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Magallana bilineata is a commercially important oyster species in 
Malaysia. Despite its economic significance, the biology and ecology of 
this species, particularly its reproductive cycle, are poorly understood in 
the region. Therefore, this study aimed to investigate the reproductive 
cycle of M. bilineata in Mengkabong Bay, Tuaran, Sabah and its correlation 
with environmental factors. A total of 105 oyster specimens were collected 
and examined to determine the sex ratio, gonad developmental stages, 
maturity index (MI), and condition index (CI). The results revealed a sex 
ratio of 1:2.36 (♂:♀) in the oyster population of the bay, with a significantly 
higher proportion of females (P < 0.05). Hermaphroditism was detected 
in 1.90% of the samples. M. bilineata was found to spawn throughout 
most months in the bay, with the highest MI and CI values recorded in 
November 2019 when most oysters were in mature or maturing stages. 
Salinity was found to be the primary factor influencing male gonad 
maturation, while temperature was the primary factor influencing female 
gonad maturation. Understanding the reproductive biology of this species 
is crucial for predicting its future survival and facilitating assisted spawning 
and hatchery spat production, thereby ensuring the conservation and 
sustainability of the oyster fishery in Malaysia.
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INTRODUCTION

Oyster aquaculture is an appealing industry that has 
demonstrated large-scale production success (Gibbs, 
2004). It requires simple technology and relatively low 
financial investment, incurs no feed costs (Garen et al., 
2004; Ferreira et al., 2009), and utilizes well-established 
processing and marketing networks through the wild 
harvest fishery (Nowland et al., 2020). Additionally, it can 
enhance water quality in marine systems as an essential 
bio-extractive species (Ferreira et al., 2009; Bricker et al., 
2020), while providing an affordable source of protein and 
income for coastal communities (Ruesink et al., 2005).
Magallana bilineata is a commercially significant species 
in Malaysia (Nor Idayu et al., 2015), primarily found in 
the South China Sea, Andaman Sea, and Gulf of Thailand 
(Yoosukh and Duangdee, 1999), with production restricted 
mainly to Malaysia and the Philippines (Suzana, 2011). M. 
bilineata is native to the east coast of Peninsular Malaysia, 
particularly in Kelantan and Terengganu, along the coast 
of Sabah (Doinsing and Ransangan, 2022), and a few 
sites in Sarawak (Zulfigar and Aileen, 2000). Mengkabong 
Bay, Tuaran, Sabah is an important site for M. bilineata 
aquaculture (Doinsing and Ransangan, 2022), but its 
reproductive pattern in the area is poorly understood. 
Reproduction and settlement processes play a vital role 
in establishing sustainable populations (McFarland and 
Hare, 2018). By understanding the reproductive biology 
of M. bilineata, future assisted spawning and hatchery 

spat production can aid conservation efforts and ensure 
the fishery's sustainability.
This study presents the first information on the 
reproductive pattern of M. bilineata in Mengkabong 
Bay, Tuaran, Sabah. Mengkabong Bay, Tuaran is subject 
to substantial rainfall because of the influx of moist air 
originating from the South China Sea during the Northeast 
Monsoon season, which spans from November to March. 
Conversely, the Southwest Monsoon season, occurring 
from August to September is characterised by drier 
conditions and reduced precipitation in the bay (Malaysian 
Meteorology Department, 2019). A histological technique 
was used to visually examine the gonadal growth. The 
maturity index (MI) was calculated to provide insights into 
the oyster's reproductive cycles and forecast spawning 
seasons (Etchian et al., 2004). The condition index (CI) 
was also determined to provide a rapid measure of the 
reproductive conditions of M. bilineata and estimate the 
optimal harvesting time from an economic and nutritional 
standpoint (Barman et al., 2022).

MATERIALS AND METHODS

Study Area and Sampling Schedule

The study was conducted in Mengkabong Bay (06° 08’ 
038” and 116° 12’ 004”), located on the northern part 
of Kota Kinabalu on the west coast of Sabah, facing the 
South China Sea (Fig. 1).

Fig 1. Locations of sampling stations in Mengkabong Bay
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Sampling for environmental parameters was performed 
at stations 1 through 7, while sampling for oysters was 
carried out only at two Magallana bilineata farms, 
located at stations 2 and 6, from September 2019 to 
March 2020. The precise location of each sampling site 
was recorded using a Global Positioning System (GPS), 
accounting for anthropogenic influences. The distance 
between stations ranged from 1 to 3 km. Stations 5 and 7 
were adjacent to high human density areas, while stations 
3 and 4 were primarily surrounded by mangroves, with 
a graveyard situated at station 4. The oyster farms were 
located at stations 2 and 6. Station 1, located in front of 
the Anjung Gayang Jetty, near the Mengkabong River 
Bridge and Jambatan Gayang, was the primary fishing 
ground. An industrial zone surrounded the southern 
spur of the Mengkabong mangrove forest, the Kota 
Kinabalu Industrial Park (KKIP), while the northern spur 
was covered by pristine mangrove trees (Environmental 
Impact Assessment, 1992; Praveena et al., 2007). 
Mengkabong Bay experiences heavy rainfall during the 
Northeast Monsoon from November to March every year 
and limited rainfall during the Southwest Monsoon from 
August to September, which brings drier air through the 
bay (Malaysian Meteorology Department, 2019).

Environmental Parameters

Water temperature (°C), salinity (psu), pH, and dissolved 
oxygen (mg/L) were measured at a depth of 0.5 m 
below the water surface using a YSI multi-function 
environmental sensor (Loveland, Co, USA). Water depth 
(m) was measured using a Hondex depth sounder, while 
water transparency was measured using the Secchi disc 
method to determine the Secchi depth (m). Monthly 
rainfall data were obtained as secondary data from the 
Malaysian Meteorology Department in Kota Kinabalu.

Histological Studies of Gonads 

Fifteen (15) oysters were collected monthly at each 
station for histological examination of the gonads. Oysters 
were cleaned of sediment and fouling organisms, and 
shell height was measured to the nearest 0.01 cm using a 
vernier caliper (Fig. 2). Shell height was measured since it is 
the primary measurement used in most individual-based 
models (Velonia, 2018). The oysters were opened using 
an oyster knife by separating the hinge, and the adductor 
muscle was carefully severed to avoid injury to internal 
tissues. The gonads were removed from the mantle lobes, 
fixed, and preserved in 10% neutral buffered formalin 
until analysis (Howard and Smith, 1983).

Fig 2. Diagram of the height, length, and width of Magallana bilineata specimen. Scale bar = 1 cm.
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The gonad was cut into 3-5 mm pieces and placed in a 
cassette for histology. The samples were dehydrated, 
cleared, and embedded in paraffin wax using a 
HistoCore PEARL tissue processor (Leica Biosystems, 
Wetzlar, Germany). The gonad sections were sliced to 
6 µm thickness using the Shandon Retraction Rotary 
Microtome (AS25, Thermo Scientific, Bremen, Germany) 
and stained with Harris haematoxylin and eosin. The 
sections were then mounted with DPX and examined 
under an inverted microscope (CKX41, Olympus) at 40x 
to 100x magnifications to determine the sex ratio and 
gonad developmental stages. Six stages (inactive, early 
active, late active, ripe, spawning, and spent) were 
identified following the scale proposed by Ezgeta-Balić et 
al. (2020), and the numerical values and descriptions of 
the six stages for male and female gonads are presented 
in Table 1 and Fig. 3 and Fig. 4. The maturity index (MI) 
was calculated for female, male, and total oyster samples 
(excluding hermaphrodite individuals), following the 
formula proposed by Niogee et al. (2019):

Fifteen oyster specimens were randomly sampled each 
month at each station for condition index (CI) analysis. 
The oysters were dissected to separate the flesh from the 
shell and then oven-dried at 105 °C for 24 hours before 

Numerical Score Description Male Female
0 Inactive (sexual rest) There was no evidence of follicles or only 

a few small follicles with stem cells. It was 
impossible to determine the sex.

3 Early active There are numerous small follicles. There are 
many spermatogonia and spermatocytes, 
but no spermatozoa. There is an abundance 
of connective tissue.

Oogonia develops from stem cells along 
the follicles but lacks free oocytes. 
Connective tissue is plentiful.

4 Late active Follicle cells are primarily made up of 
spermatids and spermatozoa. In the centre 
of the follicle, there is a distinctive swirling 
pattern of spermatozoa with tails toward the 
follicle lumen.

Both free and attached oocytes are 
present, with distinct nuclei that stain 
lighter than the cytoplasm.

5 Ripe The germinal epithelium and interfollicular 
tissue are barely noticeable. Follicles are 
totally filled with spermatozoa with their 
tails facing the follicle lumen, generating a 
swirling pattern.

There are free vitellogenic oocytes with a 
distinct nucleus and nucleolus.

2 Partially spawned Follicles are partially empty, with a large 
number of spermatozoids but they are not 
densely packed.

The centre of the lumen in the follicle is 
filled with a large number of free oocytes 
but they are not densely packed.

1 Spent Most follicles are empty or partially empty, 
with some individuals having visible sperm in 
their sperm ducts.

The walls of the follicles appear to be 
broken, and they are empty. Oocytes that 
are still present are being cytolyzed.

Table 1. Numerical score and description of the gonad developmental stages in Magallana bilineata (adapted and modified from 
Ezgeta-Balić et al. (2020))

weighing. The CI were calculated as a percentage of dry 
tissue weight (DTW) over dry shell weight (DSW) using the 
formula recommended by Davenport and Chen (1987) 
and Rahim et al. (2012):

CI = (DTW/DSW) * 100

The CI were classified into three fatness categories 
following Rahim et al. (2012) as follows:

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

Statistical Analysis

Environmental parameters, difference of shell height 
between hermaphrodite and non-hermaphrodite oysters, 
maturity index (MI), and condition index (CI) were 
analyzed using SPSS Windows Statistical Package (version 
26). The variables were tested for normality and variance 
homogeneity, with tests considered significant at P < 0.05. 
For data that met the assumptions of normality, one-way 
ANOVA followed by Tukey multiple comparison tests were 
performed. For data violating the assumption of variance 
homogeneity, Welch's ANOVA followed by Games-
Howell multiple comparison tests were conducted. Non-
parametric Kruskal-Wallis followed by Dunn's multiple 
comparison tests were performed otherwise. Independent 
sample T-tests and Mann-Whitney tests were used to 
significantly contrast the shell height of hermaphrodites 
and non-hermaphrodites for data that met or violated the 
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Fig 3. Gonad histological examination of male oyster. Inactive oyster (a) and gonad developmental stages of male (b-f) Magallana 
bilineata: (b) early active; (c) late active; (d) ripe; (e) partially spawned and (f) spawned. SPG: Spermatogonia; SPZ: Spermatozoa; 
SPZt: Spermatozoa tail; LU: Lumen; RS: Residual spermatozoa; F: Follicle; CT: Connective tissue. Scale Bar = 100 µm.

normality assumption, respectively. Pearson's correlation 
was applied to determine the degree of association 
between MI (total, male, and female), CI, environmental 

parameters, and monthly rainfall. The significance level (P 
< 0.05) of the sex ratio was tested using a weighted chi-
square analysis.
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Fig 4. Gonad histological examination of female oyster. Hermaphrodite oyster (a) and gonad developmental stages of female (b-f) 
Magallana bilineata: (b) early active; (c) late active; (d) ripe; (e) partially spawned and (f) spawned. PVO: Previtellogenic oocyte; VO: 
Vitellogenic oocyte; RO: Residual oocyte; F: Follicle; CT: Connective tissue. Scale Bar = 100 µm. 
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RESULTS 

Environmental Parameters

Environmental parameters in Mengkabong Bay exhibited 
variations (Fig. 5). Temperature was significantly lower 
(Games-Howell, P < 0.05) in September 2019 and from 
December 2019 to February 2020, ranging from 29.56 
to 30.14 °C, while significantly higher (Games-Howell, 
P < 0.05) from October to November 2019 and March 
2020, ranging from 31.33 to 31.74 °C. Water salinity 
was significantly lower (Games-Howell, P < 0.05) from 
September to December 2019, ranging from 26.58 to 
29.14 psu, while significantly higher (Games-Howell, P < 
0.05) from January to March 2020, ranging from 31.49 
to 35.32 psu. Dissolved oxygen was significantly higher 

Fig 5. Environmental parameters (mean ± SD) in Mengkabong Bay from September 2019 to March 2020 

(Games-Howell, P < 0.05) in March 2020 (4.65 mg/L), but 
lower (Games-Howell, P < 0.05) in October 2019 and from 
December 2019 to February 2020 than in other months, 
ranging from 3.34 to 3.73 mg/L. The pH value in March 
2020 (7.74) was significantly higher (Dunn’s, P < 0.05) 
than from September to February 2020, ranging from 
7.19 to 7.45. Secchi depth and water depth did not exhibit 
significant differences throughout the months (Kruskal-
Wallis, P > 0.05). Rainfall data indicated heavy rainfall in 
Mengkabong Bay in December 2019 (377.8 mm), whereas 
the lowest rainfall of 23.9 mm was recorded in February 
2020 (Fig. 6).
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Histological Studies of Gonads

A total of 210 Magallana bilineata oyster specimens, 
ranging in size from 3.20 to 10.20 cm, were randomly 
collected from Mengkabong Bay for gonadal histological 
analysis (Fig.7). Of these, 139 (66.19%) were females 
(mean shell height ± SD = 6.90 ± 1.20 cm), 59 (28.1%) 
were males (mean shell height ± SD = 6.89 ± 1.13 cm), 
and 4 (1.90%) were hermaphrodites (mean shell height 
± SD = 6.60 ± 0.22 cm) (Fig. 8). During the seven-month 
study period, hermaphroditic individuals were observed 
only in October, December 2019, February, and March 
2020 (Table 2). The male-female sex ratio was 1:2.36, with 
a significant female bias (X2 = 38.6294, df = 1, P < 0.01). 
No significant difference in shell height was observed 
between hermaphrodites and non-hermaphrodites (t 
(7.621) = 2.152, P = 0.065).

Fig 6. Monthly rainfall in Mengkabong Bay from September 2019 
to March 2020 

Fig 7. Size distribution of Magallana bilineata used in histological 
analysis from September 2019 to March 2020
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Throughout the seven-month study period, male and 
female oysters exhibited similar gametogenic stages, 
with temporal variations (Fig. 9). Resting stages were 
observed in a small number of individuals in October 
2019, December 2019, and from February to March 
2020. Gametogenesis occurred all year round, with 
peaks observed in September 2019, December 2019, and 
January 2020, indicated by higher frequencies of early-
developing gonads.
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Early-developing males and females were observed in 
all seven months, with peaks in September 2019 and 
December 2019. Late-developing males and females 
were recorded throughout the study period, with a higher 
percentage of late-developing males observed than 
late-developing females. Ripe males were observed in 
October 2019, while ripe females were recorded in most 
months except from December 2019 to January 2020. The 
percentage of ripe males was 22.22% in October 2019, 
and the highest percentage of ripe females was recorded 
in November 2019 at 33.33%. Spawned males were 
observed in most months, except in November 2019 and 
January 2020, while spawned females were recorded in 
November 2019 and from February to March 2020. Spent 
females were found all year round, except in November 
2019, while spent males were observed only in October 
2019 and March 2020.
The total maturity index (MI) values for M. bilineata 
ranged from 3.15 to 3.86 without a prominent peak (Fig. 
10).

Fig 8. Frequency of females, males, hermaphrodites, and 
undifferentiated individuals of Magallana bilineata from 
September 2019 to March 2020. The number of specimens 
analysed is indicated in the graph. 

Fig 9. Monthly variation in the frequency of different 
gametogenic stages of (a) total specimens, (b) males and (c) 
females of Magallana bilineata from September 2019 to March 
2020

Fig 10. Monthly variation of maturity index of (a) total specimens, 
(b) male and (c) female (mean ± SD) of Magallana bilineata in 
Mengkabong Bay from September 2019 to March 2020

A weak peak was observed in November 2019, with late 
active and ripe individuals accounting for 60.71% of the 
samples. Male, female, and total MI exhibited a similar 
pattern, consistent with the condition index (CI) during 
the same period (Fig. 11).
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Fig 11. Monthly variation of condition index of Magallana 
bilineata in Mengkabong Bay from September 2019 to March 
2020

Correlations were identified between MI, CI, salinity, and 
temperature (Fig. 12). Female MI and total MI exhibited 
a significant strong positive correlation (r (5) = 0.946, P = 
0.001). CI demonstrated a strong positive correlation with 
female MI (r (5) = 0.811, P = 0.027) and total MI (r (5) 
= 0.813, P = 0.030). Male MI was significantly negatively 
correlated with salinity (r (5) = -0.778, P = 0.040), 
indicating that salinity is vital for male gonad maturation. 
Conversely, female MI was significantly positively 
correlated with temperature (r (5) = 0.839, P = 0.018), 
indicating that temperature plays a critical role in female 
gonad maturation.

Fig 12. Pearson’s correlation coefficient analysis of (a) condition index and female maturity index (r (5) = 0.811, P = 0.027), (b) 
condition index and total maturity index (r (5) = 0.813, P = 0.030), (c) female maturity index and total maturity index (r (5) = 0.946, P 
= 0.001), (d) female maturity index and temperature (r (5) = 0.839, P = 0.018) and (e) male maturity index (r (5) = -0.778, P = 0.040)
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DISCUSSION

Environmental Parameters

The rainfall regime during the monsoon season 
significantly influences the temporal fluctuation of 
environmental indicators in Mengkabong Bay. The 
Northeast Monsoon (from November to March) brings 
heavy rainfall due to the transport of moist air from 
the South China Sea, whereas the Southwest Monsoon 
(from August to September) results in dry weather and 
less precipitation (Malaysian Meteorology Department, 
2019). The water temperature in the bay is influenced by 
the climate of the estuary, with the lowest temperature 
recorded in September 2019 and from December 2019 
to February 2020, which coincides with the monsoon 
seasons. Similarly, the lowest water salinity was recorded 
during the monsoon season from September to December 
2019. Changes in salinity in brackish water ecosystems, 
such as estuaries, backwaters, and mangrove waters, 
are mainly caused by freshwater input from land runoff 
driven by monsoon or tidal variations (Rahaman et al., 
2013). Dissolved oxygen concentrations and pH remained 
relatively constant throughout the study period, with only 
small differences observed.

Histological Studies of Gonads

Gonad histological examination can identify the sex 
of Crassostrea oysters at a size of 2.20 cm (Castilho-
Westphal et al., 2015), and oysters can attain sexual 
maturity at a size from 50 to 80 mm (Rosell, 1990). The 
size of oyster samples included in this study ranged from 
3.20 cm to 10.20 cm, which is considered a suitable size 
for researching gonadal development. The Magallana 
bilineata population in Mengkabong Bay was found 
to be female-biased at a ratio of 1:2.36. These findings 
are consistent with those of several other Crassostrea 
species, including Crassostrea (M.) saidii, C. brasilliana, 
C. cortezieensis, C. gigas, and C. rhizophorae (Castilho-
Westphal et al., 2015; Ezgeta-Balić et al., 2020; Antonio 
et al., 2021; Barman et al., 2022). Conversely, several 
Crassostrea species have been reported to be male-
biased (Rodríguez-Jaramillo et al., 2008) or have similar or 
almost equal sex ratios (Castaños et al., 2009; Vaschenko 
et al., 2013; Dridi et al., 2014).
Although males in this study reached sizes of up to 
9.51-10.00 cm, the observed ratio could result from 
collecting larger specimens, which led to the capture of 
primarily females. According to Fakhrina et al. (2018), 
most of Malaysia's tropical oysters are protandric 
hermaphrodites, maturing first as males before changing 
to females in later years. This female-biased population 
may also indicate the ample food supply in Mengkabong 
Bay. In regions with a good food supply, mature oyster 
sex ratios typically exhibit a predominance of females, 
whereas in locations with a restricted food supply, 
males predominate because bivalves channel more 

energy reserves to produce the sex that is energetically 
less expensive (FAO, 2019). Additionally, as indicated by 
Fabioux et al. (2005), high water temperatures in the 
surrounding water may contribute to the population's 
predisposition toward females. A female predominance 
in a population is ecologically desirable because a species' 
reproductive capacity is determined by the number of 
mature females and their ability to produce viable eggs 
(Murua and Saborido-Rey, 2003).
Of the 210 specimens examined in this study, 1.90% 
were hermaphrodites. This is higher than the recorded 
hermaphroditism rates for C. (M.) saidii (Barman et al., 
2022), C. rhizhophore (Castilho-Westphal et al., 2015), and 
C. gigas (Ezgeta-Balić et al., 2020), but lower than those 
reported for C. angulata (Vaschenko et al., 2013) and C. 
rhizhophore (Antonio et al., 2021). There was no significant 
difference in shell height between hermaphrodite and 
non-hermaphrodite specimens in this study, suggesting 
that the presence of hermaphroditism could represent 
a transitional stage between sexes (Barman et al., 2022) 
with a strong predisposition to become female (Bayne, 
2017). However, the prevalence of hermaphroditism may 
vary with age and the environment (Galtsoff, 1964).
Throughout the sampling period, M. bilineata was 
observed to spawn in most months in Mengkabong Bay. 
This finding is consistent with previous studies suggesting 
that spawning may occur year-round in tropical regions 
(Castilho-Westphal et al., 2015; Antonio et al., 2021). The 
relatively constant temperature and salinity conditions 
in Mengkabong Bay (from 26.58 to 29.14 psu and from 
29.56 to 30.14 °C, respectively) appear to be the primary 
drivers of continuous M. bilineata reproduction (Tan and 
Ransangan, 2014; Cárdenas and Aranda, 2000). The M. 
bilineata spawning peak in Mengkabong Bay was found 
to occur during the Northeast Monsoon season. The 
results of the current study are consistent with those of 
Sivalingam (1977) and Tan and Ransangan (2014) who 
found that Perna viridis, another bivalve species found 
in Malaysia, has its peak spawning period from March to 
April and from October to November, which are strongly 
associated with the monsoon seasons. Furthermore, 
spent females were observed in the majority of sampling 
months, while spent males were recorded in only one of 
the seven sampling months, indicating that males recover 
from spawning more quickly than females (Barman et al., 
2022).
The maturity index (MI) is a valuable tool for understanding 
the reproductive cycle (Etchian et al., 2004). As gonads 
progress from premature to mature, MI values increase 
and decrease during the emptying and reabsorption 
processes (Gosling, 2003; Gauthier-Clerc et al., 2006). In 
this study, the MI values of M. bilineata showed seasonal 
consistency, with a weak peak in November 2019 when 
a higher proportion of oysters were ripe or mature. MI 
values decreased after December 2019 when a higher 
percentage of oysters were in the partially spawned, 
spent, and resting stages.
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In bivalve mollusk farming, the condition index (CI) is 
frequently used to assess meat quality and productivity 
(Rebelo et al., 2005). While high values indicate gonad 
maturation (Hamli et al., 2017), a decrease in CI often 
indicates the bulk release of gametes through spawning 
(Uddin et al., 2007). The CI values of M. bilineata followed 
a pattern similar to that of MI values, with a higher value 
obtained in November 2019 when most oysters were 
mature or maturing and then declining in the ensuing 
months, indicating coordinated spawning episodes.
The highest MI and CI values were recorded in November 
2019 when temperatures were high, and salinities were 
low. Similar findings were reported by Gomes et al. (2014) 
who showed that increasing temperature and reduced 
salinity influence the reproductive development of C. gigas. 
Gomes et al. (2014) also reported higher CI values during 
months with higher seawater temperatures. The strong 
positive correlation between CI and female MI indicates 
that females contributed higher CI than males. This finding 
may be attributed to female oysters consuming available 
food more efficiently than males (Dove and O'Connor, 
2012). A higher CI value also indicates that the oyster cup 
was fuller; therefore, the cups of matured female oysters 
were well-filled with oyster meat (Futagawa et al., 2011), 
resulting in better economic values than matured male 
oysters. The strong positive correlation between female 
MI and temperature may be due to the strong tendency 
toward becoming female in environments with high 
temperatures (Fabioux et al., 2005). Similarly, a strong 
negative correlation between male MI and salinity may be 
associated with male population domination, as bivalves 
direct more energy reserves to produce the energetically 
cheaper male (Saucedo and Southgate, 2008) during 
extreme low salinity or rapid salinity change. Oysters may 
endure extremely low salinity or rapid salinity change by 
shutting their valves and separating their tissues from 
the surrounding water (Zhang and Zhang, 2012), allowing 
them to endure short periods of harsh conditions (Lowe 
et al., 2017).

CONCLUSION

In conclusion, this study provides important insights 
into the reproductive biology of Magallana bilineata 
in Mengkabong Bay, Sabah, Malaysia. The population 
of M. bilineata in the bay is predominantly female, and 
hermaphroditism was observed in a small percentage 
of specimens. M. bilineata was observed to spawn 
year-round, with a peak during the Northeast Monsoon 
season. The reproductive cycle of the oyster in the bay is 
strongly influenced by environmental factors, particularly 
temperature and salinity. The highest maturity index 
(MI) and condition index (CI) values were observed in 
November 2019 when most oysters were in matured 
or maturing stages. These findings could be useful 
in developing strategies for assisted spawning and 
hatchery spat production to ensure the conservation and 
sustainability of the oyster fishery in Malaysia.
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REPRODUKTIVNA BIOLOGIJA I CIKLUS MRI-
JEŠĆENJA KAMENICE Magallana bilineata U 
ZALJEVU MENGKABONG, SABAH, MALEZIJA

SAŽETAK

Magallana bilineata komercijalno je važna vrsta kamenica 
u Maleziji. Unatoč gospodarskom značaju, biologija i 
ekologija ove vrste, posebice njezin reproduktivni ciklus, 
slabo su poznati u regiji. Stoga je ova studija imala za 
cilj istražiti reproduktivni ciklus M. bilineata u zaljevu 
Mengkabong, Tuaran, Sabah i njegovu korelaciju s 
čimbenicima okoliša. Sakupljeno je i ispitano ukupno 
105 jedinki kamenica je kako bi se utvrdio omjer spolova, 
stadiji razvoja spolnih žlijezda, indeks zrelosti (MI) i indeks 
kondicije (CI). Rezultati su pokazali omjer spolova od 
1:2,36 (♂:♀) u populaciji kamenica u zaljevu, sa značajno 
većim udjelom ženki (P < 0,05). Hermafroditizam je 
otkriven u 1,90% uzoraka. Utvrđeno je da se M. bilineata 
mrijesti većinu mjeseci u zaljevu, a najviše vrijednosti 
MI i CI zabilježene su u studenom 2019. kada je većina 
kamenica bila u fazi zrelosti ili sazrijevanja. Utvrđeno je da 
je salinitet primarni čimbenik koji utječe na sazrijevanje 
muških spolnih žlijezda, dok je temperatura primarni 
čimbenik koji utječe na sazrijevanje ženskih spolnih 
žlijezda. Razumijevanje reproduktivne biologije ove vrste 
ključno je za predviđanje njezina budućeg preživljavanja 
i olakšavanje potpomognutog mrijesta u proizvodnji na 
mrijestilištima, čime se osigurava očuvanje i održivost 
ribolova kamenica u Maleziji.

Ključne riječi: Bivalvia, Molusca, reproduktivni ciklus, 
ekološki čimbenici, sezona monsuna.
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