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Abstract

Growth, morphometry and length-weight relationships of the freshwater mussel Lamellidens marginalis
(Lamarck, 1819) was studied during January 2014 and May 2015. Sampling was carried out monthly
and a total of 560 specimens were collected from Rajshahi district, northwest of Bangladesh. The
recorded length -breadth and length-width relationships were B = 0.179 + 0.475L and W = 0.196 +
0.3163L respectively. The length-total weight, length-wet tissue weight, length-dry tissue weight, length-
shell weight, length-dry shell weight relationships were W = 0.1241129066 W = 0.0524L27377 W
=0.0116L27849 W = 0.0533L29178 and W = 0.0391L3938 respectively. Monthly b values of length-lengths
and length-weights relationships indicated a negative allometric growth pattern except length-shell
weights relationships which showed an isometric growth of the mussel. This study is the first report on
growth pattern of Lamellidens marginalis from Bangladesh and the results would be useful for fishery
managers to impose adequate regulations for a sustainable fishery management of this species in the
freshwater ecosystem in Bangladesh.
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Introduction

The morphometric relationships between length and weight can be used to assess the well-being of
individuals and to determine possible differences between separate unit stocks of the same species (King
2007). In addition, length-length relationships are also important in fisheries management for comparative
growth studies. Allometry is most reliable and widely used method to study the growth pattern of bivalve. The
allometric principle of animal morphology has long been recognized since Huxley and Tessier (1936) who
proposed the concept of allometry. Allometry is the study of relationship between two measurable variables,
or in its most general sense- size and its consequences (Reiss 1989). The allometric relationships are
generally explained by shell growth along the three dimensional axis. The study of shell dimensions in
molluscs is aimed at ascertaining the interrelationships in growth of body characters. The influence of
proximate or mechanistic factors will cause differences in the intercept and slope of the allometry. In
allometric length-weight relationship, the variation in equilibrium constant represents the growth in weight
than that of length. Relatively large variation in meat content occurs in bivalve molluscs depending upon the
variation in physiological condition and environmental variables (Wilbur and Owen 1964). The biology of
freshwater mussels viz., Parreysia corrugata (Nagabhushanam and Lomte 1971, Lomte and Jadhav 1980)
Parreysia favidens (Ramesha and Sophia 2015) and Lamellidens spp. (Narian 1972, Nagabhushanam and
Lohgaonker 1978, Moorthy et al. 1983) inhabiting in the freshwater habitat have been reported previously.
However, no data are available on growth pattern of freshwater mussels L. marginalis from Bangladesh.
Even though L. marginalis is listed as least concern by IUCN (Budha and Daniel 2010), they are potentially
susceptible to a number of threats as over harvesting, environmental degradation, alteration of water body
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into crop land, water pollution, lack of proper knowledge on biological aspects of this species. Understanding
their biological functions within aquatic ecosystems is vital for successful management. Therefore, the
present study was undertaken to know the growth pattern (length-length relationship and length-weight
relationship) of L. marginalis inhabiting the freshwater ecosystem, in Rajshahi, the northwest Bangladesh.

Materials and Methods
Study site

Freshwater bivalve L. marginalis were collected at monthly intervals during January 2014 and May 2015 from
freshwater ecosystem (L-shaped lake, 24° 22" 21.56"" N and 88° 38" 11.16E) at Rajshahi University
Campus, Rajshahi, the northwest Bangladesh, where the wild stock of the L. marginalis is available (Fig. 1).
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Fig. 1. Map showing the study area (red circle indicating the study site).

Sampling and biometric measurements

A total of 560 individuals of L. marginalis were collected during the study period and subjected to
morphometric measurements. Shell length (maximum antero-posterior distance), breadth (maximum
distance from hinge to ventral margin) and width or depth or thicknesses (maximum distance between outer
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edges of two valves) of individual organisms were measured accurately to 0.01 mm using Vernier calipers.
Total weight of individual mussels was taken. The mussels were dissected to remove the meat which was
then blotted and weighed individually. The individual weight of shell was also determined. Both the meat and
shell were dried at constant temperature of 60°C for 2 days and weighed accurately to 0.01 g using an
electronic balance. Allometric examination was done for morphometric (length-breadth and length-width) and
length-weight (length-total weight, length-wet tissue weight, length-dry tissue weight, length-shell weight and
length-shell dry weight) relationships (Pauly 1983).

Statistical analysis

A nonparametric Kruskal-Wallis test was used to know the distribution of all the length-weight measurements
across the categories of sex. Dimensional relationships were estimated using the linear regression equation
(Y = a + bX) and the length-weight relationship by a non-linear regression equation (W = aLb) in which, a
(intercept) and b (slope / equilibrium constant) are constants. A t-test (HO, b = 3) was performed with a
confidence level of 95% to confirm if the values of b obtained by linear regression were significantly different
from the isometric value, expressed by the following equation ts = (b - 3) / Sh, where ts =t -test value, b =
slope, Sh = 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.
To know the temporal variation of growth parameters a one way ANOVA with DUNCAN POSTHOC ranking
was used. All the statistical analysis were performed on SPSS (version 20.0) software at p<0.05 level of
significance.

Results
Shell and tissue growth

During this study there was no significant differences (p<0.05) observed in the distribution of all the length-
weight measurements across the categories of sex (Kruskal-Wallis Test, p>0.05). That's why all the
morphometric measurements and length-weight relationships were studied for combined sex. Table 1
represents the overall descriptive statistics of the shell length, shell breadth, shell width, body weight, tissue
weight, shell weight, tissue dry weight and shell dry weight of L. marginalis. During this study minimum shell
length was 3.65 cm, maximum shell length was 10.55 cm and mean shell length was 7.33 cm. Conversely
minimum body weight was 3.60 g, maximum body weight was 124.05 g and the mean body weight was
46.14 g. A one way ANOVA indicated a significant monthly variation of the length and weight of L. marginalis
during this study (Fig. 2-3, p<0.05).

Table 1. Descriptive statistics of shell length, shell breadth, shell width, body weight, tissue weight, tissue dry
weight, shell weight and shell dry weight of L. marginalis during the study

Measurements n Minimum Maximum Mean (£SE)
Shell length (cm) 3.65 10.55 7.33+£0.06
Shell breadth (cm) 1.38 5.98 3.65+0.03
Shell width (cm) 560 1.21 3.64 2.52+0.03
Body weight (g) 4.70 124.05 46.30+0.99
Tissue weight (g) 1.30 46.43 13.66+0.30
Shell weight (g) 0.33 11.21 3.33£0.07

Shell dry weight (g) 1.55 51.25 20.86+0.46
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Fig. 2. Monthly variation (mean+SE) of shell length, shell breadth, shell width of L. marginalis (Lamarck
1819) during the study. Vertical bars represent standard error.
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Fig. 3. Monthly variation (mean + SE) of body weight of L. marginalis (Lamarck 1819) during the study.
Vertical bars represent standard error.
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Morphometric relationship

The data on morphometric relationships (length-breadth and length-width) are shown in Fig. 4. This study
data revealed that the length-length variables were linearly related. Further the data depicted that long
individuals are wide (more height) and high (more thickness) and inversely the short individuals are narrow
(less height) and low (less thickness).The calculated values of length-breadth and length-width relationships
were B = 0.179 + 0.475L and W = 0.196 + 0.3163L respectively (Fig. 4). The linear relationships of length-
breadth and length-width of L. lamellidens during the study period showed that the short individuals were of
less height/thickness and inversely long individuals were wide/high (Fig. 4). The monthly b values of length-
breadth relationship varied from 0.3466 (October 2014) to 0.8132 (July 214) whereas for length-width
relationship, the values ranged from 0.2495 (February 2014) to 0.3982 (August 2014) (Fig. 5)
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Fig. 4. Bivariate scatter diagram of length-breadth and length-width relationships of L. marginalis during the
study.
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Fig. 5. Monthly variability in the b values of length-breadth and length-width relationships of L. marginalis
during the study. Vertical bars represent standard error.

Length-weight relationship

A non-linear relationship was noticed in all the measured length-weight relationships in all sizes and all the
length -weight relationships were highly significant (p<0.05). The nonlinear relationships of length-body
weight, length-wet tissue weight, length-dry tissue weight, length-shell weight, length-dry shell weight were W
= 0.1241128282 W = 0.0524L25%5 W =0.0116L262% W = 0.0533L28769 and W = 0.0391L29979 respectively
(Fig.6-8). The monthly equilibrium constant (b) values of length-weight relationships were 1.8037 (July 2014)
and 3.5011 (June 2014) for length-total weight, between 1.8185 (July 2014) and 3.6224 (May 2014) for
length-wet tissue weight, between 1.6247 (May 2014) and 3.7295 (July 2014) for length-dry tissue weight,
between 2.1091 (March 2015) and 3.7399 (June 2014) for length-shell weight and between 2.2617 (April
2015) and 3.8662 (June 2014) for length-shell dry weight (Fig. 9-11). The b values of length- body weight
relationships showed some monthly variations. During January and February, 2014, b value was slightly
higher than 3, decreased from February to April and then rapidly increased at reaching the highest value
3.5011 in the month of June, 2014. From June to July a sharp decline of b value was observed and then the
b value again increased from August to onward at reaching the value more than 3 during the winter in 2015.
The b value of length-tissue weights and length- shell weights relationship represented almost same pattern
during this study (Fig. 10-11).
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Fig. 6. Bivariate scatter diagram of length-body weight relationships of L. marginalis.
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Fig. 7. Bivariate scatter diagram of length-tissue weight and length-tissue dry weight relationships of L.

marginalis.
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Fig. 8. Bivariate scatter diagram of length-shell weight and length-shell dry weight relationships of L.
marginalis.
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Fig. 9. Monthly variability in the b values of length-body weight relationships of L. marginalis. Vertical bars
represent standard error.
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Fig. 10. Monthly variability in the b values of length-tissue weight and length-tissue dry weight relationships
of L. marginalis. Vertical bars represent standard error.
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Fig. 11. Monthly variability in the b values of length-shell weight and length-shell dry weight relationships of
L. marginalis. Vertical bars represent standard error.
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Discussion
Morphometric relationships

A variety of environmental factors are known to influence shell form in bivalves. The size of shell is more
affected than their shape by fluctuation of ambient environmental conditions (Wilbur and Owen 1964, Seed
1968). Thus shape, rather than size generally provides more accurate knowledge on the dimensional
relationships. During the present study period, the b values of length-breadth and length-width showed
monthly fluctuations (Fig. 5), which may be due to the fact that, the shape is controlled by genetics of the
organism and size by ambient environment as stated by Seed (1968). The b values of morphometric
relationships are usually compared between dimensional growth of related species or same species in
various geographical regions. In the present study, the b values of length-breadth and length-width
relationships were 0.482 and 0.3203, respectively. The b values of length-breadth and length-width
relationships of the freshwater mussel P. corrugata from river Kempuhole, India were 0.585 and 0.333
respectively (Ramesha and Thippeswamy 2009). The b values of length-breadth relationship of Amblema
plicata at different sampling sites varied between 0.696 and 0.758 in the river Mississippi, USA (Hart 1999).
The morphometric relationships of L. marginalis in the present study are in good agreement with the above-
mentioned studies.

Length-weight relationships

The length-weight relationship provides a mathematical expression to the relationship between two variables,
length and weight, and also provides a measure of deviation between two variables indicating the state or
general wellbeing of an organism. Length and weight of organisms have been highly correlated with life-
history measures in cross taxonomic comparisons (Peter 1983). The bivalve molluscs are known to show
variations in quality of meat depending on their environmental and physiological conditions as well as
seasons. The skewed relationship in the present study indicated that short individuals were light and long
individuals were heavy. Such observations in other bivalves have been reported by Ramesha and
Thippeswamy (2009), Bhattacharya and Banik (2012) and Sethi et al. (2012). Normally, as the age
increases, the weight also increase; however, some individuals of the same age showed different weight and
these differences could be due to reproductive strategies and environmental variations (Bauer 1987, Haag
and Station 2003, Ravera et al. 2007).

In fisheries research, length-weight relationships are important for the estimation of weight, where only
length data are available and as an index of the condition of the animal (King 1995). The length-weight
relationship is also an important measure for identifying the condition of bivalves in all stages of its life cycle.
It helps to compare the condition of the bivalves in the context of pollution within the species or between the
species. In the present study the b value of length-body weight, length-wet tissue weight, length-dry tissue
weight, length-shell weight, length-dry shell weight relationship were 2.8282, 2.5905, 2.6296, 2.8769 and
2.9979 respectively. Malathi and Thippeswamy (2011) studied the Allometry and condition index in the
freshwater mussel Parreysia corrugata (Miller 1774) from river Malthi in the Western Ghats, India from
March 2007 to June 2008 and reported the b value for length- total weight, length-wet weight, length-shell
weight and length-dry weight relationships were 2.6660, 2.6684, 2.7124 and 2.9370 respectively, which are
more or less similar with the findings of the present study. Ramesha and Sophia (2015) studied the allometry
and condition index of the freshwater mussel Parreysia favidens (Benson 1862) during April 2005 and May
2006 inhabiting the west flowing river Seeta at Seetanadi in the Western Ghats, India. They reported the b
value for length-total weight, length-wet weight, length-shell weight and length-dry weight relationships were
3.066, 3.054, 3.139 and 3.110 respectively and are higher than the respective b values of the present study.
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Suryawanshi and Kulkarani (2014) studied the comparative length - weight relationship of fresh water
mussels, Parreysia corrugata and Lamellidens marginalis from Nanded region, Maharashtra, India. They
reported the b value 3.2631 for Parreysia corrugata which is higher than present study and 2.6084 for
Lamellidens marginalis which is similar to the present study. Lowe-McConnell (1987) stated that many
aspects could be accountable for the changes in growth such as variations in the habitat, activities, food
availability and seasonal growth rates. The bivalves displayed marked seasonal variations in weight and
biochemical content of the soft tissue (Williams and McMahon 1989). In bivalves, the gonadal growth and
maturation precedes with bulkiness of soft body and consequent high body weights. In the present study
such sudden shift of b values indicates the onset of maturation and gonadal growth of the bivalve.

Conclusion

This study provides an important baseline on the shell and tissue growth, morphometric relationship and
length-weight relationship of L. marginalis from a freshwater ecosystem of the northwest of Bangladesh. The
results of the study would be an effective tool for the resource manager to take appropriate strategies for the
sustainable management and conservation of this species in the freshwater habitat in Bangladesh.
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