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Abstract

Mosquitoes have been ranked among the deadliest entities of world being vectors of serious viral and protozoan/ parasitic
illnesses among humans and animals. Pakistan is having diverse environmental combinations, and being frontline victim
of global climatic changes, has rich biodiversity including the mosquitoes that has continuously been changed. Current
study was planned to investigate mosquito diversity of Dera Ghazi Khan District of Pakistan. Mosquito larvae were col-
lected from open water bodies, ponds, and seepage water with the help of standard 250 ml dipper. Then in the lab, the
specimens were boiled in hot water for few seconds to fix protein / enzyme activity and preserved in 75% ethyl alcohol
in small glass vials. The preserved samples were identified to species level with the help of available taxonomic keys
(Rattanarithikul 1982; Maslov et al. 1989; Rattanarithikul et al. 2005, 2006; Darsie and Pradhan 1990). Based on the
microscopic examination of morphological characteristics, the current study reported one Genus i.e., “Udaya (Thurman,
1954)” and four species namely Anopheles indefinitus (Ludlow, 1904), Culiseta bergrothi (Edwards, 1921), Culex alis
Theobald, 1903, and Udaya argyrurus (Edwards, 1934) for the first time from Pakistan. The said species are potential
vectors of many serious viral and protozoan diseases and can be a cause of concern in future.
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Introduction

Global variations such as climate change, urbanization, land
utilization patterns, and populace movements can drastically
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impact the mosquito faunal diversity and associated patho-
gens like protozoans and arboviruses (Steiger et al. 2016)
etc. The environmental and ecological changes are reported
to have a direct connection with diversity and abundance of
mosquito species (Radhakrishnan 2019).

Pakistan possessing a prodigious range of seasons, land-
scape, climate and ecosystems owns rich biological diver-
sity (Baig and Al-Subaiee 2009) including insects. Besides,
Pakistan is also among the top most countries of the World
that are being affected by current scenario of climate change
(Chaudhry 2017). All these factors contribute / alter faunal
diversity of insects especially the mosquitoes.

A comprehensive information on the mosquito fauna of
the country is very limited. Following the partition of Paki-
stan and India in 1947, Aslamkhan (1971, 1972) published
mosquito species checklists that include species found in
East Pakistan (Now Bangladesh) and West Pakistan (Now
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Pakistan). These checklists mentioned 91 species as mos-
quito fauna of today’s Pakistan. After that report, due to var-
ious anthropogenic and non-anthropogenic factors, many
other species have been established in Pakistan out of which
some have been reported time to time by various authors
(Reisen and Milby 1986; Herrel et al. 2001; Akram et al.
2009; Naecem-Ullah et al. 2010; Shaikh et al. 2014; Gaffigan
et al. 2015; Khan 2022).

Research work is a regular phenomenon, consequently
discoveries of species either new to science or new to area
/ region are common. Keeping in view the above said facts,
current study was planned to assess the mosquito diversity
of the region. While working with mosquito diversity, along
with various previously reported species, one genus (Udaya
Thurman, 1954) and four species viz. Anopheles indefinitus
(Ludlow, 1904), Culex alis Theobald, 1903, Culiseta ber-
grothi (Edwards, 1921), Udaya argyrurus (Edwards, 1934)
have been reported for the first time in Pakistan, which are
potentially linked with dissemination of some human dis-
eases. So, the objective of this work is to give first hand
detailed information about these new records to policy mak-
ers and researchers for future endeavors like vector incrimi-
nation, artificial infection and follow up of the development
of parasites etc.

Materials and methods
Study area

Dera Ghazi Khan (D.G. Khan) district is located on the bank
of Indus River in Punjab province of Pakistan at 30°03” N
and 70°38” E. It is ranked as 19th largest city of Pakistan
by population. The district is spread over an area of 11,294
square kilometers comprising of four tehsils (Anonymous,
2022). Weather is characterized by long, hot, clear summers
and little humidity with short, mild and mainly clear win-
ters, and it is dry the whole year. Temperature usually oscil-
lates between 47 and 108 °F and seldom fluctuates below
41 °F or above 114 °F. The average annual precipitation
is 140 mm, with the majority of it falling during summer
(Weatherspark 2021). The study area consists of piedmont
plains and Sulaiman hills. It runs between base of Sulai-
man hills and Indus River. The soils are profound, medium-
textured, calcareous, and well drained with low quantities of
organic matter. Water reservoirs of the area are considered
as semi-confined type which shows the fresh water zone
in study area. The semi-confined aquifer consists of sand,
silt and clay possessing high to moderate level of Electrical
Conductivity (EC). Main freshwater aquifers are located on
eastern and northern parts of study area. The western and
eastern parts have fresh waters along with salt water (Shafiq
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etal. 2021). The map created from geographical coordinates
of collection points is given in Fig. 1.

Collection of mosquito larvae

Larval collection was carried out from 2019 to 2021 in D.G.
Khan District as part of a study to check mosquito fauna of
the region. The samples containing mosquito larvae were
taken from open water collections, ponds, and seepage
water with the help of standard 250 ml dipper into 500 ml
plastic bottles and shifted to the lab for identification. Col-
lection bottles were labeled with date, sample number and
address of collection sites. Proforma containing information
about the collection site, GPS coordinates of the site and
other information was filled on the spot (Nacem-Ullah et
al. 2010).

Preservation & identification

The collected samples were brought to the Insect Biodiver-
sity lab, MNS University of Agriculture Multan, Pakistan.
In lab, the live collected specimens were put in boiling
water for few seconds to fix protein/enzyme activity and
preserved in 75% ethyl alcohol (Gaffigan and Pecor 1997)
in small glass vials for further identification. The preserved
samples were then identified to species level with the help
of available taxonomic keys (Rattanarithikul 1982; Maslov
et al. 1989; Rattanarithikul et al. 2005, 2006; Darsie and
Pradhan 1990) in the laboratory at 25+2 °C and 65+5%
R.H. Only fourth instar larvae were included in identifica-
tion process. Validation of species description was done
by the Walter Reed Biosystematics Unit (WRBU). After
identification the samples were again preserved in respec-
tive glass vials containing 75% ethyl alcohol and shifted
to Insect Biodiversity lab, MNS University of Agriculture
Multan, Pakistan for future reference.

Results

During identification of mosquito larvae, following species
were recorded.

—_—

Anopheles culicifacies Giles, 1901

Anopheles indefinitus (Ludlow, 1904) (New record for
Pakistan)

Anopheles nigerrimus Giles, 1900

Anopheles stephensi Liston, 1901

Anopheles subpictus Grassi, 1899

Culex alis Theobald, 1903 (New record for Pakistan)
Culex quinquefasciatus Say, 1823

Culex sitiens Wiedemann, 1828
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Fig. 1 Map of the study area created from geographical coordinates of collection points

9. Culex tritaeniorhynchus Giles, 1901

10. Culiseta bergrothi (Edwards, 1921) (New record for
Pakistan)

11. Udaya argyrurus (Edwards, 1934) (New record for
Pakistan)

After careful inspection based on identification of fourth
instar larvae and literature review, it is declared that four
mosquito species belonging to Anopheles, Culex, Culiseta
and Udaya genera have been recorded for the first time from
Pakistan. It is also worth mentioning that “Udaya” genus
has not been previously reported in the country.

Detailed information and main diagnostic characteristics
of all four first records are provided below along with rel-
evant information of the species.

Anopheles indefinitus (Ludlow, 1904)

Family:  Culicidae Meigen, 1818
Subfamily: Anophelinae Grassi, 1900
Genus: Anopheles Meigen, 1818
Subgenus: Cellia Theobald, 1902
Species:  indefinitus (Ludlow, 1904)
Synonyms: formosaensis Il Tsuzuki, 1902
trimaculatus Tsuzuki, 1907
malayensis Hacker, 1921
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Distribution: Cambodia, China, Guam, Indonesia, Laos,

Malaysia, Mariana Islands, Nepal, the Philippines, Sri
Lanka, Taiwan, Thailand, Vietnam.

Biology: Anopheles indefinitus is generally thought to be a
freshwater species. Larvae are typically linked with floating
algae or other plants, and habitats can be exposed or sunny.
Marshes, shallow ponds, quiet rivers, natural lakes, and
banks of minor streams are natural habitats for immatures
of this species. However, this species is also linked to rice
fields and irrigation schemes. Small man-made containers
like, earthen pots, barrels, and tanks have also been used to
collect these larvae. The occurrence of this species in brack-
ish-water coastal habitats has also been observed, indicating
some level of salt tolerance (Sinka et al. 2011).

Key characters of material examined:

Total 44 larvae of 4th instar An. indefinitus were collected
from different locations and following characteristics were
observed to identify the mosquito larvae.

Head: Seta 1-A (Antennal setae) is minute i.e., not reach-
ing to midpoint of antennae, seta 2-C is distant from 4-C and

comparatively smaller than setae 3,4-C.

Thorax: Setaec 9, 10-P are simple or seldom with 2-3
branches, setac 9,10-T are plumose while seta 1-P is not
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Fig. 2 Anopheles indefinitus (a)
Concave Tergal Plates (TP) not
enclosing median posterior plates
(MPP) (b) Abdominal seta 1-1
palmate with 7 or more leaflets

adhered to setal support plate and is generally with 13 or
more branches.

Abdomen: The Larvae retain moderate sized anterior tergal
plates on IV-VII abdominal segment, with concave poste-
rior border and without enclosing small median posterior
plates (Fig. 2a). Seta 1-I is typically with 7 or more branches
(Fig. 2b).

Culiseta bergrothi (Edwards, 1921)

Family: Culicidae Meigen, 1818

Subfamily: Culicinae Meigen, 1818

Genus: Culiseta Felt, 1904

Subgenus: Culiseta Felt, 1904

Species:  bergrothi (Edwards, 1921)

Synonyms: borealis Shingarev, 1927
kogievnikovi Shingarev, 1927
kanayamensis Yamada, 1932

Distribution: China, Finland, Japan, South Korea, Mongo-
lia, Norway, Russia, Sweden.

Biology: Culiseta are large sized, cold adopted mosquitoes
inhabiting warm climates through the colder months or lower
temperatures in higher altitudes. The females prefer to feed
on birds but sporadically bite humans too (Maquart et al.
2021). Another interesting feature of Culisitine mosquitoes
is their variability in all morphological characters. Huge
inconsistencies of larval behavior, specific morphological
characters, and ecological features have been observed in
Cs. bergrothi (Dobrotworsky 1971). This species usually
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breeds in open pools, the larvae dwell in swamps, pools and
stagnant water especially in mountainous regions.

Key characters of material examined:

Total 16 larvae of 4th instar Culiseta bergrothi were col-
lected from two locations and following characteristics
were observed.

Head: Head is significantly broader than longer, with anten-
nae about half length of head. Seta 1 of antennae (1-A) is
placed slightly distal to the center of antennae (Fig. 3a),
setae 5,6-C are almost parallel having numerous branches.

Thorax: The thoracic segments are entirely merged in all
mosquito larvae. Setae are found on the thorax in three
groups corresponding to the pro, meso and metathorax.
Each group consists of 14 pairs of setae of different sizes.

Abdomen: Comb scales are arranged in triangle form,
rounded apically with small fringed spines. Siphon tube is
apically tapering, pecten with meager lateral denticles is fol-
lowed by a line of very thin setae reaching almost 2/3rd of
the siphon length (Fig. 3b).

Culex alisTheobald, 1903

Family:  Culicidae Meigen, 1818
Subfamily: Culicinae Meigen, 1818
Genus: Culex Linnaeus, 1758
Subgenus: Culex Linnaeus, 1758
Species:  alis Theobald, 1903
Synonyms: neolitoralis Bram, 1967
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Fig. 3 Culiseta bergrothi (a) seta Fﬁ"
1-A slightly distal to the middle
of antennae (b) Siphon (S) and
Pecten spines (Ps)

Distribution: Cambodia, Guam, Indonesia, Malaysia, New
Guinea (Island), Papua New Guinea, the Philippines, Singa-
pore, Taiwan, Thailand, Vietnam.

Biology: This species belongs to the Sitiens complex rep-
resented by two brackish water, coastal species i.e., Culex
sitiens and Culex alis. Larvae of Cx. sitiens are exceedingly
adaptable and have a high tolerance for salinity, allow-
ing them to live in fresh, brackish, and even seawater, salt
marshes and mangroves. Larvae have also been found in
ponds, ditches, pits, ground pools, rock pools, crab holes,
and stream margins. They have also been found in man-
made containers, such as jars, cans, and boat bottoms.
Adults have been collected from light traps and the cow-
baited traps piercing people. Compared to Cx. sitiens, Cx.
alis is a rare species (Rattanarithikul et al. 2005).

Key characters of material examined:

Total 181, 4th instar larvae of Cx. alis were collected from
different locations and following characteristics were
observed.

Head: The differences between larvae of Cx. alis and Cx.
sitiens are the formation of saddle and position of setae 2,3-
A. The seta 2 and 3 of antennae (2,3-A) are placed apically

in Cx. alis (Fig. 4a). Setae 1 of head (1-C) are dark, stout
with blunt apex in both species.

Thorax: Seta 4-P with two or more branches.

Abdomen: Cx. alis is a brackish water species with incom-
plete saddle and anal palpi smaller than saddle. Saddle is
complete in Cx. sitiens and incomplete in Cx. alis (Fig. 4b).
Ventral brush (seta 4-X) has 3 or more pairs of setae. Siphon
is distinctly longer than saddle and more or less uniform in
shape, pecten does extend to apex of siphon, comb scales
are rounded apically. Seta 7-1 have two or more branches.

Udaya argyrurus (Edwards, 1934)

Family: Culicidae Meigen, 1818
Subfamily: Culicinae Meigen, 1818

Genus: Udaya Thurman, 1954

Species:  argyrurus (Edwards, 1934)
Synonyms: Paraedes argyrurus Edwards, 1934

Distribution: India, Malaysia, Singapore, Thailand.

Biology: Mosquitoes belonging to genus Udaya are small
sized with eyes alienated by a spoon like spot, covered by
silver scales in both sexes. Because of being uncommon,
the bionomics of Udaya mosquitoes are not very much
described. Only three species of Udaya viz. Ud. subsimilis
(Barraud, 1927), Ud. argyrurus (Edwards, 1934), & Ud.
lucaris (Macdonald and Mattingly ,1960) have been dis-
covered so for globally. Udaya species have the most in
common with Aedes, Heizmannia, and Zeugnomyia species
in terms of morphology (WRBU, 2021a). This Genus has
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Fig. 4 Culex alis (a) Setae 2,3-A (Antennae) inserted apically (b)
Incomplete Saddle (Sa)

been reported for the first time in Pakistan with species Ud.
argyrurus.

Key characters of material examined:

Total 22 larvae of 4th instar Udaya argyrurus were collected
from two different locations and following characteristics
were observed.

Udaya Genus: The distinguishing characters of Udaya
genus are the presence of 3 or more pairs of setae on ventral
brush (seta 4-X). Siphon tube has pectin and a pair of seta
1-S located away from basal third of the siphon, seta 8 of
siphon (8-S) is single. Hypostomal suture does not reaches
posterior tentorial pit and is well developed.

Head: In Ud. Argyrurus, seta 1-C is short, thin and pale.

Setae 5 and 6-C are bristle like, non-stout, 7-C is single,
much elongated than 5 and 6-C (Fig. 5a). Apical part of
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antennae is not freely movable, distal portion of antennae
is without joint.

Thorax: Setae 1,2,3-P are smaller in size and of same size.
Setae arise from a thick blackish sclerotized base.

Abdomen: Comb scales are positioned in a single row of
less than 10 spines (Fig. 5b). Siphon is small cylindrical and
flattened in shape. Seta 4-X is simple and without grid.

Discussions

Ninety-three mosquito species, 24 in the subfamily Anophe-
linae (Grassi, 1900) and 69 in Culicinae (Meigen, 1818) are
presently reported to be stirring in Pakistan (Gaffigan et al.
2015). Among these species, some are very serious vectors
(Aedes aegypti, Aedes albopictus) of several fatal diseases
(such as dengue) in human (Leta et al. 2018). Many Anoph-
eline species including An. superpictus, An. stephensi, An.
fuviatilis, An. dthali, and An. culicifacies are major malaria
vectors. Cx. theileri, and Ae. Vexans are vectors of Dirofila-
riasis in Human. Cx. modestus, Cx. pipienspipiens and Cx.
quinquefasciatus are carriers of West Nile virus. Cx. bitae-
niorhynchus, Cx. pipiens, Cx. tritaeniorhynchus, and Cx.
univittatus are possible vectors of Sindbis virus complex.
Similarly Rift Valley fever virus is transmitted by Cx. pipi-
ens and Ae. Vexans (Doosti et al. 2016).

An alien mosquito species being introduced into unfa-
miliar settings/areas has enormous ramifications for the
environment. The species reported in the current study are
not reported vectors of any serious illness in Pakistan till
date, but all the blood sucking mosquitoes have a potential
to serve as vectors of pathogens at any time (Chaves et al.
2010).

An. indefinitus, reported to be the carrier of Plasmodium
vivax and confirmed as malaria vector (Arwati et al. 2018),
belong to Subpictus Group and is very similar to An. sub-
pictus in its larval morphology. Few differences in larvae of
both species are the formation of abdominal seta 1-1, which
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Fig.5 Udaya argyrurus (a) 7-C
single much elongated than 5 and
6-C (b) Comb scales arranged

in a single row of less than 10
spines in triangular shape

is palmate in both species but with 6 or fewer lanceolate
leaflets lacking discrete serrated shoulders in An. subpictus
while An. indefinitus also have palmate seta 1-I with fewer
than 7 leaflets, or most of the leaflets with discrete serrated
shoulders. Seta 1-P usually have less than 13 branches in
An. subpictus and 13 or more branches in An. indefinitus
(Rattanarithikul et al. 2006). A detailed report on the pres-
ence and identification of this species in Malaya and the sur-
rounding regions was presented by Reid (1966) for the first
time. As described before An. indefinitus was confused with
An. subpictus, Reid (1966) provided a thorough and detailed
examination of specimens obtained from different countries
like Philippine, India and Indonesia.

Among blood sucking mosquitoes that bite men in
North America, Europe and the northern regions of Asia,
especially in early summer and spring, those of the genus
Culiseta (Edward) are economically important. Attack by
Culisetine mosquitoes are sometimes reported even in tem-
perate regions (Nilsson 1983). In Pakistan only three Culi-
setine species were reported by AslamKhan (1971), after that
Culiseta longiaerolata was reported form Bannu, Khyber
Pakhtunkhwa (Khan 2022). The differences between Culex
and Culisetine larvae are the presence of Seta 1-S (pairs at
base) of Siphon. Only 1 pair of Seta 1-S is present in Culi-
setine larvae. The other difference is presence of Siphonal
Acus in Culisetine larvae, which is absent in Culex. Dobrot-
worsky (1971) gave a first-hand detailed information on the
taxonomic classification and morphological description of
all the life stages and differentiation of different characters
in different regions of Southeast Asia. All these details were
elaborated with figures and diagrams.

The associated pathogens of Cx. alis are Japanese
Encephalitis Virus, Ross River Virus, Plasmodium spp.,

and Tembusu Virus (WRBU 2021b). Culex alis is one of
six documented species in the Sitiens Subgroup, which also
includes Cx. sitiens Theobald, Cx. litoralis Bohart, Cx. pal-
palis Taylor, Cx. annulirostris Skuse, and Cx. whitmorei
(Giles). Bram (1967) presented detailed morphological
and diagnostic characters of this species of Southeast Asia.
During that era Cx. alis was known as Cx. neolitoralis. The
document also described larval biology and habitat charac-
terization of this species along with its geographical distri-
bution i.e., from Thailand through Malaya to New Guinea.
Initially Cx. alis was confused with Cx. litoralis in morpho-
logical characters and was considered the same species, but
later it was distinguished as a separate species.

The Mosquitoes of the genus Udaya are small, exceed-
ingly baroque species, ornated with distinctive dense areas
of silvery scales. Eyes of males and females are separated
by a distinctive spoon-shaped patch of silver scales, and
the alula is covered by broad, flat scales. The genus Udaya
comprises of only three described species: Ud. argyrurus
(Edwards), Ud. lucaris Macdonald & Mattingly, and Ud.
subsimilis (Barraud). Udaya species are morphologically
most similar to those in Aedes, Heizmannia and Zeugno-
myia species. Ud. argyrurus was reported to possess viruses,
bacteria, and parasites that have been experimentally trans-
ported or isolated from this species, but does not indicate
whether or not it is a field vector (WRBU 2021a) and was
documented from Thailand by Thurman (1954) for the first
time. Macdonald and Mattingly (1960) described that Ud.
argyrurus was reported from Ulu Gombak Forest Reserve,
Malaya, north of Kuala Lumpur. The differences between
two confusing species Ud. lucaris and Ud. argyrurus were
discussed by illustrations.
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Conclusively, the species richness of an area depends
mainly on its climate, and in case of mosquito larvae, char-
acteristics of breeding site play a pivotal role. In fact, the
species reported from a specific region is a depiction of spe-
cies in that specific time period. It is not necessary that all
the previously reported species are still present, or the spe-
cies not documented before were really not present at that
time or missed by the collector. The fact is dependent upon
routine and region wide extensive studies along with envi-
ronmental effects (Kampen et al. 2013). Numerous species
are missed because of being hard to reach or less common
encounters, some may be confined to specific geographi-
cal or ecological boundaries or specific weather/climatic
conditions.

Conclusions

Mosquito monitoring is crucial to assess the biodiversity and
ultimately add to mosquito inventories. The current study
found one genus (Udaya Thurman, 1954) and four species
viz. Anopheles indefinitus (Ludlow, 1904), Culex alis Theo-
bald, 1903, Culiseta bergrothi (Edwards, 1921), Udaya
argyrurus (Edwards, 1934) for the first time from Pakistan.
The species reported in present study may be potential vec-
tor of many serious disease pathogens which can be a cause
of concern in future. It is therefore recommended to conduct
further country wide surveys of mosquito fauna to depict an
exact analysis of the situation.
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