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Abstract- A study was carried out in Nalsarovar Bird Sanctuary to assess nymphs and exuviae of dragonflies and damselflies in 

Nalsarovar Bird Sanctuary (Ramsar Site), Gujarat. A transect survey was carried out covering all seasons. Nymph and exuviae 

were recorded using Visual Encounter Survey. During survey Odonate nymph and exuviae belonging to five families including 

Aeshnidae, Libellulidae, Gomphidae, Coenagrionidae, and Lestidae were recorded. Seasonal variations in relative abundance 

of each family of odonate were analyzed. The relative abundance of Odonates nymph that belonged to family Libellulidae and 

Coenagrionidae was recorded highest during monsoon, postmonsoon, winter and summer seasons whereas Gomphidae and 

Coenagrionidae were highest during the pre-monsoon season. However, the relative abundance of Aeshnidae family nymphs 

was moderate during the postmonsoon season. Similarly, the relative abundance of Odonates exuviae that belonged to family 

Libellulidae and Coenagrionidae was highest during all seasons. However, the relative abundance of Aeshnidae family exuviae 

were moderate during the postmonsoon season whereas Lestidae family exuviae was less during the summer and winter 

season. 
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I. INTRODUCTION 

 

Dragonfly (Suborder-Anisoptera) and Damselflies 

(Suborder-Zygoptera) both belong to Order Odonata. 

Odonata is one of the most ancient groups of insects that first 

appeared during the Carboniferous era, about 250 million 

years ago [1]. Odonates have pass through three stages 

during entire life i.e. eggs, nymph (larvae) and adult. The 

Odonates are amphibiotic insects. They spend a major part of 

their life cycle in a freshwater ecosystem. Odonate nymphs 

are carnivores and voracious feeder whereas adults are a 

predator of other insect species [2]. Odonates have an aquatic 

immature stage (nymphs/larvae) and terrestrial (adult) stages. 

Exuviae are the dried skin of the last larval/nymphal instar. 

At the end of the larval life, the larvae find a support such as 

a rock or plant stems, where it can tear up its skin and 

winged adult emerges from last larval stage [3].  

Globally 5,952 species of Odonates belonging to 652 genera 

have been reported [4]. India harbors 474 species and 50 

subspecies belonging to 142 genera in18 families [5]. In 

Nalsarovar Sanctuary, 37 species of Odonata are recorded 

including both dragonflies and damselflies [6]. The entire 

study was carried out in Nalsarovar wetland.  Nalsarovar 

Sanctuary is one of the important wetlands of India and 

Gujarat. It is internationally recognized as a Ramsar Site of 

Gujarat. It is also designated as a Sanctuary i.e. protected 

area and an Important Bird and Biodiversity Area (IBA) [7]. 

Nalsarovar wetland is a seasonal wetland. It is moreover 

elliptical in shape. The basin of Nalsarovar is of elongate 

undulating saucer type and its overall shape is very gentle, 

running from east to northwest and northwest to south. 

Generally, the depth of water does not exceed 3 meters 

[8],[9]. There are more than 300 elevated plateaus in the 

basin locally called „Bet‟ or „Thalias‟ meaning islets as they 

remain above the water surface. The natural and seasonal 

spread of wetland of Nalsarovar is of irregular shape. It is 

shallow and in most parts muddy. This depressed portion had 

come into existence by a tectonic uplift of an estuary as also 

by increased sedimentation and aeolian infill [10]. Studies on 

various aspect of Nalsarovar are done in past including birds 

and biodiversity study [6],[11],[12].  

 

Odonates larval (nymphs) and adult stage play a significant 

role as a predator in the wetland ecosystem as a biocontrol 

agent. However, Odonates also act as a biocontrol agent of 

many disease-causing species including mosquitoes i.e. a 

vector of malaria and dengue as well as helminths i.e. 

parasites of birds especially of poultry and wild ducks which 

thereby aid transmission of these diseases 

[1],[13],[14],[15],[16],[17], 

[18],[19],[20].  

 

With more and more human disturbance Odonate value as 

indicators of quality of the biotope is now being increasingly 
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recognized. Odonates have been deemed as “flagship” group 

of indicators species [21]. Species assemblage of dragonflies 

and its emergence from nymphs to adult stage, changes with 

seasonal changes [22]. However, those counts of exuviae can 

give a clearer picture of real dragonfly abundance and their 

numbers emerging from water bodies can be used for 

monitoring [3]. 

Studies on aquatic insects are limited within Gujarat state. 

Some studies focused on aquatic and semi-aquatic insects in 

Gujarat State [5],[23],[24],[25],[26],[27],[28],[29]. The 

structure and composition of these aquatic communities like 

Odonates nymphs and emergence from nymphs i.e. exuviae 

indicate the reproductive success of wetland and also 

indirectly act as an indicator of the quality of water and 

reflect overall ecological integrity [30],[31]. However, 

Odonata being such an important semiaquatic insect there is 

a gap of studies on immature stages of dragonflies and 

damselflies from Gujarat state. However, no studies focusing 

on the ecology of immature stages of insect from Gujarat 

state is carried out. Considering the important role played by 

Odonata in terms of monitoring the wetland health, this study 

was undertaken to make a baseline for future monitoring of 

Nalsarovar wetland as well as for similar wetland within 

Gujarat state. 

 

II. STUDY AREA 

The study was carried out at Nalsarovar Bird Sanctuary. 

Nalsarovar is located between 22ᴼ78‟ N and 22ᴼ 96‟ N 

latitude and 71ᴼ 92‟ E and 72ᴼ 64‟ E longitudes.  The lake 

area is spread over two districts viz., Ahmedabad and 

Surendranagar. It has an area of 147 sq. km. [32]. 

Biogeographically, the area falls in Gujarat-Rajwara Biotic 

Province (4B) of the Semi-Arid biogeographical zone [33]. 

There are about 12 villages located on the periphery of this 

wetland. They include Kayla, Vekaria, Meni, Darji, 

Digvijaygadh, Shiyal, Paraii, Mulbavla, Ranagadh, 

Bhagvnpur, Nani Kathechi, and Shahpur. 

The natural and seasonal spread of wetland of Nalsarovar has 

an irregular configuration, though the basin is elliptical in 

shape. It is shallow with a maximum depth of 3m and in 

most parts muddy. Nalsarovar is unique both in structural 

and physical characteristics compared to other wetlands of 

Gujarat. Geologically it is the remnant relict of an oceanic 

creek locally called as Nal. This depressed portion had come 

into existence by a tectonic uplift of an estuary and also by 

increased sedimentation and aeolian infill [9].  

 

Being a natural lake, the area under the submergence varies 

seasonally and annually depending upon the rainfall and the 

climate of the area is arid to semi-arid in nature. The 

temperature attains a maximum of 45ᵒC during the month of 

May and falls below 7ᵒC in January. The rise in the 

temperature after peak winter accelerates the rate of 

evaporation of water in the lake and thereby results in rapid 

drying [6],[34]. The rainfall is erratic. During the good 

rainfall years, the total area under submergence swells to 

around 350 sq. km whereas submergence area is often 60 sq 

km during winter of normal rain year. The entire land of 

Nalsarovar and its environs is salt-affected with 

saline/alkaline salts concentrated in the upper layer of clayey, 

medium black soil [8]. 

 

Apart from rainfall and the temperature, wind also plays an 

important role in the area. During summer the wind velocity 

can be as high as 60km/hr which also accelerates the rate of 

evaporation of water from the lake [6]. 

 

The change in water quality between fresh and brackish 

keeps the bio-cycles of organisms. Nalsarovar provides 

adequate depression over a large area for the existence of 

submerged aquatic vegetation. Moreover, in and around its 

shallow water near the shores and islets, it supports emergent 

hydrophytic vegetation. Both the submerged and emergent 

vegetation, as well as algae, constitute primary producers of 

this aquatic ecosystem. They support large epiphytic macro-

invertebrates and also provide cover to a variety of 

organisms [35],[6],[33]. The major habitats of Nalsarovar 

wetland include Open Water Habitat, Emergent Hydrophytic 

Cover, Muddy Habitat, Islets ('bet'), Shore-land, Agriculture 

fields surrounding the Lake, wasteland surrounding the Lake 

and Inlets and Outlets of Lake [33]. 

 

 
Map 1: Location map of Nalsarovar wetland 

 

III. MATERIALS AND METHODS 

 

A study of odonates was carried out from February 2015 to 

February 2017 at Nalsarovar Bird Sanctuary. Fourteen sites 

were fixed using GPS for the odonate survey within the 

study area (from T1 to T14).  The survey was carried out 

covering different seasons and covering all major habitats. 

These sites were regularly and repeatedly surveyed for 

recording nymphs and exuviae. Fixed belt transects of 500 m 

length and width of 5 m on both side of transect were 

followed for the study of odonates [36]. Odonate nymph 

survey was carried out using the Aquatic net. Total 10 haults 

were carried out along the length of transect for counting 

Odonate nymphs. A quadrate survey (10mX10m) with a 

minimum distance of 200 m along the length of transects was 
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carried out for the exuviae survey. Visual Encounter Survey 

(VES) on a fixed point were carried out.  Individuals 

(nymphs and exuviae) of different families of Odonates were 

recorded during the survey, photographed and then released 

back to the field. Species were mainly photographed using 

digital photos by Canon Powershot SX60 HS camera with 

16.1 megapixels, ultrasonic, full HD 65X optical zoom. 

Species were identifications to the best possible level (i.e. 

family level) at Nalsarovar Bird Sanctuary. Identification 

was carried out with available standard taxonomic literature 

[37],[38],[39],[40]. The raw data recorded from all the sites 

were transferred in an electronic format in spreadsheet layout 

(Microsoft excels) and data was analyzed to calculate relative 

abundance. 

 

IV. RESULTS AND DISCUSSION 

 

During the entire survey, seasonal variation in relative 

abundance of dragonfly nymph and exuviae was calculated 

based on data collected. During the entire survey, Odonate 

nymphs belonging to 5 different families namely 

Libellulidae, Aeshnidae, Gomphidae, Coenagrionidae and 

Lestidae were encountered. Out of total Odonate families 

encountered, three families belonged to Anisoptera i.e. 

Dragonflies (Libellulidae, Aeshnidae and Gomphidae) and 

two families belonged to Damselflies (Coenagrionidae and 

Lestidae). However, Odonate exuviae belonging to 4 

different families were encountered namely Libellulidae, 

Aeshnidae, Coenagrionidae, and Lestidae. Odonates species 

composition varies across different land use types and across 

seasons. There is variation in species diversity and 

abundance according to different habitat as well [41]. During 

these studies, seasonal variation in relative abundance of 

odonate nymphs and exuviae was calculated.  

 

Relative abundance of Nymphs: During pre-monsoon 

season, the relative abundance of nymphs of Odonates 

belonging to family Gomphidae (i.e. 72.02 %) was recorded 

highest followed by family Coenagrionidae (i.e. 15.20 %) 

and further followed by family Libellulidae (i.e. 12.80%). 

During monsoon season, the relative abundance of nymphs 

of Odonates belonging to family Libellulidae (i.e. 52.58 %) 

was recorded highest followed by family Coenagrionidae 

(47.45 %). During the postmonsoon season, the relative 

abundance of nymphs of Odonates belonging to family 

Libellulidae (37.42 %) was recorded highest followed by 

Coenagrionidae (32.89 %) and Aeshnidae (17.95 %) which 

was further followed by Lestidae (11.75 %). During the 

winter season, the relative abundance of nymphs of Odonates 

belonging to family Coenagrionidae (61.99 %) was recorded 

highest followed by Libellulidae (33.61 %) which was 

further followed by Lestidae (4.39 %). During the summer 

season, the relative abundance of nymphs of Odonates 

belonging to family Libellulidae (56.78 %) was recorded 

highest which was further followed by family 

Coenagrionidae (41.10 %) and Lestidae (2.12 %).  

 

 
 

Relative abundance of Exuviae: During the premonsoon 

season survey, the relative abundance of exuviae of Odonates 

belonging to family Libellulidae (i.e 80.00 %) was recorded 

highest followed by family Coenagrionidae (i.e. 20.00 %). 

During monsoon season survey, the relative abundance of 

exuviae of Odonates belonging to family Libellulidae (i.e. 

54.65 %) was recorded highest followed by Coenagrionidae 

(i.e. 45.36 %). During the postmonsoon season, the relative 

abundance of exuviae of Odonates belonging to family 

Libellulidae (46.07 %) was recorded highest followed by 

Coenagrionidae (34.47 %) which was further followed by 

Aeshnidae (19.47 %). During the winter season, the relative 

abundance of exuviae of Odonates belonging to family 

Libellulidae (49.30 %) was recorded highest followed by 

Coenagrionidae (45.92 %) which was further followed by 

Lestidae (4.79 %). During the summer season, the relative 

abundance of exuviae of Odonates belonging to family 

Libellulidae (50.83 %) was recorded highest which was 

followed by Coenagrionidae (41.81 %) which was further 

followed by Lestidae (7.38 %). This variation may due to 

seasonal and environmental changes, as the emergence of 

odonates are known to have some correlation with changes in 

abiotic factors like water temperature [47]. 

 

 
 

Odonates are known to have correlation with abiotic factors. 

Due to their significant correlation with environment, it is 

very important to study Odonates from all possible 

biogeographic zones. However, sensitivity of Orders 
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Odonata to temperature ranges and with Dissolved Oxygen is 

very well studied. Seasonal variation observed during studies 

may be mainly due to abiotic factors, as these abiotic factors 

directly influence on odonate biodiversity and richness of 

species. Due to such correlation Odonates are considered as 

potential bioindicator of water quality and a means of 

evaluating the efficiency of an aquatic system 

[3],[42],[43],[44],[45],[46].  

 

V. CONCLUSIONS 

 

The freshwater aquatic ecosystem is more and more 

subjected to threats mainly being subjected to increased 

levels of human disturbance worldwide [48]. There is a need 

to conserve these wetlands and its associated species. 

Odonates nymphs and their emergence are linked to its 

associated fauna, flora, water quality and environmental 

condition. Changes in basic habitat and environmental 

condition may cause changes in the assemblage of Odonates 

population in temporary water bodies as well as it may also 

cause local extinctions of resident species in the future. 

Variation in Odonate nymphs may indicate changes in water 

quality. Similarly, seasonal variation in relative abundance of 

exuvia indicates variation in the emergence pattern of 

Odonates from Nalsarovar wetland. Such correlation can be 

established with further studies on Odonates in detail. With 

increases in more and more wetland monitoring studies and 

restoration of degraded ecosystems as a part of conservation 

and sustainable management of aquatic ecosystems may 

reduce the threats on dragonfly and damselfly species. 
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