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Abstract 
Mosquitoes of the genera Aedes, Anopheles and Culex are considered relatively dangerous among the 
individuals of family Culicidae, because they cause significant public health threat all over the world. Predatory 
efficiency of the confirmed predators (Odonata: Aeshnidae) by in vitro experiments on the developmental 
stages of the mosquitoes namely, Aedes aegypti, Anopheles stephensi and Culex quinquefasciatus with 
reference to the duration of the prey availability, changes in the relative preference or selectivity of predators 
over the mosquito larvae at different stages (I, II, III and IV instars larvae and pupae) of development, changes 
in the relative consumption rate of the predators with reference to the species of mosquitoes, attack rate and 
success rate of the predators on the larval mosquitoes were investigated. Seasonal (month-wise) dynamics of 
each of the selected predators in some familiar freshwater bodies in Coimbatore, for two consecutive years i.e. 
from January 2009 to December 2011, relationship (correlation), if any, between physico-chemical parameters 
of the water and the abundance of the predators in the water bodies and the range of co-efficient of 
association, between and among the different species of the predators were also investigated. Relative 
incidence of larval mosquitoes of genera Aedes, Anopheles and Culex in the selected water bodies and the 
range of co-efficient of association between the predator and prey were also investigated. The results of the 
predatory capacity of Anax nymph on the larvae and pupae of the mosquitoes for 24 h and 1 h of dragonfly 
showed the highest predation rate against I instar larvae of the mosquito compared to that of the capacity of 
other predators tested in the present study. Total consumption rate of 7 predatory individuals towards I instar 
of C. quinquefasciatus was 501out of 700 i.e. 72% was fed in 24 h.  

Keywords: Mosquitoes, predatory efficiency, prey, freshwater bodies, Anax nymph, instar larvae.   

Introduction 
Mosquitoes (from the Spanish or Portuguese word for 
little fly) belong to the family Culicidae of the order 
Insecta. They are the common pest in every corner of the 
globe, since they have evolved to adapt to virtually any 
climatic condition (Reiter and Springer, 1987; Mahadev 
et al., 2004). Adult female mosquitoes lay their eggs in 
standing water, which can be a salt-marsh, a lake,  
a puddle, a natural reservoir or an artificial water 
container such as a plastic bucket (Panicker et al., 1978; 
Zuharah and Lester, 2010). Mosquitoes eggs hatch to 
become larvae and then pupae i.e. the life-cycle includes 
egg, larva, pupa, and adult (Shaalan and Canyon, 2009). 
The first three stages are aquatic and last 5-14 d, 
depending on the species and the ambient temperature 
(Ameen, 1985). Larvae develop through four stages or 
instars, after which they metamorphose into pupae. 
Mosquito larvae have a well-developed head with mouth 
brushes used for feeding, a large thorax with no legs and 
a segmented abdomen. Larvae breathe through 
spiracles located on the eighth abdominal segment or 
through a siphon and therefore, must come to the 
surface frequently.  
 

 
The larvae spend most of their time feeding on algae, 
bacteria and other microorganisms in the surface  
microlayer (Kohler et al., 1997). They dive below the 
surface only when disturbed. Larvae swim either through 
propulsion with the mouth brushes or by jerky 
movements of the entire body giving them the common 
name of ‘wigglers’ or ‘wrigglers’. At the end of each 
instar, the larvae molt, shedding their skin to allow for 
further growth. The pupa is comma-shaped, when 
viewed from the side and is commonly called a ‘tumbler’. 
The head and thorax are merged into a cephalothorax 
with the abdomen circling around underneath. As with 
the larvae, pupae must come to the surface frequently to 
breathe, which they do through a pair of respiratory 
trumpets on the cephalothorax. However, pupae do not 
feed during this stage. After a few days, the pupa rises to 
the water surface, the dorsal surface of the 
cephalothorax splits and the adult mosquito emerges as 
the pupa floats at the water surface. The pupa is less 
active than larva. The variation of the body size in adult 
mosquitoes depends on the density of the larval 
population and food supply within the breeding water. 
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Adults live for 4-8 weeks (Hawley, 1985; Harzsch and 
Hafner, 2006). Mosquitoes have mouthparts that are 
adapted for piercing the skin of plants and animals. 
While males typically feed on nectar and plant juices, the 
female needs to obtain nutrients from a ‘blood meal’ 
before she can produce eggs (Steinwascher, 1982). 
Adult mosquitoes usually mate within a few days after 
emerging from the pupal stage. In most species, the 
males form large swarms, usually around dusk and the 
females fly into the swarms to mate. Males live for about 
a week, feeding on nectar and other sources of sugar. 
After obtaining a full blood meal, the female will rest for a 
few days while the blood is digested and eggs are 
developed (Harzsch and Hafner, 2006). This process 
depends on the temperature but usually takes 2-3 d. 
Once the eggs are fully developed, the female lays them 
and resumes host seeking. The cycle repeats itself until 
the female dies. While females can live longer than a 
month in captivity, most do not live longer than  
1-2 weeks in nature. Their lifespan depends on 
temperature, humidity and also their ability to 
successfully obtain a blood meal while avoiding host 
defenses (Jones, 1964; Jones and Grab, 1964). Length 
of the adult varies but is rarely greater than 16 mm  
(0.6 in) and weight up to 2.5 mg (Harzsch and Hafner, 
2006). With regard to host location, carbon dioxide and 
organic substances produced from the host, humidity, 
and optical recognition play important roles. First, the 
mosquito exhibits a non-specific searching behavior until 
the perception of host stimulants; then it follows a 
targeted approach. Female mosquitoes hunt their blood 
host by detecting carbon dioxide (CO2) and 1-octen-3-ol 
from a distance. Prior to and during blood feeding, they 
inject saliva into the bodies of their source(s) of blood. 
This saliva serves as an anticoagulant; without it, the 
female mosquito's proboscis would quickly become 
clogged with blood clots. Mosquito saliva negatively 
affects vascular constriction, blood clotting, platelet 
aggregation, angiogenesis and immunity and creates 
inflammation (Ribeiro and Francischetti, 2003). Mosquito 
saliva also contains enzymes that aid in sugar feeding 
and antimicrobial agents to control bacterial growth in the 
sugar meal (Rossignol and Lueders, 1986) and proteins 
(Valenzuela et al., 2002). One promising application is 
the development of anti-clotting drugs based on saliva 
molecules, which might be useful for approaching  
heart-related disease, because they are more  
user-friendly blood clotting inhibitors and capillary 
dilators. Mosquitoes of the genera Aedes, Anopheles 
and Culex are considered relatively dangerous among 
the individuals of family Culicidae, because they cause 
significant public health threat all over the world.  
The female mosquitoes, wherever available, feed on 
humans and are therefore vectors for a number of 
infectious diseases affecting millions of people every 
year (Reiter and Springer, 1987; Collins and Blackwell, 
2000; Enserink, 2010).  
 

 
It has been proposed that vector-borne diseases (VBDs) 
could shift their range in response to climate change 
(Leaf, 1989; Shope, 1991; Patz et al., 1996; Carcavallo 
and De Casas, 1996). Mosquitoes transmit some of the 
world’s worst life-threatening and debilitating parasitic 
and viral diseases including Yellow fever, Dengue fever, 
Polyarthritis, Rift valley fever, Ross River fever, 
Encephalitis, Chikungunya and notably Malaria (Mitchell, 
1995; Enserink, 2010). These diseases are on the rise in 
many tropical and subtropical areas (WHO, 1999).  
The mosquito-borne diseases are mostly of the zoonotic 
variety (Kramer and Bernard, 2001). The first 
chikungunya outbreak occurred in Kerala during 2006 
affecting 14 districts, followed by another during May, 
2007 affecting almost whole of the State. Four of the 
worst affected districts were Pathanamthitta, Idukki, 
Kottayam and Thrissur. The symptoms recorded were 
fever, headache, myalgia, arthralgia, itch/rash, oedema, 
eye congestion, eye pain, oral ulcers, distaste, nausea, 
vomiting and hemorrhage (Thiruvengadam et al., 1965; 
Ravi, 2006). Yellow fever is a fearsome systemic illness 
characterized by high levels of virus in the blood, 
jaundice, midzonalcoagulative necrosis (apoptosis) of the 
liver, renal failure, myocardial injury, hemorrhage and 
shock with case fatality rates as high as 50% 
(Papaevangelou and Halstead, 1977; Enserink, 2010). 
  
The reproductive success of mosquitoes depends in a 
large part on the ability of gravid females to locate and 
select oviposition sites that will support the growth and 
development of their offspring. Depending on the 
situation, source reduction could be used to manage 
mosquito population by eliminating the breeding grounds, 
removing unused tires or buckets, clearing clogged 
gutters, repairing leaks around faucets, regularly 
changing water in bird baths, filling and draining puddles, 
swampy areas and tree stumps (Omlin et al., 2007; 
Howard and Omlin, 2008). Walker and Lynch (2007) 
stated that the vector larvae particularly in human made 
habitats can significantly reduce malaria transmission.  
To reduce the larval mosquito populations in residential 
areas, the Dept. of Health services of different countries 
urge individuals to adopt such physical control methods. 
Eliminating such mosquito breeding sites can be 
extremely effective and permanent way to reduce 
mosquito populations without resorting to insecticides. 
However, source reduction must be accomplished by 
individual house owners and also needs cooperative 
efforts of Govt. and public who must be appropriately 
trained and educated, which may not be possible in parts 
of the developing world where human population is on 
high and government agencies are not sufficiently 
equipped. Chemical control, use of synthetic insecticides, 
is still the most convenient and indispensable method all 
over the world. The extensive application of synthetic 
pesticides has however caused irreparable hazards to 
the environment and humans.  
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World Health Organization (WHO) has estimated that 
annual number of acute poisonings caused by pesticides 
is 3 million. Moreover, in developing countries additional 
problems like lack of understanding of their proper use, 
non-availability of suitable application equipment and 
inadequate storage conditions have intensified the risk 
out of indiscriminate use of synthetic insecticides.  
The use of conventional pesticides has also been shown 
to cause a high negative effect on non-target organisms. 
In addition to these environmental issues, insecticide 
resistance has also become the greatest problem in the 
control of many medically important mosquito species. 
The mosquitoes of genera Aedes, Anopheles and Culex 
have been known to develop resistance against a variety 
of Organochloride (OC), Organophosphorus (OP), 
Carbamate (C) and Pyrethroid (P) insecticides. 
Against these backdrops, ecology and predatory 
efficiency of aquatic (Odonate) insect over the 
developmental stages of mosquitoes (Diptera: Culicidae) 
was investigated in this study. 
 
Materials and methods 
Study location and duration: Seasonal (month-wise) 
dynamics of each of the selected predator in some 
familiar freshwater bodies in Coimbatore for two 
consecutive years i.e. from January 2009 to December 
2011 was carried out in this study. 
 
Predator: Anaxjunius nymph belongs to the family 
Aschnidae and order Odonata of the class Insecta. 
The young, called a naiad or aquatic nymph dwells on 
the bottom of the pond, sprawled out in a spider like 
fashion. They can be found in many aquatic habitats 
either sluggish or fast running freshwater creeks, rivers, 
stream and lakes. The naiad has modified mouth parts. 
They are able to push the fluids in their body into their 
heads very rapidly which causes the mouthpart to shoot 
forward with amazing speed. A dragonfly has a life span 
of more than a year, but adults live for just a few weeks. 
The larvae or nymph takes 4 weeks to several months to 
grow large enough to become into adult (Plate 1a and b). 
 
Plate 1a and b. Adults of Anax junius nymph, one of the 7 types 

of aquatic insects prevalent in Coimbatore region, predatory  
to developmental stages of mosquitoes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Prey: Larvae at different stages of development viz. I, II, 
III, IV instars and pupae of three species of mosquitoes, 
Aedes aegypti, Anopheles stephensi and Culex 
quinquefasciatus were selected as prey because of their 
world-wide role in transmitting disease causing 
organisms, rather than other Dipterans. The larvae of the 
mosquitoes were collected from the water bodies nearby 
and reared in the laboratory until they emerge into adults. 
They were then identified to their species and maintained 
in separate cages. The adult mosquitoes were fed with 
blood as described below and allowed to oviposit. 
The larvae hatched out of the eggs were grown up to the 
required instar stages and used for the experimental 
purpose.  
 
Methods of rearing larval and adult mosquitoes:  
The larvae and adult mosquitoes of each species were 
reared separately as described by Kumar et al. (1991) 
and Lyimo et al. (1992). The adult mosquitoes were 
maintained in a cage of size, 1 cu. ft. The cage was 
made up of steel frame wrapped with mosquito netting. 
The cage had a provision (a hole) for handling of 
materials and animals placed inside. The hole was 
guarded with a cloth sleeve which was useful to close 
suddenly after being used. A total number of  
20 mosquitoes with a sex ratio of 1:1 (Vasuki, 1992) 
were regularly maintained in the cage for continued 
supply of eggs. The females were fed with blood of chick 
every alternate day at 6.00 p.m. Both females and males 
were provided with 10% glucose solution as described by 
Villani et al. (1983) on cotton wicks. The cotton was 
always kept moist with the solution and changed every 
day. Theodar and Parsons (1945) noticed that glucose 
as well as ordinary sugar appeared equally attractive to 
the mosquitoes. An egg trap (cup) lined with filter paper 
containing pure water was always placed at a corner of 
the cage. This arrangement facilitated mosquitoes 
oviposit and made collection of eggs easier. The stock 
was replaced by new set of mosquitoes every 15 d.  
For proper replacement, pupae were placed inside the 
cage. The larvae of all selected species of mosquitoes 
were reared in plastic cups. They were daily provided 
with commercial fish food ad libitum. Water was changed 
alternate days. The breeding medium was regularly 
checked and dead larvae were removed at sight.  
The normal cultures as well as breeding cups used for 
any experimental purpose during the present study were 
kept closed with muslin cloth for preventing 
contamination through foreign mosquitoes. Predators 
and mosquito larvae were collected and surveyed from 
the familiar lakes viz. Kovaipudur Lake, Kurichi Lake, 
Singanallur Lake, Sulur Lake and Ukkadam Lake which 
are around Coimbatore town, TN, India.  
 
Estimation of attack and success rate of predators over 
prey: Predatory behavior of every type of the predator 
used in the present study was observed in terms of 
attack rate and success rate.  
 

a 

b 
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As the prey larvae found active between the surface and 
bottom of water in the experimental container, most of 
the time, the predator either moved towards the prey and 
put its effort to catch it or awaited the prey to come near 
and operated its preying mechanism. Either of the 
attempts to catch the prey was termed attack and the 
frequency of attack was recorded as attack rate.  
This attempt ended with success in taking in the prey or 
failure. If the predator successfully devoured the prey, 
the related record was termed consumption (killed) rate. 
One individual of any of the predator type was placed in 
a glass container contained 500 mL of water and  
25 larvae (I/II/III/IV instar/pupae) of either Aedes or 
Anopheles or Culex mosquitoes. The movement of both 
the predator and prey was carefully watched for 2 h 
continuously as suggested by Scott and Murdoch (1983). 
The number of attempts made by the predator to capture 
the prey was counted directly for 2 h as well as number 
of prey remained unconsumed at the end of 2 h was 
recorded. The experiment was replicated 3 times for a 
species of predator with respect to every larval/pupal 
stage of each mosquito species. The mean value was 
recorded as attack rate and consumption (killed) rate, 
respectively. Mean Attack Rate = Number of interactions 
between the predator and any prey in 2 h 
divided/Number of replicates. Mean consumption (killed) 
rate = Number of prey consumed in 2 h/Number of 
replicates. From the data obtained, success rate was 
calculated by dividing the mean value of the later by the 
former i.e. the number killed (consumed) divided by the 
number attacked according to Scott and Murdoch (1983) 
and expressed in percent. 
 
Seasonal abundance and density of the predators: 
A weekly survey was carried out during the period from 
January 2010 to December 2011 to reveal the 
abundance and density of the insect predators of 
mosquito larvae in the lakes selected for the present 
study. The description of tools and the procedure 
adopted by Murdoch et al. (1984) and Shaalan et al. 
(2007) were consolidated and followed as per the 
present need. Nine quadrates were marked as eight 
along the border approximately at equal distance from 
one another i.e. between any two and one at the center 
of the lake. The approximate area of one quadrate is  
1 sq. m which was more or less equal to the size of the 
net used. First, the net was operated from bottom to 
surface three times at each quadrate so as to collect the 
insects in water. The insects, if any, along with 
suspended materials transferred to the container with 
some amount of lake water. The net was then applied in 
a manner to scrap the floor down the area of each 
quadrate three times in random and the content was 
transferred to the containers. The insect at the center 
quadrate was collected with the help of fishermen who 
were appropriately trained to operate the net. During 
most of the occasions the floor of the center quadrate 
could not be reached due to high water level. 

 
The content from each lake was brought to the 
laboratory, diluted and the insects were collected, 
washed and identified. The insects of interest to the 
present study alone were counted species-wise and 
recorded. The data were then grouped month-wise in 
order to calculate abundance, density and relative 
abundance of each type of the predator as explained by 
Michal (1984).  
 
 

                      Total No. of individuals of a species 
Abundance = -------------------------------------------------------- 

         No. of quadrates in which they occurred 
 

 
                  Total No. of individuals of a species 

Density = ----------------------------------------------------------- 
                        Total No. of quadrates used in sampling 

 
 
                                  No. of individuals of a particular species 

Relative abundance = ------------------------------------------------------                                      
                               Total No. of individuals of all spp. present 

 
 
Estimation of relative incidence of mosquito larvae:  
The relative incidence of larvae of the mosquitoes, 
Aedes spp., Anopheles spp. and Culex spp. was 
recorded for the period, January 2010-December 2011, 
from the water bodies under the present study by  
Dip method using a 250 mL dipper of 1 mm mesh as 
suggested by Laird (1988). The collection was made 
once a weak and the data were pooled month-wise to 
compute the relative incidence. 
 
Estimation of coefficient of association between and 
among the predators and between predator and prey: 
Coefficient of association was estimated to understand 
the prey-predator relationship between the insect 
predators and mosquito larvae as well as the range of 
relationship in the incidence between and among the 
different types of predators in their habitat observed 
during the period of this study using Yule’s  
2x2 contingency table as described by Michal (1984) 
(Table 1). 
 

Table 1. Yule’s 2x2 contingency table. 
 

 Species B 
Species Present Absent 
Present type a type b 
Absent type c type d 

 
 
type a–where both species were present in the sample.  
type dwhere both species were absent in the sample.  
type b and cwhere one of the species was present and 
the other absent.  
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The contingency table shows 3 possible observations. 
1. If a positive association exists between the species, 

observations of type a and d will predominate.  
2. If there is a negative association between the 

species, most of the samples will fall in the type b and 
c categories. 

3. If there is no association between them, all 4 types 
will be observed equally. 

 
The strength of the association between the two species 
in a contingency table can be estimated by calculating 
the coefficient of association using the formula:  
 

                  ad-bc 
√ AB = ----------------------------------- 

  √ (a+b) (c+d) (a+c) (b+d)  
 
Where, √AB is the coefficient of association of the 
species A and B. The coefficient varies from -1 (negative 
association or repulsion) to +1 (positive association or 
affinity). The coefficient is zero when there is no 
association. In order to measure the coefficient of 
association the existence of mosquito larvae and 
predators together/single/absent in at least four 
quadrates per month during the survey period were 
taken into account. 
 
Results  
The results of the predatory capacity of Anax nymph on 
the larvae and pupae of the mosquitoes for 24 h and 1 h 
of dragonfly showed the highest predation rate against  
I instar larvae of the mosquito compared to that of the 
capacity of other predators tested in the present study. 
Total consumption rate of seven predatory individuals 
towards I instar of C. quinquefasciatus was 501 out of 
700 i.e., 72% was fed in 24 h. The preference of this 
predator was more or less equal towards the larvae at all 
developmental stages of other mosquitoes except the 
consumption rate or pupae of A. stephensi (247.50) and 
C. quinquefasciatus (367.75) which was statistically 
significant compared for other instars (Tables 1-6).  
 
 

 

 
Mean consumption per predator in 24 h on I to IV instar 
and pupae of the A. aegypti was 69.24, 68.53, 68.06, 
65.71 and 65.25. CR with reference to the volume of the 
medium for this predator on I instar to pupae of  
C. quinquefasciatus was 18.33, 18.03, 18.00, 17.94 and 
16.99 respectively. The percent consumption of the Anax 
nymph on I instar larvae of Culex in 1 h was the greatest 
(81%) of its predation over the larvae of other species of 
mosquito. However, percent consumption of the predator 
on pupae was significantly lower (31, 39 and 35%) 
compared to the other larval stages which was ranging 
from 63 to 81%. Anax junius nymph showed higher 
attack rate towards larvae rather than pupae, which was 
attempted at the rate between 14.0 and 14.3 for aedine 
and culine and that for anopheline pupae it was 21.0 
(Tables 1-6). Among the different stages of larvae, those 
at I instar were easily attacked as displayed by the 
maximum mean value of attack, 32.3 for Aedes. Ultimate 
consumption of pupae was also less. Anax junius nymph 
also showed a similar pattern of success over the II to IV 
instar stage larvae of the three species of mosquitoes 
84.6, 91.3 and 83.3%, 91.3, 88.3 and 88.3% and 90.3, 
93.3 and 90.6% respectively. Abundance and density of 
A. junius nymph were estimated in Kovaipudur Lake for 
2009 and 2010. It was found that the highest abundance 
of predators was at 55.0, 56.0, 61.6 and 56.2, 56.5, 61.4 
in October, November, December for 2009 and 2010, 
respectively. It was evident from the data that the density 
was high in the range of 18.3-20.5 in October, 
November, December and low about 53 in August, 7.2 
and 9.4 during 2008 and 09. The chi-square results 
implied that both the parameters between the years were 
independent. The survey of abundance and density of A. 
junius nymph in Kurichi Lake was made and found that 
the abundance of the predators was higher 110, 125, 
141.6, 156.6 in September, October, November, Dec 09 
and it was at its peak, 136.6, 145, 150 in October, 
November, Dec 10 (Tables 1-6). The same pattern in 
density of predators, 41.6, 47.2, 53.2 and 45.5, 48.3, 
50.0 in October, November, December 09 and 10 was 
noted. 
 

Table 1. Predatory capacity of Anax junius nymph on the larvae (I to IV instar) and pupae of Aedes aegypti for 24 h. 
 

Exp. No 
Developmental stages (instars) of mosquito 

I II III IV Pupae 
A B A B A B A B A B 

1 496 70.85 477 68.14 486 69.42 423 60.42 453 64.71 
2 493 70.42 481 68.71 476 68.00 467 66.71 440 62.85 
3 487 69.57 489 69.85 471 67.28 467 66.71 462 66.00 
4 463 66.14 472 67.42 473 67.57 483 69.00 473 67.57 

Mean 484.75 69.24 479.75 68.53 476.5 68.06 460 65.71 457 65.25 
SD 14.95 2.13 7.18 1.02 6.65 0.94 25.79 3.68 13.97 1.99 
SE 7.48 1.06 3.59 0.51 3.32 0.47 12.89 1.84 6.98 0.99 
CR 18.18 18.12 18.09 17.94 17.91 
%* 69 69 68 66 65 

ATotal number of larvae consumed by seven predators, 1,2,3,4Number of trials, BConsumption by one predator, CRClearance 
Rate, %*Consumption. 
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Table 2. Predatory capacity of Anax junius nymph on the larvae (I to IV instar) and pupae of Anopheles stephensi for 24 h. 

 
Exp. No 

Developmental stages (instars) of mosquito 
I II III IV Pupae 

A B A B A B A B A B 
1 457 65.28 476 68.00 462 66.00 468 66.85 240 34.28 
2 462 66.00 468 66.85 458 65.42 456 65.14 268 38.28 
3 415 59.28 401 57.28 407 58.14 389 55.57 241 34.42 
4 470 67.14 456 65.14 432 61.71 434 62.00 241 34.42 

Mean 451 64.42 450.25 64.31 439.75 62.81 436.75 62.39 247.50 35.35 
SD 24.58 3.51 33.84 4.83 25.56 3.65 34.80 4.97 13.67 1.95 
SE 12.29 1.75 16.92 2.41 12.78 1.82 17.40 2.48 6.86 0.97 
CR 17.85 17.85 17.76 17.73 15.29 
%* 64 64 63 62 35 

Table 3. Predatory capacity of Anax junius nymph on the larvae (I to IV instar) and pupae of Culex quinquefasciatus for 24 h. 
 

Exp. No 
Developmental stages (instars) of mosquito 

I II III IV Pupae 
A B A B A B A B A B 

1 505 72.14 505 72.14 500 71.42 496 70.85 368 52.57 
2 519 74.14 448 64.00 476 68.00 448 64.00 380 54.28 
3 482 68.85 439 62.71 458 65.42 430 61.42 370 52.85 
4 498 71.14 481 68.71 428 61.14 462 66.00 353 50.42 

Mean 501.00 71.56 468.25 66.89 465.50 66.49 459.00 65.56 367.75 52.53 
SD 15.38 2.19 30.43 4.34 30.34 4.33 27.92 3.98 11.14 1.59 
SE 7.69 1.09 15.21 2.17 15.17 2.16 13.96 1.99 5.57 0.79 
CR 18.33 18.03 18.00 17.94 16.99 
%* 72 67 67 66 53 

 
Table 4. Predatory capacity of Anax junius nymph on the larvae (I to IV instar) and pupae of Aedes aegypti for 1 h/d. 

 
Exp. No 

Developmental stages (instars) of mosquito 
I II III IV Pupae 

A B A B A B A B A B 
1 132 18.85 124 17.71 138 19.71 146 20.85 51 7.28 
2 122 17.42 132 18.85 132 18.85 145 20.71 56 8.00 
3 137 19.57 130 18.57 128 18.28 131 18.71 53 7.57 
4 142 20.28 134 19.14 134 19.14 126 18.00 55 7.85 

Mean/CR 133.25 19.03 130 18.56 133 18.99 137 19.56 53.75 7.67 
SD 8.53 1.22 4.32 0.61 4.16 0.59 10.03 1.43 2.21 0.31 
SE 4.26 0.61 2.16 0.30 2.08 0.29 5.01 0.71 1.10 0.15 
%* 76 74 76 78 31 

Table 5. Predatory capacity of Anax junius nymph on the larvae (I to IV instar) and pupae of Anopheles stephensi for 1 h/d. 
 

Exp. No 
Developmental stages (instars) of mosquito 

I II III IV Pupae 
A B A B A B A B A B 

1 141 20.14 130 18.57 136 19.42 116 16.57 80 11.42 
2 128 18.28 117 16.71 120 17.14 120 17.14 62 8.85 
3 139 19.85 123 17.57 120 17.14 101 14.42 73 10.42 
4 122 17.42 119 17.00 114 16.28 101 14.42 56 8.00 

Mean/CR 132.50 18.92 122.25 17.46 122.50 17.49 109.50 15.63 67.75 9.67 
SD 9.03 1.29 5.73 0.82 9.43 1.34 9.94 1.42 10.78 1.53 
SE 4.51 0.64 2.86 0.41 4.71 0.67 4.97 0.71 5.39 0.76 
%* 76 70 70 63 39 
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The least values were recorded to be 53.2, 17.55 in 
August 08 for abundance and density respectively.  
Chi-square results indicated that both the parameters are 
dependent for both 2009 and 2010. The abundance and 
density of A. junius nymph in Singanallur Lake were 
estimated in 2009 and 10. The analyses inferred that the 
abundance was higher at 316, 321, 366 and 273, 278, 
296.6 in October, November, December 08 and 09. The 
lowest values were found to be 140.0 and 136.6 in 
August 08 and 09. The density also showed a similar 
order. The highest density of 105.5, 106, 122 and 91, 
92.7, 98.8 was recorded in October, November, 
December for 2009 and 10. The chi-square values 
indicated both abundance and density expressed 
dependence between 09 and 10 (Tables 1-6). 
 
Discussion 
An intensive search was made to find out aquatic insect 
predators of immature forms of mosquitoes available in 
the water bodies in Coimbatore area, TN. The most 
familiar and relatively bigger lakes were selected for the 
present study. Anax junius nymph was found readily 
consuming all of the developmental stages (I, II, III and 
IV instar larvae and pupae) of mosquitoes such as  
A. aegypti, A. stephensi and C. quinquefasciatus. 
In the present study, the nymph of dragonfly showed the 
highest predation rate against I instar larvae of the 
mosquito compared to that of the capacity of other 
predators tested in the present study. The percent 
consumption of the Anax nymph on I instar larvae of 
Culex in 1 h was the greatest (81%). Other predators 
taken in the present investigation never showed such a 
remarkable predation rate against the larvae of any of 
the mosquitoes studied here. Some of the previous 
studies observed that nymphalodonates are voracious 
predators of mosquito larvae in controlled settings and 
small natural habitats (Fincke et al., 1997; Lacey and 
Orr, 1994; Stav et al., 2000; Yanoviak, 2004). Sebastian 
et al. (1980) found that complete elimination of all  
A. aegypti larvae and pupae were achieved between day 
4 and 9 depending on the density of aquatic stages of 
mosquitoes present per container when dragonfly larva, 
Labellula sp. was used. 
 
 

 
 
The larval stages were found to last 2-3 months in the 
containers. This long life coupled with high predation rate 
is likely to make dragonfly larvae highly successful 
predators and could be used in biological control of 
Aedes mosquitoes. Sebastian et al. (1990) conducted a 
pilot field study, involving periodic augmentative release 
of predaceous larvae of a dragonfly, Crocothemis 
servilia, to suppress A. aegypti during the rainy season in 
Yangon, Myanmar. Singh et al. (2003) indicated that 
dragonfly nymphs have good predatory potential and can 
be used as a biological control agent for control of 
mosquito breeding. The use of odonate nymphs in 
temporary pools or larger habitats can be a potential 
biological resource in regulating the larval population of 
the vector and pest mosquitoes (Mandal et al., 2008). 
The maximum Odonata diversity in Kamalapuram tanks 
might be due to their larger size (Arulprakash and 
Gunathilagaraj, 2010). 
 
Conclusion 
To conclude, the aquatic insect Anax junius prevalent in 
Coimbatore region were found to be the potential 
predator of the immature important species of 
mosquitoes. Despite the difference in the rate of 
predation, it would be useful in the control of mosquitoes 
if they are systematically manipulated and distributed.  
It is suggested that to achieve using these predatory 
insect in natural breeding sites of mosquitoes, further 
studies on the reproductive ability, survival, longevity, 
adaptability to waters with different physico-chemical 
characters, dispersal, interspecific and intraspecific 
association etc. of every predator type are required.  
 
References 
1. Ameen, M. 1985. Mosquito menace of Dhaka city and 

environmental considerations in urban development. Proc. SARC 
seminar on Protecting Environment from Degradation, Dhaka, Univ. 
Stud B. 32: 145-148. 

2. Arulprakash, R. and Gunathilagaraj, K. 2010. Abundance and 
diversity of Odonata in temporary water bodies of Coimbatore and 
Salem districts in Tamil Nadu. J. Threatened Taxa. 2: 1099-1102. 

3. Carcavallo, R.U. and De Casas, S.C. 1996. Some health impacts of 
global warming in South America. J. Epidemiol. 6: S153-S157. 

4. Collins, L.E. and Blackwell, A. 2000. The biology of Toxorhynchites 
mosquitoes and their potential as biocontrol agents. Biocontrol 
News Information. 21: 4. 

 

Table 6. Predatory capacity of Anax junius nymph on the larvae (I to IV instar) and pupae of Culex quinquefasciatus for 1 h/d. 
 

Exp. No 
Developmental stages (instars) of mosquito 

I II III IV Pupae 
A B A B A B A B A B 

1 156 22.28 132 18.85 145 20.71 146 20.85 70 10.00 
2 147 21.00 122 17.42 124 17.71 115 16.42 52 7.42 
3 139 19.85 133 19.00 128 18.28 125 17.85 59 8.42 
4 122 17.42 112 16.00 126 18.00 126 18.00 63 9.00 

Mean/CR 141 20.13 124.75 17.81 130.75 18.67 128 18.28 61 8.71 
SD 14.44 2.06 9.84 1.40 9.63 1.37 12.98 1.85 7.52 1.07 
SE 7.22 1.03 4.92 0.70 4.81 0.68 6.49 0.92 3.76 0.53 
%* 81 71 75 73 35 



 
Journal of Academia and Industrial Research (JAIR) 
Volume 2, Issue 7 December 2013                        436 
 

©Youth Education and Research Trust (YERT)                         jairjp.com                                                     Rosaline Mary et al., 2013 
 

 
5. Enserink, M. 2010. Yellow fever mosquito shows up in Northern 

Europe. Sci. 13: 736. 
6. Fincke, O.M., Yanoviak, S.P. and Hanschu, R.D. 1997. Predation 

by odonates depresses mosquito abundance in water-filled tree 
holes in Panama. Oecol. 112: 244-253. 

7. Harzsch, S. and Hafner, G. 2006. Evolution of eye development in 
arthropods: Phylogenetic aspects. Arthropod St. Develop. 35: 319-
340.  

8. Hawley, W.A. 1985. The effect of larval density on adult longevity of 
a mosquito, Aedes sierrensis: Epidemiological consequences. J. 
Anim. Ecol. 54: 955-964. 

9. Howard, A.F. and Omlin, F.X. 2008. Abandoning small scale fish 
farming in Western Kenya leads to higher malaria vector 
abundance. Acta Trop. 105: 67-73.  

10. Jones, C. 1964. Prognosis for interruption of malaria transmission 
through assessment of the mosquito's vectorial capacity. Nature. 
204: 1173-1175. 

11. Jones, C. and Grab, B. 1964. The assessment of insecticidal 
impact on the malaria mosquito's vectorial capacity, from data on 
the proportion of parous females. Bull.  WHO. 31: 71-86. 

12. Kohler, S., Delwiche, C.F., Denny, P.W., Tilney, L.G, Webster, P., 
Wilson, R.J., Palmer, J.D. and Roos, D.S. 1997. A plastid of 
probable green algal origin in Apicomplexan parasites. Sci. 275: 
1485-1489.  

13. Kramer, L.D. and Bernard, K.A. 2001. West Nile virus in the 
western hemisphere. Curr. Opin. Infect. Dis. 14: 519-525.  

14. Kumar, R.V., Panniers, R., Wolfman, A. and Henshaw, E.C. 1991. 
Inhibition of protein synthesis by antagonists of calmodulin in 
Ehrlich ascites tumor cells. Eur. J. Biochem. 195: 313-319.  

15. Lacey, L.A. and Orr, B.K. 1994. The role of biological control of 
mosquitoes in integrated vector control. Am. J. Trop. Med. Hyg. 50: 
97-115. 

16. Laird, M. 1988. The natural history of larval mosquito Habitats. 
Academic Press, London. p.555. 

17. Leaf, A. 1989. Potential health effects of global climate and 
environmental changes. New Eng. J. Med. 321: 1577-1583. 

18. Lyimo, E.O., Takken, W. and Koella, J.C. 1992. Effect of rearing 
temperature and larval density on larval survival, age at pupation 
and adult size of Anopheles gambiae. Entomologica 
Experimentalica Applicata. 63: 265-271. 

19. Lynch, M. 2007. Contributions of Anopheles larval control of 
malaria suppression in tropical Africa: Review of achievements and 
potential. Med. Vet. Entomol. 21: 2-21. 

20. Mahadev, P.V., Fulmali, P.V. and Mishra, A.C. 2004. A preliminary 
study of multilevel Geographic distribution of prevalence of Aedes 
aegypti (Diptera: Culicidae) in the state of Goa, India. Ind. J. Med. 
Res. 120: 173-182. 

21. Mandal, S.K., Ghosh, A., Bhattacharjee, I. and Chandra, G. 2008. 
Biocontrol efficiency of odonate nymphs against larvae of the 
mosquito, Culex quinquefasciatus Say, 1823. Acta Trop. 106:  
109-114.  

22. Michal. 1984. Ecological methods for field and laboratory 
investigations. Tata McGraw- Hill publishing company limited. New 
Delhi. 

23. Mitchell, C.J. 1995. Geographic spread of Aedes albopictus and 
potential for involvement in arbovirus cycles in the mediterranean 
basin. J. Vector Ecol. 20: 44-58.  

24. Murdoch, W.W., Scott, M. and Ensworth, P. 1984. Effects of the 
general predator Notonecta (Hemiptera) upon a freshwater 
community. J. Anim. Ecol. 47: 581-592. 

25. Omlin, F.X., Carlson, J.C., Ogbunugafor, C.B. and Hasaneli, A. 
2007. Anopheles gambiae exploits the tree hole ecosystem in 
Western Kenya: A new urban malaria risk? Am. J. Trop. Med. Hyg. 
77: 264-269. 

26. Panicker, K.N. and Rajagopalan, P.K. 1978. A note on tree hole 
breeding mosquitoes in Pondicherry town. Ind. J. Med. Res. 68: 
610-613. 

27. Papaevangelou, G. and Halstead, S.B. 1977. Infections with two 
dengue viruses in Greece in the 20th century. Did dengue 
hemorrhagic fever occur in the 1928 epidemic? J. Trop. Med. Hyg. 
80: 46-51. 
 
 

 
28. Patz, J.A., Epstein, P.R., Burke, T.A. and Balbus, J.M. 1996. Global 

climate change and emerging infectious diseases. J. Amer. Med. 
Soc. 275: 217-223. 

29. Ravi, V. 2006. Re-emergence of chikungunya virus in India. Ind. J. 
Med. Microbiol. 24: 83-84. 

30. Reiter, P. and Sprenger, D. 1987. The uses tire trade a mechanism 
for the world wide dispersal of container breeding mosquitoes. J. 
Amer. Mosq. Control Assoc. 3: 494-501. 

31. Ribeiro, J.M. and Francischetti, I.M. 2003. Role of arthropod saliva 
in blood feeding: Sialome and post-sialome perspectives. Ann. 
Rev. Entomol. 48: 73-88.  

32. Rossignol, P.A. and Lueders, A.M. 1987. Bacteriolytic factor in the 
salivary glands of Aedes aegypti. Comp. Biochem. Physiol. B. 83: 
819-822.  

33. Scott, M.A. and Murdoch, W.W. 1983. Selective predation by the 
backswimmer, Notonecta. Limnol. Oceanogra. 28: 352-366. 

34. Sebastian, A., Sein, M.M., Thu, M.M. and Corbet, P.S. 1990. 
Suppression of Aedes aegypti (Diptera: Culicidae) using 
augmentative release of dragonfly larvae (Odonata: Libellulidae) 
with community participation in Yangon, Myanmar. Bull. Entomol. 
Res. 80: 223-232. 

35. Sebastian, A., Thu, M.M., Kyaw, M. and Sein, M.M. 1980. The use 
of dragonfly nymphsin on the control of Aedes aegypti. Southeast 
Asian J. Trop. Med. Public Health. 11: 104-107. 

36. Shaalan, E.A. and Canyon, D.V. 2009. Aquatic insect predators 
and mosquito control. Trop. Bio-med. 26: 223-261.  

37. Shaalan, E.A., Canyon, D.V., Muller, R., Younes, M.W., Abdel 
Wahab, H. and Mansour, A.H. 2007. A mosquito predator survey in 
Townsville, Australia, and an assessment of Diplonychussp. 
Anisops sp. predatorial capacity against Culex annulirostris 
mosquito immature. J. Vector Ecol. 2(32): 16-21. 

38. Shope, R. 1991. Global climate change and infectious disease. 
Environ. Health Perspect. 96: 171-174. 

39. Singh, B., Kim Sung, L., Matusop, A., Radhakrishnan, A., Shamsul, 
S.S. and Cox-Singh, J. 2003. A large focus of naturally acquired 
Plasmodium knowlesi infections in human beings. Lancet. 363: 
1017-1024.   

40. Stav, G., Blaustein, L. and Margalit, Y. 2000. Influence of nymphal 
Anax imperator (Odonata: Aeshnidae) on oviposition by the 
mosquito Culicetalongiareolata (Diptera: Culicidae) and community 
structure in temporary pools. J. Vect. Ecol. 25: 190-202. 

41. Steinwascher, K. 1982. Relationship between pupal mass and adult 
survivorship and fecundity of Aedes aegypti. Environ. Entomol.  
11: 150-153. 

42. Theoder, M.O.H. and Parsons, B.T. 1945. Insectory rearing of 
Anopheles pharoensis. Bull. Ent. Res. 36: 79-83. 

43. Thiruvengadam, K.V., Kalyanasundaram, V. and Rajgopal, J. 1965. 
Clinical and pathological studies on Chikungunya fever in Madras 
City. Ind. J. Med. Res. 53: 729-744. 

44. Valenzuela, J.G., Pham, V.M., Garfield, M.K., Francischetti, I.M. 
and Ribeiro, J.M. 2002. Toward a description of the sialome of the 
adult female mosquito Aedes aegypti. Ins. Biochem. Mol. Biol.  
32: 1101-1122.  

45. Vasuki, V. 1992. Adult longevity of certain mosquito species after 
larval and pupal exposure to sublethal concentration of an insect 
growth regulator, hexaflumuron. Southeast Asian J. Trop. Med. 
Public Health. 23: 121-124. 

46. Villani, F., White, G.B., Curtis, C.F. and Miles, S.J. 1983. 
Inheritance and activity of some esterases associated with 
organophosphate resistance in mosquitoes of the complex of Culex 
pipiens L. (Diptera: Culicidae). Bull. Ent. Res. 73: 153-170. 

47. WHO. 1999. Weekly epidemiology records. WHO Tech Rep Ser. 
No. 74. Geneva, Switzerland.  

48. Yanoviak, S.P. 2004. Predation, resource availability and 
community structure in Neotropical water-filled tree holes. Oecol. 
126: 125-133. 

49. Zuharah, W.F. and Lester, P.J. 2010. The influence of aquatic 
predators on mosquito abundance in animal drinking troughs in 
New Zealand. J. Vector Ecol. 35: 347-353. 

 


