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Abstract

Fresh water mussels have never been the paid attention in freshwater water aquaculture of Punjab with reference
to their diversity and distribution. Total number of 300 fresh water bivalves were collected from different
selected sites of the River Indus i.e. Chashma Barrage, Jinnah Barrage and Dhair Yaru wala. The specimens were
identified on the basis of recent identification keys and diagrammatic description provided in them, to
understand the biodiversity of the bivalvia in these localities. It was found that the specimens belonged to ten
species, five genera and only to the family Unionidae. The species abundance along with monthly variation of
these species at various sites was estimated. The data was subjected to Shannon & Weiner Diversity index
showing that all selected sites (Chashma barrage, Jinnah Barrage & Dhair Yaru wala) of river Indus had

significant species diversity of the fresh water bivalvia belonging to the family Unionidae.

*Cortesponding Author: Javaria Altaf D4 javariaaltafuaar@yahoo.com
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Introduction

Bivalves are mollusks with two valves surrounding
the body composed of calcium carbonate, either as
calcite or aragonitic crystal structure. These molluscs
dont have a head. The whole visceral mass is enclosed
in a single foot with two pair of gills. The sexes are
separate. North America is the most diverse in terms
of freshwater bivalve fauna with 300 species with
complete description dominated by Unionids (Bogan,
1998). In Europe there are about 48 bivalve species
excluding invasive species with 16 species belonging
to Family Unionoidae and 32 species belonging to
family Veneroidae species (Nagel et al., 1998). The
mangroves of Southeast Asia inhabits a number of
bivalves (Morton, 1976). The total number of
freshwater bivalves for Asia is not known although it
is expected that in Asia, Sounth Asia and China is
highly diverse in species of family Unionoidae
following central and east North America (Banarescu,
1990). The Unionidae include 53 species described in
India (Subba Rao, 1989) 38 species described in
China (Liu, 1979), and 33 species described in
Thailand (Brandt, 1974). There are 18 species
belonging to Hyriidae, two species belonging to
Corbiculidae and 17 species belonging Sphaeriidae
out of 37 described bivalve species in Australia
(Ponder, 1997). No Comprehensive data has been
generated on freshwater bivalve diversity from South
America, as the reports at the local and national are
fragmentary for the two major families named
Hyriidae and Myycetopodidae. The family Mutelidae
is restricted only to the African continent and 172
bivalve species belonging to this family have been

recorded in Africa (Daget, 1998).

The freshwater bivalves act as natural filtering in
lakes and rivers as they consume large quantities of
diatoms, blue-green algae, bacteria, organic particles,
as well as silt and absorb heavy metals (Morton,
2012). Freshwater mussels are good quality indicators
of ecological circumstances as they are long-lasting,
they bio-concentrate contaminants, and they are
responsive to changes in ecological surroundings
(Havlik and Marking 1987; Williams and Neves
2003).

Existing mussels and their exhausted shells helps to
progress situations for other organisms by giving
bodily

sediments, and influencing food accessibility straight

structure, stabilizing and bioturbating
and ultimately during bio deposition of organic
matter and nutrient discharge. Live mussels and relic
shells also provide a relatively stable substrate in
dynamic riverine environments for a variety of other
macro invertebrates (Tucker & Thieling 1998). Mussel
plenty effects on nutrient progress and cycling
depending on, species composition and
environmental situation and also influences multiple
trophic levels. They have been exploited worldwide
for food, ornamentation and pearls throughout
human history (Vaughn, 2008).

attractive and

The freshwater mussels have

significant  natural connections with their
environments and to the humans (Graf, 2009). Study
on molluscs indicate that in many freshwater systems
molluscan populations may be playing a central role
in supporting both local and ecosystem level
biodiversity (Sharma et al., 2009). From an economic
perspective, mussels have been valued for their
beauty, shell material and natural pearls for
centuries. The first large commercial use of mussels
began in 1889 when the German button maker
pioneered the use of freshwater mussel shells in
America (Thiel & Fritz, 1993). They have been used
globally for pearls, foodstuff and decoration right
through human record. Geologic facts from South
Africa indicates that methodical human use of marine
capital happening about 60,000 to 70,000 years ago

(Volman, 1978).

Though a lot of work has been done on the
hydrological and macro benthic faunal aspects on
lotic freshwater bodies by earlier workers Dutta et al.,
(2000), but no work has been done on the molluscan
diversity Mushtaq (2007) and Sawhney (2008). There
is a need for monitoring the status and trends of
freshwater biodiversity in order to quantify the
impacts of human actions on freshwater systems and

to improve freshwater biodiversity conservation.
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Current projects carrying assessment of freshwater
biodiversity focus mainly on leading-better-known
groups such as fish, or identify keystone species
and/or endemic freshwater systems for conservation

purposes (Lévéque et al. 2005).

Recent projects are on the evaluation of freshwater
biodiversity for some known group’s i.e fish or other
groups, mostly related to conservation strategies
(Revenga and Kura, 2003; Groom bridge and
Jenkins, 1998; Lévéque, 2002). Freshwater molluscs
are one of the most diverse and imperiled groups of
animals, although not many people other than a few
specialists who study the group seem to be aware of
their troubles. Malacologists should play active role in
conservation, including research, conservation
management strategies, and education (Lydread et
al., 2004). Thirty-five freshwater species have gone
extinct as a result of human-caused habitat loss and
64 species are currently listed as endangered (Master
and Flack 1997). No previous data regarding the fresh
water bivalvia species have been documented in this
part of the world. This is the first ever study on the
assessment of the diversity and distribution of the
bivalves in the Indus River of the Mianwali District,
Pakistan showing that there is a great potential in
Indus River to harvest this natural resource not only
in terms of ecological but also in terms of economic

uplift of the country.

Materials and method

Sampling

The molluscs of the littoral zone were collected by
hand picking and the small species were separated
using a sieve. The frozen samples were brought to the
laboratory, washed and then preserved in 70 percent
alcohol. Live mussels were stored at a low
temperature and were placed in the coldest part of

refrigerator.

Identification

All samples were subjected to morphometric
measurements including length, width and height of
shells in order to identify the collected specimen.

Images of all samples were also taken along with.

These parameters were then compared with standard
of different
Damjanov and Liharev, 1975 and the data was subject

parameters species according to

to statistical calculations.

Species Diversity Index
Species diversity Index is the effective number of
different species that are represented in a collection of

individuals.

Species diversity consists of two components, species
richness and species evenness. Species richness is a
simple count of species, whereas species evenness
quantifies how equal the abundances of the species
are. Species diversity calculated by using formula
given by Shannon-Wiener.

The Shannon index, sometimes referred to as the
Shannon-Wiener Index or the Shannon-Weaver
Index, is one of several diversity indices used to

measure diversity in categorical data.

It is simply the Information entropy of the distribution,
treating species as symbols and their relative population

sizes as the probability using formula.
s

H' = —Z(Pa'lﬂpa')

i=1
Where S is the total number of species and p; is the
frequency of the ith species (the probability that any
given individual belongs to the species, hence p). It
can be shown that for any given number of species,
there is a maximum possible H’, Hmax = In S which

occurs when all species are present in equal numbers.

Results

Site wise analysis of species

Species abundance at Chashma barrage

Anodonta implicata dominated all other species at
chashma barrage. Whereas Strophitus undulatus was
second abundant species and had equally riched with
Anodonta couperiana. Anodonta californiensis and
Anodonta arcaeformis were found less in number
and almost equally riched. The Unio crassus was very
fewer in number. The species named Sinanodonta
woodiana, Anodonta cygnea, Anodonta anatina and
Lamellidens marginalis were found absent at

Chashma Barrage (Table 1, Fig. 1).
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31

Anodonta  Strophitus  Anodonta  Anodonta  Anodonta Unio crassus
implicata  undulates couperiana californiensis arcaeformis

Fig. 1. The Occurrence of Bivalve Species at Chashma

Barrage.

Table 1. Species abundance of Bivalvia at Chashma

barrage.

Sr. No Species Number

1 Anodonta implicate 31

2 Strophitus undulates 23

3 Anodonta couperiana 20

4 Anodonta californiensis 12

5 Anodonta arcaeformis 09

6 Unio crassus 05
Total 100

Species abundance at Jinnah barrage

Anodonta arcaeformis dominated all other species at
Jinnah barrage. Whereas Unio crassus was second
abundant species and ran side by side with Anodonta
couperiana. Sinanodonta woodiana were found less
in number than above three mentioned species.

Anodonta implicata was also found.

The Anodonta anatina was very fewer in number.
The species named Anodonta cygnea, Strophitus
undulates, Anodonta californiensis and Lamellidens

marginalis were found absent (Table 2, Fig. 2).

Table 2. Species abundance of Bivalvia at Jinnah

barrage.

Sr. No Species Number

1 Anodonta arcaeformis 28

2 Unio crassus 24

3 Anodonta couperiana 21

4 Sinanodonta woodiana 14

5 Anodonta implicate 09

6 Anodonta anatine 04
Total 100

Anodonta Uniocrassus  Anodonta Sinanodonta Anodonta  Anodonta
arcaeformis couperiana  woodiana  implicata anatina

Fig. 2. The Occurrence of Bivalvia Species at Jinnah

Barrage.

Species abundance at Dhair yaru wala

Anodonta implicata dominated all other species at
Dhair yaru wala. Whereas Strophitus undulates was
second abundant species followed by Sinanodonta
woodiana and Anodonta cygnea which were almost
similar in numbers. Lamellidens marginalis was also
found. Anodonta couperiana, Anodonta californiensis
Anodonta anatina, Anodonta arcaeformis and Unio

crassus were not found (Table 3,Fig. 3).

Table 3. Species abundance of Species Bivalvia at

Dhair yaru wala.

Sr. No Species Number
1 Anodonta implicata 33
2 Strophitus undulates 23
3 Sinanodonta woodiana 18
3 Anodonta cygnea 15
4 Lamellidens marginalis 11
Total 100
33
3
11
Anodonta Strophitus  Sinanodonta Anodonta Lamellidens
implicata undulates woodiana cygnea marginalis

Fig. 3. The Occurrence of Bivalve Species at Dhair

Yaru wala.
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Species abundance of Bivalvia Species at River Indus
Anodonta implicata dominated all other species
followed by Strophitus undulates and Anodonta
couperiana respectively and were almost similar in
abundance. Anodonta arcaeformis, Sinanodonta
woodiana and Unio crassus were similar in
abundance following Strophitus undulates and
Anodonta couperiana. The Anodonta anatina were
least in abundance following Anodonta cygnea,
Anodonta californiensis, and Lamellidens marginalis

of similar abundance (Table 4-Fig. 4).

Table 4. Bivalvia Species Abundance at River Indus.

Sr. No Species Number
1 Anodonta implicata 73
2 Strophitus undulates 46
3 Anodonta couperiana 41
4 Anodonta arcaeformis 37
5 Sinanodonta woodiana 32
6 Unio crassus 29
7 Anodonta cygnea 15
8 Anodonta californiensis 12
9 Lamellidens marginalis 11
10 Anodonta anatina 04
Total 300
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Fig. 5. Monthly species variation of bivalves at

Chashma barrage.

Monthly species variation of bivalves at Jinnah
Barrage

The Anodonta couperiana was leading each month at
Jinnah barrage followed by Sinanodonta woodiana,
Unio crassus, Anodonta arcaeformis, Anodonta
implicata respectively ,however, Anodonta anatine
was found least in number. The similar trend of

distribution was found throughout the sampling

period (Fig. 6).

Nov Jan Feb  Mar April  May

mA.implicata
W A.couperiana

M A.arcaeformis

Number
o

W S.woodiana
W U.crassus

W A.anatina

Fig. 4. The Occurrence of bivalvia species at River

Indus.

Monthly species variation of bivalves

Monthly species variation of bivalves at Chashma
barrage

Anodonta implicata was leading species in terms of
abundance each month at Chashma barrage however
Unio crassus was least in number followed by Anodonta
arcaeformis  Anodonta  californiensis Anodonta
couperiana. Strophitus undulates was found second
high in number.The same trend of occurence was found

throughout the sampling period (Fig. 5).

Fig. 6. Monthly species variation of bivalves at

Jinnah barrage.

Monthly species variation of bivalves at Dhair Yaru
wala

The species named Anodonta implicata was found
maximum in number each month at Dhair Yaru Wala
followed  Strophitus

woodiana, Anodonta cygnea respectively. The

undulates,  Sinanodonta
species Lamellidens marginalis was found least in
number. The similar trend of distribution was found
throughout the sampling period (Fig. 7) The Fig. 8

reflects that Anodonta implicata was leading each
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month at River Indus followed by Strophitus

undulatus, Anodonta  couperiana, Anodonta

arcaeformis, Sinanodonta woodiana , Unio crassus ,
Anodonta  cygnea, Anodonta  californiensis,
Lamellidens marginalis however Anodonta anatina
was found least in number with similar trend

throughout sampling period.

14
12
W Aimplicata

8 mS.undulates

i S.woodiana

Number

‘ W Acygnea

m L.marginalis

Nov  Jan Feb ~ Mar April  May

Fig. 7. Monthly species variation of bivalves at Dhair

Yaru wala.
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Fig. 8. Monthly Species Variation of Bivalves at River

Indus.

Species Diversity Indices for Bivalves at Indus

The application of Shannon wiener index indicated
that the species harboured in the Chahshma barrage,
Jinnah barrage and Dhair Yaru wala were highly
(J=0.918, J=0.919

diversified and significant.

&J=0.957 respectively (Table 5-7).
The application of Shannon wiener index
(H’=3.006) indicated that the species harboured in
the Indus

significant( J=0.905) (Table 8).

river were highly diversified and

Table 5. Species Diversity Indices for Bivalves at

Chashma Barrage.

Species Chashma pi logpi  pi*logpi
Anodonta

implicata 31 0.31 -1.68966 -0.52379
Strophitus

undulates 23 0.23 -2.12029 -0.48767
Anodonta

couperiana 20 0.2 -2.32193 -0.46439
Anodonta

arcaeformis 9 0.09 -3.47393 -0.31265
Sinanodonta

woodiana o) o)
Unio crassus 5 0.05 -4.32193  -0.2161
Anodonta cygnea 0 [
Anodonta

californiensis 12 0.12 -3.05889 -0.36707
Lamellidens

marginalis 0 [
Anodonta anatina 0 o}

Table 6. Species Diversity Indices for Bivalves at

Jinnah barrage.

Species Jinnah Barrage pi logpi pi*logpi
Anodonta 9 0.09 -3.47393 -0.31265
implicata

Strophitus 0 0 [¢) o)
undulates

Anodonta 21 0.21 -2.25154 -0.47282
couperiana

Anodonta 28 0.28 -1.8365 -0.51422
arcaeformis

Sinanodonta 14 0.14 -2.8365 -0.39711
woodiana

Unio crassus 24 0.24 -2.05889 -0.49413
Anodonta 0 0 0 0
cygnea

Anodonta 0 0 0 0
californiensis

Lamellidens o) o) [ [
marginalis

Anodonta 4 0.04 -4.64386 -0.18575
anatina

Jinnah Barrage H' J 2.377 0.919

Table 7. Species Diversity Indices for Bivalves at

Dhair yaru wala.

Species N pi log pi pi *log pi
Anodonta

implicata 33 0.33 -1.59946 -0.52782
Strophitus

undulates 23 0.23 -2.12029 -0.48767
Anodonta

couperiana o) o) o) o)
Anodonta

arcaeformis o) o) o) o)
Sinanodonta

woodiana 18 0.18 -2.47393 -0.44531
Unio crassus o)

Anodonta cygnea 15 0.15 -2.73697 -0.41054
Anodonta

californiensis o) o) o) o)
Lamellidens

marginalis 11 0.11  -3.18442 -0.35029
Anodonta anatina o) o) o)

Dhair yaru H' J 2.222 0.957
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Table 8. Species Diversity Indices for Bivalves at

Indus.

Species n pi log pi pi * log pi
Anodonta 73

implicata 0.243333 -2.03899 -0.49616
Strophitus 46

undulates 0.153333 -2.70526 -0.41481
Anodonta 41

couperiana 0.136667 -2.87127 -0.39241
Anodonta 37

arcaeformis 0.123333 -3.01937 -0.37239
Sinanodonta 32

woodiana 0.106667 -3.22882 -0.34441
Unio crassus 29 0.096667 -3.37084 -0.32585
Anodonta cygnea 15 0.05 -4.32193  -0.2161
Anodonta 12

californiensis 0.04 -4.64386 -0.18575
Lamellidens 11

marginalis 0.036667 -4.76939 -0.17488
Anodonta anatina 4 0.013333 -6.22882 -0.08305
Indus H' J 3.006 0.905
Discussion

The assessment of occurrence and diversity of
freshwater mussels provides a valuable and effective
estimation of Indus river biodiversity. As the
freshwater mussels of the families Uninodae and
Margaretiferidae are the best studied group in the
United States of America the collected record is well
in distribution and

documented with change

abundance of many species (Turgeon et al., 1988).

In particular three sites (Chashma barrage, Jinnah
barrage and Dhair Yaru wala) the species of bivalves
are highly diversified which is in contrast to the
aquatic biodiversity in UK lowland rivers having low

mussels abundance (Aldridge et al. 2007).

In Chashma barrage and Dhair Yaru wala the most
abundant species was A.implicata i.e. 31and 33
specimens respectively, while in Chashma barrage
U.crassus i.e. 05 specimens and at Dhair Yaru wala

L.marginalis i.e.11 specimens have low abundance.

In case of Jinnah barrage A.arcaeformis was the
dominant one i.e. 28 and the A.anatina was in the
least number i.e.04 individuals . Rest of all the species
were equally distributed, in the three selected sites.
Freshwater mussels are distributed throughout the
world occurring in lotic and lentic system of
freshwater (Wachtler & Bauer, 2001, Killeen et al.

2004, Aldridge 2007).

The results depicted that fauna of freshwater mussels
in all three selected sites were also diversified and
distributed. From the selected sites Anodonta
implicata either with Strophitus undulatus or with
Unio crassus was showing overlapping may be the
reflection of different habitats requirement of these
species, while uninoids except A.cygnea and
A.anatinaas mentioned by Killeen et al. 2004, that

A.cygnea are rarely found in freshwater.

The morphologal characteristical analysis was the
traditional basis of identification (Spooner & Vaughn,
2006). At the generic level the higher proportion of
(60.66%) with Anodonta, (15.33%) with Strophitus,
(9.66%) with unio and (3.66%) with Lamellidens were
found, which are supported by the results stating
(21.20%), Elliptio

Aonodonta (14.49%) and

Margeritifera (8.48%) (Curol, Foltz & Brown 2004)

All the studied parameters indicated that the selected
three sites (Chashma barrage, Jinnah barrage & Dhair
Yaru wala) of the River Indus were highly significant
with respect to diversity that is richness and
helpful for

identification of freshwater mussels of river Indus. In

evenness. The present study is
the present study 1 family, 4 genera and 10 species
were identified and in this oriental region 8 families,
47 genera and 150 species have already been

taxonomically characterized. (Bogan 2008).

Though a lot of work has been done on the hydrological
and macro benthic faunal aspects on lotic freshwater
bodies by earlier workers Dutta et al., (2000), but no
work has been done on the molluscan diversity Mushtaq
(2007) and Sawhney (2008). The total number of
freshwater bivalves for Asia is not known although it is
expected that Asia, especially South Asia and China and
have a high diversity of family Unionoidae, next to
central and east North America.

Recent projects are on the evaluation of freshwater
biodiversity for some known groups i.e fish or other
groups, mostly related to conservation strategies
(Revenga and Kura, 2003; Groom bridge and Jenkins,
1998; Lévéque, 2002).
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Freshwater molluscs are one of the most diverse and
imperiled groups of animals, although not many people
other than a few specialists who study the group seem to
be aware of their troubles. Malacologists should play
active role in conservation, including research,
conservation management strategies, and education

(Lydread et al., 2004).

Conclusions and recommendations

The study shows that River Indus is resource of
diverse freshwater Bivalvia and must be studied
further for the exploration of this group of
inverteberates which is promising to explore this
economically and ecologically important fauna.

References

Aldridge DC, Tom M, Fayle TM. Jackson N. 2007.
Freshwater mussel abundance predicts biodiversity in
UK lowland rivers. Aquatic Conservation: Marine and

Freshwater Ecosystems 17, 554-564.

Banarescu P. 1990. Zoogeography of Fresh Waters,
Vol. 1, General distribution and dispersal of freshwater

animals. AULA - Verlag, Weisbaden pp. 511 .

Bogan AE. 1998. Freshwater = Molluscan
conservation in North America: problems and
practices. In Killeen IJ, Seddon MB, Holmes A.
Molluscan Conservation: A Strategy for the 2ith

century. Journal of Conchology 2, 223-230.

Bogan E. 2008. Global diversity of freshwater
(Mollusca,
Hydrobiolgia 595, 139-147.

mussels Bivalvia) in freshwater.

Brandt RAM. 1974. The non-marine aquatic
Mollusca of Thailand. Archiv fu™ r Molluskenkunde

105(1-4), 423 pp.

CSIR, 1962a. The Wealth of India: Raw Materials.
National Institute of Science Communication and
Information Resources, CSIR, New Delhi, India L-M.

Curole JP, Foltz DW Brown KM. 2004.
Extensive allozyme monomorphism in a threatened
species of freshwater mussel, Margaritifera hembeli
Conrad (Bivalvia: Margaritiferidae). Conservation

Genetics 5, 271-278.

Daget J. 1998. Catalogue raisonne’ des mollusques
bivalves d’eau douce africains. Backhuis Publishers,

Orstom, Leiden, Paris 329 pp.

Dillon RT. 2000. The Ecology of Freshwater

Molluscs, Cambridge University Press.

Graf DL. Cummings KS. 2007. Review of the
systematics and global diversity of freshwater mussel
species (Bivalvia: Unionoida). Journal of Molluscan

Studies 73, 291-314.

Groombridge B. Jenkins M. 1998. Freshwater
biodiversity: a preliminary global Assessment.
Biodiversity Series No. 8. World Conservation

Monitoring Centre 140.

Havlik ME, Marking LL. 1987. Effects of
contaminants in naiad mollusks (Unionidae). USDI
Fish and Wildlife Service, Washington, D.C 164, 20.

Killeen I, Aldridge D, Oliver G. 2004. Freshwater
bivalves of Britain and Ireland; FSC Publications 82,
Shrewsbury ISBN 1 85153 892 5, p 114.

Lévéque C, Balian EV, Martens K. 2005. An
assessment of animal species diversity in continental
waters. In Aquatic Biodiversity II pp. 39-67. Springer
Netherlands.

Leveque C. 2002. Biodiversity in Freshwaters. In

Encyclopedia of Global Environmental Change 146-152.

Liu Y. 1979. Economic Fauna of China: Freshwater

Mollusks. China Scientific Book Service 134 pp.

Lydeard C, Cowie RH, Ponder WF, Bogan AE,
Bouchet P, Clark AS, Cummings KS, Frest TJ,
Gargominy O, Herbert DG, Hershler R, Perez
KE, Roth B, Seddon M, Strong EE. Thompson
FG. 2004. The global decline of no marine mollusks.
Bioscience 54, 321-330.

Master LL, Flack SR. 1997. Rivers of life: U.S.
Hotspots of imperiled freshwater species. The Nature

Conservancy p.71.

328 | Shafiullah et al.



J. Bio. & Env. Sci. | 2017

Morton B. 1976. The biology and functional
morphology of the Southeast Asian mangrove bivalve,
Polymesoda (Geloina) erosa (Solander, 1786) (Bivalvia:
Corbiculidae). Canadian Journal of Zoology. 54(4),
482-500.

Morton B. 2012. “Bivalve: The mantle and

musculature”. Encyclopaedia Britannica.

Mushtaq R. 2007. Impact of urban influences on the
diversity of macro benthic invertebrate fauna of River
Tawi, (M.Phil). University of Jammu Jammu.

Nagabhushanam R, Thompson MF. 1998. Fouling
organisms of the Indian Ocean: Biofouling and Control

Technology. Aquatic Ecology 32, 4367-368.

Nagel KO, Badino G, Celebrano G.1998. Systematics
of European naiades (Bivalvia: Margaritiferidae and
Unionidae): a review and some, new aspects.

Malacological Review Supplement 77, 83-104.

Ponder WF. 1997. Conservation status, Threats and
habitat requirements of. Australian terrestrial and
freshwater molluscs. Memoirs of the Museum of

Victoria 56(2), 421-430.

Revenga C. Kura Y. 2003. Status and Trends of
Biodiversity of Inland Water Ecosystems. Secretariat
of the Convention on Biological Diversity, Montreal,

Technical Series no. 11.

Sawhney N. 2008. Biomonitoring of River Tawi in
the vicinity of Jammu City. (Ph.D). University of

Jammu Jammu.

Sharma KK, Chowdhary C. Sharma A. 2009.
Malacoufana diversity of river Chenab fed stream

(Gho-Manhasan). The Bioscan 267-269.

Subba Rao, NV. 1989. Handbook freshwater molluscs
of India. Zoological Survey of India, Calcutta 289 pp.

Thiel PA, Fritz AW. 1993. Mussel harvest regulations
in the Upper Mississippi River system. In: Cammings, K.
S., Buchanan, A. C. & Koch, L. M., Eds. Conservation
and management of freshwater mussels. Proceedings of
an Upper Mississippi River Conservation Committee
symposium, 12-14, October 1992 Rock Island, St. Louis
Missouri: River Conservation

Upper Mississippi

Committee p.11-18.

Tucker J. Theiling C. 1998. Freshwater Mussels.
Ecological Status and Trends of the UMRS 11, 1-14.

Turgeon DD, Quinn JF, Bogan AE, Coan EV,
Hochberg FG, Lyons WG, Mikkelsen PM,
Neves RJ, Roper CFE, Rosenberg G, Roth B,
Scheltema A, Thompson FG, Vecchione M.
Williams JD. 1998. Common and scientific names
of aquatic invertebrates from the United States and
Canada: Mollusks. American Fisheries Society Special

Publication 26, 1-509

Vaughn CC, Nichols SJ, Spooner DE. 2008.
Community and food web ecology of freshwater
Journal of the North American
Benthological Society 27(2), 409-23.

mussels.

Volman TP. 1978. Early Archeological Evidence for
Shellfish Collecting. Science Journal 4359, 911-913.

Wichtler K, Dreher-mansur MC. Richter T.
2001. Ecology and evolution of the freshwater mussels

Unionoida. Ecological Studies 145, 95-125.

Williams JD. Neves RJ. 2003. Undated. Freshwater
mussels: A neglected and declining aquatic resource.

http://biology.usgs.gov/s+t/noframe/fo76.htm.

329 | Shafiullah et al.


http://www.springerlink.com/content/j12r0872447x1334/
http://www.springerlink.com/content/j12r0872447x1334/
http://www.springerlink.com/content/j12r0872447x1334/
http://www.springerlink.com/content/1386-2588/
http://www.springerlink.com/content/1386-2588/32/4/
http://www.sciencemag.org/search?author1=THOMAS+P.+VOLMAN&sortspec=date&submit=Submit
http://biology.usgs.gov/s+t/noframe/f076.htm

