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Abstract

Aim : To determine species distribution of mosquitoes in coastal brackish wetlands and in paddy field area of
Kerala along with the effect of increased salinity on the development and survival of major Japanese

encephalitis vectors.

Methodology : Mosquito survey was
carried out in different sites of coastal
brackish water as well as in paddy fields
of Alappuzha district. First instar larvae
were reared until adult emergence at
different constant saline water. Each
individual was monitored daily for
mortality. Larvae were placed in a plastic
container with 200 ml distilled water,
which served as controls. Counts of
larvae, pupae and adults were recorded
every 24 hrup to adultemergence.

Results : The collected mosquitoes were
Culex tritaeniorhynchus, Cx. gelidus, Cx.
sitiens, Cx. quinquefasciatus, Cx.
bitaeniorhynchus and Anopheles vagus.
During summer season, Cx. sitiens
(92.85%) was the predominant species
followed by Cx. tritaeniorhynchus
(2.97%) and Cx. gelidus (2.25%). In

Mosquito collection

Coastal brackish water

Paddy field
Summer season

Cx. tritaeniorhynchus Salinity: 7-15ppt

Cx. gelidus Cx. sitiens
Salinity tolerance l
up to 0 — 4ppt

Cx. tritaeniorhynchus
Cx. gelidus
Salinity up to 0 — 8ppt

Laboratory confirmation

JE and WN virus vector adaptation
of salinity tolerance up to 0-7.5

saline tolerant study, the maximum adult emergence occurred at 5 parts per thousand. The number of larvae
surviving till adult stage decreased progressively with increased salinity. The wing size decreased
significantly with increasing salinities, except those reared in 5ppt.

Interpretation : The present study demonstrates that these three mosquitoes have the ability to ovipositand
breed in brackish water. The study also reveals the health risks associated with vector mosquitoes
developing and their frequency of abundance in brackish water, particularly in the context of rising sea levels

due to global warming.
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Introduction

Coastal brackish water is among the most common and
productive mosquito larval habitats on earth. These habitats
are also important for public health worldwide as immature
habitats for disease-vector mosquitoes (Leisnham and
Mohapatra, 2011; Van Schie et al., 2009; Medlock et al., 2005;
James et al., 2011 and Becker et al., 2003). Mosquito species
that breed in salt marshes along the Arabic coast of Kerala can
be a considerable nuisance to humans and are likely to vary in
their importance in transmitting a range of arboviruses,
including Japanese encephalitis virus (JEV) (family
Flaviviridae, genus Flavivirus) and West Nile virus (WNV)
(family Flaviviridae, genus Flavivirus ). Japanese encephalitis
is a mosquito borne zoonotic pathogen, native to Asian
countries, which has a significant human disease burden;
approximately 30000-50000 human cases per year (Daniel et
al., 2011). The major vectors of Japanese encephalitis are Culex
mosquitoes, of which Culex tritaeniorhynchus is considered to
be the primary vector throughout Southeast Asia (Vaughn and
Hoke, 1992). In India, the case of Japanese encephalitis was
first reported in 1955 (Kanojia and Jamgaonkar, 2008);
subsequently, many epidemics have occurred in different parts
of the country. Japanese encephalitis and West Nile virus
complex outbreak in the coastal belt of Alappuzha district,
Kerala in 2011, caused 50-75% mortality from encephalitic
infections, making it the most severe insect-borne disease in
Alappuzha district. Rice fields are the preferred development
sites for Cx. tritaeniorhynchus as well as the main foraging site
for water birds; thus rice fields provide an important site for birds
and mosquitoes to meet.

The projected climate change scenario estimates that the
atmospheric temperature across Kerala will rise by 2°C by the
year 2050 (Source: Department of Environment and Climate
change, Govt. of Kerala). Also, it is estimated that if the sea level
rises by one meter, 169 km” of the coastal region would be
inundated. The coastal line of Kerala is 590 km in length, in which,
the maximum coastline is shared by Alappuzha district (82 km).
Alappuzha is listed as highly vulnerable to climate change
because of interconnected brackish canals, estuaries, sensitive
wetlands, salt marshes, lakes and rivers. Less rainfall
subsequently reduces river water inflow into the lagoons and
rising sea level are responsible for the cause of salinity in
backwaters (Padmakumar, 2013). Due to saline water intrusion
into the paddy field and inland area saline tolerant mosquitoes
have increased in Alappuzha district (Balasubramanian and
Nikhil, 2015). Population of mosquitoes are known to respond to a
range of environmental conditions, including disturbance, which
can have direct or indirect effects on their colonization
(Padmakumar, 2013 and Asigau and Parker, 2018).

Over the past several decades, Kerala has experienced
population increase along the coastal area. During population
increase, coastal area typically experience infrastructure
development like fishing harbour, urbanization, land use changes

and associated decay that can significantly alter the biotic
environment (Sundaresan and Patel, 2011; Baruah et al., 2004).
Therefore, the change of environmental conditions may have
direct or indirect effect on disappearance of some species as well
as reappearance or introduction of new species (Dutta et al.,
2010). These environmental disturbances are associated with the
appearance of emergence and re-emergence of mosquito-borne
disease including Japanese encephalitis, West Nile, dengue and
chikungunya virus, has increasingly been associated with coastal
landscapes. Hence, in view of the above, in this study, we
examined association between saline disturbance, aquatic
environment, and the direct and indirect ecological
consequences of this climate disturbance to mosquito distribution
and also laboratory studies were carried out to determine the
effect of increased salinity on the development of three major
encephalitis vectors.

Materials and Methods

Larval mosquito sampling: A total of five study sites were
selected from Alappuzha district on the basis that they
represented important roosting or foraging sites for herons and
egrets and that there were known potential mosquito habitats,
i.e., ephemeral or permanent wetlands and rice fields in the
nearby area. Mosquito larval collections were conducted from
coastal and paddy field locations (Fig. 1) in a bimonthly interval
from December 2016 to May 2017, which is the peak time of
mosquito activity. The coastal sites such as Thottappally (N
09°18'51.5"-E0 76°22'58.1"), Chethy (N 09°37'25.5™- EO
76"17'45.6”) and Vadackal (N 09°27'25.6™- E0 76°19'36.1”) and
paddy field area such as Kainakary (N 09°30'43.0-E0
76°21'14.8) and Thakazhy (N 09°26'13.4’-E0Q 76°25'40.6”) were
selected. Larval mosquitoes were sampled in a 350 ml capacity
enamel metal dipper and mosquito production quantified using
standard dip count method with densities expressed in numbers
per dip. During each collection, ephemeral and permanent ponds
in salt marsh sites and margin of rice field areas were sampled for
10 dips per site. Six-permanent ponds and thirteen ephemeral
pools were used. The collected larvae were brought to laboratory.
They were counted, and 3" and 4" instar larvae were reared to
adults, which were identified morphologically using standard
taxonomic keys.

Seawater experiment : Blood fed mosquitoes were collected
form field because only blood fed mosquitoes are able to lay eggs
and thereby we can collect egg rafts. They were maintained until
eclosion in individual plastic containers with dechlorinated tap
water. Within 12 hr of eclosion, 50 newly hatched firstinstar larvae
were randomly selected from each raft and individually placed in
labeled plastic cups (3 cm diameter; 5 cm height) containing 200
ml different concentration of saline water. They were reared until
adult emergence from the following constant saline water: 5, 7.5,
10, 12.5, 15, 17.5 and 20 ppt of saline water (Schie et al., 2009;
Zalizniak et al., 2006). Three replications were maintained for
each set of experiment. Salinity was measured with a Hand Held
Refractometer (Atago Co. Ltd, Japan). The larvae were fed daily
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with fish feed (it contains all the necessary nutrients required for
growth of mosquito larvae) until all the larvae either pupated or
died. Each individual was monitored daily at the same hour to
record larval stage, moulting, mortality or date of imago
emergence. Larvae also placed in a plastic container with 200 ml
of distilled water, served as controls for the experiment. When the
larvae pupated, the containers were covered with mosquito-proof
mesh. Counts of larvae, pupae and adults were recorded every
24 hr. Dead larvae and pupae were removed and counted daily to
calculate the average mortality rate for each salinity
concentration.

Adult mosquitoes from each salinities were collected
separately and killed by freezing (-20°C) after emergence.
Afterwards, each specimen was examined under an Axioskop 40
compound microscope with ProgRes™ C10™ software analysis.
Wing length, measured from the base of the costal vein to distal

extreme of R3 vein excluding the fringe setae, was used as an
indicator ofimaginable body size (Clements, 1992).

Data analyses: The measured wing length was statistically
analyzed with the help of IBM Corp. SPSS Statistics 20 software.
One way ANOVA was run to determine the relationship between
mosquito body size and salinity.

Results and Discussion

The present study revealed that several mosquito vectors
in coastal areas of Kerala can undergo pre-imaginal development
in brackish water bodies. Mosquito larvae and pupae were
collected along the coastal brackish water bodies that had salinity
levels up to 0-15 ppt and paddy field area (with salinity level
ranging from 0-4ppt) at different times (Fig. 5). Immature stages
of Culex species inhabit sunlit stagnant water, including small
pits, pit lakes, wells, swamps, ponds, canals and paddy fields.

=

1. Seashore site - 1
2. Seashore site - 2
3. Seashore site - 3
4. Paddy field site - 1
5. Paddv field site - 2

Fig. 1: Mosquito collection sites in Alappuzha district are highlighted in circles which include three experiments and two control sites.
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Fig. 2: Survival rate and development in days of Cx. tritaeniorhynchus.
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Fig. 3 : Survival rate and development in days of Cx. quinquefasciatus.

Water was contaminated with bird feces, floating pieces of dried
leaves, filamentous green algae and grasses. Larvae were
abundant in permanent pond as compared to ephemeral pools.
There did not seem to be any species separation between
different pool types. However, during summer season in
permanent water ponds only Cx. sitiens was observed.
Mosquito species such as Cx. tritaeniorhynchus, Cx. gelidus,
Cx. quinquefasciatus, Cx. sitiens, Anopheles peditaeniatus and

An. vagus were collected from both permanat ponds and
ephemeral pools after the onset of summer rainfall.

Mosquitoes such as Cx. sitiens (sea shore) and
Cx. tritaeniorhynchus (paddy field) was the most abundant
species, accounting for nearly half of the collections, peaking in
March to May in coastal areas and throughout the year in paddy
fields. A total of 21605 individuals of mosquito immature stages
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Fig. 5 : Monthwise climate data (temperature, salinity and rainfall) of Alappuzha district from Dec-16 to May-1.

representing eight mosquito species were collected. Collected
immature were reared in laboratory and emerged adult were
identified as Anopheles vagus, Cx. sitiens, Cx. tritaeniorhynchus,
Cx. gelidus and Cx. bitaeniorhynchus, (Table 1). In sea shore area,
Cx. sitiens was predominant species and a total of 15057 (92.85%)
individuals of immature stages were collected, it was restricted
almost entirely in estuary areas. Cx. sitiens was absent following

the onset of summer rain during early May. However, in the same
pond Cx. sitiens mosquito was replaced by Cx. tritaeniorhynchus
and salinity of pond reduced to zero. The second predominant
species was Cx. tritaeniorhynchus (2.97% followed Cx. gelidus
(2.25%). Other species were consistently observed more
frequently and in moderate densities from nearby salt marsh
ground pools and rice fields (Table 2). Similarly, different species
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Table 1: Total number and percentage of different mosquito species collected from paddy fields and seashore

Paddy field Seashore

Mosquito species Total percentage

Site 1 Site 2 Site -1 Site -2 Site -3 Total Percentage
Anopheles peditaeniatus 127 54 181 3.35 4 0 54 58 0.35
An. barbirostris 7 2 9 0.16 15 25 0 40 0.24
An. vagus 0 0 0 0 8 18 24 50 0.30
Culex bitaeniorhynchus 12 55 67 1.24 18 72 3 93 0.57
Cx. fuscanus 5 9 14 0.25 4 12 54 70 043
Cx. gelidus 188 275 463 8.59 57 152 157 366 225
Cx. sitiens 8 5 13 0.24 14475 57 525 15057 92.85
Cx. tritaeniorhynchus 2257 2385 4642 86.13 327 0 155 482 297
Total 2604 2785 5389 14908 336 972 16216

*As Cx. quinquefasciatus mosquito was collected from discarded fishing boat and plastic containers, the data was omitted from this table

showed different densities in different months. Regarding the
time of collection, larvae occurred more often and higher
densities during summer season. During summer season,
drought created more stagnant pools that are ideal breeding
ground for salt marsh mosquitoes (Yoruk et al., 2018; Jemi and
Hatha, 2018). Salt marshes are also important for public health
worldwide as larval habitats for disease-vector mosquitoes and
significant biting pests (Schie et al., 2009). Cx. sitiens is often
the most common Culex mosquito present in salt marshes and
has been collected from costal salt marshes at salinities
ranging from 10 to 66% of sea water in previous studies (Ray
and Chaudhary, 1988). Onset of summer rainfall in the month of
May changes existing salt marshes and associated mosquito
species. This unseasonal heavy rainfall causes flooding and
decreases the population of saline tolerant-vectors by

eliminating suitable larval habitats and creating unsuitable
environments for such vectors (Luis ef al., 2019). Alternatively,
intrusion of fresh water may turn former salt marsh habitats into
fresh- water areas and alter abiotic factors, such as salinity and
biotic factors, such as food resources and predators which
could support Cx. tritaeniorhynchus, vector species of
Japanese encephalitis. Increasing abundance of these
mosquitoes can have important human health implications
since these mosquitoes are aggressive biters of both birds and
humans and thus can act as bridge vectors for encephalitis
viruses in the surrounding area.

Irrigation of rice fields is usually accomplished by
flooding, and water persists at a depth 20-30 cm for few months
during summer season. This persistence of water and

Table 2 : Larval mosquitoes observed along the coastal area of Alappuzha district during study period

Mosquito species Medical pH Distance from Nature of habitat Average larval Salinity range

significance seashore (m) number per of habitat with
site in 350 ml dip" larvae (ppt)

Anopheles Malaria 82 90 Pond 1-2 0-5

barbirostris

An. subpictus Malaria 7.2 90 Pond 2-5 0-1

An. vagus Malaria 8.3 90 Pond 2-4 5-15

Culex Wuchereria 7 90 Paddy/ Pond 2-5 0-5

bitaeniorhynchus Bancrofti

Cx. fuscanus Predator 7.8 90 Stream and pond 2-4 0-5

Cx. gelidus Japanese 7.8 90 Paddy/ Pond 5-25 0-5
Encephalitis

Cx. quinquefasciatus Filariasis 7 135 Plastic box, pool 5-10 01

Cx. sitiens Rose river 33 135 Pond, salt marsh >100 10-15

Cx. tritaeniorhynchus Japanese 6.8 135 Paddy/ Pond >100 0-4
Encephalitis

Cx. vishnui Japanese 8 135 Pond 23 0-4
Encephalitis
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Table 3: Average wing length of mosquitoes reared at different salinity levels

Salinity of . Wing length
i Wing type . . . .

water in ppt Cx. quinquefasciatus (mm) Cx. tritaeniorhynchus (mm) Cx. gelidus (mm)

Control

0.00 Right wing 4.25 +0.34 3.79 £0.19 3.63 £0.14
Left wing 4.36 +0.33 3.66 £0.20 3.64 £0.17

5.00 Right wing 4.21b £0.24 3.51c £0.15 3.35¢ £0.44
Left wing 4.3 +026 3.46 £0.08 3.28 £+0.47

7.50 Right wing 3.97a +0.68 3.64¢ +0.09 3.10c +£0.26
Left wing 3.91 +£0.59 3.70 £0.15 3.20 £0.22

10.00 Right wing 3.53b +0.62 3.53¢ +0.15 3.20c +0.26
Left wing 3.56 +0.65 3.45 +0.06 3.23 £0.31

12.50 Right wing 3.5a +0.39 3.34¢ £0.10 3.43c £0.17
Left wing 3.52 £0.30 3.32 £0.15 3.53£0.20

15.00 Right wing 3.33b £0.11 3.43c +£0.48 3.17¢ £0.25
Left wing 343 £0.11 3.41+0.49 3.20 £0.28

a : Highly significant (p =0.001); b : Significant (p =0.05); ¢ : Not significant

emergent rice plants provide good habitat for a number of
mosquito species, particularly Culex (Zhang et al., 2018). As a
result, the percentage of Cx. tritaeniorhynchus (86.13%) and
Cx. gelidus (8.59%) increased with repeated intermittent
irrigation. Japanese encephalitis in Kerala is considered to be
mainly transmitted by Cx. tritaeniorhynchus and the occurrence
of disease is associated with rice cultivation with a high
incidence reported from the inland of Kuttanad region of
Alappuzha (Arunachalam et al., 2009; Thenmozhi et al., 2013).
Cx. gelidus is highly zoophagic and poorly anthropophagic;
therefore, it may have an important role in amplifying JEV
transmission (Hurk et al., 2001; Chathuranga etal., 2018).

High survival percentages are observed in three species
(Cx. tritaeniorhynchus, Cx. gelidus and Cx. quinquefasciatus)
following hatching when placed in saline water ranging from 5 ppt
to 7.5 ppt, while larvae of all species always died when placed
instead into waters of 20 or 25 ppt salinity (Fig. 1, 2 and 3). All
mosquito larvae surviving up to adult stage decreased
progressively with increased salinity. Among three mosquitoes
reared, Cx. tritaeniorhynchus showed highest survival rate at all
salinities, except 20 ppt. More than 50% of pupae developed into
adults up to 7.5 ppt of all mosquitoes. Larvae reared at 15 and 20
ppt showed high mortality in 1% instar stage (the mean larval age
at death was 2 days). In contrast, larval mortality occurred in
water of lower salinity around the time of pupation. Fresh water
mosquito Cx. quinquefasciatus, is a known vector of West Nile
virus and filariasis. Although Cx. quinquefasciatus, is recognized
as a fresh water mosquito it was detected for the first time in
brackish water and also in laboratory experiments this species
showed tolerance atlower salinity level.

All three mosquito species survived best in lower
salinities (5 ppt) than higher salinities (>7.5 ppt). Ramasamy and

Surendran (2012) reported Cx. tritaeniorhynchus breeding in sea
water in Srilanka and Ray and Choudhury (1988) similarly found
maximum Cx. tritaeniorhynchus survival in laboratory
experiments in 18 ppt saline water. Cx. quinquefasciatus survived
well in brackish water, with 92% survival in 5 ppt saline water.
Ramasamy et al. (2011) found that Cx. quinquefasciatus in field
survived equally well in salinity up to 7pptand some survived at 14
ppt also. The developmental mechanism of these species in
brackish water is presently unknown and a matter for future
investigation. Further, this study has laid the foundation to identify
specific genetic and physiological mechanisms underlying salt
water tolerance.

In order to evaluate the effect of different salinity levels
on mosquito morphology, measured wing length of all
mosquitoes reared in different saline water were analyzed. For
Cx. quinquefasciatus, there was a statistically significant
difference between wing length of mosquito obtained from
control with that of 7.5ppt (F =1935.68, df=17, p = 0.001,),
10ppt (F =37.69, df= 17, p = 0.026), 12.5ppt (F =1007.46, df=
17, p =0.001) and 15ppt (F =75.68, df= 17, p = 0.013),
respectively (Table 3). Kerala has high population density
along the coastal villages with equally high density of shallow
coastal aquifers. Higher vector densities can increase
transmission of vector-borne diseases. In the present study, it
was found that the potential vector of Japanese encephalitis
virus Cx. tritaeniorhynchus can breed and develop in brackish
water.
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