
591

Journal of Environmental Biology, May 2013

Abstract

An investigation on the water quality and aquatic insect community of an oxbow lake (Phulbari

anua) of south Assam, NorthEast India was carried out during February to April, 2010. Aquatic

insect community of the oxbow lake was represented by 9 species belonging to 9 families and 4

orders during the study period. Order Ephemeroptera and Hemiptera were found to be dominant.

Record of 5 species and 5 families from the order Hemiptera showed that this is the largest order

in terms of aquatic insect diversity of the lake. Computation of dominance status of different species

of aquatic insects of the lake based on Engelmann’s Scale revealed that Anisops lundbladiana and

Cloeon sp. were eudominant in the system. The Shannon Weiner’s Diversity Index (H’) and Shannon

evenness values (J’) were found to range from 0.30.69 and 0.53 0.97, respectively indicating

perturbation of the system. Again in terms of physicochemical properties of water the lake is in a

satisfactory condition where all the parameters are well within the range of IS 10500. The DO values

were found to range from 6.8 to14.8 mgl1. Free CO
2
 fluctuated from 1 to 4.98 mgl1 and nitrate in

water ranged from 0.4 to 2.1 mgl1. Margalef’s water quality index values of most of the samplings

also indicated clean water condition of the lake. Correlation coefficient analyses of the

environmental variables, aquatic insect diversity and density of the lake revealed that aquatic

insect diversity of the lake is mainly governed by dissolved oxygen, nitrate, and free carbon dioxide.
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Introduction

Oxbows represent young types of reservoirs and

are characterized by a very fast evolution. They are usually

restricted into a littoral zone due to favorable light condition.

According to Camargo and Esteves (1995), limnological

features in oxbow lakes can be diverse depending on the

environment and the study period. Aquatic insects are the

most commonly chosen group of fresh water organisms

used for biomonitoring as some of them are very sensitive

to stress from pollution and habitat modification. The

improvement and development of existing and new

biomonitoring tools using aquatic insects are a major effort

among aquatic entomologists (Carter and Resh, 2001). In

Asia, especially in developing countries physical and

chemical methods are predominantly used to assess stream

and river water quality. Until present, there have been only

a few studies testing bioassessment methods in Southeast

Asia (Morse et al., 2007). Since aquatic biodiversity is one

of the most essential characteristics of the aquatic ecosystem

for maintaining its stability (Vinson and Hawkins, 1998;

Sharma et al., 2004), biodiversity baseline data for near

natural reference rivers and river segments are badly needed

to develop viable conservation and management strategies

(Ward and Tockner, 2001). The lake, Phulbari anua (anua is

the local term of oxbow lakes) is situated in a biodiversity

hotspot region and according to Myers et al. (2000) the

analytical method for the identification of biodiversity

hotspot omits invertebrates as they are largely

undocumented. Hence, in this paper an attempt has been

made to study the aquatic insect community of the oxbow

lake along with the physico-chemical properties of water
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which might work as early warning system or which can

provide clue to the perturbation of the system if any.

Materials and Methods

The Phulbari anua, Cachar, Assam (24º 2' and 25° 50'

N and 92° 26' and 93°29' E) is the meander of the river Barak

at a distance of about 32 km from Silchar city (Fig. 1). The

total area of the lake is 65 ha surrounded by several villages.

The local people use this lake for agriculture, fishery, feeding

area for cattle and duck, washing, bathing and in some places

even as source of potable water. The system is more or less

clear besides some hydrophytes in the edge. In the dry

season the extended part of the lake is used as cultivable

land.

Aquatic insects were collected from the  four sites

(Site 1 , Site 2, Site 3, site 4) during February to April, 2010 at

fortnight intervals whereby the vegetation was disturbed

and a circular net (mesh size 60 μm) was dragged around the

vegetation for one minute (Subramanian and

Sivaramakrishnan, 2007). Three such drags constituted a

sample. Collected insects were immediately sorted and

preserved in 70% ethyl alcohol. They were later identified

using a Dewinter Advance Stereozoom Microscope with

the help of standard keys (Bal and Basu, 1994 a, b; Anonymous,

2004). Diversity indices were worked out using the package

Biodiversity Professional Version 2.

Water samples were also collected from all the 4 sites.

Water temperature (WT), pH, electrical conductivity (EC),

dissolved oxygen (DO), total alkalinity (TA), total dissolved

solids (TDS), total suspended solids (TSS), free carbon di

oxide( free CO
2
), nitrate (NO

3
) and phosphate ( PO

4
 ) were

estimated by standard methods (APHA, 2005). Statistical

analyses were done by SPSS 10.0 for Windows.

Results and Discussion

Aquatic insect community of the oxbow lake was

represented by 9 species belonging to  9 families and 4

orders during the study period. They were Anisops

lundbladiana (Notonectidae), Ranatra elongata (Nepidae),

Micronecta (Pardanecta) heliploides (Corixidae),

Mesovelia vittigera (Mesoveliidae), Gerris sp.(Gerridae)

of the order Hemiptera; Argia sp. (Coenagrionidae), Tramea

sp. (Libellulidae) of the order Odonata; Cloeon sp.(Baetidae)

of the order Ephemeroptera, Culex sp.(Culicidae) of the order

Diptera. Record of 5 species and 5  families from the order

Hemiptera showed that this is the largest order in terms of

aquatic insect diversity of the lake (Table 1).  In Du river

basin in northern Vietnam Hemiptera was also found to be

the most diverse order (Hoang et al., 2010).

The study revealed that among all the sites and all

the visits density of aquatic insect was highest in the first

visit in the first site. A pattern of continuous reduction of

total number of insect from February to April could be

recorded which may be due to the reason that after winter

with increase of temperature larvae matured and emerged.

In site 1, a drastic reduction in the density could be recorded

in the second visit (Fig.2). In all the sites, order

Ephemeroptera and Hemiptera were the dominant groups

(Fig.3). Density of Hemiptera was highest in site 1 followed

by site 2 in first visit and this may be due to the reason that

Cachar

Fig. 1 : Map showing location and sites of Phulbari anua, Cachar,

Assam
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site 1 and 2 are surrounded by paddy fields which are

frequently visited by different bugs of the order Hemiptera.

A study on an irrigation pond in Shimane Prefecture, Japan

showed that paddies play an important role in the

reproduction of aquatic Hemiptera whereas the pond

provides stable habitat for non-reproductive stages, as well

as a place for reproduction of some species (Saijo, 2001).In

site 2 and third visit, the site was found dry. However, in the

4th visit with the onset of rainfall it was colonized by Gerris

sp. and Cloeon sp. Highest relative abundance of Hemiptera

was recorded in fourth visit in site 3. Although

Ephemeroptera was represented by one species it was

present in all the collections in all the sites and in site 3 and

4 relative abundance of Cloeon sp. was highest in first

three visits.

Based on Engelmann’s Scale (Engelmann, 1978) two

species Anisops lundbladiana and Cloeon sp. were found

eudominant while Micronecta (Pardanecta) heliploides,

Gerris sp., Argia sp. and Culex sp. were found subdominant.

Rest was subresident species and no species was found in

the dominant category (Table 2).

The Shannon- Weiner’s diversity index (H’) that

takes into consideration both the richness and the

equitability or evenness components, and the Evenness

index (J), that estimates the equitability component revealed

that  the diversity of aquatic insects in all the sites were low.

In the present study, Shannon diversity index value was

found highest in the site 1 in the second and third visit

(Table 3). However, diversity index values were found to be

less than 1 in all. Since H/ value less than 1 indicates pollution

of water  (Turkmen and Kazanci, 2010 ) it could be said that

the oxbow lake is perturbed although study revealed

eudominance of Cloeon sp. belonging to the order

Ephemeroptera in the system which is included in the

sensitive group of EPT used universally for water quality

Table 1 : Distribution of different species of aquatic insects in different sites during the study period in Phulbari anua, Assam

Order Family Species    Visits / Site 1  Visits / Site 2  Visits / Site 3   Visits / Site 4

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

Hemiptera Notonectidae Anisops

lundbladiana, + + + - + + - - + + + - + + + -

Corixidae Micronecta

(Pardanecta) + + - - + - - - + + - - + - - -

heliploides,

Mesoveliidae Mesovelia + + + + - + - + + + + + + + + +

vittigera

Nepidae Ranatra elongata  + + - - - - - - - + - - - - - -

Fabricius

Gerridae + + + + - + - + + + + + + + + +

Gerris sp.

Ephemeroptera Baetidae Cloeon sp. + + + + + + - + + + + + + + + +

Odonata Libellulidae Tramea sp. + - - - - - - - + - - - + - - -

Coenagrionidae Argia sp. + + + - + + - - + + - - - + - -

Diptera Culicidae Culex sp. + + + - - - - - + + - - - - - -

+ = Present: - = Absent

Fig. 2 : Density of total aquatic insect in different sites of Phulbari

anua
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Fig. 3: Density of different orders of aquatic insects in different sites

of Phulbari anua
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monitoring. This confirmed the fact that the old idea that

mayflies are sensitive as a group is not true and detailed

results with respect to the tolerance degree of many species

have been published (Lenat, 1993; Blocksom and Winters,

2006). According to Victor and Onomivbori (1996), response

of ephemeropteran to perturbation varied depending on

geographical location and type of perturbation. Tolerance

value sometimes named Biotic Index value (Morse et al.,

1994) of aquatic insect taxa play key role in using aquatic

insects to monitor water quality. The tolerance value of

Cloeon sp. was 4 (Bode et al., 1996; Mandaville, 2002).

Thus, Cloeon species showed a high significance level of

association with moderately polluted water as they inhabit

medium and lower courses (Alba- Tercedor et al.,1991).

Margalef’s water quality index values (diversity indices of

Margalef) greater than 3 indicate clean conditions, values

less than 1 indicate severe pollution and intermediate value

indicate moderate pollution (Emere  and Nasiru, 2009). Our

study found that except site 1 first visit and site 2 second

visits in all the cases Margalef’s diversity index values were

more than 3.

Bray-Curtis Cluster analyses (Single link) of the four

sites revealed that the population structure of site 1 has

45.3 % similarity with all other sites while site 2, 3 and 4 were

having 60% to 64% similarity with each other (Fig. 4).

The quality of an aquatic ecosystem depends on

environmental factors, which in turn can influence the

structuring of aquatic communities. Therefore, it is usually

desirable to identify these environmental factors (Richards

et al., 1993; Victor and Onomivbori, 1996).The pH of the

aquatic systems is an important indicator of water quality

and extent of pollution. Unpolluted lakes normally have

near neutral or slightly alkaline pH (Adakole et al., 2003). In

the present study, pH ranged from 5.9 to 8.11. The DO values

throughout the study period were high ranging from 6.8

to14.8 mgl-1. High values of DO in the water could be due to

the fact that oxbow lakes are long, slender in shape and

Table 2 : Dominance status of different species of aquatic insects in different sites during the study period in Phulbari anua, Assam

Taxa species Number during entire Relative abundance (%) Status

period of observation

Anisops lundbladiana 431 39.65 Eudominant

Micronecta (Pardanecta) 91 8.37 Subdominant

heliploides

Mesovelia vittigera 22 2.02 Recedent

Ranatra elongata 8  0.73 Subrecedent

Gerris sp. 47 4.32 Subdominant

Cloeon sp. 396 36.43 Eudominant

Argia sp. 36 3.3 Subdominant

Tramea sp. 6 0.55 Subrecedent

Culex sp. 53 4.87 Subdominant

RA <1 = Subrecedent; 1.1-3.1 = Recedent; 3.2-10= Subdominant; 10.1-31.6 = Dominant and >31.7% =Eudominant

Table 3 : Variation of Shannon Weiner diversity index, Evenness index, Berger Parker index of dominance and Margalef index during the

study period in different sites of Phulbari anua, Assam

Indices Site 1 Site 2 Site 3 Site 4

Shannon-Weiner 0.55 0.69 0.69 0.45 0.37 0.48 0.24 0.44 0.53 0.56 0.35 0.64 0.56 0.5 0.3

diversity index

Evenness index 0.56 0.76 0.88 0.94 0.78 0.69 0.81 0.53 0.63 0.93 0.73 0.82 0.8 0.81 0.97

Berger-Parker 0.53 0.4 0.36 0.5 0.57 0.47 1 0.71 0.61 0.41 0.7 0.43 0.53 0.57 0.6

dominance

Margalef index 2.9 4.3 5.4 8 2.6 3.3 10.5 4.1 4.3 6.5 8 3.9 4.9 4.4 6

Fig. 4 : Dendrograms showing Bay Curtis cluster analysis of aquatic

insects in different sites- ( Sample represent corresponding site)

Sample 3

Sample 4

Sample 2

Sample 1

Bray-curtis cluster analysis (single link)

1.  % Similarity 50. 100
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winds over the lake continuously create mild turbulence in

the lake. Free CO
2
 fluctuated from 1 to 4.98 mgl-1 during the

study period which continuously increased from February

to April in all the sites (Table 4). Total alkalinity ranged from

12 to 48 mgl-1. A study made in a floodplain lake of Barak

valley recorded free CO
2
 value in water ranging from10.7

to12.9 mgl-1 (Laskar and Gupta, 2009). High values of pH,

DO and least value of free CO
2
 in the site 1 indicated that it

has less incidence of organic matter.

Nitrate is one of the most stable forms of nitrogen,

which enhances the growth of plankton and primary

production. High content of NO
3
 in a fresh water body

indicate pollution by organic waste and domestic sewage.

Highest NO
3
, EC, TA recorded in site 2 might be due to the

fact that it encountered the seasonal wet-dry-wet phases

which lead to the death and decomposition of organisms in

the dry phase and their subsequent mineralization.

According to Verma (2002), the range of NO
3
 between 0.1 -

3.0 mg l-1 are favourable for fish productivity. In the present

study, concentration of nitrate in water ranged from 0.4 to

2.1 mgl-1 ,hence good for fish productivity. Similar range of

concentration of nitrate was recorded in a previous study

made in a few ponds of Barak Valley (Bhuiyan and Gupta,

2003). Concentration of NO
3
 also showed significant positive

relationship with number of insect species. A study made

on Ebro River channel and six floodplain wetlands of NE

Spain showed that nitrate concentration strongly affected

the composition, abundance and diversity of aquatic

communities (Gallardo et al., 2008). In the present study,

Table 4 : Physico-chemical properties of water in different sites during the study period in Phulbari anua, Assam

Sites Visits Air temp. Water temp. pH    EC   DO Free CO
2

    TA  NO
3

PO
4

   (°C) (°C) (����S ppt-1) (mg l-1)   (mg l-1) (mg l-1) (mg l-1) (mg l-1)

1 1 26 23 7.53 2.36 11.7 1 34 1.5 0.006

2 28.5 25 6.5 0.17 14 5.14 43 1.7 0.016

3 32.4 29 8.11 2.49 9.8 6.49 32 1.2 0.009

4 28 28 7.65 2.57 7.2 14.98 25 0.7 0.025

Mean 28.73 26.25 7.45 1.9 10.7 6.9 33.5 1.28 0.01

± SD ±2.68 ±2.75 ±0.68 ±1.15 ±2.88 ±5.87 ±7.42 ±0.43 ±0.01

2* 1 29 29.5 6.79 3.75 8.1 5 42 1.7 0.008

2 29 28 6.47 0.15 14.8 7 46 2.1 0.034

4 29 29 6.92 3.1 6.8 11 25 0.6 0.023

Mean 29 28.83 6.73 2.33 9.9 7.67 37.67 1.47 0.02

± SD ±0 ±0.76 ±0.23 ±1.92 ±4.29 ±3.06 ±11.15 ±0.78 ±0.01

 3 1 27.5 29.5 6.72 3.29 13.2 3 13 0.8 0.009

2 29 33 6.4 0.11 11.2 9 37 1.1 0.006

3 33 29 6.84 1.3 10.2 9.1 25 0.9 0.028

4 30 30 6.24 3.45 7.6 12 22 0.5 0.011

Mean 29.88 30.38 6.55 2.04 10.6 8.28 24.25 0.83 0.01

± SD ±2.32 ±1.8 ±0.28 ±1.61 ±2.33 ±3.78 ±9.91 ±0.25 ±0.01

4 1 27.5 22.5 5.9 2.58 8.61 7 12 0.9 0.008

2 30.5 26 6.39 0.16 13.2 10 44 1 0.04

3 34.5 29 6.6 1.12 8.8 11 28 1.1 0.014

4 31.5 31.5 6 2.78 8.2 12 22 0.4 0.021

Mean 31 27.25 6.22 1.66 9.7 10 26.5 0.85 0.02

± SD ±2.89 ±3.88 ±0.33 ±1.24 ±2.35 ±2.16 ±13.4 ±0.31 ±0.01

Values are mean of four replication + SD; *n=3

Table 5 : Significant correlations among the physico-chemical parameters, aquatic insect density  and  number of insect species during the

study period in Phulbari anua, Assam

Variables      r Variables      r

Conductivity vs DO -.670** Free CO
2 
vs NO

3
-N -.606*

Conductivity vs TA -.706* Free CO
2 
vs Insect density -.663**

DO vs NO
3
-N .621* Free CO

2 
vs No. of insect species -.771**

DO vs Free CO
2

-570* TA vs NO
3
-N .755**

DO vs No. of insect species .675** NO
3
-N vs  No. of insect species 523*

Insect density vs No. of insect species .617*

** Correlation is significant at the 0.01 level (2- tailed); *Correlation is significant at the 0.05 level (2-tailed)

Aquatic insect community of lake
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PO
4
 concentration ranged from 0.006 to0.04 mgl-1, highest

in the site 4. In this site washing of clothes and bathing was
seen during the study period which might be the reason of
highest value of PO

4
. However PO

4
 did not show any

significant relationship with any of the parameters. The
number of insect species showed highly significant positive
correlation with DO, while highly significant negative
correlation with free CO

2
. The study also found classical

inverse relationship of DO with free CO
2
 .The density of

insect was found to have significant negative relationship
with free CO

2
 (Table 5)

.

This study found that the lake in terms of physico-
chemical properties of water was in a satisfactory condition
where all the parameters were well within the range of IS
10500 (IS, 2004). Based on the correlation coefficient analyses
aquatic insect diversity of the lake was found to be governed
by DO, NO

3, 
and free CO

2. 
Margalef’s water quality index

values (diversity indices of Margalef) of most of the
samplings also indicated clean water condition of the lake.
However, Shannon diversity index values and abundance
of Cloeon sp. revealed mild pollution and perturbed nature
of the system. According to Bronmark and Handerson (2002),
biodiversity is determined by both abiotic and biotic factors
and biotic processes are important in freshwater systems
where predation and competition may determine species
diversity and, perhaps more importantly, species
composition. Wellborn et al. (1996) opined that all these
factors operate at different spatial scales; for example, water
chemistry may be a background environmental factor
affecting the diversity of all freshwater habitats in a region,
whereas at the local scale, within a pond, other factors such
as habitat heterogeneity or predation may operate. Further
aquatic insects often have a larval stage confined to the
aquatic environment, while the adult is terrestrial (Petersen
et al., 2004). Hence, Shannon diversity index values less
than 1 might not be due to only anthropogenic impact. Lack
of habitat heterogeneity, life cycle pattern and predation
might have played an important role beside other factors.
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