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 Marudu Bay is located within Tun Mustapha 
Marine Park, in the north of Malaysian Borneo, 
and is part of the Coral Triangle Initiative region of 
Malaysia.  The bay is known for its high biodiversity 
(Zakaria and Rajpar, 2015), but is also an important 
fishing ground for Sabah (Beliku and Saleh, 2013). 
Of the many bivalve species occurring in the bay, 
the Asiatic hard clam, Meretrix meretrix (Veneridae), 
also known as the great clam, receives special 
attention because of its commercial importance 
(Tan et al., 2017). 

 Meretrix meretrix is an edible marine bivalve 
mollusk that is inhabiting in coastal areas of South 
and Southeast Asia (Liu et al., 2006).  The clam is 
widely cultured in countries like China (Tang et al., 
2006) and Taiwan (Huang et al., 2016).  However, 
in Malaysia, M. meretrix is not farmed, but rather is 
harvested from the natural habitat (Mohd Hamdan 
et al., 2020).

 The global landings for clam fisheries in 
2017 were estimated to be about 6,193,000 metric 
tonnes, which contributed about 38 % to the global 
bivalve production (FAO, 2019).  Unlike blood
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clams (Anadara sp.), which are widely cultured 
and have become the main contributor to bivalve 
production in Malaysia (Department of Fisheries 
Malaysia, 2018), the Meretrix clam is only important 
as an artisanal fishery.  However, many communities 
in coastal areas are dependent on this naturally 
occurring clam as a source of protein and household 
income (Mohd Hamdan et al., 2017).

 The Meretrix clam normally burrows itself 
in mudflat areas of estuaries where the sediment 
consists of sand and mud with high nutrient 
concentration (Hamli et al., 2017).  It is considered 
delicious by consumers and is cheaper than other 
seafood products such as fishes and crustaceans. 
It has become the principal protein source for coastal 
communities (Tan et al., 2017).  According to 
Chowdhury et al. (2019), Meretrix clams are high 
in protein and moisture, but low in ash, lipid, and 
carbohydrate.  The clam also contains some essential
minerals including calcium, iron, and phosphorus. 
Biochemical composition (e.g., protein, lipid, 
and carbohydrate) of the clam was reported to be 
influenced by body size and maturation stage 
(Chowdhury et al., 2019).  The clam was also found 
to have lower lipid content during its spawning 
season (Joshi and Bal, 1965).

 In Marudu Bay, the Meretrix clam is usually 
collected by artisanal fishermen either for their 
own consumption or selling directly at local wet 
markets and seafood restaurants (Tan et al., 2017).  
The market demand for the clam is high and 
expected to increase in the future in view of the 
blooming tourism industry in Sabah (Said, 2011). 
Such development may result in an increase in 
exploitation of the natural stocks of the clam (Tan 
et al., 2016), and may become a threat to the 
sustainability of the species.  Hence, a sustainable 
fisheries management plan for this species is needed. 
However, such a management plan can only be 
developed and implemented effectively when 
sufficient scientific information about the species 
is available (Amin et al., 2009).  Therefore, this 
study was carried out to understand the population 
dynamics and determine the current exploitation 
level of the Meretrix clam so that a sustainable 
fishery management plan for the species in Marudu 
Bay can be established.

Sampling
 
 Hard clams were collected in Marudu Bay 
(6°34’02.49” to 6°34’57.75” N and 116°48’49.49” 
to 116°45’26.20” E) from eight stations (Figure 1) 
during a one-year period from May 2017 to April 
2018.  The sampling covered an area of 500 m2 
(50×10 m) by using a hand dredge, called a Kerek 
(Tan and Ransangan, 2019).  A total of 1,745 clam 
specimens (Figure 2) with shell lengths ranging 
from 18.3 to 101.7 mm were collected.  The shell 
length and total weight of each clam specimen were 
measured using a Vernier calipers and an electronic 
balance with accuracy of 0.01 mm and 0.01 g, 
respectively.  Monthly length-frequency distributions 
based on a 5-mm shell length interval were analyzed 
as illustrated in Figure 5.

Seawater temperature
 
 Seawater temperature (ºC) was measured 
in situ monthly during the sampling period at 
0.5 m below the surface using a multifunction 
environmental sensor (YSI; Loveland, Co, USA).

Length-weight relationship 

 The weight and length relationship was 
estimated using the log transformation equation 
(W = aLb; W = weight (g); L = length (mm); a = 
condition factor; b = the coefficient of the length 
weight relationship) suggested by Le Cren (1951). 
The “a” and “b” parameters were estimated using 
regression analysis on log-log transformed data:

 LogW = Loga + bLogL

 If b = 3.0, growth is isometric.  However, 
growth is positive allometric if b > 3.0, and growth 
is negative allometric when b < 3.0.

Growth parameters 

 The length-frequency data were analyzed 
by using FAO-ICLARM Stock Assessment Tools 
(FiSAT). The asymptotic length (L∞) and growth 
coefficient (K) of the von Bertalanffy growth
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function (VBGF) were estimated by using Electronic 
Length Frequency Analysis (ELEFAN-1) following 
Pauly and David (1981).  The approach used in 
estimating the L∞ and K values and correction 
of length frequency data was similar to that of 
Amarasinghe and De Silva (1992), Sparre and 
Venema (1992) and Amarasinghe (2002).  The steps 
of the approach are briefly described here.  First, 
the estimation of the preliminary values of L∞ and 
K values was carried out by using ELEFAN-1. 
Second, probabilities of capture were estimated 
from a detailed analysis of the left ascending part 
of the catch curve using the preliminary values of
asymptotic length (L∞), growth coefficient (K) and 
computed t0.  Third, correction of the original length 
frequencies was done by dividing each frequency 
value by the probability of capture corresponding to 
its length (Pauly, 1986).  Finally, optimized estimates 
of L∞ and K values were found using ELEFAN-1 
from the corrected length frequency data.  
 

 The L∞ and K values can be obtained from 
the ELEFAN-1 routine via four options of curve 
fitting: by eye, response surface analysis, K-values 
scan and automatic search.  In this study, optimized 
L∞ and K values were obtained by the K-values scan 
(Sivashanthini, 2009).  The growth performance 
index (ϕ) was estimated by using the optimized L∞ 
and K values (Pauly and Munro, 1984) according 
to the equation below:

 ϕ = 2log10L∞ + log10K

 The average length of clams at a given 
age was estimated using the inverse von Bertalanffy 
growth function (VBGF) equation (Sparre and 
Venema, 1992) as follows:

 Lt = L∞ (1 – e-k (t-t0))

Figure 1. Sampling sites (marked by red dots) of Meretrix meretrix within the inner area of Marudu Bay.
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 Where Lt is the mean length at age t, and 
t0 is the hypothetical age at which the length is zero 
(Newman, 2002).  The t0 value was estimated by 
substituting the L∞ and K into the inverse of the 
VBGF.  The average length of 14.5 mm for clams 
at two months old, as reported by Narasimham et al. 
(1988) was used in the t0 calculation.  The potential 
longevity (tmax) of the clam was obtained using the 
formula tmax = 3/K.

Recruitment and condition index 

 The annual recruitment pattern was 
estimated by analyzing the monthly shell length-
frequency distributions.  The symmetry and the 
uniformity of the shell length distribution was 
then judged by the skewness and kurtosis values 
following Groeneveld and Meeden (1984).  Five 
specimens of hard clam were collected randomly 
each month for condition index determination (n = 
60).  Dry tissue weight and dry shell weight were 
measured after drying clam specimens individually 
for 24 h at 105 ºC in a muffle furnace.  The condition 
index (CI) was then calculated from the ratio of dry 
tissue weight (DTW) and dry shell weight (DSW) 
following Davenport and Chen (1987) and Rahim 
et al. (2012) as follows:

 CI = (DTW/DSW) × 100

 The condition indices are divided into 
three fatness categories according to Rahim et al. 
(2012):

 CI ≤ 2 (thin); CI = 2 to 4 (moderate); 
     CI ≥ 4 (fat).

 The condition indices were tested for 
significance by using the SPSS Windows Statistical 
Package (version 26, Chicago, USA) at 0.05 
level.  All variables were tested for normality and 
homogeneity of variances prior to further analysis.

Mortality, exploitation level and yield per recruit

 The natural mortality rate (M) was estimated 
from Pauly’s equation (Pauly, 1980) by using the 
mean annual seawater temperature (T, 29.7 ºC) at 
the study site:

   

 Log M  =  – 0.0066 – 0.279 log10L∞ + 
                               0.6543 log10K + 0.4634log10T

 The total mortality (Z) was estimated by 
the length-converted catch curve method (Pauly, 
1984) based on the following equation:

 ln (  Ni  )   =  a + bt
        Δti

 Where Ni is the number of individuals in 
length class I; Δti is the time needed for the clams 
to grow through length class i; ti is the age or the 
relative age of individual clams corresponding to 
the midlength of class i; a is the intercept; and b, 
with sign changed, is an estimate of Z.  Fishing 
mortality (F) was estimated by subtracting M from 
Z.  The exploitation level (E) was then estimated 
following Gulland (1965) as follows:

 E = F/(F+M)

 Relative yield per recruit (Y/R) and biomass 
per recruit (B/R) were derived from the method of 
Beverton and Holt (1993) using knife-edge selection. 
The relative yield per recruit was calculated using 
the following formula:

Y'/R = EUM / K { 1 –     3U    +     3U2
    –      U

3
     }                    (1+m)     (1+2m)      (1+3m)

B'/R = (Y'/R) / F
 
 Where U = 1-(Lc /L∞), in which Lc is 
the average length at first capture and L∞ is the 
asymptotic length; m = (1-E)/ (M/K) = (K/Z), in 
which E is the exploitation level; M is natural 
mortality; K is the growth coeffiecient; and Z is 
total mortality. 

 The values of Emax, E0.1 and E0.5 were 
then estimated by using the first derivative of this 
function, where Emax is the maximum sustainable 
exploitation rate, E0.1 is the exploitation rate at 
which marginal increase of relative yield-per-recruit 
is 10 % of its value at E = 0, and E0.5 is the value 
of E under which the stock has been reduced to 
50 % of its unexploited biomass.
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Length-weight relationship
 
 The length and weight of the collected 
Meretrix meretrix specimens ranged from 1.83 to 
10.17 cm and from 1.95 to 288.5 g, respectively. 
The equation representing the length-weight 
relationship is W = 0.4920L2.774, which was obtained 
by plotting the length values against weights 
(Figure 2).  The computed coefficient (b) of the 
length-weight relationship was 2.77 and the condition 
factor (a) was 0.4920.

Growth parameters 

 Initial estimates of L∞ and K values 
obtained from K-scan in ELEFAN-1 were 107.63 
mm and 0.47 year-1, respectively.  After the correction 
of the original length frequencies, the optimized 
values for L∞ and K remained the same (Figure 3). 
The restructured length distribution according to 
the length-frequency data is shown in Figure 4. 
The estimated growth performance index (ϕ) was 
3.736 and the theoretical age at length zero (t0) was 
estimated to be -0.1412.

 The observed maximum length of the 
Meretrix meretrix in Marudu Bay was 102.50 mm, 
but the predicted maximum length was 104.04 mm, 
with confidence interval of 95.32 to 112.76 mm at 
95 % probability of occurrence.  The mean lengths 
of the hard clam were estimated to be 14.50, 21.52, 
28.01, 34.00, 39.55 and 44.68 mm at the end of 
2, 4, 6, 8, 10 and 12 months of age, respectively. 
The estimated maximum life span (tmax) of the 
clam was 6.38 years.

Recruitment and condition index 
 
 The Meretrix meretrix stock in Marudu 
Bay exhibited a unimodal population structure 
throughout the study and was predicted to have 
constant recruitment throughout the year (Figure 5). 
It is interesting to note that length-frequency 
distributions in all the sampling months showed 
a clear right-skewed distribution.  However, shell 
lengths of M. meretrix in June, September, October 
of 2017 and in January of 2018 showed less skewness. 

 The condition indices of M. meretrix in 
Marudu Bay ranged from 3.09 to 5.61, with a mean±SD 
of 3.88±0.84.  The condition index was significantly 
higher (p<0.05) in April 2018 than in the other months 
(Figure 6).
 

RESULTS

Figure 2. Length-weight relationship of Meretrix meretrix in Marudu Bay.
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Figure 3. Estimated growth constant (K) of Meretrix meretrix in Marudu Bay (K = 0.47 year-1).

Figure 4. Growth of hard clam, Meretrix meretrix in Marudu Bay based on length-frequency data analyzed using 
 ELEFAN-1 (L∞ = 107.63 mm and K = 0.47 year-1).
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Figure 5. Length-frequency distribution of Meretrix meretrix in Marudu Bay on each sampling date. N = number 
 of individuals; MS = mean size of individuals.
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Mortality, exploitation level and yield per recruit
  
 The total mortality of Meretrix meretrix 
in Marudu Bay was 2.65 year-1.  Higher fishing 
mortality (1.87 year-1) was observed as compared 
to natural mortality (0.78 year-1) (Figure 7).

The exploitation level (E) of the hard clam in 
Marudu Bay was estimated to be 0.70.  Figure 8 
shows the results of the relative Y/R and B/R 
analysis for M. meretrix.  The E0.1, E0.5 and 
Emax were found to be 0.419, 0.297 and 0.499, 
respectively.

99

Figure 6. Condition index of Meretrix meretrix in Marudu Bay recorded from May 2017 to April 2018.  Different 
 lowercase letters above the line indicate significant (p<0.05) difference between months.

Figure 7. Length-converted catch curve (Z = 2.65, M (at 29.7 °C) = 0.78, F = 1.87, E = 0.70) of Meretrix meretrix 
 in Marudu Bay.
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Length-weight relationship
  
 In most bivalves, the coefficient b of the 
length-weight relationship generally ranges between 
2.4 and 4.5 (Isham et al., 1951).  The computed 
coefficient b of this relationship for Meretrix meretrix 
in Marudu Bay was 2.77.  This demonstrates that 
the relative growth of the clam in length was higher 
compared to body weight.  This value was also 
higher than that of the M. meretrix population 
in Bangladesh (b = 2.02), and suggests that 
physiological and habitat conditions affect clam 
growth (Ramesha and Thippeswamy, 2009).

Growth parameters
 
 The asymptotic length (L∞) and growth 
coefficient (K) of Meretrix meretrix in Marudu Bay 
were estimated at 107.63 mm and 0.47 year-1, 
respectively.  Comparison with growth and mortality 
parameters from other studies shows that differences 
exist for the species from different areas of the world. 
The size variation could be due to geographical

location and level of exploitation (Dolorosa and 
Dangan-Galon, 2014). The L∞ (107.63 mm) of 
M. meretrix in Marudu Bay was higher than was 
found for the same species in Thoothukudi, India 
(99.1 mm) (Narasimham et al., 1988), Moheshkali 
Island, Bangladesh (81.4 mm) (Amin et al., 2009), 
and Maharshtra, India (58.8 mm) (Sawant and 
Mohite, 2013).  The K value (0.47) recorded for 
M. meretrix in Marudu Bay was higher than recorded 
in India, where values ranged between 0.04-0.32 
(Narasimham et al., 1988; Sawant and Mohite, 
2013), but were much lower compared to that 
recorded in Bangladesh (0.97) (Amin et al., 2009). 
On the other hand, the L∞ of M. meretrix in Marudu 
Bay was higher, but the K value was lower than 
those recorded for M. casta (L∞ = 34.0-43.1; 
K = 0.84-1.44) in the Dutch canal of Sri Lanka 
(Jayawickrema and Wijeyaratne, 2009).

Recruitment and condition index 
 
 The current study suggests that the 
recruitment of Meretrix meretrix in Marudu Bay 
occurs throughout the year (Figure 5).  According to 
Rai (1932), under favorable conditions M. meretrix

DISCUSSION

Figure 8. Relative yield per recruit and biomass per recruit of Meretrix meretrix in Marudu Bay (a – Emax; b – E0.1; 
 c – E0.5).
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can spawn throughout the year.  A similar observation 
was reported for Perna viridis in Marudu Bay (Tan 
and Ransangan, 2016).  This could be explained by 
the continuous gametogenesis of tropical bivalves 
due to low interannual temperature variability in 
tropical waters (Urban, 2001).  Salinity appears to 
play a more important role in the reproductive cycle 
of clams in tropical waters than temperature (Jayabal 
and Kalyani, 1987).  Also, the development of the 
reproductive cycle in the genus Meretrix is found 
to be significantly correlated with chlorophyll a 
availability, which suggests that the clams need 
high amounts of food to promote gametogenesis 
(Hamli et al., 2015).

 The observation of a clear right-skewed 
distribution in all the sampling months may be 
attributed to the selective effect of the fishing gear 
used during sampling.  Previously, Tan et al. (2017) 
reported that the fishing gear used locally is not 
only destructive to smaller Meretrix clams but also 
to other bivalve species.  Also, the lower value of 
skewness in June, September, October 2017, and 
January 2018 could indicate higher recruitment 
activity during these months.

 Condition index (CI) is usually used to 
evaluate the flesh quality of fishery stocks under 
the given environmental conditions (Li et al., 2009). 
According to Davenport and Chen (1987) and 
Rahim et al. (2012), bivalves can be divided into 
three fatness categories based on their CI values: 
CI ≤ 2 (thin); CI = 2 to 4 (moderate); CI ≥ 4 (fat). 
Based on this categorization, the M. meretrix stock 
in Marudu Bay is characterized with moderate 
fatness.  The drastic decrease in condition index of 
the clam in May and August is most likely associated 
with the spawning season.  This observation is 
supported by the higher recruitment of the clam 
in the proceeding months (June, September and 
October), whereas the high condition indices in July 
and April suggest that the clams are undergoing 
maturation.  According to Sahin et al. (2006), 
spawning can cause a significant loss in tissue 
weight or reserves due to release of gametes. 
Likewise, Peharda et al. (2006) suggested that the 
condition index can be used as a sensitive measure 
of changes in the reproductive development and it 
is correlated well with the mean gonad index.    
 

 Condition index not only corresponds to 
reproductive changes, but it can also be affected 
by environmental variables such as water quality. 
Lagade and Mulley (2014) reported that the condition 
index of Meretrix meretrix is sensitive to high 
temperature.  On the other hand, Hamli et al. (2017) 
reported that high ammonia nitrogen concentration 
negatively affects the condition index of hard clams. 
Extreme environmental conditions are stressful 
and can cause bivalves to become inactive (e.g., 
closure of valves and reduced feeding rate) which 
can lead to poor growth (Gosling, 2003).

Mortality and exploitation level 

 Mortality rate is an important parameter 
for understanding the stock status in a natural 
environment.  An exploitation rate of 0.5 has been 
recommended by Gulland (1983) for an ideal yield, 
where the fishing mortality is equal to natural 
mortality (Al-Barwani et al., 2007).  In this study, 
the higher fishing mortality rate (F = 1.87 year-1) 
compared to the natural mortality rate (M = 0.78 
year-1) suggests that the fishing activity contributes 
a major cause of death for the stock.  The high 
exploitation level (E = 0.70) compared to the 
recommended exploitation rate at maximum 
sustainable yield (Emax = 0.499) suggests that the 
clam is indeed experiencing overfishing.  This 
agrees with the finding of Ransangan and Tan (2018), 
who noted that fishermen tend to explore areas far 
from common fishing grounds with extended fishing 
effort to improve their catch.  Besides overfishing, 
the use of destructive fishing gear that have been 
reported to damage small and juvenile clams (Tan 
et al., 2017) may potentially deplete the clam 
population (Moschino et al., 2003) and lead to 
recruitment failure of the clam in Marudu Bay.

 The current study demonstrates that the 
natural stock of the Asiatic hard clam (Meretrix 
meretrix) in Marudu Bay is characterized by negative 
allometric growth (2.77), but satisfactory condition 
index (3.88±0.84) and year-round recruitment. 
However, the high exploitation level (0.70) and 
fishing mortality (1.87 year-1) suggest that it is
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currently overexploited.  Hence, a sustainable 
fishery management plan for the clam through 
ecosystem-based management approaches is highly 
recommended.  This can be done via several 
strategies such as avoiding overfishing; ensuring 
reversibility and rebuilding of the clam population; 
minimizing impact of fishing operations on the 
structure, productivity, function and biological 
diversity in the clam habitat; understanding and 
maintenance of ecological relationships between 
the clam and dependent and related species; and 
finally, broadening stakeholder participation in data 
collection, knowledge building, option analysis, 
decision making and implementation of the 
management strategies.
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