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Abstract
Allometry in the freshwater mussel Parreysia corrugata was studied from east-flowing river 
Daya, Bhubaneswar, India. The results indicated that shell length (SL)-shell height (SH) and 
shell length-shell width (SW) relationships for P. corrugata were SH = 0.876 + 0.932SL and 
SW = 0.625 + 0.898SL. Greater correlation was found between SL and SW than between SL 
and SH. The length-weight, height-weight and width-weight relationships of P. corrugata were 
established as TW = 0.00038SL2.80, TW = 0.0006SH2.95 and TW = 0.0023SW2.97 respectively. 
The t-test value of b indicated an isometric growth pattern in the width-weight and the 
height-weight relationships. The highest r2 value was obtained for shell length-total weight 
and shell height-total weight equations. Present study will be helpful in strengthening the 
knowledge on interrelationship between the morphometric variables of P. corrugata and also 
in comparing with the earlier studies to know the existence of spatial or temporal variability 
in the morphometry of this species. This information can also be used to better understand 
the biology of P. corrugata and to improve the management of this species.

The study of shell dimension (shell length, 
shell width and shell height) and body 
weight provides basic information on the 
biology of the bivalves i.e., morphological 
development, growth pattern, general well-
being, habitat condition and morphological 
characteristics of the species at individual 
and population level (Anderson and 
Gutreuter, 1983; Gosling, 2003). In bivalves, 
growth is estimated by measuring the shell 
dimension or weight of the animal as this 
is a simple and non-destructive method 
(Hibbert, 1977; Bailey and Green, 1988). 
Allometry i.e., relationship between two 
measurable variables is the most reliable 
and precise method to study the growth 
pattern in bivalves (Nahar et al., 2019) 
and when this information is available, 
shell dimension is sufficient to estimate 
the biomass of the resources (Hibbert, 
1977). Allometric information on bivalves 
is a valuable tool for understanding bivalve 
biology as well as ecology and it is useful 

in efficient resource management and 
understanding the environmental condition 
(Palmer, 1990). Further, the information also 
aids in understanding the ideal condition of 
the bivalve and the optimum harvestable 
size for maximising production. Though 
this type of studies have been carried out 
extensively in fishes; only very few studies 
have been undertaken in freshwater 
mussels (Palmer, 1990; Boulding and Hay, 
1993; Caceres-Martinez et. al., 2003). 

Daya River, a branch of the Kuakhai River 
and part of Mahanadi River is home to a 
great variety of flora and fauna. This river 
holds great importance in maintaining the 
rural and urban ecosystems in and around 
Bhubaneswar, Odisha, India. The freshwater 
mussel Parreysia corrugata (Muller 1774), 
an important candidate species for pearl 
culture inhabits this river. The species is 
widely distributed in several states like 
Odisha, Punjab, Bihar, Madhya Pradesh, 
Maharashtra and Karnataka (Rao, 1989). 
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Freshwater pearl culture emerges as a promising avenue for boosting 
the aqua-economy by providing employment and ensuring food 
security. In India, large scale production of freshwater pearl relies 
on 3 species Lamellidens marginalis, L. corrianus and P. corrugata. 
Most of the farmers depend on the wild caught populations due 
to lack of standardised seed production technology. Indiscriminate 
exploitation of the natural resources can lead to decline in the 
fishery.  In many parts of the world, freshwater bivalves are facing a 
high rate of extinction due to overexploitation, habitat degradation, 
pollution, climate change, lack of proper management and many 
other factors which can threaten the long-term sustainability of 
the freshwater pearl farming sector (Strayer et al., 2004; Walker  
et al., 2014; Lopes-Lima et al., 2018). Considering the rising interest 
in freshwater pearl farming, the present investigation was carried 
out to study the morphometric and length-weight relationships of  
P. corrugata inhabiting the Daya River. 

In total, 200 specimens were collected from Daya River (20.2095°N, 
85.8512°E) near Bhubaneswar during the period from June 2021 to 
February 2023. The specimens were collected by hand picking and 
transported to the laboratory in live condition with utmost care. The 
specimens were cleaned gently with tap water to remove the sand 
particles and epifauna, and wiped with dry cotton cloth to remove 
moisture around the shell. Shell length (maximum antero-posterior 
distance), width (maximum distance between two valves’ outer 
edges) and height (maximum distance from hinge to ventral edge) 
of the specimens were recorded using a digital Vernier caliper with 
0.01 mm accuracy. The individual weight of each specimen was 
taken on an electronic balance with accuracy of 0.1 g.

Dimensional relationship was established using linear regression 
equation (Ricker, 1973) log Y = a + bX; where Y is shell height or 
width and X is the shell length while a is the intercept and b is 
the slope. The degree of association between the variables was  
estimated by coefficient of determination (r2). Student’s t- test 
(H0, b=1) was carried out to test the statistical significance in the  
variation of slope ‘b’ from the isometric value b=1 with 95%  
confidence level (negative allometry b<1 or positive allometry b>1) 
and expressed by equation given by Sokal and Rohlf (1987):

 ts = (b-1)/Sb

where ts = t-test value; b = Slope; Sb = Standard error of the slope 

The length-weight relationship was estimated using non-linear 
regression equation (W=aLb), where W is total wet weight of the 
mussel, a (intercept) and b (slope) are constants and ‘L’ is the shell 

dimensional measurement (length, height or width). Student’s 
t-test was also carried out to determine statistical significance in 
the variation of slope b from the isometric value ‘b=3 (negative 
allometry b<3 or positive allometry b>3) (Sokal and Rohlf, 1987). 
All the statistical analyses were carried out using Microsoft Excel 
Programme.

The present study is the first report on allometric relationship in 
the freshwater pearl mussel P. corrugata from Daya River, Odisha, 
India. The shell length of the sampled mussels ranged from 15.72 
to 46.67 mm and the average length was 28.90 mm. The shell width 
and shell height of the mussels ranged from 7.37 to 19.92 mm 
and 11.12 to 30.77 mm respectively. The average shell width and 
the shell height were 12.82 and 20.06 mm respectively. A linear 
relationship was observed between shell length-shell width and 
shell length-shell height in the present study indicating the gradual 
increase in the shell width and shell height with the increase in 
the shell length (Fig. 1). However, variations were observed in the 
shell height and shell width in some individuals of the same shell 
length. Such variations lead to shape distinction in mussels. Similar 
observations were reported in P. favidens population in river Seeta 
(Ramesha and Sophia, 2015) and in other organisms like painted 
turtle, Chrysemys picta marginata (Jolicoeur and Mosimann, 1960). 

The regression equations derived for length-width and length-height 
relationships in the present study are :

SW = 0.625 + 0.898SL (R2 =0.96);

 SH = 0.876 + 0.932SL (R2=0.898)

The estimated ‘t- test’ value for b showed a significant difference at 
95% confidence level indicating negative allometric growth.  Gaspar 
et al. (2002) noted a negative allometric pattern in the length-
width and length-height relationships of shell morphometrics 
in a majority of bivalves. They ascribed this pattern to the 
characteristics of the bottom substrate in their habitat and the 
burrowing behaviour exhibited by the bivalves. The allometry 
observed in bivalves represents an adaptive strategy aimed at 
improving burrowing efficiency and preventing dislodgement from 
the bottom substrate in response to local hydrodynamics (Thomas, 
2013). The morphometric relationship is useful for comparison 
between dimensional growth of same species or related species 
in different geographical regions (Hemachandra and Thippeswamy, 
2008). Ramesha and Thippeswamy (2009) reported the ‘b’ value for 
length-width and length-height relationship in P. corrugata as 0.585 
and 0.333, respectively. Ramesha and Sophia (2015) estimated 
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Fig.1. Shell length relationship of P. corrugata. (a). Shell length-shell height and (b). Shell length-shell width
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the b value for length-width and length-height relationships in  
P. favidens as 0.4561 and 0.674, respectively. However, the present 
estimated values are higher than in the above-mentioned studies 
which may be due to variation in the geographical location. In 
addition to genetic make-up, several environmental factors also 
affect the morphological variation in organisms (Bravi et al., 2013; 
Caillon et al., 2018). In bivalves, environmental factors influence 
shell formation and fluctuations in the ambient temperature in 
the bottom water affects the shell size more than the shell shape 
(Wilbur and Owen, 1964; Seed, 1968). Hence in bivalves, rather than 
shell size, shell shape presents accurate insights into dimensional 
relationships (Hemachandra and Thippeswamy, 2008).

The equations for relationship between different morphometric 
variables and weight in P. corrugata  derived are as follows: 

TW = 0.00038SL2.80

TW = 0.0023SW2.97 

TW = 0.0006SH2.95

All the morphometric variables showed a strong functional 
relationship with total weight (co-efficient of determination  
r2 ≥ 0.95). However lower co-efficient of determination (r2 = 0.95) 
was observed for shell width–total weight as compared to the 
other two morphometric variables (shell length and shell width) 
with total weight. The skewed relationship in the allometric 
relationship suggests that smaller individuals are short while the 
bigger ones are heavier (Fig. 2). Generally, with increase in age, 
weight also increases, however in some individuals of the same 
length, difference in weight was observed which can be due to the 
environmental variables and reproductive strategies (Bauer,1983; 
Haag and Staton, 2003; Ravera et al., 2007). 

In the allometric length-weight relationship, the equilibrium constant 
'b' is the important component as the variation of this hypothetical 
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Fig. 2. Length-total weight relationship of P. corrugata. (a) Length-weight, (b) Width-weight and (c) Height-weight 

unity suggests physiological deviations in general well-being of an 
animal.  In the present study, the estimated ‘b’ value for SL-TW, SW-TW 
and SH-TW are 2.80, 2.95 and 2.97 respectively which is similar 
to the range reported for most of the bivalves by Wilbur and Owen 
(1964) and Shafee (1978). However, Isham et al. (1951) reported 
b-value of 1 in  the ship-worm teredo. 

The present estimated value of ‘b’ for SL-TW, SW-TW and SH-TW 
indicates negative allometric growth pattern in P. corrugata as b 
value is less than 3. Student’s t-test indicated that except SL-TW, 
other two relationships did not show any significant difference 
(p>0.05), indicating isometric growth pattern. It further indicated 
that there is an equal proportion of growth in shell width and total 
weight as well as shell height and total weight. Negative allometric 
growth is indicated between shell length and shell weight. 

The length-weight relationship is an important indicator for 
identifying the condition of bivalves across different life stages; 
and it also helps in comparing the condition in the context  of 
environmental variations in same species or between related 
species. The result of the present study has been compared with 
earlier studies on P. corrugata and with related species (Table 1). 
The change in growth coefficient ‘b’ may be due to many factors 
such as variation of the habitat, food availability and seasonal 
growth changes. As per the earlier reports by Williams and 
McMahon (1989), the bivalves showed significant variations in 
weight and biochemical content of meat because of seasonal 
changes. However, we could not collect the samples during rainy 
season to corroborate these findings, because of increase in water 
level in the river. The estimated growth co-efficient value for shell 
length-weight in the present study was found to be less than 3, 
which suggests that the mussels are of lighter weight and in 
relatively poor growth conditions.
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Table 1. Comparison of length (total shell length)-weight (total weight) relationship of P. corrugata with earlier studies in same species and related species
Authors Species a b Location
Desai and Borkar (1989) Lamellidens carrians -1.9009 1.6105 Khandepar river basin of Goa, India
Ramesha and Sophia (2015) Parreysia favidens  (Benson, 1862) 0.000385 3.066 River Seeta, Western Ghats
Kovitvadhi et al. (2008) Hyriopsis (Limnoscapha) myersiana

120-270 mm length group -3.747 2.674
Thailand (Laboratory condition)

270-360 mm length group -4.149 2.976
Ramesha and Thippeswammy (2009) Parreysia corrugata (Mullar) 0.000342 2.777 River Kempuhole, India
Malathi and Thippeswamy (2011) Parreysia corrugata (Mullar) 0.0007 3.0266 River Malthi, Western Ghats, India
Mondol et al. (2016) Lamellidens corrianus 0.1756 2.6775 Freshwater Lake in North-west Bangladesh
Pradhan et al. (2020) Lamellidens marginalis (Lamarck, 1819) 0.0003 2.712 Cultured environment, India
Hossain et al. (2022) Lamellidens marginalis (Lamarck, 1819) −0.83 2.75 Ratargul freshwater swamp forest, Bangladesh

The current investigation furnishes critical insights into the 
morphometry of P. corrugata in the Daya River, Odisha. The results 
obtained from this study will be of use in further comprehensive 
studies on the growth, biology and stock assessment of the species 
paving the way for sustainable management practices. The study 
will help not only fisheries experts but also pearl growers seeking to 
cultivate this species for freshwater pearl production. 
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