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Allometry, condition index and sex ratio in freshwater mussel Lamellidens
corrianus (Lea, 1834) were studied from the freshwater lake at Rajshahi,
Northwest Bangladesh during the summer 2013. The collected mussel
specimens ranged from 3.69 cm to 9.98 cm in length, and 4.82 g to
80.67 g in weight. The study was focused on the relationships between
length-height and length-weights (length-total weight, length-tissue wet
weight, length-shell wet weight, length-tissue dry weight and length-shell
dry weight), which were found not to be significantly different between
male and female (P<0.05). The calculated regression equation of length-
height relationship for the entire study period was H= 0.5215L-0.1482 for
combined sex. The equations of length-total weight, length-tissue wet
weight, length-shell weight, length-tissue dry weight and length-shell dry
weight relationships of mussel were W= 0.1756L%¢775, W= 0.0261L28°',
W= 0.0261L25524 W= 0.0065L28%6 and W= 0.095L%5'%, respectively for
combined sex. The relationships between length and height were linear,
while that between length-weights follow the non-linear pattern. The
overall male to female sex ratio was 1: 0.92 and did not differ significantly
from the expected 1: 1 ratio (x?-test, P<0.05). The condition index for
male, female and combined sex was 13.54, 13.97 and 13.74, respectively.
The results of this study will provide baseline information for fisheries
researchers and for the further assessment and management of mussels in
the freshwater ecosystems of Bangladesh.
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INTRODUCTION

et al., 2010). According to IUCN, L. corrianus is listed in the
least concern category, although it is potentially susceptible

Among freshwater bivalves, Lamellidens corrianus (Lea, toa number of threats, mainly fishing. The present sampling
1834)is an important species in the freshwater ecosystem of  area indicates that the ethnic population from the Barind
Bangladesh. It is widely distributed throughout Bangladesh,  Tract, Northwest Bangladesh also regularly harvests bivalves
India and Nepal and also reported in Myanmar (Madhyastha  for their own consumption. Currently, freshwater bivalves
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are becoming more important in Bangladesh since they are
used in pearl production. Other threats viz. environmental
degradation, habitat destruction, siltation, water pollution
and agricultural run-off can also directly affect the mussel
population. Therefore, a reduction in the diversity or
abundance of freshwater mussels can indicate a negative
change in the freshwater ecosystem.

Mollusks, like most organisms, exhibit progressive changes
in their relative proportions with increasing body size. The
allometric equation has also revealed extensive use in
physiologicalinvestigationandin studies of mussel production
for estimating flesh weight relative to the measurement
of shell length (Gosling, 1992). Shell dimensions or the
volume of the animal is often used in growth estimation,
as these methods are simple, non-destructive and can
easily be performed in field conditions. When the allometric
relationship is established, shell measurement is a sufficient
substitute for estimating biomass and total flesh production
(Hibbert, 1977). Studying mollusk’s growth and establishing
allometricrelationships are necessary for successful resource
management and understanding environmental conditions
and pollution (Palmer, 1990). Information on allometry also
helps in understanding the ideal conditions for bivalve’s
growth as well as to determine the size at which harvest can
be intensified to maximize production. A number of studies
have reported the allometric relationships of bivalves from
different parts of the world (Nagabhushanam and Lomte,
1971; Alagarswami and Chellam, 1977; Nagabhushanam
and Lohgaonkar, 1978; Lomte and Jadhav, 1980; Moorthy
et al., 1983; Alunno-Bruscia et al.,, 2001; Ramesha and
Thippeswamy, 2009; El-Sayed et al., 2011; Obirikorang et al.,
2013; Suryawanshi and Kulkarni, 2014a, 2014b; Ramesha
and Sofia, 2015). To the best of our knowledge, there is no
information on allometric relationships of L. corrianus from
Bangladesh. The present study was conducted to investigate
the length-weight relationship, condition index and sex ratio
of mussel L. corrianus inhabiting the freshwater ecosystem
at Rajshahi, Northwest Bangladesh.

MATERIALS AND METHODS

The specimens of L. corrianus were collected during the
summer of 2013 (June - August) from a freshwater lake
located at Rajshahi (242 227 21.56"" N and 88¢ 38~
11.16” "E), Northwest Bangladesh. In total, 200 specimens
were sampled. The mussel specimens were harvested by
hand picking and transported to the laboratory alive, using
polythene bags. The specimens were kept in aquarium for
24 hours and washed with clean water for removing the mud
and epifauna from the mussel body. Shell length (maximum
antero-posterior distance) and shell height (maximum
distance from hinge to ventral margin) were measured up to
0.01 cm using vernirer calipers. Total weight was determined
up to 0.01 g by using electric balance (ANDEK 300H capacity
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300g d = 0.01 g). Mussels were then opened, tissue was
removed from the shell and blotted to remove excess water
in order to ensure accuracy before weighing the tissue. The
individual weight of tissue and shell were then determined.
Both, the tissue and shell were oven-dried at 60°C for 48
hours and weighed accurately using electronic balance
(ANDEK 300H capacity 300g d = 0.01 g).

Allometry was examined for morphometry (length-height)
and length-weight (length-total weight, length-tissue wet
weight, length-tissue dry weight, length-shell wet weight
and length-shell dry weight) relationships according to
Pauly (1983). The length-weight relationships were used to
calculate the regression coefficient (slope of regression line
of weight and length). The parameter b of the length-weight
relationships were estimated using the formula W= aL®.
Where:

W = weight of the specimens in grams,

L = length of the specimens in centimeters

a = exponent describing the rate of change of weight with
length

b = weight at unit length

The condition index (CI) of mussel was calculated according
to Lucas and Beninger (1985) using the following formula:
Condition index = [Tissue dry weight (g)/Shell dry weight
()] x 100

Sex was identified separately for each specimen. After
removing the shell, smear was collected from the gonad and
observed under microscope to determine the sex.

A student’s t-test (HO, b = 3) was performed to determine
statistical significance in the variation of b values obtained by
regression equations from the isometric value (Zar, 1999).
When b = 3, increase in weight is isometric. When the value
of b is other than 3, weight increase is allometric (positive if
b>3, negative if b<3) (Sokal and Rohlf, 1987; Thomas, 2013).
The t-test was done using the equation ts = (b - 3) / Sb,
where ts = t-test value, b = slope, Sb = standard error of the
slope (b). Subsequently, comparison between the obtained
value of t-test and the tabled critical value of t-test allowed
the determination of the statistical significance of the b
value. A chi-square test was employed to know the female
to male equal representation (Zar, 1999). All statistical
analyses were performed on SPSS Statistics 20.0 software
at P<0.05 level of significance.

RESULTS

Table 1 illustrates sample size, minimum, maximum,
mean value and 95% confidence limit of the biometric
measurements. The mean shell length, shell height and
total weight of mussel were 5.87+1.74 cm, 2.92+0.92 cm
and 24.19%+18.19 g, respectively for males, 6.13+1.80 cm,
3.0420.96 cm and 26.90%+19.0 g, respectively for females,
and 5.99%1.72 cm, 2.98%#0.9 cm and 25.49+18.63 g,
respectively for combined sexes (Table 1).
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During this study, maximum shell length and total weight for
the combined sexes were 9.98 cm and 80.67 g, respectively.
The mean condition index for males, females and combined
sexes was 13.54%3.26, 13.97t 3.40 and 13.74%3.40,
respectively (Table 2).

Condition index did not show any significant sex-specific
difference. During this study sex was determinable for
all specimens. Out of 200 collected specimens, 104 were
males and 96 were females. A chi-square test revealed

1:0.92 male to female sex ratio, which was not significantly
different from the 1:1 ratio (Table 3).

The dimensional length-height relationship of the shell was
analyzed during the study period. It was found that the shell
length and height increased in a linear pattern (Fig. 1).
However, a few individuals of the same length showed
different heights. The calculated values of length-height
relationship for the entire study period was H= 0.5188L-
0.1232 for males, H= 0.525L-0.1798 for females and H=

Table 1. Descriptive statistics on biometric data of L. corrianus (Lea, 1834) in the present study. n, sample size; Min, minimum;
Max, maximum; SD, standard deviation; CL, confidence limit for mean values; SL, shell length; SH, shell height; TW,
total weight; TWW, tissue wet weight; SWW, shell wet weight; TDW, tissue dry wet; SDW, shell dry weight

Measurements n Min Max Mean+SD CL,,,

Male 104

SL 3.83 9.52 5.87+1.74 5.54-6.20
SH 1.85 5.12 2.92+0.92 2.84-3.10
T™W 6.27 71.2 24.19+18.19 20.69-27.69
TWW 1.06 18.31 5.48+4.41 4.53-6.33
SWw 3.01 30.21 10.4147.6 8.95-11.87
TDW 0.27 4.58 1.37+1.10 1.26-1.58
SDW 2.74 27.75 9.4746.93 8.18-10.76
Female 96

SL 3.69 9.98 6.13+1.80 5.77-6.49
SH 1.82 5.12 3.04+0.96 2.85-3.23
T™W 4.82 80.67 26.90+19.10 23.08-30.27
TWW 1.08 20.34 6.15+4.61 5.13-70.7
SWw 2.05 36.23 11.6448.34 9.97-12.31
TDW 0.27 5.09 1.54+1.15 1.31-1.77
SDW 1.81 35.56 10.69+7.68 9.15-12.23
Combined sex 200

SL 3.69 9.98 5.99+1.77 5.74-6.24
SH 1.82 5.12 2.98+0.94 2.85-3.11
T™W 4.82 80.67 25.49+18.63 22.81-28.07
TWW 1.06 20.34 5.80+4.51 5.18-6.42
SWw 2.05 36.23 11.0+7.97 9.90-12.10
TDW 0.27 5.09 1.45+1.13 1.39-1.61
SDW 1.81 35.56 10.0547.19 9.05-11.05

Table 2. Condition index (Cl) of L. corrianus (Lea, 1834) during the study period. Min, Minimum; Max, Maximum; SD,
standard deviation; CL, Confidence limit for mean values

Sex Min Max Mean+SD CL95%

Male 7.44 24.07 13.5443.26 12.91-14.17
Female 8.11 25.14 13.9743.40 13.29-14.65
Combined sex 7.44 25.14 13.7443.32 13.28-14.20
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Table 3. Number of male, female and sex ratio (male: female) of mussel L. corrianus (Lea, 1834) during the study period

Shell length Number of specimens Sex ratio (Male: Female) X2 Significance
class (cm) Male Female Total (df=1)
3.00-3.99 6 6 12 1:1 0.00 ns
4.00-4.99 49 38 87 1:0.77 1.39 ns
5.00-5.99 0 1 1 - 1.00 ns
6.00-6.99 10 9 19 1:0.90 0.05 ns
7.00-7.99 25 23 48 1:0.92 0.08 ns
8.00-8.99 12 18 30 1:1.5 1.20 ns
9.00-9.99 2 1 3 1:0.5 0.33 ns
Overall 104 96 200 1:0.92 0.32 ns
NS, not significant; significant at 5% level (X? =3.84 and 1% level (X* =6.63)

t1,0.05

6.0 -
SH =0.5188SL- 0.1232
5.0 A 12=0.971 o
4.0 n=104
3.0 A
2.0 A
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0.0 T T T T T v
0.0 2.0 4.0 6.0 8.0 10.0 12.0
6.0 -
5.0 SH =0.525SL-0.1798
N i 2=0.9781
2 4.0 A n=96
=
o0 3.0 -
2
<= 2.0 4
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7
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Fig 1. Length-height relationships for male, female and
combined sex of L. corrianus during the study

0.5215L-0.1482 for combined sexes (Fig. 1). The b values of
length-height relationship were 0.5188 for males, 0.525 for
females and 0.5215 for combined sexes (Fig. 1).

Table 4 and Figure 2 represent the length-weight
relationships of mussel during the study period. All length-

© The Author(s) 2016. Published by University of Zagreb, Faculty of Agriculture. All rights reserved.

t1,0.01

weight relationships showed non-linear pattern and did
not show any significant difference between males and
females. During the study, length-total weight, length-
tissue wet weight, length-shell wet weight, length-tissue
dry weight and length-shell dry weight relationships were
W= 0.1783L?%7%, W= 0.0244L29%8°, W= 0.1L>%3% W=
0.0061L%%2“ and W= 0.1021L247%, respectively for males,
W= 0.1723L2682 W= 0.0282L%#'8, W= 0.0917L*>%>, W=
0.0071L2845 and W= 0.0878L2%535, respectively for females,
and W=0.1756L2%77>, W= 0.0261L28%"°, W= 0.0261L>>%24, W=
0.0065L2#%6 and W= 0.095L 2%, respectively for combined
sexes (Table 4). The equilibrium constant (b) values of all
length-weight relationships for both sexes were between
2.4705 and 2.9289 (Table 4, Fig. 2).

DISCUSSION

The present study is the first report on the allometric
relationship in freshwater bivalve L. corrianus from a
freshwater lake at Rajshahi, Northwest Bangladesh. The
mussel population in this study showed a linear relationship
between length-height. The morphometric relationships
are used for comparison between dimensional growth of
related species or the same species in different habitats
(Hemachandra and Thippeswamy, 2008). In the present
study, the b value of length-height relationship was 0.525
for combined sexes. Ramesha and Sophia (2015) reported
a b value of 0.6742 for length-height relationship for
freshwater mussel Parreysia favidens from India, and
Ramesha and Tippeswamy (2009) reported a b value of
0.55118 for Perreysia corrugata from the River Kempuhole,
India, an area comparable with the present study area. A
variety of environmental factors are known to influence shell
formation in bivalves, where size of shell is more affected
by fluctuation of the ambient environment than their shape
(Seed, 1968; Wilbur and Owen, 1964). Hence, shape, rather
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Table 4. Descriptive statistics and estimated parameters
of the length-weight relationships of L.
corrianus (Lea, 1834) from Rajshahi, Northwest
Bangladesh. n, sample size; TW, total weight;
SWW, shell wet weight; TWW, tissue wet
weight; TDW, tissue dry weight; SDW, shell dry
weight; SL, shell length; a, intercept; b, slope; r2,
coefficient of determination; GT = growth type
(-A = negative, + A = positive and | = isometric

Total weight (g)

growth)
Sex Equations a b r? GT
TW = aSL® 0.1783 2.6706 0.9927 -A
Male SWW-= aSL® 0.1000 2.53041 09708 -A
(n = 104) TWW= aSL® 0.0244 2.9289 0.9715 -A
- TDW=aSL® 0.0061 2.9240 0.9714 -A
SDW-= aSL® 0.1021 2.4705 0.965 -A
TW = aSL® 0.1723 2.6862 09938 -A
Female SWW-= aSL® 0.0917 2.5765 0.9722 -A
(n = 96) TWW= aSL® 0.0282 2.8518 0.9689 -A
- TDW=aSL® 0.0071 2.8450 0.9786 -A
SDW-= aSL® 0.0878 2.5535 0.9580 -A
TW = aSL® 0.1756 2.6775 0.9983 -A
Combined SWW-= aSL® 0.0960 2.5524 0.9715 -A
Sex TWW= aSL® 0.0261 2.8919 0.9701 -A
(n=200) TDW=aSL® 0.0065 2.8946 0.9641 -A
SDW-= aSL® 0.0950 2.5109 0.9770 -A
100.0 -
80.0 4 TW =0.1783SL267¢
r2=0.9927
60.0 4 n=104
40.0 4
Male
20.0 A
0.0 T T T T T ]
0.00 2.00 4.00 6.00 8.00 10.00 12.00
100.0 -
80.0 4 TW =0.1723SL26%62
r2=0.9938
60.0 4 n=96
40.0 4
20.0 - Female
0.0 T T T T ]
0.0 2.0 4.0 6.0 8.0 10.0 12.0
100.0
TW = 0.1756SL>¢775
B 12=0.993
60.0 - n=200
40.0 4
20.0 Combined
0.0 T T T T T ]
0.0 2.0 4.0 6.0 8.0 10.0 12.0
Shell length (cm)

Fig 2. Length-total weight relationships for male, female and
combined sex of L. corrianus in the present study
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than size, generally provides more precise information on the
dimensional relationships (Hemachandra and Thippeswamy,
2008).

Growth in bivalves is often expressed as an increase in
weight/volume and body size which are used as the most
appropriate parameters for measurements (Seed, 1976;
Bayne and Worrall, 1980). In length-weight relationship,
the equilibrium constant (b) is the most interesting
component and its variations from hypothetical unity suggest
physiological variations in condition. When the weight at unit
length b is equal to 3, growth is called isometric, and when
it is less or greater than 3 it is allometric (Carlander, 1977,
Sokal and Rohlf, 1987). The fluctuations of b value in length-
weight relationship is directly related to the weight affected
by ecological factors such as temperature, food supply,
spawning conditions and other factors such as sex, age,
sampling time and area (Wilbur and Owen, 1964; Seed 1968;
Thippeswamy and Joseph, 1988; Boulding and Hay, 1993). In
most of the bivalves, the b value involving length and weight
relationship lies between 2.4 and 4.5 (Wilbur and Owen,
1964; Shafee, 1978), with the exception of the worm-shaped
species such as Terredo where a nearly linear relation (b=1)
was reported (Isham et al.,, 1951). In the present study, the
estimated b values of length-total weight, length-tissue wet
weight, length-shell wet weight, length-tissue dry weight and
length-shell dry weight relationships were 2.6775, 2.8919,
2.5524,2.8946 and 2.5109, respectively for combined sexes.
Malathi and Tippeswamy (2011) reported the b values of
length to total weight, length-wet weight, length-dry weight
and length-shell weight were 2.6660, 2.6684, 2.9370
and 2.7124, respectively, for freshwater mussel Parreysia
corrugata from the River Malthi in the Western Ghats, India.
In addition, Ramesha and Tippeswamy (2009) reported the b
values of length-total weight, length-wet weight, length-dry
weight and length-shell weight were 2.777, 2.885, 2.805 and
2.832, respectively, for freshwater mussel Parreysia corrugata
from the River Kempuhole, India.

During this study, no significant difference was observed
between the length-weight relationships (length-total weight,
length-tissue wet weight, length-shell weight, length-tissue
dry weight and length-shell dry weight) of males and females
of L. corrianus and the b values of those relationships showed
negative allometric growth patterns of mussel (see Table
4). Malathi and Thippeswamy (2011) also reported similar
growth patterns (negative allometric) of freshwater mussel
Parreysia corrugata from the River Malthi in the Western
Ghats, India. The negative allometric growth in the present
study might be linked to the reproductive strategy of bivalve
(Desai and Borkar, 1989; Ramesha and Thippeswamy, 2009;
Malathi and Thippeswamy, 2011; Thippeswamy et al., 2014).
The present study was conducted in the summer, which is
the most potential period for the reproduction of freshwater
bivalves in Indian waters (Nagabhushanam and Lohgaonker,
1978; Malathi and Thippeswamy, 2011). In bivalves, gonadal
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growth and maturation enhance the bulkiness of soft tissue
that resulted in an increase in body weights (Ramesha and
Thippeswamy, 2009; Malathi and Thippeswamy, 2011).
Consequently, when spawning occurs, gametes release,
resulting in the shrinking of gonadal mass and lowering in
body weights (Ramesha and Thippeswamy, 2009; Malathi
and Thippeswamy, 2011). Obirikorang et al. (2013) studied
the length-weight relationships of freshwater clam Galatea
paradoxa from the Volta estuary, Ghana and reported
negative allometric growth pattern between March and June
and between December and February, when an indicative
loss in tissue weight occurs as a direct result of spawning.
Galtsoff (1964) and Etim et al. (1991) observed that the ripe
clam gonad may comprise 31 to 41% of the total body weight
and thus spawning results in an appreciable weight loss.
According to the mentioned results, the detailed studies on
reproductive biology and growth of L. corrianus are suggested.

CONCLUSION

The relationships of shell dimension of mussel L. corrianus
are of the linear type and the relationships between
length-weights followed the non-linear pattern during this
study period. During this study, sex was differentiated for
all specimens and the female to male sex ratio was not
significantly different from 1: 1 ratio. The condition index for
male, female and combined sex was 13.54, 13.97 and 13.74,
respectively. This study is the first report on the length-weight
relationships, condition index and sex ratio of L. corrianus
from the freshwater ecosystem of Bangladesh. Further
detailed studies on fisheries biology, including reproductive
biology, growth and stock assessment, are recommended for
the sustainable management and conservation of L. corrianus
in the freshwater ecosystems of Bangladesh.
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SaZetak

DUZINSKO-MASENI ODNOS, INDEKS KONDICIE |
OMJER SPOLOVA KOD DAGN]JI, Lamellidens corrianus
(LEA, 1834), U SLATKOVODNOM JEZERU NA
SJEVEROZAPADU BANGLADESA

Alometrija, indeks kondicije i odnos spolova kod slatkovodne
dagnje, Lamellidens corrianus (LEA, 1834), iz slatkovodnog

© The Author(s) 2016. Published by University of Zagreb, Faculty of Agriculture. All rights reserved.

jezera u Rajshahi u sjeverozapadnom BangladeSu,
proucavani su tijekom ljeta 2013. Prikupljeni su primjerci
Skoljkasa u rasponu od 3,69 cm do 9,98 ¢cm duZine i od
4,82 g do 80.67 g tezZine. IstraZivanje je usmjereno izmedu
duZinsko-visinskih i duZinsko-masenih odnosa (duZina-
ukupna masa, duZina-tkivo mokre mase, duZina-ljuske
mokre mase, duZina-tkiva suhe mase i duZine ljuske suhe
mase) koji se nisuznacajno razlikovaliizmedu muZjaka i Zenki
(P <0,05). IzraCunata jednadzba regresije duzinsko-visinskog
odnosa za cijelo izu€avano razdoblje je bila H = 0,5215L-
0,1482 za kombinirani odnos spolova. Jednadzbe duZine-
ukupne mase, duZine-tkivo mokre mase, duZine-mase
ljuske, duljine-tkivo suhe mase i duljine-ljuske suhe mase
dagnji imale su slijedece odnose kod mijeSanih spolova:
W= 0,1756L2¢75, W= 0,0261L2®'9, W= 0,0261L2>524 W=
0,0065L28%6 i W= 0,095L25'%°, Odnosi izmedu duljine i
visine su bili linearni, dok su oni izmedu duljine i mase
slijedili nelinearne uzorke. Ukupni odnos muZjaka i Zenki
bio je 1: 0,92 i nije se bitno razlikovao od ocekivanogomijera
1: 1 (x*-test, p <0,05). Indeks kondicije za muZjake i Zenke
je bio 13,54, odnosno 13,97, a mijeSani odnos spolova
iznosio je 13,74. Rezultati ovog istraZivanja pruZaju osnovne
informacije za znanstvenike iz podrucja ribarstva, kao i za
daljnju procjenu i upravljanje daghjama u slatkovodnim
ekosustavima Banglade3a.

Kljuéne rije€i: Lamellidens corrianus, duZinsko maseni
odnos, indeks kondicije, Banglade3
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