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Background & objectives: Dengue infection is endemic in several areas and the dengue virus is transmitted
by Aedes mosquitoes. Thus, it becomes important to understand the breeding ecology of dengue vector
and characterize the physicochemical parameters of its breeding habitat. The objective of this study was
to analyze the physicochemical parameters of the breeding habitat of the dengue vector and to find out
the nutrient composition of the habitat in and around Kolkata, West Bengal. In addition, a geographic
information system (GIS) was used to map the disease prone areas for its effective management and
prevention.

Methods: Water samples were collected from various breeding habitats of Aedes mosquitoes of Kolkata
and adjoining areas and were analysed for various physicochemical properties like acidity, alkalinity,
hardness, electrical conductivity, total dissolved solids, concentration of chloride (Cl), sodium (Na®),
potassium (K*), fluoride (F") in relation to larval prevalence.

Results: Parameters like water pH, total dissolved solids, total hardness, electrical conductivity,
concentration of chloride, sodium and potassium were seen to vary throughout the year. Certain
parameters were found to be dependent on container type, like concentration of fluoride. Significant
positive correlations were seen between per dip larval density and total dissolved solids (TDS) and
electrical conductivity.

Interpretation & conclusions: Water pH, electrical conductivity, total dissolved solids were seen to play
a major role in the ovipositional preferences. Container type did not seem to affect TDS. Tyres had the
highest TDS in most of the cases. Nutrient composition like sodium concentration was mostly found in
the coconut shells, potassium concentration also showed the same. Thus, container type and various
parameters and nutrients play a major role in determining where a gravid female mosquito will lay its
eggs. It was observed that by altering various chemical and physical properties of breeding habitats it
was possible to control the larvae survivability.
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The role of Aedes aegypti and Ae. albopictus in
the transmission of dengue and Chikungunya viruses
is well documented. Human ecology, habits and
behaviour greatly influence mosquito distribution,
species relative abundance and survival'2. Locations
of probable breeding sites and water body conditions
often lead mosquito groups and subgroups and species
to choose their preferred habitats’. Widespread
deforestation, climate change and increase in global
trade have forced the mosquitoes worldwide to adapt
to breeding in domestic and semi-domestic artificial
container habitats*®. The container inhabiting Aedes
mosquito species is known to follow visual or olfactory
cues to appropriate water containers and then use both
chemical and physical factors in the water for selecting
it for oviposition®. Some of the commonly used cues
are colour and optical density of water, oviposition
substrate, temperature, olfactory cues, and chemical
cues provided by mosquito larvae’. Successful larval
control requires a knowledge of the breeding ecology
of mosquitoes including types of and preferences for
larval habitats, spatial and temporal distribution of
breeding sites, as well as the physical, biological and
chemical characteristics of the habitats.

Aedes population as well as their density are the
two main indicators that determine the risk of dengue
in an area. The technique of measuring larvae and adult
mosquito population requires enormous effort and time
and this has to be done continuously. At the same time,
the decision to implement vector control activities
must be carried out immediately so that the incidence
of dengue can be prevented. With the advancement
of information technology, especially geographic
information system (GIS), management and prevention
activities for dengue can be done immediately. The
use of GIS allows to integrate the environmental
and time elements related to mosquito breeding and
disease spreading without depending on indicators
like mosquito population and mosquito density. GIS
is a computer-based system that can integrate various
spatial and non-spatial data to study the mosquito
habitats. Several studies have been conducted utilizing
GIS to analyze Aedes breeding habitats and dengue
fever risk in India and various other countries®'?.
We, therefore, undertook this study to determine the
physical and chemical characteristics of mosquito
breeding sites in dengue affected areas of Kolkata and
its adjoining areas and spatial and temporal distribution
of such breeding sites.

Material & Methods

Study area: The study was carried out from November
2012 to November 2014 in selected random sites of
Kolkata and adjoining areas known for Ae. aegypti
infection. Cross-sectional random sampling is required
in case of mapping of the vector borne diseases
to improve the efficacy of the vector survellience.
Moreover, spatial mapping requires random site
sampling so that it does not lead to biased samples'.
Sites were selected on the basis of previous records of
dengue infection in those areas. The selected sites were
Jadavpur and Salt Lake City and adjoining areas from
greater Kolkata, Singur and Santragachhi of Hooghly
and Howrah districts, respectively for the summer
season collection. During the monsoon season,
Kamarhati (KMH), Dakshineswar (DAK), Belgharia
(BEL) from North Kolkata and Jadavpur (JDP),
Tollygunj (TOL) and Baghajatin (BGJ) from South
Kolkata were selected for the study. Winter collection
was done from Santragachhi, Udaynarayanpur,
Jadavpur and Tollygunj. Kolkata has a tropical wet and
dry climate with a maximum temperature during the
summer months of May - June rising up to 24 - 42° C
and the minimum temperature falling during winter
months of December - January up to 8-26°C on an
average. Relative humidity varied from 65-85 per cent.
From June to September average rainfall in Kolkata
is 158 mm. Howrah has a mean annual temperature,
rainfall, and relative humidity of 32-39°C, 1461 mm,
and 75 per cent, respectively. Hooghly has a tropical
climate. The annual mean temperature is 26.8°C,
although monthly mean temperatures range from 16
to 33°C and the maximum temperature in Hooghly
often exceeds 38°C. Maximum rainfall occurs during
the monsoon in August and the average annual total is
above 1,500 mm.

Mosquito  larval  collection, identification and
processing: In each of the selected sites mosquito
larval sampling was done. During each survey, the
habitat was first examined visually for the presence
of any larvae, and then the larvae were captured by
using a standard dipper which also varied according
to the habitat size. As there is no fixed recommended
dipper for the collection of Aedes larvae, dippers
of varied sizes were used for different habitats (11.5
cm diameter and 350 ml capacity; 10 ml dipper of
2.5 cm diameter), pipettes and white plastic pans'*'>.
The conventional mosquito breeding habitats studied
were earthen containers, coconut shells, tyres, tree
holes, and plastic containers. The number of each type
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of habitat was counted and number of larvae present
in each container was also noted down. Larvae were
collected by dipping method and an average of 10-
30 dips were taken depending upon the habitat size.
The total number of dips made and the total number
of larvae present in that habitat were noted down so
as to calculate the per dip larval density. All larval
samplings were done during morning (0900-1200 h)
or in the afternoon (1400-1700 h)". The mosquito
larvae recovered were immediately preserved using 70
per cent alcohol and were brought to the Parasitology
and Microbiology Research laboratory, department
of Zoology, University of Burdwan, Burdwan, West
Bengal, and kept for identification. Adult mosquitoes
were collected using hand collection method from the
various resting places, human habitations like brick
houses and temporary hutments, cattle sheds and
indoors during early morning hours (0500-0700 h) and
afternoon (1700-1900 h) throughout the year, twice
every month. They were immediately preserved for
further taxonomic identification. Co-ordinates of the
adult mosquito collection were also noted down by the
same method for mapping.

Collection and fixing of water samples for
physicochemical analysis: Water samples were
collected in 500 ml sample containers from the breeding
ground of all the selected sites where larvae were found.
The water collected was fixed immediately using
standard procedures for studying of various parameters
of water'®, Parameters like water temperature,
environment temperature, relative humidity, pH, total
dissolved solids (TDS) were measured on spot only
using normal mercury thermometer (Hick’s, India)
hygroscope (HTC-1, China), pH meter (ELICO, India)
and digital TDS meter (HI-Media, Mumbai, India),
respectively. Concentrations of sodium and potassium
were determined using flame photometer (Systronics
Flame Photometer-130, India). All other parameters
were done following the titrametric methods!®.

Physicochemical analysis of water from larval habitats:
Physicochemical analysis of those water samples was
done which showed comparatively higher per dip larval
density among all the container types surveyed. The
fixed water samples were analyzed for the following
parameters: acidity, alkalinity, hardness, electrical
conductivity, total dissolved solids, concentration of
chloride (CI'), sodium (Na"), potassium (K¥), fluoride
(F-). All these analyses were done in the Parasitology
and Microbiology laboratory, department of Zoology,

University of Burdwan. The water parameters were
analyzed following standard methods'’.

Statistical analysis: Pearson’s correlation was applied
to find out significant association between per dip
larvae density and total dissolved solids, electrical
conductivity and fluoride concentration.

Results

Physicochemical parameters of breeding habitats
of Aedes sp. in and around Kolkata during summer,
monsoon and winter seasons are shown in Tables
I, IT and III, respectively. Table IV shows average
per dip larval density in different areas of Kolkata
and adjoining areas in different containers. The
environment temperature was found to be the highest
in Salt Lake City and lowest in Jadavpur throughout
the year, whereas the water temperature was highest
in Salt Lake city (summer) and lowest in Santragachhi
(winter).Water pH was found to be highest (alkaline)
at Singur (8.19, summer) and lowest (acidic) in
Santragachhi (5.67, summer). Highest water hardness
was found in Jadavpur (3.91, summer) and lowest in
Belgharia (0.23, monsoon). Baghajatin recorded the
highest chloride concentration (549.5 ppm, monsoon)
and whereas Udaynarayanpur had the lowest (30.74
ppm, winter). Fluoride concentration was recorded
highest in Santragachhi (0.97 ppm, summer) and
lowest in Baghajatin (0.12 ppm, monsoon). Potassium
concentration was found to be highest in Singur
(117.2 ppm, summer) and lowest in Tollygunj (7.98
ppm, winter). Sodium concentration was found to be
highest in Singur (62.07 ppm, summer) and lowest
in Belgharia (31.78 ppm, monsoon). Maximum TDS
was found in the monsoon season in water logged
tyres of Dakshineswar and minimum in the winter
season in water logged coconut shells of Tollygunj
whereas maximum electrical conductivity found in
the monsoon season in water logged coconut shells of
Baghajatin and minimum electrical conductivity found
in the summer season in water logged coconut shells
of Singur. During winter the highest average per dip
larval density was found in the water logged coconut
shells; during summer water logged tyres scored the
highest and earthen containers of monsoon season
showed the highest average per dip larval density.

A significant and positive correlation was seen
between per dip larval density and TDS (P=0.02,
r=0.755, Fig. 1) and between per dip larval density
and electrical conductivity (P=0.014, r=0.635, Fig.
2) throughout the year. A non significant negative
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correlation was recorded between fluoride concentration
and per dip larval density (r=-0.565, Fig. 3) throughout
the year. No significant difference was found between
per dip larval density and the remaining parameters.

Maximum per dip larval density was seen in the
water logged coconut shells of Singur during summer,
whereas larval density was maximum for earthen pots
and tyres in Santragachhi and Jadavpur, Salt Lake City,
respectively. Cemented tanks and tree holes had the
lowest larval density. During monsoon; Kamarhati,
Belgharia, Jadavpur and Tollygunj showed earthen pots
to have the highest per dip larval density; whereas tyres
of Dakshineswar and coconut shells of Baghajatin had
the highestper dip density of larvae. Cemented tanks had
the lowest larval density in almost every site, except for
Belgharia. Very few larvae were found in water logged
tree holes of Kamarhati and Dakshineswar. Unlike that
of North Kolkata, tree holes were found positive for
a significant amount of larvae in Jadavpur, Tollygunj
and Baghajatin of South Kolkata. The water logged
earthen pots of Udaynarayanpur showed the maximum
larval density during winter, whereas in Santragachhi,
Tollygunj and Jadavpur water logged coconut shells
showed the highest larval density. Lowest or no larvae
were found in the cemented tanks of all the four areas.
No larvae were captured from the plastic pots and tree
holes in case of Udaynarayanpur.

Discussion

For effective vector control measures the water
ecology is essential, including the physical, biological
and chemical properties of water, as well as, the spatial
and temporal distribution of the mosquito breeding sites
and also larval habitat preferences'’. Previous study
has shown that water chemistry and presence of certain
nutrient concentrations are important determinant as to
whether or not the female mosquitoes will oviposit and
for the further development of the immatures'®. The
larvae are seen to adapt to a wide range of temperature.
Due to the poikilothermic nature of the mosquito
immatures, temperature plays an important role in their
successful development. Apart from the other factors
like concentration of various nutrients and minerals,
temperature is the main factor responsible during
larval growth and development!. Higher temperature
of the water may result in rapid development of the
mosquito immatures but causes decrease in their
size®, while the same rise in temperature produces less
adults?’. The pH of water was seen to range between
acidic to alkaline. MacGregor* recorded acidophile
and alkalinophile mosquito larval species, like in the
present study. pH of the water was found to vary with
the varying container types. This may be probably due
to the nature of the container. Mosquito larvae grow
optimum in water of near neutral pH 6.8 to a pH of 7.2,

Table I. Physicochemical parameters of breeding habitats of Aedes sp. in and around Kolkata during summer season (November 2012
- December 2013)
Physicochemical parameters Jadavpur Salt Lake City Singur Santragachhi
Temperature range °C  Environment (Air) 36.10+0.44 41.30+0.43 35.30 £ 0.55 3543 +£0.44
Water 36.33 +£0.38 40.17 £0.36 36.70 = 0.88 31.02+1.17
Water pH 7.74 +0.84 7.47 £0.12 8.19+0.14 5.67+0.29
TDS (ppm) 261.00 +0.70 86.08 +0.22 228.20 + 1.06 205.60 + 1.50
Hardness (mg/1) 391+0.25 1.09+0.11 0.90 +0.04 0.73 £0.06
Acidity (mg/1) 78.32+£0.28 54.52+0 .26 48.84 +£0.23 39.01 £0.38
Alkalinity (mg/1) 197.08 £ 0.25 161.04 +0 .47 87.40 +0.47 76.80+0.19
Conductivity (uS/cm) 288.14 +0 .47 341.99 +0.62 122.17 +0.74 324.03 £ 0.67
CI (ppm) 437.59 £2.67 58.19+1.94 45.51+£0.95 60.93 +0.69
F (ppm) 0.51+0.02 0.48 +£0.00 0.52 +0.00 0.97 £ 0.00
K* (ppm) 38.18 £0.33 8.05+0.04 117.20 +£0.73 69.62 +0.45
Na* (ppm) 55.08 +3.08 40.92 +1.11 62.07 +1.43 48.30 +1.69
Number of sites for each place : 10, Total number of containers observed: 30
Values are mean + SD
TDS, total dissolved solids
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Table II. Physicochemical parameters of breeding habitat of Aedes sp. in and around Kolkata during monsoon season (November 2012

- December 2013)
Physicochemical parameters Kamarhati Dakshineswar Belgharia Jadavpur Tollygunj Baghajatin
Temperature Environment 31.06 +0.43 28.3+0.55 28.30+0.17 27.04+0.26 28.70 £ 0.25 29.80 £ 0.32
range (°C) (Air)

Water 3231+142 29.32+0.91 26.82 +0.41 29.43+1.23 29.03+0.91 30.08 £2.01
Water pH 7.64 +0.20 8.01+0.20 7.90 +0.16 7.71+0.23 7.81+£0.25 7.92+0.18
TDS (ppm) 238 +£3.76 646.61 £1.45 225.61+1.96 341+£0.70 641+0.70 341.8+0.86
Hardness (mg/1) 0.61£0.01 0.72 +£0.05 0.22+0.01 3.72£0.01 1.09 +0.02 0.91+0.01
Acidity (mg/l) 28.12+0.35 24.11£0.32 43.21+0.37 76.10 £ 0.32 44.02 +£0.32 68.52 +0.25
Alkalinity (mg/1) 72.52 +0.41 108.63+0.41  72.62+0.40 206.61+3.15 171.42+0.69 160.44 +0.50
Conductivity (uS/cm) 220.32+£0.23 340.28+0.30 280.32+0.46 3320.50+0.32 701.02+0.46 3340.76 +0.42
CI (ppm) 37.51+£0.26 45.42+0.20 3344+0.29 52831+1.48 47.72+0.19  549.50+0.69
F-(ppm) 0.24 +0.15 0.43+0.01 0.19 +0.01 0.20 +0.01 0.27+0.01 0.12+0.01
K" (ppm) 53.24+0.20 66.02 + .08 47.08 +£0.12 46.18 £.30 81.32+0.25 67.22+.014
Na* 44.02 £ .08 48.34 +0.27 31.78 £0.25 48.82 +0.34 54.62 +.024 52.68 £0.24

Number of sites for each place : 10, Number of container observed: 30

Values are mean = SD

Table I1I. Physicochemical parameters of breeding habitat of Aedes sp. in and around Kolkata during winter season (November 2012

- December 2013)

Physicochemical parameters Jadavpur Tollygunj Udaynarayanpur Santragachhi
Temperature  Environment (Air) 29.35+£0.27 29.37+£0.25 30.07 +£0.21 28.80+0.20
range (°C) waer 24.31+0.18 25.11+0.19 24.20+0.19 2320+ 0.11
Water pH 7.27+0.01 7.51+0.01 7.98 + .08 6.98 +£0.05
TDS (ppm) 255.87+0.71 85.97+0.21 219.98 £ 1.06 198.59 £ 0.53
Hardness (mg/1) 2.89+0.65 0.98 +£0.21 0.85+0.01 0.67 £0.76
Acidity (mg/l) 61.67+0.28 39.52+0 .26 35.45+0.23 25.01 £0.38
Alkalinity (mg/1) 129.08 £ 0.25 145.50 £ 0 .47 69.40 + 0.45 59.87+0.19
Conductivity (uS/cm) 210.14+0 .47 229.76 + 0.62 130.48 £0.74 292.35+0.67
CI (ppm) 321.59+2.67 31.15+1.94 30.74 £ 0.95 4498 £0.54
F(ppm) 0.51+0.02 0.45 +0.07 0.47 +0.04 0.89+0.01
K* (ppm) 36.16 £ 0.33 7.98 +£0.04 64.55+0.45 112.21+0.72
Na* (ppm) 46.02 +0 .91 52.11 +£0.37 31.91+0.27 51.45+0.61

Number of sites for each place :
Values are mean = SD

10, Number of containers observed: 30
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Table IV. Per dip larval density in different areas of Kolkata and adjoining areas in different containers during the year (November

2012 - December 2013)

Seasons Areas No. of dips Per dip larval density in different types of containers (average larvae/container)

e Earthen  Coconut Tyre Tree holes  Plastic pots  cemented tanks

Winter Santragachhi 10- 30 5.5 8.9 4.8 2.8 1.2 0
Udaynarayanpur 10-30 7.2 32 2.7 0 0 0
Jadavpur 10-30 4.5 6.8" 43 1.2 0 1.4
Tollygunj 10-30 22 7.4" 52 23 4.5 1.3

Summer Santragachhi 10-30 18.6* 14.5 15.3 11.5 12.3 9.3
Singur 10-30 19.2 21.5" 12.6 11.5 9.8
Jadavpur 10-30 11.4 13.5 15.2° 11.6 12.2 0
Salt Lake City 10-30 14.5 0 15.3" 0 8.2 22

Monsoon Kamarhati 10-30 31.2° 0 27.3 0 18.1 0
Dakshineswar 10-30 19.2 28.3 46.3" 0 0 0
Belgharia 10-30 19.4" 0 0 0 0 2.1
Jadavpur 10-30 47.3" 38.5 0 14.4 0 0
Tollygunj 10-30 41.3" 27.4 0 8 0 0
Baghajatin 10-30 215 41.2% 35.5 11.3 0 0

*, highest number of larvae

since this pH weakens the egg shells for emerging of
the first larval instar®. As suggested by reports from
Nigeria, a pH of 7.4 was found to be ideal for Aedes
mosquitoes**?. In the present study we found larvae to
survive at a water pH of 8.22. This may be because with
the changing environment mosquitoes are becoming
resistant to their lethal environment and are starting to
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Fig. 1. Correlation between per dip larvae density and total
dissolved solids.

cope up with changes in their own genetic level. Along
with these physical factors various chemical factors
and nutrient composition also contribute to mosquito
breeding site selection, such as total dissolved solids,
total hardness, conductivity, concentration of fluoride,
chloride, phosphate, sodium, potassium, etc'’2¢. Our
study showed that water logged coconut shells and
tyres were the most preferred breeding sites throughout
the year, with a few exceptions of cemented tanks
and earthen pots. Parameters like total dissolved
solids, hardness, electrical conductivity, alkalinity,
concentration of fluoride, chloride, potassium, and
sodium were found to be highest in tyres and coconut
shells. Coconut shells are rich in organic content and
are ideal breeding place. Probably the high nutrient
composition of the coconut shells attracted more of
the female mosquitoes. Moreover, the small orifice of
the coconuts and low illumination makes them ideal
breeding spots for Aedes sp*’. Discarded and unused
tyres accumulate water naturally either through rain
or through other means and provide a good breeding
opportunity for the female mosquitoes. Tyres resist
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desiccation and eggs hatch after being transported
from one place to another?®%. The larval density is
not only habitat dependent but also depends upon
the water chemistry and nutrition content. Electrical
conductivity was found to be very high in the coconut
shells of Baghajatin during the monsoons. Such high
conductivity suggests that it must have something to
do with oviposition preferences®. Thus, the present
study shows that environmental manipulation can
be an effective vector control measure. Altering
the physicochemical parameters and removing the
potential breeding sites can also be a part of the control
programme.
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