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 Spawning season and size at first sexual maturity of Freshwater mussel Lamellidens marginalis was 

studied from the specimens collected from Brahmaputra River, Mymensingh district, Bangladesh 

from July 2015 to June 2016. The present study has investigated sex ratios, gamogenetic cycle, 

condition index, and size at first sexual maturity by means of standard histological procedures. 

The results indicated no significant difference in the overall sex ratio (M: F = 1:1.3). The quali-

tative analysis of gonad developmental stages has provided confirmation of the presence of a 

yearly reproductive cycle characterized by prolonged gonadal activity. The highest percent-

ages of ripe gonads were observed in July for males (77.78%) and August for females (53.85%). 

The spawning activity was highest in October for males (50%) and November for females 

(83.33%). Furthermore, ripening and spawning stages in different shell lengths ranged from 58

–63 to 88–93 mm for both sexes. The findings from the qualitative observation of gonad de-

velopmental stages, a single annual spawning peak observed between October and November. 

A statistically significant correlation was detected between the average condition index of 

male and female. Males reached sexual maturity at smaller standard length (SL50 = 63.25 mm) 

compared to females (SL50 = 72.10 mm SL). Acquired knowledge regarding the present state 

and distinctive gonad developmental characteristics of L. marginalis will aid fisheries manage-

ment professionals and conservation biologist in the effective management of this particular 

species of mussels in the waters of Bangladesh. 
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INTRODUCTION  

 

Lamellidens marginalis (Lamarck, 1819), commonly known as the 

pearl mussel, is a widely distributed species of freshwater  

bivalves that can be observed in diverse river systems, ponds, 

and derelict aquatic habitats across Bangladesh (Mishra et al., 

2008; Hussain et al., 2022). This species plays a significant role in 

providing a basis of protein for animals and generating income 

for indigenous communities. This particular species has  

garnered significant attention as a subject of research due to its 

potential to support small-scale fisheries and its suitability as a 

aspirant species for pearl production (Thippeswamy et al., 2014; 

Siddique et al., 2020; Tanu et al., 2019; 2021; 2022). L. marginalis 

demonstrates a strong ability to tolerate stress and a greater 

vulnerability to pollutants, rendering them a dependable  

bio-indicator and sentinel species for assessing water body pol-

lution levels (Nobles and Zhang, 2015; Yasmeen and Pathan, 

2021). Since the local populations do not eat L. marginalis, their 

economic significance is still low in Bangladesh. However,  

recent developments in the growth of aquaculture, ecosystem 
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protection, and pearl production have emphasized their signifi-

cance (Chowdhury et al., 2016; Niogee et al., 2019).  

Freshwater mussel species in Bangladesh exhibit high sensitivi-

ty to various factors that pose significant risks to their popula-

tions. Moreover, there has been a worldwide decrease in the 

biomass of mussels in natural aquatic environments in recent 

times. This decline can be attributed to various factors, including 

the extensive use of pesticides, the discharge of metals into wa-

ter bodies, industrial runoff, and the unintended capture of mus-

sels during fishing activities, and a decreased water depth dur-

ing the winter season (Haag, 2019; Sun et al., 2019). Hence, the 

primary recognized hazards that endanger these organisms and 

their corresponding populations include selective exploitation, 

habitat destruction, and pollution. In spite of being classified as 

"least concern" by the International Union for Conservation of 

Nature (IUCN) (Madhyastha et al., 2010), there has been a nota-

ble decrease in the populations of L. marginalis, in recent years. 

This decline has resulted in substantial losses in the ecosystem 

services provided this mussel species (Haag and Williams, 2014; 

Vaughn, 2018). Understanding mussels' reproductive processes 

and morphometrics would thus help future conservation initia-

tives and pollution related studies (Hossain et al., 2023). A  

comprehensive understanding of the reproductive cycle is  

crucial to formulate an effective exploitation strategy for this 

fishery resource.  

Body morphometrics is a commonly employed methodology in 

the domains of protection, biological evaluation, and resource 

organization pertaining to aquatic organisms (Mozsár et al., 

2015, Okuthe and Bhomela, 2020). Reproductive studies often 

utilize qualitative indicators obtained from cytological charac-

terizations of the gonads and histological assessments.  

Additionally, quantitative indicators such as condition index, 

and maturation size are commonly utilized (Arago´n-Noriega  

et al. 2007; Zaidman et al. 2012). Knowing the reproductive 

strategies of L. marginalis is essential for efficiently gathering 

young individuals for commercial cultivation or developing a 

hatchery to guarantee a steady provision of juveniles. Freshwa-

ter mussels exhibit a distinctive life cycle that distinguishes 

them apart from other freshwater bivalves. In order to support a 

clutch of larvae during this unusual life cycle, a female must have 

a modified reproductive system. These larvae have evolved to 

undergo parasitic development on fish (Dillon, 2004). The male 

organism expels spermatozoa into the water column, and the 

female organism captures them using the incurrent syphon. 

Internal fertilization occurs within specialized suprabranchial 

chambers known as marsupia, wherein the embryos undergo 

development and transform into fully formed larvae referred to 

as glochidia (Mackie, 1984). The process of transforming larvae 

into juvenile mussels requires the encystment and attachment 

of glochidia in the host fish. The juveniles are ultimately liberat-

ed from fish and subsequently settle at the benthic region of the 

aquatic environment. Once settled in the sediment, they under-

go rapid growth (Dillon, 2004). 

This entails knowledge of the spawning and larval brooding sea-

sons, as well as specific details regarding the favourable ecologi-

cal conditions, therefore, required for successful reproduction. 

Numerous methodologies were utilized to evaluate the repro-

ductive form of bivalve molluscs (Park and Choi, 2004; Uddin  

et al. 2012). Histological methods are extensively utilized and 

commonly employed due to their ability to provide visual  

evidence regarding gonadal materials (Lango-Reynoso et al. 

2000). The condition index demonstrates a high level of sensitiv-

ity to fluctuations in reproductive growth and generally displays 

a robust association with the average gonad index (Ojea et al., 

2004; Peharda et al., 2006). Gribben et al. (2004) suggested the 

condition index computation as a quick assessment technique 

for broods' reproductive status. The length at first maturity of a 

species is also essential parameters to know for the sustainable 

management of that species within an ecosystem. There exist 

numerous techniques for approximating the length at maturity, 

commonly denoted as the SL50, which represents the length at 

which 50% of the individuals have got maturity. The ogives of 

SL50 as well as the maturity state are mutually exclusive; specifi-

cally, the SL50 may initiate the onset of the maturity condition. 

Hence, the precision of SL50 is significant as it would serve to 

identify the female individuals that are selected for inclusion in 

reproductive population. 

The present study was to acquire in-depth understanding of the 

gamogenetic cycle and gonadal development of L. marginalis 

originating from the Brahmaputra River in Bangladesh. We em-

ployed a combination of qualitative gonadal stage analysis and 

quantitative evaluations to ascertain the temporal aspects of 

reproductive growth and spawning. The data acquired serves as 

a foundation for the implementation of sustainable strategies in 

the management of naturally occurring populations.  

 

MATERIALS AND METHODS  

 

Study area and duration  

Specimen of L. marginalis was collected from three sites of  

Brahmaputra River, Bangladesh (Figure 1) with the help of  

professional fishers. A total of 240 individuals were sampled for 

one year (20 individuals per month from July 2015 to June 

2016). In the laboratory, mussels were subjected to measure-

ments of shell length (SL, mm), shell height (SH, mm) using a  

digital caliper with a precision of 0.01 mm, and total weight (TW, 

g) using a digital balance with a precision of 0.01 g. Subsequent-

ly, the mussels underwent dissection, and the mass of their soft 

body was properly documented. The shells were dried and then 

their weights were measured.   

 

Histology of the gonads  

Every month, a total of ten individuals were chosen for the pur-

pose of conducting histological analysis on their gonads, with 

the aim of determining the gametogenic cycle and periods of 

spawning. In L. marginalis, the gonad is closely connected to the 

underlying digestive gland, posing challenges when attempting 

to separate without causing damage or loss of gonadal tissue. 

The tissue assemblage, comprising the digestive gland and gon-

ad, underwent fixation in Davidson's solution for duration of 48 

https://www.sciencedirect.com/science/article/pii/S1687428522000747#b0200
https://www.sciencedirect.com/science/article/pii/S1687428522000747#b0200
https://www.sciencedirect.com/science/article/pii/S1687428522000747#b0230
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hours and was subsequently preserved in a solution of 70%  

ethanol. Following that, a transverse incision measuring 2 to 3 

mm in thickness was performed. The tissue samples underwent 

dehydration by a series of graded ethanol solutions, followed by 

infiltration and embedding in paraffin wax. The blocks were 

trimmed with upper and lower edges straight and parallel and 

kept in freezer for 30 minutes. The blocks were cut with 5 µm 

blade in microtome machine (KD-2258). The ribbon was  

immersed in an electrothermal mounting bath, specifically a 

water bath, and maintained at a temperature of 40°C. The 

blocks underwent xylene clearance, followed by rehydration 

with alcohol. Subsequently, they were stained, rehydrated once 

more using Haematoxylene, counterstained with Eosin, and 

ultimately dehydrated using alcohol and clearing xylene. The 

slides were prepared by mounting them with Canada balsam 

and subsequently observed for duration of 12 hours. Examina-

tion was conducted using a light microscope, specifically the 

OPTIKA B-150 model, with varying magnification levels ranging 

from X4 to X40, depending on the dimensions of the germinal 

cell. The histological slides were captured using a securely 

mounted digital camera (TOUPCAMTM- UCMOS-3.1MP ½ ‘‘, 

Model No. 3.2). Gonadal maturity stages in both sexes were 

recognized using a microscopic to assess the development of the 

gonads (briefly described in Figure 3). Maturity stages were 

classified into five categories: I: Early developing; II: Late devel-

oping; III: Ripe; IV: Spawning; and V: spent (Siddique et al., 2019).  

 

Condition index 

The condition index of the mussels being studied was calculated 

by dividing the weight of the dried tissue by the weight of the 

dried shell for each individual mussel, using the methodology 

outlined in the study conducted by Uddin et al. (2010). 

 

CI = Dry tissue weight (g)/ Dry shell weight (g) X 100 

Size at first sexual maturity  

The size at first maturity (SL50) is a quantitative measure that 

represents the length at which exactly 50% of the population 

reaches sexual maturity. The specimens used for the microscop-

ic analysis of gonadal components were utilized to determine 

the SL50. The developmental Stages 3 (ripe) and 4 (spawning) were 

designated as mature individuals for the calculation of SL50.  

The determination of sexual maturity size was performed by 

creating a graph that plotted the proportion of individuals with 

mature reproductive organs against their shell length. The shell 

length was divided into eight categories, each measuring 8 mm 

in size. The data was used to fit a logistic regression model of the 

following equation: 

%Maturity = 1 / [1+ ] 

 

where %Maturity is the proportion of mature individuals in the 

sample, r is the regression slope and SL50 is the size at first  

sexual maturity.  

 

Statistical analysis  

The data was subjected to testing in order to evaluate its  

normality and determine if the variances are equal. A t-test was 

utilized to compare the sizes of specimens (specifically SL, SH, 

and TW) between different sexes. The chi-square test was  

employed to assess the association between the sex ratio of the 

population and parity (1:1) using SPSS (Statistical Package for 

Social Sciences, version 25.0, IBM Corporation, Armonk, NY, 

USA), with a significance level of P < 0.05.  

 

RESULTS AND DISCUSSION 

 

Morphometric measurements  

Descriptive statistics of morphometric measurements of L.  

marginalis is shown in Table 1. A total of 240 individuals were  

analyzed during the study period. Shell length was ranged  

between 49.32 to 103.45 mm with the mean value of 

79.73±12.70 mm. Minimum and maximum values of shell height 

was 10.28 and 53.24 mm, respectively with the mean value of 

36.19±12.38 mm. The mean value of total weight was 17.00±4.89 

g, with the minimum and maximum values of 6.45 and 31.35 g, 

respectively. No significant differences (P < 0.05) were observed 

in the morphometric measurements of L. marginalis between male 

and female individuals over the study period. Mondol et al. (2016) 

reported a mean shell length, shell height, and total body weight 

of 59.90 mm, 29.80 mm, and 25.49 g, respectively. These findings 

suggest the presence of a relatively smaller yet robust population 

of L. marginalis in the current study. Nahar et al. (2019) document-

ed the presence of mussels with increased body weight in the 

Northwest region of Bangladesh, while Natarajan and Susithira 

(2016) observed a similar phenomenon in culture ponds located 

in Tamil Nadu, India. The observed variations in morphological 

traits among species may be attributed to the distinct hydrologi-

cal and sedimentological characteristics found in different  

geographical regions (Gaspar et al., 2002). 

Figure 1. Sampling sites in the Brahmaputra River, Mymensingh district, 
Bangladesh. 
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Sex ratio  

The outcomes of 240 studied individuals of L. marginalis present-

ed that 111 (46.25%) mussels were males, 126 (52.5%) were 

females and 3 (1.25%) were sexually undifferentiated individu-

als (Table 2). However, no hermaphrodite individuals were  

noticed during the study period. The sex ratio calculated was 

1:1.13 which was insignificant (x2 = 15.71, P = 0.152). The sex 

ratio varied from month to month, with females predominating 

in 8 (July, August, September, October, December, January, 

February, and April) of the 12 months of the research. However, 

males were dominated during November, March, May, and 

June). Monthly variation in sex ratio was only found during  

November and April. A previously documented observation also 

indicated statistically insignificant but a prevalence of female 

dominance (male-female sex ratio = 1.00:1.08) within L. marginalis 

populations inhabiting pond ecosystems in Bangladesh (Niogee  

et al., 2019). A study conducted by Hossain et al. (2023) in the 

freshwater Swamp Forest of Bangladesh also reported statisti-

cally indifferent but female dominated population of  

L. marginalis. However, male’s dominance in the mussel popula-

tion of a lentic environment of Bangladesh was also reported by 

Siddique et al. (2019). Gaikwad and Kamble (2013) also reported 

insignificant male to female sex ratio of the similar species from 

Indian waters. The hydrological and temporal factors in the 

study area may contribute to the observed higher prevalence of 

females compared to males in the current study.   

 

Gametogenic cycle and spawning activity 

Based on the examination of the gonadal section, it was  

observed that individuals of L. marginalis, regardless of their sex, 

exhibited five distinct maturation phases that were determined 

by the developmental state of each gonad. The reproductive 

cycle consists of five distinct maturity stages: early developing, 

late developing, ripe, spawning, and spent stages. Each stage 

was noticeable with several different microscopic characters 

(Figure 2). 

 

Early developing stage: Spermatogenesis occurs inside the acini 

of the testes in males. The lobes of the testis have a packed ger-

minal epithelium and do not contain spermatids or spermatozoa. 

Additionally, the testis volume is relatively smaller compared to 

the visceral mass. (Figure 2A). In females, plentiful oogonia along 

with the pre-vitellogenic oocytes are observed along the periph-

ery of the acini, no oocytes are found freely within the lumen 

(Figure 2B). 

 

Late developing stage: In males spermatocytes undergo differenti-

ation into spermatids, which subsequently migrate towards the 

central region of the lumen. A tiny proportion of spermatozoa are 

observed within the lumina of the acini. The germinal epithelium is 

situated in the outermost region (Figure 2C). In females, free  

oocytes are freely located within the lumen, while the left-over 

oocytes are merged to the surface. The acini are enclosed by  

connective tissue and have very few interstitial gaps (Figure 2D). 

Arun Chandra Barman  et al. /Arch. Agric. Environ. Sci., 8(3): 403-410 (2023) 

Table 1. Descriptive statistics of body measurement of L. marginalis in Brahmaputra river.  

Measurements Sex N Min Max Mean±SD 95% CL of mean P-value 

SL 

Male 111 51.25 103.45 80.29±12.67 77.91-82.68 
0.404 

Female 126 49.32 101.59 78.91±12.69 76.68-81.15 

Unidentified 3 89.60 99.20 93.33±5.14 80.56-106.11   

Combined 240 49.32 103.45 79.73±12.70 78.12-81.35   

SH 

Male 111 12.61 53.24 36.45±12.38 34.12-38.78 
0.631 

Female 126 10.28 53.19 35.68±12.43 33.49-37.87 

Unidentified 3 46.10 49.30 47.77±1.60 43.78-51.75   

Combined 240 10.28 53.24 36.19±12.38 34.61-37.76   

TW 

Male 111 6.45 31.35 17.35±5.35 16.34-18.36 
0.303 

Female 126 8.40 27.59 16.69±4.50 15.90-17.49 

Unidentified 3 15.85 17.30 16.67±0.74 14.82-18.51   

Combined 240 6.45 31.35 17.00±4.89 16.37-17.62   

Table 2. Variations in the percentage of male and female L. marginalis and sex ratio.  

Months Male Female Sex ratio χ2 value P-value 

Jul 45.00 55.00 1:1.22 1.23 >0.05 

Aug 31.58 68.42 1:2.17 1.36 >0.05 

Sep 55.56 44.44 1:0.80 2.52 >0.05 

Oct 40.00 60.00 1:1.50 1.75 >0.05 

Nov 70.00 30.00 1:0.43 5.26 <0.05 

Dec 45.00 55.00 1:1.22 2.23 >0.05 

Jan 40.00 60.00 1:1.50 1.63 >0.05 

Feb 45.00 55.00 1:1.22 0.96 >0.05 

Mar 55.00 45.00 1:0.82 1.55 >0.05 

Apr 20.00 80.00 1:4.00 4.59 <0.05 

May 60.00 40.00 1:0.67 1.64 >0.05 

Jun 55.00 45.00 1:0.82 2.44 >0.05 

χ2 -test, p < 0.05 = Significant difference, p > 0.05 = Insignificant difference. 
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Ripe stage: In males, the acini contain fully developed spermato-

zoa, oriented with their tails directed towards the central region 

of the lumen. In highly mature specimens, bands of spermatozoa 

are observed near the follicle wall (Figure 2E). In females, the 

ovary exhibits a consistent coloration. Acini contain free  

oocytes within the lumen. Oocytes become polygonal due to 

their abundance, and the follicular wall thins (Figure 2F). 

 

Spawning stage: In males, there is a reduction in the quantity of 

spermatozoa located in the central region of the acini, where 

their flagella are oriented to the lumen. There are observable 

areas that indicate the continuous release of gametes (Figure 

2G). In females, the walls of the follicles undergo degradation, 

resulting in partially empty acini. The acini contain varied  

post-vitellogenic oocytes reliant on the stage of spawning. Some 

follicles are blank as they have released their gametes  

(Figure 2H). 

 

Spent stage: In males, there is the presence of degenerated  

connective tissue, along with a limited quantity of undischarged 

spermatozoa and a significant number of hemoglobin-

containing cells in the tubules (Figure 2I). In females, follicles are 

fragmented, dispersed, and depleted in number; resorbing folli-

cles contain just a few remaining oocytes, and phagocytes have 

been seen within and between the follicles (Figure 2J). Gonadal 

presence was observed consistently throughout the year, albeit 

in relatively low proportions (Figure 3). The gonadal develop-

ment stages were monitored over the course of the year, and 

varying percentages were observed. However, the highest val-

ues for early and late developing stages were recorded in Janu-

ary and March, respectively. The presence of ripe gonads was 

observed in July for male (77.78%) and August for female 

(53.85%). The activity of the spawning L. marginalis for male was 

highest during October (50%) and for female during November 

(83.33%). The distribution of the maturity stages based on shell 

length is depicted in Figure 4. The maturity stages were classi-

fied according to the shell length, ranging from 49 mm to 108 

mm. No apparent pattern in the arrangement of maturity stages 

was noticed throughout the duration of the study. The smallest 

ripe male was observed in the shell length 49-53, while in  

females from 58-63 mm. Spawning stage was appeared in the 

length of 58-63 mm both in male and female. However, ripening, 

and spawning stages were in different shell lengths ranging 

from 58-63 to 88-93 mm for both sexes. Hence, it is feasible to 

evaluate the maturation and spawning of L. marginalis at shell 

lengths falling within the aforementioned ranges. Several 

spawning events have formerly been confirmed for populations 

of L. marginalis (Mishra et al., 2008; Verma et al., 2017).  

However, the present findings contradict with Siddique et al. 

(2020) and Diadhiou et al. (2019) who reported spawning peak 

of this species during rainy season based on the histological 

observation of gonads. The potential reasons for this phenome-

non could be attributed to the increased accessibility of food 

resources, favourable hydrological conditions, and enhanced 

opportunities for mating in the studied riverine water 

(Morriconi et al., 2002; Saeedi et al., 2009; Silva-Cavalcanti et al., 

2018). Furthermore, the frequency and duration of spawning 

events can exhibit significant variation depending on factors 

such as species, geographical location, and environmental condi-

tions (Gosling, 2003).  

A F 

B 

C 

D 

E 

G 

J 

I 

H 

Figure 2. Gonad developmental stages of L. marginalis at Haor. (A-E) - 
males; (F-J) - females; (A, F = Early developing stage, B, G = Late  
developing stage, C, H = Ripe stage, D, I = Spawning stage, E, J = Spent 
stage. 
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Condition index  

The annual fluctuations in condition index (CIs) are depicted in 

Table 3. The condition index of L. marginalis appeared to be influ-

enced by gametogenic development, as indicated by our findings. 

The mean value of the condition indices reached its peak in July 

in males (0.96±0.32) and September in females (0.96±0.24),  

coinciding with the period of gonad ripening. Nevertheless, it is 

likely to attribute the abrupt decrease in CIs observed in males 

between July and September, and in females between Septem-

ber and October might be due to the physiological effects of 

weight loss caused by the discharge of gametes and the subse-

quent energy expenditure during spawning. While the condition 

index of L. marginalis generally aligned with its reproductive stag-

es, specifically indicating the initiation of spawning, it did not 

exhibit a strong correlation with other stages of gonadal devel-

opment. This phenomenon can be accredited to the occurrence 

of individuals in varying gonadal stages among both males and 

females within a given month. In November, a majority of males 

exhibited partial spawning, while a subset displayed early devel-

opment, maturation, and subsequent expenditure of reproduc-

tive resources. This observation may provide an explanation for 

the absence of a correlation between the condition index and 

reproductive stages. The CIs and their peak months were varied 

from the results of Hossain et al. (2023), Siddique et al. (2020) 

and Niogee et al. (2019). The contrasts between the current 

results and those of the prior research imply that the morphom-

etry and maturation of the mussel are more closely related to its 

environmental characteristics (Lagos et al., 2016). 

Figure 3. Monthly percentage composition of gonad developmental stages, A = Male, B = Female. 

Figure 4. Percentage composition of gonad development stages according to specimen size, A = Male, B = 
Female. 

Figure 5. Logistic curves for estimation of the size at first sexual maturity (L50) of L. marginalis (A) female and (B) male in 
the Brahmaputra River.  
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Size at first sexual maturity  

Based on gonad microscopic inspection, the sexual maturity was 

estimated of 111 males and 126 females sampled in July 2019 to 

June 2020 (Table 4). Histological investigation was done to certi-

fy the shell length of the individuals that reached gonadal matu-

ration. In males, smallest length for sexually mature individuals 

was 49-55.99. Furthermore, 100% of the individuals were ma-

tured with the SL 49-55.99 mm and >50% were sexually mature 

with the SL of 70-76.99 and 77-83.99. In females, smallest indi-

viduals with sexually mature gonads were SL, 56-62.99 and the 

collected 20% of the individuals were sexually mature. Further-

more, >50% mature females were observed at SL, 70-76.99, and 

84-90.99 length groups, respectively.    

The utilization of sigmoid functions enables the examination of 

the association between the percentage of mature individuals 

and the overall length of mussels. This approach facilitates the 

tracking of sexual maturity levels based on size and provides a 

precise estimation of the length at which 50% of the individual’s 

exhibits sexual maturity. The estimated SL50 for male and female 

mussels were 63.25 and 72.10 mm, respectively with high corre-

lation coefficients R2 of 0.95 and 0.94, respectively (Figure 5A, 

B). The variation in the size at which males and females reach 

sexual maturity could be attributed to disparities in growth rates 

amid the gender (Power and Keegan, 2001) or a potential  

interruption in the onset of sexual maturation in females (Cledón 

et al., 2008). Furthermore, the variations in sexual maturity size 

between males and females can also be attributed to several 

additional factors, as identified by Ilano et al. (2003).  

These factors include males’ competition for mates, the conflict 

between growth and reproduction, parasitic infections, and 

various environmental and fishing pressures. 

 

Conclusion 

 

The current study reports on the sex ratio, spawning season, 

condition index and lengths at first maturity of L. marginalis. 

From the present data we conclude that freshwater mussel  

L. marginalis collected from the Brahmaputra River had female 

dominated insignificant sex ratio (M:F = 1:1.3) and a continuous 

annual gonad developmental stage consisted early developing, 

late developing, ripe, spawning and spent. By comparing the 

calculated histological analysis and CI it was observed that the 

males achieve gonadal maturation before the female. The  

estimated SL50 for male and female mussels were 63.25 and 

72.10 mm, respectively. Further studies should investigate to  

correlate the gonadal developmental stages and size at sexual  

maturity with environmental factors to establish a breeding 

protocol for propagation in captivity for aquaculture purpose. 

 

ACKNOWLEDGEMENT  

 

The authors are grateful to the project of Development and 

Dissemination of pearl culture technology in Bangladesh 
(Project code no. 5-4405-5012), Government of Bangladesh 

(GoB), Freshwater Station, Bangladesh Fisheries Research 

Institute to providing the fund and logistic support for the pre-

sent study under the project. 

 

Open Access: This is an open access article distributed under the 

terms of the Creative Commons Attribution NonCommercial 4.0 

International License, which permits unrestricted use, distribu-

tion, and reproduction in any medium, provided the original  

author(s) or sources are credited.   

 

REFERENCES 

 

Arago´n-Noriega, E. A., Cha´vez-Villalba, J., Gribben, P. E., Alca´ntaraRazo, E., 

Maeda-Martı´nez, A., & Arambula-Pujol, E. (2007). Morphometric relation-

ships, gametogenic development and spawning of the geoduck clam Panopea 

globosa (Bivalvia: Hiatellidae) in the central Gulf of California. Journal of 

Shellfish Research, 26, 42331. 

Chowdhury, G.W., Zieritz, A. & Aldridge, D.C. (2016). Ecosystem engineering by 

mussels supports biodiversity and water clarity in a heavily polluted lake in 

Dhaka, Bangladesh. Freshwater Science, 35, 188–199,  

https://doi.org/10.1086/ 684169 

Cledón, M., Arntz, W. & Penchaszadeh, P. E. (2008). Size and age at sexual maturity 

in Adelomelon brasiliana (Neogastropoda: Volutidae) off Argentina. Journal of 

Marine Biology Association UK, 88, 169–173 

Diadhiou, H.D., Ndour, I., Sarr, S.M. & Djimera, A. (2019). Oocyte atresia in the 

Mangrove oyster, Crassostrea gasar (Dautzenberg 1891), (Bivalvia, Ostrei-

dae) in tropical environment. International Journal of Biological and Chemical 

Science, 13, 1082, https://doi.org/10.4314/ijbcs.v13i2.40. 

Dillon, R.T. (2004). The Ecology of Freshwater Molluscs. Cambridge University 

Press, Cambridge. 

Gaikwad, S. S. & Kamble, N. A. (2013). Gametogenic phenology in freshwater 

Molluscan species; Lamellidens marginalis and Parreysia corrugata. Asian  

Journal of Biology and Life Science, 2(1), 1-5.  

Table 3. Monthly variations in the condition index (mean ± SD) 
of L. marginalis. 

Months Male Female 

Jul 0.96 ± 0.32 0.62 ± 0.13 

Aug 0.92 ± 0.12 0.90 ± 0.32 

Sep 0.62 ± 0.10 0.96 ± 0.24 

Oct 0.60 ± 0.11 0.32 ± 0.09 

Nov 0.55 ± 0.21 0.56 ± 0.16 

Dec 0.88 ± 0.28 0.55 ± 0.10 

Jan 0.56 ± 0.18 0.46 ± 0.09 

Feb 0.44 ± 0.11 0.48 ± 0.10 

Mar 0.40 ± 0.18 0.56 ± 0.12 

Apr 0.72 ± 0.23 0.59 ± 0.08 

May 0.68 ± 0.14 0.77 ± 0.19 

Jun 0.65 ± 0.16 0.42 ± 0.12 

Table 4. Shell length of first sexual maturity of L. marginalis 
from Brahmaputra River.   

Size class 

Male Female 

Number Maturity (%) Number 
Maturity 

(%) 

49-55.99 2 100.00 2 0.00 

56-62.99 11 9.09 20 20.00 

63-69.99 18 44.44 19 31.58 

70-76.99 7 71.43 4 50.00 

77-83.99 23 56.52 21 33.33 

84-90.99 27 48.15 40 57.50 

91-97.99 21 4.76 14 21.43 

98-104.99 6 0.00 5 0.00 

Total 111   126   

https://doi.org/10.4314/ijbcs.v13i2.40


410 

 

Arun Chandra Barman  et al. /Arch. Agric. Environ. Sci., 8(3): 403-410 (2023) 

Gaspar, M. B., Santos, M. N., Vasconcelos, P., & Monteiro, C. C. (2002). Shell mor-

phometric relationships of the most common bivalve species (Mollusca: Bival-

via) of the Algarve coast (southern Portugal). Hydrobiology, 477, 73-80. 

Gosling, E. (2003). Bivalve mollucs biology ecology and culture. Blackwell, Oxford, 

United Kingdom. 

Gribben, P. E., Helson, J. & Jeffs, A. G. (2004). Reproduction cycle of the New  

Zealand geoduck, Panopea zelandica, in two North Island populations. The 

Veliger, 47, 5365. 

Haag, W.R. & Williams, J.D. (2014). Biodiversity on the brink: An assessment of 

conservation strategies for North American freshwater mussels.  

Hydrobiology, 735: 45-60. 

Haag, W. R. (2019). Reassessing enigmatic mussel declines in the United States. 

Freshwater Mollusk Biological Conservation, 22, 43. https://doi.org/10.31931/ 

fmbc.v22i2.2019.43-60 

Hossain, M. A., Hussain, M., Sarker, T. R., Saha, S. & Iqbal, M. M. (2023). Reproduc-

tive and morphometric traits of freshwater mussel Lamellidens marginalis and 

associated hydrology in the Ratargul freshwater Swamp Forest, Bangladesh. 

Egyptian Journal of Aquatic Research, 49: 161–170, https://doi.org/10.1016/

j.ejar.2022.11.004 

Hussain, M., Hossain, M.A., Begum, M. & Roy, N.C. (2022). Freshwater mussel 

(Lamelliedens marginalis) to reduce the lead (Pb) bioaccumulation in aquacul-

ture of stinging catfish, Heteropneustes fossilis. Journal of Applied Aquaculture,  

1–17. https://doi.org/10.1080/10454438.2021.2010630 

Ilano, A. S., Fujinaga, K. & Nakao, S. (2003). Reproductive cycle and size at sexual 

maturity of the commercial whelk Buccinum isaotakii in Funka Bay, Hokkaido, 

Japan. Journal of Marine Biological Association UK, 83, 1287–1294 

Lagos, N., Benítez, S., Duarte, C., Lardies, M., Broitman, B., Tapia, C. & Vargas, C. 

(2016). Effects of temperature and ocean acidification on shell characteristics 

of Argopecten purpuratus: Implications for scallop aquaculture in an upwelling 

influenced area. Aquaculture Environment Interaction, 8, 357–370,  

https://doi. org/10.3354/aei00183 

Lango-Reynosoa, F., Chavez-Villalbaa, J., Cochard, J. & Le Pennec, M. (2000). Oo-

cyte size, a means to evaluate the gametogenic development of the Pacific 

oyster, Crassostrea gigas (Thunberg). Aquaculture, 190(1- 2), 183-199.  

Mackie, G. L. (1984). Bivalves. In: Tompa, A., Verdunk, N. & van den Biggelaar, J. 

(Eds), The Mollusca, Vol. 7, Reproduction. Academic Press, Orlando, FL. pp. 

351–418. 

Madhyastha, A., Budha, P.B. & Daniel, B.A. (2010). Lamellidens marginalis. The IUCN 

Red List of Threatened Species2010: e.T166731A6270763.  

http://dx.doi.org/10.2305/IUCN.UK.2010- 4.RLTS.T166731A6270763 

Mishra, S., Mishra, R. K., Sahu, B.K., Nayak, L., & Senga, Y. (2008). Differential growth of 

the freshwater mussel, Lamellidens marginalis in relation to certain drugs. Envi-

ronmental Toxicology, 23, 379–386, https://doi.org/10.1002/tox.20351 

Mondol, M.R., Nasrin, F. & Nahar, D.A. (2016). Length-weight relationships, condi-

tion index and sex ratio of mussel Lamellidens corrianus (Lea, 1834) in a Fresh-

water Lake, Northwest Bangladesh. Croatian Journal of Fisheries, 74, 172–178. 

https://doi.org/10.1515/cjf-2016-0025 

Morriconi, E., Lomovasky, B. J. & Calvo, J. (2007). Reproductive cycle and energy 

content of Tawera gayi (Hupe´ 1854) (Bivalvia: Veneridae) at the southern-

most limit of their distribution range. Journal of Shellfish Research, 26, 81–88.  

Mozsár, A., Boros, G., Sály, P., Antal, L. & Nagy, S.A. (2015). Relationship between 

Fulton’s condition factor and proximate body composition in three freshwa-

ter fish species. Journal of Applied Ichthyology, 31, 315–320,  

https://doi.org/ 10.1111/jai.12658 

Nahar, D., Islam, M. R., Islam, M.S., Jasmine, S., & Mondol, M. (2019). Growth pattern 

of freshwater bivalve mollusk Lamellidens marginalis (Lamarck, 1819) from the 

northwest Bangladesh. Journal of Bioscience, 27, 121–132, 

https://doi.org/ 10.3329/jbs.v27i0.44677 

Natarajan, N. & Susithira, R. (2016). Studies on growth and survival rate of pearl 

freshwater Mussel Lamellidens marginalis during the culture in a pond. Journal 

of Pharmaceutical and Biological Science, 11, 36–42, https://doi.org/10.9790/ 

3008-11123642.  

Niogee, S. R., Tonni, K. F., Barman, A. C., Tanu, M. B., Sku, S., & Uddin, M. J. (2019). 

Ovarian cycle of freshwater pearl mussel, Lamellidens marginalis (Lamarck, 

1819) collected from a culture pond in Bangladesh. Asian Fisheries Science, 32, 

117–123, https://doi.org/10.33997/j.afs.2019.32.3.004 

Nobles, T. & Zhang, Y. (2015). Survival, growth and condition of freshwater mussels: 

Effects of municipal wastewater effluent. PLoS ONE., 10, e0128488. 

Ojea, J., Pazos, A.J., Martínez, D., Novoa, S., Sánchez, J.L. & Abad, M. (2004). Season-

al variation in weight and biochemical composition of the tissues of Ruditapes 

decussatus in relation to the gametogenic cycle. Aquaculture, 238, 451 - 468. 

Okuthe, G. E. & Bhomela, B. (2020). Morphology, histology and histochemistry of 

the digestive tract of the banded tilapia, Tilapia sparrmanii (Perciformes: 

Cichlidae). Zoologia, 37, 1–14, https://doi.org/10.3897/zoologia.37.e51043 

Park, K-I.C. (2004). Application of enzyme-linked immunosorbent assay for study-

ing of reproduction in the Manila clam Ruditapes philippinarum (Mollusca: 

Bivalvia): I. Quantifying eggs. Aquaculture, 241, 667–87. 

Peharda, M., Mladineo, I., Bolotin, J., Kekez, L., & Skaramuca, B. (2006). The repro-

ductive cycle and potential protoandric development of the Noah’s Ark 

shell, Arca noae L.: Implication for aquaculture. Aquaculture, 252, 31727.  

Power, A.J. & Keegan, B.F. (2001). Seasonal patterns in the reproductive activity of 

the red whelk Neptunea antiqua (Mollusca: Prosobranchia) in the Irish Sea. 

Journal of Marine Biological Association UK, 81, 243–250.  

Saeedi, H., Raad, S. P., Ardalan, A. A., Kamrani, E., & Kiabi, B. H. (2009). Growth and 

reproduction of Solen dactylus (Bivalvia: Solenidae) on northern coast of the 

Persian Gulf (Iran). Journal of Marine Biological Association UK, 89,  

1635–1642, https://doi.org/10.1017/S0025315409000964 

Siddique, M. A., Khatun, M. A., Rahman, M. M., Ahmed, G. U., Moniruzzaman, M., & 

Uddin, M.J. (2019). Annual gametogenic cycle of the freshwater pearl  

mussel, Lamellidens marginalis (Lamarck, 1819) collected from a perennial 

lentic habitat of Bangladesh. Molluscan Research,  

https://doi.org/10.1080/13235818.2019.1682954 

Siddique, M. A., Khatun, M. A., Rahman, M. M., Ahmed, G. U., Moniruzzaman, M., & 

Uddin, M.J. (2020). Annual gametogenic cycle of the freshwater pearl mus-

sel, Lamellidens marginalis (Lamarck, 1819) collected from a perennial lentic 

habitat of Bangladesh. Molluscan Research, 40, 36–43.  

https://doi.org/10.1080/ 13235818.2019.1682954 

Silva-Cavalcanti, J. S., Costa, M. F., & Alves, L. H. B. (2018). Seasonal variation in 

the abundance and distribution of Anomalocardia flexuosa (Mollusca,  

Bivalvia, Veneridae) in an estuarine intertidal plain. PeerJ, 6, e4332.  

https://doi.org/ 10.7717/peerj.4332. 

Sun, W., Liu, X., Wu, R., Wang, W., Wu, Y., Ouyang, S. & Wu, X. (2019). Declining 

freshwater mussel diversity in the middle and lower reaches of the Xin River 

Basin: Threat and conservation. Ecology and Evolution, 9, 14142–14153, 

https:// doi.org/10.1002/ece3.5849 

Tanu, M. B., Barman, A. C., Siddique, M. F., Sku, S., Hossen, M. N., Rayhan, A. & 

Mahmud, Y. (2021). Determining of suitable size of paraffin image for image 

pearl production in freshwater mussel (Lamellidens marginalis) in Bangladesh. 

International Journal of Fisheries and Aquatic Studies, 9, 222-226.  

Tanu, M. B., Barman, A. C., Siddique, M. F., Sku, S. & Mahmud, Y. (2019) Production 

and quality of mantle tissue transplanted pearls in Lamellidens marginalis 

cultured in different locations of Mymensingh district, Bangladesh. Journal of 

Bangladesh Agricultural University, 17, 424–429.  

Tanu, M. B., Barman, A. C., Siddque, M. F., Sku, S., Hossen, M. N., Southgate, P. C., & 

Mahmud, Y. (2022). Impact of culture period on quality of image pearls 

produced by the freshwater mussel, Lamellidens marginalis, in Bangladesh. 

Journal of Shellfish Research, 41, 75–83.  

Thippeswamy, S., Malathi, S. & Anupama, A. M. (2014). Allometry and condition 

index in the freshwater bivalve Parreysia favidens (Benson, 1862) from river 

Bhadra, India. Indian Journal of Fisheries, 61(4), 47-53. 

Uddin, M., Yang, H.-S., Choi, K-S., Kim, H-J., Hong, J-S. & Cho, M. (2010). Seasonal 

changes in Perkinsus olseni infection and gametogenesis in Manila Clam, 

Ruditapes philippinarum, from Seonjaedo Island in Incheon, off the West 

Coast of Korea. Journal of World Aquaculture Society, 41, 93–101, 

 https://doi.org/ 10.1111/j.1749-7345.2009.00337.x 

Uddin, M. J., Yang, H-S., Park, K-J., Kang, C-K., Kang H-S., & Choi K-S. (2012). Annu-

al reproductive cycle and reproductive efforts of the Manila clam Ruditapes 

philippinarum in Incheon Bay off the west coast of Korea using a histology-

ELISA combined assay. Aquaculture, 364–365, 25–32. 

Vaughn, C.C. (2018). Ecosystem services provided by freshwater mussels. Hydrobi-

ology, 810, 15-27, https://doi.org/10.1007/s10750-017-3139-x 

Verma, S., Mishra, A., & Rawar, A. (2017). Artificial breeding of freshwater catfish 

Heteropneustes fossilis (Bloch, 1794) using synthetic hormone. Asian Journal 

of Biological Science, 12, 100–107, https://doi.org/10.15740/HAS/

AJBS/12.2/100- 107 

Yasmeen, S. & Pathan, T.S. (2021). Behavioural response in freshwater bivalve 

mollusk, Lamellidens marginalis due to acute toxicity of cadmium chloride. 

International Journal of Biological Innovation, 3, 148–153. 

Zaidman, P. C., Kroeck, M. A., Oehrens-Kissner, E. M., & Morsan, E. M. (2012). 

Reproductive pattern of Southern geoduck, Panopea abbreviata, at El 

So´tano (San Matı´as Gulf, Patagonia, Argentina). Marine Biological Research, 

8, 17281.  

https://doi.org/10.1016/j.ejar.2022.11.004
https://doi.org/10.1016/j.ejar.2022.11.004
https://doi.org/10.1080/10454438.2021.2010630
https://doi.org/10.1002/tox.20351
https://doi.org/10.1515/cjf-2016-0025
https://doi.org/10.33997/j.afs.2019.32.3.004
https://doi.org/10.3897/zoologia.37.e51043
https://doi.org/10.1017/S0025315409000964

