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Abstract

Ganga river is one of the important water bodies harbouring different aquatic communities especially sedentary benthic
organisms. We determined several macrobenthic molluscan faunas including 24 species comprising of 18 gastropods and 6
bivalves. The maximum species diversity with a value of 2.08 was recorded during monsoon, whereas the species richness
was found to be highest (0.809) during winter. To determine the correlation between the physicochemical parameters of water,
sediment and macrobenthic organisms, we have employed the canonical correspondence analysis (CCA) for middle, lower
and estuarine stretches of river Ganga. The water CCA components, CCA1 and CCA?2, explained 48.64%, 47.01%, 45.11%
(p =0.568, 0.019 and 0.417) and 18.11%, 26%, 23.9% (p = 0.98, 0.292 and 0.978) between the environmental parameters
and macrobenthos correlation, respectively. Similarly, the CCA components for soil showed a percentage of 41.82%, 41.58%,
24.73% in CCA1 (p = 0.156, 0.026 and 0.922) and the CCA2 revealed a percentage value of 24.23%, 25.58%, 23.59% (p =
0.446, 0.174 and 0.488) of the mentioned parameters. The present study explored a dual relationship between the organisms

and environmental factors according to their abundance and distribution pattern.
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Introduction

Freshwater ecosystems act as source and sink for those
chemicals which are biologically important and operate as
phosphorus, carbon, nitrogen, sulphur and silicon cycles
(Fisher 1982). Macrobenthic organisms, inhabitants of the
sediment, play an important role in maintaining the nutri-
ent content of the soil as well as water for better primary
production. It also helps in maintaining nutrient cycles for
trace elements, radionuclides and xenobiotics (Jones and
Bowser 1978). To understand well about a particular habi-
tat and its importance, it is recommended to study a group
of inhabitant organisms rather than studying an individual
species (Rao 1991). Several studies have been conducted on
the chief importance of the benthic macroinvertebrates in
the lotic ecosystem (Sharma et al. 2011; Gupta et al. 2015;
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Liu et al. 2017; Chi et al. 2018). To provide a congenial
niche for an ideal aquatic biota, a lotic body requires certain
criteria based on richness, composition, relative abundance
of a species (either individual or in the group) and their eco-
logical engagement with co-organisms (Gupta et al. 2015).
Within the macrobenthic invertebrates, the molluscs play
an important role in water biomonitoring and maintain-
ing the health and integrity of the aquatic ecosystem. To
understand well about temporal population dynamics and
community alterations, it is required to investigate species
specific interaction with the abiotic environment affected
by endogenous and exogenous factors covering the core of
ecology and evolution process (Higgins et al. 1997; Belyea
and Lancaster 1999; Stenseth et al. 1999; Lundberg et al.
2000). The presence and abundance of many molluscan spe-
cies like Filopaludina bengalensis provide relevant informa-
tion on the status of the physico-chemical condition of water
(Gupta et al. 2015). India, the land of rivers, produced a
large number of publications based on the benthic commu-
nity including lakes, wetlands and ponds but recent evidence
on spatio-temporal variation, distribution and composition
of the benthic molluscan fauna in relation to environmental
factors is inadequate. Therefore, the objective of the present
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Table 1 The zonation and sediment characteristics of the study area

Zones Stations/stretch Characteristics

Middle Buxar, Patna and Bhagalpur Plain freshwater riverine stretch with no tidal influence

Lower Farakka, Jangipur, Berhampur, Balagarh and Tribeni Lower freshwater zone with medium tidal influence at
the stations between Tribeni and Balagarh

Estuarine Godakhali, Diamond Harbour and Fraserganj Estuarine zone with high tidal amplitude

study is to assess the present status of macrobenthic mol-
luscan diversity and to correlate with the environmental
variables along the middle, lower and estuarine stretches of
river Ganga for effective biomonitoring and aquatic resource
management.

Materials and methods
Study area

The sampling was carried out in 11 stations along the mid-
dle, lower and estuarine stretches of river Ganga from Buxar
to Fraserganj depicted in Table 1. The sampling stations
with their geographical coordinates and landscapes are rep-
resented in Table 2. Figure 1 denotes site map of the study
area.

Sampling layout

Samples used in this study were collected in a quarterly
manner comprising of pre-monsoon (March—-May), monsoon

(June—August), post-monsoon (September—November) and
winter (December to February) throughout the year from
April 2017 to April 2019. The four seasons considered in
this study was designated following the guidelines of the
Indian Meteorological Department (IMD), Mausam Bhavan,
New Delhi, India.

Ecological study

Water samples were collected from 50-60 cm depth, using
a standard water sampler—‘Ruttner water sampler’ and
transferred immediately into designated polyethylene bot-
tles. Water pH was measured in situ by using a portable
digital pH metre (HANNA Instruments, Inc.). After col-
lection, water samples were brought to the laboratory in
controlled temperature condition at 4 °C in insulated box.
Biological oxygen demand (BOD) of the samples was
analysed by using the standard protocol from American
Public Health Association (APHA 2017). The nutrients
such as total nitrogen (TN), total phosphate (TP), silicate
(Si04-Si) and total chlorophyll (TC) (acetone extraction

Table 2 Geographical coordinates of sampling sites and their geographical landscape

Stations Abb. Coordinates Geographical landscape

Buxar Bux 83.97775° E; 25.56471° N Kotwanarayanpur Ghat is a localized well-maintained ghat with ritualistic and spir-
itual practices.

Patna Pat  85.13756° E; 25.59409° N Localized ghat with muddy clayed bottom locally called Gai Ghat.

Bhagalpur Bha 86.98243° E; 25.3478° N Barari Ghat is not a well-used ghat but influenced by ritualistic and industrial activi-
ties.

Farakka Far  87.90896° E; 24.80067° N A localized non-ghat area called Taltala Ghat is used for different local activities and
mostly fishing along with household activities.

Jangipur Jan  88.10301°E; 24.45265°N  Local ghat with fewer anthropogenic activity only used for fishing. The ghat is locally

called Jangipur Ferry Ghat.

Berhampur/Rejinagar Beh  88.26793°E; 24.09883° N

activities.
Balagarh Bal
Tribeni Tri  88.4025° E; 22.98671° N
Godakhali God

Locally build ghat with clayed bottom sediment used for washing and other household

88.46461° E; 23.11886° N Ghat is used for fishing activities. Localized ghat is called Milangar Ghat.
Localized ghat for fishing activities.
88.14256° E; 22.39321° N Non-polluted and non-cemented ghat with clayed bottom, used for fishing activities

by the locals and bathing and washing purpose.

Diamond Harbour DH
Khal.

Fraserganj Fra  88.25829°E; 21.58249° N

88.20229° E; 22.19873° N Few fishing activities taking place with not a properly built ghat locally called Harar

Fishing Harbour Jetty with trawlers and sandy bottom sediments, commonly large

mechanized boats are parked/docked here.
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Fig.1 Map showing the location of the sampling site from Buxar to
Fraserganj across river Ganga

method) were analysed by using standard recommenda-
tions and protocol as described in APHA (2017). Total
hardness (TH) from the samples was measured by titri-
metric method (APHA 2017). To determine the sediment
quality, samples were collected using Peterson grab (15.2
cm X 15.2 cm). Soil pH was measured using portable pH
metre (HANNA Instruments, Inc.) and parameters such
as available nitrogen (AN), phosphorus pentoxide (P,Os),
soil organic carbon (OC), calcium carbonate (CaCO;) and
soil texture: sand, silt and clay were assessed according
to the standard methods and protocol Jackson (1964) and
Piper (1966).

Sample processing and preservation

For biota analysis, the soil samples were collected by scoop-
ing the grab inside the bottom sediment using Peterson grab
mentioned earlier. Samples, just after collection, were trans-
ferred into a plastic bucket and mixed with ample amount
of water till evenness. The soil samples were then sieved
(200 pm mesh size) without losing the macrobenthos. The
sieved materials were then transferred into polyethylene
bottles (Tarson, India) and preserved in 4% formalin until
further analysis.

Sample identification and assessment

For taxonomic identification, the specimens were sorted and
identified up to the genus or the species level using taxo-
nomic keys (Needham 1957; Edmondson 1959; Rao 1989).
Numerical abundance of the samples was performed using a

quantitative analysis by simple counting and then converting
it to a square metre area (Welch 1948).

NzngXI0,000

where:

N no. of macrobenthic organisms/m?

O no. of organisms counted
A area of a sampler/m>
S no. of samples collected at each station

The relative abundance (RA) of different species was
calculated according to the standard protocol (Mahajan and
Fatima 2017).

Total no.of species

Relative Abundance (RA) = 100

X
Total no.of individual species recorded

Data analysis

Samples collected during study seasons were analysed for
species richness, numerical abundance and dominance.
The diversity indices, viz., Shannon-Weiner diversity (H")
(Shannon-Weiner, 1949); Margalef richness (d') (Mar-
galef, 1958); evenness index (J') (Pielou, 1977); Simpson
dominance (D) and Simpson diversity (/-D) (Simpson,
1949), were computed by using Paleontological Statistics
(PAST, version 4.2) programme (Hammer et al. 2001).
Karl Pearson’s correlation coefficient test was performed
by using IBM-SPSS software version 22. The PAST 4.02
software was employed to implement permutation multi-
variate analysis (PERMANOVA), cluster analysis and the
canonical correspondence analysis (CCA) to examine the
empirical relationship between environmental factors and
macrobenthic species with respect to four seasons cor-
responding to the sampling sites with the help of Pale-
ontological Statistics (PAST, version 4.2). We evaluated
similarity among sites and seasons with cluster analysis,
using paired group Bray-Curtis methods. Bray-Curtis is
considered a better distance metric when measuring such
a heterogeneous gradient as studied here (McCune and
Grace 2002). For this analysis, the numbers of macroben-
thic molluscan organisms of each species were consid-
ered. Prior to multivariate analysis, Shapiro-Wilk test for
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normality was carried and data were found significant for
multivariate analysis through SPSS.

Results
Physico-chemical parameters

The ecological parameters of the river in eleven stations
showed an optimum range throughout the study period
(Table 3). Table 4 depicts the correlation coefficients among
the ecological parameters studied. The water and soil pH
showed an alkaline range (8.22—8.87) at all sampling sites.
The nutrient parameters studied using water and sediment
samples were found to be within the optimum range. Nutri-
ent richness was recorded maximum at Buxar, Bhagalpur,
Farakka and Fraserganj. Pearson’s correlation coefficient
values indicated that there is a significant relationship (p <
0.05) between the samples examined for ecological param-
eters. Values obtained showed a moderate positive relation
between WpH, AN and sand while showing a negative cor-
relation with silt. TH indicated a strong negative relation with
Si0,-Si and SpH, whereas it showed a positive correlation
with P,O5 and OC. The calcium content of the sediment sam-
ple revealed a positive relation with TP. TN indicated a strong
negative correlation between TC and OC. A negative correla-
tion was found between soil pH vs AN and OC, while P,0;
indicated a positive correlation with OC. Soil texture showed
dual correlation with OC, indicating a negative correlation
with sand and a positive correlation with silt and clay.

Relative abundance

The present study documented 24 species under the phy-
lum Mollusca, of which, 18 species belongs to class Gas-
tropoda, and 6 are from class Bivalvia. The gastropods and
bivalves are comprised of 9 families, namely, Thiaridae,
Viviparidae, Planorbidae, Lymnaeidae, Neritidae, Pota-
mididae, Ampullariidae, Unionidae and Cyrenidae. Filo-
paludina bengalensis, Lymnaea acuminata, Brotia costula,
Assiminea francesiae and Parreysia favidens were found to
be the most dominant species along the stretch. Filopaludina
bengalensis (family—Viviparidae) accounted for 9.58% at
Patna followed by 6.29% at Farakka of the total sampling
performed. The maximum abundance of Filopaludina ben-
galensis was calculated at Buxar to Bhagalpur. Lymnaea
acuminata (family Lymnaeidae) contributed 2.66% to the
sampling population at Farakka, while Brotia costula (fam-
ily Pachychilidae) consisted of 1.32% and 1.56% at Farakka
and Jangipur, respectively. Assiminea francesiae (family
Assimineidae), a familiar species found in low saline zone
(Godakhali and Diamond Harbour), contributed to 5.59%

@ Springer

and 4.21%, respectively. A significant abundance of some
partially dominated gastropods belonging to the family Thi-
aridae like Tarebia granifera and Melanoides tuberculata
was found across the middle stretch. At Farakka, we found
Parreysia favidens (family Unionidae) to be the most domi-
nated bivalve which represented 2.39% of the total sampling
population. Among the other dominated bivalves, Corbicula
striatella belonging to the family Cyrenidae were recorded.
Based on our sampling, it can be concluded that in river
Ganga, the series of dominant molluscan families are like
Thiaridae > Viviparidae > Assimineidae > Pachychilidae >
Lymnaeidae > Unionidae > Cyrenidae > Bithyniidae. Fig-
ure 2 represents the relative abundance of gastropods (a) and
bivalves (b) of the different sampling stations.

According to the relative abundance, the association of
the macrobenthic community was broadly designated to four
distinct colours in Tables 5 and 6 (for gastropod species and
bivalve species, respectively). Starting from the highest to
the lowest abundance, we assigned violet first, followed by
green, yellow and blue, respectively.

Diversity indices

In Fig. 3, we presented the diversity indices of macrobenthic
fauna during four seasons (a) and the station-wise variance (b).
The Shannon index (H) ranged from 1.49 to 2.08 during pre-
monsoon and monsoon sampling. Pre-monsoon showed the
highest dominance value (D) of 0.38, while the lowest value
(0.19) was observed during the monsoon. Evenness index
value (J') among the sampled species ranged between 0.23
and 0.62 during pre-monsoon and monsoon. Species richness
was calculated by using Margalef index (d') and found the
maximum during monsoon (1.80) followed by winter (0.8).

The highest dominance value (D) was recorded at
Godakhali (0.99) whereas the lowest was recorded at
Fraserganj (0.22). The Simpson dominance and the Shan-
non diversity index were found to be maximum at Fraserganj
and Patna with a value of 0.77 and 1.73, respectively, at the
species level. The values were recorded minimum at Tribeni
(0.29) and Godakhali (0.02). The values obtained using
Evenness index (J') were recorded a maximum at Fraserganj
(0.69) and a minimum at Jangipur (0.28) which implies an
even distribution among the available species.

Multivariate analysis of macrobenthic molluscan
community structure

Paired group Bray-Curtis analysis was carried out to deter-
mine the macrobenthic molluscan composition and abun-
dance at 11 stations of river Ganga, based on the clusters
formed with at least 50-90% similarity in the hierarchical
cluster analysis (Fig. 4a). The cluster analysis showed a dis-
tinct deviation in the abundance of the macrobenthic fauna
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Fig.2 Relative abundance of 24 species of macrobenthic molluscan fauna along the Ganga river, where a depicts 18 gastropod species and b
depicts 6 bivalve species from Buxar to Fraserganj
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Table 5 List of gastropod species showing relative abundance at different stretch along river Ganga

CLASS - GASTROPODA
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Gyraulus convexiusculus
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Table 6 List of bivalve species showing relative abundance at different stretch along river Ganga
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d Parreysia lima
Parreysia occata
Corbicula striatella
- - having the highest percentage of existing organisms (very high)
- - considered to be a considerable high amount (high)
:l - considered to be a medium range of organisms found (medium)
- - considered to be the lowest abundance found (low)
- which was observed at Farakka and Fraserganj, where the
25 . . .
diversity was reported to be maximum. The cluster formed
E 2 at Jangipur and Berhampur; Bhagalpur, Patna and Buxar;
o“;’ 15 1 Tribeni and Godakhali showed clustering of 50-70%, and
B o1 ot had a close similarity with the species abundance. The
S | Pre-Monsoon L. i . L.
8 s | pm— seasonal variation among the species was highly distinc-
o | B i | i, _ ®Post-Monsoon tive during pre-monsoon when analysed through cluster
9 ) R & & Winter analysis (Fig. 4b). In cophenetic correlation was observed
& Q,,é‘/ & & @»‘% 0.90, which signifies the suitability of both the data to com-
& ) 5 . .
® S ¥ G&Q prehend the analysis. The PERMANOVA data was inter-
Diversity:indices preted and found that there has been a significant ‘p’ value
(<0.05). There was not much significant seasonal difference
b u observed, but a distinct station-wise significant difference of
16 0.001 was observed.
14
12 . . .
8 H . N Relationship of the macroinvertebrates
2 = Dominance_] . .
g ° , , E mSipson_1-D with the environmental parameters
g zj = Iﬂﬁ hr“] Y Shannon_H
: ®Evenness_e H/S . .
o2 7} I Hh £ ' e To perform a comparative study for understanding the rela-
’ . RN N tionship between macrobenthic community and environ-
F &Y FE TS ) )
A APy &f & < Oﬁogf & mental attributes (both water and sediment parameters),
Stations canonical correspondence analysis (CCA) was used in the

Fig.3 Mean of the molluscan diversity indices for 2 years showing a
the seasonal variations among the species and b the variations in the
diversity estimated station-wise

present study, and the results were depicted in Fig. 5 (water)
and Fig. 6 (sediment). The sampling data from all stations
and environmental parameters were taken into account while
creating CCA plot.
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Fig.4 a Dendrogram of the similarity cluster analysis based on spe- species abundance and richness during seasonal variation in river
cies abundance and richness for 11 sampling sites in river Ganga, Ganga. ¢ Non-metric multidimensional scaling (NMDS) of spatial-
using Bray-Curtis distance. b Dendrogram based on similarity cluster seasonal variation in macrobenthic molluscan communities based on
analysis using Bray-Curtis distance showing the similarity between abundance data
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Fig.4 (continued)

The first two component of CCA explained 66.75% of the
total variation of the CCA model (Fig. 5a). The biplot of the
first two component of the CCA indicated that BOD and sili-
cate influenced the abundance of T. granifera, T. lineate, M.
crassa, L. corrianus, P. occata, R. luteola, L. marginalis and
C. striatella. The abundance of I. exustus, L. accuminata, G.
orcula and M. tuberculata was influenced by the variation of
total phosphorus and total chlorophyll. Total nitrogen influ-
enced the abundance of P. lima and F. bengalensis.

Figure 5b has been configured using the CCA data obtained
from the samples collected from Farakka and Tribeni, revealed
a total percentage of 73.01. Unlike middle stretch, the lower
stretch showed a greater affinity between macrobenthic species
like gastropods (P. globosa, M. tuberculata, F. bengalensis, B.
costula, M. scabra and M. crassa) and bivalves (L. corrianus,
P. occata and P. favidens) with the variables like TP, TN, pH
and SiO,4-Si. From the data analysed, we found that TC posi-
tively influences R. luteola and A. francesiae.

In the estuarine stretch, values obtained from CCA rep-
resented 69.01% of variance depicted in Fig. Sc. The vec-
tors like BOD, TN and SiO,-Si showed positive affinity in
the attributes with gastropods (L. acuminata, T. granifera,
T. lineate, N. violaceum and M. tuberculata) and bivalve
(C. striatella). TP influenced A. francesiae positively while
TH showed affinity towards with the available organisms (B.
costula, F. bengalensis, V. smithii and C. obtusa).

Like water, relationship between sediment parameters and
the macrobenthic species has also been evaluated by using
CCA to comprehend their association. Both axes explained
a total percentage of 66.05 in Fig. 6a. F. bengalensis was
observed to be influenced by all the aforesaid sediment
parameters. AN, P,O5 and pH influence C. striatella, T.
granifera, T. lineate, B. costula, P. favidens and M. scabra.

The macrobenthic assemblage is strongly influenced by OC,
CaCO;, pH, sand, clay and AN.

Samples from lower stretch and their CCA analysis using
multiple soil variables have been shown in Fig. 6b (67.16%).
Sand and pH are the two influencing parameters that are
positively correlated with gastropods (F. bengalensis, G.
convexiusculus, M. crassa, B. costula, P. globosa and I. exus-
tus) and bivalves (C. striatella, P. favidens and P. lima). L.
acuminata, M. tuberculata and G. orcula were positively
influenced by clay.

Data represented in Fig. 6¢ denotes 48.32%. Silt and
pH influenced M. tuberculata, C. striatella, G. orcula, C.
obtusa and V. smithii in a positive manner. OC, AN and
P,05 showed affinity towards N. violaceum, A. francesiae, F.
bengalensis and B. costula. A positive affinity with silt and
CaCOj; and macroorganisms (M. scabra and N. balteata) has
been established in the biplot.

Discussion

The present study of macrobenthic diversity in the middle
and lower stretches of river Ganga showed the congregation
and richness of the sedentary organisms in correlation to
the environmental parameters. Earlier, the ecological traits
of river Ganga in 43 different stations from Gangotri to
the Bay of Bengal were recorded by Central Inland Fisher-
ies Research Institute (CIFRI) during 1995 and 1996 and
reported (Sinha et al. 1998). Another study showed that the
abundance of benthic population along river Ganga was
dominated by Filopaludina bengalensis, Melanoides tuber-
culata and Mieniplotia scabra among gastropods and Lamel-
lidens corrianus and Lamellidens marginalis among bivalves
(Vass et al. 2010) which is quite relevant to our observations
apart from the fact that the present findings showed reduced
abundance (258 inds/m?) of Mieniplotia scabra across the
river. These benthic organisms are very important in the
aquatic niche and are responsible for maintaining the aquatic
biota. The pH values of soil and water were found to be alka-
line which might contribute to the growth and development
of the molluscan species. Earlier studies showed that the
alkalinity of water along with the cumulative effect of cal-
cium content and macrophytic vegetation contributed to the
enhancement of species richness (Tonapi 1980; Garg et al.
2009). However, in the present study, the species diversity
was recorded maximum during the monsoon period as the
season is considered to be the breeding season of the mol-
luscs. Khan (2003) reported the annual cycle of breeding of
Gyraulus convexiusculus and Filopaludina bengalensis and
observed that the peak was reached during the monsoon.
Among the riverine macrobenthic fauna, molluscan species
are considered to be a good source of protein to the riparian
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Fig.5 a CCA biplot was ana-
lysed for the middle stretch of
river Ganga showing a relation-
ship between macrobenthic spe-
cies and water quality param-
eters from Buxar to Bhagalpur.
b CCA biplot showing the mac-
robenthic species influenced by
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the water quality parameters in
the lower stretch of river Ganga
from Farakka to Tribeni. ¢
CCA biplot for estuarine stretch
of river Ganga (Godakhali to
Fraserganj) plotted between the
macrobenthic species and water
quality parameters
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community and also add a socio-economic value which is
very important (Wagle et al. 2018).

The sampling sites at different stretches of Ganga con-
firm the availability and number of the existing molluscs
as evidenced by the relative abundance study. The arrange-
ment and assemblage of the Gangetic macrobenthic organ-
isms living in the sediment play an important role in the
enhancement of nutrients in the soil. In the aquatic com-
munity, macrobenthic organisms play an important role by
involving their biochemical coordination with minerals, mix-
ing of sediments, oxygen influx in the bottom substratum,

@ Springer

Axis 1 (45.11%)

organic matter enrichment and nutrient cycling (Lind 1979).
The amount of nutrients released by the sediment is depend-
ent on the mineralization capacity of the benthic community
(Newrkla and Gunatilaka 1982). Unlike Lymnaea sp. which
showed an annual variation in the river at Masi, the other
zoobenthos showed monthly, seasonal and annual variations
with a higher percentage of abundance in summer followed
by winter but decreased abundance was observed during
monsoon due to high water velocity and other physical
factors of the river (Pathani and Upadhyay 2006). Accord-
ing to our findings, Lymnaea sp. showed a spatio-temporal
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Fig.6 a CCA was plotted for
the middle stretch of river
Ganga from Buxar to Bhagalpur
showing a relationship between
the macrobenthic species and
soil quality parameters. b CCA
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biplot was analysed for the
lower stretch of river Ganga
from Farakka to Tribeni show-
ing the macrobenthic species
and influencing soil parameters.
¢ Biplot analysis of CCA was
plotted from Godakhali to
Fraserganj (estuarine stretch) of
river Ganga showing the rela-
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variation in the river Ganga with the maximum availabil-
ity during the pre-monsoon period at Farakka. During this
period, the average total hardness of the river water showed
a constant positive relation with molluscan species. There is
ample evidence that showed the involvement of total hard-
ness in the growth promotion of the molluscan species (Garg
et al. 2009). Higher calcium (Ca**) concentration has been
reported to promote the growth of the molluscan species
in a fish pond at Jammu (Dutta and Malhotra 1986). The
distribution and the availability of macrobenthic organisms
depend upon various factors like water current along with

Axis 1 (24.73%)

the organic contents, amount of sedimentation, toxicity
and contamination of the sediment beds (Pearson 1970). In
Patna, the faunal feature of Ganga is found to be similar
to the largest European rivers like Rhine, Main and Oder
(Nesemann et al. 2011). Instead of the presence of multiple
factors affecting the distribution of molluscan species, we,
in this study, have found that the three dominating gastro-
pods, Filopaludina bengalensis, Melanoides tuberculata and
Assiminea francesiae, are prevalent in the three stretches of
river Ganga, which might play a distinct role in harmoniz-
ing aquatic ecosystem. Among others, Tarebia granifera,
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Melanoides tuberculata, Mekongia crassa and Brotia cos-
tula were found to be the most dominant species in the fresh-
water zone (Buxar to Tribeni), whereas Assiminea francesiae
is found to be the dominant gastropod in the lower freshwa-
ter zone, especially in the estuarine zone (Godakhali and
Diamond Harbour). Among the bivalves, Parreysia favidens
is found to be relatively dominant at Farakka and Balagarh.
Based on the seasonal variation found in the sampling sites,
the physicochemical properties of the river Ganga play an
important role in relation to the macrobenthic fauna. From
the correlation between the physicochemical properties of
the river and the molluscan species, it is well understood
that the water parameters induce the growth of the planktons
which in turn acts as a nutritional source for the benthic fil-
ter feeders, indirectly causing an improvement of the water
quality. Simultaneously, organic carbon, available nitrogen,
CaCOj; and P,05 enhanced the nutritional value of the soil.
A precise and proportionate correlation has been observed
between total chlorophyll and the gastropods (Melanoides
tuberculata, Racesina luteola, Indoplanorbis exustus, Lym-
naea acuminata, Assiminea francesiae and Gabbia orcula).
Our data is being supported by a very recent finding (Lor-
encova and Horsak 2019) which showed that chlorophyll-
a is the best parameter to assess the molluscan richness.
The present study showed that phosphate derivative in
water is positively correlated with Indoplanorbis exustus,
Melanoides tuberculata, Assiminea francesiae, Lymnaea
acuminata, Racesina luteola and Gabbia orcula, whereas
the derivative from sediment showed a similar correlation
with Filopaludina bengalensis, Corbicula striatella, Tare-
bia granifera and Brotia costula. The data provided in the
present study is in accordance with an earlier report which
showed that the parameters do not affect the abundance of
the molluscan population (Garg et al. 2009). The mollus-
can density might be altered by soil organic carbon content
(Garg et al. 2009). It has been reported that soft organic
rich sediments act as a growing platform for molluscan spe-
cies (Syed et al. 2012), likewise from the present study, it
can be stated that in the middle stretch, a positive correla-
tion exists between soil organic carbon and the gastropod
community (Indoplanorbis exustus, Lymnaea acuminata,
Melanoides tuberculata, Gabbia orcula and Parreysia lima).
The study based on soil texture showed that the sediment
particle size affects the distribution pattern of the molluscan
community greatly (Wijeyaratne and Bellanthudawa 2018).
It has been well established that the rehabilitation process
of the molluscan community was greatly influenced by the
removal of riparian flora, infiltration of effluents, grazing
habit of the cattle and finally domestic runoff (Meena et al.
2019). Our findings reconstruct the theory that the major-
ity of soil and water parameters help to maintain the major
macrobenthic community of river Ganga and are corrobo-
rated with the findings from the earlier studies (Vass et al.
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2010). However, in a study from Harike reservoir, Punjab,
it has been observed that variations in the molluscan com-
munity were slightly modified involving different parameters
(Bath et al. 1999). The study reported that an increase in the
organic carbon content of soil directly influenced the abun-
dance of molluscan community, whereas we, in the present
study, found that a negative correlation exists between gas-
tropods (Neripteron violaceum and Assiminea francesiae)
and soil organic carbon in the estuarine region (Diamond
Harbour and Fraserganj). This might be attributed due to
several anthropogenic activities, sewage disposal including
chemical, thermal and industrial effluents, accumulation of
disposed organic loads, agricultural washouts, etc. Benthic
communities are well-known critical living creatures that
offer better management in maintaining a healthy and bal-
anced ecosystem. Therefore, the community should be rein-
forced in the ecosystem which will eventually help them
their better survival. We, in the present study, observed (1)
the variability of the biomonitoring species; (2) the species
played a significant role in the improvement of the sediment
quality during the study duration; and (3) are positively cor-
related with the relative abundance throughout the stretch
during different seasons.

Conclusion

The abundance of macrobenthic gastropods and bivalves
and their correlation with the ecophysiological variables
represent the good health and improved quality of the Ganga
river. In the present study, the interrelationship between the
ecological parameters (silicate, biological oxygen demand,
total nitrogen and pH) and zoobenthic organisms showed
highly positive correlationship. The plantation of various
factories along the river banks promotes the dumping of
the industrial waste directly into the river, leading to the
deterioration of ecological parameters of the water thereby
affecting the abundance and distribution pattern of the mac-
robenthic population. To protect the riverine health, we thus
have to maintain a balance with the ecological indices and
the macrobenthic organisms.
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