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Introduction  
 Aedes albopictus also known as tiger mosquito and forest 
mosquitoes and forest mosquitoes which are medically important insect 
vectors of various life threatening diseases like Malaria, Dengue, 
Chikungunya etc. Among the insect suborder about 3500 species are 
container breeder (Service 1995). Resource availability and habitat 
permanence are two major factors which decides the relative and absolute 
abundance of container breeding mosquitoes, as well as play the decisive 
role in larval development and fitness of individual mosquito, hence in 
disease transmission potential (Strickman & Kittayapong 2003; Arrivillaga 
and Barrera 2004; Banerjee et al. 2013a,b).  
Review of Literature  

 Container habitats constitute a distinct group with unique 
ecological properties (Washburn 1995) like they are generally smaller in 
size which allow them to serve as habitat for fewer species and hence 
larval mosquito populations can be regulated by various competitive 
interactions due to resource limitations rather than predation (Washburn 
1995; Sunahara et al. 2002; Arrivillaga and Barrera 2004), Container 
habitats are mainly categorized as natural (tree holes, rock pools, leaf axils 
etc.) and artificial (water tanks, tires, flower vases, bottle etc.) (Service 
1995).  
  

Abstract 
Aedes albopictus mosquito has become a significant pest in 

many communities because it is closely associated with humans and 
typically flies and feeds in the day time. Household wastes generated by 
human in cities and towns contribute largely to the solid wastes. Although 
the management of the solid wastes is a common feature in planned 
cities and towns, still, the contribution of the solid wastes in public health 
is considered a serious problem. Recent empirical studies on the 
household wastes as breeding ground for the mosquitoes have raised 
the issue of abundance of solid waste and the incidence of dengue. 
Keeping this in view, a study in the garden of Patna Science College 
Patna was carried out to substantiate the role of household wastes in the 
form of earthen and plastic containers as prospective breeding sites of 
dengue vectors. Repeated sampling of the small and large plastic and 
earthen containers in the concerned space revealed the presence of 
immature of Aedes albopictus mosquito in varying numbers. Further 
assessment of the pupal productivity of the sample containers justified 
the differences in the life history traits of the mosquitoes emerging from 
the container habitats. While the mosquito Aedes albopictus is known as 
container breeders, the exploitation of the household waste suggested 
the possible link of the solid waste with the propagation and population 
expansion of the mosquito. The present study, apart from providing 
evidence towards the link between household waste and mosquito 
breeding calls for enhanced management of the solid wastes originating 
from human households in reducing the mosquitoes and mosquito borne 
diseases. Aedes albopictus is capable of hosting the Zika virus and is 
considered a potential vector for Zika transmission among humans.  
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  Artificial container habitats mainly generate 
from disposables, like left over food (Gustavsson et al. 
2011), plastic, glass and earthen containers (Banerjee 
et al. 2015) etc. Normal ecosystem stability gets 
affected due to the interference of the household 
wastes with the natural ecosystem process (Gomez-
Dantes and Guutierrez 1992; Gupta et al. 1998; 
Hamer 2003; Nath 2003; Kumar et al. 2008; 
Sujauddin et. al. 2008; Chakrabarti et al. 2009). 
Entrapped water in these household disposables 
allow them to act suitable breeding habitat of various 
vector mosquitoes, like Dengue vector Aedes spp. 
Various studies as well as entomological surveillance 
around the globe suggest that Aedes mosquitoes use 
various containers with varying materials and origin as 
their breeding habitats (Tun-Lin et al. 1995a, 1995b, 
1996; Vezzani and Schweigmann 2002; Vezzani 
2007; Vezzani and Albicocco 2009; Burke et al. 2010; 
Banerjee et al. 2013b, 2015; Hawely & Castner 2018). 
In Indian context specifically in Kolkata, Banerjee and 
co workers in 2013 made an effort to link between the 
waste and public health by analyzing the contribution 
of the household wastes or environmental pollutants 
towards breeding of Aedes mosquitoes. In view of 
their work the present short study was done to assess 
Aedes mosquito availability in the household 
containers of varying material and origin and also 
effect of the type and size of the containers on various 
life history traits of Aedes mosquito to assess the 
fitness of individual mosquito which is directly linked 
with disease transmission potential.  
Material and Methods 

 Sampling procedure and laboratory 
experiments. 
 Experimental garden of Patna Science 
College campus (22.5275

0
N, 88.3627

0
E.), Patna, 

Bihar were considered as sampling site. Two different 
types of containers Earthen and Plastic of two and 
three varying size according to the water holding 
capacity respectively were considered as household 
waste. Three consecutive sampling were carried out 
following Krebs (1999); Focks and Alexander (2006), 
Banerjee et al. (2013b, 2015) with few modifications 
to fulfill the aim and objective of the study. Total 
content of each container were poured into separate 
sampling bags (35.5x25.5 cm, 60x45 cm) and bring to 
the laboratory where each content was poured from 
the sampling bags into plastic tray (38x28x7.5 cm) to 
count and record the number of larvae and pupae 
from each container. To analyze the effect of different 
type and size of containers on life history trails (only 
Pupal weight, PW and Wing length, WL considered) 
of mosquito pupal weight were measured up to the 
nearest 0.1 mg using pan balance (ADAM

®
, ADA 

71/L, Adam Equipment, UK) and then individual pupa 
was placed in small glass vial (15 x 50 mm) 
containing 5 ml of distiller water. Each vials were 
covered with fine cloth and allowed the pupa to 
emerge as adult. Larvae from each container were 
maintained separately and allowed them to become 
pupae. Upon emergence to adult the sex and species 
were identified according to specific keys (Barraud 
1934) and they were starved to die. One wing of the 
dead mosquito were taken and fixed onto a glass 

slide using Mayer’s albumin to measure the wing 
length nearest 0.1 mm using a binocular with 3x10 X 
magnification (meopt8, Czechoslovakia) fitted with a 
graduated eyepiece (Erma

®
,Japan), 

Statistical Analysis  

 Presence of larvae and pupae in each 
container were assessed by calculating the mean ± 
SE values and represented in a box plot. A three way 
 ANOVA was performed to assess the 
significant of variability in the life history traits as a 
function of varying container type and size taking the 
life history traits as response variable and type, size of 
container and sex as explanatory variables. Also the 
mean values of PW and WL as a function of varying 
container type and size was represented in a column 
diagram and the data of life history trait was 
compared using Kruskal-Wallis test with multiple 
comparisons using XLSTAT software (Addinsoft 
2010). The statistical analysis was performed 
following Zar (1999). 
Instruments and Gadgets used 

 Gadgets and instruments required for the 
present study are follows : sampling bag (35.5 x 25.5 
cm, 60 x 45 cm), strainer, tray (38 x 28 x 7.5 cm), 
dropper, bucket, plastic containers, (500 ml, 250 ml), 
small vials (15 x 50 mm), measuring cylinder (1 lit), 
fine cloth, rubber bands, glass slide (25.4 x 76.2 mm), 
brush (0, 2, 4 no.), tissue paper, Instruments: 
Weighing machine (ADAM®, ADA 71/L, Adam 
Equipment, UK), Binocular 3 x 10 X magnification 
(meopt8, Czechoslovakia) fitted with a graduated 
eyepiece (Erma

®
, Japan). 

Results and Discussion 

 The household wastes observed in the 
garden in the campus of Patna Science College at 
Patna Bihar, India were found to be positive as the 
larval habitats of Aedes mosquitoes. (Tables 1) Both 
the plastic and the earthen containers were found to 
hold mosquito larvae in varying numbers (Fig.1). 
Perhaps, the collected rain water was the primary 
factor for the household waste to serve as breeding 
habitat for Aedes mosquitoes. The box plot in Fig. 2 
explains the mean median values for each presence 
data of mosquito immature. The horizontal line 
corresponds to the median value whereas the round 
marker represents the mean value. The lower and 
upper limits of the box are the first and third quartiles, 
respectively Points above or below the whiskers’ 
upper and lower bounds may be considered as 
outliers. Colour filled markers are minimum and 
maximum value for the availability of mosquito 
immature. From Fig.2 it was evident that plastic 
containers contain higher number of Aedes immature 
than the earthen containers. When the life history 
traits of Aedes considered it was evident that 
irrespective of type and size of the containers female 
mosquito bears higher value for both the traits than 
male except in earthen larger container (Fig.3), Also 
from Kruskal-Wallis test it was evident that male 
mosquitoes showed significant effect due to varying 
container type and size (Fig.3). Results of three way 
ANOVA showed that only type of container bear 
significance effect on two life history traits dealt in this 
study (Table 2). 
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 The present study showed that household 
wastes or solid wastes serve as breeding habitats for 
Aedes species In. Presence of Aedes mosquitoes in 
each container indicate that both plastic and earthen 
container serve as a suitable breeding and larval 
habitat for Aedes sp Rapid urbanization across the 
globe leads to an increase of use of different artificial 
containers. Among various artificial containers, due to 
high durability, resistance to physical and chemical 
factors and slow degradability, plastic containers 
serve as better choice for breeding habitats of Aedes 
species (Banerjee et al. 2015).  

In the present study the same result was 
evident (Fig. 2). Improper usage, and disposal of 
various artifact of daily use and inappropriate 
management increases the possibilities of plastic 
wastes to serve as a preferable choice as breeding 
habitat of many container breeding mosquitoes, 

Aedes in particular. Disease transmission potential of 
Aedes mosquitoes is correlated with the fitness of the 
individuals and different life history traits like pupal 
weight, adult weight, wing length etc. act as indicator 
of fitness of individual mosquito as reported from 
previous studies across the globe (Alto et al. 2005. 
2008a, b, 2015; Reiskind and Lounibos 2009, 
Banerjee et al. 2013b, 2015). In the present study it 
was clearly evident that type of container had 
significant impact on both the life history traits dealt 
with, which may influence disease transmission 
potential of the dengue vector. Hence the significance 
of this study was link the environmental pollutants with 
breeding site of dengue vector Aedes sp. Which will 
help in prioritization of the mosquito control 
programme in association with waste management 
strategies. 

Table 1 
Outline of Experimental Study 

Parameters Details Remarks 

General 

Study area  Patna Science College Campus, Bihar India  
(22.5275

0
N, 88.3627

0
E) 

Experimental garden were 
considered as sampling site. 

Characterization of 
containers  

5 earthen and 5 plastic containers with varying water 
volume capability 

LaRGE = > 1 LITR 
Medium = < 1 litr 
Small = 500 ml 

Period of study Sampling experiment set up and analysis of the data within 
a period of ~1 month. 

27
th

 May 2020 – 4
th

 July 2020 

Methodology 

 
Sampling 

3 consecutive sampling in an interval of 7 days following 
standard protocols 

 
 
The collection of Aedes 
immature was random 

Data analysis  Data analysis was done following Zar (1999) 

 
 
 
Analysis 

3 day factorial ANOVA was done taking container size and 
type and sex as explanatory variable and pupal weight and 
wing length as response variable Nonparametric Kruskal-
Wallis test with multiple comparison  

One box plot showing the 
count of smaller larger larvae 
and pupae in each container 
and means± SE values 
represented in a column 
diagram. 

Hypothesis tested Solid wastes as breeding habitat for dengue vector Aedes sp. and effect of life history traits 
in varying material and origin of breeding habitat.  

Table 2 
Result of three ways ANOVA where the life history traits i.e. pupal weight (PW in mg) and wing length (WL in 
mm) are response variables and container type, container size and sex corresponds to explanatory variable. 

Values marked in bold are significant in P<0.0001 level. 

PW (in mg) DF SS MS F Pr>F 

Container 2 250.441 125.221 288.395 <0.0001 

Type Container size 1 0.215 0.215 0.494 0.484 

Sex 1 0.866 0.866 1.994 0.161 

Error 114 49.499 0.434   

Total 118 301.020    

WL (in mm)      

Container Type 2 587.733 293.867 2483.076 <0.0001 

Container size 1 0.011 0.011 0.095 0.758 

Sex 1 0.424 0.424 3.584 0.061 

Error 114 13.492 0.118   

Total 118 601.660    
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 Figure 1: Experimental Design 

Sample collection was accomplished in experimental garden of Patna Science College 
campus following standard protocols with necessary modifications (Krebs 1999; Focks 
and Alexander 2006; Banerjee et al. 2013b, 2015). Collected sample were brought to the 
laboratory for counting and data recording 

Step 1 
Sample 
Collections 

 
 

In laboratory mosquito immature from individual container were counted and pupal weight 
was measured nearest to 0.1 mg using a pan balance (ADAM®, ADA 71/L, Adam 
Equipment, UK) and then individual pupa was placed in a small glass vial (15 x 50 mm) 
containing 5 ml of distilled water. Each vials were covered with fine cloth and allowed the 
pupa to emerge as adult. Upon emergence to adult the sex and species were identified 
according to specific keys (Barraud 1934) and they were starved to die. One wing of the 
dead mosquito were taken and the wing length was measured nearest 0.1 mm using a 
binocular with 3x10 X magnification (meopt8, Czechoslovakia) fitted with a graduated 
eyepiece (Erma®, Japan). 

 
 
Step 2 
Laboratory 
Experiments 

 
 

Presence of larvae and pupae in each container were assessed by calculating the 
mean±SE values and represented in a box plot. A three way ANOVA was performed to 
assess the significance of variability in the life history traits as a function of varying 
container type and size taking the life history traits as response variable and type, size of 
container and sex as explanatory variables. Also the mean values of PW and WL as a 
function of varying container type and size was represented in a column diagram and the 
data of life history trait was compared using Kruskal-Wallis test with multiple comparisons 
using XLSTAT software (Addinsoft 2010).  The statistical analysis was performed 
following Zar (1999)/ 

 
 
 
Step 3 
Data analysis 

 
 

Presence of immature of Aedes sp. 
in each containers, represented by a 
box plot Fig.2 

Descriptive analysis of life history 
traits as a function of explanatory 
variables. Fig.3  

3 way factorial 
ANOVA Table 
2 

Step 4 
Results & 
Interpretation 

 
 

 
 
 

Figure 2: The box plot Figure 2: The box plot representing the availability of Aedes immature in different type 
and size of containers used in the experiment. SL – smaller larvae (I&II instar) , LL – Large Larvae (III&IV) , E – 
Earthen , P – Plastic , L – Large , M – Medium , S – Small. 

 

Solid wastes as breeding habitat for dengue vector Aedes sp. and effect of life 
history traits in varying material and origin of breeding habitat. 

Step 5 
Hypothesis tested 
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 Figure 3: Mean ± SE values of two life history traits pupal weight (a) and wing length (b) as a function of 
varying container types and size. White filled column corresponds to male (♂) and grey filled column 
corresponds to female (♀).The date were compared with Kruskal – Wallis test with multiple comparisons 
following the Steel – Dwass – Critchlow method with Bonferroni correction. L – Large sized container, S: 
Small sized container, E: Earthen, P: Plastic.  

 
Conclusion 

 In conclusion it can be said that dengue 
vector Aedes sp. use different solid wastes as 
breeding habitat and prefer plastic material over 
earthen container and varying material and origin of 
breeding habitat influence the life history traits which 
in turn affect the disease transmission potential. The 
study substantiates the earlier findings on the 
househould wastes as prospective breeding site of 
dengue vector Aedes albopictus. As an extension it 
will be a prudent effort to consider enhanced 
management of solid wastes so as to reduce the 
possibility of breeding of dengue vectors particularly in 
the urban areas.  
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Aim of the Experiment 

1. The mosquitoes are vectors or transmitters of 
infectious disease. So, their biocontrol is 
necessary for public health. 

2. The mosquito’s populations are abundant in 
presence of vegetation and stacked materials. 

3. The rainwater serves as primary factor for the 
household waste to serve as breeding habitat for 
Aedes mosquitoes. 

4. Plastic containers serve as better choice for 
breeding habitat. 

5. The environmental pollutants also assist the 
breeding site of dengue vector Aedes sp. 

6. Monitoring of vector population through 
entomological surveillance makes it possible to 
identify areas with a high density of infestation 
and decide of appropriate measures. 

7. The tiger mosquito also diminishes the quality of 
public health. 
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