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Abstract

The population parameters of blood cockles, Tegillarca granosa  in the intertidal zone of Marudu Bay, Sabah,
Malaysia were investigated based on monthly length-weight frequency data (July 2017 to June 2018). A total of 279
cockle individuals with shell length and weight ranging from 27.7 mm to 82.2 mm and 13.11 g to 192.7 g were
subjected to analysis. T. granosa in Marudu Bay showed a consistent moderately high condition index 4.98±0.86
throughout the year. The exponent b of the length-weight relationship was 2.6 demonstrating negative allometric
growth. The estimated asymptotic length (L∞),  growth coefficient (K)  and growth performance (ϕ)  of  the T.
granosa population in Marudu Bay were estimated at 86.68 mm, 0.98 a–1 and 3.87, respectively. The observed
maximum shell length was 82.55 mm and the predicted maximum shell length was 84.44 mm with estimated
maximum life span (tmax) of 3.06 years. The estimated mean lengths at the end of 2, 4, 6, 8, 10 and 12 months of
age were 21.31 mm, 31.16 mm, 39.53 mm, 46.63 mm, 52.67 mm and 57.79 mm. Total,  natural,  and fishing
mortalities were estimated at 2.39 a–1, 1.32 a–1  and 1.07 a–1. The exploitation level (E) was 0.45. Results of the
current study also demonstrated that T. granosa  in the Marudu Bay has two major recruitment peaks; one in
March and another in October. The exploitation level revealed that natural stock of T. granosa in the Marudu Bay
was approaching the maximum exploitation level. If such trend continues or demand for T. granosa is increasing,
coupled with no effective fisheries management in place, possibility of the T. granosa population in the Marudu
Bay to collapse is likely to elevate.
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1  Introduction
Blood cockle, Tegillarca granosa (Linnaeus, 1758), formerly

known as Anadara granosa is a bivalvia under the Arcidae family.
It inhabits soft muddy bottoms of tidal flats formed in estuaries or
interior of bays (Nakao et al., 1989) and known to be widely dis-
tributed from the Middle East to East Asia (Faulkner, 2010). In
Malaysia, T. granosa  is naturally found in Penang, Perak,
Selangor (Pathansali and Song, 1958) and Johor (Yurimoto et al.,
2014). Moreover, according to Hamli et al. (2012), the bivalve is
also found in Sarawak particularly in Kuching and Bintulu re-
gions.

T. granosa is a major fishery in the Malaysia’s inshore waters,
contributing over 50% to national aquaculture production (Sug-
iyama et al., 2004) and dominating 93% of total shellfish species
production (Department of Fisheries Malaysia, 2013). In 2002,
Malaysia was ranked 5th in Asia Pacific in the production of T.
granosa with 78 712 tons (Sugiyama et al., 2004). Since the first
commercial exploitation in Perak in 1948, this species has been
cultivated extensively on several mudflats on Malaysia’s west
coast such as Kedah (Merbok), Pulau Pinang (Juru), Perak (Ku-
ala Gula, Kuala Sangga-Matang, Kuala Trong, Sg.Jarum),

Selangor (Kuala Selangor) and Johor (Muar) (Mirzaei et al.,
2015). There is no direct evidence in the literature on the distri-
bution of T. granosa in Sabah. However, based on our observa-
tion, this species occurs in three areas namely Marudu Bay
(North Eastern Sabah), Labuk Bay and Tawau (Eastern Sabah) in
Sabah. Moreover, our observation also indicated that fewer
cockles are being caught by fishers every year. This situation is
alarming as the cockle resource in the bay may not be able to sus-
tain unless an intervention is carried out to sustainably manage
its natural stock.

Population parameter assessments are important for an ef-
fective management of the fishery. A number of similar studies
on population dynamics of this species have been conducted in
Kuala Juru, Kuala Sepetang, Sungai Besar Selangor (Oon, 1986),
Sungai Buloh (Broom, 1982), and Balik Pulau (Mirzaei et al.,
2015) in Malaysia as well as in other countries in Kakinada Bay,
India (Narasimham, 1988b), Ang Sila, Thailand (Vakily, 1992),
and Desa Menco, Kecamatan Wedung dan Demak in Indonesia
(Imtihan et al., 2014). Despite the extensive literature of this top-
ic, information on the occurrence and the distribution of this
species in Northeast Malaysian Borneo (Sabah) is still scarce.  
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Therefore, this study is established to acquire baseline informa-

tion regarding the population dynamics and the level of exploita-

tion on the natural stock of this species in the Marudu Bay.

2  Materials and methods

2.1  Sampling

Marudu Bay (6°35′–7°00′N, 116°45′–117°00′E) is situated with-

in the Tun Mustapha Marine Park (Fig. 1), the largest marine pro-

tected area on the northeast Borneo. Monthly samplings were

conducted from July 2017 to June 2018. Samples of T. granosa

(Fig. 2) in an area of 500 m2 (50 m×10 m) were hand collected. A
total of 279 specimens were obtained throughout the study peri-
od (Table 1). Shell length (anterior-posterior) of each specimen
was measured with accuracy of 0.1 mm using Vernier calipers
(Mitutoyo, Shah Alam, Malaysia). The total weight was recorded
using an electronic balance to the nearest 0.01 g.

The monthly 5 mm intervals of shell length frequency distri-
bution data of cockle specimens were used to estimate the
growth parameters (L∞, K, ϕ), mortality (Z, M, F), exploitation (E)
and recruitment of the species in the Marudu Bay using the FAO-
ICLARM Stock Assessment Tools (FiSAT) computer package
(Gayanilo et al., 2005).

2.2  Condition index
Five random specimens of blood cockles were collected each

month and were used for condition index (CI) analysis during the
experimental period (12 months). Briefly, the cockle specimens
were dissected to separate meat from the shell. Then, the meats
and the empty shells were completely dried in drying oven
(Memmert, Büchenbach, Germany). The condition index was
then calculated based on the ratio of the dry meat weight (DW)
and the shell weight (SW) following Davenport and Chen (1987)
as follows:

CI= (DW/SW) ×. (1)

The monthly condition indices were analysed using the SPSS
Windows Statistical Package (version 21, Chicago, IL, USA). The
tests were judged to be significant at p<0.05 level. Prior to ana-
lyses, all variables were tested for normality and homogeneity of
variances.

2.3  Length-weight relationship
The relationship of W = aLb, where W is the weight (g) and L is

the length (mm) of T. granosa, a is the intercept (condition
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Fig. 1.   Samples of blood cockle were collected in the inner re-
gion of the Marudu Bay (marked by red dots).

 

Fig. 2.   Tegillarca granosa specimen collected from the Marudu Bay.
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factor) and b is the slope (growth coefficient) was used to estab-
lish the length-weight relationship (Quinn II and Deriso, 1999).
The a and b parameters were calculated using regression analys-
is of log-log transformed data:

logW = loga+ blogL. (2)

The correlation (R2), which is the level of relationship
between the length and weight, was calculated from the linear
analysis. If b = 3.0, growth is isometric, however if b>3.0, growth is
positive allometric. Growth is negative allometric when b<3.0.

2.4  Growth parameters
The asymptotic length (L∞) and the growth coefficient (K) of

the von Bertalanffy growth function (VBGF) of the cockle stock
were estimated by means of ELEFAN 1 (Pauly and David, 1981).
The inverse von Bertalanffy growth equation (Sparre and
Venema, 1992) was used to estimate the average length of the
cockle at certain age by the equation:

Lt = L∞
[
− e−K(t−t)

]
, (3)

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 pre-
dicted by using Pauly (1983) equation as follows:

log (−t) = −. − . logL∞ − .logK. (4)

The potential longevity (tmax) of the cockles was procured us-
ing the Pauly (1983) formula tmax=3/K. The growth performance
index (ϕ) was then estimated by using the estimated L∞ and K val-
ues (Pauly and Munro, 1984) based on the following equation:

ϕ = logL∞ + logK. (5)

2.5  Recruitment pattern
The recruitment rates were obtained by backward projection

on the length axis of a set of available length-frequency data as
described in FiSAT routine (Pauly and David, 1981).

2.6  Mortality, exploitation rate, relative yield per recruit and bio-
mass per recruit
Total mortality (Z) is comprised of two components: natural

mortality (M); mortality due to predation, disease, etc., and fish-
ing mortality (F); mortality due to harvesting by humans. The
total mortality (Z) was estimated by the length converted catch
curve method (Pauly and Munro, 1984) and fishing mortality (F)
was estimated by the following equation:

F = Z−M. (6)

The exploitation level (E) was then estimated based on the
equation described by Gulland (1965) as follows:

E = F/ (F+M) . (7)

Relative yield per recruit (Y'/R) and biomass per recruit (B'/
R) were estimated according to the model of Beverton and Holt
(1993) using the knife-edge selection.

3  Results

3.1  Condition index
The condition indices of the blood cockle (T. granosa) in the

Marudu Bay ranged from 3.05 to 7.17 with a mean (±SD) of
4.98±0.86 (Fig. 3). The maximum values occurred in July fol-
lowed by a steady decline in October and further decrease to the
minimum levels in February. However, no significant difference
(p>0.05) was observed in condition indices throughout the study
period.

3.2  Length-weight relationship
The length and weight of T. granosa ranged 27.7–82.2 mm

and 13.11–192.7 g, respectively. The calculated length-weight re-
lationship equation was log10W=2.681 7log10L − 0.178 16, R2=0.950 1.
The exponential form of the equation was W=0.663 5L2.681 7 (R2=
0.950 1) which was found by plotting the length values against
weight (Fig. 4). The computed growth coefficient (b) was 2.6 at
95% confidence limit.

3.3  Growth parameters
The growth parameters (L∞, K, t0) are useful in assessing the

growth rates between and within individuals inhabiting various
environments. The estimated asymptotic length (L∞) of the T.
granosa was 86.68 mm and the growth coefficient (K) was 0.98 a–1.
The estimated t0 was −0.121 2 for T. granosa in the Marudu Bay.
The computer growth curve using these parameters is shown

Table 1.   Length-weight frequency data of Tegillarca granosa in the Marudu Bay from July 2017 to June 2018
Midlength/mm Jul. 2017 Aug. 2017 Sept. 2017 Oct. 2017 Nov. 2017 Dec. 2017 Jan. 2018 Feb. 2018 Mar. 2018 Apr. 2018 May 2018 Jun. 2018

27.5 1 0 0 0 0 0 0 0 0 0 0 0

32.5 4 0 0 0 0 0 0 0 0 0 0 0

37.5 3 0 1 0 0 0 0 0 0 0 0 1

42.5 0 1 1 0 1 0 1 0 2 0 0 1

47.5 4 0 3 0 7 2 3 3 2 1 0 1

52.5 27 8 1 4 5 4 3 4 3 4 1 4

57.5 9 1 3 5 8 0 4 7 7 5 3 9

62.5 5 6 4 3 5 4 2 8 2 2 4 9

67.5 2 4 5 1 9 2 1 4 3 0 2 3

72.5 0 0 1 0 7 0 0 0 0 1 1 1

77.5 0 0 1 1 2 0 0 0 0 0 0 0

82.5 0 0 0 0 1 1 0 0 0 0 0 0

Total 55 20 20 14 45 13 14 26 19 13 11 29

         Note: 0 represents no cockle found.
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over the restructured length distribution based on the length-fre-
quency data (Fig. 5).

The observed maximum shell length of T. granosa in the
Marudu Bay was 82.55 mm and the predicted maximum shell
length was 84.44 mm (Fig. 6). The confidence interval was 79.29 mm
to 89.58 mm (95% probability of occurrence). The mean lengths
of T. granosa in the Marudu Bay were estimated to be 21.31 mm,
31.16 mm, 39.53 mm, 46.63 mm, 52.67 mm and 57.79 mm at the
end of 2, 4, 6, 8, 10 and 12 months of age, respectively. The best
estimated value of K was 0.98 a–1 (Fig. 7) and the growth perform-
ance index (ϕ) was 3.87. The estimated maximum life span (tmax)
was 3.06 years, which showed that T. granosa is a short-lived
species.

3.4  Recruitment pattern
The recruitment of T. granosa in the Marudu Bay occurred

throughout the year with two apparent peaks, one is in March
and another is in October (Fig. 8). The percent recruitment var-
ied from 1.2% to 19.75% during the 1-year study. The highest and
lowest percent recruitment was observed in October and August.
More than 38% of the total recruitment was contributed by the
spawning peaks in March and October.

3.5  Mortality, exploitation level, relative yield per recruit and bio-
mass per recruit
The total mortality of the blood cockle in the Marudu Bay was

estimated at 2.39 a–1. The mean annual seawater temperature
(28.4°C) was used to calculate the natural mortality in study site.
Natural events and fishing activities were estimated to contribute
the mortality at the rate of 1.32 a–1 and 1.07 a–1, respectively (Fig. 9).
Meanwhile, the estimated exploitation level (E) of the cockle in
Marudu Bay was at 0.45. Figure 10 shows the results of the relat-
ive Y'/R and B'/R analysis for T. granosa using two types of selec-
tion curves. The computed maximum allowable limit of exploita-
tion (Emax) for the Y'/R and B'/R was 0.395.

4  Discussion

4.1  Condition index
Condition index (CI) is often used to characterize flesh qual-

ity or the apparent condition of a stock under a given environ-
mental condition (Li et al., 2009). The values of condition index
can be generally divided into three fatness categories (CI≤2
(thin); CI=2 to 4 (moderate); CI≥4 (fat)) (Davenport and Chen,
1987). In the present study it was noted that the condition index
of the blood cockles in the Marudu Bay was estimated at 4.98±0.86
which fell within the fat category. This value was higher than that
of the same species recorded in the Kakinada Bay, India (Nara-
simham, 1988a) (Table 2) but much lower than those occurred in
the Straits of Malacca, Malaysia (Khalil et al., 2017) and Black Sea
Coast, Turkey (Sahin et al., 2006).

The influence of environmental conditions such as temperat-
ure (Freites et al., 2010; Khalil, 2013), salinity (Engle, 1958), sea-
sonal variations (Rebelo et al., 2005; Sahin et al., 2006), chemical
property of the water and the sediment (Engle, 1958), population
density, availability of food (Korringa, 1952; Galtsoff, 1965) and
different pollutants have on bivalves can be evaluated using the
CI (Lawrence and Scott, 1982; Scott and Lawrence, 1982; Rosas et
al., 1983; Marcus et al., 1989). The CI can be used as a tool to de-
termine the ecophysiological influences that affect the physiolo-
gical changes which suffered by the bivalves in the forms of car-
bohydrate, glycogen and protein fractions, and also lipid and
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Fig. 3.   Condition index of Tegillarca granosa in the Marudu Bay
recorded from July 2017 to June 2018.
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Fig. 4.   Length-weight relationship of Tegillarca granosa in the
Marudu Bay.

75

50

25

0

Le
ng

th
/m

m

Jan.
2017

Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Jan.
2018

Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.

Time
 

Fig. 5.   Length-frequency distribution with growth curves superimposed using the ELEFAN 1 (L∞=86.68 mm and K=0.98 a–1).
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mineral contents (Mercado-Silva, 2005). In the previous studies,
the correlations between CI and phytoplankton biomass were
shown apparent in Anadara inaequivalvis (Sahin et al., 2006),
Laternula elliptica (Kang et al., 2009) and Fulvia fragilis (Rifi et
al., 2015). Besides, previous studies also showed correlation
between CI and sea temperature in Cerastoderma edule (Ong et
al., 2017) and F. fragilis (Rifi et al., 2015).

4.2  Length-weight relationship
Based on the estimation from the length-weight relationship,

the growth coefficient b generally lies between 2.5 and 3.5. The
growth coefficient b is a shape parameter to determine the body
form of the species (Kuriakose, 2017). The relation is said to be
isometric when it is equal to 3 (Carlander, 1997). In isometric
growth, every part of the organism’s body grows at the same rate
while in allometric growth the proportions of organism’s body
parts grow at different rate manner in which the length was grow-
ing faster than the weight. The growth coefficient b value (2.6) in
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Fig. 6.   Estimation of maximum shell length of Tegillarca granosa
in the Marudu Bay.
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Fig. 7.   Estimation of growth constant (K) of Tegillarca granosa in
the Marudu Bay (K=0.98 a–1).
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Fig. 8.   Recruitment pattern of Tegillarca granosa in the Marudu Bay.
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Fig. 9.   Length converted catch curve of Tegillarca granosa in the
Marudu Bay. Solid dots: points used in calculating using least
squares linear regression. Open dots: points either not fully re-
cruited or nearing L∞.
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Fig. 10.   Relative yield per recruit (Y′/R) and biomass per recruit
(B′/R) of Tegillarca granosa in the Marudu Bay.
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the current study was smaller than the isometric value (b=3).
Therefore, the value of b in the current study demonstrates that
T. granosa grows negative allometrically (length was growing
faster than the weight) instead of isometrically.

In addition, b value of the current study (2.6) was higher than
those reported in the Balik Pulau, Malaysia (2.33) (Mirzaei et al.,
2015) and Kakinada Bay, India (2.12) (Narasimham, 1988b) but
lower than those reported in the Phuket, Thailand (3.04) (Boon-
ruang and Janekarn, 1983) and Sungai Buloh, Malaysia (3.37)
(Broom, 1982) (Table 3). The different values may be due to the
influence of biological and ecological factors such as the availab-
ility of food (Fréchette et al., 1992; Nakaoka, 1992), water temper-
ature, density and shore level (Hickman, 1979).

4.3  Growth parameters
The asymptotic length (L∞) of T. granosa in the Marudu Bay

(86.68 mm) was higher compared to species occurring in other
places: Malaysia (35.4 mm to 45 mm) (Mirzaei et al., 2015;
Broom, 1982; Oon, 1986), India (73.4 mm) (Narasimham, 1988b)
and Thailand (36.9 mm) (Vakily, 1992) but lower than the one re-
ported in the Indonesia (106.8 mm to 129.9 mm) (Imtihan et al.,
2014) (Table 4). The growth coefficient value, K for the cockles in
the Marudu Bay (0.98 a–1) which describes how quickly the max-
imum length is attained was higher than those recorded in other
places (0.06 a–1 to 0.88 a–1) with exception to Balik Pulau, Malay-
sia (1.1 a–1) (Mirzaei et al., 2015), Sungai Buloh, Malaysia
(1.01 a–1) (Broom, 1982) and Ang Sila, Thailand (1.86 a–1) (Vakily,

1992).
Environmental conditions and population crowding have

known to negatively influence the growth of blood cockles
(Broom, 1985; Tiensongrusmee and Pontjoprawiro, 1988). Sub-
strate, salinity, dissolved oxygen, slope of the muddy flat where
the cockles are seeded and the food availability are among the
main environmental factors known to affect the growth of blood
cockles (Broom, 1985; Gosling, 2003). The productivity and the
growth rate of mollusc species can be restricted by extreme dif-
ferences in salinity, increase exposure period of the muddy flat,
and population density of cockles (Broom, 1985, Davenport and
Wong, 1986).

The estimated maximum life span (tmax) was 3.06 years, for
the blood cockle T. granosa in the Marudu Bay, Sabah. The
present findings seem to be consistent with Mirzaei et al. (2015)
in the Balik Pulau, Penang Island (2.72 years) and Narasimham
(1969) in the Kakinada Bay, India (3 years) which showed that T.
granosa is a short-lived species.

4.4  Recruitment pattern
The current study demonstrated that the recruitment of T.

granosa in the Marudu Bay occurs all year round, with two sea-
sonal pulse producing two cohorts per year (March and October)
and the highest peak occurs in October. This finding is in agree-
ment with major spawning season reported from previous re-
search (Table 5) and is backed up by the evidence in Khalil et al.
(2017) through which the author reported that Anadara granosa

Table 2.   Comparison of condition index for Tegillarca granosa recorded in the Marudu Bay with published data
Location Species Condition index (±SD) Reference

Marudu Bay, Malaysia Tegillarca granosa 4.98±0.86 current study

Straits of Malacca, Malaysia Anadara granosa 6.76±1.13 Khalil et al. (2017)

Black Sea Coast, Turkey A. granosa 7.88±1.80 Sahin et al. (2006)

Kakinada Bay, India A. granosa 4.11 Narasimham (1988a)

Table 3.   Comparison of estimated length-weight relationship parameters for Tegillarca granosa in the Marudu Bay with published values
Location Species a b Reference

Marudu Bay, Malaysia Tegillarca granosa 0.664 2.60 current study

Balik Pulau, Malaysia Anadara granosa 0.002 2.33 Mirzaei et al. (2015)

Sungai Buloh, Malaysia A. granosa 0.240 3.37 Broom (1982)

Kakinada Bay, India A. granosa 0.260 2.12 Narasimham (1988b)

Thailand A. granosa 0.360 3.04 Boonruang and Janekarn (1983)

          Note: a is the intercept (condition factor) and b is the slope (growth coefficient).

Table 4.   Comparison of growth and mortality parameters for Tegillarca granosa in the Marudu Bay with published data
Location Species L∞/mm K/a–1 F/a–1 E Reference

Marudu Bay, Malaysia Tegillarca granosa 86.68 0.98 1.07 0.45 current study

Balik Pulau, Malaysia Anadara granosa 35.4 1.1 0.48 0.16 Mirzaei et al.(2015)

Kuala Juru, Malaysia A. granosa 45 0.55 2.69 0.83 Oon (1986)

Kuala Sepetang, Malaysia A. granosa 40.5 0.79 3.33 0.81 Oon (1986)

Sungai Besar Selangor, Malaysia A. granosa 41.4 0.78 2.88 0.79 Oon (1986)

Pulau Sangga, Malaysia A. granosa 37.2 0.88 2.05 0.7 Oon (1986)

Sungai Buloh, Malaysia A. granosa 44.4 1.01 – – Broom (1982)

Kakinada Bay, India A. granosa 73.4 0.58 – – Narasimham (1988b)

Ang Sila, Thailand A. granosa 36.9 1.86 – – Vakily (1992)

Desa Menco, Indonesia A. granosa 129.9 0.07 – – Imtihan et al. (2014)

Kecamatan Wedung, Indonesia A. granosa 112.1 0.07 – – Imtihan et al. (2014)

Demak, Indonesia A. granosa 106.8 0.06 – – Imtihan et al. (2014)

          Note: L∞: estimated asymptotic length; K: growth coefficient; F: estimated fishing mortality; E: estimated exploitation level.
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spawn in February to March and October in the Pulau Pinang,
Malaysia, September to October in the Banda Aceh and Lhokseu-
mawe, Indonesia. Further studies using environmental variables
are recommended to explain spawning and recruitment patterns.

4.5  Mortality, exploitation level, relative yield per recruit and bio-
mass per recruit
Mortality and exploitation level are important parameters to

understand the dynamic population of cockles (Mirzaei et al.,
2015). Recommended exploitation rate of 0.5 has been suggested
by Gulland (1984) as a sustainable exploitation, where the fish-
ing mortality is equal to natural mortality. In the current study,
the higher natural mortality (M=1.32 a–1) compared to the fishing
mortality (F=1.07 a–1) rate indicated the unbalance position of the
stock. The exploitation rate of 0.45 which is below the recom-
mended exploitation rate of 0.5 suggesting that natural events
were the major cause of death among cockles in the Marudu Bay.

However, the estimated maximum allowable limit of exploita-
tion rate (Emax) giving maximum relative Y'/R was 0.395, which
was very well below the actual exploitation rates of 0.45. Thus,
the cockle stock in the Marudu Bay appears to be overexploited
in terms of Y'/R and B'/R. This is confirmed by the local’s scarcity
observation of cockles at the areas close to the villages and that
the fishers tended to explore areas far from the common fishing
grounds to get a good catch.

The result of the current study was in accordance with the
findings of other studies conducted in Malaysia such as Kuala
Juru, Kuala Sepetang, Sangga Besar and Sungai Buloh (0.7 to
0.83) (Oon, 1986), where the exploitation rates of T. granosa were
above the recommended sustainable exploitation rate of 0.5.
These high exploitation levels could have been attributed to the
high market demand of T. granosa in the Peninsular Malaysia
(Mirzaei et al., 2015). Through this analysis, the need of decreas-
ing fishing effort corresponding fishing mortality has been made
evident. An alternative to this is to carry out a sustainable fishery
management.

4.6  Sustainable fishery management
These scientific information on population dynamics and

condition index of cockle derived from the current study can be
utilized for establishing sustainable fishery management
strategies for natural stocks of blood cockle in the Marudu Bay.
Dynamic population models can be designed to provide man-
agement authorities an indication of the bay’s carrying capacity
(Dame, 1993) as the aim of a sustainable fishery management is
the estimation of the area’s carrying capacity (National Research
Council, 2010). Carrying capacity can be described in terms of a
system’s physical environment, output yield and ecological con-
dition, as well as local social and cultural structures tolerance
(National Research Council, 2010). Estimating the capacity carry-

ing system has focused largely on determining the carrying capa-
city output, which is the maximum sustainable yield that can be
produced within a region (McKindsey et al., 2006). By under-
standing the maximum sustainable yield, it will help to determ-
ine how much resources can be harvested from sea without fur-
ther depletion.

Besides, strategies such as size restriction for harvesting, close
season for fishing, restricted fishing zone and use of non-de-
structive fishing gear can also be implemented in carrying out
sustainable fishery management. However, these management
strategies should take into consideration the economic aspects of
fishermen communities as the farmers are more concerned with
short-term economic benefits or meeting the demands of their
daily needs (Santoso et al., 2015). This fact can be supported by
the past event whereby the involvement of government to stabil-
ize the industry and to prevent overexploitation of the cockle
population was met with much resistance from the cockle farm-
ers. The dropped production of cockles from an all-time high of
120 000 tonnes in 1980 to 40 000 tonnes in 1983 and the in-
creased of spats’ prices to more than double from 1919 to 1980
had caused the government to enforce minimum catch size of
31.8 mm and a ban on the exports of spats. However, the imple-
mentation of the minimum catch size of 31.8 mm has experi-
enced much objections from the cockle farmers since they con-
sidered the size is too large for feasible culture operations (Oon,
1986).

Therefore, more viable management strategy is suggested by
practising cohesive interaction in responsible blood cockle fish-
eries management. In this interaction, local farmers’ participa-
tion in management is incorporated in creating sustainable liveli-
hoods and promoting integrated management towards sustain-
able fisheries (De Young et al., 2008). The local farmers will be
able to earn income by collecting blood cockles and selling them
to markets in terms of livelihood sustainability while practicing
sea ranching strategy by rearing juveniles’ blood cockle caught
and allowing blood cockle to breed in the wild before marketed.
This sea ranching strategy is helpful in developing aquaculture
for replenishing cockle stocks and at the same time allowing
farmers to gain both caught and aquaculture productions for
economic benefits (Santoso et al., 2015). Besides, it is also im-
portant to practice integrated management approach by con-
serving the mangrove forests and conducting surveillance on the
irresponsible fishing practiced in the area to ensure the sustain-
ability of this blood cockle fisheries (Suanrattanachai et al., 2011).

5  Conclusion
The current study demonstrated T. granosa population in the

Marudu Bay grew in negative allometric fashion. However, it has
a satisfactory condition index and recruitment. Although it repro-
duces continuously throughout the year, the exploitation level
was approaching the maximum exploitation level that if it is not

Table 5.   Spawning peaks of blood cockles recorded within the Southeast Asian region
Location Species Spawning period Reference

Marudu bay, Malaysia Tegillarca granosa March to April and September to October current study

Pulau Pinang, Malaysia Anadara granosa February to March and October Khalil et al. (2017)

Pulau Pinang, Malaysia A. granosa August to September Broom (1983)

Selangor, Malaysia A. granosa September and November Broom (1983)

Phuket, Thailand A. granosa October to November Boonruang and Janekarn (1983)

Pattani Bay, Thailand A. granosa September and December Suwanjarat et al. (2009)

Banda Aceh, Indonesia A. granosa September to October Khalil et al. (2017)

Lhokseumawe, Indonesia A. granosa September to October Khalil et al. (2017)
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managed sustainably, it could lead to population collapse.
Hence, fishing the natural stock of the cockle in the Marudu Bay
requires sustainable management plan by involving local farm-
ers in practicing integrated management approach such as sea
ranching program, conservation of mangrove forests and surveil-
lance on irresponsible fishing.
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