears to be
completely replaced by bicornutus to which it is most closely related.

Similarly, Sirivanakarn (1977) while maintaining that it is not possible to
determine whether or not raghavanii is really distinct from flavicornis, since
specimens of raghavanii were not available for his study, considered that it is possible
that the larva of raghavanii is incorrectly associated and belongs to uniformis.
Although, Reuben et al. (1993) confirmed the identity of raghavanii as a distinct
species in India, the doubt regarding its larval identity remains to be resolved.

Barraud (1934) in his description of minutissimus added a footnote that ‘the
only other Oriental species with similar characters is infantulus, which differs slightly
in male hypopygium’. He did not however, record infantulus in India, though he
found minutissimus to be fairly common from the Pubjab to Orissa, and through
Peninsular India to Ceylon. Sirivanakarn (1977) who included India in the distribution
record of infantulus, observed that ‘it is possible that some of the previous records of
minutissimus from several localities in India by Barraud (1924, 1934) are actually
infantulus”. The distribution of these two species in India is therefore a topic of
interest.

It is obvious that these shortcomings need to be addressed and therefore, a
revision of the subgenus Lophoceraomyia in India is attempted in this study with the
following objectives, (1) to validate the species of subgenus Lophoceraomyia
occurring in India, (2) to diagnose, describe and illustrate all available stages of
different species of the subgenus, and (3) to revise and formulate keys for
identification of all Indian species of the subgenus.
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MATERIALS AND METHODS
The Area and the General Environment
Country Profile
As the seventh largest country in the world, India stands apart from the rest of
Asia, marked off as it is by mountains and the sea, which give the country a distinct
geographical entity. Bounded by the Great Himalayas in the north, it stretches
southwards and at the Tropic of Cancer, tapers off into the Indian Ocean between the
Bay of Bengal on the east and the Arabian Sea on the west. Lying entirely in the
northern hemisphere, the mainland extends between latitudes 8° 4' and 37° 6' north,
longitudes 68° 7' and 97° 25' east, and measures about 3,214 km from north to south
between the extreme latitudes and about 2,933 km from east to west between the
extreme longitudes. It has a land frontier of about 15,200 km. The total length of the
coastline of the mainland, Lakshadweep Islands, and the Andaman and Nicobar
Islands is 7,516.6 km.

Physical Features
The mainland comprises four regions, namely, the great mountain zone, plains
of the Ganga and the Indus, the desert region and the southern peninsula.
The Himalayas comprise three almost parallel ranges interspersed with large
plateaus and valleys, some of which, like the Kashmir and Kullu valleys, are fertile,
extensive and of great scenic beauty. Some of the highest peaks in the world are found
in these ranges. The mountain wall extends over a distance of about 2,400 km with a
varying depth of 240 to 320 km. In the east, between India and Myanmar and India
and Bangladesh, hill ranges are much lower. Garo, Khasi, Jaintia and Naga Hills,
running almost east-west, join the chain to Mizo and Rkhine Hills running northsouth.
The plains of the Ganga and the Indus, about 2,400 km long and 240 to 320
km broad, are formed by basins of three distinct river systems - the Indus, the Ganga
and the Brahmaputra. They are one of the world's greatest stretches of flat alluvium
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and also one of the most densely populated areas on the earth. Between the Yamuna at
Delhi and the Bay of Bengal, nearly 1,600 km away, there is a drop of only 200
metres in elevation.
The desert region can be divided into two parts - the great desert and the little
desert. The great desert extends from the edge of the Rann of Kuchch beyond the Luni
River northward. The whole of the Rajasthan-Sind frontier runs through this. The
little desert extends from the Luni between Jaisalmer and Jodhpur up to the northern
wastes. Between the great and the little deserts lies a zone of absolutely sterile
country, consisting of rocky land cut up by limestone ridges.
The Peninsular Plateau is marked off from the plains of the Ganga and the
Indus by a mass of mountain and hill ranges varying from 460 to 1,220 metres in
height. Prominent among these are the Aravalli, Vindhya, Satpura, Maikala and
Ajanta. The Peninsula is flanked on the one side by the Eastern Ghats where average
elevation is about 610 metres and on the other by the Western Ghats where it is
generally from 915 to 1,220 metres, rising in places to over 2,440 metres. Between the
Western Ghats and the Arabian Sea lies a narrow coastal strip, while between Eastern
Ghats and the Bay of Bengal there is a broader coastal area. The southern point of
plateau is formed by the Nilgiri Hills where the Eastern and the Western Ghats meet.

Climate
The climate of India may be broadly described as tropical monsoon type.
There are four seasons: (1) winter (January-February), (2) hot weather summer
(March-May), (3) rainy southwestern monsoon (June-September) and (4) postmonsoon, also known as northeast monsoon in the southern Peninsula (OctoberDecember). India's climate is affected by two seasonal winds - the northeast monsoon
and the southwest monsoon. The north-east monsoon, commonly known as winter
monsoon blows from land to sea, whereas south-west monsoon, known as summer
monsoon blows from sea to land after crossing the Indian Ocean, the Arabian Sea, and
the Bay of Bengal. The south-west monsoon brings most of the rainfall during a year
in the country.
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Geographical Zones
For the purpose of this study, India is taken up as a single unit with nine
geographical zones based on physiography, climate and hydrology as followed by
Rao (1981) and shown in Map 1.

North Western Zone: Low rainfall, arid to semi-arid, much of the zone with desertlike feature. Very hot summers, very cold winters. (Rajasthan and several northern
and north-western districts of Gujarat).

Western Zone: The major part consists of a long mountain chain (Western Ghats) and
the rest of the coastal strip of a width of 10 to 50 Kms. along the west coast. Heavy
rainfall during the south-west monsoon and not affected by the north east monsoon.
Generally with mild temperatures but high humidity along the coast. The zone
consists of the southern districts of Gujarat, western districts of Maharashtra, Goa,
western districts of Karnataka, whole of Kerala and Nilgiris and Annamalais of Tamil
Nadu.

Deccan Plateau: Uplands at altitudes of about 500 to 1000 metres. Moderate rainfall
under the influence of both southwest and northeast monsoons. More equitable
temperature than in northern India. Includes uplands of Maharashtra, Madhya
Pradesh, Andhra Pradesh and Karnataka.

Gangetic Valley: Fairly flat terrain at elevations between sea level, and 500 metres
with a few scattered hills. Moderate rainfall but the rivers liable to flood because of
heavy rains or of melting snow in the Himalayan regions. (Punjab, Haryana, major
part of Uttar Pradesh, Bihar and West Bengal).

East Central India: Forested and hilly areas of East Central India including the
Dandakaranya. High to moderate temperatures during summer, heavy rainfall during
both southwest and northeast monsoons. (Parts of Madhya Pradesh and Bihar, Orissa,
Eastern most districts of Maharashtra and northern Andhra Pradesh, excluding coastal
areas.
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South Eastern Coastal Areas: Low lying areas to the east of the Eastern Ghats
including deltas of Mahanadi, Godavari, Krishna and Kaveri. Heavy northeast
monsoon and also moderately affected by southwest monsoon, warm climate
throughout the year, with very hot summers. (Extending from Orissa through coastal
Andhra Pradesh and entire Tamil Nadu except Nilgiris and Annamalais)
.
Brahmaputra Valley: Both low lands along Brahmaputra and also high lands of the
neighbouring hill states; heavy southwest monsoon, warm and humid throughout the
year, but cold winters in the highlands. (Assam, and neighbouring southern states of
Meghalaya, Mizoram, Nagaland, Manipur and Tripura).

Himalayan Zone: Partly alpine and partly subalpine mountain regions of Himalayas;
generally cool weather in the summer and very cold snowy weather in winter. Extends
from Kashmir through Himachal Pradesh, parts of Uttar Pradesh, and West Bengal,
Sikkim, Bhutan, Arunachal Pradesh and Nagaland.

Outlying Areas: The two major island groups, Andaman and Nicobar in the east and
Lakshadweeps in west of India.

Mosquito collections were made for the present study in several States of the
country such that they represented all of the above 9 zones. Rajasthan and Gujarat for
the North Western Zone; Goa, Karnataka, Kerala and the Nilgiris for the Western
Zone; Maharashtra and Andhra Pradesh for the Deccan Plateau; West Bengal for the
Gangetic Valley; Chattisgarh, Jharkhand for East Central India; Orissa, Andhra
Pradesh, Tamil Nadu and Pondicherry for South Eastern Coastal Areas; Assam and
Meghalaya for Brahmaputra Valley; Arunachal Pradesh and West Bengal for the
Himalayan Zone; and the Andaman and Nicobar Islands for the Outlying areas (Map
2)were surveyed for the mosquito fauna with each of these States offering
opportunities for making mosquito collections in different ecotypes.

Materials
This study is based primarily on material collected by myself and on
specimens accumulated at the Mosquito Museum at the Vector Control Research
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Centre (VCRC) from 1993 to 2003. Specimens present in other institutions such as
the Centre for Research in Medical Entomology (CRME), Madurai and the Regional
Medical Research Centre (RMRC), Dibrugarh were also examined for this study.

Collections and Rearings
Mosquito collections were made between 2003 and 2008. Usually one to two
weeks were spent at each locality of collection. The fieldwork emphasized both
immature and adult collection, and individual rearing of adults from the immature
stages. Immatures were collected from a variety of larval habitats using a dipper,
pipette, siphon or bucket, whichever is appropriate for that habitat. Adults collected
were those resting in indoor and outdoor habitats, using an oral aspirator. Adults
landing for feeding were also collected. Light traps and sweep nets were also used for
adult collection.

Larval Samples
Larval samples from each of the larval habitat of a particular collection site
were maintained separately with a code number for the collection site and habitat. For
example, in a day’s collection, the first site of collection was assigned the number 1.
If in this site larvae were collected from four different habitats such as a tree hole,
ground pool, leaf axil, and bamboo, these were assigned serial numbers 1 to 4.
Accordingly samples collected were assigned the code 1.1, 1.2, 1.3, and 1.4, where
the first numeral denoted the collection site and the second numeral denoted the
habitat. On the same day, when collection was made in a second site, it was assigned
the number 2 and if larvae were collected from six different habitats in this site, they
were coded 2.1, 2.2, 2.3, 2.4, 2.5 and 2.6 respectively. The collection sites were
continued to be serially coded for the entire collection trip to a region or locality each
of which ran through several days.

Each collection trip to a region or locality had one separate field note book in
which the larval samples collected were entered with the data on collection date,
collection site, name of the habitat for each of the coded sample, along with the geocoordinates of each collection site and temperature and pH of the larval habitat along
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with the important information on the nature of the habitat such as stagnant, flowing,
with algae, in shadow, etc.,

Larval samples were maintained in the field laboratory throughout the course
of collection in each locality or region. They were checked daily for pupation and
pupae were removed to a separate holding tube assigning the code of the sample until
adults emerged. This process was considered as mass rearing of the larval samples.
From each of the larval sample, few fourth-instar larvae were removed and preserved
in 70% alcohol with the respective code for later preparation of slide mounts. On
completion of the collection trip, the larval samples in their original coded containers
were brought to the laboratory at VCRC and the process of rearing continued till
larvae in all the samples emerged to adults.

Individual rearing of larva for obtaining associated material is essential for
certain species that requires larval characters to make species identification. To
facilitate this, fourth-instar larvae from the different larval samples were isolated
individually in vials. In such cases the coding was taken one step further. For
example, when 3 larvae were isolated individually from larval sample that was coded
as 1.1, they were assigned the code 1.1.1, 1.1.2 and 1.1.3 respectively. On pupation,
larval skin was carefully lifted and transferred to distilled water for few minutes and
then preserved in 70% alcohol. The pupa was maintained until the adult emerged and
the pupal skin was similarly preserved. The code assigned to each of the individual
larva was carefully maintained throughout this process. Larval and pupal skins were
mounted on slides along with their respective codes and the adult emerged was pinned
with the same code.

Adult Preservation and Mounting
Adults collected in the field were transported to field laboratory and killed by
using ethyl acetate. Each adult was mounted on a minuten pin under a binocular stereo
microscope. The minuten was inserted to the lateral side of the mosquito keeping the
proboscis towards the left side and care was taken that the pin does not pierce through
and emerge on the other side. After pinning, the minuten was held with a pair of
forceps and with the help of a dissecting needle the wings and legs were carefully
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arranged so as to make all characters visible for study. Adults emerged from the larval
samples as well as the adults obtained through individual rearing were also mounted
on minuten following the same procedure. Adults on minuten were preserved in a
corked glass vial with the other end of the minuten inserted to the cork. Paradichlorobenzene was used as a preservative to safeguard the specimen from fungus
and other insects.

The procedure followed for coding of the adults was as follows: Adults
collected in the field were assigned the code RC and serially numbered on pinning as
RC1, RC2, RC3, etc., with the date of collection and collection site and habit or
habitat. Adults obtained from rearing of larval samples were assigned the code AE
and serially numbered on pinning as AE1, AE2, AE3, etc., with the larval sample
code 1.1 or 1.2 or 1.3 in the case of adults from mass rearing and with the larval
sample code 1.1.1 or 1.1.2 or 1.1.3 in the case of adults from individual rearing.

Progeny rearings
Progeny rearings are rearings of immature stages and adults from egg batches
laid by individual females. Such rearings are sometimes necessary to establish
correlations between adults and immature stages. Wherever gravid females were
obtained in adult collections in the field, these were isolated individually in the
laboratory for oviposition. Soon after egg laying the adult was killed and mounted on
minuten and the eggs were allowed to hatch and the larvae reared to adults, with few
of them reared individually for obtaining associated adults. This was most useful to
obtain material for making correct species identification, particularly when only
females were collected in the field.

Slide mounts
Many of the characters of both adults and immature stages are most easily
studied in slide mounts. The following procedures were adopted for preparing slide
mounts of larva, larval and pupal skins, male genitalia and male antennae used in this
study.
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Mounting medium
The mounting medium used was Hoyer’s medium, the one considered to be
most satisfactory for mosquito material by Belkin (1962). It is a modification of
Berlese’s medium and is prepared as follows: (1) dissolve 30 grams of clear gum
arabic in 50 ml of distilled water by adding the gum gradually and stirring thoroughly
in a large beaker; (2) let stand overnight and then filter through four to five fold
muslin cloth; this may take longer time since the material is viscous; (3) add 200 gm.
of chloral hydrate gradually, stirring thoroughly; and (4) add 20 ml of glycerine.
Whole larvae, pupae and adults or parts of the bodies can be mounted in this from
water or ethanol, or even freshly killed or alive. No preliminary treatment of the
material is needed and it may be mounted directly.

Larval and Pupal skin
In individual rearing the associated larval and pupal skins were mounted on
the same slide and preferably under the same coverslip. When working with larval
skin, the terminal abdominal segments was stretched or pulled by inserting one
dissection needle in the thorax and the other at the base of the siphon or spiracular
apparatus; the membrane between abdominal segments VI and VII was partially torn
to allow a lateral orientation of the remainder of the body. The pupal skin was
dissected to separate the cephalothorax from the metanotum and abdomen, and then
both cephalothorax and the abdomen was mounted using Hoyer’s medium.

Whole Larvae and Pupae
Whole larvae and pupae were usually mounted without maceration directly
into Hoyer’s medium. In some cases the specimens were kept in a clearing agent
(Gater’s fluid: 80 gms of chloral hydrate, 20 ml of 30% acetic acid) for one day after
puncturing one or two safe places in the side of the thorax and abdomen. The
specimen was then transferred on to a slide with the clearing agent and an incision
was made carefully in the VII segment using a dissection needle without damaging
the hairs. The terminal segment was mounted with the left side up and the main part
of the body with the dorsal side up. Whole pupae normally do not make satisfactory
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or useful mounts, however in few cases such mounts were made following the same
procedure adopted for pupal skins.

Male genitalia
More reliance for specific determination of Lophoceraomyia mosquitoes is
placed on male genitalia than any other structure in the adult, and, furthermore, the
male genitalia show very excellent group characters. Therefore, slide mounting of
male genitalia were made using Hoyer’s medium for most of the specimens. The
following procedure was followed: (1) Adults were relaxed in a moist test tube for at
least 1 to 2 hours individually, 2) Since individual specimens must always be
associated with the corresponding genitalia, for a specimen bearing an individual
number, the same adult number was used for the genitalia, 3) the tip of the abdomen
was cut at about the middle of segment VII with the pair of fine scissors under
binocular stereoscopic microscope, 4) the genitalia was transferred to diluted soap
solution for 12 hours, 5) the specimen was washed in distilled water and transferred to
clearing agent for 12 hours, 6) the specimen was transferred to a slide in a drop of
clearing agent and the VIII segment was torn off gently with a needle to separate the
sternite and tergite, 7) the genitalia was mounted in Hoyer’s medium with the ventral
side on top, 8) in some cases the genitalia was dissected to separate the basimere,
distimere, phallosome and proctiger of one side and mounted laterally for more clear
observation.

Male antenna
The character of male antenna is one of the very reliable means of species
identification in Lophoceraomyia. For observation of the scales and tufts of the
antennal flagellomeres it is therefore essential to make slide mounts of the male
antenna. The males for which the genitalia were mounted on slides, the head was also
dissected and mounted on the same slide with the antenna arranged in such a position
that the antennal characters were visible for study.
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Methods of Study and Presentation
The following procedures were used in the identification of species and in the
presentation of data.
Identification: Species identification was done mainly based on adult male characters.
The diagnostic characters of larvae were used for all the specimens that had associated
material. The females were associated with the males by comparison of their reared
associated immature stages.
Recognition of new species: Adult males that exhibited striking differences in a
combination of 2 or more characters in genitalia, antenna or palpus were provisionally
regarded as different species. All reared specimens which appeared to be consistently
different in at least 2 different stages were also considered as possible new forms. The
final judgment in recognizing a new species was based on the constancy in correlated
characters observed in a number of specimens.
Synonymy and taxonomic references: In previously recognized species, full data are
given for the original description of both the valid name and synonyms, including all
available data for the type specimens. In case of new species, the entire type series,
holotype male, allotype female and paratypes, were examined. The holotype male and
the allotype female of new species were deposited in the National Museum of Natural
History, Smithsonian Institution, Washington, DC. and the paratypes were deposited
in the Mosquito Museum at the VCRC (VCRCMM).
Descriptions: The descriptions of species begin with the general and external
characters of the male, followed in order by the male genitalia, female, larva and pupa
and with separate sections for Distribution, Taxonomic discussion and Bionomics.
Keys: The most conspicuous characters were used in the preparation of the keys.
Usually at least 2 characters are used in a couplet, the first of these being of greater
reliability.
Illustrations: All drawings were made using Olympus BH2-DA set drawing
attachment including NFK5xLD photo eyepiece in a Nikon binocular microscope.
Measurements were done with an ocular micrometer calibrated with the stage
micrometer. Detailed structures of genitalia and antenna were drawn from more than 1
specimen and the hair branches in the larval head and siphon drawings represent the
usual or modal number, which was determined from at least 5 specimens.
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Adults: The adults studied were mostly pinned dry specimens. For each sex 10
specimens were thoroughly examined, when sufficient material was available. The
usual method of presentation is to describe the female first followed by the male. But
in the case of Lophoceraomyia, identification of female is difficult and only
identification of male is more reliable. Therefore, in this presentation the description
of the male is done first, followed by the female, larva and pupa. Diagnostic
characters were checked on additional specimens, usually the entire available series.
Male genitalia: Wherever sufficient material was available, at least 10 slides of whole
or dissected genitalia were examined. In many instances all the genitalia were
dissected and checked for the diagnostic characters of the genitalia.
Immature stages: Description of the immature stages was largely done providing
important diagnostic characters of the chaetotaxy. Diagnostic characters were also
checked on additional specimens. The complete chaetotaxy of at least 5 pupal and 5
larval skins was studied in the case of new species.
Material Examined: Material examined were only those collected in India, either in
the course of this study or specimens deposited in the museum from earlier
collections. The purpose of this section is to indicate the amount of material used for
study of each sex and stage.
Bionomics: Only general information on bionomics is presented, consisting chiefly of
the habitat of the immature stages.

Morphology and Terminology
The terminology of important taxonomic characters used in this study were
those of Sirivanakarn (1968) and described by him as follows:
Male Antenna. The antenna of mosquitoes consists of the scape, the pedicel (usually
called torus) and the flagellum which is subdivided into 13 flagellar segments. The
torus and the flagellum present characters of taxonomic importance. In several
members of the mammilifer group the torus has a spiculose prominence on the inner
side, which is absent in the fraudatrix group. Present in all species of Lophoceraomyia
are modified setae or scales forming tufts of various shape on 2 to 6 flagellar
segments. In most descriptive works, the flagellar segments are usually counted as
true segments of the whole antenna as originally done by Theobald (1905a). When the
torus is counted as the first segment of the antenna then the first flagellar segment
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bearing the modified tuft of setae is numbered as segment 6 as done by Barraud
(1924, 1934); when the scape is considered to be the first antennal segment, then this
flagellar segment is numbered as segment 7 as done by Colless (1965). In Belkin’s
work (1962) this segment was counted as flagellar segment 5 by assigning separate
numbering for the individual segments of the flagellum. The latter system is
morphologically sounder since it takes into account the basic morphology of the
antenna by considering that the flagellar segments are not true segments. Therefore,
Belkin’s separate numbering system of the flagellar segments has been adopted, and
the term “flagellar segment” has been substituted with the term “flagellomere”. A
general description of the characteristic development of specialized setae on each of
the flagellomeres, as found in the fraudatrix group is given below.
1. Flagellomere 5 may bear a variable number of broad, brown setae or a series of
short, hairlike setae forming a tuft of varied shape and size. The tuft is located on
the dorsolateral surface but sometimes may extend down to the ventral surface.
The form and detailed characters of the tuft are very useful in differentiating
species.
2. Flagellomere 6 usually bears 2 series of dark brown, flattened and pointed setae.
One series is ventrolateral with a rather constant number of crumpled or curved
setae, the other is usually ventromesal and with more or less straight setae. The
form of the tufts appears to be very constant within a group but is not useful in
separating closely related species.
3. Flagellomere 7 usually bears 2 tufts as on flagellomere 6 but with their bases
separated from one another. The tufts are very similar in closely related species.
The external tuft is in a form of a comb of curled setae, the internal tuft in
composed of apparently fused setae with their apices twisted.
4. Flagellomere 8 usually bears a ventral hooked tuft consisting of dark brown, fused
setae with the apices more or less spread out. The size and shape of this tuft are
useful characters.
5. Flagellomere 9 has a lateral or ventral group of 3 to 8 blade shaped scales and a
mesal group of a few short stout setae in varying number. The number, colour and
shape of the bladelike scales are useful specific characters.
6. Flagellomere 10 has a ventrolateral series of 2 to 5 stout, dark brown setae. The
number of these setae is extremely variable within a species and is practically
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useless as a taxonomic character. Also located on the internal side of this segment
is a variable number of short, slender setae.

Palpus. The characters of taxonomic importance in the male palpus are as follows:
1. Basal process: Fingerlike processes at the apex of the proximal part of segment 1
are developed only in the fraudatrix group. They are ventral in position, one being
internal and another external. Their relative length with respect to the distal part of
segment 1 is of some taxonomic value, but it is not very useful in separating
closely related species.
2. Segment 2 may have 1 or several rows of lateroventral setae which are variously
developed in different forms. These setae are usually minute and may be confined
to the basal 0.5 or may be present throughout the entire length of the segment.
3. Segment 3 usually has 1 or more ventral rows of shiny, minute setae, which are
closely packed in the basal 0.5 or 0.3 but are more widely spaced distally. In
certain forms, there is another group of stronger and longer setae forming a
ventrolateral tuft which is usually basal in position. The relative length of the
latter setae is useful in separating species. Another useful character is the number
of long, dark brown bristles ventrolaterally near the apex of the segment.
4. Segment 4 and 5 bear ventromesal and ventrolateral irregular rows of dark brown,
stout bristles. The number, density and length of these bristles are useful
diagnostic characters.
5. The relative length of the palpus to the proboscis is, in general, a good group
character but is not very useful in distinguishing closely related forms.

Proboscis: Most species of Lophoceraomyia and all those belonging to the fraudatrix
group have a false joint at about 0.25- 0.20 of the length from the base of the
proboscis. The position of this false joint near the base of the proboscis appears to be
a characteristic feature of the subgenus as noted by Colless (1965) in the Malayan
forms. In other subgenera of Culex the false joint is submedian in position (Belkin
1962). The dorsal surface of the proboscis may bear 2 rows of upright or slanting
slender setae. The extent of these rows and the length of the setae are characteristic of
some species complexes. The setae in the basal row on the underside of the proboscis
are also useful as they may be stout and spinelike or long and hairlike in different
species.
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Male genitalia. The major part of the male genitalia is comprised of the basimere that
bears several setae of diagnostic value in its tergomesal margin and on the subapical
lobe.
The submarginal setae are the long specialized setae developed on or usually near the
tergomesal margin of the basimere and are of diagnostic value. The submarginal setae
when present are usually arranged in linear rows parallel to the tergomesal margin.
The characteristic development of these setae is extremely useful in defining forms.
The subapical lobe is considered to be composed of a proximal part and distal part.
This division is not obvious in most groups of Lophoceraomyia. However, each of the
parts bears characteristic setae. The proximal part bears 3 rodlike, stout setae or rods
(a-c) and 1 hairlike seta ventral to the bases of these. The distal part has a lateral
group of 1 leaflet (g1) and 1 basal seta (h) and a mesal group of 1 leaflet (g2) and 2 to
6 accessory setae (d-f). The character and particularly the shapes of these setae and
leaflets are variously modified and the number of accessory setae is varied in different
species. The rods of the proximal part are conveniently referred to as external (a),
central (b), and internal (c) rods and the leaflets of the distal part as external (g1) and
internal (g2) as described by Colless (1965).
The phallosome: The most conspicuous elements of the phallosome are 2 lateral
plates connected by a tergal sclerotized bridge near the base. Each plate consists of 2
portions which were described by Colless as the ventral lobe towards the sternal
margin and the dorsal lobe towards the tergal margin. The ventral lobe is probably a
part of the intromittent organ proper, judging from its position when the phallosome is
everted (Belkin 1962). It is usually in the form of a thin plate evenly rounded sternally
and is very well developed in the fraudatrix group but absent or greatly reduced in the
mammilifer group. The dorsal lobe is well developed in all species and usually has a
strongly developed tergal process (or dorsal process or arm of Colless) in the
fraudatrix group. This process is rather constant in its beak-like shape and is bent at
different angles from the apex of the dorsal lobe; its length is sometimes diagnostic. In
the mammilifer group, the dorsal lobe usually has another internal process developed
from the base and the apex of the dorsal lobe is usually provided with minute
tubercles or spicules and its tergal surface with coarser tubercles or teeth.
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The proctiger as seen in lateral aspects has 2 sclerites on each side, 1 ventrolateral (the
paraproct), the other dorsal (the cercal sclerite). The apex of the paraproct bears a
varied number of toothlike spicules (the crown).
The lobe of the 9th tergite is strongly developed in some forms. The number of the
setae found on this lobe is of little diagnostic value in separating members of species
complexes but is usually characteristic of a given complex.

General Characters of Adults: The following characters applicable to both sexes are of
some taxonomic value: scales on the head and the mesonotal integument and its color,
presence or absence of lower mesepimeral bristle and presence or absence of basal
bands on abdominal tergites. In the female, the following additional characters are of
some taxonomic significance: presence or absence of basolateral abdominal tergal
spots, number and length of basoventral bristles of proboscis.

Larval Characters: It is well known that the difference in the spiculation,
pigmentation, siphonal length and the anal gills are subject to considerable
environmental modification, but in certain species or species group they may be very
constant and can be diagnostic value.
Spiculation: Numerous spicules are usually seen on the thorax at 40x magnification.
The spicules may be uniformly distributed over the entire thorax or they may be
confined to the pleural and ventral areas on the meso- and metathorax. The density of
spiculation varies also and is described in general terms as light, moderate or dense.
The character of the individual spicules is distinguished as to length and thickness.
Pigmentation: A characteristic colour pattern, involving the head capsule, thorax,
abdomen and siphon, is diagnostic of some species complexes. The antennal shaft is
variously coloured in different species. It may be completely white or creamy, or dark
from base to tip. In several species, it is usually dark at base, creamy white in the
middle and dark beyond the antennal tuft.
Siphon: Length of the siphon in a given species is subject to considerable individual
variation and ecological modification. However, within a given habitat the
configuration of the siphon is generally characteristic for each species. In comparing
siphon lengths, two indices are used. One is the classical index derived from the ratio
of siphon length to its basal width and the other is the siphon-saddle index, or ratio as
developed by Colless (1965). The number of pecten teeth may be diagnostic for some
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forms and the characteristic denticles of a pecten tooth are generally of taxonomic
importance as a group character. Siphonal tufts and its length also are taxonomic
importance.
Anal gills: The length of anal gills is generally highly variable but in some species it
is of some taxonomic value.
Comb scales: The number of scales in the comb is of limited diagnostic value. The
characteristic fringe of spicules from base to apex of individual comb scale is of some
taxonomic value as a group character, but is practically useless in the diagnosis of
species.
Chaetotaxy. Chaetotaxic characters are in general of considerable taxonomic
significance. The following hairs were found to be useful in separating species:
Head hairs: Particularly the relative length and branching of hair 4; branching of hairs
5, 6, 7, 14, and sometimes the length of hair 8 and 9.
Thoracic hairs: Prothorax, hair 3, 4, 8, 14 and sometimes hair 7; mesothorax, usually
hairs 1, 3, 8, 9; metathorax, usually 1, 2, 7 and 9, sometimes hairs 12 and 13.
Abdomen: Segment I, particularly the branching of hairs 1, 6, and 7; segment II, hairs
3 and 6; segment III-VI, usually the branching of hairs 1, 3, 6, and sometimes hairs 8,
10, and 13; segment VII, particularly hairs 4, 7 and sometimes hair 10; segment VIII,
particularly hair 2, sometimes hairs 1 and 5; anal segment, usually the branching of
hair 2-X and sometime 1-X.

Pupal Characters. The general characters of taxonomic value in the pupal stage are:
shape, pigmentation and index of the trumpet. Pigmentation and colour pattern of the
cephalothorax, metanotum and abdomen, and the shape of the paddle. The following
hairs are found to be of taxonomic significance: Cephalothorax and Metanotum,
usually hairs 1, 3, 5, 8, 9, and 12; sometimes hair 7, 10 and 11. Abdomen, segment I,
usually the branching of hair 7; segment II, particularly hairs 5 and 7; segment III,
hairs 1, 5, 6 and 10; segment IV, hairs 1, 4, 5, 6, and 10; segment V, hairs 1, 3, 5, and
6 (occasionally 10); segment VI, hairs 1, 3, 5, 6 and sometimes 7 and 10; segment
VII, hairs 1, 3, 4 and 5; segment VIII, particularly the branching of hair 4 and 9.
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Abbreviations used
The following abbreviations for the names of the institutions are used:
ANIC – Australian National Insect Collections
BMNH – British Museum (Natural History)
CRME – Centre for Research in Medical Entomology, Madurai
NICD – National Institute of Communicable Diseases, Delhi
RMRC – Regional Medical Research Centre, Dibrugarh
SEAMP – Southeast Asian Mosquito Project
SEATO – Southeast Asian Treaty Organization Laboratory, Bangkok
USNM – United States National Museum, Washington, D.C
VCRC – Vector Control Research Centre, Pondicherry
VCRCMM – Vector Control Research Centre Mosquito Museum
WRBU – Walter Reed Biosystematics Unit, Smithsonian Institution, Washington,
D.C.
The sex and the stages of the material are abbreviated as follows
M – Male; F – Female; L – Larva; P – Pupa; ls - Larval skin; ps – Pupal skin, with an
asterix denoting that the stage has been illustrated.
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TAXONOMIC TREATMENT
SUBGENUS LOPHOCERAOMYIA THEOBALD

Lophoceraomyia Theobald 1905a: 245. Type-species: L. uniformis Theobald 1905a,
Ceylon (Sri Lanka); monobasic. Considered as a lapsus for Lophoceratomyia by
some authors.
Lophoceratomyia Theobald 1905b: 93. Type-species: L. fraudatrix Theobald 1905b,
New Guinea; the first of 2 included species, selection of Brunetti (1914: 64).
Considered as a lapsus for Lophoceraomyia by some authors, as a valid
emendation by other.
Philodendromyia Theobald 1907: 623. Type-species: P. barkerii Theobald 1907,
Sarawak (Malaysia); monobasic.
Cyathomyia de Meijere 1910: 921. Type-species: C. jenseni de Meijere 1910, Java
(Indonesia) ; monobasic.
Culex (Lophoceraomyia) Theobald, Bohart and Ingram (1946: 1-110); King and
Hoogstraal (1955: 1-11); Bohart (1956 (1957) 66-70); Dobrotworsky (1957
(1958): 317-21); Stone, Knight and Starcke (1959: 232-5); Stone (1961: 45);
Belkin (1962: 248-72); Stone (1963: 133-4); Assem and Bonne-Wepster (1964:
111-3); Colless (1965: 261-307); Delfinado (1966: 101-15) ; Stone (1967: 2135); Bram (1967a: 42-113); Sirivanakaran (1968: 75-186); Baisas (1974: 11122); Sirivanakarn (1977: 1-245).
Culex (Lophoceratomyia) Theobald, Leicester (1908: 18-261); Edwards (1924: 3967); Borel (1930: 352-64); Edwards (1932: 196-8); Barraud (1934: 359-76);
Baisas (1935: 167-79); Feng (1938: 296-9); Carter and Wijesundara (1948:
144); LaCasse and Yamaguti (1950: 192-201); Bonne-Wepster (1954: 111-3);
Wang and Feng (1964: 37-41).

MALE. Palpus. Longer than proboscis; finger like processes on segment 1
present or absent; segment 3 with short tiny or fine setae on ventral side; segment 4
and 5 weakly to strongly plumose. Proboscis. False joint present just above the base,
rarely absent; labial basal setae 10-12 in number. Antenna. Pedicel with or without
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spiculose prominence; modified tufts of scales and setae usually on 5-9 or 5-10, or
present only on 7 and 8, rarely absent.
MALE GENITALIA. Basimere. slender, usually conical in shape, sometimes
modified; usually a few to several strongly differentiated submarginal setae on inner
tergal surface, sometimes absent; marginal setae in a row. Subapical lobe. Prominent
usually with 3 stout, subequal rods (a-c); leaflets (g1g2); accessory setae (d-f) and 1
seta (h). Distimere. Slender, well developed, sometimes enlarged or modified; dorsal
and ventral tiny setae present, usually placed subapically, sometimes near base of
curvature. Phallosome. Phallosome consisting of 2 lateral plates; apical portion of
lateral plate (or dorsal lobe (DL) simple, beaklike, with apex projecting tergad or
composed of a stout, denticulate or tuberculate external process (EP) and a slender
simple spinelike internal process (IP), sometimes represented by a broad, heavily
denticulate external process only; basal 0.5 of lateral plate represented by a simple,
rounded ventral (or sternal ) lobe (VL) which is more or less prominent in lateral
aspects, sometimes reduced or indistinct. Proctiger. Apical crown with spicules,
numbers and texture of spicules varied, paraproct narrow, well sclerotized, its apex
usually with distinct lateral and sternal lobes; cercal setae 2-4 in number.
FEMALE. Usually small to medium sized blackish species, sometimes reddish
brown. Head. No pale markings on palpus, proboscis and legs; decumbent scales on
dorsum of vertex usually whitish; erect scales usually dark; lateral patch of broad
scales at side of eye usually pale beige or bluish white. Palpus short, about 0.25 of
proboscis length; labial basal setae weak, hairlike usually 2-4 in number. Antenna as
long as proboscis. Thorax: Mesonotum with narrow, sparse, dark brown scales,
sometimes reddish brown; acrostichal bristles absent; pleuron without distinct scale
patches; 1 lower mesepimeral (mep) bristle usually present, sometimes absent. Wing:
scales on all veins dark brown or black and usually scanty except towards the apex;
vein 6 ends beyond apex of crossvein between 4 and 5. Leg: Fore and mid legs dark
scaled; anterior surface of hind femur usually with longitudinal white stripe extending
from base to near apex. Abdomen. Terga usually uniformly dark scaled, occasionally
with basal pale bands or basolateral pale spots; sterna usually pale.
LARVA. Head. Pigmention varied; seta 1-C usually dark, spiniform, tapering
to a fine point, with or without accessory spicules or spines; principle head hairs well
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developed; 14-C double, strongly divergent; 16, 17-C usually present, sometimes
absent. Antenna variable in length with narrow dark basal band; 2, 3-A subapical.
Mental plate with 6-8 strong lateral teeth. Thorax. Lightly to moderately spiculated,
sometimes very strongly developed or completely absent; 3-P shorter than 1,2-P,
usually single or double, occasionally more branched; 4-P strong, with 1-2 branched;
7-P strong, 1-3 branched; 8-P usually subequal to 7-P, sometimes greatly reduced, 1-2
branched, occasionally with 4-5 branched; 14-P single or double; seta 1-M single and
shorter or as long as 3-M. Abdomen: Spiculation as in thorax; setae 7-I usually
double, sometimes single. Comb scales well developed; usually in a triangular patch
with fan shaped scales. Saddle complete, usually spicules absent in caudal margin,
sometimes lightly to strongly spiculated; seta 2-X usually 2-4 branched; anal gills as
long as or longer than saddle. Siphon. Well developed, slender, distally tapering;
pigmentation varied from pale yellow to dark brown; pecten well developed; 3-5 pairs
(6-10) of subventral tufts, weak or strong, placed well beyond pecten.
PUPA. Trumpet: usually slender, long, more or less cylindrical, length varies
from 0.5 –0.8 mm; index 7-11; pinna with or without slit extending to meatus.
Cephalothorax. 1-3-C usually 2-3 branched; 5 and 7-C strong and subequal; 8-C with
1-3 branched; 9-C 1-3 branched. Metanotum. Setae 10-C usually double, sometime
single, rarely triple; 11-C subequal to 10-C, single or double; 12-C with usually 2-4
branched. Abdomen. Setae1-II usually brushlike or strongly dendritic, with several
distal branches; seta 3-III-VI usually 2-4 branched; setae 5-IV-VI strong, 1-2 times as
long as segment following; 5-VI single or double; 9-VII usually 3, 5 branched,
subequal to 9-VIII; 9-VIII well developed. Paddle. Usually round to acuminate or
pointed; setae 1, 2- P usually present, minute.
SYSTEMATICS. The subgenus Lophoceraomyia is distinguished from other
subgenera Culex, Culiciomyia, Eumelanomyia of genus Culex in India by the presence
of modified tufts of scales and setae in male antennal flagellomeres 7-8 or in the
majority of species on flagellomeres 5-10 or 5-9. Currently, one member of the
subgenus, singhbhumensis n. sp. is known in which this character is absent, but it can
be differentiated by the presence of spiculose prominence in the antennal pedicel; by
the absence of acrostichal bristles; rough scaled appearance of the mesonotum; wing
scales sparse; and wing vein 6 ending before cross-vein between vein 4 and 5,
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characters which are also useful for differentiating all other members of
Lophoceraomyia from the other three subgenera. The unique character of wing vein 6
in Lophoceraomyia is also found in brevipalpis of subgenus Eumelanomyia, and in
certain members of subgenus Culex, which however, can be well differentiated by the
whitish or pale pleuron and pale or transulent scales present on wing root in
Eumelanomyia and by the presence of distinct scale patches in the pleuron in Culex.
The male genitalia are of subgeneric importance and provide both group and specific
characters within the subgenus. Although the larva appears to be very similar to
certain forms of Eumelanomyia, in particular to the Protomelanoconion group, it can
be easily separated by the position of 2, 3-A. All other Eumelanomyia and subgenera
Culex and Culiciomyia can be differentiated by the combination of chaetotaxic
characters, number, length and position of head hairs 4, 5, and 6-C and thoracic hairs
3 and 4-P. The pupa though with similar features of the subgenera of Culex,
Culiciomyia and Eumelanomyia, can be differentiated by the relatively longer
trumpet. The combination of the branching of metanotal hairs 10 and 11-C, branching
of abdominal hair 5-V, VI, and the insertion of hair 9-VIII are very constant and
diagnostic of most Lophoceraomyia pupae.
CLASSIFICATION. The classification of the Indian Lophoceraomyia here is
as followed by Sirivanakarn (1977). The 27 species treated here apparently fall into 3
natural groups. Of these, 13 species belong to the Fraudatrix group, 12 to the
Mammilifer group and 2 to the Wilfredi group. The Fraudatrix group is subdivided in
to 2 subgroups: Minutissimus and Fraudatrix. The latter is further split in to 6
complexes: seniori, cinctellus, rubithoracis, inculus, quadripalpis, and variatus. The
Mammilifer group is divided into 2 subgroups: Mammilifer and Brevipalpus. The
mammilifer subgroup includes 7 complexes: traubi, mammilifer, minor, peytoni,
pholeter, flavicornis and singhbhumensis. The Brevipalpus subgroup was not found
in India.
BIONOMICS. The breeding habitats of Lophoceraomyia species are in
general, ground pools, stream pools, tree holes, rock pools, bamboo stumps, wells,
cement tanks, crab holes, hoof marks, pond and other artificial containers. Though,
pitcher plants form one of the habitats for some species in Malaysia, no members of
this subgenus has been found in this habitat, though pitcher plants are present in the
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northeastern State of India. In the Oriental regions leaf axils of Pandanus also form a
habitat. In the south pacific (Belkin 1962) found some members of the Fraudatrix
Group to breed in the leaf axils of aroids and Pandanus. In the Papuan subregion
Sirivanakarn (1968), found breeding in palm bracts, sago stumps and sago leaf axils.
The adults of a number of species are very common and are frequently
encountered in general field catches and collection from light traps. For resting they
appear to prefer shaded areas, particularly the margin of forest stream, crab holes, pit
shelters, crack and crevices of the rocks, at the base of large trees, under fallen and
rotten trunks, termite mounds.
Few records are available on the blood feeding habits of species of
Lophoceraomyia. Reid (1941) reported that an unknown Lophoceraomyia species was
observed to feed on the tree snake in Malaya and Colless (1965) noted that a number
of species are known to attack man under forest cover but rarely taken with
mammalian baits in the open. Lophoceraomyia were reported to feed on frogs and
occasionally on man in Australia (Marks 1960). Sirivanakarn (1968) suggested that
they might feed on wild birds or other vertebrates in nature. In Japan, females of
infantulus were reported to feed readily on frogs, snakes, lizards, turtles, chicks and
mice in the laboratory (Miyagi 1973).

FRAUDATRIX GROUP

MALE. Palpus. Length usually greater than that of the proboscis; segment 4
and 5 moderately to strongly plumose; segment 1 with 2 pairs of conspicuous finger
like processes (rudimentary in minutissimus sub group). Proboscis. False joint present
about 0.25 from base (absent in minutissimus subgroup); dorsal setae usually present;
Ventral surface of the base of labium with transverse row of 6-12, stout, spiniform
setae. Antenna. Pedicel without spiculose prominence; Modified tufts of scales and
setae usually present on flagellomeres 5-10, sometimes 6-10 or only on 7- 8.
MALE GENITALIA. Basimere. Conical in shape; submarginal setae in a row,
sometimes in patches of irregular rows. Subapical lobe. Proximal part with 3 stout
rods a-c, setae of distal part usually with 4-6 blade like setae d-f and leaflets g1, g2
and seta h; sometimes g1 and g2 not developed or absent. Distimere. Normal, claw

42
small; subapical portion very weakly serrated, without distinct crest of fine spicules
extended to middle of curvature on dorsal surface. Phallosome. Lateral plate without
an internal process but with distinct dorsal and ventral lobe; dorsal lobe with a large
simple beak like process (infantulus, strongly imbricate with reticules); ventral lobe
broad and prominent. Proctiger. Crown of paraproct without any blunt spicules, but
with fine pointed spine-like spicules; apical and sternal lobes of paraproct poorly or
well developed; cercal setae usually 2-3.
FEMALE. Head. Decumbent scales on vertex usually dark, sometimes pale
scales forming ocular line; erect scales dark; lateral patch of broad scales pale.
Proboscis. Labial basal setae usually 2, sometimes 4, 6, as long as or slightly longer
than palpus. Thorax. Mesonotun usually dark brown, sometimes pale yellow; pleuron
usually paler than mesonotum, without any definite patch of scale; 1 lower mep
present or absent. Abdomen. Usually dark, sometimes with basal pale bands or
basolateral pale spots.
LARVA. Head. Seta 4-C usually single, or split into 2, 3 after middle of seta,
equal or slightly longer than distance between bases of the pair; 5-C usually double,
sometimes single or triple; 6-C double, 14-C divergent 2, 3 branched. Antennal shaft
with strong spicules, usually pale except basal dark and beyond 1-A; 2, 3-A subapical.
Thorax. Integument with or without spicules; seta 3-P usually single, double,
sometimes 4, 5 branched; 4-P double or single; 7-P triple, rarely double; 8-P double,
subequal to 7-P; 14-P usually double, sometimes single; 1-M usually much shorter
than 3-M. Abdomen. Spiculation absent; 6-I, II triple; 6-III-VI 3-5 branched; 7-I
usually double, rarely single. Comb scales numerous, subapical, with even fringe of
fine spicules; 2-VIII usually double, sometimes single. Saddle. Posterior caudal
margin lightly spiculated; 2-X usually triple (2-5). Siphon. Slender, long, gradually
tapered distally; pecten 8-14; subventral tufts 4 pairs, as long as or slightly longer than
siphonal width at points of attachment.
PUPA. Trumpet. Slender, more or less cylindrical, length varies from 0.5 –0.8;
index 8-15; pinna usually with slit extending to meatus. Cephalothorax. Seta 1-C 2, 3
branched; 5-C usually 3, 5 branched, long; seta 8, 9-C usually double, sometimes
triple. Metanotum. Seta 11-C double; 12-C usually 3, 4 branched. Abdomen. Seta 5-
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IV usually 3, 8 branched; 5-V usually 2-6 branched; 5-VI usually double; 6-III-VI 2-6
branched; 9-VII usually 2-4 branched; 9-VIII 5-7 branched.
DISCUSSION. The Fraudatrix Group in the broad sense is widely distributed
in the Oriental, Australasian regions and Islands of South Pacific. In the Papuan part
of Australasian region, the group is represented than anywhere else by many forms
and numerous complexes (Sirivanakarn 1968). The Fraudatrix Group contains the
largest number of species in the subgenus. A total of 65 species (18 from Oriental
region, 3 from western Pacific, 12 from South Pacific, 32 from the Australasian
region add to 65 for all zoogeographical regions (Sirivanakarn 1968). The group was
again updated by 70 species by the addition of 5 new species (Sirivanakarn 1977). In
India, prior to this study 9 species were reported, 4 more species are added by this
study as new country records, bringing the total of Indian species to 13.
The Fraudatrix Group has many complex assemblages of species in the
subgenus Lophoceraomyia. Edwards (1932:196-198) first restricted it to his group B
(Lophoceratomyia) but later expanded it to include also group A (minutissimus).
Sirivanakarn (1977:15) modified this scheme and recognized 2 subgroups such as
Minutissimus and Fraudatrix within the Fraudatrix Group and the Fraudatrix
subgroup was divided into 7 complexes. Of the 13 species recognized in this study, 11
species fall under 6 complexes, namely, seniori, cinctellus, rubithoracis, inculus,
quadripalpis, and variatus, and the other 2 species belong to the Minutissimus
Subgroup.

Minutissimus Subgroup

The Minutissimus Subgroup differs from most of the Lophoceraomyia chiefly
by the presence of basal transverse pale bands on abdominal terga II-VII in both
males and females, in the male by presence of rudimentary basal finger like processes
in the palpal segment 1, modified tufts of setae present only on antennal flagellomeres
7 and 8; in the male genitalia by the absence of leaflets g1 and g2; submarginal setae
of basimere poorly differentiated and widely spaced; phallosome with single beaklike
process on dorsal lobe of lateral plate; in the pupa by pinna of trumpet with slit
extending to meatus; seta 10, 11-C double; 5-IV 5-9 branched and seta 6-III-VI 4, 6
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branched; in the larva by seta 5, 6-C double; seta 3-P single or double; 7-P always
double; seta 14-C double; and 2-VIII single.
DISCUSSION. The Minutissimus Subgroup is a complex of 3 species:
minutissimus, alorensis and infantulus in the Oriental region, minutissimus is
restricted in distribution, known only from India, Sri Lanka and Thailand, while
infantulus is widespread through out the Oriental region (Sirivanakarn 1977). Only 2
species, minutissimus and infantulus are present in India.

CULEX (LOPHOCERAOMYIA) MINUTISSIMUS (THEOBALD)

Culiciomyia minutissima Theobald 1907: 235 (F).
Culiciomyia nigerrima Theobald 1910: 233 (F); Edwards 1913: 235 (synonymy).
Melanoconian juxtapallidiceps Theobald 1910: 456 (F); Edwards 1913: 235
(synonymy).
Culex (Lophoceratomyia) minutissimus (Theobald), Edwards 1922a: 280 (M*, key);
Barraud 1924: 39 (M*, F, L); Senior-White 1927: 71 (L*); Edwards 1932: 197
(taxonomy); Barraud 1934: 363 (M*, F, L); Feng 1938: 299 (distribution); Brug
and Bonne-Wepster 1947: 186 (distribution).
Culex (Lophoceraomyia) minutissimus (Theobald), Stone, Knight and Starcke 1959:
234 (catalog); Harrison et al. 1974: 156 (distribution); Sirivanakarn 1977: 22
(M*, F, P, L).

MALE (Fig. 1). Palpus. Slender, as long as or longer than proboscis by 1.5 of
segment 5; segments 4 and 5 with few bristles; finger like processes rudimentary and
rather inconspicuous. Proboscis. False joint not clearly marked; dorsal setae absent;
basal labial setae 6-10 in number, weak, long hairlike. Antenna. Modified tuft on
flagellomere 7 with 1, 2 stout, short, dark setae; F-8 with strong tuft of 4 long, dark
bristle like setae, as long as combined length of next 3 flagellomeres.
MALE GENITALIA (Fig. 1). Basimere. Small, 4-6 submarginal setae on
inner tergal surface, setae towards apical more strong and long. Subapical lobe. Rods
a-c stout, straight and apically hooked, almost all in same size; setas d-f 4; g1 and g2
not developed. Distimere. Normal; curved downwards and tapering into a blunt apex.
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Phallosome. Dorsal process simple, beak like, more or less resembling duck head;
ventral lobe large and rounded.
FEMALE. Wing: 2.5 mm. Forefemur: 1.3 mm. Proboscis: 1.7 mm. Head.
Decumbent scales on dorsum of vertex dark, erect scales slender, entirely dark; lateral
patch of broad scales dark bluish; labial basal setae of proboscis 3-4 in number, lateral
one longer than other setae. Thorax. Mesonotal integument brownish black; Pleurae
usually dark brown; 1 lower mep bristle present. Abdomen. Terga with basal pale
bands.
LARVA (Fig. 1). Head: 0.78 mm. Siphon: 1.2 mm; index 6. Saddle: 0.28 mm;
siphon / saddle ratio 4. Head. Seta 4-C 1-2 branched, sometimes the branch beyond
middle, as long as or longer than distance between bases of the pair; 7-C 5-7
branched; 8-C 3-5 branched; 9-C 5-8 branched; 14-C double; 16, 17–C present.
Antenna. Pale, dark at base and beyond seta 1-A. Thorax. Spiculation absent; seta 3-P
usually double, rarely single; 4-P double; 7-P triple; 8-P double. Abdomen. Seta 6-I, II
triple; 6-III-VI 3-4 branched; 7-I double; 1-III-VI usually 3 branched (3-4); 2-VIII
single; 3-VIII 7, 8 branched; 5-VIII 4 branched. Comb scales about 35-45, subequal in
length and size with round apical fringes of fine spicules. Saddle. Seta 2-X 3-4
branched; anal gills as long as saddle. Siphon. Slender, long, sometimes with median
dark band; pecten teeth 11-14 with graded denticles; subventral tufts 4 pairs, weak, 23 branched, as long as siphonal width at point of attachment.
PUPA. Abdomen: 2.0 mm. Paddle: 0.63 mm. Trumpet: 0.64 mm; index 6.
Trumpet. Long, pinna with slit extending to meatus. Cephalothorax. Seta 1-C usually
triple; 5-C 5 branched; 8, 9-C double. Metanotum. 10, 11-C usually double; 12-C
triple. Abdomen. Seta 5-II 4 branched; 5-III 6-7 branched; 5-IV 5-6 branched; 5-V
double; 6-III-VI 4-6 branched; 9-VII double; 4-VIII double; 9-VIII 4-5 branched.
TYPE-DATA. (1). Culiciomyia minutissima Theobald; Holotype F*,
CEYLON [SRI LANKA], Peradeniya, date not specified, collected by Green, British
Museum (Natural History) (BMNH). (2). Culiciomyia nigerrima Theobald; Holotype
F*, CEYLON [SRI LANKA], Trincomalee, October 1907, collected by Green
(BMNH). (3) Melanoconion juxtapallidiceps Theobald; Holotype F*, CEYLON [SRI
LANKA], Trincomalee, October 1907, collected by Green (BMNH).
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DISTRIBUTION.

Andhra

Pradesh,

Chattisgarh,

Jharkhand,

Orissa,

Tamilnadu, Rajasthan, Gujarat, and Andaman and Nicobar Islands. Also reported
from Kerala, Goa, Punjab and Madhya Pradesh.
Specimens examined: 220 M, 107 F, 15 L, 14 ls, 10 ps, (4 adults with
associated larval and pupal skins, 1 adult with associated larval skin). Collected in the
present study: ANDHRA PRADESH: Araku, Muliaguda bridge, 28.I.2005, 1 M;
CHATTISGARH: Korba Dist., Nonlyna, 24.I.2003, Rathiti Reservoir, PasarichatKolga, 25.X.2007, Chuhija-Devpahari-Lamru, 26.X.2007, Pali-Lapha, Lapha and
Dipka, 27.X.2007, Konkona-Non Lepra-Kendai area, 28.X.2007, 25 M, 37 F, 7 L, 11
ls, 8 ps (2 adults with associated larval and pupal skin); JHARKHAND: Chaibasa,
Parthidighiya, Badokomardha, 21.VIII.2003, 15.X.2004, 22.X.2004, 23.X.2004, 48
M, 11 F, 1 L; ORISSA: Sundargarh Dist., Todapasti, 23.VIII.2003, Badrak, Balasore,
31.VIII.2003, 02.IX.2003, Keonjhar, Londamundasai, Mammalapusi, Muruga Forest,
towards Bhubaneshwar area, 25.VIII.2003, 13.X.2003, 24, 25.II.2007, Malkangiri,
Bathriattan, Ammaguda, Govindapalli, 24, 26.I.2008, Mayurbhanj, Simlipal,
20.II.2007, 48 M, 16 F, 3 L, 2 ls, 1 ps (1 adult with associated larval and pupal skin, 1
adult with associated larval skin); TAMILNADU: Tuticorin Dist., South Athur,
Manapadu, 13, 14.II.2003, Villupuram Dist., Kurumpuram, Auroville, Morattandi,
8.IX.2004, 17, 18.XI.2004, Nagapattinam Dist., Thirumalaivasal, 18.II.2005, 39 M,
17 F; RAJASTHAN: Alwar Dist., Sawar, Balana, Thalavarsha, 8, 9, 11.IX.2007, 13
M, 3 F. Specimens from VCRCMM: ANDAMAN & NICOBAR ISLANDS: South
Andaman, Alexandra, 22.V.2001, North Andaman, Mohanpur, 30.V.2001, 3 M;
GUJARAT: Jamnagar, Khijadiya, 29.IX.2002, 1 M; ORISSA: Koraput Dist., Dyke
area, Kenduguda, Govindapalli, Laxmipur 6, 7, 8, 10.X.1998, 41 M, 20 F, 1 L, 1 ls, 1
ps (1 adult with associated larval and pupal skins); TAMILNADU: Villupuram Dist.,
Bommiyapalayam, 30.VI.1997, Nammakal, Tiruchengodu, 22.VIII.2002, 1 M, 3 F, 3
L.
Additional records from literature: Bombay: Deccan; Hubli; Madras: Nilgiri
Hills; Central Province: Nowgong; Orissa; Punjab (Barraud 1924: 41; 1934: 365);
Tamilnadu: Nilgiri Hills (Rahman et al. 1973); Orissa: coastal region (Nagpal and
Sharma: 1983: 141-145); Kerala: Kochi (Mariappan et al. 1997: 143); Madhya
Pradesh: Bastar (Kulkarni and Rajput 1988: 283); Goa (Kulkarni and Naik 1989: 42);
Goa (Naik et al. 1992: 88); Tamilnadu: Alagarkoil hills; Andipatti hills; Bodi hills;
Dharmapuri; Varushanadu hills (Tewari et al. 2007).
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Known from Bangladesh, Indonesia, Malaysia, Maldives, Pakistan, Sri Lanka
and Thailand (WRBU catalog).
TAXONOMIC DISCUSSION. Culex minutissimus is very closely similar to
infantulus in the male antenna and in general external characters of the adults. It can
be easily separated from the latter species, in the male by the shape of the phallosome
as described above; in the pupa by the 5-V usually double (usually 3-4 branched in
infantulus), 6-IV, V usually 4 branched (5-9 branched in infantulus) and 9-VIII 4-5
branched (5-7 branched in infantulus); in the larva by 6-IV, V usually 3 branched (34) and 1-III usually 3 branched (whereas in infantulus 6-IV, V and 1-III usually 4
branched).
BIONOMICS. Culex minutissimus larvae were collected from ground pool,
crab hole, stream pool, pond, riverbed pool, tyre, rock hole, rock pool, seepage, and
cement tanks. Tewari et al. (2007) reported larvae from mud pool, spring pool, and
tree hole. Adults were collected resting on stream banks, pit shelters, rock crevices,
crab holes, and banana plantations.

CULEX (LOPHOCERAOMYIA) INFANTULUS EDWARDS

Culex (Lophoceratomyia) infantulus Edwards 1922a: 287 (M*, F, Key); Edwards
1932: 197 (taxonomy); Baisas 1935: 174 (M*); Causey 1937: 416
(distribution); Feng 1938: 298 (distribution); LaCasse and Yamaguti 1950:
197 (M*, F*, P*, L*); Brug and Bonne-Wepster 1947: 186 (distribution).
Culex (Lophoceraomyia) parainfantulus Menon 1944: 389 (M, F); Mattingly 1949:
224 (synonymy).
Culex (Lophoceratomyia) minutissimus of Borel 1930: 353 (misidentification).
Culex (Lophoceraomyia) infantulus Edwards, Bohart 1945: 75 (M, L); Bohart and
Ingram 1946: 73 (M*, F, L*, P*); Iyengar and Menon 1955: 10 (L*); Peters
and Dewar 1956: 46 (L); Stone, Knight and Starcke 1959: 233 (catalog);
Delfinado 1966: 106 (M*); Colless 1967: 519 (taxonomy); Bram 1967a: 58
(M*, F, L*); Baisas 1974: 111 (M*, F, P, L); Harrison et al. 1974: 156
(distribution); Sirivanakarn 1977: 26 (M*, F, P*, L*).
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MALE (Fig. 2). Closely similar to minutissimus in palpal, labial and antennal
characters from which it is difficult to separate. Palpus. Slender, longer than proboscis
by length of segment 5; segments 4, 5 weakly plumose; finger like process
rudimentary, inner one shorter than outer. Proboscis. False joint not clearly visible;
dorsal setae absent; labial basal setae 8 in number, long, dark and hairlike. Antenna.
Modified tuft on flagellomeres 7 with 2 very broad, dark and stout setae; F-8 with a
strong tuft of 4 broad, long and dark setae.
MALE GENITALIA (Fig. 2). Basimere. Conical in shape; submarginal setae
5, 6, middle 2-3 setae strong and longer than the apical and basal ones. Subapical
lobe. Rods a-c subequal in length and size, hooked apically; setae d-f 2-3, all
subequal, blade like; leaflets g1 and g2 absent; seta h single and stout. Distimere.
Normal; slightly curved downward and tapered into a blunt apex. Phallosome. Dorsal
process of the lateral plate long, largely reticulose or strongly imbricate with
numerous reticules.
FEMALE. Wing: 2.4-2.6 mm. (average 2.5 mm.). Forefemur: 1.4 mm.
Proboscis: 1.6 mm. Head. Decumbent scales pale and narrow; erect scales dark;
Thorax. Mesonotal integument pale brownish with narrow scales; pleuron pale brown
to dark brown; 1 strong lower mep bristle. Abdomen. Terga with narrow complete
basal pale bands.
LARVA (Fig. 2). Head 0.8-0.9 mm. Siphon 1.2-1.4 mm; index 6. Saddle 0.29
mm; siphon/ saddle ratio 4-5. Head.; Seta 4-C single, sometimes forked, as long as or
slightly longer than distance the bases of the pair; 5, 6-C double; 7-C 7-8 branched; 8C usually 5 branched; (4-5); 9-C 6 branched; 16, 17-C present. Antenna. Pale except
with dark ring at base as well as beyond 1-A. Thorax. Spiculation absent, some
specimens lightly spiculate, seen under 40X only; seta 3-P usually double (1-2); 4-P
always double; 7-P triple; 8-P double; 14-P always double. Abdomen. Spiculation
absent; 6-I, II usually triple, rarely 4 branched; 6-III triple; 6-IV 4 branched; 6-V 4
branched; 6-VI 4 branched (4-5); 1-III 3-4 branched; 1-IV-VI 4 branched; 1-VII 6
branched. Comb scales about 34–42, fine fringed apically; 2-VIII single; 3-VIII 6-8
branched; 5-VIII 4 branched, rarely triple. Saddle. 2-X 4 branched (3-5); anal gills
blunt as long as saddle. Siphon. Yellowish, slender, long, median ring usually absent,
rarely present; pecten 12-14 teeth with graded denticles; 4 pairs of subventral tufts
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inserted in a line on siphon; individual tufts bifid and their length about equal to width
of the siphon at the point of attachment.
PUPA. Abdomen: 2.4 mm. Paddle: 0.6 mm. Trumpet: 0.61 mm; index 0.8
mm. Trumpet with slit extending to meatus. Cephalothorax. Seta 1-C 3 branched; 5-C
5 branched; 8, 9- C usually double (1-3). Metanotum. 10-C 2-3 branched; 11-C
double; 12-C usually 4 branched (2-4). Abdomen. Seta 5-III usually 6 branched (5-9);
5-IV usually 6 branched (5-8); 5-V usually 4 branched (2-4); 6-II single; 6-III usually
5 branched (3-6); 6-IV usually 6 branched (4-6); 6-V usually 5 branched (4-9); 6-VI
usually 6 branched (5-6); 4-VIII double; 9-VII 3-4 branched; 9-VIII usually 6
branched (5-7).
TYPE-DATA. (1) Culex (L.) infantulus Edwards 1922; Holotype M* with
attached genitalia mount; HONG KONG, 1914, collected by Dr. H. Macfarlane
(BMNH). (2) Culex (L.) parainfantulus Menon; Type (not specified); INDIA,
Trivandrum, Travancore (Madras states), location of the type unknown.
DISTRIBUTION. Assam,

Chattisgarh, Jharkhand,

Karnataka, Kerala,

Maharashtra, Orissa, Tamilnadu, Pondicherry. Also reported from Manipur.
Specimens examined: 215 M, 200 F, 72 L, 180 ls, 116 ps (64 adults with
associated larval skin and pupal skin and 7 adults with associated larval skin only).
Collected in the present study: ASSAM: Tezpur Dist., Kulai Bazar, 24.VII.2006,
Dibrugarh, Golaghat, 28.V.2007, 11 M, 4 F, 9 L; CHATTISGARH: Korba dist.,
Konkona, Chuhiya, Lemuru and Non lapra, 25.X.2007, 9 M, 12 F; JHARKHAND:
Chaibasa Dist., Parthidigiya, Badokamardha, 21.VIII.2003, 23-25.IX.2004, 42 M, 25
F, 31 ls, 30 ps (8 adults with associated larval and pupal skins); KARNATAKA:
Mangalore Dist., Novohar I, 28.VII.2004, Kundapur Dist., Uppandra, 01.VIII.2004, 2
M, 4 F, 1 L, 2 ls, 2 ps (1 adult with larval and pupal skin); KERALA: Thirussur Dist.,
Vinpi nagar, Wyanad Dist., Kalpeta, Kannur Dist., Madakkara, 29.VII.2003, 7, 8,
10.VII.2005, 7 M, 7 F; MAHARASHTRA: Vikhroli, 26.X.2004, 1 M; ORISSA:
Balasore Dist., Badrak, 30.VIII.2003, Keonjhar Dist., Mamalapusi, Dhankunisahi,
Murugamaheshpur, 27.VIII.2003, 13, 14.X.2003, 29.IX.2004 and 23.II.2007,
Malkangiri Dist., Govindapalli, 26.I.2008, 28 M, 24 F, 20 L, 20 ls, 12 ps (9 adults
with associated larval and pupal skins); PONDICHERRY: Mettupalyam, Kizhor,
Bahoor, Botanical Garden, 08.V.2003, 13.I.2004, 10.III.2004, 01.VI.2004 64 M, 84 F,
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18 L, 84 ls, 42 ps (26 adults with associated larval and pupal skins, 7 with associated
larval skins only); TAMILNADU: Villupuram Dist., Bommiapalayam, Kurumpuram,
Moratandi, Kanchepuram Dist., Thiruvanmiyur kuppam, 19.IV.2003, 24.IV.2004,
8.IX.2004, 30.XI.2004, 3.III.2005, 35 M, 28 F, 12 L, 34 ls, 22 ps (22 adults with
associated larval and pupal skins). Specimens from VCRCMM: KERALA: Kochi
Dist., Vytilla 21.I.1998, 2 M; ORISSA: Koraput Dist., Kenduguda 7.X.1998,
Govindapalli 8.X.1998, 8 M; PONDICHERRY: Mettupalayam, 30.VII.1997, 3 M, 3
F; and TAMILNADU: Villupuram Dist., Bommiapalayam, 13.XII.1993, 8.II.1997,
28.VII.1997, Auroville, 31.VII.1997, 5 M, 9 F, 5 L, 9 ls, 8 ps.
Additional records from literature: Bombay: Karwar, N. Kanara (Sirivanakarn
1977:27); Manipur (Rajput and Singh 1988: 295-301); Assam: Boko; Kerala:
Parambikulam-Western Ghats; Wynad-Western Ghats (Tewari et al. 2007).
Known from China, Indonesia, Japan, Korea, Malaysia, Maldives, Myanmar,
Nepal, Philippines, Sri Lanka, Thailand and Vietnam (WRBU catalog).
TAXONOMIC DISCUSSION. Culex infantulus is one of the widespread
forms of Lophoceraomyia in India, present almost in all the geographical zones of
India. It occurs sympatrically with minutissimus in southern and eastern States of
India (Kerala, Pondicherry, Tamilnadu, Orissa, Jharkhand and Chattisgarh).
Sirivanakarn (1977) who found this species to be one of the widespread species of
Lophoceraomyia in the Oriental region, had raised a doubt that some of the previous
records of minutissimus from several localities in India by Barraud 1924, 1934 could
actually be infantulus. After Barraud (1934) no extensive survey had been carried out
in India and all earlier reports were that of only minutissimus. Only reently Rajavel
(1996) recorded infantulus in Pondicherry. The occurrence of infantulus in many of
the States recorded in the present study shows that this species is widespread and
coexist with minutissimus in India.
Presence of pale basal abdominal bands of the adult female distinguish
infantulus from all other members of the fraudatrix group except minutissimus,
seniori and cinctellus. The male of infantulus is separated from all other members of
the subgenus by the most distinctive reticulate dorsal process of the phallosome.
BIONOMICS. Larvae of infantulus were collected in seepage, stream pool,
pond, irrigation canal, paddy field, elephant foot print, cement tank and well. Bram
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(1967a) and Sirivanakarn (1977) reported that this species is most frequently found in
small ground pools, including ditches, ponds, wells, foot prints, tracks and
occasionally in rock pool, natural or artificial containers, such as palm bracts, axils
and earthen jars and the margins of slow moving streams and creeks. The records
from tree holes and bamboos in Thailand by Bram (1967a: 61) was considered as
doubtful by Sirivanakarn (1977). It appears that this may be true, since in India also
this species was never found in tree holes and bamboos. The adults have been
collected while resting on damp vegetation and stream banks, ponds, crab holes, rock
crevices, cement tank and unused wells.

Fraudatrix subgroup

The Fraudatrix Subgroup is characterized by the following: tergum of
abdomen entirely dark, sometimes with basal pale bands or pale spots; in the male by
palpal segment 1 with 2 distinct pairs of finger like processes; labial basal joint
present; modified tufts of setae and scale present on antennal flagellomeres 5-10 or 610; in the male genitalia by the presence of leaflets g1, g2 on subapical lobe;
submarginal setae distinct in a row or patch; lateral plate of phallosome with a simple
apical beaklike process on dorsal lobe; in the pupa by pinna of trumpet with slit
extended to meatus; seta 5-IV usually 5 branched (3-8) and seta 6-III-VI usually 4
branched (1-4); in the larva by seta 3-P usually single or double, rarely 4, 5; seta 14-P
usually single or double; seta 7-I usually double, sometimes single and seta 2-VIII
double.
DISCUSSION. The Fraudatrix Subgroup comprises of 68 species (20 in the
Oriental region, 33 in the Australasian, 12 in the South Pacific and 3 in Micronesia
(Sirivanakarn 1977: 29). In India 11 species are reported, all representatives of the
Fraudatrix Subgroup in this area are similar in the comparatively simple phallosome,
but can be differentiated from one another in the male by the relative number, shape
and length of modified tufts of antennal flagellomeres, submarginal setae, setae of the
subapical lobe, apical lobe of the paraproct and phallosome. The 11 Indian species of
the Fraudatrix Subgroup are placed in 6 complexes.
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seniori complex

The seniori complex includes only seniori. Known only from the single type
male from India, originally described and figured by Barraud (1934: 365). Because of
several distinctive features of the male, Sirivanakarn (1977) placed seniori in its own
complex separated from the other complexes of the Fraudatrix Subgroup.

CULEX (LOPHOCERAOMYIA) SENIORI BARRAUD

Culex (Lophoceratomyia) seniori Barraud 1934: 365 (M*).
Culex (Lophoceraomyia) seniori Barraud; Stone, Knight and Starcke 1959: 235
(catalog).

MALE, FEMALE, LARVA AND PUPA. No materials collected in this study.
TYPE-DATA. Holotype M* with slide of genitalia, palpus, proboscis and
antenna; Garden Reach, Calcutta, INDIA, October 1931, R. Senior-White (BMNH).
DISTRIBUTION. Known only from the type-locality.
TAXONOMIC DISCUSSION. No material was collected in the present study
in spite of efforts made in Garden Reach, Calcutta, WEST BENGAL, the type locality
of Culex seniori. The female, pupa and larva continue to remain unknown.
Description of the male and male genitalia is available in Sirivanakarn (1977) based
on his examination of the only male specimen marked as holotype: It is essentially
similar to all the members of the Fraudatrix Subgroup in the development of the basal
processes of the palpus, the spinelike labial basal setae of the proboscis and in the
type of phallosome of the genitalia but can be readily recognized by (1) presence of
basal pale bands on the abdominal terga; (2) absence of dorsal upright setae on the
proboscis; (3) characteristic modified tufts of setae on antennal flagellomeres 6-10
and (4) subapical lobe with rodlike setae a-c of proximal part subequal and straight,
setae a and c apically hooked, seta b tapered into a point; leaflet g1 and seta h absent.
Rajnikant et al. (1992) listed seniori as one of the species emerged as adults
among the rice field breeding mosquitoes in central Gujarat. This list includes many
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Aedini species that are not known to breed in rice fields. As details of the gender of
the specimens, characters based on which identification was made have not been
provided and as specimens are not available for examination, this record of seniori is
here maintained as doubtful.

cinctellus complex

This complex is represented in India by cinctellus. It is characterized in the
male by flagellomere-5 with 2 broad acuminate setae which are longer, about the
length of next 3 flagellomeres, followed by 3 broad, pointed and 1 hair like scales;
submarginal setae numerous, in a patch; abdominal terga with basal pale bands; in the
larva by seta 5-C 3-5 branched; 4-P double; 7-I double.

CULEX (LOPHOCERAOMYIA) CINCTELLUS EDWARDS

Culex (Lophoceratomyia) cinctellus Edwards 1922a: 287 (new name for
Lophoceratomyia taeniata Leicester 1908, nec Wiedemann; M*, Key);
Barraud 1924: 42 (M*); Edwards 1932: 197 (taxonomy); Barraud 1934: 366
(M*, F, L); Brug and Bonne-Wepster 1947: 186 (distribution); Chu 1958: 110
(distribution).
Culex (Lophoceraomyia) cinctellus Edwards, Stone, Knight and Starcke 1959: 232
(catalog); Colless 1965: 277 (M*, F, L*); Delfinado 1966: 103 (M*); Bram
1967a: 55 (M*, F, L*); Sirivanakarn 1977: 33 (M*, F, P*, L*).

MALE (Fig. 3). Head. Palpus. Longer than proboscis by about the length of
segment 5; segments 4, 5 strongly plumose; basal finger like process shorter than
segment 1. Proboscis. Dorsal setae present, longest setae about 2 times as long as
labial width; labial basal setae, stout, 11 in number; false joint present at 0.20-0.25 of
the length from base. Antenna. Flagellomere 5 with 2, 3 broad abruptly pointed scales
which are as long as next 3 flagellomeres, followed by 1-3 broad, pointed scales of
increasing length; F-7 with about 10 curved, apically twisted setae and 4 ventral mesal
tuft of stout setae; F-9 with a tuft of 3 lanceolate setae and 3 dark hairlike setae; F-10
with 3 dark, long bristle like setae.
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MALE GENITALIA (Fig. 3). Basimere. 12-14 strong, submarginal setae in a
patch, basal setae longer than the apical ones. Subapical lobe. Rod like setae (a-c) of
proximal part unequal in length and gently curved in middle; distal part with 4-6
accessory setae (d-f); leaflets g1 and g2 well developed, seta h strong and equal to
submarginal setae. Distimere. Thick, medially curved, ventral subapical seta long, 3
times as long as dorsal subapical seta. Phallosome. Apical dorsal beak like process of
lateral plate moderately long, blunt tipped.
FEMALE. Wing: 2.54 mm. Forefemur: 1.23 mm. Proboscis.1.7 mm. Head.
Decumbent scales on vertex largely broad and pale anteriorly, darker posteriorly;
lateral patch of broad whitish scales. Proboscis with 2 labial basal setae. Thorax.
Mesonotum pale brown to dark brown; Pleuron slightly paler; 1 lower mep bristle
present. Abdomen. Tergum III-VII with basal pale bands.
LARVA (Fig. 3). Head: 0.8 mm. Siphon: 1.5 mm; index 6. Saddle: 0.32 mm;
siphon/ saddle ratio 5. Head. Seta 4-C distally forked into 2-3 branches, its length
shorter than the distance between bases of the pairs; 5-C 3 branched; 6-C double; 7-C
7-8 branched; 16 and 17-C present. Antenna pale yellowish except at the base.
Thorax. Spiculation absent; seta 3-P double; 4-P double; 7-P triple; 8-P double.
Abdomen. Setae 6-I triple; 6-II triple, middle one short; 7-I double; 1-III-VI usually 4
branched (3-5); 6-III-VI usually 4 branched (4-5). Comb scales about 37-39,
uniformly fringed apically. Saddle. Seta 2-X usually 2 branched. Siphon. Slender,
without median ring; pecten teeth 9-11, 1-3 strong basal and 11-13 fine denticles;
subventral tuft with 4 pairs, each 2-3 branched, subequal, shorter or as long as
siphonal width at point of attachment.
PUPA. Abdomen: 2.2 mm. Paddle: 0.6 mm. Trumpet: 0.56 mm; index 9.
Cephalothorax. Seta 1-C double; 4-C triple; 5-C double; 6-C single; 7-C double; 9-C
double. Metanotum. Seta 10-C double; 11-C single; 12-C double. Abdomen. Setae 6III-VI usually 3 branched (2-4); 5-IV 3 branched; 5-V double; 5-VI double; 9-VII
double; 4-VIII 1-2 branched; 9-VIII double.
TYPE-DATA.

Lectotype

M*

(originally

marked

as

a

cotype

of

Lophoceratomyia taeniata Leicester 1908) with attached genitalia mount, marshy
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ground, Circular Road, Kuala Lumpur, (Selangor), Malaya [MALYSIA], December
10, 1903, G. F. Leicester (BMNH; selection of Colless 1965: 278).
DISTRIBUTION. Assam. Also reported from Kerala and Tamilnadu.
Specimens collected and examined: ASSAM: Tezpur Dist., Athambari,
21.VII.2007, Kaziranga forest, 25.VII.2008, 3 M, 4 F, 1 L, 1 ls.
Additional records from literature. Malabar Coast, Pudupadi (Barraud 1934);
Assam, Rupsi, Dibrugarh (Sirivanakarn 1977); Manipur (Rajput and Singh 1988);
Assam, Upper Brahmaputra valley (Khan et al. 1998); Assam, Boko; Tamilnadu:
Nilgiri hills- Western Ghats (Tewari et al. 2007).
Known from China, Indonesia, Japan, Malaysia, Philippines, Singapore,
Thailand and Vietnam (WRBU catalog).
TAXONOMIC DISCUSSION. Culex cinctellus appears to resemble to
minutissimus, infantulus and seniori in the presence of basal abdominal pale bands. It
can be separated from the above in male by the modified tufts of antenna and by male
genitalia characters such as submarginal setae in a patch, subapical lobe and the
phallosome. The females can be separated from the above species by the relatively
large size, the presence of 2 basal labial setae of the proboscis and by having pale
decumbent scales on vertex of the head forming a very district ocular line and in the
larva by seta 5-C 3 branched.
BIONOMICS. Larvae of cinctellus were collected in the seepage along the
margin of river in forest and adults were taken while resting in vegetation in the
forest. The immatures of cinctellus have been collected in marshy depressions,
swamps, ditches and stream margins under partial or heavy shade of forests
(Sirivanakarn 1977). In Malaya larvae have been reported to occur in shaded ground
pool and stream margins in or near forests (Colless 1965). The adult have been
collected by light trap, animal trap and sweep nets while resting or biting
(Sirivanakarn1977). Colless (1959b) suggested that adults of this species feed largely
on birds, but occasionally man serves as a host. Macdonald and Traub (1960) reported
cinctellus to bite on man in the forest canopy.
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rubithoracis complex

The rubithoracis complex is represented in India by only one species
rubithoracis. The characters which distinguish rubithoracis complex from other
complexes of the Fraudatrix Subgroup are: i) pale brown with distinctly reddish tint
appearance of the species; ii) F-5 with 2-6 inconspicuous narrow pointed tufts of
setae; iii) F-9 with well developed lanceolate scales; iv) tongue like inner lobe of
paraproct; v) in the larva, seta 3-P usually 3-5 branched and 7-I always single.

CULEX (LOPHOCERAOMYIA) RUBITHORACIS (LEICESTER)

Lophoceratomyia rubithoracis Leicester 1908: 119 (M, F).
Culex (Lophoceratomyia) rubithoracis (Leicester), Edwards 1932: 197 (taxonomy);
Barraud 1934: 367 (M*, F); Hsiao and Bohart 1946: 25 (distribution); Bohart
1946: 16 (key); LaCasse and Yamaguti 1950: 192 (M*, F*, L*, P*); Hara 1957:
57 (F genitalia*).
Culex (Lophoceraomyia) rubithoracis (Leicester), Mattingly 1949: 224 (L*, key);
Stone, Knight and Starcke 1959: 235 (catalog); Colless 1959b: 114 (L); Lien
1962: 632 (distribution, biology); Colless 1965: 281 (M*, F, L*); Delfinado
1966: 113 (M*); Bram 1967a: 69 (M*, F, L*); Sirivanakarn 1977: 37 (M*, F,
P*, L*).

MALE (Fig. 4). Head. Palpus. Longer than proboscis, as long as or 1.5 times
the length of segment 5; segments 4 and 5 strongly plumose; finger like process equal
and shorter than segment 1. Proboscis. Dorsal setae sparsely present, those near centre
about as long as and those near apex about 1.5 times longer than width of the
proboscis; basal labial setae stout, usually 10 (9-11) in number. Antenna.
Flagellomere 5 with 2-6 inconspicuous, sharply pointed tuft of scales, sometimes
prominent, subequal, as long as the combined length of next 3 flagellomeres, followed
by 2-4 long hair like setae; F-7 with 3 dark, broad setae, longer than the small twisted
setae; F-9 with 3-4 dark, very broad, bladelike scales.
MALE GENITALIA (Fig. 4). Basimere. Submarginal setae 3 in number.
Subapical lobe. Proximal rod a expanded apically with a flamentous tip; seta d-f with
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4-6 blade like setae; leaflets g1 slender, rounded apically. Phallosome. Apical dorsal
beaklike process of lateral plate pointed and moderately long. Proctiger. Apex of the
paraproct lobe with a typical tongue like shape.
FEMALE. Wing: 1.9-2.4 mm. (2.2 mm.). Forefemur: 1.28 mm. Proboscis 1.6
mm. Small species, yellowish to reddish brown in appearance. Head. Centre of vertex
with fine pale or creamy scales, dark erect scales, a broad patch of whitish scales in
the lateral side of eye margin. Palpus. Short, about 0.2 of proboscis. Proboscis. 2 basal
labial seta, shorter than the palpus. Thorax. Scutal integument with a distinct reddish
tint, sparsely covered with dark scales, occasional specimens much darker; pleuron
same colour as mesonotum; lower mep bristle absent, wing scales linear, abdomen
dark.
LARVA (Fig. 4). Head: 0.6 mm. Siphon: 1.1 mm; index 5. Saddle: 0.27-3.0
mm; siphon/ saddle ration 3. Head. Head hair 4-C 2-4 branched, shorter than the
distance between the bases of pair; 5, 6-C double; 7-C 10-13 branched, strongly
pectinate; 16, 17-C strong and single. Antenna pigmented on base and on basal half of
apical part. Thorax. Light to moderately spiculated, stout and dark spicules visible
under 10x; seta 3-P 3-5 branched, if 2, strong; 4-P double; 14-P single. Abdomen. Seta
6-I 3 branched; 6-II 3-4 branched, occasionally 2 branched; 7-I always single; seta 1III-VI 5 branched (3-6); 6-III-VI 5 branched (3-6). Comb scales about 26-35, all of
same length and evenly fringed. Saddle. Uniformly yellowish, apex sparsely
spiculated, seta 2-X 3 branched. Siphon. Moderately long, usually with median dark
ring; pecten of 8-10 teeth, each barbed with 9-12 fine denticles; 4 pairs of subventral
tufts, each with 2-4 branches and as long as or slightly longer than siphonal width at
point of attachment.
PUPA. Abdomen: 2.1 mm. Paddle: 0.59 mm. Trumpet: 0.64 mm; index 9-10.
Cephalothorax Seta 1-C 2-3 branched; 2-C 4-5 branched; 3-C 2-3 branched; 5-C 4-5
branched; 7-C double; 8, 9-C double. Metanotum. Seta 10, 11-C double; 12-C 2-3
branched. Abdomen. Seta 6-III-VI 3-4 branched; 6-III 3 branched, rarely 2 branched
on one side; 6-IV 3 branched, rarely 4 branched on one side; 6-V usually 4 branched
occasionally 3 branched; 6-VI usually 3-4 branched; 5-IV usually 5 branched (5-7); 5V 4 branched, occasionally 3 or 5 on one side; 5-VI 2 branched; 9-VII 3 branched; 4-
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VIII 2 branched, rarely 3 branched; 9-VIII usually 5 branched, rarely 4 or 6 on one
side.
TYPE-DATA. Lectotype M* with attached genitalia mount, Circular road,
Kuala Lumpur, [Selangor], Malaya [MALAYSIA], marsh, November 6, 1903, G. F.
Leicester (BMNH; selection of Colless 1965: 281).
DISTRIBUTION. Assam, Orissa, Pondicherry and Kerala. Also reported from
West Bengal, Karnataka and Manipur.
Specimens examined: 21 M, 24 F, 12 L, 29 ls, 21 ps (15 adults with associated
larval pupal skins). Collected in the present study: PONDICHERRY: Bahoor,
13.I.2003, 23.IV.2003, Koodapakkam, 21.IV.2004, 12.V.2004, 10 M, 14 F, 12 ls, 12
ps (11 adults with associated larval and pupal skins); ORISSA: Baleshwar Dist.,
Narasingpur, Baleshwar, 31.VIII.2003, 3 M, 1 F, 4 L; ASSAM: Tezpur Dist.,
Haujarabari, 21.VII.2006, Kuali Bazar, 24.VII.2006, Kaziranga forest, 25.VII.2008,
Dibrugarh Dist., Soraipung, 23, 24.V.2007, Deomali, 25.VIII.2007, 3 M, 7 L, 4 ls.
Specimens from VCRCMM: PONDICHERRY: Koodapakkam, 4.I.1996, Bahoor,
14.II.1997, 5 M, 8 F, 1 L, 13 ls, 9 ps (4 adults with associated larval and pupal skins);
KERALA: Kochin Dist., Vytilla, 21.I.1998, 1 F.
Additional records from literature. West Bengal: Calcutta, Garden Reach,
South India; Mudgree, Mysore (Barraud 1934: 368); Manipur (Rajput and Singh
1998). Assam, Boko (Tewari et al. 2007).
Known from Cambodia, China, Indonesia, Japan, Malaysia, Philippines,
Singapore, Sri Lanka, Taiwan, Thailand and Vietnam (WRBU catalog).
TAXONOMIC DISCUSSION. The adult of rubithoracis can be recognized
from other members of the Fraudatrix group by the characters decribed above.
Occasional specimens with dark brown colour in the thoracic integument can be
ascertained by the characters such as typical tongue like apical lobe of the paraproct
of proctiger and the dark and well developed setae of antennal F-9. Larva can be
easily recognized by 3-P 3, 5 branched and 7-P always single.
BIONOMICS. Larvae of rubithorcis were collected in seepage, pond,
irrigation canal with emergent aquatic vegetation such as long grasses, partially
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shaded small ground pools, and elephant foot print in forest. Tewari et al. (2007)
collected larvae of rubithoracis from mud pool and pond.

inculus complex

This complex is represented by inculus. It is characterized in the male by
antennal flagellomere 5 with modified tufts of 6-8 dark, broad, blunt tuft of scales and
5-6 dark broad acuminate scales; dorsal scales are equal or slightly longer than
combined length of next 4 flagellomeres; leaflets g1 and g2 of subapical lobe very
broad; apical dorsal beak like process of phallosome anvil-shaped with several fine
and sharp spicules on ventral surface.

CULEX (LOPHOCERAOMYIA) INCULUS COLLESS

Culex (Lophoceraomyia) inculus Colless 1965: 280 (M*, F, L*); Sirivanakarn 1977:
43 (M*, F, P*, L*); Rajavel and Natarajan 2008: 487 (distribution).

MALE (Fig. 5). Head. Palpus. Longer than proboscis by length of segment 5;
basal finger like process unequal and the longer one as long as or relatively longer
than segment 1; segments 4 and 5 moderately plumose. Proboscis. Dorsal up right
setae present in apical 0.5 of labium; basal labial setae 9 in number. Antenna.
Flagellomere 5 with modified tufts of 6-8 dark, broad, blunt scales equal or slightly
longer than the combined length of next 4 flagellomeres, followed by 5-6 dark broad
acuminate scales; F-8 with J hooked tuft of scales not kinked; F-9 with 4 lanceolate
scales; F-10 with 3 strong bristle like setae.
MALE GENITALIA (Fig. 5). Basimere. Conical in shape; submarginal setae
very strong, 6-7 in number, long sinuous in 1 or 2 rows; submedian area with
relatively long and stout setae. Subapical lobe. Rods a-c gently curved, rod a
expanded apically; setae d-f with 4 blade like setae; leaflet g2 club shaped; g1 narrow
basally and abruptly expanded like hatchet type; seta h single and short. Distimere.
Curved medially and markedly expanded with serration subapically. Phallosome.
Apical dorsal process characteristically anvil shaped, moderately imbricate with
irregular ridges.
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FEMALE. Wing: 2.3 mm. Forefemur: 1.0 mm. Proboscis: 1.5 mm. Head.
Decumbent scales largely dark and broad on vertex, lateral patch of whitish broad
scales in the eye margin; Palpus about 0.2 of proboscis; basal labial setae 2 in number
and shorter than palpal length.. Thorax. Mesonotum dark brown to black with narrow
and dark scales; lower mep absent. Abdomen without band or patch of pale scales.
LARVA and PUPA. No materials collected in the study.
TYPE-DATA. Holotype M* (604/20) with associated larval and pupal skins,
slides of antenna (CH 132) and genitalia (CT 427), Kampong Sireh, Selangor, Malaya
[MALAYSIA], March 31, 1953, J. A Reid, Australian National Insect Collection,
Canberra (ANIC).
DISTRIBUTION. Orissa only.
Specimens examined: Specimens from VCRCMM: ORISSA: Bhitarkanika
12.X.1998, 3.III.2000, 4 M, 7 F.
Known from Cambodia, Indonesia and Malaysia (WRBU catalog).
TAXONOMIC DISCUSSION. The specimens of inculus examined in the
present study differed strongly in two characters, antennal flagellomere 5 and
submarginal setae of basimere, from the descriptions of Colless (1965) and
Sirivanakarn (1977). Colless (1965: 280) described F-5 with tuft of 9-10 very dark,
mostly narrow scales, preceded dorsally by several short hairs; the most dorsal scales
short and narrow, the more ventral ones increasing in breadth and in length; the most
ventral scale with long hair-like tip; and submarginal setae in an irregular double row,
10-12 in number, long, sinuous, and many striated, whereas Sirivanakarn (1977)
described F-5 with a small dark tuft of 8-10 narrow, acute scales of variable length,
longest ones as long as the next 2 flagellomeres; and submarginal setae very strong,
10-13 in number, in 1, 2 prominent rows. Specimens examined in this study had F-5
tuft of 6-8 dark, broad, blunt scales equal or slightly longer than the combined length
of next 4 flagellomeres, followed by 5-6 dark broad acuminate scales; and
submarginal setae very strong, 6-7 in number, long sinuous in 1 or 2 rows. The Indian
specimens, though differing by the length of the setae of the F-5 and the number of
submarginal setae, from those of Malaysia, were typical in having the peculiar anvilshaped phallosome that is characteristic of inculus. It is based on this distinctive
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character of the male genitalia that Sirivanakaran (1977) has kept this species in its
own complex.
BIONOMICS. Adults of inculus examined have been collected twice from the
same locality in different periods, as biting and resting on the walls of the guesthouse
at night and from light trap in the mangrove forest. Nothing is known of the breeding
habitats of this species in India however, Colless (1965: 281) reported that larvae
were collected from pools in nipa palm swamp in Malaysia.

quadripalpis complex

The quadripalpis complex in India includes three species namely
quadripalpis, aculeatus and paraculeatus. The unique characters of this complex are
i) palpus always longer than proboscis by about 1.0-1.5 times the length of segment 5;
ii) F-5 with a tuft of 1-8 broad blunt tipped or abruptly pointed scales and 3-4 fine
tipped scales, which are shorter than or as long as combined length of next 3
flagellomeres, sometimes about to 4 flagellomeres; iii) submarginal setae 3-8; iv) in
the larva by the unique characters of 4-P always single, 5-C double, 7-I double.

CULEX (LOPHOCERAOMYIA) QUADRIPALPIS (EDWARDS)

Lophoceratomyia sylvestris Leicester 1908: 125 (M, F; non Theobald 1901).
Lophoceratomyia quadripalpis Edwards 1914: 80 (M).
Culex (Lophoceratomyia) quadripalpis Edwards 1922a: 280 (key); Edwards 1922b:
473 (synopsis); Edwards 1932: 197 (taxonomy).
Culex (Lophoceraomyia) quadripalpis (Edwards), Mattingly 1949: 227 (L*); Stone,
Knight and Starcke 1959: 235 (catalog); Colless 1965: 285 (M*, F, L*); Bram
1967a: 65 (M*, F, L*). Bhattacharyya et al. 2003: 13 (distribution)
Culex (Lophoceratomyia) roubaudi Borel 1926: 112 (M*, F, L*); Borel 1930: 362
(M*, F, L*); Edwards 1932: 197 (synonymy).
Culex (Lophoceratomyia) pachecoi Baisas 1935: 171 (M*, F); Bohart 1945: 76 (M*,
key); Stone, Knight and Starcke 1959: 235 (catalog); Delfinado 1966: 112 (M*,
P, L).Sirivanakarn 1977: 44 (M*, F, P*, L*) (synonymy).
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MALE (Fig. 6). Palpus. Longer than proboscis by about 1.5 times of segment
5; segments 4 and 5 moderately plumose; basal finger like process equal in length and
extending approximately to the apex of segment 1. Proboscis. False joint present;
basal labial setae 10-13 and moderately stout; dorsal setae conspicuous, rather
sinuous, extending along apical 0.75, the longest about 2 times as long as labial width
at the point of attachment. Antenna. Flagellomere 5 with 1 to 2 broad blunt tipped,
sometimes sharply acuminate setae which are shorter than or as long as combined
length of next 4 flagellomeres, followed by 2-4 broad pointed scales, sub equal in
length and 2-3 thick long hair like setae; F-7 with a tuft of about 13 twisted spines
equal to a tuft of 3 very broad dark spines; F-8 with moderately hooked type of fused
setae; F-9 with 3 lanceolate, straight setae; F-10 with 4 dark bristle like setae.
MALE GENITALIA (Fig. 6). Basimere. Conical in shape, usually 8 (7-8) very
prominent submarginal setae in a line, the length gradually increasing from basal to
apical and about equal to width of the basimere, occasionally 1-2 short setae basally.
Subapical lobe. Proximal part with three rod like setae a-c, subequal, gently curved in
the middle, rod a expanded subapically and pointed; distal part d-f with 3-4 bladelike
accessory setae in group; g1 moderately club shaped, g2 hatchet shaped or distally
broad, spatulate; h strong and equal to length of g2. Distimere. Normal; gently curved
in middle; dorsal surface very lightly serrated. Phallosome. Apical beaklike process
moderately long and abruptly pointed. Proctiger. A tuft of few flat and some spinelike
spicules; paraproct with round apical lobe.
FEMALE. Wing: 2.17 mm. Forefemur: 1.28 mm. Proboscis: 1.53 mm.
Brownish to black, medium sized mosquito. Head: pale decumbent scales in the
vertex; upright scales dark; pale scale along eye margins and a patch of whitish broad
scales on the lateral eye margin. Palpus. 0.20 of proboscis length. Proboscis. Basal
labial setae 2 in number. Thorax. Mesonotum dark brown; mesonotal scales narrow
and dark; pleuron pale brown; 1 lower mep bristle present rarely 2. Abdomen dark
without any pale patch or band.
LARVA (Fig. 6). Head: 0.68 mm. Siphon: 1.4-1.5 mm; index 6 (5.7-6.2).
Saddle: 0.33 mm; siphon/saddle ratio 4.2-4.6. Head: pale yellowish, seta 4-C 2
branched after middle, sometimes single and less than the length between the bases of
pair; 5, 6-C double, 7-C 6 branched (6-8), all are lightly pectinate; 16 and 17-C single.
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Antenna usually pale in middle, apical and basal pigmented, sometimes more or less
uniformly pigmented. Thorax. Spiculation absent; seta 3-P always single; seta 4-P
always single; 7-P 3 branched; 8-P double; 14-P double. Abdomen. Seta 6-I, II 3
branched; 7-I double; 1-III-VI usually 3-4 branched (3-6); 6-IV-VI 4 branched. Comb
scales 26-38, apically fringed. Saddle: yellowish, apical margin moderately to lightly
spiculate, 2-X double; anal papillae as long as saddle. Siphon: slender and long; pale
yellowish; occasionally with median dark band; Pecten with 11-15 teeth, 2-3 large
basal denticles and 4-8 graded distal denticles; subventral tufts 4 pairs, weak, each 3-5
branched and as long as siphonal width at the point of attachment.
PUPA: Abdomen: 2.2 mm. Paddle: 0.66 mm. Trumpet: 0.69-7.2 mm; index:
9.5-11.0. Trumpet: slender, long; meatus weakly spiculate or smooth; pinna with slit
extending to meatus. Thorax. Seta1-C double; 5-C 3-4 branched, as long as 7-C; 8-C
double and longer than 9-C. Metanotum. Seta 10-C, 11-C two branched; 12-C 3
branched. Abdomen. Seta 6-III 3-4 branched; 6-IV 4 branched (3-4); 6-V 4 branched
(3-5); 6-VI 4 branched (3-4); 5-IV 6-8 branched; 5-V 4-6 branched, as long as next
abdominal segment; 7-II 2-3 branched; 9-VII stout, short, 3-4 branched; 4-VIII 2-3
branched; 9-VIII 5-7 branched.
TYPE-DATA. (1) Lophoceratomyia sylvestris Leicester; Lectotype M* with
slide of genitalia, Kuala Lumpur, (Selangor), Malaya [MALAYSIA], pool in hillside
stream, Pahang Rd, jungle November 23, 1903, G. F. Leicester (BMNH; selection of
Colless 1965: 285). (2) Lophoceratomyia quadripalpis Edwards; Holotype M* with
slide of antenna and genitalia, Sarawak, N. Borneo [MALAYSIA], 1908, J. Hewitt
(BMNH). (3) Culex (Lophoceratomyia) roubaudi Borel; Type non-existent, Terres
Rouges, Cochin-China, [VIETNAM]. (4) Culex (Lophoceratomyia) pachecoi Baisas
1935; Lectotype M* (F-150), marked as paratype, with slide of antenna and genitalia,
College of Agriculture, Los Banos, Laguna, Luzon, PHILIPPINES, larva breeds in
semi-stagnant edges of forest creeks, February 2, 1935, F. E. Baisas (USNM;
selection of Sirivanakarn 1977: 44).
DISTRIBUTION. Assam, and Nicobar Islands.
Specimens examined: 15 M, 3 F, 13 L, 16 ls, 6 ps (1 adult with associated
larval and pupal skin). Collected in the present study: ASSAM: Dibrugarh Dist.,
Soraipung, 23.V.2007, Deomali, 24.V.2007, 12 M, 3 F, 12 L, 13 ls, 6 ps (1 adult with
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associated larval and pupal skin). Specimens from VCRCMM: NICOBAR ISLANDS:
Kimus, Arong, 12.VI.2001, 1 L. Specimens from RMRC, Dibrugarh: ASSAM:
Dibrugarh Dist., Soraipung, 3 M, 3 ls.
Additional records from the literature. ASSAM, Dibrugarh Dist., Soraipung
(Bhattacharyya et al. 2003).
Known from Indonesia, Malaysia, Philippines, Singapore, Sri Lanka, Thailand
and Vietnam (WRBU catalog).
TAXONOMIC DISCUSSION. The quadripalpis complex superficially
resembles the rubithoracis complex and the inculus by the number and size of the
male antennal flagellomere 5. But the quadripalpis complex can be readily recognized
in the male genitalia by the stout and moderately long apical beaklike process, broad
rounded apical sternal lobe of the paraproct and in the male by the distinct character
of 4-P single and 7-P double. It can be separated from aculeatus, in the male on the
basis of the strong 7-8 submarginal seta of the basimere and in the larva by 2-3 strong
basal denticles on pecten teeth.
BIONOMICS. Larvae of quadripalpis were collected in the swamp, ground
pool, seepage and elephant foot print under deep shade of rain forest with fallen
leaves. They were found associated with aculeatus, macdonaldi, gracicornis and
Culex (Culicomyia) bailyi. Bram (1967a) collected larvae in Thailand from a variety
of ground water habitats including streampools, stream margins, pits, seepage areas
and elephant foot print. In Malaya, Colless (1965) also collected larvae from fresh
water ground pools and rock pools under forest shade and usually associated with
considerable amount of decaying vegetable matter and also reported that the females
occasionally attack man in forest areas.

CULEX (LOPHOCERAOMYIA) ACULEATUS COLLESS

Culex (Lophoceraomyia) aculeatus Colless 1965: 286 (M*, F, L*); Bram 1967a: 50
(M*, F, L*); Sirivanakarn 1977: 48 (M*, F, L, P).

MALE (Fig. 7). Closely resembles quadripalpis. Head. Palpus. Longer than
proboscis by about 1.5 times the length of segment 5; segments 4 and 5 weakly
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plumose; finger like process unequal in length and shorter than segment 1. Proboscis.
Dorsal upright setae short and fewer; basal labial setae 10 in number and spine like.
Antenna. Flagellomere -5 with a tuft of 2-4 broad scales which are blunt and as long
as the combined length of next 4 flagellomeres, rarely next 3 flagellomeres, followed
by 2-3 broad apically pointed scales of decreasing length and 2 long, narrow hairlike
scales; 2 dark flattened and strong setae among normal long hairs of inner whorl; F-7
with about 13 stout twisted spines which are equal in length with a tuft of 3 very
broad spines. F-6 and F-8-10 similar to quadripalpis.
MALE GENITALIA (Fig. 7). Basimere. 3 moderately strong and gently
curved submarginal setae in a row. Subapical lobe. Rod like setae a-c unequal in
length; seta d-f with 5 accessory setae which are closely placed and unequal in length;
leaflet g1 expanded apically, g2 apex filamentous. Phallosome. Apical dorsal beak
like process of lateral plate long, thin and strongly recurved and abruptly pointed.
Proctiger. Paraproct bilobed, lateral lobe elongate and somewhat tongue-like.
FEMALE: No material collected in this study.
LARVA (Fig. 7). Head: 0.77 mm. Siphon: 1.4 mm; index 5-7. Saddle: 0.29
mm; siphon/ saddle 4. Head: Seta 4-C 2-3 branched from about centre, as long as the
distance between bases of the pair; 5, 6-C double; 7-C 5-6 branched; 16, 17-C single.
Antenna with dark band at base and beyond insertion of hair 1-A. Thorax. Spiculation
absent; seta 3-P single, rarely double on one side only; 4-P always single; 14-P single.
Abdomen. Without spiculation; 6-I, II 3 branched, rarely double on one side; 7-I
double; 1-III-VI usually 3-4 branched; 6-IV-VI 4 branched. Comb scales consisting of
32-40 teeth in triangular patch and evenly fringed apex. Saddle. Pale yellowish; 2-X 3
branched, one long and 2 short, rarely 4 branched. Siphon: Moderately long; pecten
with 10-12 teeth and all with 5-9 graded denticles; subventral tufts with 4 pairs (7-8),
each with 2 branches, some tufts single and about as long as siphonal width at point of
attachment.
PUPA. Abdomen: 2.24 mm. Paddle: 0.56 mm. Trumpet: 0.58 mm; Index: 9.
Cephalothorax and abdomen pale yellow without any definite pattern of dark and pale
areas. Trumpet. Slender, long; pinna with slit extending to meatus. Cephalothorax.
Seta 1-C 3 branched; 2-C 4 -5 branched; 7-C double, very long, longer than all the
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cephalothorax hairs; 8-C double and longer than 9-C. Metanotum. Setae 10 and 11-C
double; 12-C 3 branched. Abdomen. Seta 5-IV 7 branched; 5-V usually 5, 6 branched;
6-III-VI moderately stronger with 3-5 branches; 7-II 2 branched; 9-VII 3-4 strong
branches; 4-VIII 3 branched; 9-VIII with 7 strong branches. Paddle. Pale and broad,
apically rounded.
TYPE-DATA. Holotype M with associated larval and pupal skins and slide of
genitalia and antenna, Kg. Gajah F. R. Perak, Malaya [MALAYSIA], November 13,
1958, D. H. Colless (ANIC).
DISTRIBUTION. Assam. New country record for INDIA.
Specimens collected and examined: 7 M, 4 L, 4 ls, 1ps (1 adult with associated
larval and pupal skin). ASSAM: Dibgrugarh Dist., Soraipung, 26.VIII.2005 and
23.V.2007, Tezpur Dist., Athambari, 21.VII.2007.
Known from Malaysia and Thailand (WRBU catalog)
TAXONOMIC DISCUSSION. Culex aculeatus can be readily differentiated
from quadripalpis and paraculeatus by the long, slender apical dorsal beaklike
process of male phallosome; the unique and distinct character of the presence of 2
dark flattened setae in the inner whorl of antennal flagellomere 5, and tongue like
apical lobe of the paraproct of the proctiger. Pupa exhibit characters that overlap with
those of quadripalpis but larva can be separated easily by the graded denticles on
pecten teeth. This first report of Culex aculeatus from India which is a new country
record proves the view held by Sirivanakarn (1977: 49) that although aculeatus is
known only from Thailand and Malaysia, there is a possibility that it may be
widespread, extending into other areas of the Southeast Asia.
BIONOMICS. Larvae of aculeatus were collected from ground pool and
elephant foot print under shade with decayed leaves. They were found associated with
quadripalpis, macdonaldi and Cx. (Culiciomyia) bailyi. Sirivanakarn (1977) reported
that the immatures were collected from pools at the edges of streams and occasionally
from swamps, marshy depressions and rock pools and adults were collected resting on
stream margin.
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CULEX (LOPHOCERAOMYIA) PARACULEATUS SIRIVANAKARN

Culex (Lophoceratomyia) fraudatrix of Baisas 1935: 173 (M*, F).
Culex (Lophoceraomyia) paraculeatus Sirivanakarn 1977: 49 (M*)

MALE (Fig. 8). Very similar to aculeatus. Head. Palpal segments 4 and 5
strongly plumose; both finger like process equal and shorter than segment 1.
Proboscis. Dorsal upright setae present, more in the apical 0.75 of labium and longest
one about 2 times longer than width of the proboscis; basal labial setae 10-11,
moderately stout. Antenna. F-5 one broad abruptly pointed scale slightly longer than
combined next three flagellomeres, followed by 4 broad pointed tuft of scales in the
decreasing order and 5-6 long hair like setae; F-7 with a twisted tuft of curled setae
and a tuft of long broad setae (whereas in aculeatus both tufts of F-7 are equal in
length); F-8 with a tuft of scales somewhat long and rarely kinked.
MALE GENITALIA (Fig. 8). Basimere. 3 prominent, sinusous, submarginal
setae. Subapical lobe. Among the three rod like setae a-c, rod a expanded subapically
and sharply pointed; setae d-f with 4 blade like setae, leaflet g2 club shaped; g1
apically broadened with filamentous tip; seta h is prominent, long. Phallosome.
Apical dorsal beak like process short, abruptly pointed. Proctiger. Both apical sternal
and lateral lobes of paraproct rounded.
FEMALE, LARVA and PUPA. Unknown.
TYPE-DATA. Holotype M (B60/22) with slide of antenna and genitalia
(SEAMP 69/106), Tawau, (Sabah), North Borneo, [MALAYSIA], February 1960, D.
H. Colless (BMNH). Paratype 1 M (B60/22) with slide of head, palpus, proboscis and
genitalia (SEAMP 69/107), same data as holotype (USNM).
DISTRIBUTION. Assam and Arunachal Pradesh. New country record for
INDIA.
Specimens collected and examined: 2 M. ARUNACHAL PRADESH:
Mapoya-Tirap District., Deomali, 25.VIII.2005, 1 M; ASSAM: Dibrugarh District.,
Soraipung, 23.V.2007, 1 M.
Known from Malaysia and Philippines (WRBU catalog).
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TAXONOMIC DISCUSSION. Culex paraculeatus can be recognized as
distinct from aculeatus by: i) shorter and stronger apical beaklike process of the male
phallosome and ii) markedly reduced twisted tufts of antennal F-7. Sometimes
paraculeatus resembles rubithoracis by dark tufts of F-5 and the shorter twisted tufts
of antennal F-7, but paraculeatus can be differentiated by the absence of well
developed lanceolate scales of the antennal F-9, g2 not filamentous apically and apical
sternal and lateral lobes of paraproct short and rounded.
BIONOMICS. Of the 2 adults collected in this study, one was emerged from
larva collected from swamp under heavy shade in the forest and the other was
collected as adult resting on stream margin in the forest.

variatus complex

The variatus complex is represented in India by 4 species: variatus, cubitatus,
gracicornis and macdonaldi. It is strongly differentiated in the male by antennal
flagellomeres 5 with prominent tufts of dark, fan-shaped and a group of yellowish or
whitish hair like scales which is more than the length of next 4 flagellomeres; F-8
with long filamentous tuft of j-hooked setae; dorsal upright setae of proboscis present;
basimere with a row of well developed submarginal setae; in the larva by seta 5-C
double; 4-P double and seta 7-I double.

CULEX (LOPHOCERAOMYIA) VARIATUS (LEICESTER)

Lophoceratomyia variata Leicester 1908: 121 (M, F).
Lophoceratomyia fraudatrix Theobald 1905b, Edwards 1913: 235 (as senior
homonym of L. variata Leicester).
Culex (Lophoceratomyia) fraudatrix Theobald of Barraud 1924: 41 (M*); Edwards
and Given 1928: 351 (L); Edwards 1932: 197 (taxonomy); Barraud 1934: 368
(M*, F, L); Brug and Bonne-Wepster 1947: 186 (distribution, in part) Chu
1957: 151 (M*, distribution).
Culex (Lophoceraomyia) fraudatrix Theobald, Stone, Knight and Starcke 1959: 233
(catalog).
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Culex (Lophoceraomyia) variatus (Leicester), Colless 1965: 270 (M*, F, L*); Bram
1967a: 72 (M*, F, L*); Stone 1967: 274 (catalog); Sirivanakarn 1977: 53 (M*,
F, P*, L*).

MALE (Fig. 9). Head. Palpus. Longer than proboscis by about length of
segment 5; finger like process both inner and outer equal and shorter than segment 1;
segment 2 with a dorsal tuft of setae near base, and dorsal and ventral rows of shorter
setae; segment 3 with a short row of small ventral setae on proximal half and a few
long ventral setae near the tip; segments 4 and 5 strongly plumose. Proboscis. False
joint present; dorsal setae present, the longest 2 times as long as labial width at point
of insertion; labial basal setae 12-16 in numbers. Antenna. Flagellomere 5 with
modified tuft of 6-11 prominent blunt dark scales dorsally which are as long as or
longer than the combined length of next 5 flagellomeres, followed ventrally by 3-4
similar scales flattened basally and narrower apices and pale; a series of some 12-15
very narrow, pale scales with long hair like tips, ventral half of scales equal to the
length of dorsal scales and remaining more ventral ones longest. F-7 with crumpled
tuft of curled setae not well developed and small; F-8 with j-hooked tuft, the
filamentous tip exceptionally long compared to other species of this complex, some of
them slightly curved apically or kinked; F-9 with yellowish 5 lanceolate setae along
with 4-5 stout setae; F-10 with 2-5 strong bristle like setae.
MALE GENITALIA (Fig. 9). Basimere. Normal, with 3 strong and sinuous
submarginal setae; 5-7 well, developed marginal setae, thinner than submarginal
setae, sinuous and the length is less than or about 0.5 of the submarginal setae, all the
marginal setae arranged evenly. Subapical lobe. Internal rod a with broad truncate
apical expansion, its lateral corners drawn out into fine recurved points; rod b
uniformly thick, hooked apically; external rod c hooked and smoothly bent beyond
middle; 4-6 accessory blade-like setae (d-f); leaflets g2 club shaped, g1 relatively
long; seta h moderately long and shorter than submarginal setae. Distimere. Normal
with subapical dorsal surface lightly annulated. Phallosome. Apical beak like process
slender, gently curved and sharply pointed, the posterior angle with small minute
spicule. Proctiger. Crown small, consisting of 3-4 coarse spicules laterally and several
spine-like spicules internally; paraproct with bilobed apex, small apical lateral lobe
and a broad round apical sternal lobe.
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FEMALE. No material collected in this study.
LARVA (Fig. 9). Head: 0.84 mm. Siphon: 1.2-1.4 mm; index. 5-7. Saddle:
0.31 mm; siphon/saddle ratio 4. Head. Seta 4-C 2-3 branched usually after middle and
shorter than the distance between bases of the pair; 5, 6-C bifid; 7-C long, 6-10
branched; 14-C 2-3 branched; 16, 17-C minute, single sometimes bifid. Antenna with
dark basal ring and darkening portion distal to the tuft 1-A. Thorax. Lightly to
moderately spiculated on lateral areas, rarely extending on to dorsum and venter; seta
3-P always bifid, sometimes triple on one side only; 14-P always double, rarely single
on one side only. Abdomen. Unspiculated; seta 7-I double; 1-III-VI 3-5 branched; 6III 3 branched, rarely 4; 6-IV-VI 4 branched; 4-VII double. Comb scales normally 3035. Saddle. Lightly spiculated on the posterior caudal margin; seta 2-X 3-4 branched,
rarely double; anal gills equal or slightly longer than saddle. Siphon. Pale yellowish;
usually without median dark band, occasionally with dark band, sometimes faintly
visible; pecten 10-14 teeth, each with 2 strong basal denticles more or less distinct
from the 6-7 graded denticles; 4 pairs of subventral tufts, each tuft usually double or
triple, rarely 2-4 branched and about as long as the width of the siphon at point of
attachment.
PUPA. No material collected in this study.
TYPE-DATA.

Lectotype

M*,

Kuala

Lumpur,

[Selangor],

Malaya

[MALAYSIA], marshy ground, Circular Road, October 19, 1903, G. F. Leicester
(BMNH; selection of Colless 1965: 270).
DISTRIBUTION. Assam. Also reported from Andaman Islands.
Specimens examined: 5 M, 3 F, 4 L, 6 ls (1 adult with associated larval skin).
Collected in the present study: ASSAM: Dibrugarh Dist., Deomali, 25.VIII.2005, 3 ls;
Soraipung, 23.V.2007, 1 M, 1 L; Tezpur Dist., Sagoli suburi, 19.VII.2007, 1 M, 2 ls;
Shalbari, 21.VII.2007, 1 M, 1 F, 3 L; Kulai Bazar, 24.VII.2007, 1 M, 1 ls; Kaziranga
forest, 25.VII.2008, 1 M, 2 F.
Additional records from literature. Assam: Dibrugarh; Golaghat, Sibsagar
District; Andaman Island, Mount Harriet (Barraud 1934: 370, as fraudatrix); Assam:
Brahmaputra valley (Khan et al. 1998); Assam, Boko (Tewari et al. 2007).
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Known from China, Indonesia, Malaysia, Singapore, Thailand and Vietnam
(WRBU catalog).
TAXONOMIC DISCUSSION. Culex variatus can be distinguished from other
species of this complex in the male by the difference in the modified tuft of antennal
flagellomere 5, by smoothly curved subapical rod c and the position of marginal setae
in the basimere; in the larva by 3-P bifid, 14-P double, and shape of basal pecten
teeth. Sirivanakarn (1977: 55) considered the presence of several fine hairlike setae
laterad of the dorsocentral bristles on the anterior surface of the fossa as one of the
most diagnostic features of the variatus male that had not been described before. He
was of the opinion that this character provides a clear cut separation of the variatus
males from all sympatric forms in the variatus complex. However, in the present
study it was found that this characteristic feature was seen only in cubitatus from
Nicobar Islands but not found in the variatus of the main land in India.
BIONOMICS. Larvae of variatus were collected in shaded ground pools,
elephant foot print in forest and swamps in the bamboo garden. Adults came from
rearing the larvae and those collected resting on vegetation in the forest. In Thailand
Bram (1967a) collected larvae from a variety of ground water habitats including a
marsh, a large ground pool, pools in dry streambeds, and a swamp generally with
floating leaves and other organic matter. Colless (1965: 272) was of the opinion that
most commonly the larval habitats of this species are partly shaded and has much
organic matter in the water, which is stagnant and usually fresh. Sirivanakarn (1977:
56) mentioned that puddles, ditches, ponds, marshy depressions, swamp under partial
or heavy shade of forest or nipa palms constitute the larval habitats of variatus. The
adult readily attacks man by day under forest cover in certain areas but its normal
hosts are probably birds or forest mammals (Colless 1965: 273).

CULEX (LOPHOCERAOMYIA) CUBITATUS COLLESS

Culex (Lophoceraomyia) cubitatus Colless 1965: 273 (M*, F, L*); Sirivanakarn 1973:
215 (distribution); Sirivanakarn 1977: 57 (M*, F, L, P).
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MALE (Fig. 10). Head. Palpus. Longer than proboscis by about length of
segment 5; segments 4 and 5 moderately plumose; finger like process with outer
slightly longer than inner and both less than segment 1. Proboscis with numerous
dorsal setae about as long as width of the labrum, apically more strong and numerous;
basal labial setae stout, 8 in number. Antenna. F-5 with 2 hair like sub equal scales
more dorsally, 1 broad acuminate scale, 6-7 broad blunt scales which are usually as
long as the combined length of the next 5 flagellomeres, followed ventrally by about
13 similar scales with narrower apices, gradually decreasing in length ventrally; F-7
with curved twisted tuft of setae, dark and well developed; F-8 with hook shaped
setae, tip filamentous; F-9 with 4-5 yellowish lanceolate setae along with several stout
setae; F-10 with 3-5 stout, dark bristle like setae. Mesonotum with narrow dark brown
scales and a patch of several fine somewhat pale, delicate and long hair like setae
laterad of the dorsocentral bristles on the anterior surface of the fossa.
MALE GENITALIA (Fig. 10). Inner tergal surface of basimere with a row of
3 strong submarginal setae; 7-11 marginal setae not concentrated at the base of
basimere, sinuous. Subapical lobe. Internal rod a with broad truncate apical
expansion, its lateral corners drawn out into fine recurved points, rod b uniformly
thick, external rod c with characteristic elbow shape; 4 accessory blade like setae (df); leaflet g2 club shaped, pointed, small, shorter or equal to accessory setae, g1
expanded apically, long equal to subapical lobe; seta h strong, long equal to
submargianl setae. Phallosome. Apical dorsal beak like process shorter, stouter, blunt
tipped. Proctiger. Paraproct with short, broadly rounded apical lateral and sternal
lobes.
FEMALE. Wing: 2.8 mm. Forefemur: 1.6 mm. Proboscis: 1.9 mm. Mediumsized, brownish black species. Head. Decumbent scales largely broad and dark; pale
scales on upper eye margin forming a distinct ocular line; lateral broad scales pale.
Palpus about 0.2 of proboscis. Proboscis. 2 basal labial spines which are about half of
palpus. Thorax. Mesonotum pale brown; a very few short, dark setae present on the
anterior surface of the fossa; pleuron without scale patches; 1 lower mep present.
LARVA (Fig. 10). Head: 0.75 mm. Siphon: 1.3-1.5 mm; index 6. Saddle: 0.32
mm; siphon/saddle ratio 5. Head. Seta 4-C single, bifid beyond middle; setae 16, 17-C
present. Antenna pale except for the dark ring at base. Thorax. Lightly spiculated,
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sometimes absent; seta 3-P usually single, rarely bifid, usually about 2.5 times as long
as 14-P; 14-P always single and strong. Abdomen. Seta 6-III usually triple; 6-IV 4
branched; 6-V 3-4 branched; 6-VI 4 branched; 1-III 2-3 branched; 1-IV 3-4 branched
rarely 2-3 branched; 1-V 3-4 branched; 1-VI 3-4 branched; 4-VII double; 10-VII
double. Comb scales about 33-45, each apically fringed. Saddle. Setae 2-X 3-4
branched; anal papillae longer than saddle. Siphon. Uniformly yellowish white;
Pecten 12-14 teeth, the basal 2 denticles not strong as in variatus, somewhat stouter,
6-7 graded denticles, not widely separated; 4 pairs of subventral tufts, each with 2-3
branches and shorter or equal to the width of the siphon at point of attachment.
PUPA. No material collected in this study.
TYPE-DATA. Holotype M (57/48/1) with associated pupal and larval skins,
slides of antenna (CH 118) and genitalia (CT 474), Mandai Road, SINGAPORE,
December 29, 1957, D. H. Colless (ANIC).
DISTRIBUTION. Andaman and Nicobar Islands. New country record for
INDIA.
Specimens examined: No material was collected in this study. Specimens from
VCRCMM: ANDAMAN AND NICOBAR ISLANDS: Nicobar, Kimus, 26.VI.2001,
8 M, 5 F, 6 L.
Known from Indonesia, Malaysia, Philippines and Singapore (WRBU
catalog), and Papua New Guinea (Sirivanakarn 1977).
TAXONOMIC DISCUSSION. Culex cubitatus can be distinguished from
variatus and other members of the variatus complex by the combination of the male
and larval characters as described above. Specimens of cubitatus collected in this
study were all from the Nicobar Islands and none were collected in the mainland. This
record of cubitatus is a new country record for India.
BIONOMICS. Larvae of cubitatus were collected in ground pools in the
coconut garden along the coast of Nicobar Islands. The adults came from rearing of
larvae, and those collected resting near the breeding habitats and in light trap.
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CULEX (LOPHOCERAOMYIA) GRACICORNIS SIRIVANAKARN

Culex (Lophoceraomyia) sp. near cubitatus Colless 1965: 274 (M*, F).
Culex (Lophoceraomyia) gracicornis Sirivanakarn 1977: 58 (M*).

MALE (Fig. 11). Head. Palpus longer than proboscis by about length of
segment 5; segments 4 and 5 moderately plumose; finger like process unequal, outer
equal to inner and shorter than segment 1. Proboscis. False joint present at about 0.2
of base; sinuous dorsal setae present, extending from false joint to apex of labium,
their length 2-3 times as long as labial width at point of insertion. Antenna. Modified
tuft on flagellomere 5 with 8-10 dark, broad blunt tipped scales which are as long as
or longer than combined length of next 5 flagellomeres, followed by about 17 pale
flattened setae, which are same length of dorsal blunt scales, more basal 3-4 flattened
setae very short, as long as next 2 flagellomeres. F-6, 7 as other species of this
complex; F-8 with about 6 J- hooked setae, kinked subapically, the apical filamentous
very short (distinctly long in cubitatus and variatus ); F-9 with 3 yellowish lanceolate
setae along with 3-4 dark bristle like setae; F-10 with 3-4 dark, bristlelike setae.
MALE GENITALIA (Fig. 11). Basimere with 3 strong, submarginal setae in a
row; about 8 marginal setae, strong, 0.75 length of submarginal setae, 4 of them very
close basally and the others evenly spaced towards apically. Subapical lobe. The
shape of rods a-c intermediate between variatus and cubitatus; internal rod a with
broad truncate apical expansion, its lateral corners drawn out into fine recurved
points; rod b uniformly thick, hooked apically; external rod c hooked and not smooth
like in variatus and not distinctly elbow shaped as in cubitatus but slightly angulate;
Phallosome. Apical dorsal beak like process slender, relatively long and pointed.
Proctiger. Paraproct with elongate budlike apical lateral lobe which is apically blunt
and apical sternal lobe rounded.
FEMALE, PUPA and LARVA. No materials collected in this study.
TYPE-DATA. Holotype M with slides of antenna (CH 122) and genitalia (CT
524), Ayer Mati, Perak? MALAYASIA (ANIC). Paratype 1M with slides of antenna
(CH 123) and genitalia (CT 523), same data as holotype (ANIC).
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DISTRIBUTION. Assam. New country record for INDIA.
Specimen collected and examined: ASSAM: Tezpur Dist., Kaziranga forest,
24.VII.2008, 1 M.
Known from Malaysia and Thailand (WRBU catalog).
TAXONOMIC DISCUSSION. Culex gracicornis can be differentiated from
variatus and cubitatus by the male antennal and genital characters as described above.
The only male specimen recorded in this study is a new country record for India, as
this species was known earlier only from Thailand and Malaysia.
BIONOMICS. The specimen of gracicornis was collected as adult resting in
the deep shaded forest along with variatus, rubithoracis and cinctellus.

CULEX (LOPHOCERAOMYIA) MACDONALDI COLLESS

Culex (Lophoceraomyia) macdonaldi Colless 1965: 276 (M*, F, L*); Delfinado 1966:
108 (M*, P*, L*); Bram 1967a: 61 (M*, L*); Sirivanakarn 1977: 61 (M*, F,
L*, P*).

MALE (Fig. 12). Head. Palpus. About as long as proboscis; segments 4 and 5
moderately plumose; basal finger like process long and equal to segment 1. Proboscis.
Dorsal upright scales dense; labial basal setae 5-6 in number, weak, and not stout like
other species of variatus complex. Antenna. Modified tuft of F-5 with 11-12 broad
blunt tipped scales which are about equal to the combined length of next 5
flagellomeres, followed by 7-9 scales which are broad basally and narrow apically, all
decreasing in length; F-8 well hooked, the tapering filament exceptionally long; F-9
with 3-5 lanceolate scales as well as several stout setae; F-10 with 3-5 dark bristle like
setae.
MALE GENITALIA (Fig. 12). Basimere with a linear row of 3 submarginal
setae. Subapical lobe. Rods a-c gently curved medially, rod a expanded apically;
distal part with 4 narrow accessory seta (d-f); leaflets g1 and g2 club shaped; seta h
moderately long. Distimere. More or less swollen beyond middle, distally tapered into
a blunt point. Phallosome. Apical dorsal beak like process rather short. Proctiger.
Apical lateral and sternal lobes round in shape.
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FEMALE. No material collected in this study.
LARVA (Fig. 12). Head: 0.66 mm. Siphon: 1.32 mm; index 7. Saddle: 0.29
mm; siphon/ saddle ratio 5. Head. Seta 4-C short, 3-4 branched, shorter than the
distance between bases of the pairs; 5, 6–C double, moderately pectinate; 7-C 7-8
branched, strongly pectinate; 8-C 3-5 branched; 9-C 6 branched and double the length
of 8-C, located near base of antennal prominence, cephalad of 8-C; 16, 17-C present.
Antenna with a narrow, dark, basal band and darkly pigmented beyond insertion of
hair 1-A; Thorax. Spiculation absent; seta 3-P 2, 3 branched. Abdomen. Seta 6-III-VI
4 branched. Comb scales 36-44, scales on posterior row elongate, twice as long as
scales on anterior row, apical fringe normal. Saddle. Seta 2-X 4 branched. Siphon.
Slender, moderately long; 11-12 pecten teeth, distal pecten teeth with 1, 2 strong basal
denticles and 7-8 graded denticles distally; 4 pairs of subventral tufts, each with 2-3
branches, as long as siphonal width at points of attachment.
PUPA. No material collected in this study.
TYPE-DATA. Holotype M (56/33/11) with associated pupal and larval skins,
slides of antenna (CH9) and genitalia (CT301), SINGAPORE, March 26, 1956, D. H.
Colless (ANIC).
DISTRIBUTION. Assam.
Specimens examined: Collected in the present study: ASSAM: Tezpur Dist.,
Kulai Bazar, 24.VII.2006, Dibrugarh Dist., Soraipung, 23.V.2007, 2 M, 2 L.
Additional record from the literature. Assam: Golaghat (Colless 1965: 277).
Known from Indonesia, Malaysia, Philippines, Singapore, Thailand and
Vietnam (WRBU catalog).
TAXONOMIC DISCUSSION. Culex macdonaldi though superficially similar
to species of variatus complex, can be differentiated in the male by the antennal tufts
on flagellomere 5; the finger like process of palpus equal to segment 1 and in the larva
by seta 9-C double the length of 8-C.
BIONOMICS. Larvae of macdonaldi were collected in the elephant foot print
in the forest. Adults were collected while resting on vegetation near the breeding sites.
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MAMMILIFER GROUP

MALE. Distinguished from the Fraudatrix Group by the following. Palpus.
Slender, usually as long as proboscis; basal finger like processes absent; segment 4
and 5 with few bristles. Proboscis. False joint present, rarely absent; labial basal seta
weak and short, hair-like. Antenna. Pedicel with a very distinct spiculose prominence
on inner dorsal surface; modified tufts of scales and setae usually present on F-5-8 or
5-9, sometimes absent; F-5 modified tuft of scales and setae varies from small,
inconspicuous, short, acute setae; sometimes large, distinct, with some broad, acute or
blunt tipped scales or long, yellowish or golden fine hair-like setae; F-9 with or
without a tuft of long, bristle like setae.
MALE GENITALIA. Basimere. Usually conical in shape, sometimes
modified; submarginal setae well developed, sometimes absent. Subapical lobe. Well
developed, sometimes strongly modified. Distimere. Usually tapered, recurved
towards apex, sometimes apex expanded or modified; dorsal surface with or without
crest of fine spicules. Phallosome. Dorsal lobe of lateral plate usually with a simple,
spinelike internal process and a large, partially denticulate external process; ventral
lobe strongly reduced. Proctiger. Crown with coarse and spinelike spicules; cercal
setae usually 3, 5.
FEMALE. Head. Decumbent scales on vertex largely narrow; erect scales
dark, sometimes pale. Thorax. Mesonotal integument brown to black. Abdomen.
Tergum entirely dark.
LARVA. Head. Seta 4-C as long as or longer than distance between bases of
the pair; 5-C usually double, sometimes single or 3-5 branched; 6-C 1-2 branched.
Antenna pale except basal dark ring. Thorax. Spiculation usually absent, sometimes
moderate to strong; 3-P usually single; 7-P usually double, rarely triple; 8-P single or
double, subequal to 7-P, or sometimes strongly reduced; 14-P usually double, rarely
single; 1-M strong as long as 3-M. Abdomen. Spiculation usually absent, sometimes
with moderate to strong; setae 6-I, II usually triple, sometimes double; 7-I usually
double; 6-III-VI double to triple. Comb scales numerous, all subequal or differentiated
in size; seta 2-VIII always single. Posterior caudal margin of saddle lightly to heavily
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spiculated. Siphon. Usually long slender as in the Fraudatrix Group; pecten teeth
usually 8-15; subventral tufts usually prominent with 3-4 pairs, rarely 9-10 tufts.
PUPA. Trumpet. Cylindrical; pinna usually without slit extending to meatus.
Cephalothorax. Seta 8-C usually 1-3 branched, 9-C usually double, sometimes single
or triple. Metanotum. Seta 10-C usually double; 11-C single or double; 12-C usually
triple. Abdomen. Seta 5-IV 1-3 branched; 5-V usually double; 5-VI usually double,
sometimes single; 6-III-VI usually 1-3 branched..
DISCUSSION. The Mammilifer Group exhibits a rather distinctive pattern of
distribution, being confined largely to the Indomalayan parts of the Oriental region.
Elsewhere, it has been reported only from the Papuan part of the Australasian region
where 4 species of 3 subgroups are represented (Sirivanakarn 1968). Of the species
recorded in this study, 12 are characterized as belonging to the Mammilifer Group
based on the presence of a distinct spiculose prominence on the pedicel of the male
antenna, considered to be diagnostic for the group by Edwards (1932: 196-198) and
Colless (1965: 264-265). All the 12 species of the Mammilifer Group recognized in
this study fall into Mammilifer subgroup. Species of Group 3 of Barraud (1934: 362),
subgroup B-2 (brevipalpus) of Colless (1965: 264-265) and Brevipalpus subgroup of
Sirivanakarn (1977:68) that breed exclusively in pitcher plants, were not recorded in
this study though pitcher plants are present in India in the Northeastern State of
Meghalaya. Hence the Brevipalpus subgroup is considered to be absent in India,
though it is reported in other parts of the Oriental region. The breeding habitats of the
species of Mammilifer Group are usually tree holes, bamboos and rock pools or
sometimes ground pools.

Mammilifer Subgroup

The Mammilifer Subgroup mainly conforms to the description of Colless
(1965:264) and Sirivanakarn (1977:78). The following characters can chiefly
characterize it: the male by palpus usually as long as or longer than proboscis; the
male genitalia by varied shape of basimere such as normal, slender, conical, with 4 or
more strong submarginal setae in a prominent row, sometimes none; subapical lobe
well developed, sometimes strongly modified; distimere slender, strongly tapered and
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recurved towards apex and internal process of the phallosome well developed; the
pupa by trumpet very long, more or less uniformly cylindrical and in the larva by 2, 3A placed subapically and subventral tufts of siphon usually 3, 4, pairs, sometimes 5
pairs. Breeding habitats are usually tree holes, bamboos and rock pools, sometimes
ground pools.
Sirivanakarn (1977) classified the Oriental species of the Mammilifer
Subgroup into 8 complexes. The same is followed here, and members of the subgroup
are placed in 6 of the known complexes with addition of one new complex
singhbhumensis. Accordingly the 12 Indian species of the Mammilifer Subgroup are
classified into 7 complexes: traubi, mammilifer, minor, peytoni, pholeter, flavicornis
and singhbhumensis.

traubi complex

This complex is represented in India by only one species. It is characterized in
the male by the presence of modified tufts of scales and setae on antennal
flagellomeres 5-8; absence of modified tufts of bristle like setae on flagellomere 9 and
in the male genitalia by phallosome with internal process extending beyond the apex
of the external process.

CULEX (LOPHOCERAOMYIA) UNIFORMIS (THEOBALD)

Lophoceratomyia uniformis Theobald 1905a: 245 (M*, F).
Culex (Lophoceratomyia) uniformis (Theobald), Edwards 1922a:

281 (M, key);

Barraud 1924: 24 (M, F); Barraud and Covell 1928: 678 (F buccopharyngeal
armature); Edwards 1928: 276 (L): Edwards 1932: 197 (taxonomy); Barraud
1934: 373 (M*, F, L).
Culex (Lophoceraomyia) uniformis (Theobald), Mattingly 1949: 226 (L, key); Stone,
Knight and Starcke 1959: 235 (catalog); Sirivanakarn 1977: 84 (M*, L*).

MALE (Fig. 13). Palpus. Longer than proboscis by more than length of
segment 5; segments 4 and 5 with more numerous bristles. Antenna. Flagellomere 5
with a tuft of 6 broad scales, dorsal most 1-3 scales dark, apically pointed, as long as
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the next 3 flagellomeres, other lateral scales yellowish, narrow, pointed with
decreasing length; F-6-8 with usual modified tufts of scales and setae; F-9 without
modified tufts of bristle like setae.
MALE GENITALIA (Fig. 13). Segment IX. Tergal lobe with 3, 4 weak and
short setae; sternum with 2 strong setae towards caudal margin. Basimere.
Submarginal setae 4 in number and strong; marginal setae 6 in number, weak and
sparse. Subapical Lobe. Rodlike setae a-c strong and subequal, smoothly curved;
setae d-f consist of 4 accessory setae which are bladelike and few fine hairlike setae;
leaflets g1 larger, striated and longer, almost equal to the length of subapical lobe; g2
rodlike; seta h strong. Distimere. Slender and normal. Phallosome. Very strong and
long internal process, projecting beyond apex of external process; external process
with broad spiculose apical lobe and 1-3 rows of several strong denticles on upper
tergal surface, inner surface apparently few weak denticles. Proctiger. Apical crown
composed of numerous dark, coarse spinelike spicules; cercal setae 3.
FEMALE. Wing: 2.5 mm. Forefemur: 1.5 mm. Proboscis: 1.8 mm. Mediumsized species. Head. Pale decumbent scales on vertex forming an ocular line and dark
scales in centre. Thorax. Mesonotum scales brownish black; pleura dark brown; lower
mep bristle absent. Legs. Anterior surface of hind femur pale whitish continued as
broad pale stripe towards apex. Abdomen. Terga entirely dark.
LARVA (Fig. 13). Head: 0.90 mm. Siphon: 1.6 mm; index 7. Saddle: 0.29
mm; siphon/saddle ratio 4, 5. Strongly differentiated from other members of the
Mammilifer Subgroup in having thorax and abdomen densely spiculose. Majority of
the setae in head, thorax and abdomens are dark. Head. Seta 1-C dark, swollen at
base, with or without lateral accessory spines; 4-C single, pectinate, 2-3 times as long
as distance between bases of the pair; 5-C 4 branched; 6-C double or triple; 7-C 8, 10
branched; 8-C triple, sometimes double; 9-C 7, 10 branched. Antenna. Shaft pale
yellowish, except for the dark ring at base. Thorax. Spicules strong, hairlike,
unbranched and extremely dense all over; seta 3-P single, pectinate; 4 and 7-P always
double; 8-P minute with 4, 5 branches; 1-M strong and longer than 3-M; 14-P double.
Abdomen. Spiculation as in thorax; 6-I, II triple, strong; 7-I double, strong; seta 1-IIIVI strong, 3, 6 branched; 6-III-VI triple (2-4). Saddle. Yellowish, densely spiculate;
lateral caudal margin with numerous strong spines; seta 2-X 2, 3 branched. Siphon.
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Moderately long, pigmentation yellowish; pecten teeth 14-16, one strong basal
denticle and 2, 4 finer distal denticles; sometimes with 4, 5 graded denticles;
subventral tufts subequally strong, each 4-7 branched; 2, 3 times as long as siphonal
width at point of attachment, the remaining pairs gradually shorter.
PUPA. Abdomen: 2.95 mm. Paddle: 0.76 mm. Trumpet: 0.67 mm; index 9.
Pigmentation of cephalothorax and abdomen pale yellowish. Trumpet. meatus
strongly spiculate and without slit. Cephalothorax. Seta 1-C usually triple, as long as
5-C; 5-C usually 4 branched (2-6); 8-C usually triple (2-4); 9-C usually double (2-3).
Metanotum. Seta 10 and 11-C double; 12-C usually 4 branched (3-4). Abdomen. Seta
1-III-V usually 5 branched (4-10); 1-VI usually double (2-3); seta 3-III double; 3-IVV usually 6 branched (4-7); 3-VI usually 4 branched (3-5); 5-IV-V usually double (23), 1.5-2.0 times as long as segment following; 5-VI usually single, sometimes
double, as long as segment following; seta 6-III-VI weak, usually triple (1-4); 9-VII
usually triple; 9-VIII 7, 8 branched.
TYPE-DATA. Lectotype male with attached genitalia mount and slide of
head, Peradeniya, CEYLON (SRI LANKA), May 1902, collected by Green (BMNH).
DISTRIBUTION. Goa, Karnataka, Kerala, Tamilnadu and Orissa. Also
reported from Maharashtra and Andaman Islands.
Specimens examined: 105 M, 100 F, 130 L, 124 ls, 96 ps (74 with associated
larval and pupal skins). Collected in the present study: GOA: Panaji, Chorao Island,
Bourim Bridge, 22, 24.X.2004, 1 M, 1 F; KARNATAKA: Mangalore, Kundapur,
NovaharII, Rajadi Bridge, Kollur, 28, 31.VII.2004, 02.VIII.2004, 1 M, 4 F, 2 L, 4 ls, 3
ps, (3 adults with associated larval and pupal skins); KERALA: Wyanad, Edakkal,
Kurchiad forest, Noolphuzha, Manandavadi-Kalpeta road, 10-13.VII.2005, 46 M, 37
F, 50 L, 66 ls, 52 ps; Kottayam, Erattupetta, Vazhakulam, 7-12.VII.2008, 45 M, 52 F,
71 L, 34 ls, 24 ps, (67 adults with associated larval and pupal skins); TAMILNADU:
Ooty, Coonoor, Thottapetta, 15,16.VII.2005, 2 F, 1 ls,1 ps; Kodaikanal, Pannaikadu,
23.XI.2007, 12 M, 2 F, 6 L, 16 ls, 16 ps, (2 adults with associated larval and pupal
skins). Specimens from VCRCMM: ORISSA: Koraput, Gupteshwar, 08.X.1998, 2 F,
1 L, 3 ls, 2 ps, (2 adults with associated larval and pupal skins).
Additional records from the literature. Common species from Bombay down
West Coast to Ceylon (Barraud 1934: 374); Bombay: Trombay; Malabar: Pudupadi

82
(Sirivanakarn 1977: 85); Bombay Deccan: Belgaum; North Kanara: Kadra; Andaman
Islands: Mount Harriet (Barraud 1924: 43); Western Ghats (Reuben et al. 1993); Goa
(Naik et al 1992: 88).
Known from Philippines and Sri Lanka (WRBU catalog).
TAXONOMIC DISCUSSION. Culex uniformis is common throughout the
Western Ghats, occurring in the southern States of Tamil Nadu, Kerala and
Karnataka. Earlier it was considered to be restricted to South India (Sirivanakarn
1977), but the distributional range is now extended to Orissa. A unique characteristic
of this species among all stages is the remarkably strong and dense spicules on thorax
and abdomen in larva. Other species that exhibit this character in larva are spiculosus
and kuhnsi, both of which do not occur in India.
BIONOMICS. Larvae of Culex uniformis were collected from tree holes in
mangrove forest and other areas, bamboos, split bamboos, coco shells, fallen bracts,
tyres. On very rare occasions it was found in seepage and stream pools. It is a very
common species in the latex collecting cups in the rubber plantations of Kerala during
the months of July and November. Barraud (1934: 374) collected from rock pools.
Adults were collected resting in tree holes in the mangroves and in human dwellings.
Nothing is known of the medical importance of Cx. uniformis, but due to extensive
breeding of the species in association with Aedes albopictus in the latex collecting
cups in areas of Kerala prone for Chikungunya outbreaks, the probable involvement
of the species in the disease cycle requires to be studied.

mammilifer complex

This complex is represented in India by 2 species, mammilifer and demissus. It
is similar to the traubi complex in the internal process of the male phallosome
projecting beyond apex of external process, but it can be well separated by the
presence of modified tuft of bristlelike setae on antennal flagellomere 9 in addition to
those on flagellomeres 5-8.
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CULEX (LOPHOCERAOMYIA) MAMMILIFER (LEICESTER)

Lophoceratomyia mammilifer Leicester 1908: 128 (M, F).
Culex (Lophoceratomyia) mammilifer (Leicester), Edwards 1922a: 281 (M, key);
Barraud 1924: 43 (M*); Edwards 1928: 276 (L); Edwards 1932: 198
(taxonomy); Barraud 1934: 374 (M*, L); Baisas 1935: 174 (M*).
Culex (Lophoceraomyia) mammilifer (Leicester), Bohart 1945: 75 (distribution);
Mattingly 1949: 227 (L, key); Colless 1965: 287 ( M*, F, L*); Delfinado 1966:
109 (M*, P*, L*); Bram 1967a: 93 (M*, L*, P); Baisas 1974: 114 (M, F, P, L);
Sirivanakarn 1977: 87 (M*, F, P, L*).
Culex (Lophoceratomyia) chiungchungensis Hsu 1963: 231 (M*, L*); Colless 1965:
287 (synonymy).

MALE (Fig. 14). Palpus. Longer than proboscis by 1 to 1.5 length of segments
4, 5; segments 4, 5 with a few short bristles; a row of 6-12 strong spines on lateral
surface of segment 2. Proboscis. False joint present near base. Antenna. Modified
tufts of scales and setae present on flagellomeres 5-9; F-5 usually with 6-9 dark
scales, 2-3 dorsal most scales broad, acuminate or apically blunt, as long as the next 3
flagellomeres, sometimes about equal to next 4 flagellomeres, followed laterally by 23 narrow, shorter acute scales of decreasing length and 4-6 long hairlike setae; F- 6, 7
as in other Mammilifer Subgroup; F-8 with typical J-hooked tuft of 6, 7 fused setae;
F-9 with a prominent tuft of 5-7 dark, long, bristlelike setae.
MALE GENITALIA (Fig. 14). Basimere. Conical in shape; inner tergal
surface with a prominent row of 6-8 strong submarginal setae, which are distinctly
bent medially; marginal setae 5-8, short, weak and widely spaced. Subapical Lobe.
Rods a-c subequal; one of the rod slightly expanded and curved in middle, separating
from the other 2 rods by a distinct gap; seta d-f with 3-4 hairlike setae; leaflet g2
rodlike and long; g1broad, acuminate; seta h strong. Distimere. Normal, with distinct
crest of fine spicules extending from apex to middle; ventral tiny seta present.
Phallosome. Internal process of lateral plate long projecting beyond apex of external
process; external process with only a few weak denticles on lower tergal surface.

84
FEMALE. Wing: 2.6 mm. Forefemur: 1.4 mm. Proboscis: 1.7 mm. Head.
Vertex with broad, pale, decumbent scales; centre of vertex with narrow dark scales.
Thorax. Integument of pleuron dull brown; 1 lower mep weak bristle. Legs. Anterior
surface of hindfemur with a broad pale stripe extending from base to apex. Abdomen.
Terga entirely blackish.
LARVA (Fig. 14). Head: 0.8 mm. Siphon: 1.3-1.8 mm; index 6-8. Saddle:
0.30 mm; siphon/saddle ratio 6. Head. Seta 4-C single, 1.5-2.0 times as long as
distance between bases of the pair; 5,6-C double; 7-C usually 6 branched (5-7); seta
16,17-C double; Antenna. uniformly pale except for basal dark ring. Thorax.
Spiculation absent; 3-P single; 7-P double; 8-P double; 14-P single; 1-M longer than
3-M. Abdomen. Spiculation absent; seta 6-I, II triple; 7-I double; 1-III-VI usually
triple (3-4); 6-III, IV usually 4 branched (3-4); 6-V triple; 6-VI triple, sometimes
double. Comb scales 30-45, more or less subequal in size, each with rounded apical
fringe of evenly fine spicules. Saddle. Pale yellowish; seta 2-X double, one short and
one long branched; anal gills as long as saddle. Siphon. Pale yellowish; relatively
long; pecten 11-15, individual tooth barbed with 5-7 graded denticles; subventral tufts
weak, subequal with 3 pairs, each double, as long as or slightly longer than siphonal
width at point of attachment.
PUPA. Abdomen: 2.4 mm. Paddle: 0.59 mm. Trumpet: 0. 67 mm; index 7-11.
Trumpet. Uniformly cylindrical and relatively long; pinna with distinct slit extending
to meatus. Cephalothorax. Seta 1-C usually 5 branched (4-5); 5-C usually 5 branched,
weaker than 7-C; 7-C double; 8-C double; 9-C usually double (2-3). Metanotum. Seta
10-C usually double (1-2); 11-C double; 12-C usually 4 branched (3-5). Abdomen.
Seta 1-III-V usually 8 branched (8-12); 1-VI usually 5 branched (4-7); 3-III double; 3IV 7 branched (5-7); 3-V, VI usually triple (3-6); seta 5-IV usually 5 branched (4-7),
shorter or as long as segment following; 5-V-VI usually double (2-3); 6-III-VI usually
4 branched (3-5); 9-VII usually triple (2-3); 4-VIII triple; 9-VIII usually 6 branched
(5-7). Paddle. Pale whitish to transparent.
TYPE-DATA. Lectotype male with slide of antenna and genitalia, Raub,
Pahang, Malaya [MALAYSIA], larva from pools in jungle path, 5 Jan 1904, G. F.
Leicester (BMNH: selection of Colless 1965: 287).
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DISTRIBUTION. Assam, Arunachal Pradesh and Andaman and Nicobar
Islands. Also reported from West Bengal, Kerala, Goa, Tamilnadu and Karnataka.
Specimens examined: 32 M, 33 F, 16 L, 22 ls, 8 ps (8 with associated larval
and pupal skins, 4 with associated larval skins only). Collected in the present study:
ARUNACHAL PRADESH: Deomali, 24.V.2007, 2 M, 4 F, 1 ls, 1ps, (1 adult with
associated larval and pupal skins); ASSAM: Dibrugarh Dist., Soraipung, 23.V.2007, 1
F, 1 L, 1 ls, 1 ps, (1 adult with associated larval and pupal skins), Tezpur Dist.,
Athanbari, 21.VII.2007, 15 M, 17 F, 12 L, 14 ls, 6 ps, (6 adults associated with larval
and pupal skins, 1 adult with larval skin only). Specimens from VCRCMM:
ANDAMAN & NICOBAR ISLANDS: South Andaman: Yeratta, Alexander Island,
Mt. Harriet, 22.V.2001, 16.VI.2001, 04.VI.2001; North Andaman: Karmatang, 26,
27.V.2001, 15 M, 11 F, 3 L, 6 ls, (3 adults with associated larval skin).
Additional records from literature. Darjeeling Dist., Sukna; Andaman Island:
Mount Harriet; Malabar Coast: Pudupadi (Barraud 1934:374); Goa (Naik et al 1992:
88); Assam: Soraipung (Bhattacharyya et al. 2003:13-14); Tamilnadu: Nilgiri hills;
Kerala: Silent valley, Parambikulam, Munnar and Malapuram; Karnataka: Coorg
(Tewari et al. 2007).
Known from China, Indonesia, Malaysia, Philippines, Sri Lanka and Thailand
(WRBU catalog).
TAXONOMIC DISCUSSION. Culex mammilifer has a restricted distribution
in India. It is present only in the rain forest region of the Western Ghats in Western
India, Northeastern India and the Andaman & Nicobar Islands. It can be separated
from members of the mammilifer Subgroup in the male, pupa and larva. The male of
pholeter exhibit similar tuft of long, broad scales on antennal flagellomere 5,
however, it can be readily separated by the number of submarginal setae of the male
genitalia. Larva of mammilifer, bengalensis, bicornutus and minor possess only 3
pairs of subventral tufts on the siphon, but they are readily separated by differences in
the thoracic and abdominal setae.
BIONOMICS. The immatures of Culex mammilifer were collected from
ground pools, elephant foot prints, along stream margins under heavy forest shade.
The adults mostly came from rearing immatures and also caught resting in crab holes.
On occasions, larvae have also been found in rock pools, bamboo stump, tree hole,
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spring pools, and discarded tyres (Tewari et al. 2007). In Thailand, larvae were
commonly found in container habitats, axils of Nipa palms and ground pools (Bram
1967a: 95). In Malaysia most of the larval collections were from near tidal zone along
coast (Colless 1965: 289).

CULEX (LOPHOCERAOMYIA) DEMISSUS COLLESS

Culex (Lophoceraomyia) demissus Colless 1965: 296 (M*).
Culex (Lophoceraomyia) fuscosiphonis Bram and Rattanarithikul 1967: 14 (M*, F,
L*); Bram 1967a: 87 (M*, F, L*); Sirivanakarn 1977: 91 (M*, F, L*, P*)
(synonymy).

MALE. No material collected in this study.
FEMALE. Head: 2.2 mm. Forefemur: 1.2 mm. Proboscis: 1.5 mm. In general,
as described by Sirivanakarn (1977:91); Head. Vertex with pale decumbent scales
forming an ocular line; lateral patch entirely dark. Thorax. 1 lower mep bristle
present. Leg. Anterior surface of hind femur with broad pale stripe extending from
base to almost apex. Abdomen. Tergum entirely dark.
LARVA (Fig. 15). Head: 0.83 mm. Siphon: 1.98 mm; index 8.5-9.6; average
9. Saddle: 0.34 mm; siphon/saddle ratio 6. Head. Seta 1-C dark, spiniform, slender; 4C single, 1.0-1.5 as long as distance between the bases of the pair; 5-C double (1-2);
6-C double; 7-C 4, 5 branched; 8-C 3, 4 branched, longer than 9-C; 9-C 4, 6 branched;
16, 17-C present. Antenna. Dark ring at base and above 1-A. Thorax. Spiculation
absent; 3-P single; 4, 7-P double; 8-P single; 14-P single; 1- M longer than 3-M.
Abdomen. Spiculation absent; seta 6-I, II triple; 7-I double; 1-III-VI 3, 4 branched; 6III, IV 3, 4 branched; 6-V, VI 5 branched. Comb scales about 54, subequal, evenly
fringed apically. Saddle. 2-X 2, 3 branched; Siphon. Brownish, slender, relatively
long; pecten 10-13 teeth with 8 gradated denticles; 4 pairs of subventral tufts, weak
and short, each 2 branched, as long as or slightly longer than siphonal width at point
of attachment.
PUPA. Abdomen: 2.5 mm. Paddle: 0.68 mm. Trumpet: 0.6 mm; index 9.
Cephalothorx and abdomen pale yellowish. Trumpet. Slender and long, pinna with slit
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extending to meatus. Cephalothorax. Seta 1-C triple; 8-C double; 9-C double.
Metanotum. 10-C double; 11-C double; 12-C 4 branched. Abdomen. 1-III-V 7-9
branched; 1-VI 4 branched; 3-IV-VI 4, 5 branched; 6-III double; 6-IV-VI 4 branched;
5-V double, 1.5 times as long as segment following; 5-VI double; 9-VII double; 4VIII double; 9-VIII 5 branched.
TYPE-DATA. (1) Culex (L.) demissus Colless, Holotype M* with slides of
antenna (CH 164) and genitalia (CT 585), Ulu Gombak, Selangor, Malaya
[MALAYSIA], 13 May 1957, D. H. Colless (ANIC); (2) Culex (L.) fuscosiphonis
Bram and Rattanarithikul, Holotype M* (Pu4-102) with slide of antenna and genitalia,
Muang, Phatthalung Province, THAILAND, from a tree hole in a primary forest, 15
Oct. 1964, Chumchulcherm (USNM, No.69185).
DISTRIBUTION. Orissa. New country record for INDIA.
Specimens collected and examined in this study: ORISSA: Koraput Dist.,
Bonda hills, 25.I.2008. 1 F, 1 L, 1 ls, 1 ps, (1 adult with associated larval and pupal
skins).
Known earlier only from Malaysia and Thailand (WRBU catalog) and China
(Sirivanakarn 1977).
TAXONOMIC DISCUSSION. The limited material from India obviously
belongs to the mammilifer complex. It is provisionally identified as demissus based on
the similarity of the female. The larval characters also conform to most of the
description of Sirivanakarn (1977) but for the striking difference in the siphonal
index, which is lesser than the index 18-19 reported by Sirivanakarn (1977). Danilov
(1991) who reported demissus for the first time from China, on the basis of only 2
larvae which were earlier wrongly identified as Cx. tritaeniorhynchus, also found the
siphonal index to be lesser. He was of the view that it is possible that the larva of this
species have clinal reduction of the siphonal index from North to South of its area of
distribution. This may be true for the Indian specimens collected in this study and
therefore they are provisionally identified as demissus. However, in the absence of
males, this record cannot be definitely confirmed for the present.
BIONOMICS. Only 2 larvae were collected in ground pool near stream in
heavily forested area.
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minor complex

The minor complex in India is comprised of 3 species, minor, bicornutus and
bengalensis. It is similar to the mammilifer complex with regard to the modified tufts
of scales and setae on antennal flagellomeres 5-9 and the palpus length but differes in
the male phallosome by the internal process distinctly shorter than external process
and larger apical lobe of external process.

CULEX (LOPHOCERAOMYIA) MINOR (LEICESTER)

Lophoceratomyia minor Leicester 1908: 126 (M*, F).
Culex (Lophoceratomyia) minor (Leicester), in part, Edwards 1917: 227 (M*, key);
Edwards 1922a: 282 (key); Barraud 1924: 44 (M*, F); Borel 1930: 356 (M*,
F, L*); Edwards 1928: 276 (key); Edwards and Given 1928: 352 (L); Edwards
1932: 198 (taxonomy); Barraud 1934: 370 (M*, F); Brug and Bonne-Wepster
1947: 186 (distribution).
Culex (Lophoceraomyia) minor (Leicester), Mattingly 1949: 227 (L, key); Colless
1965: 289 (M*, F, L*); Delfinado 1966: 111 (M*, F); Bram 1967a: 96 (M*, F,
L*, in part).
Culex (Lophoceraomyia) plantaginis Barraud 1924: 46 (M*); Barraud 1934: 372 (M*,
in part); Sirivanakarn 1977: 98. (M*, F, P*, L*) (synonymy).
Culex (Lophoceraomyia) nolledoi Baisas 1935: 170 (M*); Colless 1965: 289
(synonymy).

MALE (Fig. 16). Palpus. As long as or longer than proboscis by 0.5-1.0 of
segment 5; segment 4 and 5 with few short bristles. Proboscis. Uniformly thick
throughout entire length; false joint absent. Antenna. Modified tuft of setae developed
on flagellomeres 5-9; F-5 with a small, inconspicuous tuft of 2-4 yellowish spinelike
setae, which are as long as or slightly longer than 1 flagellomere; preceded dorsally by
2-4 long normal setae; F-6 crumpled setae strong; F-7 in addition to usual tufts 5-7
narrow, short, spinelike seta mesally; F-8 with 5-8 fused setae and a close-set of 7
short bladelike setae laterally; F-9 with a tuft of 4 dark, bristlelike setae.
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MALE GENITALIA (Fig. 16). Basimere. Inner tergal surface with 6-7 strong,
sinuous submarginal setae. Subapical Lobe. Rod a strongly curved in middle, apically
pointed and placed with wide gap from other rods; rods b, c gently curved and close to
distal part of subapical lobe; leaflet g2 long, bladelike; g1 broad, apex acuminate; seta
h strong. Distimere. subapical dorsal surface without crest of spicules; dorsal and
ventral setae present. Phallosome. Strong internal process, curved and not projecting
beyond apex of external process; external process with about 18 strong denticles on
upper tergal surface; inner surface with 2-3 toothlike marks. Proctiger. Crown
consists of numerous strong spinelike spicules.
FEMALE. Wing: 3.2.mm. Forefemur: 1.9 mm. Proboscis: 2.0 mm. Small to
medium size. Head. Pale decumbent scales on vertex; erect scales dark; lateral patch
of broad scales whitish. Thorax. Mesonotal integument brown to dark; 1 lower mep
bristle present. Abdomen. Tergum black.
LARVA (Fig. 16). Head: 1.0 mm. Siphon: 1.7 mm; index 7. Saddle: 0.32 mm;
siphon/saddle ratio 5. Head. Seta 4-C long, as long as or 1.5 times as long as between
the bases of its pair; 5, 6-C double; 12-C 6, 8 spreading branches arising close
together near the base; 14-C double; 16, 17-C bifid, minute. Antenna pale throughout
the length except basal dark ring, spicules strong and dark. Thorax. Lightly to
moderately spiculated; spicules minute, hairlike, moderately dense all over; visible in
10X; 3-P single; 4-P always double; 14-P double. Abdomen. Spiculation absent except
on segment VIII; setae 6-I, II double; 6-III-VI triple, rarely double; 1-III-VI usually
triple (2-4); Comb scales about 50; anterior scale with normal fringe of evenly fine
spicules; posterior scales elongate, with apical fringe terminated into a stout medium
spine. Saddle. Posterior caudal margin lightly spiculate; spicules stout especially in
the apical margin; 2-X double; anal gills 1.5 times as long as saddle length. Siphon.
Very slender, tapering distally; pigmentation usually yellow; pecten teeth 14-15,
barbed with 5, 6 denticles; 1, 2 basal denticles usually larger; subventral tuft weak and
short, 3 pairs, usually double or triple each; as long as or 1.5 times as long as siphon
width at point of attachment.
PUPA. No material collected in this study.
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TYPE-DATA. (1) Lophoceratomyia minor Leicester, lectotype M* with
attached antenna and genitalia mount, Ulu Klang, Kuala Lumpur, Selangor, Malaya,
[MALAYSIA], 14 October 1903, G. F. Leicester (BMNH; selection of Colless 1965:
289); (2) Culex (Lophoceratomyia) plantaginis Barraud, Lectotype M* with slide of
antenna and genitalia, marked as type by Barraud, Koti, near Kalka (Kalka-Simla
road), Himalaya foothills, INDIA, August 1923, P. J. Barraud (BMNH; selection of
Sirivanakarn 1977:100); (3) Culex (Lophoceratomyia) nolledoi Baisas, Type M*, F
(non-existent), Kolambugan, Lanao Province, Mindanao, PHILIPPINES, 31 July
1934, Francisco Guinto (Bureau of Health, Manila; apparently lost or destroyed).
DISTRIBUTION. Andaman and Nicobar Islands only.
Specimens examined: 11 M, 8 F, 9 L, 1 ls (1 adult with associated larval skin).
Collected in the present study:

ANDAMAN & NICOBAR ISLANDS, South

Andaman, Wandoor, 01.III.2005, 1 M, 2 F. Specimens from VCRCMM: ANDAMAN
& NICOBAR ISLANDS, North Andaman, Karmatang, 26.V.2001, 4 M, 4 F; South
Andaman, Chidiatapu, Mt. Harriet, 19.V.2001 and 16.VI.2001; Middle Andaman,
Bakultala, 03.VI.2001, 2 F, 9 L, 1 ls, (1 adult with associated larval skin). Specimens
from CRME Museum: ANDAMAN & NICOBAR ISLANDS: 6 M.
Known from China, Indonesia, Malaysia, Philippines and Thailand (WRBU
catalog) and Burma (Myanmar) (Sirivanakarn 1977).
TAXONOMIC DISCUSSION. The distinctive larval comb clearly separates
minor from other members of the mammilifer subgroup except the closely allied
species bicornutus. It can be separated from bicornutus with certainty only in the male
by the uniformly thick proboscis and the absence of prominent lateral and ventral
rows of several strong setae in the basal part of the labium.
Barraud (1934: 372) considered that plantaginis differs from minor in having
basal pale bands on the abdominal terga. Sirivanakarn (1977) found it was not
possible to evaluate the taxonomic importance of this character since the type
specimen of plantaginis that he examined was mounted in balsam and other
specimens in the type-series were found to be a mixture of different species, including
bicornutus. However, he synonymized plantaginis with minor since the type-male
perfectly agreed with minor in the characters of antenna, proboscis and genitalia, but
stated that further study of additional topotypic material is required in establishing the
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identity of plantaginis and there is also a possibility that it may be conspecific with
bicornutus.
Though the type locality of plantaginis was not visited in the present study,
collections were made in Singhbhum district which is mentioned by Barraud (1934:
373) as one of the areas of distribution of plantaginis. Material obtained here included
only bicornutus but none with banded abdomen fitting to the description of
plantaginis. This apparently indicates that Barraud’s specimens of plantaginis could
be bicornutus and the contention of Sirivanakarn (1977) that plantaginis may be
conspecific with bicornutus may also be true. Further, Barraud (1934) mentioned in
his footnote that the Indian specimens of minor have a small dense patch of minute
hairs on each side of the proboscis near base, a character that is obviously of
bicornutus, indicating that all of these specimens from distributional areas of
mainland India are actually bicornutus. Extensive collections made in this study have
shown that minor is restricted to the Andaman and Nicobar Islands and only
bicornutus is present in mainland India. Obviously the specimens of plantaginis of
Barraud should be bicorntus. Colless (1965) has also maintained that most or all of
Barraud’s specimens of “minor” used by him for comparison with plantaginis,
belonged to the closely related bicornutus. Based on these considerations I propose to
remove plantaginis from synonymy with minor and place it in synonymy with
bicornutus.
BIONOMICS. Larvae of Culex minor were collected from bamboo, tree holes
and log holes. The adults were collected from resting in crab holes and from light trap.
Nothing is known about its biology and medical importance, however, Colless (1965)
noted that in Malaysia the adults appeared to attack man on occasion.

CULEX (LOPHOCERAOMYIA) BICORNUTUS (THEOBALD)

Lophoceratomyia bicornuta Theobald 1910: 25 (M*).
Culex (Lophoceratomyia) mammilifer of Barraud 1924: 43: Edwards 1932: 198;
Barraud 1934: 374: Stone, Knight and Starcke 1959: 234.
Culex (Lophoceratomyia) plantaginis Barraud (in part), Barraud 1924: 46 (M*);
Barraud 1934: 372 (M*).
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Culex ( Lophoceraomyia) minor (Leicester), (in part), Stone, Knight and Starcke
1959: 234 (catalog); Bram 1967a: 97 (M*, F, L*).
Culex (Lophoceraomyia) bicornutus (Theobald), Colless 1965: 291 (M*, F, L*);
Sirivanakarn 1977: 1-245 (L*).
Culex (Lophoceraomyia) minor (Leicester), (in part), Tewari et al. 2007.

MALE (Fig. 17). Extremely similar in every details of the antenna, palpus and
in the male genitalia to minor except for the relatively thick proboscis that is
moderately to strongly swollen from 0.2-0.5 of the length from base, lateral and
ventral surfaces of swollen portion with prominent rows of numerous strong, curved
setae.
FEMALE. Indistinguishable from minor.
LARVA (Fig. 17). Head: 0.96 mm. Siphon: 1.6 mm; index 7. Saddle. 0.31
mm; siphon/ saddle ratio 5. Head. Light brownish; 4-C strong, single and slightly
longer than distance between the base of its pairs; 5, 6-C double; 8-C usually triple (24), longer than 9-C; 9-C usually 7 branched (4-8); 16, 17-C double. Antenna pale
except for the dark band at base. Thorax. Spiculation absent or lightly speculate;
spicules dotlike, very sparse and rather indistinct. Strikingly different in this character
from minor where the spicules are minute, hairlike and distributed evenly. 3-P single;
4,7-P double; 8-P single; 14-P double; 1-M as long as 3-M. Abdomen. Essentially
similar to minor but slightly differing in the following. Seta 1-III-VI, 6-III-VI and 13III-VI relatively stronger and longer; 1-III-VI triple; 6-III-VI usually triple (2-4); 13III-VI usually triple (3-4).
PUPA. Abdomen: 2.51 mm. Paddle: 0.68 mm. Trumpet: 0.67 mm; index 8.
Trumpet. Yellowish to brown; pinna without slit extending to meatus. Cephalothorax.
Seta 1-C usually 4 branched (2-4); 5-C subequal to 7-C, usually double (2-3); 8-C
double, rarely triple in one side only; 9-C usually double (2-3). Metanotum. 10-C
double; 11-C usually double; 12-C triple. Abdomen. 7-II triple; 1-III-VI usually 6
branched (5-8); 1-V-VI usually triple (2-4); 3-III usually 5 branched (2-6); 3-V-VI
usually triple (2-4); 5-IV,V double, 1.0-1.5 times as long as segment following; 5-VI
usually single (1-2); 6-III-VI usually double (2-3); 9-VII usually triple (2-5); 4-VIII
double; 9-VIII usually 6 branched (4-8).
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TYPE-DATA. Type M (lost), Dawna Hills, nr. Kawkareik, BURMA (LU).
DISTRIBUTION. Karnataka, Andhra Pradesh, Chattisgarh, Jharkhand,
Kerala, Orissa, Tamilnadu, West Bengal, Meghalaya and Assam. Also reported from
Maharashtra.
Specimens examined: 148 M, 117 F, 146 L, 175 ls, 121 ps (79 with associated
larval and pupal skins and 8 with associated larval skins only). Collected in the
present study: KARNATAKA, Kundapur Dist., Uppandara, 01.VIII.2004, 1 M, 2 F;
ANDHRA PRADESH, Vijayanagaram Dist., Araku Hills, 28.I.2005 and 6, 7.XI.2006,
2 M, 4 F, 4 L, 2 ls, 2 ps, (2 adults with associated larval and pupal skins);
CHATTISGARH, Korba Dist., Lapha, Chuhiya-Devpahari-Lumru, Konkona, Non
Lepra- Kendai, 26-28.X.2007, 12 M, 18 F, 43 L,15 ls, 10 ps, (7 adults with associated
larval and pupal skins); KERALA, Wyanad Dist., Kurchiad forest, Noolpuzha, 11,
13.VII.2005; Kottayam Dist., Erattupetta, Vazhakulam, 5.VII.2005, 7, 9.VII.2008, 12
M, 15 F, 50 L, 23 ls, 16ps, (16 adults with associated larval and pupal skins);
ORISSA, Keonjhar Dist., Murugamaghadev, Dhankuniasahi, Badakosda, KeonjharBubhaneshwar road, 25, 28.VIII.2003, 13, 14.X.2003, 28, 29. IX.2004, 23,
25.II.2007; Koraput Dist., Bonda hills, 25.I.2008; Koraput Dist., Gupteshwar,
27.I.2008; Sundergarh Distr., Todabasti, 23.VIII.2003; Mayurbhanj Dist., Simlipal,
Gudgudia, 20, 23.II.2007, 54 M, 37 F, 30 L, 54 ls, 34 ps (25 adults with associated
larval and pupal skins, 8 with larval skin only); TAMILNADU, Ooty Distr., Coonoor,
16.VII.2005; Kodaikanal Dist., Pannaikadu, 23.XII.2007, 34 M, 23 F, 4 L, 50 ls, 45
ps, (16 adults with associated larval and pupal skins); WEST BENGAL, Darjeeling,
Mungpoo, Pankabhani, Kurseong, 3, 7.IX.2005, 6 M, 4 F, 6 ls, 5 ps, (4 adults with
associated larval and pupal skins); JHARKHAND, Chaibasa Dist., Noamundi,
15.X.2003, 2 L; MEGHALAYA, East Khasi Hills, 28, 30.VII.2008, 16 M, 9 F, 11 L,
21 ls, 5 ps, (5 adults with associated larval and pupal skins); ASSAM, Golaghat Dist.,
Kaziranga, 26.VII.2008, 1 M, 1 F. Specimens from VCRCMM: ORISSA, Koraput
Dist., Lamptaput, Govindapalli and Kenduguda, 8, 9. X.1998, 7 M, 2 F, 1 ls, 1 ps (1
adult with associated larval and pupal skins); Rayagada Dist., Laxmipur, Taptapani,
10, 11.X.1998, 3 M, 2 F, 2 L, 3 ls, 3ps, (3 adults with associated larval and pupal
skins).
Additional records from literature. Bombay: Kawar (Sirivanakaran 1977),
Assam: Boko (Tewari et al. 2007).
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Known from China, Japan, Malaysia, Myanmar, Sri Lanka, Thailand and
Vietnam (WRBU catalog).
TAXONOMIC DISCUSSION. Culex bicornutus is highly similar to minor in
all stages. It can be reliably separated from the latter only by the remarkably constant
feature of the male proboscis being swollen in the basal 0.2-05 and in the presence of
prominent rows of several strong curved setae on its lateral and ventral surfaces. It is
widespread in the mainland India.
Edwards (1932) treated bicornutus as a synonym of mammilifer; subsequently
Colless (1965) removed bicornutus from the erroneous synonymy and elevated it to
species rank based on the important characteristic features: a) the presence of a
ventrolateral series of long, curved hairs on the expanded portion of the male
proboscis in bicornutus, as opposed to the absence of these hairs in minor; b) the
pecten tooth of bicornutus with graded lateral denticles in contrast to the condition in
minor in which the proximal denticles are usually more prominent and thicker than
the distal barbs, and c) the larval habitats of bicornutus usually close to the ground
and avoiding bamboo, those of minor frequently in association with bamboo or tree
holes.
In all specimens of bicornutus examined in this study the distinct character of
the male proboscis is evident. However, the character of the pecten tooth of the larva
of bicornutus was found to overlap with that of minor. Sirivanakaran (1977) had
observed that the development of 1, 2 stout basal denticles in the larval pecten teeth as
described by Colless (1965) is especially very diagnostic of the minor populations in
Malaya and Sabah but has been found to be subject to a considerable variation,
overlapping with bicornutus in the populations from Thailand and the Philippines. In
the material from the Philippines examined by him, the males were typical of minor
but the larvae showed evenly graded denticles of the pecten teeth as in bicornutus.
Specimens of bicornutus and minor examined in the present study showed this
character to be overlapping between the two species. This character cannot be
considered useful for differentiating the two species as larvae in India. Regarding the
third feature of larval habitats of bicornutus and minor, Sirivanakaran (1977) found
that both forms are generally or closely overlapping in their occurrence and breeding
sites in Thailand and Malaysia. In India larvae of bicornutus were found in a variety
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of habitats such as rock pools, ground pools, stream margin, stream pools, rainwater
pools, roadside pools, crab holes, tree holes, bamboos, and artificial containers such as
tyres, clay pots, metal barrels, whereas larvae of minor were found only in tree holes,
log holes and bamboo.
Though both bicornutus and minor are present in India, the distribution of
minor is restricted to the Andaman and Nicobar Islands and that of bicornutus to the
mainland as referred to in the taxonomic discussion under minor. On examination of
specimens in the CRME Museum labelled as minor I found that only the specimens
collected in the Andaman and Nicobar Islands were of minor and the specimens
collected from the Western Ghats of the mainland were of bicornutus. The specimens
from mainland misidentified as minor are now placed under bicornutus.
BIONOMICS. The immatures of Culex bicornutus were collected from a wide
variety of larval habitats, such as ground pools, rock pools, stream margins, stream
pools, rainwater pools, seepage pools, roadside pools, metal barrel, rock pool with
decayed fallen leaves in the forest, tree holes and bamboos. On many occasions larvae
were collected from crab holes. The record of bicornutus larva from crab hole is new.
Many of the adults were collected from resting in crab hole, stream banks, crack and
crevices of rocks and tree base in the forest, remaining obtained largely from rearing
its pupae and larvae. Nothing is known about the adult biology.

CULEX (LOPHOCERAOMYIA) BENGALENSIS BARRAUD

Culex (Lophoceratomyia) minor var. bengalensis Barraud 1934: 371 (M*).
Culex (Lophoceraomyia) bengalensis Barraud, Colless 1965: 293 (M*, F, L); Bram
1967a: 83 (M*, F, L*); Sirivanakarn 1977: 112 (F, M*, P*, L).

MALE (Fig. 18). Palpus. Longer than proboscis by at least full length of
segment 5; segments 4 and 5 with strong bristles on lateral and mesal surfaces.
Antenna. Modified tufts of scales and setae developed only on F-6-9; F-5 usually
without modified tufts of scales and setae, 2, 3 inconspicuous, short fine setae along
with normal hairs; F-6, 7 as in minor or mammilifer; F-8 with hooked tuft of 6 fused
setae; F-9 with 5 weak bristlelike setae.
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MALE GENITALIA (Fig. 18). Basimere. 4-6 submarginal seta on inner tergal
surface; marginal setae weak, 5 in number. Subapical Lobe. Rods a-c largely
overlapping from base to apex; rod a expanded subapically, pointed, curved and
slightly longer than other rods; leaflet g2 rodlike; g1 club shaped; seta h moderately
strong; setae d-f simple, bladelike. Distimere. Normal, without crest of fine spicules.
Phallosome. Internal process rather broad and pointed, not exceeding the apex of the
external process; external process with spiculate apical lobe sternad and about 10
strong denticles on its upper tergal surface.
FEMALE, PUPA AND LARVA. No material collected in this study.
TYPE-DATA. Lectotype M* (only antenna (1451) and genitalia (1452) slides,
the remainder of the specimen is completely lost) from Nongpoh, Shillong, Assam:
INDIA, June 1922, P. J. Barraud (BMNH; selection of Colless 1965: 293).
DISTRIBUTION. Orissa. Also reported from Meghalaya, West Bengal,
Manipur and Assam.
Specimens examined from VCRCMM: ORISSA, Koraput Dist., Lamptaput,
9.X.1998. 1 M only.
Additional records from the literature. Assam, Shillong, Nongpoh (typelocality; North Bengal: Sukna and Marianbarrie Tea Estate (Barraud 1934: 372, as
var. of minor); West Bengal, Jalpaiguri Dist., Chunabatti (Bhat 1975: as var. of
minor) Manipur (Rajput and Singh 1998: 295-301); Assam, Boko (Tewari et al.
2007).
Known from China, Indonesia, Malaysia and Thailand (WRBU catalog).
TAXONOMIC DISCUSSION. In the adult stage this species is differentiated
from minor and bicornutus of minor complex by the combination of the male antennal
characters and genitalia as indicated in the key.
BIONOMICS. The single male examined was collected resting in the stream
bank in forest. Larvae have been collected from bamboo and tree hole by Rajput and
Singh (1988), and in tree hole by Tewari et al. (2007).
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peytoni complex

This complex is represented in India by only peytoni. The complex is
differentiated from the other complexes by the absence of modified tuft on antennal
falgellomere 5; external process of phallosome larger and broader; apical lobe of
external process very minute.

CULEX (LOPHOCERAOMYIA) PEYTONI BRAM AND RATTANARITHIKUL
Culex (Lophoceraomyia) peytoni Bram and Rattanarithikul 1967: 7 (M*, F, L*); Bram
1967a: 100 (M*, F, L*); Sirivanakarn 1977: 114 (F, M*, P*, L*).

MALE (Fig. 19). Palpus. Longer than proboscis by about the length of
segment 5. Antenna. Modified tuft of F-5 absent, with 1 short, fine hairlike seta as
long as the combined length of the next 2 flagelloemeres along with several normal
hairlike setae; F-7 with a distinct mesal row of 8 short, straight or distally curved setae
along with usual crumpled tufts of setae; F-8 with tuft of 5, 9 fused setae, which are
slightly curved subapically, but not strongly hooked or sigmoid, in addition there are 8
distinct, short setae; F-9 with 5, 6 strong bristlelike setae.
MALE GENITALIA (Fig. 19). Basimere. Inner tergal surface with 5 relatively
strong submarginal setae; 6-8 weak marginal setae. Subapical Lobe. Rod a slightly
expanded subapically, curved to thin filamentous apically; other rods b, c subequal,
hooked; setae d-f well developed and more conspicuous; g2 rodlike and bent; g1
broad, striated and acuminate; seta h strong. Phallosome. Internal process small, not
exceeding the apex of the external process; upper tergal surface of the external
process with several weak denticles.
FEMALE. Wing: 2.9 mm. Forefemur: 1.7 mm. Proboscis: 1.9 mm. Blackish
species; Head. Decumbent scale on vertex pale; lateral white patch present; all erect
scales black. Thorax. Integument of the pleuron pale; 1 lower mep bristle. Abdomen.
Terga dark brown.
LARVA (Fig. 19). Head: 0.88 mm. Siphon: 1.67 mm; index 6-8. Saddle: 0.28
mm; siphon/ saddle ratio 6. Head. Seta 4-C single, double the length between the
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bases of its pair; 5, 6-C always double. Antenna with dark basal ring and slightly
darker beyond the insertion of hair 1-A. Thorax. Integument lightly spiculate, spicules
minute and moderately dense; 3-P single; 7-P double; 8-P single, usually the same
magnitude and length equal to 3-P, occasionally subequal to 7-P; 14-P double.
Abdomen. Integument without spicules; 6-I, II triple; 6-III-IV usually triple (2-4); 6V-VI usually double (2-4); 1-III usually triple (2-5); 1-IV-VI usually double (2-4).
Comb scales 35-50, all subequal in size with normal apical fringe of evenly fine
spicules. Saddle. Posterior caudal margin lightly spiculate; seta 2-X usually double (23); anal gills 2-3 times as long as saddle length. Siphon. Yellowish; pecten teeth 1214; 1, 2 strong, basal denticles and 6, 7 fine, graded denticles; 4 pairs of subventral
tufts; each 2, 3 branched, about 2 times as long as siphonal width at point of
attachment.
PUPA. Abdomen: 2.68 mm. Paddle: 0.64 mm. Trumpet: 0.61 mm; index 7-9.
Cephalothorax and abdomen usually yellowish to brown. Trumpet. Pinna without slit
extending to meatus. Cephalothorax. Seta 1-C usually triple (2-3); 8-C double or
triple; 9-C usually triple (3-4). Metanotum. Seta 10-Cdouble; 11-C double (1-2); 12-C
usually 4 branched (3-4). Abdomen. 3-III usually single (1-2); 3-IV usually 6
branched (3-10); 3-V-VI usually triple (2-4); 5-IV-VI usually single, long; twice or
more of segment following; 5-VI as long as the segment following; 6-III-VI usually
triple (2-3); 9-VII usually 4 branched (3-6); 9-VIII usually 10 branched (7-13).
TYPE-DATA. Holotype M* (PU8-45) with associated larval and pupal skins
and slide of antenna and genitalia, Phattalung, THAILAND, tree hole, 12 feet
(approximately 4 m) above the ground, 15 Oct 1964, K. Mongkolpanya (USNM;
No.69182)
DISTRIBUTION. Orissa, West Bengal, Tamilnadu, and Andaman and
Nicobar Islands. Also reported from Assam.
Specimens examined: 10 M, 11 F, 3 L, 9 ls, 2 ps (2 adults with associated
larval and pupal skins). Collected in the present study: ORISSA: Keonjhar Dist.,
Badagosda, 28.IX.2004, 1 L; WEST BENGAL: Darjeeling Dist., Rongtong,
Pankabhani, Chunabatti and Ghoom to Tung, 2, 7.IX.2005, 10 M, 11 F, 8 ls, 2 ps, (2
adults with associated larval and pupal skins); TAMILNADU: Kodaikanal Dist.,

99
Poomparai, 23.XI.2007, 2 L. Specimens from VCRCMM: ANDAMAN & NICOBAR
ISLANDS: South Andaman, Chidiatapu, 17.VI.2001, 1 ls.
Additional records from the literature. Assam, Dibrugarh (Anil Prakash et al.
1998); Assam, Soraipung (Battacharyya et al 2003); Assam, Boko (Tewari et al.
2007).
Known from Indonesia, Malaysia, Thailand and Vietnam (WRBU catalog).
TAXONOMIC DISCUSSION. In India the male of peytoni is extremely
similar to bengalensis, most often to the point of being confused, however, it can be
separated by the well developed setae d-f of the subapical lobe; and weakly spiculate
apical lobe of the external process of phallosome in peytoni.
BIONOMICS. Larvae of peytoni were collected from bamboo, tree holes,
ditches, seepage near stream, roadside seepage canal and tyre.

pholeter complex

The only species pholeter included in this complex is present in India. It is
similar to the peytoni complex in the male phallosome, but differs from the latter in
having a distinct scale tuft on antennal flagellomere 5.

CULEX (LOPHOCERAOMYIA) PHOLETER BRAM AND
RATTANARITHIKUL

Culex (Lophoceraomyia) pholeter Bram and Rattanarithikul 1967: 13 (M*, F, L);
Bram 1967a: 103 (M*, F, L*); Sirivanakarn 1977: 118 (F, M*, P*, L*);
Reuben et al. 1993: 47-50 (distribution).

MALE (Fig. 20). Palpus. Longer than proboscis by about length of segment 5;
segments 4 and 5 with few short bristles. Antenna. Modified tufts on flagellomere 5
with 3-5 broad scales, dark, as long as the combined length of the next 3
flagellomeres, followed with 6, 7 yellowish, hairlike, apically pointed setae; F-9 with
4 weak bristlelike setae.
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MALE GENITALIA (Fig. 20). Basimere. Regular row of 4 submarginal setae
on inner tergal surface. Subapical Lobe. Rod a slightly shorter than other rods b and c,
latter slender, long and apically hooked; leaflet g2 long, rodlike; g1 very broad, long,
striated and apex blunt; seta h moderately strong. Distimere. Dorsal subapical crest of
spicules absent. Phallosome. Internal process gently curved; external process broad
with irregular rows of several denticles on upper tergal surface.
FEMALE, PUPA AND LARVA. No materials collected in this study.
TYPE-DATA. Holotype M* (00416-2) with associated larval and pupal skins
and slide of antenna and genitalia, Khao Mai Ha Wa, Chon Buri: THAILAND, from a
crab hole in a mountainous secondary rain forest, 19 July 1965, E. L. Peyton (USNM;
No. 69184).
DISTRIBUTION. Orissa. Reported from India for the first time by Reuben et
al. (2003) from Karnataka.
Specimen collected and examined in this study: ORISSA: Mayurbhunj Dist.,
Simlipal, Chandikomon, 20.II.2007, 1 M.
Additional report from literature. Karnataka, Coorg, Western Ghats (Reuben et
al. 1993; Tewari et al 2007).
Known elsewhere only from Thailand (WRBU catalog).
TAXONOMIC DISCUSSION. The single male collected in this study was
identified based on the distinctive male genitalia character of the internal process of
the phallosome strongly reduced in length and size and the lesser number of
submarginal setae on the basimere.
BIONOMICS. The single male of pholeter examined was collected resting
near stream bank (Reuben et al. 1993). Larvae have been collected in tree holes by
Tewari et al. (2007).

flavicornis complex

Represented in India by all the three species, flavicornis, raghavani and
lasiopalpis included in this complex. The distinct characteristic features of this
complex is the presence of prominent lateral rows of numerous long fine setae on
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palpal segment 2 and 3; yellowish long hairlike seta on antennal flagellomere 5 of
male; and in the male genitalia, internal process distinctly shorter than external
process of the phallosome; characteristic striation of leaflet g2; varying shape of
distimere.

CULEX (LOPHOCERAOMYIA) FLAVICORNIS BARRAUD
Culex (Lophoceratomyia) flavicornis Barraud 1924: 45 (M*, F); Edwards 1932: 198
(taxonomy); Barraud 1934: 375 (M*, F).
Culex (Lophoceraomyia) flavicornis Barraud 1924: Sirivanakarn 1977: 120 (F, M*,
P*, L*).
MALE (Fig. 21). Palpus. Longer then proboscis by about the length of the
segment 5; segments 4, 5 weakly plumose; segment 5 elongate, about 2 times as long
as segment 4; segments 2, 3 with numerous long, hairlike setae on ventral and mesal
surface; lateral surface of segment 3 with a distinct row of 10-14 dark, long hairlike
setae extending about half of the segment, 3, 4 hairlike setae in the middle more
stronger and longer than the apical setae. Proboscis. Swollen in the base with a strong
setae on ventral surface. Antenna. Modified scales and setae present on F-5 to F-9; F5 with large, brushlike yellowish tuft of about 15 equally long hairlike setae which are
as long as the combined length of the next 5, 6 flagellomeres; F-9 with a dark tuft of
4-6 moderately strong bristlelike setae.
MALE GENITALIA (Fig. 21). Basimere. Basal portion broad, outer tergal
margin swollen, apical portion narrow; inner tergal margin with close set of 6 rarely 4
moderately strong submarginal setae, gradually increases its length from base;
marginal seta 5, 6 weaker than submarginal setae, length about 0.75 of submarginal
setae. Subapical Lobe. Rod a thick with characteristic expanded twisted apex
resembling a hammer head; rods b, c slender, apically hooked, distal portion of b
somewhat kinked; leaflet g2 with characteristic striation resembling a tree leaf; leaflet
g1 with a characteristic median exapansion with spiculose margins, curved sharply
distally and ending bluntly apically; seta h moderately strong; accessory setae d-f with
2 bladelike setae, placed close to leaflet g1. Distimere. Thick with broadly expanded
truncate apex; median curvature pronounced; subapical dorsal surface recurved with
distinct crest of fine spicules; ventral tiny seta present, absent dorsally. Phallosome.
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Internal process short, simple; external process with about 18 weak denticles in
irregular rows on upper tergal surface. Proctiger. Apical crown with several flat and
blunt spicules laterally and numerous fine spinelike spicules mesally; 4, 5 cercal seta.
FEMALE. Wing: 3.15 mm. Forefemur: 1.7 mm. Proboscis: 1.9 mm. A rather
large species compared with others in the mammilifer Subgroup; Head. Decumbent
scales on vertex pale; erect scale dark; broad pale yellowish scales in eye margins.
Thorax. Mesonotal scales dark brown; lower mep absent. Abdomen. Terga entirely
dark.
LARVA (Fig. 21). Head: 0.99 mm. Siphon: 1.72 mm; index 7. Saddle: 0.36
mm; siphon/ saddle ratio 4-5. Head. Seta 4-C single, as long as or slightly longer than
distance between the bases of pairs; 5-C double, rarely triple; 6-C double; 14-C 3-4
branched; 16,17-C present. Antenna. Pale yellowish except basal dark ring. Thorax.
Speculation absent; 3-P always single; seta 7, 8-P double, strong; 14-P always single;
1-M as long as 3-M. Abdomen. Spiculation absent; seta 6-I, II usually triple (2-3),
dark; 7-I double, dark; 6-III-VI triple; 1-III-VI strong, usually 4 branched (3-5). Comb
scales 55-65, all subequal, with normal fringe of evenly fine spicules. Saddle.
Yellowish; posterior caudal margin without spicules, sometimes with very few stout
spicules; seta 2-X double; anal gills 1.5 –2.0 times as long as saddle. Siphon.
Moderately long and slender, slightly tapered distally; same colour as saddle; pecten
teeth 10-14, relatively 1, 2 strong basal denticles and 3-5 finer distal denticles; distal
teeth widely spaced; subventral tufts 4 pairs, all weak, usually double, as long as or
slightly longer than siphonal width at point of attachment.
PUPA. Abdomen: 2.84 mm. Paddle: 0.66 mm. Trumpet: 0.64 mm; index 8.
Trumpet. Dark brown; long and cylindrical; pinna extending to meatus.
Cephalothorax. Seta 1-C usually 4 branched; 3-C triple; 5-C usually 5 branched (3-6);
8-C 3, 4 branched; 9-C usually triple (2-3). Metanotum. Seta 10-C usually 3 branched
(2-4); 11-C triple; 12-C triple. Abdomen. Seta 7-I, II usually double (1-3); 1-III
usually 8 branched (7-8); 1-VI usually triple (3-5); 3-I-III double; 3-IV-VI usually 4
branched (3-7); 5-IV double, as long as or 1.5 times as long as segment following; 5V double, 1.5-2.0 times as long as segment following; 5-VI double, as long as or 1.5
times as long as segment following; 6-III triple; 6-IV-VI 3, 4 branched; 9-VII 3, 4
branched; 9-VII 3, 4 branched; 9-VIII 5, 6 branched.
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TYPE-DATA. Lectotype M*, Nilgiri Hills, Kasauli, Madras, INDIA, October
1915, Khazan Chand (BMNH; selection of Bram 1967b: 328).
DISTRIBUTION. Tamilnadu. Also reported from Kerala. Known only from
INDIA.
Specimens collected and examined: 11 M, 6 F, 22 L, 10 ls, 3 ps (1 with
associated larval and pupal skins). TAMILNADU, Ooty Dist., Coonoor (Nilgiri hills),
16.VII.2005, 2 M, 2 L, 1 ls; Kodaikanal Dist., Poomparai, 22.XI.2007, 9 M, 6 F, 20 L,
9 ls, 3 ps, (1 adult with associated larval and pupal skins).
Additional records from literature. INDIA. Madras: Nilgiri Hills; Kodaikanal,
Palani Hills (Barraud 1934:376); Tamilnadu: Nilgiri hills (Rahman et al. 1973),
Anaimalai hills, Nilgiri hills of Western Ghats, Kolli hills of Eastern Ghats; Kerala:
Malapuram and Silent valley of Western Ghats (Tewari et al. 2007).
TAXONOMIC DISCUSSION. Presence of numerous fine setae on palpal
segment 2 and 3; long, yellowish hairlike seta on antennal falgellomere 5 in the male
and shorter internal process of phallosome of male genitalia is superficially similar to
raghavani and lasioplapis, but it can be differentiated by the male palpal segment 5
twice the length of segment 4 and by male genitalia with broader basimere, modified
shape of disitmere and typical shape of leaflets g1 and g2 of subapical lobe. The larva
closely resemble that of mammilifer, raghavani and lasiopalpis in having seta 8-P
double and 14-P single but differs from mammilifer and lasioplapis, in having siphon
with 4 pairs of subventral tufts and from raghavani by the absence of spiculation on
thorax and abdomen.
BIONOMICS. Culex flavicornis is restricted to India. It is probably
widespread throughout the Western Ghats of southern part of India. It is present in
high elevations in mountainous areas; approximately 7000ft. Larvae were collected
from seepage pools, roadside canals under heavy shade of tropical forest. Tewari et al.
(2007) have collected larvae in slow flowing stream, spring pool, rocky pool, tree
hole, elephant foot print, crab hole, tyre and rain water pool, and adults resting in
vegetation and also landing on humans for feeding.
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CULEX (LOPHOCERAOMYIA) RAGHAVANI
RAHMAN, CHOUDHURY AND KALRA

Culex (Lophoceraomyia) raghavani Rahman, Choudhury and Kalra 1968: 28 (M*,
F*).

MALE (Fig. 22). Palpus. Longer than proboscis by about 0.5 –1.0 of segment
5; segments 4 and 5 weakly plumose; segment 5 slightly longer than 4; segments 2, 3
with prominent rows of numerous long, hairlike setae; lateral surface of segment 3
with a distinct row of 6-12 strong bristlelike setae, usually in the basal half, the
longest about 4 times longer than the width of the palpus at the point of attachment.
Proboscis. Lightly swollen at base, with a row of strong setae on ventral surface.
Antenna. flagellar whorls weakly to moderately plumose; F-5 with a large, brushlike
yellowish tuft of 8-12 equally long fine hairlike setae which are as long as the
combined length of next 5 flagellomeres; F-9 with 3-7 moderately strong bristlelike
setae.
MALE GENITALIA (Fig. 22). Segment IX. Tergal lobe with 2-4 relatively
strong setae; sternum with several strong setae towards caudal margin. Basimere.
Basal portion broad; inner tergal margin with a close set of 8-9 strong flattened
submarginal setae, gradually increasing in thickness from base to apex or 2, 3 apical
submarginal seta very strong; marginal seta 5-7 weak, about 0.5 as long as
submarginal setae; sometimes with a row of 4-8 setae in between the marginal and
submarginal setae, which are equal in length to the marginal setae and arranged more
close to the basal region. Subapical Lobe. Prominent; rod a very thick, gradually
narrower apically; rod b ,c slender, apically hooked; leaflet g2 rodlike, distally curved
like golf stick; g1 with oval, bent like triangular process near base; setae d-f with 3
setae, one is stout, long bladelike and other 2 thin and small; seta h moderately strong;
2, 3 strong setae near base of the subapical lobe. Distimere. Thick, modified like
elbow shaped, slightly curved beyond middle, tapered apically; distinct crest of fine
spicules; both ventral and dorsal setae present; dorsal seta at basal 0.25 of distimere.
Phallosome. Lateral plate with a short, simple internal process and a weak 12-15
denticles in an irregular row on upper tergal surface of external process as seen in
flavicornis.
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FEMALE. Wing: 3.2 mm. Forefemur: 1.8 mm. Proboscis: 2.0 mm. Head.
Decumbent scales pale, narrow; erect scales dark; broad pale creamy scales on the eye
margin. Thorax. Mesonotum with predominantly light brown scales; 1 lower mep
bristle. Abdomen. Terga with dark brown scales.
LARVA (Fig. 22). Head: 1.06 mm. Siphon: 1.8 mm; indes 6-7. Saddle: 0.41
mm; siphon/ saddle ratio 5. Head. Seta 4-C single, long, 1.5 times as long as the
distance between the bases of the pair; 5, 6- C double; 7-C usually 7 branched (6-8);
8-C usually triple (3-4); 9-C usually 8 branched (4-9); 14-C double; 16, 17-C present.
Antennal shaft with numerous strong spicules, pale except for the dark ring at base.
Thorax. Moderate to heavily spiculed; 3-P single; 4, 7-P double; 8-P double, subequal
to 7P; 14-P single; 1-M equal to 3-M. Abdomen. Lightly to moderately spiculated;
majority of the setae prominent, dark; 6-I, II usually triple (2-3); 6-III-VI strong, dark
usually triple, rarely 4 branched in one side; 1-III-VI strong, usually 4 branched (3-6)
and equal to length of 13-III-VI. Comb scales numerous, 60-80, evenly fine fringed.
Saddle. Pale yellowish, prominent, strong spicules in posterior caudal margin; 2-X
double; anal gills as long as or 1.5 times as long as saddle. Siphon. Relatively long,
slightly tapered distally; pecten 16-21, median teeth moderately strong 5-9 fine distal
denticles; 4, 5 distal teeth widely spaced; subventral tuft 4 pairs, relatively strong,
subequal, usually double (2-4), 1.5- 2.5 times as long as siphonal width at point of
attachment.
PUPA. Abdomen: 2.86 mm. Paddle: 0.65 mm. Trumpet: 0.68 mm; index 7-8.
Trumpet. Dark brown, long, distal half distinctly broaden; pinna with slit extending to
meatus. Cephalothorax. Seta 1-C usually 4 branched (3-4); 5-C usually 4 branched; 7C usually double, equal in length to 5-C; 8-C usually double (2-3); 9-C usually single
(1-2). Metanotum. Seta 10-C usually triple (1-4); 11-C always double; 12-C 3, 4
branched. Abdomen. Seat 1-III-IV usually 7 branched (4-9); seta 1-V, VI usually 4
branched (3-8); 3-I-III double; 3-IV-VI usually 5 branched (3-6); 5-IV-VI double; 5IV, V as long as or 1.5 times as long as segment following; 6-III-VI usually triple (24); 9-VII 3, 5 branched; 9-VIII usually 7 branched (6-8).
TYPE –DATA. Holotype M with genitalia on separate slide and associated
larva and pupal skins, Coonoor, Nilgiri Hills, INDIA, July 1966, Rahman. (NICD,
Delhi).
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DISTRIBUTION. Tamilnadu. Also reported from Kerala. Known only from
INDIA.
Specimens collected and examined: 56 M, 50 F, 34 L, 85 ls, 31 ps (31 adults
with associated larval and pupal skins). TAMILNADU, Kodaikanal, Poomparai,
22.XI.2007, 1 L; Pannaikadu. 23.XI.2007, 36 M, 36 F, 26 L, 53 ls, 10 ps (10 adults
with associated larval and pupal skins); Palani road, 24.XI.2007, 20 M, 14 F, 8 L, 32
ls, 21 ps, (21 adults with associated larval and pupal skins).
Additional records from literature. Tamilnadu, Nilgiri Hills (Rahman et al
1973); Kerala, Silent valley (Tewari et al. 2007).
TAXONOMIC DICUSSION. Due to the presence of numerous fine hairlike
setae on male antennal segment 2 and 3; modified tuft of yellowish long setae on
flagellomeres 5; and the short internal process of phallosome, raghavani is closely
similar to flavicornis and lasioplapis; however, it may be separated from latter species
by male antennal segment 5 slightly longer than 4 and in the male genitalia by
distinctly different shape of leaflets g1 and g2 of subapical lobe; presence of dorsal
tiny setae and number of submarginal setae. The larvae of the three species also have
close resemblance but larva of raghavani can be recognized by the presence of
heavily spiculated thorax and abdomen.
Sirivanakarn (1977) found it was not possible to determine whether or not
raghavani is really distinct from flavicornis, since specimens of raghavani were not
available for his study and considered that it is possible that the larva of raghavani to
be incorrectly associated and belongs to uniformis. Tewari et al. (2007) revalidated
the occurrence of raghavani in India by specimens collected from Silent Valley,
Kerala, close to the type locality and by confirmation of species identity after
reviewing the original description. Sirivanakarn’s (1977) doubt that larva of
raghavani was incorrectly associated and belongs to uniformis, was probably based
on the character of prominent spiculation. From specimens collected in the present
study it is clear that larva of raghavani also possess the character of prominent
spiculation, but it can be differentiated from larva of uniformis by the character of 8-P
double and subequal to 7-P in raghavani compared to 8-P 4-5 branched, minute and
inconspicuous in uniformis.
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BIONOMICS. Culex raghavani is restricted to high elevation in mountainous
areas. Larvae were collected from seepage, rock pools, containing numerous fallen
leaves under heavy shade in Western Ghats. Larvae have also been collected from
rocky pools (Tewari et al. 2007).

CULEX (LOPHOCERAOMYIA) LASIOPALPIS SIRIVANAKARN

Culex (Lophoceraomyia) lasiopalpis Sirivanakarn 1977: 123 (M*, F*, L*P*).
Culex (Lophoceraomyia) lasiopalpis (Reuben et al. 1993) Distribution.

MALE (Fig. 23). Essentially similar to flavicornis and raghavani by the
characters in the male and male genitalia. Palpus. As long as or slightly longer than
proboscis by about length segment 5; segment 5 slightly longer than 4. Antennal
flagellomere 5 with 8-10 brushlike yellowish long setae.
MALE GENITALIA (Fig. 23). Basimere. Normal, conical; inner tergal margin
with moderately strong 6, 7 submarginal setae. Subapical Lobe. Rods a-c about equal
in length; rod a distally tapering; leaflet g2 rodlike, slender; g1 very short, apical
foliate portion unstriated; setae d-f consist of 1 strong bladelike seta, others shorter
and simple; seta h moderately strong. Distimere. Slender, apex unmodified; ventral
tiny seta present and dorsal seta absent. Phallosome. Upper tergal surface of external
process with about 14 moderately strong denticles in irregular rows.
FEMALE, PUPA and LARVA. No specimens available for study.
TYPE-DATA. Holotype M (126-8) with associated pupal and larval skins and
slide of antenna and genitalia, Matale, Matale District. Central Province, SRI
LANKA, foot print in seepage, elevation 915 m, 26 June 1975, E. L. Peyton and Y. –
M. Huang (USNM). Allotype F (126-9) with associated pupal and larval skins and
slide of cibarial armature (USNM).
DISTRIBUTION. Known from Tamilnadu only.
Specimens examined: 4 M. No material was collected in this study. Material
examined was from CRME Museum, collected in Nilgiri hills, Western Ghats,
TAMILNADU.
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Known elsewhere only from Sri Lanka (WRBU catalog).
TAXONOMIC DISCUSSION. The male of lasiopalpis is apparently similar
to flavicornis and raghavani in the features of antenna, palpus and genitalia, but
differs from the two species in having simple, short leaflet g1 of the subapical lobe
(broad, triangular or twisted in raghavani and g1 with a characteristic median
exapansion with spiculose margins, curved sharply distally and ending bluntly
apically in flavicornis) and in the presence of 7 moderately strong submarginal setae
on the basimere (9 strong setae in raghavani and 4-6 strong setae in flavicornis).
BIONOMICS. In India the immatures of lasiopalpis have been collected from
tree hole under shade in rain forest in mountainous area (Tewari et al. 2007).

singhbhumensis complex

This new complex is represented only by singhbhumensis n. sp. It is
characterized in the male by: i). palpus as long as proboscis and ii) absence of
modified tufts of scales and setae on the antennal flagellum; in the male genitalia by i)
phallosome with internal process not projecting beyond apex of external process, ii)
distimere swollen in the basal half and distinctly shorter than basimere, iii) very
prominently sclerotized rod a of subapical lobe and iv) absence of submarginal seta
on basimere.

CULEX (LOPHOCERAOMYIA) SINGHBHUMENSIS NEW SPECIES

MALE. Palpus. As long as or longer than proboscis by 0.5-1.0 of segment 5;
segments 4 and 5 weakly plumose. Proboscis. False joint absent, sometimes faintly
visible. Antenna. Pedicel smooth, round with distinct nipple like spiculose prominence
on inner dorsal surface; flagellum moderately long and plumose; flagellomeres 5-10
without modified tufts of scales and setae.
MALE GENITALIA (Fig. 24). Segment IX. Tergum narrow with 4, 5
moderately strong setae; sternum broad with a row of 5, 6 moderately strong setae
towards caudal margin. Basimere. Conical; submarginal setae absent; group of 20, 25
hairlike setae in the apical margin of the basimere. Subapical Lobe. Rod a most
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conspicuous, strongly sclerotized and curved in middle; rod b deeply curved in
middle; rod c slightly curved; seta d-f with 2 blade like and 3 hairlike setae; leaflet g2
strong, long, pointed and distally bent; g1 striated apex acuminate; seta h moderately
strong. Distimere. Distinctly shorter than basimere; somewhat erect with basal half
moderately swollen. Phallosome. Internal process simple, not projecting beyond apex
of external process; external process without denticles; apical lobe small, spiculose.
Proctiger. Crown dark, large with strong flat and blunt spicules and fine spicules; 2, 4
cercal seta.
FEMALE. Wing: 2.7 mm. Forefemur: 1.7 mm. Proboscis: 1.9 mm. Medium
sized brownish species. Head. Decumbent scales in centre of vertex narrow, linear
and predominantly pale whitish; erect scales slender, entirely dark; lateral patch of
broad scales at side of eye white and very distinct. Palpus. Slender, 0.2 of proboscis
length. Proboscis. Slender as long as or slightly longer than forefemur; labial basal
seta weak, hairlike, 2-4 in number. Antenna. Shorter than proboscis. Thorax.
Mesonotal integument dark brown scales; lower mep bristle absent. Leg. Anterior
surface of hind femur with a broad pale stripe extending from base to apex. Abdomen.
Terga entirely dark; sternum pale.
LARVA (Fig. 24). Head: 0.74 mm. Siphon: 1.4 mm, index 5, 6. Saddle: 0.28
mm, siphon/ saddle ratio 4,5. Head. Seta 1-C dark, spiniform; 4-C single, length
equal to distance between bases of the pair; 5-C single, rarely double in one side ; 6-C
always single; 8-C usually triple (2-5); 9-C usually triple; Antennal shaft strongly
spiculate, dark ring at base. Thorax. Lightly to moderately spiculate, sometime absent;
seta 3-P always single; 4-P double; 7-P double; 8-P single; 14-P double; 1-M shorter
than 3-M. Abdomen. Spiculation as in thorax; 6-I, II triple; 7-I double; 6-III-VI weak,
usually double (2-4). Comb scales 50-60, all with rounded apical fringe of evenly fine
spicules. Saddle. Same colour as siphon; posterior caudal margin without spiculate;
seta 2-X double. Siphon. Relatively long, pigmentation varying from pale to
yellowish; pecten teeth 8-11, basal 1,2 teeth large with 8 graded denticles; subventral
tufts 5 pairs (total 9,10), each with 2 branched, shorter than siphonal width at point of
attachment.
PUPA. Abdomen: 2.9 mm. Paddle: 0.67 mm. Trumpet: 0.66 mm, index 7,8.
Trumpet. Cylindrical; pinna without slit. Cephalothorax. Seta 1-C with double, rarely
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triple; 5-C usually double (1-3); 8-C usually double, rarely single; 9-C usually single.
Metanotum. Seta 10-C usually double, sometime 4 branched; 11-C usually double (24); 12-C usually double (1-3). Abdomen. Seta 3-I-III usually double (2-4); seta 5-IVVI double, rarely single, 1.5-2.0 times as long as segment following; 6-III-VI usually
double (1-2). Paddle. ovoid with minute serrations on basal 0.5 of outer margin only.
TYPE-DATA. The holotype male (A10396) with associated larval and pupal
skin and slide of antenna, palpus, proboscis and genitalia. Mamalapusi, Keonjhar
District, Orissa, INDIA, crab hole, elevation 2300ft, 29.IX.2004, (NMNH); Allotype
female (A10508) with associated larval and pupal skins, same data as holotype
(NMNH), Paratypes: 1 male (A10564) with associated larval and pupal skins,
Badagosda, Keonjhar District, Orissa, INDIA, seepage of stream, 28.IX.2004; 1
female (A10584) with associated larval and pupal skins, same data as holotype and
allotype (NMNH); 1 male (A6183) with associated larval and pupal skins,
Dhankuniasahi, Keonjhar District, Orissa, INDIA, crab hole, 28.VIII.2003; 2 males
(A10578,10585) with associated larval and pupal skins; 1 female (A10586) with
associated larval and pupal skins, same data as paratype; 1 female (A10575) with
associated larval and pupal skins; 1 F (A10509); 2 ls, 1 P, same data as holotype are
deposited in the VCRCMM. This species is named after Singhbhum hills located in
the eastern hills ranges of India, known for their extensive forest cover and rich flora
and fauna.
DISTRIBUTION. Orissa. Known only from INDIA,
Specimens collected and examined: 5 M, 5 F, 1 L, 11 ls, 9 ps (9 with
associated larval and pupal skins). ORISSA, Keonjhar Dist., Dhankuniasahi,
28.VIII.2003, Badagosda, 28.IX.2004, Mamalapusi, 29.IX.2004.
TAXONOMIC DISCUSSION. Because of the absence of modified tufts of
setae on the antennal flagellomeres 5–10, the males of Culex singhbhumensis are
superficially similar to members of the subgenus Culiciomyia and Eumelanomyia.
However, it can be differentiated from Culiciomyia by the absence of lanceolate
scales on the 3rd and 4th male palpal segments and the characteristic shape of the
phallosome and from Eumelanomyia by the absence of minor whorls of short setae
distad of normal large whorls of large setae on flagellomeres 2–11, and the shape of
the phallosome.
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On the basis of the male phallosome, antennal pedicel, palpus, and proboscis,
subgenus Lophoceraomyia is divided into 3 major groups, namely, the Fraudatrix
Group, the Mammilifer Group, and the Wilfredi Group. Culex singhbhumensis can be
readily distinguished not only from other subgenera of Culex, but also from the
Fraudatrix and Wilfredi Groups of subgenus Lophoceraomyia, by the presence of
spiculose prominence on the inner dorsal surface of the antennal pedicel, which is
characteristic of the Mammilifer Group of the Oriental region.
Among the Brevipalpus and Mammilifer Subgroups of the Mammilifer Group,
based on the presence of leaflet g1 of subapical lobe of male genitalia and by the
placement of setae 2,3-A subapically in the larva, and on the basis of the larval
breeding habitat, Cx. singhbhumensis is placed in the Mammilifer Subgroup.
Sirivanakarn (1977) classified the Oriental species of the Mammilifer
Subgroup into 8 complexes: impostor, traubi, mammilifer, ganapathi, minor, peytoni,
pholeter, and flavicornis. Of these, only the impostor complex is characterized in the
male by the absence of modified tufts of scales and setae on the antennal flagellum.
Though Cx. singhbhumensis shares this character, it differs in the male genitalia by
absence of submarginal setae of basimere, internal process of the phallosome not
longer than the external process; in the larva by 5-C always single, and siphon with 5
pairs of tufts, each with 2 weak branches; and is therefore excluded from this
complex. On the basis of the following characters that are typical only of this
species—erect distimere with basal half moderately swollen and apical half conical,
seta a of the subapical lobe of basimere strongly sclerotized and curved at middle—I
place singhbhumensis in its own complex, separated from the other complexes of the
Mammilifer Subgroup.
BIONOMICS. The immatures of singhbhumensis came from collections made
in crab holes and seepage in stream at an elevation of 2300 ft. All adults came from
rearing the pupae and larvae. Culex bicornutus was the only species found in
association with this species in the crab hole. Nothing is known about the adult
biology, behaviour and medical importance.
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WILFREDI GROUP

The Wilfredi Group consists of 3 closely similar species: wilfredi, pilifemoralis
and hirtipalpis. In India only two species: wilfredi and pilifemoralis are present.
Earlier Colless (1965: 297) provisionally placed wilfredi within Mammilifer subgroup
of the Mammilifer Group. Sirivanakarn (1977: 9) based on further studies, included
pilifemoralis and hirtipalpis with wilfredi and placed all the 3 in the separate Wilfredi
Group. In the adult male the Wilfredi Group is strongly differentiated from the other 2
major groups i.e. Fraudatrix and Mammilifer, especially by the apical 0.25-0.5 of
forefemur with a dense tuft of several strong setae or bristles on anterior surface and
in the male genitalia by the large compact, barrel-shaped and heavily denticulate
phallosome. The wilfredi Group is known only from Peninsular Malaysia, Thailand,
Vietnam, South China and India.

CULEX (LOPHOCERAOMYIA) WILFREDI COLLESS

Culex (Lophoceraomyia) wilfredi Colless 1965: 297 (M*; Bram 1967a: 110 (M*, F,
L*; in part); Sirivanakarn 1977: 147 (M*, F, P*, L*); Rajavel et al. 2005
(distribution).

MALE (Fig. 25). Palpus. Slender, longer than about 0.5 of segment 5;
segment 2 with dense rows of several short setae on lateral and mesal surfaces;
segment 3 with several tiny setae restricted to 0.25-0.40 on ventral surface; segments
4, 5 weakly plumose. Proboscis. Uniformly thick with false joint about 0.25 from
base, ventral setae distad of false joint absent. Antenna. Pedicel without spiculose
prominence, but distinctly asymmetrical, slightly swollen anterolaterally, the internal
faces with a circular, almost slit-like depression; modified tuft of scales and setae
present on F-5-10. F-5 with a tuft of 5-6 yellowish narrow scales which are subequally
long, as long as the combined length of next 6 flagellomeres; F-6 with a large
crumpled dark brown tuft of about 13 curled setae and about the same number of
short, slightly curved setae; F-7 with weakly curled setae and a thick dark matted tuft
of 6 subapically twisted setae on mesal surface; F-8 with about 12 fused setae, 6 of
which shortened and slightly swollen subapically, rest longer, tapered distally; F-9
with 1-3 narrow yellowish bladelike scales on lateral surface and several strong
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bristleslike setae on ventral and mesal surfaces; F-10 with 3, 4 dark, long bristlelike
setae, sometimes not well differentiated from normal long setae. Leg. Forefemur with
a dense tuft of about 20 or more strong bristlelike setae in apical 0.5.
MALE GENITALIA (Fig. 25). Basimere. Conical in shape; inner tergal
margin with 5, 7 moderately strong, sinuous submarginal setae, about 7 other weaker
setae basad; marginal setae 5, 6 about 0.5 of length of submargianl setae; and a second
row of longer setae between marginal and submarginal setae. Subapical Lobe. Rods ac subequal, largely overlapped; g2 narrow, rodlike; g1 club shaped with apically
pointed; setae d-f strong, 4, 5 in number, all flattened, bladelike; seta h strong, situated
close to bases of rods a-c. Distimere. Normal, recurved apex; ventral and dorsal tiny
setae present, situated opposite to each other. Phallosome. Large, strongly sclerotized,
barrel-shaped, tergal surface heavily denticulate; internal process basad, short,
strongly denticulate. Proctiger. Apical crown large, composed of several coarse
spinelike spicules, cercal setae 2, 3.
FEMALE, LARVA and PUPA. No specimens collected in this study.
TYPE-DATA. Holotype M* with slides of antenna (CH 190) and genitalia
(CT 646), Malaya [MALAYSIA], date of collector not specified (ANIC).
DISTRIBUTION. Orissa and Arunachal Pradesh. Also reported from
Andaman and Nicobar Islands, and Assam.
Specimens examined: 3 M. Collected in the present study: ARUNACHAL
PRADESH, Deomali, 25.VIII.2005 1 M; ORISSA, Keonjhar Dist., Mamalapusi,
23.II.2007, 1 M. Specimens from VCRCMM: ORISSA: Rayagada Dist., Laxmipur,
10.X.1998, 1 M.
Additonal records from literature: Andaman and Nicobar Islands; Assam:
Boko (Tewari et al. 2007).
Known from Malaysia, Thailand and Vietnam (WRBU catalog).
TAXONOMIC DISCUSSION. Culex wilfredi can be distinguished from other
species in the Fraudatrix and Mammilifer Groups by presence of distinct barrelshaped, strongly sclerotized phallosome. It can be separated from the allied species
pilifemoralis of the Wilfredi Group, by the presence of prominent tufts of about 15 or
more strong bristlelike setae in apical 0.5 of anterior surface of male forefemur.
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BIONOMICS. Adults of wilfredi examined in this study were collected resting
in vegetation in the forest in mountainous areas. Sirivanakarn (1977) found this
species to be restricted to mountainous areas at elevations from 500-1500 m.

CULEX (LOPHOCERAOMYIA) PILIFEMORALIS WANG AND FENG

Culex (Lophoceratomyia) pilifemoralis Wang and Feng 1964: 37 (M*).
Culex (Lophoceraomyia) wilfredi Colless, Bram 1967a: 110 (M*, F, L*, in part);
Sirivanakarn 1977: 150 (M*, F, L, P); Rajavel et al. 2005: (distribution).

MALE (Fig. 26). Palpus. As long as or slightly longer than proboscis; segment
2 apparently without conspicuous rows of short seta. Proboscis. Labium with 2 long
ventral setae distad of false joint, these setae are 4 times as long as labial width at
point of attachment. Antenna. Modified tuft of F-5 with 8 narrow, yellowish hairlike
setae; F-6 with a tuft of 8 crumpled, curved setae along with about 12 yellowish
gently bent setae; F-7 with a thick tuft of 6 setae on mesal surface, which are apically
filamentous; F-8 with a thick weakly hooked tuft of 11 fused setae; F- 9 with 2
yellowish bladelike scales on lateral surface; F-10 with 3 dark, long bristlelike setae.
Legs. Anterior surface of forefemur with a prominent tuft of about 10 strong setae in
apical 0.25.
MALE GENITALIA (Fig. 26). Essentially as described for wilfredi from
which it is virtually indistinguishable.
LARVA, PUPA. No specimen collected in this study.
TYPE-DATA. Type Male (status unspecified), Szemao, Yunnan, CHINA,
October 1958, Hsing-Hsiang Wang and Chung-Ying Feng (Dept. Parasitology,
Seventh Military Medical College, China).
DISTRIBUTION. Known from Orissa only.
Specimen examined: 1 M. No material was obtained in this study. The only
male specimen examined was from VCRCMM, collected in ORISSA, Rayagada
District, Laxmipur, 10.X.1998.
Known from China and Thailand (WRBU catalog).
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TAXONOMIC DISCUSSION. Although pilifemoralis is closely similar to
wilfredi, it can be differentiated from the latter by the male characters given in the
description.
BIONOMICS. The only male of pilifemoralis examined in this study had been
collected resting in vegetation in the forest in a mountainous area.
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KEYS TO SPECIES OF INDIAN LOPHOCERAOMYIA
MALES AND MALE GENITALIA

1.

Palpus with finger-like basal process; Dorsal lobe of lateral plate of
phallosome represented by a slender, simple, apical beaklike process;
ventral lobe very prominent

……….…………….Fraudatrix Group 3

Palpus without finger like process; Dorsal lobe of lateral plate of phallosome
represented by a large denticulate or tuberculate external process and
with or without a simple, spinelike internal process; ventral plate
reduced and not distinct

2.

…………………………………………2

Antennal pedicel with spiculose prominence; lateral plate of phallosome
bowl-shaped, with a partially denticulate or tuberculate external process
and a simple, spine-like internal process

…...Mammilifer Group 15

Antennal pedicel without spiculose prominence; lateral plate of phallosome
compact, barrel-shaped, with a broad, heavily denticulate external
process

3.

.........................................................Wilfredi Group

26

Antennal flagellomeres 7 and 8 with tufts of modified, stout spinelike or
bristlelike setae; subapical lobe of basimere of genitalia without leaflet
…………………..…………………..…………………………………..4
Antennal flagellomeres 5-10 or 6-10 with modified tufts of scales and setae;
subapical lobe of basimere of genitalia usually with 1 or 2 leaflets
…………………………………………………………..………………5

4.

Dorsal process of the phallosome with reticular markings on the entire surface
………………………………………………………………..infantulus
Dorsal

process

of

the

phallosome

stout

and

simple

…………………………………………..………………….minutissimus
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5.

Modified tufts of scales poorly developed and restricted to antennal
flagellomeres 6-10; apical half of proboscis without dorsal sinuous setae
…………………………………………………………..………seniori *
Modified tufts of scales well developed on antennal flagellomeres 5-10; apical
half of proboscis usually with sinuous setae

6.

…………………………6

Basimere with prominent submarginal setae in a patch

………...cinctellus

Basimere with prominent submarginal seta in 1 or 2 rows ............................7

7.

Dorsal process of lateral plate of phallosome anvil-shaped with numerous
tooth-like ridges

…………………………………………..inculus

Dorsal process of lateral plate of phallosome beak-like and simple …………8

8.

Modified tuft of antennal flagellomere 5 rather inconspicuous, consisting of
narrow, flattened, fine tipped setae only; integument of the scutum often
with a reddish tint

……………......................................rubithoracis

Modified tuft of antennal flagellomere 5 very conspicuous, consisting of some
broad, dark scales and fine tipped, flattened setae; integument of the
scutum not reddish

9.

…………………………………………………9

Antennal flagellomere 5 with 6 or less dorsal scales along with hairlike setae
that vary in length and are slightly pointed or acuminate

………..10

Antennal flagellomere 5 with 8 or more dorsal scales which are subequal and
blunt tipped

10.

…..................................................................................12

Basimere with a prominent row of 7-9 submarginal setae

……..quadripalpis

Basimere with only 2 or 3 submarginal setae………………………………..11

11.

Dorsal beaklike process of lateral plate of phallosome slender, thin and
remarkably long; antennal flagellomere 7 with well developed combshaped tuft of modified setae

………………………...aculeatus

Dorsal beaklike process of lateral plate of phallosome stout and relatively
short; antennal flagellomere 7 with poorly developed comb-shaped tuft
of modified setae

………………...…………………..paraculeatus
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12.

Basal finger like process of palpus long, equal to segment 1; F-5 with only
dorsal and ventral scales and without hair like yellowish or white scales
on more ventral region

……………………………...macdonaldi

Basal finger like process of palpus distinctly shorter than segment 1; F-5 along
with dorsal and ventral scales yellowish or whitish hair like scales in the
more ventral region

13.

………………………………………..13

Rods a-c of subapical lobe smoothly curved medially; F-8 long filamentous
towards apex; F-5 with most ventral hair like scales longer than the
dorsal scales

………………………………………………… variatus

Rods a-c of subapical lobe strongly curved; F-8 moderately long and not
filamentous towards apex; F-5 with most ventral hair like scales shorter
or equal to dorsal scales

14.

………………………………………..14

Rod c characteristically elbow shaped; anterior margin of fossa of mesonotum
with a dense patch of long setae; leaflet g1 very prominent, long as
equal to rods of subapical lobe

…...……………………cubitatus

Rod c strongly bent above middle; anterior margin of fossa of mesonotum
without a dense patch of long setae; leaflet g1 not prominent
..................................................................................................gracicornis

15.

Palpal segments 2 and 3 with prominent lateral rows of numerous fine hair
like

setae;

internal

process

of

phallosome

distinctly

short

………………………………………………….(flavicornis complex) 16
Palpal segments 2 and 3 without prominent fine hair like setae; internal
process of phallosome about as long as or longer than apex of external
process ………………………………………………………………..18

16.

Basimere large, swollen at base; apex of distimere modified

…………..17

Basimere small, normal; apex of distimere normal …...………….lasiopalpis
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17.

Palpal segment 5 about 2 times of segment 4; leaflet g1 with a characteristic
median expansion with spiculose margins, curved sharply distally and
ending bluntly apically ……………………………………….flavicornis
Palpal segment 5 slightly longer than 4; g1 broad, bent, like a triangular
process ………………………………………………………..raghavani

18.

Antennal F-5 with a conspicuous tuft of 1-4 long broad scales

………..19

Antennal F-5 with small, inconspicuous short setae only or absent ………..21

19.

Antennal F-9 without modified setae ………..………………………uniformis
Antennal F-9 with modified tuft of bristle-like setae ………………………..20

20.

Internal process of phallosome long, projecting beyond apex of external
process; basimere with 6-8 submarginal setae ……………...mammilifer
Internal process of phallosome shorter, not reaching beyond the apex of
external process; basimere with 3-4 submarginal setae

21.

Antennal F-5 absent or not developed

..................................................22

Antennal F-5 with short, acute or flattened setae only

22.

………………..24

Basimere without submarginal seta; rod a of subapical lobe promiment,
sclerotized and curved medially

…………………singhbhumensis

Basimere with a row of submarginal setae; rod a not so

23.

….pholeter

………………..23

Lower mesepimeral bristle absent; internal process of phallosome reaching the
base of apical lobe of external process ……………………...bengalensis
Lower mesepimeral bristle present; internal process of phallosome not
reaching the base of external process …………………………..peytoni

24.

Basimere with 2 irregular rows of submarginal setae; internal process
projecting beyond apex of external process

……………......demissus*

Basimere with a row of submarginal setae; internal process not projecting
beyond apex of external process

………………………………..25
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25.

Proboscis moderate to strongly swollen in basal half, with many strong,
prominent setae on lateral and ventral surfaces

……….bicornutus

Proboscis uniformly thick, without numerous strong setae on lateral and
ventral surfaces ……………………………………………………minor

26.

Proboscis with 2-4 long setae on ventral surface distad of false joint; anterior
surface of forefemur with 10-12 strong setae forming prominent tuft in
apical 0.25- 0.5 ……………………………………………..pilifemoralis
Proboscis without any long setae on ventral surface; anterior surface of
forefemur usually with 20 or more strong setae forming prominent tuft
in apical 0.5 or above ………………………………………….wilfredi

LARVAE

1.

Seta 7-P triple; seta 1-M 0.25-0.50 of the length of seta 3-M; generally breed
in ground pools

……………………………..Fraudatrix Group.3

Seta 7-P double; seta 1-M usually as long as seta 3-M; breed in rock pools,
tree holes, bamboos or sometimes ground pools

2.

…………………2

Seta 14-P double; usually breed in rock pools, tree holes, bamboos
……………………………………………….…..Mammilifer Group 11
Seta 14-P single, breed in ground pools only

3.

….…....Wilfredi Group 21

Seta 2-VIII single; 14-P double…….(Minutissimus Subgroup) minutissimus,
infantulus
Seta 2-VIII double; 14-P usually single

4.

Seta 4-P single; 5-C double

...……...(Fraudatrix Subgroup) 4

…………………………………………………5

Seta 4-P double; 5-C single to triple …………………………………………7

5.

Seta 5-C single

…………………………………………………..inculus

Seta 5-C double

…………………………………………………………6
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6.

Seta 3-P usually double; pecten with 6-7 graded denticles

………...aculeatus

Seta 3-P usually single; pecten with 2 strong and 7-9 graded denticles
……………………………………………………………..quadripalpis

7.

Seta 5-C triple

………………………………………………...cinctellus

Seta 5-C double or single

8.

…………………………………………………8

Seta 3-P at least 3-5 branched; 7-I single

……………………..rubithoracis

Seta 3-P single or double; 7-I double …………………………………………9

9.

Seta 9-C longer than 8-C and placed at a considerable distance cephalad of the
latter ……………………………………………………...macdonaldi
Seta 9-C subequal to 8-C and placed slightly cephalad of the latter ………..10

10.

Seta 3-P always single; pecten teeth with 1-2 basal denticles, strong and well
differentiated ………………………………………………….variatus
Seta 3-P always double; pecten teeth with 1-2 basal denticles, moderately
strong and not differentiated ………………………………...cubitatus

11.

Seta 2, 3–A placed subapically; habitats: tree holes, bamboos, rock pools,
sometimes ground pools

……………..(Mammilifer Subgroup).12

Setae 2, 3-A placed apically; habitats: pitcher plants

…….(Brevipalpus

subgroup) Not present in India.

12.

Thorax and abdomen heavily spiculate, spicules large, setiform and very
distinct under low magnification

………………………………..13

Thorax and abdomen unspiculate or lightly spiculate, spicules weak, dotlike,
not distinct as above ………………………………………………..14

13.

Seta 5-C 3-5 branched; 8-P minute, inconspicuous, 3-5 branched
Seta 5-C double; 8-P strong, long and subequal to 7-P

14.

...uniformis

………..raghavani

Setae 1-III-VI single; seta 8-P usually minute, inconspicuous, same magnitude
as seta 14-P

………………………………………………….pholeter
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Setae 1-III-VI double or many branched; 8-P strong, distinct, subequal to 7-P
………………………………………………………………………..15

15.

16.

Seta 8-P double

………………………………………………………..16

Seta 8-P single

………………………………………………………..18

Seta 14-P single; 1-M short or as long as 3-M
Seta 14-P double; 1-M longer than 3-M

17.

Siphon

with

3

pairs

of

………………………..17

…………………….bengalensis*

subventral

tufts;

comb

scales

30-50

…………………………………………….mammilifer and lasiopalpis
Siphon with 4 pairs of subventral tufts; comb scales 50 or more
……………………………………………………………….flavicornis

18.

Comb scale with pointed apical fringe, or terminated into a strong median
spine;

siphon

with

3

pairs

(total

6)

of

subventral

tufts

…………………………………………………..minor and bicornutus
Comb scales with round apical fringe of evenly fine spicules; siphon with 4, 5
pairs (total 8-10) of subventral tufts ………………………………..19

19.

Siphon with 5 pairs (total 9, 10) of subventral tufts; 6-C single
…………………………………………………………………singhbh
umensis
Siphon with 4 pairs (total 8) of subventral tufts; 6-C double ………………..20

20.

Subventral tufts weak, as long as siphonal width at point of attachment; pecten
teeth with graded denticles

…………………………………demissus

Subventral tufts strong, 1.5-2.0 times as long as siphonal width at the point of
attachment; pecten teeth with 1-2 strong basal denticles

21.

…..peytoni

Seta 6-III-VI 3, 4 branched; seta 2-X usually triple ……...………….wilfredi*
Seta 6-III-VI 5 branched; seta 2-X usually double

…..………..pilifemoralis*
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PUPAE

1.

Seta 5-IV 4-7 branched; pinna of trumpet with slit extending into meatus …2
Seta 5-IV double (except mammilifer, bengalensis); Pinna of trumpet with or
without slit extending into meatus

2.

3.

…………...Mammilifer Group.10

Seta 8-C single or double

……………………………..Fraudatrix Group 3

Seta 8-C 4, 5 branched

………………………………Wilfredi Group.20

Seta 6-III-IV 5, 6 branched

……………………….(Minutissimus Subgroup)
minutissimus, infantulus

Setae 6-III-IV usually 1-4 branched ………………..(Fraudatrix Subgroup) 4

4.

Seta 9-C usually 3, 4 branched; seta 11- C single
Seta 9-C single or double; 11-C double

5.

………………...cinctellus

…………………………………5

Seta 5-V usually 5, 6 branched; 6-IV-VI usually 4-6 branched

…………6

Seta 5-V usually double or at most 4 branched; 6-IV-VI usually 2-4 branched
…………………………………………………………………………7

6.

Seta 7-II usually triple; 9-VII usually 4-6 branched ……………..quadripalpis
Seta 7-II usually double, 9-VII usually triple

7.

………………...aculeatus

Seta 1-C double; seta 5-II 5 branched; 5-III 4, 5 branched

………...cubitatus

Seta 1-C triple or 4 branched; 5-II and 5-III not so …………………………8

8.

Integument dark brown or with striking pattern of dark and light areas; seta 5IV usually 7 branched; cephalothorax and abdomen with pattern of
dark brown and pale areas

……………………………..rubithoracis

Integument more or less uniformly pale yellowish or without striking pattern
of dark and light areas; seta5-IV usually 6 branched …………………9

9.

Margin of mid-dorsal ridge of cephalothorax strongly folded or very irregular;
seta 4- VIII usually double

……………………………...macdonaldi
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Margin of mid-dorsal ridge of cephalothorax weakly folded or more or less
regular; 4-VIII usually triple; 5-V 3, 4 branched

10.

………….variatus

Pinna of trumpet with slit extending to meatus; setae 6-III-VI usually 3-5
branched, (except pholeter); usually breed in ground pools or
sometimes rock pools ………………………………………………..11
Pinna without slit extending to meatus; setae 6-III-VI usually 1-3 branched;
breeds in tree holes, bamboos, rock pools

11.

12.

………………………..16

Seta 5-C double, strong, about 2 times as long as 7-C

………...pholeter*

Seta 5-C 4-6 branched, as long as or shorter than 7-C

………………..12

Seta 8-C usually 3, 4 branched; 5-IV double, or triple; apex of paddle pointed
or rounded

………………………………………………………..13

Seta 8-C usually double; 5-IV 5, 6 branched; apex of paddle rounded

13.

14.

Seta 10-C double; apex of paddle rounded

..15

……………………..lasioplapis*

Seta 10-C 3, 4 branched; apex of paddle pointed

………………………..14

Trumpet widened distally; 9-C usually single

………………..raghavani

Trumpet cylindrical, tubular; 9-C usually 3 branched

……….flavicornis

.
15.

16.

Seta 4-VIII usually triple; 6-IV-VI usually 5 branched

………mammilifer

Seta 4-VIII usually double; 6-IV-VI usually 4 branched

…….bengalensis*

Seta 11-C usually single; 6-III-V usually double

…………………..peytoni

Seta 11-C usually double and strong; 6-III-V usually triple ………………..17

17.

Seta 5-IV usually triple
Seta 5-IV double

18.

…………………………………………demissus

………………………………………………………..18

Seta 5-C usually 4 branched ………………………………………...uniformis
Seta 5-C usually double

………………………………………………..19
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19.

20.

Seta 9-C double

……………………………………….minor, bicornutus

Seta 9-C single

…………………………………………singhbhumensis

Setae 8-C usually 4, 5 branched
Setae 8-C usually double

…………………………………wilfredi*

……………………………………pilifemoralis*

* Materials not examined in this study
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CURRENT STATUS OF SUBGENUS LOPHOCERAOMYIA IN
INDIA
This revision of subgenus Lophoceraomyia in India was done based on the
examination of about 3180 specimens (891 males, 684 females, 491 larvae, 688 larval
skins and 425 pupal skins). This included 290 adults with associated larval and pupal
skins and 21 adults with associated larval skins only. Of the total specimens
examined, 2879 (765 males, 605 females, 459 larvae, 647 larval skins and 403 pupal
skins, with 279 of the adults having associated larval and pupal skins and 18 adults
having associated larval skins only) were collected during this study while the rest
were material available mostly from earlier collections in the Vector Control Research
Centre, Pondicherry, and a few from the Centre for Research in Medical Entomology,
Madurai and Regional Medical Research Centre, Dibrugarh. Specimens collected in
the present study came from 15 States and 2 Union Territories of the country and from
which 25 species were recognized. Together with specimens of 1 species examined
from material that was available and 1 species known from literature, the subgenus
Lophoceraomyia in India is now considered to include 27 species.
The subgenus is represented in India by all the three known groups namely,
Fraudatrix Group, Mammilifer Group and Wilfredi Group. Except for the Brevipalpus
Subgroup of the Mammilifer Group, all the other subgroups are also represented in the
country. The species occurring in each of the groups, subgroups and complexes
thereof are as follows.
FRAUDATRIX GROUP
Minutissimus Subgroup
1. minutissimus (Theobald)
2. infantulus Edwards
Fraudatrix Subgroup
seniori complex
3. seniori Barraud
cinctellus complex
4. cinctellus Edwards
rubithoracis complex
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5. rubithoracis (Leicester)
inculus complex
6. inculus Colless
quadripalpis complex
7. quadripalpis (Edwards)
8. aculeatus Colless
9. paraculeatus Sirivanakarn
variatus complex
10. variatus (Leicester)
11. cubitatus Colless
12. gracicornis Sirivanakarn
13. macdonaldi Colless
MAMMILIFER GROUP
Mammilifer Subgroup
traubi complex
14. uniformis (Theobald)
mammilifer complex
15. mammilifer (Leicester)
16. demissus Colless
minor complex
17. minor (Leicester)
18. bicornutus (Theobald)
19. bengalensis Barraud
peytoni complex
20. peytoni Bram and Rattanarithikul
pholeter complex
21. pholeter Bram and Rattanarithikul
flavicornis complex
22. flavicornis Barraud
23. lasiopalpis Srivanakarn
24. raghavani Rahman, Choudhury and Kalra
singhbhumensis complex
25. singhbhumensis n. sp.
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WILFREDI GROUP
26. wilfredi Colless
27. pilifemoralis Wang and Feng
Prior to this revision, the number of species in subgenus Lophoceraomyia
known to occur in India was 21. From collections made in this study 5 species
namely, aculeatus, cubitatus, demissus, gracicornis and paraculeatus were recorded
for the first time in India forming new country records and 1 new species,
singhbhumensis has been described from India.
The subgenus Lophoceraomyia is richly represented in Malaysia where 42
species are present, followed by 34 species in Indonesia, 31 species in Thailand and
28 species in Papua New Guinea. The present record of 27 species in India places the
country in the fifth position. For these 27 species, Malaysia is type locality for 12
species, Thailand for 2 species, Singapore for 2 species, Sri Lanka for 3 species,
China for 2 species, Myanmar for 1 species and for the rest of the 5 species, namely,
bengalensis, flavicornis, raghavani, seniori and singhbhumensis n. sp., India is the
type locality. The subgenus now is also the most predominant amongst the different
subgenera of genus Culex in India. Genus Culex is represented in India by subgenera
Culex, Culiciomyia, Eumelanomyia, Lophoceraomyia, Maillotia and Oculeomyia. Of
these, subgenus Culex was predominant with 23 species, but following the present
revision, subgenus Lophoceraomyia with 27 species has become the predominant
subgenus in the country. The other subgenera are poorly represented, Eumelanomyia
by 9 species, Culiciomyia by 8 species, Oculeomyia by 4 species and Maillotia by
only 1 species. In worldwide distribution of mosquitoes, amongst these 6 subgenera of
genus Culex, subgenus Lophoceraomyia ranks second with 111 species, next only to
subgenus Culex with 201 species.
Of the 27 species of Lophoceraomyia present in India, 23 species are common
to the Southeast Asian region as 19 species are known to occur in Malaysia, 18 in
Thailand, 13 in Indonesia, 10 in Philippines, 9 in China and Vietnam, 8 in Sri Lanka,
6 in Singapore, 4 in Japan, 2 in Myanmar, Maldives and Cambodia, and 1 in Taiwan,
Korea, Nepal, Bangladesh and Pakistan. Thus the species composition of
Lophoceraomyia in India predominantly includes species occurring in the Southeast
Asia. However, 3 species namely, flavicornis, raghavani and seniori are known only
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from India and together with singhbhumensis, new species described now, a total of 4
species of Lophoceraomyia are unique to India as they are not known to occur in any
of the other countries. Incidentally the type locality for all these 4 species is India.

Distribution of species of subgenus Lophoceraomyia in India
The distribution of the 27 species of subgenus Lophoceraomyia recognized for
India in the different States and Union Territories of the country and the
physiographic zones of Rao (1981) in which they fall is presented in Table 1, with the
species listed in the order of Groups, Subgroups and Complexes. The most widely
distributed species are minutissimus, infantulus, bicornutus and rubithoracis,
occurring in at least 4 to 7 of the 9 physiographic zones of the country. In Statewise
distribution also, these species are found to be widespread with minutissimus
occurring in 13 States, followed by bicornutus in 11 States, infantulus in 10 States
while mammilifer occurs in 8 States and rubithoracis and uniformis in 7 States. Most
of the other species occur only in any one zone or one State.
Among the different physiographic zones, the Brahmaputra Valley (zone 7)
that includes the Northeastern States of Assam, Meghalaya and Manipur, the East
Central India (zone 5) that includes the States of Chattisgarh, Jharkhand, parts of
Orissa and Andhra Pradesh, and the Western zone (zone 2) that includes the States of
Kerala, and parts of Karnataka and Tamilnadu, are richly represented by subgenus
Lophoceraomyia as about 11 to 14 of the 27 species occur in each of these 3 zones.
All these zones are characterized by hilly forested regions with heavy rainfall. The
Andaman and Nicobar Islands, considered as Outlying Areas (zone 9) closely follow
in species richness with 9 species occurring there. These regions where majority of
the species occur have similarities in topographical and climatic conditions to that of
the Southeast Asian countries where considerable number of species of subgenus
Lophoceraomyia occur. This is also reflected in the species composition of
Lophoceraomyia in India that predominantly includes species occurring in the
Southeast Asia.
The States in Peninsular India are endowed with both a coastal area and
interior hilly forested areas while those in east central and north eastern regions are
mostly with hilly forested areas. Among the States, Assam with 14 species ranks first
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in the distribution of Lophoceraomyia species, followed by Orissa with 13 species,
Tamilnadu with 10 species, Kerala and, Andaman and Nicobar Islands with 9 species
each and Karnataka with 7 species. Only 1 to 4 species were found to occur in most of
the other States.
In India the Western Ghats spread along the States of Kerala, Tamilnadu and
Karnataka is one of the biodiversity hotspot. Similarly the northeastern States such as
Assam, Arunachal Pradesh and Meghalaya; the Eastern Ghats region spread across
the States of Andhra Pradesh, Orissa, Chattisgarh and Jharkhand, and the Andaman
and Nicobar Islands are considered as rich in biodiversity because of the wealth of
both flora and fauna. With regard to the distribution of Lophoceraomyia also, this is
found to be valid, as 14 species are found to occur in the Northeast, followed by 11
species each in the Western Ghats and the Eastern Ghats, and 9 species in the
Andaman and Nicobar Islands.
Besides the number of species occurring in each zone or State, and the
distribution of each of the species in different States, there seems to be a perceptible
pattern in the species composition from east to west of the country with regard to the
major groups of the subgenus Lophoceraomyia. Of the Fraudatrix Group, other than
the minutissimus and infantulus belonging to the Minutissimus Subgroup that are very
widely distributed, the Fraudatrix Subgroup is almost confined to the eastern part of
India with 9 of the species, seniori, inculus, quadripalpis, aculeatus, paraculeatus,
variatus, cubitatus, gracicornis and macdonaldi occurring only there, and only
cinctellus and rubithoracis extending up to the Western region. The Mammilifer
Group, represented only by the Mammilifer Subgroup in India, the other subgroup
Brevipalpus being absent, is a more widespread group with many of the species
extending up to the western part of the country and few of the species such as
flavicornis, raghavani and lasiopalpis confined only to the west. This pattern of
distribution of the major groups is reflective of the situation in the worldwide
distribution as the Fraudatrix Group though common in the Oriental region
(Southeast Asia), is found mostly in the Papuan part of the Australasian region, the
South Pacific, Australia, the western and central Pacific in Micronesia and Japan,
while the Mammilifer Group exhibits a rather distinctive pattern of distribution, being
confined largely to the Indomalayan parts of the Oriental region (Sirivanakarn 1977).
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The overall distribution of subgenus Lophoceraomyia in India thus indicates
that the Fraudatrix Group is mostly present in the eastern part of the country while the
Mammilifer Group has exploited the western part as well. The central part of the
country is almost left unrepresented by the members of the subgenus, resulting in an
apparently discontinuous distribution of the subgenus. In relation to a similar type of
distribution seen in the case of Anopheline species in India Christophers (1933) had
observed that on the whole the fauna of the Indian area appears to change somewhat
gradually from east to west and this type of distribution is probably largely
determined by the physiographical and meteorological features. Forest and shade
loving species are likely to be restricted to the heavily forested tracts, and thus show a
continuous or discontinuous distribution in the east and south and in the area of heavy
precipitation on the west coast. This appears to be valid for the subgenus
Lophoceraomyia in India, and is probably governed by the types of larval habitats that
the two groups exploit.

Larval habitats of subgenus Lophoceraomyia in India
Of the 27 species of subgenus Lophoceraomyia recognized, larvae were
obtained for 19 species in collections made during the study and for 1 species larval
material was available in the VCRCMM. The different larval habitats in which each
of these 20 species occurred is presented in Table 2. Six of the other species, inculus,
gracicornis, pholeter, lasiopalpis, wilfredi and pilifemoralis had been collected only
as adults while no material was collected for seniori.
The different types of larval habitats recorded could be broadly divided into
two categories, namely, ground water habitats and container habitats. The flowing
waters such as streams, irrigation canals and seepage canals; the shallow temporary
pools such as the ground pools, seepage pools, stream pools, riverbed pools, roadside
pools, paddy fields and elephant foot prints; and shallow permanent habitats such as
the swamps and ponds constituted the ground water habitats (Plates 1-3). The
container habitats (Plates 4-5) were either natural constituted of the rock holes, rock
pools, bamboos, tree holes, coconut shells, cocoa shells and fallen logs, or artificial
constituted by varied types such as cement tanks, metal barrels, clay pots, plastic
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containers, discarded tyres and latex collecting cups in the rubber plantations, together
with the wells that are considered as artificial subterranean waters (Laird 1988).
A wide variety of habitats were exploited by minutissimus, infantulus and
bicornutus, as larvae of these three species occurred in about 8 to 11 types of habitats
in both the categories. Species of the Fraudatrix Subgroup were very typical in that
they were found only in ground water habitats, particularly in ground pools, seepage
pools and swamps. None of these species occurred in the container habitats. Species
of the Mammilifer Subgroup, however, occurred in both the categories, inhabiting the
ground waters such as ground pools, seepage pools, stream pools; natural containers
such as the bamboos, tree holes, coconut shells, and other artificial containers, except
for mammilifer that was found only in ground pools. A rare occasion of mammilifer
from tree hole in India has been reported by Tewari et al. (2007) similar to the
findings of Sirivanakarn (1977) in leaf axils of nipa palm and cut bamboos or bamboo
stumps lying close to the ground in Southeast Asia.
Sirivanakarn (1977) considered the larval habitats as one of the important
characteristics of the three groups of subgenus Lophoceraomyia. Accordingly he used
this character in the larval key for separating these groups, with Fraudatrix Group
considered to breed in general ground pools, the Mammilifer Group considered to
usually breed in rock pools, tree holes, bamboos, leaf axils and ground pools. The
Brevipalpus Subgroup of the Mammilifer Group was however, restricted to the pitcher
plants. This characteristic feature related to the larval habitat was very evident in the
present study with the Fraudatrix Group found only in ground pools, and the
Mammilifer Subgroup found in both container habitats and ground pools.
In India, the distribution of pitcher plants is restricted to the State of
Meghalaya where it is represented by only one species Nepenthes khasiana. In the
present study searches were made in the pitcher plants in this region, but no larva of
subgenus Lophoceraomyia was found. Bhattacharyya et al. (2009) who described a
new species of Armigeres from pitcher plants in this region have stated that during
their search no other mosquito species was found to breed in association with this
species. It is reasonable to confirm that species of the Brevipalpus Subgroup of
subgenus Lophoceraomyia is absent in India (Plate 6).
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The success of minutissimus, infantulus and bicornutus in exploiting a wide
variety of larval habitats could be considered as one of reasons for their widespread
distribution in the country. Similarly, the preference of larval habitats may be a
contributing factor for the distribution of the species of Fraudatrix Subgroup being
mostly confined to the eastern parts while the species of the Mammilifer Subgroup
extend up to the western end of the country. Though both the regions are
characterized by hilly forested areas with high rainfall, the eastern region have vast
areas that are conducive for ground pools preferred by the Fraudatrix Subgroup,
while the west coast is narrow and steep in slope due to the presence of the Western
Ghats, and offer more of the container habitats that are preferred by the Mammilifer
Subgroup facilitating their distribution up to the western part of the country.

DNA Barcode for identification of species
In 2003, researchers at the University of Guelph in Ontario, Canada
proposed “DNA Barcoding” as a way to identify species. These Barcodes are short
DNA sequences of about 600 base pairs belonging to a 5’ region of the most
conserved gene of mitochondrial genome viz., cytochrome c oxidase subunit I (COI)
(Hebert et al. 2003). Species belonging to diverse categories of taxonomical
hierarchies have been barcoded and taxonomically identified under the Consortium
for the Barcode of Life (Hebert et al., 2004, Hajibabaei et al. 2006). Pradeep Kumar et
al. (2007) have shown that DNA Barcodes can distinguish species of Indian
mosquitoes. As a part of this approach to DNA barcoding of mosquitoes of India,
species of subgenus Lophoceraomyia collected in this study have also been barcoded
for the first time.
In the Fraudatrix Group, 2 species of the Minutissimus Subgroup,
minutissimus and infantulus, and 6 species of the Fraudatrix Subgroup, namely,
rubithoracis, quadripalpis, aculeatus, paraculeatus, variatus and gracicornis have
been barcoded, while 4 species in the Mammilifer Subgroup of the Mammilifer Group,
namely, uniformis, mammilifer, bicornutus, and flavicornis have been barcoded. The
barcode sequences for these 12 species of subgenus Lophoceraomyia have been
deposited in the GenBank.
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SUMMARY


This revision of subgenus Lophoceraomyia in India was done based on the
examination of about 3180 specimens (891 males, 684 females, 491 larvae, 688
larval skins and 425 pupal skins). This included 290 adults with associated
larval and pupal skins and 21 adults with associated larval skins only.



Specimens collected in the present study came from 15 States and 2 Union
Territories of the country and from which 25 species were recognized. Together
with specimens of 1 species examined from material that was available and 1
species known from literature, the subgenus Lophoceraomyia in India is now
considered to include 27 species. Prior to this revision, the number of species in
subgenus Lophoceraomyia known to occur in India was only 21.



The subgenus is represented in India by all the three known groups namely,
Fraudatrix Group, Mammilifer Group and Wilfredi Group. Except for the
Brevipalpus Subgroup of the Mammilifer Group, all the other subgroups are also
represented in the country.



A taxonomic treatment that includes full data for the original description of both
the valid name and synonyms, including all available data for the type
specimens; description of all available stages in the order of male, male
genitalia, female, larva and pupa; distribution in India based on specimens
examined and that known from literature; taxonomic discussion; and bionomics
for all the 27 species recognized has been provided.



The occurrence of infantulus in many of the States recorded in the present study
showed that this species is widespread and coexist with minutissimus in India.
This supports the hypothesis that most of the previous records of minutissimus
from several localities in India by earlier workers could actually be infantulus.



Extensive collections made in this study have shown that minor is restricted to
the Andaman and Nicobar Islands and only bicornutus is present in mainland
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India. Based on the presence of only bicornutus in mainland plantaginis is
removed from synonymy with minor and placed in synonymy with bicornutus.



Topotype specimens of flavicornis from type locality Nilgiris in Tamilnadu
have been collected based on which description of the species was done.



From specimens collected in the present study raghavani is determined as
distinct from flavicornis. The larva of raghavani has also been revalidated based
on specimens collected in the present study that clearly showed that larva of
raghavani also possess the character of prominent spiculation like uniformis,
but it can be differentiated from larva of uniformis by the character of 8-P
double and subequal to 7-P in raghavani compared to 8-P 4-5 branched, minute
and inconspicuous in uniformis.



Keys for the identification of all Indian species of the subgenus
Lophoceraomyia have been formulated.



From collections made in this study 5 species namely, aculeatus, cubitatus,
demissus, gracicornis and paraculeatus were recorded for the first time in India
forming new country records.



A new species in the subgenus, Culex (Lophoceraomyia) singhbhumensis has
been described.



Following the present revision the subgenus Lophoceraomyia has become the
predominant subgenus of the genus Culex in India.



Of the 27 species, the distribution of 4 species namely, flavicornis, raghavani,
seniori and singhbhumensis are restricted to India.



The most widely distributed species in the country are minutissimus, infantulus,
bicornutus and rubithoracis.
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The overall distribution of subgenus Lophoceraomyia in India indicates that the
Fraudatrix Group is mostly present in the eastern part of the country while the
Mammilifer Group has exploited the western part as well.



A characteristic feature related to the larval habitat was very evident in the
present study with the Fraudatrix Group found only in ground pools, and the
Mammilifer Subgroup found in both container habitats and ground pools.



Based on searches made in pitcher plants in the State of Meghalaya it is
confirmed

that

species

of

the

Brevipalpus

Subgroup

of

subgenus

Lophoceraomyia that breeds only in pitcher plants is absent in India.



As a part of DNA barcoding of mosquitoes of India, 12 species of subgenus
Lophoceraomyia collected in this study have been DNA barcoded for the first
time.
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