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ABSTRACT
The dengue vector Aedes aegypti, is ubiquitous throughout the tropical and temperate regions. Favorable climatic condition
along with human activities and poor waste management make Old Dhaka city a harbor to this vector at an alarming rate.
The objective was to investigate the seasonal larval variation and physico-chemical properties of breeding habitats to
evaluate the potential determinants of this vector’s prevalence. Sampling was carried out in each month from March to
October 2014 during summer and rainy season from the three artificial habitats in three study sites. Dipping method was
used to collect mosquito larvae. The physico-chemical characteristics of breeding water including Temperature, pH,
Dissolved oxygen, Conductivity, Total Dissolved Solids, and free Carbon Di Oxide were measured. In our study, the
maximum larval occurrence was recorded in August and September during rainy season ranging of 5.7-17.2 and 9.6-17.9
respectively followed by a range of 0- 4.1during summer season. The factorial ANOVA revealed that larval density of
different months was significantly (F=6.31; p=0.00) contributed to the seasonal variation regardless an insignificant effect
of breeding habitats on the study sites (F=0.026; p=0.99). Among all the parameters, Dissolved Oxygen (2.6-7.2) was
significantly affected the larval occurrence in the study sites. While, Total Dissolved Solids (74.2-530.5) in Bahadur Shah
Park and both Total Dissolved Solids (77.3-596.7) and Conductivity (741.4-1658) in Ahsan Manzil had significant impact
on the proliferation of larval occurrence. Free CO2 (14.8-33.3) and high pH (>7.0) might limit the larval density in
Jagannath University. Therefore, the highest larval occurrence recorded in Ahshan Manzil followed by Bahadur Shah Park
and Jagannath University. Despite significant larval fluctuation over months, the maximum prevalence of Aedes aegypti
larvae occurred during rainy seasons, as most of the physicochemical parameters might remain optimum for the growth
and survival of larvae. These findings might be helpful in implanting an effective vector control program.
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INTRODUCTION
Aedes aegypti represents the world’s most important
arboviral diseases including dengue fever, dengue
hemorrhagic fever that posse a perilous risk to more than
2.5 billion people living in high-risk areas (Gubler, 1998a;
Lam, 1998). Aedes aegypti (L.) is reported as one of the
dominant vectors that causes dengue fever and dengue
hemorrhagic fever in many urban areas of the South-east
Asia (Sim et al., 2012). In Bangladesh, these fevers were
not rampant until a very first outbreak of dengue
hemorrhagic fever and dengue fever hit the country
severely during the 1950s and during early 1964
respectively (Rahman et al., 2002; Aziz et al., 1967). In
every year since 2000, the dengue fever outbreak occurs
during the rainy season in this country (Aziz et al., 1967;
Ahmad, 2000). The population of Ae. aegypti fluctuates
with temperature, rainfall and humidity. The influence of
climatic factors on the growth and development of Aedes
aegypti in the life cycle is specific; the adult mosquitoes
are directly susceptive to rainfall, temperature and relative
humidity, whereas larval life is mainly affected by rainfall
and water temperature (Micieli and Campos, 2003). In
winter and summer, Aedes aegypti larvae die because of

low and high temperature. The proliferation of this vector
in Bangladesh is very rapid, as this country lies to the
subtropical region with varying temperature and rainfall in
different seasons. Ae. aegypti to the culicidae family of the
genus Stegomyia can breed both in natural habitats,
especially in tree holes, leaf axils, rock pool sand the
artificial breeding habitats such as earthen, porcelain,
plastic and coconut shells, discarded tires and waste
buckets (Hawley, 1988, Barrera et al., 2002). The
increased artificial larval breeding habitats that are
pandemic in urban areas resulted from the rapid
urbanization, high population growth rate and
globalization. Like climatic factors, water chemistry of
aquatic habitats also plays a vital role in determining the
survival rate of mosquitoes (Chen et al., 2009; Rajesh et
al., 2013). As the quality of breeding water determines
whether female mosquito will lay eggs or undergo the
developmental stages (Piyaratne et al., 2005) the
physicochemical characteristics of breeding water
including PH, Temperature, Total Dissolved Solids, Total
Suspended Solids, and Electrical Conductivity influence
the development and survival of mosquito larvae (Mutero
et al., 2004; Devi et al., 2014). Hence, better
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understanding of the biology of Aedes aegypti in terms of
the characteristics of larval developmental site (Schneider
et al., 2004) coupled with exact information with seasonal
occurrence of mosquito in a region is essential for vector
control strategies (Alten et al., 2000). However, lack of
such information about Aedes aegypti has reported in the
Old Dhaka city in Bangladesh. Therefore, the present
study was carried out to understand the biology of Ae.
aegypti in Old Dhaka city, Bangladesh. For this purpose,
we aimed to determine: (1) the seasonal abundance of Ae.
aegypti larvae, and (2) the potential relationship of
physico-chemical variables of mosquito breeding habitats

with the larval occurrence and distribution in Old  Dhaka
city.
MATERIALS & METHODS
Study area
Three areas were selected for the present study from the
Old part of Dhaka city in Bangladesh. These are Jagannath
University, Bahadur Shah Park, and Ahsan Manzil,
located between 90o 24’ 24” E and 23o 42’29”N (Figure
1). The city has three distinct seasons categorized as a dry
winter (November - February), humid summer (March -
May) and rainy season (June- October) (Shahjahan et al.,
2012).

FIGURE 1. Map of Dhaka City showing three study sites namely Ahsan Manzil, Jagannath University
and Bahadur Shah Park.

Identification of potential breeding sites
A thorough investigation for outdoor potential breeding
sites was carried out at each study site.  All breeding sites
were inspected for the presence of larvae. Tire water,
discarded containers and waste buckets were chosen in
this study as these artificial habitats were more abundant
in the study sites.

Mosquito larvae collection, processing and
identification
Larval collection was done once in a month during humid
summer seasons from March - May and during a rainy
season from June – October in 2014. Larval collection was
not taken during a dry winter season between November
and February due to the scarcity of water in the mosquito
breeding habitats. In extremes of weather eggs could

survive over several months during the dry season or over
winter, which is known as diapauses condition
(Chowdhury et al., 2014). A total of 72 samples were
taken from three breeding habitats at the three study sites
over eight months. Sampling was performed by dipping
method as described by (Malley, 1995) between 0900hrs
and 1100 hrs using a standard 250 ml capacity dipper. The
dippers were always immersed slowly in the breeding
places at an angle 450 and an interval of 2-3 minutes was
maintained between subsequent dips, to allow the
immature to return to the surface. A total of 10 dips were
conducted in each and every breeding sites found. Larval
density was expressed as the average number of larvae
counted in each breeding habitats per 10dips
(Thangamathi et al., 2014). The larvae collected from the
field were transferred to the laboratory for culture and
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morphological identification. Collected larvae were placed
in labeled WHO standard plastic vials with the
information of location, sample number and date of
sampling and kept in a humidified cooler and then
transported to the laboratory for further sorting and
identification. When larvae were found under light
microscope, the samples were further identified with the
help of Pictorial key (Rueda, 2004).Only Aedes mosquito
larvae were considered and the other mosquito larvae were
discarded.
Physico-chemical analysis of water from larval habitats
Water samples were collected together with larvae from
three habitats using 200ml capacity specimen bottles. The
sampled water was fixed immediately following standard
procedures (APHA, 2005). The water samples were
brought to the Chemistry laboratory of Jagannath
University and preserved in refrigerator temporarily until
analysis. Water pH was determined by glass electrode
using a pH meter (Sense Ion, 156; HACH USA),
Temperature (oC) by the digital temperature meter (Fisher,
USA) and Carbon Di Oxide determined by using the
HACH kit box (FF2, USA).The electric Conductivity of
water samples was directly determined by EC meter
(Sense Ion, 156; HACH USA) in µs/cm, Total Dissolved
Solids (TDS) by TDS meter (2100Q; HACH, USA) and
Dissolved Oxygen by DO meter ( HQ 30 D; HACH,
USA).
Statistical analysis
To determine the effect of seasons on the prevalence of
mosquito larvae, factorial ANOVA was executed to
measure the effect of two independent variables on the
larval density and distribution. To do this, in each time, a

combination of two independent variables, from the three
determining independent variables, namely, study sites,
artificial breeding habitats and months, was chosen. When
significant effects observed, the mean values of larval
density were separated by Tukey (HSD) test. One way
ANOVA was performed to determine the differences in
physico-chemical properties of mosquito breeding habitat
over a consecutive eight months. Along with, Pearson’s
correlation coefficient was also executed to find out the
potential role of physico-chemical parameters of breeding
water that led to the occurrence and the distribution of
mosquito larvae. One way ANOVA, factorial ANOVA
and Tukey (HSD) test were done by the STATISTICA 8.0
software and Pearson correlation coefficient’s were done
by SPSS version.

RESULTS
Larval density in the study sites
A total of 1339 larvae of Aedes aegypti mosquitoes were
collected during the study period. The density of larvae
collected from the three artificial breeding habitats was
varied in three study sites. Mean larval density ranged 0-
3.2 at Jagannath University, 0.33- 4.33 in the Bahadur
Shah Park, and 0.4-5.97 in Ahsan Manzil (Table1). In
Jagannath University, mean larval density was primarily
highest in September (3.2) followed by August (1.9),
October (0.80) and July (0.53), June and May (0.23), and
in April (0.17) in decreasing order along with the zero
larval density count in March. Bahdur Shah Park and
Ahsan Manzil was likely to have the highest larval density
in September, amounting to 4.33 and 5.97 respectively.

TABLE 1. Larval density of Aedes aegypti (counts/10dips) in the three artificial habitats over eight months in all the study
sites (Number of larvae given within the bracket)

Study Sites
Breeding
habitats Summer season Rainy season

March April May June July August September October
Jagannath
University

Tire water 0 0.2 (2) 0.3 (3) 0.4 (4) 1.2 (12) 1.4 (14) 1.7 (17) 0.4(4)
Container 0 0.3 (3) 0.2 (2) 0.3 (3) 0.4 (4) 2.0 (20) 3.8 (38) 1.3 (13)

Waste bucket 0 0 0.2 (2) 0 0 2.3 (23) 4.1 (41) 0.7 (7)
Mean 0 0.17 (1.7) 0.23 (2.3) 0.23 (2.3) 0.53 (5.3) 1.9 (19) 3.2 (32) 0.8 (8)

Bahadur
Shah Park

Tire water 0 1.1(11) 1.6 (16) 2.7 (27) 2.3 (23) 2.9 (29) 3.9 (39) 0
Container 1.0 (10) 1.7 (17) 0.9 (9) 2.0 (20) 2.3 (23) 4.5 (45) 5.3 (53) 1.9 (19)
Waste bucket 0 1.3 (13) 1.1(11) 2.5(25) 2.8 (28) 4.0 (40) 3.8 (38) 1.7 (17)

Mean
0.3
0.33(3.3) 1.4 (14) 1.2 (12) 2.4 (24) 2.45 (24.5) 3.8 (38) 4.33 (43.3) 1.2 (12)

AhsanMan
zil

Tire water 0 1.0 (10) 0 3.0 (30) 4.6 (46) 5.6 (56) 5.7 (57) 0
Container 1.5 (15) 1.4 (14) 1.0 (10) 2.8 (28) 4.3(43) 5.4 (54) 6.0 (60) 0
Waste bucket 0 1.1 (11) 0 2.4 (24) 3.2(32) 6.2 (62) 6.2 (62) 1.2 (12)
Mean 0.5 (5) 1.17 (11.7) 0.33(3.3) 2.73 (27.3) 4.03(40.3) 5.73(57.3) 5.97 (59.7) 0.4 (4)

However, the lowest larval density (0.33) recorded in
March for Bahadur Shah Park and in October (0.4) for
Ahsan Manzil. During this time, highest rainfall was
observed in July (337 mm) and September (392mm) and
Ae. aegypti was prevalent in the area of Old Dhaka. While
considering the abundance of larvae in each habitat during
the whole study period, the highest mean larval density
recorded from discarded container amounting to 2.80 in
Ahsan Manzil, 2.21 in Bahadur Shah Park and 1.04 in
Jagannath University. Whereas the lowest mean larval
density was counted from tire water in Bahadur Shah Park
(1.81) and in Jagannath University (0.65), however, the

lowest larval density of 2.39 was only recorded from
waste bucket in Ashan Mazil. The outcome of factorial
ANOVA revealed that the larval density was not
significant among breeding habitats (F= 0.693, p= 0.50).
The effect of different breeding habitats was also
insignificant in the prevalence of larval density among the
three study sites (F=0.0261, p=0.997) and among the
months (F=0.286, p=0.993) (Table 2).Larval density not
only was significantly differed among study sites
(F=6.036, p=0.004), but also did it varied significantly
among month in all sites (F=6.312, p=0.000).The result of
the Tukey (HSD) test, further, explained the larval density
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varied significantly (F= p<0.01) within and between both
months (Figure. 2).  According to Tukey test, the larval
density calculated in September was the most significant
that variation within the other months in Jagannath
University, and between the months in Bahadur Shah and

Ahsan Manzil. Whereas, August and September appeared
to be themost significant months having the maximum
larval occurrence in both Bahadur Shah Park and Ahsan
Manzil than that of the other months within and between
the sites.

TABLE 2. Summary of ANOVA for the determination of the association among months, breeding habitats and study sites
with larval density

Sources SS DF MS F P
Months 154.605 7 22.087 13.834 0.000
Habitats 2.214 2 1.107 0.693 0.504
Study sites 38.162 2 19.081 6.036 0.004
Months*habitats 6.398 14 0.457 0.286 0.993
Study sites*months 30.509 14 2.179 6.312 0.000
Habitats*study sites 0.331 4 0.083 0.0261 0.997

FIGURE 2. Monthly mean larval density in three study sites.

Physico- chemical properties of breeding habitats
The physico-chemical properties of breeding water,
including Temperature (oC), pH, Conductivity (µS/cm),
Dissolved Oxygen (mg/l), Total Dissolved Solids (mg/l),
and free Carbon Di Oxide (mg/l) were determined. In
Jagannath University, mean water temperature was ranged
of 28.7 + 0.96 - 31.8 +1.79oC in which the highest and
lowest value measured in June and October respectively.
The mean water Temperature was highest in August both
for Ahsan Manzil (32.5+6.31) and Bahadur Shah Park
(32.4 + 6.37). Similarly, these two sites had the lowest

mean water Temperature in October, representing a value
of 26.3+1.10 and 25.7+0.57 respectively (Table 3). Water
pH was recorded highest (7.2 + 0.10) in March in both
Jagannath University and Bahadur Shah Park and the
lowest water pH (6.7 +0.36) found in both Ahsan Manzil
and Bahadur Shah Park in March and June respectively. In
case of Conductivity, the highest Conductivity of (1656
+189.8) was founded in August and the lowest
Conductivity (741+ 54.1) was in October in Ahsan Manzil
in comparison with the other sites.
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The highest mean Dissolved Oxygen (7.2 +0.10) was
measured in two consecutive months of August and
September in Bahdur Shah Park and the lowest value
recorded in March in Ahsan Manzil. Unlike the mean
Dissolved Oxygen, mean Total Dissolved Solids from the
Ahsan Manzil had the highest value of (596.7+ 72.1) in
August and the lowest value of 63.2+ 9.54 in March in
Jagannath University. Surprisingly, the highest (1656.8 +
189.8) and the lowest (741 + 54.1) average amount of free
CO2 were measured in August and in October respectively
in Ahsan Manzil (Table 3).
Effects of physicochemical factors on larval densities
Pearson’s correlation coefficient results clearly showed the
association of physico-chemical properties of water with
the larval density (Table 4). In Jagannath University, the
Dissolved Oxygen (r = 0.642; p < 0.05) and free CO2 (r =
0.539; p<0.01) had a significant positive influence on the
larval density. In Bahadur Shah Park and Ahsan Manzil,
Dissolved Oxygen and Total Dissolved Solids were
significantly related with the occurrence of larval density,
amounting to (r =0.843; p<0.01) and (r =0.480; p<0.05)
respectively, for Bahadur Shah Park (r = 0.727; p<0.01)
and (r= 0.481; p<0.05) for Ahsan Manzil. Noticeably, only
water pH from Jagannath University showed significant
but negative association with the larval density (r =-0.498;
p<0.05) and Conductivity showed positive significant
association (r= 0.526; p<0.05) with larval density in Ahsan
Manzil. The negative relationship between water
Temperature and larval density was also evident in all
sites.

DISCUSSION
Two seasons namely wet rainy and dry summer season
showeda conspicuous variation in the larval abundance in
the study sites. Overall prevalence of Ae. Aegypti in old
Dhaka city showed a gradual increase during rainy season,
however, a sharp decline was observed from the post
monsoon to summer season. Notably, during summer
season, zero or minimum larval population was observed
in March and maximum larval population reported in both
August and September. This finding was consistent with
the previous studies on Aedes aegypti and also on the
coexisting of Ae. albopictus mosquito in Dhaka city
(Nargis et al., 2012). Consequently rainy season turned out
to be the most crucial season for the development of
mosquito. In Dhaka city, the Aedes species were
prominent during rainy season with a low population
density during winter-summer (Tauhid et al., 2007). The
population of Aedes aegypti is influenced by rainfall in
areas where it is markedly seasonal (Trips, 1972).
Therefore, dengue incidences were seen to be frequent
during monsoon as the availability of potential breeding
habitats were associated with the large amount of rainfall.
The observed lowest larval density reported during
summer season might be related to high temperature. Also,
our study revealed that larval density plunged in October
during the late monsoon with falling temperature that
usually prevails upon the following months of winter
season until the beginning of dry summer season. The
water temperature is an important factor of Ae. aegypti’s
survival and development that limits its distribution and
seasonal occurrence in subtropical zones (Christophers,

1960). This finding clearly depicted that the lower larval
density might be related to an extreme high or low
temperature. Recent studies revealed that breeding habitats
were found to be significant in the occurrence of Ae.
aegypti larvae (Thangamathi et al., 2014). As mean larval
density recorded from the three studied breeding habitats
varied, however, the variations were not significant among
the breeding habitats. As a result, no particular type of
breeding habitats identified as a determinants in the
occurrence of mosquito larvae. When comparing the larval
density among the three study sites, Ahsan Manzil had the
highest occurrence of mosquito larvae in all sites followed
by Bahadur Shah Park and Jagannath University. Present
investigation also revealed that monthly physico-chemical
properties of the Ae. Aegypti breeding habitats showed
variation in all sites. The overall temperature in the study
sites lied to the range of 16-320C specified by USEPA,
which is referred as the optimum temperature for the
breeding of most mosquito species, including Culex,
Anopheles and Aedes in the tropics (Bradley and Kutz,
2006). However, negative relationship between water
temperature and larval density in all sites might provide an
insight about the optimum temperature that might be
beyond the referred optimum temperature for larval
occurrence in this region. Water pH of all the breeding
sites was also within the recommended pH (4-11) for
larval maximum growth (Clark et al., 2004), but did not
have significant association with the larval density.
However, the lower larval density might be resulted in
negative association with pH in Jagannath University as
this site had highest water pH (7.2). Therefore, our study
revealed that larval occurrence might limit beyond water
pH of 7.2. The water pH beyond a range of 7-8 could be
the limiting factors for larval growth and survival
(Thangamathi et al., 2014). Like pH, the Conductivity
(µS/cm) also showed negative correlation with the
abundance of larvae in the Bahadur Shah park area. A
similar observation was seen in Nigerian Aedes aegypti
population (Oleymi et al., 2010). However, a significant
positive relationship was observed in Ahsan Manzil
leading to an extensive proliferation of mosquito larvae,
which was consistent with the findings in Aedes albopictus
mosquito, India (Bradley and Kutz, 2006). In the present
study, Aedes aegypti was found positively significant in
relation to Dissolved Oxygen require for larval growth and
development that was also reported by Gopalakrishnan et
al., 2013 in Assam, India. The range of Total Dissolved
Solids (mg/l) in our study 63.2- 596.7 resembledthe range
of 79.83-693.00 in different breeding habitats of Aedes
aegypti (Rao et al., 2011). In addition, Total Dissolved
Solids showed significant role in the occurrence of Aedes
aegypti in all sites except Jagannath University. It was
reported that the higher concentration of Total Dissolved
Solids reduce transparency and increase oxygen deficiency
(Webb and Walling, 1992). Therefore, the highest total
dissolved solids measured in our study might induce the
growth and survival of mosquito in this area. Previously
published reports on the effects of Carbon Di Oxide,
Aedes aegypti are too limited. In our findings, Carbon Di
Oxide (mg/l) only significantly correlated with Aedes
aegypti in Jagannath University that might act as another
limiting factor in the development of larvae in breeding
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water. It was reported in Srilanka that Carbon Di Oxide
(ppm) ranged of 0.0-65.0 from an irrigated mosquito
breeding area referred to a good factor for mosquito
population (Amerasinghe et al., 1995). Despite our
measured Carbon Di Oxide (14.8-32.2) fitted in the
referred range, this parameter had insignificant influence
on larval density in areas like Ahsan Manzil and Bahadur
Shah Park where the most larval density was reported. It
was also observed that the parameters that showed
significant association with larval density had a maximum
mean amount in August and September in all sites
inferring a strong relationship between larval occurrence
and physico-chemical parameters during rainy seasons.

CONCLUSION
Data obtained from this study clearly showed a distinct
seasonal variation in larval density in all the study sites
where rainy season might be the most favorable to the
occurrence of Ae. aegypti. In addition, physico-chemical
parameters, including pH, Dissolved Oxygen, Total
Dissolved Solids, Conductivity and free Carbon Di Oxide
except Temperature of breeding water showed either
positive or negative significant correlation with larval
density. Those parameters including Dissolved Oxygen,
Conductivity and Total Dissolved Solid had a positive
significant association with the larval density, might affect
the maximum occurrence and prevalence of mosquito
larvae. However, lower larval density was associated with
the pH, free CO2 in the study sites. Therefore, the highest
larval occurrence was in Ahsan Manzil and the lowest in
Jagannath University. Manipulation of such determinants
in the breeding habitats during rainy season might
diminish the larval occurrence in this region. Also, scheme
of breeding habitat selimination that holds the rainwater
might be incorporated into the mosquito control strategy.
Finally, our study postulated that physico-chemical
parameters and rainfall exert a significant influence on
larval occurrence. Our findings, thus, provide important
information that can be of use for developing an effective
vector control strategies to reduce the potential breeding
habitats and the occurrence of A. aegypti larvae in old
Dhaka city.
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