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Abstract 

Aedes species are rapidly adapting to environmental changes which subsequently changing the 
preferences for their breeding. In the present study, evaluation of the larval development and 
oviposition preferences of field collected Aedes albopictus was carried out based on different water 
characteristic. The eggs of Ae. albopictus and the water samples were collected in UiTM Puncak 
Alam areas. The types of water samples used in this study were (i) distilled water (WT1), (ii) 
seasoned tap water (WT2), (iii) pond water (WT3), and (iv) drain water (WT4). Each types of water 
was sampled and tested by controlling the presence and absence of larvae food in the experiment. 
Development of immature stages in pond and drain water with the presence of food showed fast 
growth compared to the other types of water. Hatching rate was observed to be higher in all types of 
water with the presence of food. Oviposition preferences showed a significant difference between 
water. The data generated from this study was important as a baseline data in development and 
oviposition for dengue vector control especially on the possibility and ability of Ae. albopictus to 
survive in specific water types as breeding sites. 
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INTRODUCTION 

Aedes species are rapidly adapting to environmental changes 
which subsequently changing the water container preferences for 
breeding purpose (Chen et al., 2007; Aida et al., 2011; Dom et al., 
2013). The larval and pupal of Aedes mosquito are undergoing 
development in natural (e.g. rock pools, tree hole) and artificial 
containers? (e.g. water tanks, blocked drains) in the urban and peri-
urban environment (WHO, 2009; Weaver and Reisen, 2010; Kumawat 
et al., 2014). The adaptation of the oviposition behaviour of Aedes
species may be influenced by the types of water they chose, thus 
leading to the ineffective mosquito control (Lee, 1991; Nazni et al.,
2008; Ramasamy et al., 2011; Dom et al., 2016a). Ae. Albopictus, is 
an outdoor mosquito that is more invasive and thus, exploiting wider 
range of water containers located far from household (CDC, 2010). 
The availability of water types in the environment that is germane to 
the survival, growth, and development of Aedes mosquito is an 
important component for the adults to selectively choose their 
breeding sites, making sure their progeny will survive in it (Rao et al., 
2011; Reiskind et al., 2012; Madzlan et al., 2018).  

The selection of an oviposition site is an essential part of the life 
history of all mosquito species (Panigrahi et al., 2014). A broad 
knowledge of the vector’s behavior and ecological factors such as 
physical characteristics of water can point out the site-specific 
measures, mainly in those areas where they are most susceptible. 
Besides that, the oviposition habit of these mosquitos is yet to be 
understood as there are many factors influencing their oviposition 

preferences. Mosquito’s choice in oviposition site can impose 
important consequences for population regulation that should be taken 
into account when designing vector control programs. Therefore, it is 
vital to understand factors affecting the oviposition behavior of Aedes
mosquitoes. This study was aimed to evaluate the oviposition 
behavior of Ae. albopictus based on selected water types and its 
physical characteristics of the selected water sources, by observing the 
rate of larval, pupal and following adult emergence in different types 
of water and the oviposition preferences in response to different types 
of water. 

EXPERIMENTAL 

Experimental design 
This study was consisted of two phases (Phase I: Field Setting; 

Phase II: Laboratory Setting). In the field setting, the field strain (F0) 
of Ae. albopictus and collection of water samples from different 
sources were carried out. The experimental study on the larval 
development in selected water types and oviposition preferences was 
done in the laboratory setting. Fig. 1 shows the flow of the 
experimental steps that carried out in this study. 

Collection and colonization of Ae.albopictus 
Ovitraps were prepared and placed randomly within the campus 

areas for the collection of field strain (F0) eggs of Aedes mosquito. 
Then, the collected eggs were taken to the laboratory for hatching, 
identifying of species and mass rearing of adult Ae. albopictus in 
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order to obtain the first generation (F1) eggs. Prior to that, water 
samples were collected and brought to Puncak Alam laboratory for 
analysis. Four types of water were selected in this study namely 
distilled water (WT1), seasoned tap water (WT2), pond water (WT3) 
and drain water (WT4). 

Fig. 1  Schematic diagram for research design on development and 
oviposition of Ae. albopictus based on different water characteristics. 

Development and oviposition bioassay of Ae. albopictus 
The physical characteristics (pH, temperature, turbidity, 

conductivity, TDS, DO, and salinity) of the collected water were 
carried out. Then, the (F1) eggs were exposed with different types of 
water (minimum 200 ml) by controlling the presence and absence of 
food.  Larval development to pupal stage was recorded by observing 
the numbers of larval and pupal emergence daily and the numbers of 
adult’s emergence (Fig. 2A). Oviposition preferences were also 
conducted by exposing different water types to 100 adults (50 
♀males; 50 ♂females) in a cage (Fig. 2B). 

Fig. 2  Schematic diagram for (A) development and (B) oviposition 
bioassay for Ae. albopictus based on different water characteristics.  

Data analysis and management 
The data obtained was tabulated and analyzed statistically using 

the Statistical Package for Social Sciences (SPSS) software for 
windows, version 21.0. Mean and standard error (SE) were used to 
summarize the physical characteristic factors of different types of 
water. Data tabulation was done on the larval and pupa development. 
Hatching rate was also calculated by counting number of eggs hatched 
and dividing with the initial number of eggs flooded which was 
multiplied by 100. Larval mortality was calculated by dividing the 
total number of dead larvae by the initial number of larvae (all four 
instars) multiplied by 100. Both formulas were adapted from Aida et 
al. (2011). For adult emergence, crude mortality rate was used by 
counting the number of deaths in a given population, dividing by size 
of the population and multiplying by 100 (Principles of Infectious 
Disease Epidemiology).  A One-way ANOVA was used to determine 
the significant differences of oviposition preferences in different water 
types.  

RESULTS AND DISCUSSION 

Identification of physical characteristics of selected water 
types 

Table 1 summarizes the general profile of the selected water 
characteristic with the mean and standard error (SE) for each water 
types. Pond water (WT3) recorded the highest water temperature 
(28.6+0.23°C), whereas distilled water (WT2) exhibited the lowest 
temperature reading of 26.03+0.03 °C. Distilled water (WT1) and 
seasoned tap water (WT2) showed clear turbidity, while pond water 
(WT3) observed to be the most turbid (37.5+0.17 NTU). As for the 
pH, the measurement range could be seen to increase from acidic to 
neutral in distilled water (pH: 6.12+0.07), drain water (pH: 
6.41+0.00), seasoned tap water (pH: 6.70+0.05) and pond water (pH: 
7.10+0.02). The conductivity (µs) and TDS (mg/l) showed a high 
measurement in both WT2 and WT4. Dissolved oxygen (DO) (mg/l) 
measurement was within the optimum value ranging from 2.31+0.06 
to 3.03+0.00. Other than that, both WT1 and WT3 have zero 
measurement for salinity (%), while WT2 and WT4 recorded to have a 
value of 0.1+0.00 and 0.4+0.00 respectively.  

Table 1  General profile of collected water characteristics. 

Physical 
parameter 

Water types 

WT1 WT2 WT3 WT4 
Temp (°C) 26.03 + 

0.03 
24.30 + 

0.00 
28.6 + 0.23 26.6 + 0.31 

Turbidity  0.00 + 0.00 0.00 + 0.00 37.5 + 0.17 35.9 + 0.29 
pH 6.12 + 0.07 6.70 + 0.05 7.10 + 0.02 6.41 + 0.00 
Cond (µs) 2.10 + 0.58 137.5 + 

5.93 
80.8 + 4.22 833 + 2.88 

TDS (mg/L) 1.00 + 0.00 65 + 3.00 38 + 2.00 398 + 4.10 
DO (mg/L) 3.03 + 0.00 2.92 + 0.01 2.31 + 0.06 2.65 + 0.04 
Salinity (%) 0.0 + 0.00 0.1 + 0.00 0.0 + 0.00 0.4 + 0.00 

Note: WT1 - Distilled water, WT2 - Seasoned tap water, WT3 - Pond 
water, WT4 - Drain water. 

For each parameters, a distribution order could be used to 
arrange the water characteristics based on the mean and standard error 
(SE), starting from the highest to the lowest readings. The distribution 
was shown in Table 2. From the distribution pattern, it could be seen 
that pond water (WT3) recorded the highest temperature (°C), pH and 
turbidity (NTU) in a descending order. This order was  also shown by 
drain water (WT4) for conductivity (µs), total dissolved solid (TDS) 
and salinity. On the other hand, distilled water (WT1) was observed to 
be at the lowest rank for pH, conductivity and TDS compared to the 
other water types, while pond water (WT3) was ranked the lowest for 
dissolved oxygen (DO) and salinity. 

PHASE I:               
Field Setting 

Step 1: 
i. Collection of field 

strain (F0) of Ae. 
albopictus using 
ovitrap. 

ii. Collection of water 
samples from 
different sources. 

PHASE II:                                            
Laboratory Setting 

Step 2: 
Physical 

characteristic 
analysis of 

water sample 
collection. 

Step 3: 
Observation 
rate of larval 
development 
to pupal stage 

and adult 
emergence in 

different 
water types 

Step 4: 
Oviposition 

preferences of 
Ae. albopictus 

A 

B 
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Table 2  Distribution of physical characteristics of collected water. 

Physical 
parameter Distribution 

Temp (°C) WT3 > WT4 > WT1 > WT2 
Turbidity  WT3 > WT4 > WT1 > WT2 
pH WT3 > WT2 > WT4 > WT1 
Cond (µs) WT4 > WT2 > WT3 > WT1 
TDS (mg/L) WT4 > WT2 > WT3 > WT1 
DO (mg/L) WT1 > WT2 > WT4 > WT3 
Salinity (%) WT4 > WT2 > WT1 > WT3 

   Note: > - more than. 

Determination of larval development rate to pupal stage 
and adult emergence in each water samples 

The numbers of adult emergence were recorded daily in order to 
see the duration for development of pupal stage into the adult stage. 
The red dotted lines were used to mark the approximate days of 
hatching (h) and adult emergence (a). The emergence of adults that 
exposed with distilled water  (WT1) and seasoned tap water (WT2) 
showed a longer development period to be emerged as compared with 
both pond water (WT3) and drain water (WT4) that recorded less than 
2 weeks for the adult mosquitoes to emerge from the pupal stage. The 
pattern of adult emergence for  drain water (WT4) recorded the 
shortest development period (Fig. 3A).  

Immature stages and numbers of emerged adults were also being 
recorded and measured by calculated their hatching rate (%) and 
mortality rate (%) respectively. Fig. 3B tabulate the hatching rate and 
mortality rate of the immature stages of  Ae. albopictus. In general, 
the hatching rate for all types of was high (96-99%). In terms of 
mortality rate of larvae,  distilled water and pond water was recorded 
with high mortality rate as compared to seasoned tap water and drain 
water. 

In Fig. 3C, the emergence of adults (F2) was recorded and           
male-to-female ratio and mortality rate were also measured. The 
dispersal of male (♀) and female (♂) Ae. albopictus were identified in 
numerical and percentage. From the result shown, distilled water has 
the highest number of survived adult with 90 adults (Male: 53.33%; 
Female: 46.67%), followed by pond water with a cumulative number 
of 89 survived adults (Male: 40.45%; Female: 59.55%). Drain water 
recorded a total of 84 survived adults (Male: 41.67%; Female: 
58.33%), while seasoned tap water has 87 survived adults (Male: 
32.18%; Female: 67.82%). From the number of survived adults 
recorded, the mortality rate in WT1, WT2, WT3 and WT4 were 1.11%, 
8.05%, 2.25% and 15.48% respectively. 

Determination of oviposition preferences in response to 
different water types 

Three replicates were conducted on the oviposition preference in 
response to different types of water. The total number of eggs laid was 
measured. Statistical analysis of One-way ANOVA was conducted to 
determine the significant difference between different types of water. 
Table 3 shows the total number of eggs laid by the female mosquitoes 
in each selected water types. It could be seen that, drain water (WT4) 
(1542.67 + 448.43) has the highest number of eggs laid, while 
distilled water (WT1) has the least number of eggs laid with a value of 
85.00 + 52.00. From the findings, there was a significant differences 
in oviposition preferences between the selected types of water. 

The quality of water is an essential determinant for female 
mosquitoes to lay their eggs and complete their development into 
adult stages (Piyaratnea et al. 2005; Dom et al., 2016b). The result of 
this study indicated that, the water temperature for each water types 
was suitable for Ae. albopictus.This finding was in good agreement 
with the ideas of Rohani et al. (2014), who suggested that breeding 
activity was highest for both dengue vectors in breeding sites with 
temperature between 25 and 30°C. The value of pH for different types 
of water showed the normal range between 6-7. The finding of this 
assessment was also is                                          in accordance with study conducted by 
Amarasinghe and Dalpadado’s (2014), who stated Aedes species 

might survive within a very narrow pH range from 6-8. From the 
physical profile of the water, it could be concluded that the all water 
types were within the optimal condition for breeding site. 
A.  

B. 
Types 

of 
water 

Stages, (no. of larvae) 
Hatching 
Rate (%) 

[(b/a)x100] 

Mortality 
Rate (%) 

[(b-c)/b 
x 100] 

Eggs 
(a) 

Larvae 
(b) 

Pupae 
(c) 

WT1 100 98 91 98 7.14 

WT2 100 96 94 96 2.08 

WT3 100 99 91 99 8.08 

WT4 100 97 97 97 0.00 

C. 
Types 

of 
water 

No of 
pupae 

No. of survived adult 
(F2) Male-

Female 
Ratio 

Mortality 
Rate (%)   
[(a-b)/b 
x100 ] 

Male          
♀ 

Female    
♂ 

Total 
(b) 

WT1 91 48  42  90 1.1:1.0 1.11 

WT2 94 28  59  87 1:2.1 8.05 

WT3 97 36  53  89 1:1.5 2.25 

WT4 91 35  49  84 1:1.4 15.48 

Fig. 3  Larval development to pupal stages and adult emergence in 
different types of water: (A) Pattern of hatching and adult emergence; 
(B) Mortality rate of immatures stage and (C) Emergence and mortality 
rate of adult mosquitoes. Note: WT1: Distilled water; WT2: Seasoned tap 
water; WT3: Pond water and WT4: Drain water. 

Table 3  Oviposition preferences in response to different water types. 

Water types No of eggs 
collected F-value P-value* 

WT1 85.00 + 52.00 10.342 0.004 

WT2 101.00 + 27.59 

WT3 75.33 + 18.42 

WT4 1542.67 + 448.43 

*Note: p-value generated from oneway ANOVA analysis 

In this study, the growth of the larvae was indeed faster with the 
presence of food supplies. Gomes et al. (1995) documented that the 
growth of mosquito at immature stages was depended on food supply.            
Eggs of Aedes mosquito are sensitive to changes in water temperature, 
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thus the temperature and relative humidity were maintained at 28 + 2 
°C and 75% to 85%, accordingly. Besides that, the hatching rate of 
Aedes eggs was also depended on the temperature and relative 
humidity as mosquito larval stages are poikilothermic (Dickerson 
2007). Naturvardsverket (2007) emphasized that, low DO 
concentrations (< 3 mg/l) was difficult for many species or aquatic 
organisms to survive, but the critical value were varies among species 
in terms of optimal concentration and tolerance limits (Clark et al., 
2004; Madzlan et al., 2016). For this reason, the adult mortality rate 
was low, and could be due to the water profile which was conducive 
environment for development of immature stages.  

Oyewole et al. (2009) emphasized that, mosquito exploited almost 
all types of aquatic habitats for breeding, and the prevailing 
physicochemical parameters in these habitats were vital factors for 
development and survival of mosquito. In the present experiment,            
the maximum number of eggs laid by the females was in drain water 
followed by seasoned tap water, distilled water, and pond water.         
From the findings, there was a significant difference (p-value <0.05) 
in the oviposition preferences between the selected water types.                    
Other medium such as distilled water, season tap water and pond were 
found to have the least number of eggs laid. This could be due to the 
behaviour called skip-oviposition that exhibited by the female 
mosquitoes. Colton et al. (2003) described this behaviour as the 
distribution of egg-laying by female mosquitoes in multiple water-
filled containers rather than a single clutch in one container.  

CONCLUSION 

Knowledge on development and oviposition is important in 
dengue vector control especially on the possibility and ability of  Ae. 
albopictus to survive in specific water types. Water quality of the 
breeding site is a critical factor for the female mosquito to oviposit 
because female mosquito chooses oviposition sites by a combination 
of visual and chemical cues. The result of the finding indicated that, 
all the selected water types were suitable for the development of 
immature stages, but different in terms of days, thus it could be used 
as reference in prevention and control approach. Furthermore, a more 
detail research on the eco-biology, life tables and the duration of the 
cycle should be carried out on the Aedes mosquito. 
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