


Introduction
Species never exist alone but always assemble
together with other organisms to form a
community in the same area or habitat. The
co-existence of more than one species in a habitat
at a given time indicates that species share habitat
requirements. For example, different species of
immature stages of mosquitoes occupy the same
habitat and are, therefore, part of a guild.
Understanding the relationship between habitats,
environmental factors and occurrence of
immature mosquitoes is essential for an efficient
application of mosquito control methods. The
majority of mosquito species preferred to breed in
permanent breeding sites, especially natural sites
in urban, semiurban and periurban areas, while
some species are more abundant in temporary
breeding places. Hence, the association between
species of mosquitoes can provide clues to an
understanding their biology and their role in the
transmission of pathogens.

Senior White (1926) grouped the mosquitoes
based on their preference of breeding habitats,
which emphasized the ability of different species
to select breeding habitats. Contributions made
by earlier workers regarding breeding of different
species under field conditions are entirely based
on frequency of co-occurrence of the immature
and have not been analysed statistically to know
the strength of association or repulsion between
them (Cole 1949; Bhat 1975a,b; Malhotra et al.
1987 and Bhatt et al. 1990). A number of studies
have been carried out on Anopheline mosquito
breeding in various habitats (Iyengar 1932;
Russell and Rao 1940; Rahman et al.1973;
Rajagopalan et al. 1979; Sahu et al. 1990; Bhatt et
al. 1993). The studies of Reisen et al. 1981, Savage
et al. 1993, Almiron and Brewer (1996) and
Rajnikant et al. 1998 demonstrate interspecific
associations among mosquitoes and a correlation
with physicochemical and biological composition
of mosquito breeding waters. Further, Robert et
al. 1998 studied the ecology of larval mosquitoes
with special reference to Anopheles arabiensis
Patton in market-garden wells in urban Dakar,
Senegal. Subsequently, Minakawa et al. 1999 and
Edillo et al. 2002 conducted studies on spatial
distribution and habitat characterization of
Anopheline mosquito larvae in western Kenya and
West Africa respectively and discussed factors
that influence their distribution patterns. Later
on, Sattler et al. (2005) undertook studies on
habitat characterization of Anopheles mosquito
larvae in Dar es Salaam, Tanzania, and noted the

turbidity and location of breeding habitats as key
factors influencing the larval diversity. Rueda et
al. 2005, 2006 described habitats and distribution
patterns of Anopheles sinensis Wiedemann and
the An. hyrcanus group. Recently, Aditya et al.
2006 conducted studies on larval habitats and
temporal variations in mosquito diversity in the
hill town of Darjeeling Himalayas, India, for a
qualitative and quantitative assessment of
mosquito distribution.

Some related mosquito faunal studies from the
Garhwal region in the state of Uttaranchal, India,
were made by Mahesh and Jauhari (2000a, 2003)
and Pemola and Jauhari (2004 a, b), while studies
on interspecific associations and the index of
association among immature of Anophelines from
the same region have been worked out by Jauhari
et al. 1995, Mahesh et al. 1995 and Mahesh and
Jauhari (2000 b).

During field surveys of mosquito breeding sites in
the Garhwal region in the state of Uttaranchal,
India, several environmental factors that could be
quantified were found to be promising as
predictors of mosquito occurrence (Pemola and
Jauhari 2005). One of the most important factors
was the vegetation that favors larval propagation
and is correlated with adult densities. Moreover,
habitat and climate has also been found to exhibit
a correlation with the mosquito species that are
present in an area.

Given that a thorough knowledge of
physicochemical and biological parameters of the
breeding habitats is essential, since each habitat
produces specific mosquito species and shows a
seasonal progression, we surveyed possible
mosquito breeding sites in all three
phytogeographic zones of Garhwal and grouped
mosquito species associations according to the
similarity of their chosen habitats. The present
study is the first attempt to understand mosquito
associations in different breeding habitats in the
Garhwal region of India.

Materials and Methods
Study area
The survey was made between November 2000 to
October 2002 from fixed localities across three
phytogeographic zones in the Garhwal region:
tropical (300–1000 m), sub tropical (1000–2000
m) and temperate (2000–3000 m). The study
covered a major part of the 5 districts including
Dehra Dun, Pauri, New Tehri, Chamoli and
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Figure 1. Phenogram of 23 OUT’s resulting from Cluster analysis (based on Table 2).

day by dipping and netting methods as per WHO
(1975) guidelines. Identification is based on adult
characters using standard taxonomic keys and
catalogues (Christophers 1933; Barraud 1934;
Wattal and Kalra 1961; Knight and Stone 1977;
Das et al. 1990; Darsie and Pradhan 1990; Nagpal
and Sharma 1995). Species were confirmed from
adults that emerged in the laboratory from
collected immatures. In each locality, the
collection spots were fixed in different directions.
In addition, random collection was done from
every possible habitat. Information on co-existing
biotic community and breeding characters was
recorded at the time of mosquito sampling.
Identified mosquito specimens are deposited in
the insect collection records at Zoological Survey
of India, Kolkata.

Data analysis
The collected data with respect of adult and
immature mosquitoes were analyzed using the
following steps - i) listing of operative taxonomic
units, ii) development of basic matrix of data and
iii) calculation of similarity for each pair of
mosquito species. Since the main purpose was to
group mosquito species with similar breeding
features, the operative taxonomic units chosen
were the mosquito species collected. The recorded
breeding habitats and physical characters of
breeding grounds were analyzed to identify
common patterns of immature stage habitats
where different mosquito species were collected.
Both quantitative (water depth) and qualitative
(natural / artificial, permanent / temporary,
shady / lighted, water movement, vegetational
condition and turbidity) characters were codified
as 1/0 (= presence/absence).
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food resources, in term of detritus, vegetation and
algae allowing the maximum number of species of
different guilds to coexist.

In the present study, mosquito immatures found
in turbid water were almost always Culicines,
which is similar to the findings of Sattler et al.
(2005). The preference of the immatures of
Anophelines to breed in clear to slightly turbid
water is similar to the findings of Bates (1994)
and Robert et al. 1998. However, Gimning et al.
2001 found increasing An. gambiae s.l. larval
densities with increasing turbidity. Further, the
results of the present findings are contrary to
those of Minakawa et al. (1999) and Edillo et al.
2002 in having different mosquito species as well
as fluctuating ecological conditions prevailing in
the area.

Considering the results of the present study in
comparison to earlier findings, it has been found
that positive associations between mosquito
species may result from a common preference for
a particular habitat, while negative associations
may cause variation in preference for a particular
habitat. Moreover, on the basis of associations
observed between Anophelines in different
habitats, it is also possible to group them as a
distinct community. Maximum immature
associations, as recorded in the habitats such as
streams, rockholes and seepage pools, suggest
high survival rate, ovipositional preferences and
favorable physicochemical characteristics of these
habitats. It was also noticed that prolonged water
logging with fast changing ecological conditions
and extensive surface area of habitats offer
favorable breeding conditions to a number of
mosquito species including disease vectors. The
co-existence of more than one species in a habitat
at a given time indicates that mosquito species of
the same nature and preference interact with each
other. In order to better elucidate the association
between larval occurrence and abundance and
environmental variables, further research should
be made to examine more variables, including a
detailed analysis of water chemistry and the
ecology of mosquito predators.
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