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Abstract

A three year study was conducted in two floodplain lakes to evaluate changes between seasonal variation of
water quality parameter and finfish diversity indices. Samples of water and fish specimens were collected
every month from three different stations of each lake to determine physico-chemical parameters of water
and the finfish diversity indices. Split-plot and MANOVA designs, Multiplicative decomposition method
and quadratic regression analysis were used to analyze the effects of the rate of changes between the pa-
rameters and sustainability of the lakes. The obtained results suggested that the impact of environmental
change (e.g depth, conductivity, salinity of water etc.) on diversity indices was significant and should be
taken into consideration when designing policies to increase the long-term sustainability of fishing activities

in the lakes.
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1. Introduction

Floodplain lakes support a lucrative fishery in India, par-
ticularly in the eastern and north-eastern states and are
considered as the second most important inland fisheries
resources of the country [1]. These water bodies are not
only rich in finfish biodiversity, but also support a rich
source of zooplankton, phytoplankton and macro-
invertebrate species [2]. It is well established that the
productivity of a water body depends on its ecological
conditions. Productivity can be increased for obtaining
maximum sustainable yield of fish and maintenance of
environmental and social stability through constant
monitoring of water quality. The water quality parame-
ters like temperature, hardness, pH, dissolved gases
(oxygen and CO,), salinity etc. must be watched regu-
larly, individually or synergistically to keep the aquatic
habitat favorable for existence of fish.

The present investigation was conducted to study the
water quality parameters in two floodplain lakes for a
period of three year from 2004 to 2006. In West Bengal,
more than 150 floodplain lakes, covering an area of
42,000 ha, contribute about 22% of the total freshwater
area of the state [1]. Largest share of this water resources
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(8861 ha) exists in the North 24-Parganas district [3].
River Ichhamati and its branches form a large complex
of floodplain lakes, locally called as “baurs”, at Bongaon
region of North 24-Parganas [4]. Most of these baurs are
open with a seasonal or perennial connection with the
river Ichhamati and are fed with tidal ingress of saline
water from the Bay of Bengal. Thus these baurs show
characteristics of both lentic and lotic elements [2].
Many brackish water species of fish migrate from the
mouth of this river into the baurs during breeding season
and exploit the rich nutrient resources of these water
bodies for spawning. We made a study on the fish as-
semblage, water quality parameters and biodiversity in-
dices of two such baurs. The assemblage of fish and the
pattern of changes in the composition and abundance of
the fish species in these two floodplain lakes during the
period 2004 to 2006 had been already reported [5]. The
present paper dealt with changes in physico-chemical
parameters of water and its relation with the fish biodi-
versity indices in these two lakes during the same period.

Fish assemblages in lakes and reservoirs are greatly
influenced by water quality parameters [6]. Floodplain
lakes in India have become worst victims of environ-
mental degradation since last two decades. Majority of
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these water bodies are shrinking due to siltation caused
by high fluvial allochthonous charges from the river
meanders, discharge of organic debris from human set-
tlements around the lakes, run-offs from agricultural
fields, eutrophication and autochthonous production of
macrophytic biomass [2,7,8]. Indiscriminate jute retting
during summer months and subsequent deterioration of
water quality is also a serious threat to the fish biodiver-
sity and productivity of floodplain lakes in West Bengal
[9]. Therefore, changes in the water quality parameters
and its relation with biodiversity indices are crucial fac-
tors to evaluate fish biodiversity in floodplain lakes.

2. Materials and Methods

2.1. Study Area

Studies were made on two baurs, Gopalnagar and Dumar,
located in the Bongaon Subdivision (23.07° N 66.82° E)
in the North 24-Parganas district of West Bengal. These
two ‘baurs’ were found connected to the river Ichamati
throughout the year by a narrow canal. The Gopalnagar
baur was smaller of the two with a length of 6 km con-
taining 60 ha water area while the Dumar baur was 15
km long containing a water area of 395 ha. A map show-
ing location of these two baurs along the course of the
river Ichamati had been published in another paper [5].

2.2. Sampling

Three different stations were selected in each baur for
sampling of fish and water. One station was located near
the connection of the baur with the river (mouth), the
second in the middle of the baur and the third at far end
from the mouth. Samplings were done every month from
January 2004 to December 2006.

For water quality analysis random samples of water
were collected from three different locations of each sta-
tion in the morning of the first week of every month dur-
ing January 2004 to December 2006. Water samples were
collected from 50 cm depth in each collection site. Depth
of water, dissolved oxygen (DO), free carbon dioxide, pH,
total alkalinity, hardness, salinity, conductivity, transpar-
ency and surface water temperature of water were deter-
mined using standard methods [10]. A Celsius ther-
mometer (scale ranging from 0°C to 100°C) was used to
measure surface water temperature of water. pH of water
was measured directly in a digital electronic pH meter
(Systronics) and specific conductivity of water was
measured in a digital direct reading electronic conductiv-
ity meter (Model 304, Systronics). Transparency was
measured with the help of a Secchi disc. Dissolved oxy-
gen (DO), free carbon dioxide, total alkalinity, hardness
and salinity were determined by titration [10].

For determination of diversity indices random samples
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of fish were taken from five nettings from each stations
and pooled together to make a 500g sample of fish for
each station for each month. Total number of species,
total number of individuals in a sample and total number
of individuals of a species were determined every month.
From these data Shannon—Weaver (S-W) species diver-
sity index [11], Evenness index [12] and Index of Domi-
nance [13] were determined using the following equa-
tions:

S.W. Species Diversity index H = -i(Ni/ N)log, (Ni/N)
i=1

where S is the total number of species; N is the total
number of individual; Ni is the number of specimens in
each species.

Evenness Index (J' ) = (H )/log,S.

where H is the S.W. Species Diversity Index; S is the
total number of species.

Index of Dominance (ID) = ¥, (Ni/N)?

where N is the total number of individual; Ni is the num-
ber of individuals in each species.

2.3. Data Analyses

To determine the relative importance of year compared
to age of the baur a mixed-effects analysis of variance
(MANOVA and Split-plot) was conducted in which
yearly variation was considered a random effect. Sig-
nificance was determined at alpha = 0.05. F-ratio ob-
tained from the analyses was tested for significance of
difference between stations. Data indicated that there
was annual and monthly variation in the various meas-
ures of chemical limnology. In case of a significant
variation, difference between the stations were compared
with critical difference (CD) value for station and the
station with greater variance was selected from each year
data for further analyses. A trend cycle was estimated for
each parameter from the observed data. For this purpose
the data series was smoothed to reduce random variation
using Multiplicative decomposition technique [14]. In
order to make predictions of long term behavior of rela-
tion between the water quality parameters and the diver-
sity indices, best fitted parabolic curves were constructed
from the three year data based on quadratic regression in
the form Y=a+bx+cx”. Physically it was interpreted that,
if a, b, c were all greater (positive) an increase in X
would result in increase of Y and if a, b, ¢ were all nega-
tive then a reverse trend would be followed. Long term
growth or decay would follow accordingly as ¢ was posi-
tive or negative.

3. Results

The results indicated a conspicuous seasonal variation of
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Figure 1. Time plot of monthly observed data of physico-chemical parameters of Gopalnagar (G) and Dumar (D) baur.

the water quality parameters in both the baurs. Although
the pattern of variation was almost similar, there was
wide difference in the level of these parameters between
the two baurs except depth, pH and conductivity of water
(Figure 1). Transparency of water also differed widely
between the two baurs for the first year of observation;
thereafter showed similarity between the two baurs.
Depth of water significantly varied between the stations
through out the experimental periods, while transparency,
free CO, and surface temperature of water showed sig-
nificant variation between the stations for most part of
the studies (Table 1). Depth decreased alarmingly during
summer months and a trend of gradual decrease in depth
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was observed in both the baurs during the three year pe-
riod of study. The Gopalnagar baur showed continuous
decrease of depth from 2004 to 2006, while Dumar baur
showed a sharp decrease of depth from 2004 to 2005, but
did not show a marked decrease of depth thereafter.
Transparency of water also showed a trend of gradual
decrease in both the baurs. Salinity of water sharply de-
creased during monsoon and increased during summer.
The highest value of salinity recorded in summer be-
tween 2005 and 2006 was higher than the summer value
recorded between 2004 and 2005. Overall salinity, pH
and dissolved oxygen levels were lower in Gopalnagar
baur than Dumar baur, the later showing lower level of
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Table 1. F-ratio and critical difference (CD) value obtained from variance analysis of the physico-chemical parameters are
given below. Bold face F-ratio indicates statistically significant variation between stations.

Parameters Statistical Gopalnagar baur Dumar baur

values 2004 2005 2006 2004 2005 2006
Conductivity F ratio 2.05 3.86 4.26 2.38 20.28 0.48
’ CD 4.31 3.91 4.67 5.48 2.01 1.04

Depth F ratio 142.78 263.64 184.24 14.15 22.83 83.73
CD 3.68 4.96 10.86 17.78 9.54 7.01

DO F ratio 9.34 4.28 1.20 46.05 4.53 140.35
CD 6.59 5.96 9.54 3.13 9.01 1.42
H F ratio 10.94 6.25 13.31 14.12 2.40 4.18
P CD 1.39 1.47 0.65 2.53 0.77 1.03
Salinity F ratio 0.27 34.44 4.37 0.13 1.44 1.83
CD 3.84 224 2.07 3.59 1.66 2.51

Water temperature F ratio 7.84 0.59 13.35 15.63 35.06 44.37
CD 1.43 1.03 .077 1.83 0.29 1.44

Transparency F ratio 6.78 6.12 7.18 294.93 265.56 202.21
CD 3.68 2.26 1.82 2.73 1.67 2.51
Hardness F ratio 15.91 3.63 22.94 30.76 138.64 0.13
CD 1.32 4.49 1.72 1.76 1.36 1.96
Alkalinity F ratio 14.98 19.30 1.50 1.77 9.82 7.11
CD 2.43 2.67 2.83 2.93 3.81 1.54

Free CO, F ratio 14.45 25.31 1.58 66.67 11.16 34.87
CD 7.19 3.43 29.85 6.01 9.74 6.35

Table 2. Average annual diversity indices determined for three different stations of Gopalnagar and Dumar baur.

Year Index Station 1 Station 2 Station 3 Overall mean
+SD +SD +SD +SD
Gopalnagar baor

2004 SWI 3.88+0.31 3.81+0.55 3.86+0.35 3.85+0.35
EI 0.90+0.04 0.87+0.09 0.89+0.06 0.89+0.05
1D 0.08+0.00 0.10+0.04 0.08+0.02 0.09+0.03

2005 SWI 3.88+0.19 4.02+0.22 3.94+0.26 3.95+0.16
EI 0.92+0.03 0.93+0.04 0.92+0.02 0.92+0.02
1D 0.08+0.01 0.08+0.02 0.08+0.02 0.08+0.01

2006 SWI 3.99+0.18 3.91+0.21 3.95+0.19 3.95+0.12
EI 0.94+0.03 0.94+0.02 0.94+0.02 0.94+0.01
ID 0.08+0.02 0.08+0.01 0.07+0.01 0.08+0.01

Dumar baor

2004 SWI 3.5240.27 3.69+0.35 3.63+0.32 3.61+0.24
EI 0.84+0.06 0.87+0.05 0.86+0.05 0.85+0.04
ID 0.13£0.04 0.11+0.03 0.11£0.03 0.12+0.02

2005 SWI 3.66+0.26 3.72+0.28 3.77+0.33 3.72+0.24
EI 0.88+0.05 0.90+0.04 0.90+0.05 0.89+0.03
1D 0.10+0.02 0.10+0.02 0.10+0.03 0.1£0.02

2006 SWI 3.84+0.2 3.86+0.18 3.83+0.18 3.84+0.12
EI 0.91£0.03 0.91+0.03 0.90+0.04 0.91+0.02
ID 0.09+0.02 0.08+0.01 0.09+0.02 0.09+0.01

SWI = Shannon-Weaver index; EI = Evenness index; ID = Index of dominance

alkalinity, hardness and free carbon dioxide of water.
Mean annual values of Shannon-Weaver index, even-
ness index and index of dominance of fish fauna (Table 1)
did not show any significant variation between the sam-
pling stations of the two baurs (Table 3). Multiplicative
decomposition method showed a gradual increase of
Shannon-Weaver index and evenness index and a de-
crease of the index of dominance (ID) during the study
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period (Figure 2). Both S-W index and evenness index
increased sharply during October-November, while in-
dex of dominance decreased during this period. While
correlating the physico-chemical parameters of water
with the diversity indices, it was observed that in both
Gopalnagar and Dumar baur the Shannon-Weaver index
was positively correlated with depth and negatively cor-
related with conductivity of water (Figures 3 and 4). In
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Figure 2. Time plot of monthly observed data of the diversity
indices of fish fauna of Gopalnagar (G) and Dumar (D) baur.

Dumar baur Shannon-Weaver index was further posi-
tively correlated with free CO, of water and negatively
correlated with salinity of water (Figure 4).

4. Discussions

Conspicuous seasonal variation of the physico-chemical
parameters of the two baurs reflected well defined dry
and rainy seasons in the study area. Grand mean of each
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parameter, obtained form the MANOVA table, indicated
that the physico-chemical parameters of the two baurs
were suitable for fisheries purpose for the period of study
undertaken. But a few parameters, such as depth and
salinity, indicated a trend that could be alarming for the
ecological sustainability of the baurs. A few studies on
habitat structure and fish assemblages in lakes indicated
that physico-chemical parameters could influence fish
community structure of a lake [15,16]. But it was diffi-
cult to identify the key parameters that influenced the
fish community structure most. Kar et al. [17] found
dissolved oxygen of water to influence fish yield in the
floodplain lakes of Assam, while Vono and Barbosa [16]
observed abundance of macrophyte to influence total fish
abundance in natural lakes. On the other hand, Deka et al.
[18] observed that depletion of fish in wetlands was af-
fected most by a cluster of variables consisting of silta-
tion, anthropogenic activity, encroachment, flood effect,
mesh size of net, indiscriminate catch and fishing rules.
The results of the present study revealed that trend cycle,
obtained by smoothing of the data series after reduction
of random variation by multiplicative decomposition
technique, was a strong tool to predict long term effect of
the water quality parameters in baurs. Thus the declining
trend of depth in the baurs under study gained most sig-
nificance and need for an effective control program to
maintain optimum depth for sustainable fisheries in the
baurs was felt necessary. Siltation from the river mean-
ders, discharge of organic debris from human settlements
around the lakes and run-offs from agricultural fields
primarily resulted in reduction of depth of many flood-
plain lakes in India [2,7,8]. Siltation and anthropogenic
activities were found as the major cause of depletion of
fish stocks in floodplain lakes of Assam [18]. Present
results indicated that worst situation prevailed in the
baurs of Bongaon subdivision (W.B., India) during
summer months, when extreme reduction of depth re-
sulted in increase of salinity, free CO, and hardness of
water and decrease of dissolved oxygen, pH and trans-
parency of water rendering a reduction in fish diversity.
Apart from continuous removal of water for irrigation
purpose and heavy infestation of weeds, which primarily
caused reduction of depth, wide spread use of the baurs
for jute retting was found to cause a large scale degrada-
tion of the water quality parameters particularly during
summer months in these baurs [9]. Such ecological deg-
radation was reflected in poor catch of fish [S] and de-
crease of diversity index during summer months from
these baurs. Since salinity of water was inversely related
with the depth of water a negative relation between the
salinity of water and Shannon-Weaver index (SWI) was
exhibited in the baur. A general trend of decrease in depth
and an increase in salinity was considered to produce
serious impact on sustainability of these floodplain lakes.
The present study indicated a conspicuous seasonal
fluctuation of Shannon-Weaver index and evenness in-
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Table 3. F ratio and critical difference (CD) value obtained from variance analysis of various diversity indices of finfish from

Gopalnagar and Dumar baur.

Statistical Gopalnagar baur Dumar baur
Parameters 1
values 2004 2005 2006 2004 2005 2006
Shannon-Weaver index F ratio 0.23 0.72 0.99 1.15 1.65 2.01
CD 6.47 5.70 4.23 3.56 4.99 5.23
Evenness F ratio 1.58 0.35 0.04 1.66 0.53 0.43
index CD 4.08 2.66 2.37 5.17 4.73 3.15
Index of dominance F ratio 1.99 0.26 0.25 1.18 0.05 0.68
CD 19.53 16.48 15.02 16.99 19.30 15.21
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Dumar baur.

dex, post monsoon period (Sept-Oct) showing the peak.
Number of species and the total number of individuals of
all species harvested in each sample from these two
baurs fluctuated between the seasons [5]. Since both the
baurs were connected with a river, many species of fish
migrated from the river to breed in the baur during mon-
soon (July-Aug). Species number thus increased during
Sept-Oct rendering an increase in the Shannon-Weaver
index. However, this study indicated that there was a
trend of increase in the Shannon-Weaver index and
evenness index in both the baurs. This was due to grad-

Copyright © 2010 SciRes.

ual reduction in number of individuals of the dominant
species captured in both the baurs [5], resulting in a
gradual reduction of index of dominance.

Despite clear changes in species composition Carol et
al. [6] found no significant effect of water quality on
overall fish richness or Shannon’s diversity in some
Spanish reservoirs. These reservoirs had low richness
assemblages and these authors suggested that in such
case species composition was a better indicator of cul-
tural eutrophication of reservoirs than fish diversity. The
present study however, indicated that quadratic regres-
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sion analysis was an effective tool to establish relation-
ship between water quality parameters and the finfish
diversity indices in the floodplain lakes. The results of
the quadratic regression analysis indicated that apart
from depth and salinity, conductivity and free CO, of
water also produced significant effect on Shannon-
Weaver index and fluctuation of these physico-chemical
parameters should be taken into consideration while pre-
dicting future effects on finfish diversity of the flood-
plain lakes under study. The quadratic relationship was
also worked out between the physico-chemical parame-
ters and the evenness index and dominance index (results
not presented) and almost same picture was revealed.
However, it was revealed that fluctuation of all three
diversity indices should be considered while evaluating
the trend of the diversity and designing policies on long
term sustainability of the floodplain lakes.
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