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Abstract: Benthic macroinvertebrate communities are frequently applied as indicators of aquatic ecosystem health as many species are 
responsive to pollution and abrupt changes in their surroundings.  The qualities of benthic invertebrate communities greatly depend on 
habitat conditions.  Thus the diversity in benthic community varies with different habitat conditions.  This investigation on the structure of 
the benthic invertebrate communities was conducted on river Ichamati, a trans-boundary river between India and Bangladesh to assess 
the cumulative effects of water quality on the aquatic biota.  The study period extended from February 2011 to January 2014 at three 
sites from Majdiah to Hasanabad (in West Bengal, India) a stretch of 124km.  A total of 23 macrobenthic species belonging to three phyla, 
five classes and nine orders were identified.  Fifteen species of benthic invertebrates belonging to Mollusca, three species under Annelida 
and five species under Arthropoda were found.  The highest abundance density (3633.33 indiv.m-2) and species richness (18 species) were 
recorded up-stream (Majdiah) where marginal habitats covered by macrophytes were significantly higher than at other sites.  Both the 
organic carbon (4.41±1.11) and organic matter (7.48±1.56) of soil at this site were the maximum thus influencing the richness of benthic 
macroinvertebrate communities.  Hydrological variables, viz, dissolved oxygen, pH, alkalinity; hardness, salinity, nutrients, calcium, and 
magnesium were studied to determine their influences on the benthic community in the upper, middle- and down-streams of the river, 
respectively.  Shannon’s diversity index (0.95–2.07; 0.00–0.72; 0.00–0.64), dominance index (0.57–0.86; 0.00–0.44; 0.00–0.44), evenness 
index (0.72–0.95; 0.61–1.00; 0.00–1.00), Margalef index (0.72–2.23; 0.00–1.32; 0.00-0.28) of the upper, middle- and down-streams were 
calculated. Benthic macroinvertebrate density was correlated with hydrological variables which indicated that the abiotic factors had 
either direct or inverse influence on the richness and abundance; however, the abiotic factors did not correlate identically in all three sites.

Keywords: Diversity indices, hydrological variables, macrophytes, species richness.
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INTRODUCTION 

Benthic macroinvertebrates are sedentary or sessile 
aquatic fauna that exist in the bottom substrates of 
their habitats (Lenat et al. 1981; Victor & Ogbeibu 
1985; Rosenberg & Resh 1993; Idowu & Ugwumba 
2005) at least for a part of their life cycle.  The benthic 
fauna perform a key role in nutrient cycling and are 
also used as food for other aquatic animals (Lind 1979; 
Milbrink 1983; Jana & Manna 1995).  Further they 
play a critical role as a link in the aquatic food chain 
affecting bio-geochemical processes in the sediment 
(Wetzel 2001; Heck et al. 2003; Pokorny´ & Kveˇt 2004; 
Idowu & Ugwnmba 2005).  Benthic invertebrates 
are difficult to sample especially in deep subsurface 
sediments.  Thus, the species richness and functional 
importance of freshwater benthic invertebrates usually 
goes unnoticed until unpredicted changes occur in 
the ecosystems.  Besides these organisms are used as 
bio-indicators as they frequently respond to pollution 
stress (Stanford & Spacie 1994; Gamlath & Wijeyartne 
1997; Ikomi et al. 2005).  The community structure of 
benthic macroinvertebrates is influenced by the physico-
chemical parameters of the water body (Timm et al. 
2001; Johnson et al. 2004; Kagalou et al. 2006; Celik 
et al. 2010).  Examination of parameters like richness, 
diversity, abundance, evenness and community 
composition are essential to determine the natural 
or anthropogenic changes with time (Mittermeier & 
Mittermeier 1997; Dudgeon et al. 2006; Srivastava 2007; 
Strayer & Dudgeon 2010; Jun et al. 2016).  In riverine 
ecosystem macrobenthic invertebrates show an uneven 
distribution (Timms 2006). 

River Ichamati (‘Icha’ - fish and ‘moti’ - pearl), is 
one of the important trans-boundary rivers between 
Bangladesh and India, has variable biological, physical 
and chemical characteristics due to its irregular 
discharge pattern, diverse habitat arising out of abiotic 
and anthropogenic activities and both brackish and 
freshwater characters.  Presently, this river is facing 
various environmental constraints due to siltation, 
discharge of organic debris from human settlements, 
production of macrophytic biomass, lack of sanitation 
and over-fishing (Das et al. 2012).  Thus, it is ever more 
important to preserve the biodiversity of aquatic flora 
and fauna in this river to lower the risk of sudden 
unwanted consequences.  A number of studies on 
macrobenthic community structure and hydrochemistry 
of various water-bodies are well documented (Degani 
et al. 1992; Jana & Manna 1995; Mancini et al. 2004; 
Moretti & Callisto 2005; Dolbeth et al. 2007; Sharma & 

Dhanze 2012; Basu et al. 2013; Mishra & Nautiyal 2013, 
2017; Nautiyal & Mishra 2013; Nautiyal et al. 2017).

To the best of our knowledge, information on 
macrobenthic fauna of river Ichamati is unavailable 
so far.  This encouraged us to undertake the present 
study on the river to ascertain: (i) the structure and 
composition of the benthic macroinvertebrate species, 
(ii) the environmental factors (natural as well as 
anthropogenic) responsible for the community patterns, 
(iii) the present ecological status of the river and (iv) 
determine the quality of water by using benthic fauna 
to establish the pollution level of the river to create a 
base line data. 

MATERIALS AND METHODS

Description of the study area
The river Ichamati is among the important trans-

boundary rivers sharing the boundaries between 
Bangladesh and India.  River Mathabhanga originates 
from the right bank of Padma at Munshigunj in Kustia 
District, Bangladesh.  It bifurcates near Majhdia (Nadia 
District, West Bengal, India) creating two rivers, Ichamati 
and Churni.  River Ichamati traverses a course of about 
216km and finally discharges into the river Kalindi at 
Hasnabad in the district of North 24 Parganas and 
ultimately finds its way into the Bay of Bengal near 
Moore Island as a part of Kalindi-Raimangal estuary in 
the deltaic southern part of West Bengal.  After about a 
19.5km long journey in India it re-enters Bangladesh.  It 
crosses the border again near Duttafulia in Nadia District 
(West Bengal, India).   After a further 21km, it falls into 
the Bay of Bengal in Bangladesh near Hasnabad and Taki.

The stream at its origin is narrow and shallow 
clogged by macrophytes such as Eicchornia, Pistia, 
Lemna and Alternanthera.  The middle and down 
reaches of the river are now facing problems due to 
siltation, high fluvial allochthonus discharges from the 
river banks, discharge of organic debris from the human 
settlements along the river, all domestic works such as 
bathing, washing clothes, utensils, bathing of cattle, lack 
of sanitation practices, boat ferry, immersion of idols 
during festivals etc. 

The study period extended from February, 2011 to 
January, 2014 at three sites from Majdiah to Hasanabad 
(in West Bengal, India) a stretch of 124km.  The locations 
of the sites chosen were (1) near the origin (Majdiah; 
up-stream, site I), (2) middle part of the stretch (Tetulia; 
middle-stream, site II), finally Hasanabad (down-stream, 
site III) before it reaches river Kalindi in the south 
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(Mondal & Bandyopadhyay 2016). 

Locations and characteristics of the sites
Locations of the sites (I, II and III) are marked in Images 

1, 2.  Physiological and geographical characteristics of 
the three sites are given in Table 1.

 
Sampling methods

Water samples were collected from two sampling 
points (140m apart) in each site in 1 L clean plastic 
containers between 06:00–08:00 hr during February 
2011 to January 2014 twice a month and transported to 
the laboratory for chemical analyses. 

Water temperature was recorded using mercury 
glass thermometer (0–60 0C).  Electrical conductivity, 
total dissolved solids (TDS) and pH were measured by 
ELICO Ion analyzer (Model: PE 138, India).  All other 
water quality variables such as dissolved oxygen (DO), 
free carbon dioxide, total alkalinity, total hardness, 
calcium, magnesium, phosphate, nitrate, salinity and 
transparency, organic matter and organic carbon were 
monitored following standard protocol, American Public 
Health Association (APHA) (2005).

Benthic invertebrates were collected twice a month 
with a specialized box sampler having a dimension of 15 
x 15 cm which can penetrate a maximum depth of 15cm 
(Paul & Nandi 2003).  The samples were sieved with No. 
40 mesh (pore size: 0.420mm) (Jana & Manna, 1995; 
Tagliapietra & Sigovini 2010).  Considering the depth of 
the down-stream, desired samples were collected with 
the help of local fishermen.  Collected organisms were 
preserved in 4% formalin.  Benthic macroinvertebrate 
were then identified following Michael (1977) for the 
phylum Annelida, Barnes et al. (1988) and Rao (1989) 
for the phylum Mollusca whereas Arthropoda by the 
Zoological Survey of India, Kolkata, India.  Benthic 
macroinvertebrates were quantitatively analysed by 
individual counting of each taxon and expressed in 
individuals/m2. 

Taxonomic indices was subjected to univariate 
analyses for studying the benthic community structure 
using Margalef’s richness index, Margalef (1968) for 
species richness (counts the number of different species 
in a community), Pielou’s Evenness index (Pielou 1966) 
for species evenness (quantifies the relative abundance 
of species present in a community), Shannon-Weiner 
index (Shannon & Weiner 1964) for species diversity 
(reflects the types of species present in a particular 
area at a particular time) and Simpson’s Dominance 
Index (Simpson 1949) for dominancy (quantifies the 
dominancy sharing species in a community).  The 

data were computed using Paleontological Statistical 
software (PAST version 3.15).  Pearson correlation (r) was 
applied to analyse the relationship between the benthic 
macroinvertebrates density and hydrological variables.  
The graphs were plotted with MS Excel Software. 

RESULTS 

The range and average of all water parameters 
were recorded in Table 2.  In the Ichamati, 23 benthic 

Image 1. Course of river Ichamati (Source: Nishat et al. 2014)

Image 2 . Location of sites (I), (II) and (III) of river Ichamati.  (Source: 
North 24 Parganas Dist Police 2013)
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macroinvertebrate species were found from all the 
samples collected from upper-, middle- and down-
streams (Table 3).  Of these, up-stream was the richest 
with species (18) followed by middle-stream (5) and 
down-stream (2).  The maximum density (individual m-2) 
was found in the following sequence, i.e., up- > middle- 
> down- streams. Fig. 1 showed the monthly variations 
of total benthic macroinvertebrate community in three 
different sites of Ichamati.  Benthic macroinvertebrate 
community was available throughout the year up-stream 
with peaks in the months of June and September (Fig. 1).  
Down- and middle-streams showed similar trends where 
the communities gradually increased from October and 
reached the maximum in May (Fig. 1).  In down-stream, 
during monsoons (June–September) it was not possible 
to find and collect any benthic macroinvertebrate 
samples due to the dangerous rise in water levels and 
the highly turbulent character of the water.  Perhaps, 
due to the same reason a low concentration of benthic 
macroinvertebrate was found mid-stream during the 
monsoons.

The results are presented separately for all three 
different study sites as follows: 

(A) At upper reaches of Ichamati 
In the upper-stream, 13 species of Mollusca belonging 

to class Gastropoda (three orders) and class Bivalvia (one 
order) dominated the community followed by Annelida 
(2 orders) and Arthropoda (one order).  The population 
of benthic invertebrates was dominated mainly by three 
taxa of Mollusca: namely, Bellamya bengalensis Lamarck 
1822, Bellamya dissimilis Muller, 1774 and Gyraulus 
convexiusculus Hutton, 1849 (Table 3).  The abundance 
of B. bengalensis increased to maximum density 
(322.22) in the pre-monsoon period then its population 
declined.  In comparison, the B. dissimilis after attaining 
its population peak in pre-monsoons (255.54) drastically 
declined in the post-monsoon period (33.33).  B. crassa 
was completely absent in pre-monsoon periods.  On the 
other hand, species like Segmentina in monsoon and 
pre-monsoon periods and Melanoides in the monsoons 
were completely absent.  Brotia and Bythinia were found 
in all seasons (Table 4).

During the investigation, one Bivalvia taxa (Lamellidens 
marginalis Lamarck 1819) was found exclusively in the 
pre-monsoons. Hutton 1849 found maximum Gyraulus 
convexiusculus (411.10) in the monsoons was another 
dominant species among Mollusca (Table 4).  Further, 
two species of phylum Annelida (Glyphidrilus tuberosus 
Stephenson, 1916 and Pheretima posthuma Kinberg, 
1867) could be detected both in monsoon and post-

Figure 1. Variations of macrobenthic density in Ichamati

Figure 2. Seasonal variations of macrobenthic abundances in 
Ichamati at three different sites.

Table 1. Geographical and physical characteristics of three sites of 
river Ichamati

 Characteristics Up-stream Middle-
stream Down-stream

1 Geograhical 
location

23.420490N &
88.727590E 

22.785930N &  
88.858430E

22.571900N,
 88.913550E 

2

Depth of river 
(m)
Summer
Monsoon

1.0–1.5 
1.5–2.0 1.5–3.0 

2.5–4.0
8.0–9.0 
not measured

3 Width of river 
(m) 100.00 250.00 400.00

4 Substrate 
combination

clay, silt, and 
mud

sine sand, silt, 
small amount 
of mud with 
small pebbles 

sand and silt, 
small amount 
of mud and 
gravels

5 Vegetation aquatic plant 
present absent Absent

6
Land use type
Right bank
Left bank

none
extensive 
agriculture

village, 
agriculture, 
bheri culture,
brick kiln

urbanisation,
town, bridge 
construction

7 Anthropogenic 
interferences fishing

domestic 
activities, 
cattle 
farming, 
crematorium, 
fishing

domestic 
activities, ferry 
boat, idol 
immersion, 
fishing, 
sewerage 

8 Flow of river stagnant to 
gentle strong very strong
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monsoon periods. Interestingly, Sartoriana spingera 
Wood-Mason, 1871, was the only Arthropoda found up-
stream during the monsoon period (Table 4).

The benthic macroinvertebrate community (Fig. 3a) 
was dominated by molluscans (82.35%) followed by 
annelids (11.76%), and arthropods (5.88%) (Fig. 3a).  The 
data on analysis revealed that benthic macroinvertebrate 
abundance was the highest in post-monsoons followed 
by pre-monsoon and monsoon periods.

Maximum species diversity (1.79) and Simpson’s 
dominance index (0.79) were recorded in the monsoon 
period and minimum species diversity (1.58) and 
dominance index (0.75) in the pre-monsoons.  Species 

richness, i.e., Margalef’s index was found to be the 
maximum during monsoons and minimum in the pre-
monsoon period.  Pielou’s evenness index was found to 
vary from 0.81 to 0.87 (Table 5). 

Water temperature, transparency, free CO2, salinity, 
organic carbon, TDS and nutrients were positively 
correlated with the benthic macroinvertebrate 
abundance (Table 6).  Dissolved oxygen and total 
alkalinity, two important parameters were negatively 
correlated with benthic macroinvertebrate density.  
These water parameters were additionally correlated 
individually with density of Gastropoda, Bivalvia, 
Annelida and Arthropoda (Table 7) in up-stream only.

(B) At middle reaches of Ichamati
The benthic macroinvertebrate community 

was dominated by Mollusca (88.43%) followed by 
Arthropoda (9.26%) and Annelida (2.31%) (Fig. 3b).  
Arthropoda Metapograpsus latifrons White, 1847 was 
found maximum (166.66) in post-monsoon whereas 
Scylla serrata Forsskål, 1775 was found only during the 

Figure 3. a, b, c - show the community structures of the benthic 
invertebrates of Ichamati at upper-, middle- and down-reaches, 
respectively.

Table 2. Limnological variables in Ichamati

Limnological 
Parameters Upper reaches Middle reaches Down reaches

pH 7.10–8.50
(7.86 ± 0.15)

7.10–8.30
(7.51 ± 0.13)

7.10–8.75
(7.67 ± 0.15)

aTDS (ppt)
141.00–353.90

( 232.06 ± 
19.61)

0.18–14.75
(4.43 ± 1.55)

1.70–17.11
(7.55 ± 1.63)

Water Temperature 
(oC)

16.50–31.00
(25.21 ± 1.52)

18.00–32.00
(26.67 ± 1.29)

18.6–32.20
(28.21 ± 4.08)

Water Transparency 
(cm)

17.70–70.00
(37.79 ± 4.93)

5.95–27.50
(13.75 ± 1.64)

4.20–12.75
(7.82 ± 0.79)

Dissolved Oxygen 
(ppm)

3.40–6.24
(4.50 ± 0.23)

4.02–14.20
(8.31 ± 0.88)

4.00–8.10
(5.61 ± 0.28)

Free bCO2 (ppm) 4.00–12.00
(7.5 ± 0.65)

0.00–8.65
(3.05± 2.61)

0.00–8.00
(3.33 ± 0.83)

Phosphate (ppm) 0.40–0.72
(0.55± 0.02)

0.40–1.46
(0.62 ± 0.09)

0.40–1.40
(0.81 ± 0.09)

Nitrate (ppm) 0.35–0.90
(0.68 ± 0.04)

0.40–2.50
(1.03 ± 0.19)

0.30–1.00
(0.75 ± 0.05)

Total Alkalinity 
(ppm)

52.80–108.00
(78.21 ± 3.98)

32.00–183.86
(75.24 ± 14.43)

46.60–73.20
(59.75 ± 2.48 ) 

Total Hardness 
(ppm)

90.00–490.00
(270.27 ± 31.17)

165.30–2772.50
(750.64 ± 
242.22)

380.00–3053.00
(1444.34 ± 

289.32)

Calcium (ppm) 29.26–86.25
(52.54 ± 5.17)

31.20–532.26
(166.41 ± 54.93)

45.90–308.30
(125.82 ± 23.15)

Magnesium (ppm) 4.14–53.31
(28.66 ± 4.61)

12.80–352.50
(81.85 ± 28.18)

56.05–618.01
(285.81 ± 61.08)

Salinity (ppt) 0.03–0.04
(0.03 ± 0.0005)

0.03–0.47
(0.16 ± 0.05)

0.07–0.48
(0.24 ± 0.04)

Organic Carbon 
(mg/g)

0.73–11.56
(4.41 ± 1.11)

0.13–6.12
(2.90 ± 0.52) 

1.15–6.9
(4.09 ± 0.59)

Organic Matter 
(mg/g)

1.19–19.56
(7.48 ± 1.56)

0.22–10.52
(4.94 ± 0.9)

1.95–11.73
(3.95 ± 0.78)

 
aTDS = Total dissolved solids, bCO2= Carbon dioxide

a

b

c
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monsoons (Table 4).  Only one Annelida, i.e., Neanthes 
was found maximum during pre-monsoons and declined 
at the onset of the monsoon.  Pila globosa Swainson 
1822, the Gastropoda were identified during monsoon 
and post-monsoon periods.  One bivalvian species, 
Modiolus was recorded in maximum density (1965.33) 
during pre-monsoons (Table 4).  Diversity index and 
dominance index recorded were the maximum in the 
monsoons and minimum in the pre-monsoons (Table 
5).  Evenness index and richness index was found to be 
maximum in the post-monsoon period.

In the middle-stream, all the water and soil 
parameters except DO, free CO2 and phosphate were 
positively correlated with benthic macroinvertebrate 
density (Table 6).

(C) At down reaches of Ichamati
The benthic macroinvertebrate community (Fig. 

3c) was dominated by Mollusca (89.01%) followed 
by Arthropoda (10.99%; Fig. 3c).  Two species of 
Arthropoda, Ocypode sp. were absent in the monsoons 
but were present in pre- and post-monsoon periods 
(Table 4).  Scylla tranquebarica was minimum (11.11) 
in the monsoons, but found in the other two seasons.  
One bivalvian species Modiolus was maximum (711.10) 
during pre-monsoons (Table 4).  All the taxonomic indices 
determined (Table 5) were found to have maximum 
values in post-monsoon and minimum in monsoon 
periods.

In down-stream, total alkalinity, phosphate, organic 
carbon and organic matter were negatively correlated 
with benthic macroinvertebrate density, the rest of the 
parameters were positively correlated (Table 6).

Table 3. Distribution of benthic invertebrates in Ichamati

Benthic invertebrates Up-stream Middle-stream Down-stream

Phylum: I Mollusca
Class: I Gastropoda
Order: I Mesogastropoda

1. Brotia costula Rafinesque, 1833 + - -

2. Bithynia cerameopoma Benson, 1830 + - -

3. Bellamya bengalensis Lamarck, 1822 + - -

4. Bellamya dissimilis Muller, 1774 + - -

5. Bellamya crassa Benson, 1836 + - -

6. Segmentina calatha Benson, 1850 + - -

7. Melanoides tuberculata Muller, 1774 + - -

8. Gabbia orcula Frauenfeld, 1862 + - -

Order: II Basommatophora

9. Pseudosuccinea luteola (Lamarck, 1799) + - -

10. Pseudosuccinea acuminate (Lamarck, 1799) + - -

11. Gyraulus convexiusculus Hutton, 1849 + - -

12. Indoplanorbis exustus Deshayes, 1834 + - -

Order: III
Megagastropoda 13. Pila globosa Swainson, 1822 + + -

Class: II Bivalvia
Order: I Eulamellibranchiata
Family: Unionidae

14. Lamallidens marginalis Lamarck, 1819 + - -

Order: II Mytiloida
Family: I Mytilidae 15. Modiolus striatules Hanley, 1843 + + -

Phylum: II Annelida
Class:I Oligochaeta
Order :I Ophisthophora

16. Pheretima postuma Kinberg, 1867 + - -

Order: II
Haplotaxida
Class: II Polychaeta
Order: I Phyllodocida

17. Glyphidrilus tuberosus Stephenson, 1916 + - -

18. Neanthes sp. Frey & Leuckart, 1847 - + -

Phylum: III
Arthropoda
Subphylum: I Crustacea
Order: I Decapoda
Family:I Portunidae

19. Scylla tranquebarica Fabricius, 1798 - - +

20. Scylla serrata Forsskål, 1775 - +
-

Family: II Gecarcinucidae 21. Sartoriana spinigera Wood-Mason, 1871 + - -

Family:II Grapsidae 22. Metapograpsus latifrons White, 1847 - + -

Family: III Ocypodidae 23. Ocypode macrocera H. Milne Edwars, 1837 - - +
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DISCUSSION

The glory of river Ichamati has faded a lot with 
time.  Ichamati now faces problems like forcible land 
occupation, weed infestation, different environment 
hazards due to lack of sanitation facilities, encroachment, 
ground water contamination etc.  Destruction of aquatic 
flora and fauna in the river is the most serious problem 
regarding the ecosystem.

The important factors that affect the abundance of 
benthic macroinvertebrate fauna in a given community 
include the hydro-biology of water, substrate of 
occupants and food availability (Olenin 1997; Nelson 
& Lieberman 2002; Carlisle et al. 2007; Coleman et al. 
2007; Li et al. 2012; Basu et al. 2013).

The pH of water of all three sites indicated the alkaline 
nature of the water; the pH of the up-stream was the 
highest (7.86 ± 0.15) compared to the two other sites.  
The richness of diversity of benthic macroinvertebrates 
was found maximum in up-stream due probably to the 
alkaline nature and shallow depth of the river.  Simpson 
et al. (1985), Feldman & Connor (1992) and Baldigo et al. 
(2009) also found that the site with the higher pH had a 
higher diversity of benthic macroinvertebrates. 

 Benthic macroinvertebrates density was negatively 
correlated with DO level as they could survive in poor 
DO conditions.  In this study the low dissolved oxygen 
content observed in up-stream water might be due to 
the high organic matter decomposition from macrophyte 
vegetation and also bottom type which contained high 
percentage of mud (Sandin 2003; Williams & Gormally 
2009; Jiang et al. 2010; Schultz & Dibble 2012; Zybek et 
al.2012).  The high DO contents in middle- and down- 
streams were attributed to non-vegetation and strong 
water current characteristics of these two sites (Soszka 
1975; Cogerino et al. 1995).

The low density of benthic macroinvertebrate was 
observed during the present study in all three sites 
particularly in middle- and down- streams.  The species 
richness of benthic macroinvertebrate were found to be 
the highest in up-stream probably due to suitable habitat 
conditions, organically enriched soft bottom (Ingole 
et al. 2002), slow water current, shallow depth (Roy & 
Gupta 2010), bottom substrate (muddy and clayey) and 
the presence of macrophytes in marginal water (Kumar 
et al. 2013; Tall et al. 2016). 

Molluscans were mostly associated with very low 
oxygen and lentic ecosystems (Spyra 2010).  The up-
stream of Ichamati was enriched with molluscan density 
(13 species).  The water in this region was motionless 
and had a shallow substratum with decomposed 

organic matter which facilitated the molluscans growth, 
especially Gastropoda (Principe & Corrigliano 2006; 
Zybek et al. 2012).  The lowest concentrations of salinity, 
hardness and alkalinity of water may have enhanced 
the abundance of species in the up-stream, hence 
these parameters showed the negative correlations 
with benthic macroinvertebrate densities.  This was 

A. Up-stream Pre-
monsoon Monsoon Post-

monsoonI. Molluscs (Individuals/m2)

Brotia costula 66.66 88.88 88.88

Bythinia cerameopoma 44.44 144.44 199.99

Pseudosuccinea acuminata 55.55 11.11 11.11

Pseudosuccinea luteola 111.10 11.11 44.44

Gyraulus convexiusculus 44.44 411.1 77.77

Bellamya bengalensis 322.22 233.32 233.31

Bellamya dissimilis 255.54 233.32 33.33

Bellamya crassa 0 77.77 33.33

Segmentina calatha 0 0 22.22

Melanoides tuberculata 0 0 55.55

Lamellidens marginalis 11.11 0 0

Indoplanorbis exustus 144.44 88.88 0

Gabbia orcula 88.88 44.44 66.67

Pila globosa 11.11 22.22 11.11

II. Annelids (Individuals/m2)

Glyphidrilus tuberosus 0 11.11 22.22

Pheretima postuma 0 88.88 55.55

III. Arthropods (Individuals/m2)

Sartoriana spinigera 0 55.55 0

B. Middle-stream

I. Molluscs (Individuals/m2)

Pila globosa 0 144.43 66.66

Modiolus striatules 1965.33 0 370.44

II. Annelids (Individuals/m2)

Neanthes sp. 44.44 22.22 0

III. Arthropods
(Individuals/m2)

Scylla serrata 0 44.44 0

Metapograpsus latifrons 0 55.55 166.66

C. Down-stream

I. Molluscs (Individuals/m2)

Modiolus striatules 711.10 0 188.88

II. Arthropods (Individuals/m2)

Ocypode sp. 33.33 0 55.55

Scylla transquebarica 55.55 11.11 44.44

Table 4. Average density of benthic macroinvertebrates in up-, 
middle- and down- streams of Ichamati
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further substantiated by the observation of Brucet et 
al. (2012).  Two oligochaetes, Pheretima posthuma and 
Glyphidrilus tuberosus were present up-stream due 
to their preference for organically enriched polluted 
water bodies with low oxygen content, also noted by 
Barquin & Beath (2011).  This was further corroborated 
by the negative correlation with dissolved oxygen, total 
hardness, total alkalinity and positive correlation with 
nutrients, organic carbon and organic matter (Table 
6).  Pheretima, though a terrestrial species, was found 
during monsoon and post-monsoon periods when the 
riverbank was flooded.  Possibly because of inundation, 
they were found within 1m inside the river from the edge 
during these periods; however, Brraich & Kaur (2017) 
very recently described the abundance of Pheretima in 
‘Wetland of National Importance’, the Nangal wetland 
which came into existence with the construction of a 

barrage on the River Satluj, Punjab, India.
Gyraulus convexiusculus was found in all seasons in 

the upper reaches of Ichamati.  A similar observation 
was reported on macroinvertebrates communities by 
Fisher & Williams (2006) and Spyra & Strzelec (2013) 
where Gyraulus sp. was found in all seasons.

During pre-monsoon and monsoon periods, 
the maximum species diversity was noted in the 
upper reaches. Jana & Manna (1995), Khalua et al. 
(2008) and Roy et al. (2008) also demonstrated the 
benthic abundance during these periods.  Benthic 
macroinvertebrate density was high during both pre-
monsoon and monsoon periods which may be attributed 
to the availability of appropriately nutrient-rich water 
and soft and organically rich bottom soil.  Similar studies 
were reported by Beauchard et al. (2003) on African 
rivers and Li et al. (2012) on stream macroinvertebrates. 

Table 5. Taxonomic indices of benthic macroinvertebrate community in river Ichamati

Seasons
Dominance index Shannon’s diversity index Evenness index Margalef’s index

Site 
1

Site 
2

Site 
3

Site 
1

Site 
2

Site 
3

Site 
1

Site 
2

Site 
3

Site 
1

Site 
2

Site 
3

Pre-monsoon 0.75 0.02 0.44 1.58 0.05 0.07 0.87 0.90 0.42 1.52 0.03 0.04

Monsoon 0.79 0.17 0.00 1.79 0.26 0.00 0.79 0.92 0.25 1.94 0.12 0.00

Post-monsoon 0.77 0.11 0.17 1.64 0.19 0.27 0.81 0.96 0.93 1.80 0.35 0.12

Table 6. Correlation among limnological parameters and benthic 
macroinvertebrate density.

Macro-
benthos 
density/m2

Limnological parameters Up-
stream

Middle-
stream

Down-
stream

Water temperature (0C) 0.33a 0.02 0.62

Water transparency (cm) 0.07 -0.03 -0.55

pH -0.05 0.78c 0.12

Dissolved Oxygen (ppm) -0.17a -0.24 a 0.00

Free dCO2 (ppm) 0.10a -0.17a -0.24b

Total alkalinity (ppm) -0.02 0.85 c -0.37 a

Total hardness(ppm) -0.01 0.95 c 0.48 a

Calcium (ppm) -0.16a 0.95 c 0.55 b

Magnesium (ppm) 0.06 0.86 0.47

Phosphate (ppm) 0.29a -0.08 -0.37 a

Nitrate (ppm) 0.17a 0.55b 0.05

Salinity (ppt) 0.06 0.93 c 0.50 b

eEC (ms) -0.32 0.91 -0.67

fTDS (ppt) 0.23 0.90 0.53

Organic carbon (mg/g)  0.47 a  0.48 a  -0.30 a

Organic matter (mg/g) 0.47 a 0.48 a -0.03

a = 5% level of significance; b =1% level of significance; c = 0.1% level of significance, 
d = carbon dioxide, e = electrical conductivity, f = total dissolved solids

Table 7. Correlation among limnological parameters and benthic 
macroinvertebrates density at up-stream.

Limnological parameters
Gastropoda Bivalvia Annelida Arthropoda

Water temperature (0C) 0.95c 0.34a -0.14a 0.64b

Water transparency (cm) -0.58b -0.84c 0.70c -0.05

pH 0.85c 0.47a 0.65b -0.99c

Dissolved Oxygen (ppm) -0.38a -0.90c -0.97c 0.82c

Total alkalinity (ppm) 0.96c 0.33a -0.13a 0.65b

Total hardness (ppm) -0.88c 0.43a -0.61b -0.99c

Calcium (ppm) -0.98c -0.24a 0.03 -0.72c

Magnesium (ppm) -0.51a -0.88c 0.77c 0.04

Phosphate (ppm) 0.99c 0.08 0.13a 0.82c

Nitrate (ppm) 0.97c -0.17a 0.37a 0.94c

Salinity (ppt) 0.05 1 -0.98c -0.5a

dEC (ms) -0.98c -0.23a 0.02 -0.72c

eTDS (ppt) -0.99c -0.14a -0.07 -0.79c

Organic carbon (mg/g) 0.87c -0.45a 0.63b 0.99c

Organic matter (mg/g) 0.86c -0.45a 0.63b 0.99c

 a = 5% level of significance; b =1% level of significance; c = 0.1% level 
of significance, d = electrical conductivity, e = total dissolved solids
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In this study the positive correlation between nutrients 
and organic matter with benthic macroinvertebrate 
density supports the observation. It was interesting 
to note that species like Segmentina, Melanoides and 
Lamellidens, were not found during the monsoons, 
probably due to increased water levels and a relatively 
strong water current to unsettle the bottom substrate 
on which these species were attached (Koperski 2011).  
In this study it was observed that the species richness of 
freshwater Gastropoda depended on the type of bottom 
substrate and the richness of aquatic macrophytes 
(Lodge 1985; Perez 2004; Spyra 2010).  The density of 
Gastropoda was positively correlated with phosphate, 
nitrate, total alkalinity, TDS, pH, organic carbon and 
organic matter (Table 6) and supported by Pip (1987) 
and Williams & Gormally (2009). 

In middle-stream, a very low species diversity 
comprising of two species of Mollusca (with one 
Gastropoda and one Bivalvia) and only one Polychaeta 
(Neanthes sp.) were observed.  Polychaetes preferred 
fine to medium type of sandy bottom with moderate 
abundance of admixtures of silt and clay (Al-khayat 
2005).  The middle-stream had a very similar bottom 
type.  Molluscan diversity was meager probably due 
to the high flow of river water and a particular bottom 
type (sand and clay).  The Benthic macroinvertebrates 
experienced threats by the changes in its habitats 
associated with pollution and siltation.  Moreover, the 
poor growth of bottom fauna could be associated with 
frequent water level fluctuations.  The dependence of 
benthic macroinvertebrate fauna on a number of factors 
such as physical nature of the substratum, depth, nutritive 
contents, degree of stability and oxygen concentration of 
the water body (Barbour et al. 1999; Merz &  Chan 2005; 
Braccia & Voshell 2006) was reflected by the findings of 
this investigation that in middle-stream - substratum, 
depth, nutrition and oxygen concentrations were not 
congenial for benthic macroinvertebrate diversity to 
flourish. This was supported further by the negative 
correlation between density and phosphate as well as 
oxygen concentrations studied.  Presence of   Pila globosa 
(Gastropoda) and Neanthes sp. (Polychaeta) indicated 
the freshness of the water (Perez 2004).  Benthic 
macroinvertebrate in middle reaches were observed in 
the highest concentration level during pre-monsoons 
probably due to the maximum occurrence of Modiolus 
sp. (Bivalvia).  It was likely that the species utilized the 
elevated concentration of calcium in the water during 
pre-monsoons contributing to the increase in the 
benthic macroinvertebrate density.

Meager existence of benthic macroinvertebrate 

diversity in down-stream might be related to the depth 
of water, soaring water current, increased siltation, 
anthropogenic disturbances and unstable substratum 
(as noted by the studies of Kroncke & Reiss (2010), Xu et 
al. (2014).  Absence of macrobenthos during monsoons 
was probably due to high turbulence and depth of water 
in the down-stream. Moreover, increased anthropogenic 
activities (organic debris from adjoining localities, ferry 
boats across the river, immersion of idols, domestic daily 
activities, river bank occupation by factories like brick 
kilns etc.) at this station caused substratum instability 
of macrobenthic community (Leprieur et al. 2008).  
The destructive effects of anthropogenic activities on 
different estuarine communities were recorded by 
Patricio & Marquis (2006); Dolbeth et al. (2007); Geetha 
et al. (2010).  The presence or absence of benthic 
macroinvertebrates could be a good indicator of both 
chronic and episodic impact of human disturbances 
to river conditions (Hellawell 1986; Stanford & Spacie 
1994; Pinel-Alloul et al. 1996; Gamlath & Wijeyaratne 
1997).  The plausible reasons for the complete absence 
of benthos at this site might be dominated by the silt in 
the sediment (Cloern 2001; Bode & Varela 2006). 

Hydrological conditions such as extreme hard 
water and salinity alteration (due to freshwater inflow 
during monsoons) and food availability were major 
factors affecting the community dynamics of benthic 
invertebrates (Brucet et al. 2012). 

Water temperature showed a positive correlation 
with benthos density.  During the pre-monsoon 
period (summer: March–June) density of benthic 
macroinvertebrates were higher than the post-monsoon 
period (winter: November–December) in all three 
sites presumably indicating that the temperature had 
a positive influence on the benthic macroinvertebrate 
community as noted by Hauer & Hill (1996) and Sharma 
& Rawat (2009).

Water transparency was positively correlated with 
the benthic invertebrates as also noted by Basu et al. 
(2013).  A significant positive correlation was found 
between organic carbon content of soil, organic matter 
and benthic invertebrate density.  The presence of 
aquatic vegetation in the study area supported the 
availability of more organic matter (Bath et al. 1999; 
Rosenberg 2001; Mikulyuk et al. 2011; Basu et al. 2013).

Community structure index is a measurement for 
two distinct aspects of biological community: (i) number 
of taxa (richness) and (ii) distribution of individuals 
among taxa (evenness).  Diversity indices depend on the 
quality and availability of habitat (Barbour et al. 1999).  
Mason (1996) set diversity index <1 for highly polluted, 
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1–3 for moderately polluted and >4 for unpolluted 
water bodies. In up-stream the diversity index (Table 5) 
indicated moderately polluted water and the presence 
of a rich habitat. In middle- and down- streams the 
diversity index indicated more polluted water than up-
stream.  In this study, the evenness indices of all three 
sites indicated that the taxa identified were consistently 
distributed (Table 5) in all sites. 

The results pointed out that benthic 
macroinvertebrate diversity was very poor in middle- 
and down- streams but had a moderate population in 
up-stream.  Structure of macrobenthic population was 
mainly driven by seasonal variations, depth of water, 
water current, habitat type, riverbed characteristics 
and influence of anthropogenic interferences.  The 
macrophyte vegetated marginal habitats supported 
greater species richness and abundance (up-stream) 
than non-vegetated habitats (middle- and down- 
streams).  The Mollusca could be regarded as a bio-
indicator species thus indicated a good water condition 
of the river. It was evident from the investigations that 
the seasonal changes in the hydrological parameters 
influenced the community structure of the benthic 
invertebrates in river Ichamati. 
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