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Reproductive Biology of Pokea Clams (Batissa violacea var. celebensis, von Martens

1897) at Langkumbe River, Southeast Sulawesi, Indonesia
Bahtiar'®*, Muhammad Nur Findra?®, Yustika Intan Permatahati®® and Ma’ruf Kasim*

Abstract: Pokea clams (Batissa violacea) are bivalves that possess different reproductive patterns depending on the location. However,
their reproductive pattern in Langkumbe River (Southeast Sulawesi, Indonesia) is unknown. This study aims to determine the sex ratio,
gonad maturity level (GML), gonadosomatic index (GSI), fecundity and size of the first gonad maturity of the clams. The samples were
collected randomly using iron baskets in all parts of the river and were combined together. The sex ratio, GML, GSI and size at first maturity
were calculated using a standard formula, each of which was analyzed using the Chi-Square test, quantitative descriptive analysis as well
as simple and non-linear regression. The results showed that the clams were gonochoric with more males than females. Male clams were
relatively smaller and ranged from 3.28-3.75 cm in size. Furthermore, gonadal early and late development occurred in February through
March and final gonad maturation occurred in April. Gonadal maturation and spawning occurred over a long period from March to
October with a pattern of 1 peak spawning marked by an increase in the GSI value in the particular month. The GSI values in males and
females were relatively the same, i.e., 36.47+£16.79 and 34.80+17.71 as well as 18.374+9.46 and 18.57+8.86, respectively. Male pokea clams
matured earlier than female with sizes of 1.4 cm or 0.23% and 2 cm or 0.50%, respectively. The reproductive potential of pokea clams in

the Langkumbe River is high.
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1. Introduction
Batissa violacea var. celebensis von Martens 1897 (Kusnoto,

1953) is a species of bivalves that has important economic
potential and can be found distributed in several large rivers in
Southeast Sulawesi among them: Pohara River (Bahtiar et al.,
2015), Lasolo River (Bahtiar et al., 2016), Langkumbe River
(Alkadri et al., 2018) and Laeya River (Bahtiar et al., 2022a; Bahtiar
et al., 2023a). The local community people named this species
pokea or keha (Bahtiar et al., 2021). Clams of the same genus
(Batissa) are widely distributed and found in the western
(Sumatera) to the eastern part of Indonesia (Papua), the
Philippine and the southern Pacific (Fiji Islands) (Kusnoto, 1953;
Layugan et al., 2013; Mayor et al., 2016).

Ecologically, these clams live immersed in a substrate that can
be found from the texture of the substrate of mud, clay, sand and
gravel. These clams are relatively distributed in groups and are
only found in the estuary area, namely in the tidal area farthest
upstream until the meeting of fresh water and seawater towards
the sea (Bahtiar et al., 2012b). Similar to other clams, this species
plays an important role in the ecosystems of rivers. These clams
are able to reduce the turbidity of waters through their filter
feeder mechanism. This shellfish is an environmental architect
capable of producing and stabilizing the bottom substrate of the
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water so that it can be useful for the life of other organisms at the
bottom of the water (Vaughn et al., 2008). They are also
economically viable, providing the community with resources to
establish food businesses (Bahtiar et al., 2014a, 2012a, 2023b;
Layugan et al., 2013; Mayor & Ancog, 2016) due to their highly
nutritious and efficacious nature in healing several types of
diseases (Bahtiar et al., 2014b; Yeni, 2012). Pokea clams also
provide a source of living for many and are frequently being sold
in local markets in Kendari City.

Batissa clams are overexploited in several locations including
the Pohara River (Bahtiar et al., 2012b) as well as Lasolo River
(Bahtiar, 2017), Laeya River, Langkumbe River (Bahtiar et al.,
2022a); and have become an endangered species in the
Philippines' Cagayan River (Layugan et al., 2013; Mayor et al.,
2016). The catch/production of pokea shellfish by fishermen can
reach 155 tons in the Pohara River (Bahtiar, 2012), 1500-1750
tons in the Lasolo River (Bahtiar et al., 2016) and 3.40-24.77
kg/trip/boat in Cagayan River, Northern Philippines (Mayor &
Ancog, 2016). Overexploitation potentially leads to a decline in
the quality (low condition index and b value) and quantity (the
number and size of clams are getting smaller) of pokea clams
(Bahtiar, 2012; Bahtiar et al., 2015, 2016, 2022a) as well as
severely disturbs their reproduction pattern or cycle in nature.
Clams in areas with high ecological stress adopt reproductive
strategies to maintain their existence in nature (Bone & Marshall,
1982) such as prompting early gonad maturity. However,
depending on their specific habitats, pokea clams can have
different environments that shape food consumption and
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regulate their activities (Bahtiar et al., 2021)

Existing studies on reproduction cycles and activity related to
pokea were limited and often restricted to areas within Indonesia.
Previous studies have been conducted in various locations such as
the Pohara River (Bahtiar et al., 2021), Batang Anai River, Padang
West Sumatra (Puteri, 2005) and Lasolo River (Bahtiar, 2017). Still,
sufficient report on reproduction of the clams in Langkumbe River
is yet to be identified and established. This information is crucial
to guide in managing clam resources in the future (Bahtiar et al.,
2022b; Camilo et al., 2017). Consequently, investigations on the
reproduction biology of pokea clams in the river are needed. This
study aims to determine several parameters reproduction biology
of pokea clams in Langkumbe River, Southeast Sulawesi,
specifically on the analysis of sex ratio, Gonad Maturity Level
(GML), Gonadosomatic Index (GSI) and size at first gonadal
maturity.

2. Materials and Methods

This study was carried out in Langkumbe River, Southeast
Sulawesi, Indonesia, for one year from February 2017 to January
2018 at the location of 04°21'58.1" S and 122°29'54.0" W to
04°22'24.6" S and 122°29'54.9" W (Figure 1). Pokea clam samples
were collected randomly and periodically every month in all parts
of the river waters using iron baskets. A total of 10 batches were
later brought to the laboratory and separated by sex, identified
by the color of the gonads. Male gonads are milky white, while
female is brown. Furthermore, the reproductive parameters of
pokea clams observed include sex ratio, GML, GSI, fecundity and
size at first gonad maturity. The number of samples observed to
determine sex ratio was all the clams caught at all observation
points. In contrast, GML, GSI, fecundity and size at first maturity
of gonads were observed from 120 individuals from each sex.
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Figure 1. Map of study sites on Langkumbe River, Southeast Sulawesi.

The sex ratio was determined by calculating the ratio of the
number of males and females in each month. Gonad development
was observed using a microscope with a magnification of 40x10.
The clams were subsequently categorized into 5 (five) different
levels based on their stage of development: inactive,
preparatory/early, late, mature and spawning/post-spawning.
Each sample was grouped into the respective category based on
the gonad morphology as observed using a microscope with
histology preparation (Bahtiar et al., 2021). Furthermore, GSI
observation was carried out by weighing the body and gonad
weight (Bahtiar, 2017), while size at first gonad maturity was
assessed by measuring the widths of all clams with mature gonads
(Bahtiar et al., 2023c). Water samples were analyzed for their
quality at the Laboratory of the Faculty of Fisheries and Marine

Science, Halu Oleo University. The samples were taken at the
same time as the pokea clams, while the quality aspects observed
were the total organic and sediment organic matter and
chlorophyll-a content.

The sex ratio of male to female pokea was determined by Chi-
square test (y?) (Mzighani, 2005).

The GSI value (gonadosomatic index) was calculated using the
formula described by (Bahtiar, 2017; Bahtiar et al., 2024):

—We
GSI = F X100 % (1)

Descriptions:

GSI = gonadosomatic Index
Wg = weight of gonad (g)
Wt = weight of body including Gonad (g)
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The 50% probability of gonad maturity was determined with the
non-linear regression analysis on the logistic curve (Bahtiar et al.,
2023c; Mzighani, 2005) using the Sigma plot 6.0 software as
shown in the following equation:

a (2)
—X+Xxo0

b

Y:
l+e

Descriptions:

Y = probability of pokea with mature gonad (%)
e = exponential constant

a = intercept

b = slope

X, X0 = i-th width (cm)

3. Results and Discussion

Sex Ratio

Pokea shells were observed to be dominatingly gonochorism
with both male and female sexes found in each month. A
relatively greater trend of gonochorism was found in February
and later decreased up until January. Females were smaller in
proportion in February and increased onwards until October. In
general, males had the larger ratios to females ranging from
34.51-71.16% and 19.04-45.98%, respectively. The 2 test
obtained a P-value of 0.23 (p >0.05) indicating that the male to
female ratio was close to 1:1, or relatively the same. Gonochorism
was found in the smallest clams with a size range of 3.28-3.75 cm.
Moreover, males were dominant up to the size range of 3.28-3.75
cm, above which females became generally more numerous

(Figure 2). The male and female reproductive organs of pokea
clams were found to be separated (dioecious) (Bahtiar, 2012;
Bahtiar et al., 2021) and there was no indication of micro or true
hermaphroditic nature compared to several other freshwater
clams including Corbicula fluminea (Sousa et al., 2008). Pokea
clams were primarily gonochoritic at a size below 1.4 cm and
progressively smaller as the shells increased. Gonochorism is
common in several types of shellfish including Potomida littoralis
(Sereflisan et al., 2013), Chambardia rubens (Morad et al., 2018)
and Atrina maura (Gongora-Gomez et al., 2016). Based on the
results, it was dominant in February and was still detected every
month. This condition is indicative of successful spawning and
recruitment into the population implied by the dominance of
young clams present at the river beds. In some species of shellfish,
an equal sex ratio of 1:1 is common but this might vary depending
on the conditions. This deviation was showcased in different sex
ratios found in various clam colonies or population and aquatic
condition. The numbers of male and female pokea found in
Langkumbe River were not significantly different although males
were generally larger in number. This is not the case in several
rivers in Southeast Sulawesi with high fishing pressure where
immoderate or significant disproportionality was found between
males and females, with the former dominating the latter as in
Lasolo (Bahtiar, 2017) and Pohara (Bahtiar et al., 2021). Equal sex
ratio of male and female clams was shown in studies by Mayor et
al. (2016) and Layugan et al. (2013), Mya arenaria (Cross et al.,
2012), Cerastoderma glaucum (Tarnowska et al., 2012), Potomida
littoralis (Sereflisan et al., 2013), Choromytilus chorus (Ruiz-
Velasquez et al., 2017), Megapitaria squalida (Alvarez-Dagnino et
al., 2017), Mytella guyanensis (Camilo et al., 2017) and Donax
trunculus (Hamdani et al., 2020).
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Figure 2. Sex ratio of pokea clams in Langkumbe River.

Gonad Maturity Level (GML) and Gonadosomatic Index (GSI)

The inactive phase of male and female clams occurred in
February, followed by the early gonad development in March and
continued to advance into the late phase in April. Furthermore,

10

the gonad maturation and spawning took place over a long time,
peaking in September and later in October. Lastly, the pokea
shells experienced an inactive phase from November to January,
although some were found to spawn continuously (Figure 3). The
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GSI of male and female pokea found during this study were
relatively similar with values ranging from 36.47+16.79 and
34.80+17.71 to 18.37+9.46 and 18.57+86, respectively. Changes
in the GSl values of both sexes were simultaneous during the peak
in August and declined sharply in October (Figure 4). The water
quality at the sampling sites varied temporally in the course of this
study. The TOM (total organic matter) measured was within the
range of 0.67-9.62 mgL1 which was higher at the beginning of this
study and decreased from May to the end. Sediment organic
matter (SOM) observed in the water samples ranged from 0.42-
4.51%. Similar to TOM, SOM was higher at the beginning, but
decreased from June to September. Chlorophyll-a was measured
at 0.42 to 2.93, which was relatively low in the middle of this study
(August) and high at the beginning and end (Figure 5). The results
showed that male and female pokea clams underwent a relatively
synchronous process of gonadal maturation each month. The
reproductive cycle was consistent with gonad development
activity/process occurring in early February, peak reproduction in
September, and long spawning in October-January. Moreover,
local spawning was also found monthly in small proportions. The
continuous reproductive cycle over a long period implies that
pokea clams in the river observed had relatively high productivity.
This was indicated by: 1) the large range in the GSI value observed
suggesting that spawning occurred every month and its increase
at certain times indicates a peak of maturity, while a drastic
decline implies spawning (Sereflisan et al., 2013), 2) recruitment
of the gonochorism phase found almost in the observation period
suggests an early phase of the clam life cycle. The reproductive
pattern of pokea clams in Langkumbe River was relatively the
same as those found in Pohara (Bahtiar et al., 2021) and Lasolo
(Bahtiar, 2017). The clams experience gonadal development in
February, peak maturity and spawning in July-October, while
partial spawning every month was only found in one other place
namely Pohara River. It is hypothesized that the differences in
reproductive patterns among these rivers were due to the
conditions of sufficient food supply in Langkumbe and Pohara
Rivers, which allowed the clams to reproduce in the year (Bahtiar,
2012). The gonad maturation in these rivers was relatively the
same as several other shellfish in the tropical region with a long

11

spawning period, specifically in the year, including Iphigenia
brasiliana (Silva et al., 2013), Tagelus plebeuis (Ceuta & Boehs,
2012), Mytella guyanensis (Camilo et al., 2017) and Geloina
expansa (Bahtiar et al., 2023c). The spawning pattern observed in
this study is commonly found in the tropics when the availability
of food is sufficient, thereby providing prime environmental
conditions for reproduction in the year (Bahtiar et al., 2023c;
Boukadida et al., 2019). Furthermore, water quality and food
availability play an important role in the early development of
gonadal maturity as well as during peak spawning until the
shellfish larvae are released (Alvarez-Dagnino et al., 2017;
Boukadida et al., 2019). Improvements in water quality aspects
such as the value of total organic matter and chlorophyll-a
content were followed by gonad maturation and prominent
release of larvae, specifically in February. Additionally, pokea
clams had sufficient nutritional intake that increased energy
reserves for the reproductive process. This condition was also
observed in Pohara River which was adequately supplied with
nutrients as marked by an increase in the amount of food due to
the high value of sedimentary organic matter originating from the
Aopa Swamp that entered during the rainy season, thereby
promoting peak development and maturity (Bahtiar et al., 2021).
It can be inferred that gonadal maturation and early spawning
were triggered by an increase in the amount of organic matter as
the food source of pokea clams. Food availability accompanied by
gonadal development was also found in Gari elongate with gonad
maturity taking place during the rainy season (Nabuab & Norte-
Campos, 2006). Similarly, food availability influences larvae
spawning of Megapitaria squalida (Alvarez-Dagnino et al., 2017).
Other environmental factors such as temperature and salinity
also play major roles in gonad maturation and spawning (Hafsaoui
et al., 2016; Hashizume et al., 2012; Khalil, 2013; Razek et al.,
2014). Differences in the development of early gonadal maturity
and the end of spawning period, including the release of glochidia
larvae in Pseudanodonta complanata were found to be affected
by changes in temperature (Ram et al., 2012; Yanovych, 2015).
This was similarly reported in Paphia malabarica with changes in
salinity (Thomas, 2013).
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Temporarily, the reproduction pattern of pokea clams observed
was not significantly different from other shellfish. Maturity in
both males and females in several shellfish developed almost
proportionally with the tendency to experience multiple
spawning or group synchronous spawner (Sousa et al., 2008).
Gonadal maturity was observed in Mya arenaria before spawning
occurred in March-October (Cross et al., 2012). Potomida littoralis
initiates gonad maturity in January, with a peak in May and
spawning occurring in June (Sereflisan et al.,, 2013). The
development of Paphia malabarica entails gonad maturity in
March, peak maturity in September-October, and partial
spawning until February (Thomas, 2013). Anodontidae bivalves of
the species Pseudanodonta complanata spawns in June-August
(Yanovych, 2015) which is very different from Anodontites
trapezoidal cultivated in ponds and produce eggs in the season
(Silva-Souza & Guardia-Felipi, 2014).
demonstrated in freshwater clams such as Geloina erosa (Sarong

Different cycles were

et al., 2015) which showed non-concurrent spawning patterns at
a specific time (asynchronous spawner).

Size at First Gonad Maturity

The non-linear regression analysis on the sigmoid pattern
obtained P = 0.0001, which is a = 0.05, and a coefficient of
determination (R2) in males and females ranging from 99.88-
99.96%. This means that the model established between gonad
maturity and width of the pokea clams showed an appropriate
relationship. The width of males with matured gonads was
smaller than females at 1.4 cm and 2 cm, with a chance of gonad
maturity amounting to 0.23% and 0.50%, respectively (Figure 6).
Pokea clams experienced early gonadal maturation at a small size
of 1.4-2 cm namely £1/4 of the maximum length, with a quicker
rate in males than females. Early gonad maturity was also found
in Pohara (Bahtiar et al., 2021) and Lasolo (Bahtiar, 2017) rivers
with values of 2.1-2.5 cm and 1.75-2.15 cm, respectively, all

matter.
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occurring at a small size. Other clams also exhibit early spawning
at a small size including Paphia malabarica (1.5-2 cm) in Kerala and
the West Coast of India (Thomas, 2013), and Cerastoderma
glaucum (12-14 mm) on the coast of Tunisia (Derbali et al., 2009).
In contrast, some species initiate gonad maturity at a size
significantly larger than pokea clams such as Gari elongate and
Geloina expansa with early maturation of male and female
gonads at widths of 45.4 and 44.8 mm (Nabuab & Norte-Campos,
2006) and 30-52 mm (Bahtiar et al., 2023c), respectively, as well
as Anadara antiquata (Mzighani, 2005). Variations in the size of
clams with mature gonads can occur within the same and
different species (Darrigran et al., 1999). Additionally, those in the
tropical region tend to have earlier gonad maturity than others in
the subtropics with sizes reaching 60% (Sato, 1994) of their
asymptotic length compared to the 30-35% of the clams in the
tropics. Optimum temperature and availability of food in the year
trigger clams to reach gonad maturity earlier (Galimany et al.,
2015). Alternatively, rapid maturity can also be caused by high
environmental stress due to fishing activities. This condition is a
manifestation of the strategy developed by living things to
maintain the sustainability of their populations in nature. Pokea
clams in Langkumbe as well as other rivers (Lasolo and Pohara) in
Southeast Sulawesi, where overexploitation along with low water
quality and high TSS are present, also have the proclivity to adopt
such strategy when the two conditions occur. A reproductive
strategy namely r-type selection pattern can be developed by
initiating gonad maturity at a smaller size with multiple
reproduction over a year as prompted by the less stable and
unfavorable water conditions to maintain population
sustainability (Bone & Marshall, 1982). This study is limited
because the main cause of early initiation of gonadal maturity is
not known. The following factors assumed to cause this includes:
1) adequate food availability, 2) fishing pressure or a combination
of both, or 3) genetic tendency of pokea clams to have a small size
when gonads mature. However, there are no previous studies
that confirm these assumptions.
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Figure 6. Size at first gonad maturity of male and female pokea.

4. Conclusion

Pokea clams in the Langkumbe river have high reproductive
potential, namely: a balanced sex ratio. Although there is a
tendency for certain sizes to be dominated by certain sexes, long
spawning followed by partial spawning that occurs every time,
small size at early gonad maturity, and water quality and food
availability are sufficient to support reproduction in nature so that
they can balance the fishing pressure that occurred.

5. Acknowledgement
The authors are grateful to all students who have helped in

conducting this study and to all motorboat crews who have
helped in the field.

6. References

Alkadri, Muh. A., Bahtiar, Yasidi, F. (2018). Preferensi habitat
kerang pokea (Batissa violacea var. celebensis von Martens,
1897) di Sungai Langkumbe Kecamatan Kulisusu Barat
Kabupaten Buton Utara. Jurnal Manajemen Sumber Daya
Perairan, 3(2), 105-115.

Alvarez-Dagnino, E., Santamaria-Miranda, A., Garcia-Ulloa,
A. M. (2017). Reproduction of
Megapitaria squalida (Bivalvia: Veneridae) in the Southeast
Gulf of California, Mexico. Revista de Biologia Tropical,
65(3), 881. https://doi.org/10.15517/rbt.v65i3.26371

M., Gdéngora-Gémez,

Bahtiar. (2012). Studi Bioekologi dan Dinamika Populasi
Pokea (Batissa violacea var. celebensis von Martens, 1897)
yang Tereksploitasi Sebagai Dasar Pengelolaan di Sungai

Pohara Sulawesi Tenggara [Disertasi]. Institut Pertanian
Bogor.

Bahtiar. (2017). Biologi reproduksi kerang pokea Batissa
violacea var. celebensis, von Martens 1897 di Muara Lasolo,
Sulawesi Tenggara. Jurnal llmu Dan Teknologi Kelautan
Tropis, 9(1), 9-18.

Bahtiar, Anadi, L., Nurgayah, W., Emiyarti, Hari, H. (2016).
Pertumbuhan, kematian dan tingkat eksploitasi kerang
pokea (Batissa violacea var. celebensis, von Martens 1897)
pada segmen muara Sungai Lasolo Sulawesi Tenggara.
Marine Fisheries : Journal of Marine Fisheries Technology
and Management, 7(2), 137-147.
https://doi.org/10.29244/jmf.7.2.137-147

Bahtiar, Anadi, L., Nurgayah, W., Hamzah, M., Hernawan, U.
E. (2021). Reproductive biology of the freshwater clam
pokea (Batissa violacea var. celebensis, von Marten 1897)
(Bivalvia: Corbiculidae) in the Pohara River, Southeast
Sulawesi, Indonesia. Biotropia, 28(1), 1-10.

Bahtiar, B., Findra, M. N., Ishak, E. (2023a). Length-weight
relationships and condition index of Pokea clams (Batissa
violacea var. celebensis, von Martens 1897) in the Laeya
River, Southeast Sulawesi, Indonesia. Aceh Journal of
Animal Science, 8(2), 45-52.
https://doi.org/https://doi.org/10.13170/ajas.8.2.30994

Bahtiar, Emiyarti, Nurgayah, W. (2014a). Model Pengelolaan
Spatial dan Temporal Sumberdaya Kerang Pokea Yang
Tereksploitasi (Batissa volacea var. celebensis, von Martens

14 DOl:https//doi.org/10.22452/mjs.vol44n02.2
Malaysian Journal of Science 44(2): 8-17 (June 2025)



Malaysian Journal of Science

Regular Issue

1897) Berbasis Ekobiologi dan Dinamika Populasi dalam
Penguatan Pangan Lokal di Sulawesi Tenggara.

Bahtiar, B., Jiwani, Y. E., Findra, M. N., Ishak, E. (2024).

Temporal variation of peanut worm (Siphonosoma
australe-australe) reproduction in Toronipa Beach of
Southeast Sulawesi, Indonesia. Biodiversitas Journal of
Biological Diversity, 25(8), 2533-2540.

https://doi.org/10.13057/biodiv/d250825

Bahtiar, Hamzah, M., Hari, H. (2015). Studi struktur dan
pertumbuhan populasi kerang pokea (Batissa violacea var.
celebensis, von Martens 1897) di Sungai Pohara Sulawesi
Tenggara. Jurnal Biologi Tropis, 15(2), 112-124.

https://doi.org/10.29303/jbt.v15i2.200

Bahtiar, Nurgayah, W., Irawati, N. (2014b). Studi kebiasaan
makanan kerang pokea (Batissa violacea var celebensis, von
Martens 1897) saat penambangan pasir di Sungai Pohara
Sulawesi Tenggara. Jurnal Biologi Tropis, 14(2), 75-82.
https://doi.org/10.29303/jbt.v14i2.135

Bahtiar, Permatahati, Y. I., Findra, M. N., & Fekri, L. (2023b).
Production, biomass, and turnover of exploited mangrove
clams (Geloina expansa, Mousson 1849) in Kendari Bay
mangrove forest, Southeast Sulawesi Indonesia. BIO Web
of Conferences, 74, 03009.

https://doi.org/10.1051/bioconf/20237403009

Bahtiar, Purnama, M. F., Kasim, M., Ishak, E. (2023c).
Reproductive biology of mangrove clams Geloina expansa
(Mousson, 1849) from mangrove at Kendari Bay, Southeast
Sulawesi, Indonesia. Marine Biology Research, 1-11.
https://doi.org/10.1080/17451000.2023.2185639

Bahtiar, Purnama, M. F., Muis, Ishak, E., Kasim, M. (2022).
The size structure, growth, mortality, and exploitation rate
of freshwater clam (Batissa violacea var. celebensis) from

of Shellfish

145-152.

Indonesia. Journal
Research, 41(1),

https://doi.org/10.2983/035.041.0112

Southeast Sulawesi,

Bahtiar, Purnama, M. F., Rahmadhani, & Findra, M. N.
(2022b). Reproduksi kerang tahu (Meretrix meretrix) di
muara Sungai Kambu, Sulawesi Tenggara. Journal of
Tropical Fisheries Management, 6(1), 54-60.
https://doi.org/10.29244/jppt.v6il.44443

Bahtiar, Riani, E., Setyobudiandi, I., Muchsin, I. (2012a).
Kepadatan dan distribusi pokea (Batissa violacea var.
celebensis, von Martens 1897) pada substrat berbeda di
Sungai Pohara Kendari Sulawesi Tenggara. Aqua Hayati,
8(2), 115-123.

15

Bahtiar, Riani, E., Setyobudiandi, I., Muchsin, I.
Pengaruh

(2012b).

aktivitas penambangan pasir terhadap
kepadatan dan distribusi pokea (Batissa violacea var.
celebensis, von Martens 1897) di Sungai Pohara Kendari

Sulawesi Tenggara. Agriplus, 22(1), 58-64.

Bone, Q., Marshall, N. B. (1982). Biology of Fishes (First).
Blackkie and Sons Limited.

Boukadida, K., Cachot, J., Morin, B., Clerandeau, C., Banni, M.

(2019). Moderate temperature elevation increase
susceptibility of early-life stage of the Mediterranean
mussel, Mytilus galloprovincialis to metal-induced

genotoxicity. Science of The Total Environment, 663, 351—
360. https://doi.org/10.1016/j.scitotenv.2019.01.215

Camilo, V. M. A,, Souza, J. da C., Conceigdo, E. de J,, Luz, J.R,,
Boehs, G., Campiolo, S. (2017). Reproductive cycle of
Mytella guyanensis (Lamarck, 1819) in a Marine Reserve
(RESEX Bay of lguape), Bahia, Brazil. Brazilian Journal of
Biology, 78(2), 255-264. https://doi.org/10.1590/1519-
6984.05716

Ceuta, L. O., Boehs, G. (2012). Reproductive cycle of Tagelus
plebeius (Mollusca: Bivalvia) in the estuary of the Cachoeira
River, Ilhéus, Bahia, Brazil. Brazilian Journal of Biology,
72(3), 569-576.

Cross, M. E., Lynch, S., Whitaker, A., O’'Riordan, R. M., Culloty,
S. C. (2012). The reproductive biology of the softshell clam,
Mya arenaria, in Ireland, and the possible impacts of
climate variability. Journal of Marine Biology, 2012, 1-9.
https://doi.org/10.1155/2012/908163

Darrigran, G. A., Penchaszadeh, P. E., Damborenea, M. C.
(1999). The reproductive cycle of Limnoperna fortunei
(Dunker, 1857) (Mytilidae) from a neotropical temperate
locality. Journal of Shellfish Research, 18, 361-365.

Derbali, A., Jarboui, O., Ghorbel, M. (2009). Reproductive
biology of cockle Cerastoderma glaucum (Mollusca:
Bivalvia) from the North Coast of Sfax (Gulf of Gabes,
Tunisia). Ciencias Marinas, 35(2), 141-152.

Galimany, E., Baeta, M., Durfort, M., Lleonart, J., Ramodn, M.

(2015). Reproduction and size at first maturity in a
Mediterranean exploited Callista chione bivalve bed.
Scientia Marina, 79(2), 233-242.
https://doi.org/10.3989/scimar.04155.13A

Gongora-Gomez, A., Garcia-Ulloa, M., Arellano-Martinez, M.,
Abad, S., Dominguez, A., Ponce-Palafox, J. (2016). Annual
reproductive cycle and growth of the pen shell Atrina
maura (Pterioidea: Pinnidae) on sand-bottom culture in the
Ensenada Pabellones lagoon system, Gulf of California,

DOl:https//doi.org/10.22452/mjs.vol44n02.2
Malaysian Journal of Science 44(2): 8-17 (June 2025)



Malaysian Journal of Science

Regular Issue

Mexico. Invertebrate Reproduction & Development, 60(1),
28-38. https://doi.org/10.1080/07924259.2015.1126535

Hafsaoui, I., Bouaziz, R., Draredja, B., Beldi, H. (2016).
Reproduction cycle of Donax trunculus (Mollusca. Bivalvia)
in the Gulf of Annaba (Northeast Algeria). Adv Environ Biol.,
10(5), 82-95.

Hamdani, A., Soltani, N., Zaidi, N. (2020). Growth and
reproduction of Donax trunculus from the Gulf of Annaba
(Northeast Algeria) in relation to environmental conditions.
Environmental Science and Pollution Research, 27(33),
41656-41667. https://doi.org/10.1007/s11356-020-
10103-9

Hashizume, K., Tatarazako, N., Kohata, K., Nakamura, Y.,
Morita, M. (2012). Life history characteristics of the surf
clam Mactra veneriformis (Bivalvia: Veneroida: Mactridae)
on a sandy tidal flat in Tokyo Bay, Japan. Pacific Science,
66(3), 335—346. https://doi.org/10.2984/66.3.7

Khalil, M. (2013). The effect of environmental condition on
the spawning period of blood cockle Anadara granosa
(Bivalvia: Arcidae) In Lhokseumawe, The Northern Straits of
Malacca. Jurnal Agrium, 10(2), 69.
https://doi.org/10.29103/agrium.v10i2.499

Kusnoto. (1953). Kebun Raya Indonesia (Botanic Gardens of
Indonesia). Treubia A Journal of Zoology, Hydrobiology and
Oceanography of the Indo-Australian Archipelago, 22, 53—
57.

Layugan, E. A.,, Segawa, S., Laureta, L. V, Ronquillo, J. D.
(2013). Gametogenesis and spawning induction in Batissa
violacea Lamarck, (1806) at Cagayan River, Philippines.
IAMURE International Journal of Ecology and Conservation,
5(1), 1-23. https://doi.org/10.7718/ijec.v5i1.504

Mayor, A. D., Ancog, R. (2016). Fishery status of freshwater
clam (Batissa violacea, Corbiculidae) (Bivalvia) (Lamarck,
1818) in Cagayan River, Northern Philippines. International
Journal of Fisheries and Aquatic Studies, 4(3), 500-506.

Mayor, A. D., Ancog, R. C., Guerrero, R. D., Camacho, M. V. C.
(2016).
density of freshwater clam Batissa violacea (Bivalvia)

Environmental factors influencing population
(Lamarck, 1818) in Cagayan River, Northern Philippines.

International Journal of Aquatic Science, 7(2), 69-72.

Morad, M., Fol, M., Gamil, I., Mansour, R. (2018). Gonad

variation and development of freshwater mussel
Chambardia rubens Lamarck, 1819 (Bivalvia: Mutelidae)
from the River Nile in Egypt. Journal of Bioscience and
Applied Research, 4(4), 495-506.

https://doi.org/10.21608/jbaar.2018.154710

16

Mzighani, S. (2005). Fecundity and population structure of
cockles Anadara antiquata L. 1758 (Bivalvia: Arcidae) from
a sandy/muddy beach near Dar es Salaam, Tanzania.
Western Indian Ocean Journal of Marine Science, 4(1).
https://doi.org/10.4314/wiojms.v4il.28475

Nabuab, F., Norte-Campos, A. D. (2006). Some aspects of the
reproduction in the elongate sunset clam, Gari elongate
(Lamarck, 1818) from Banate Bay Area, West Central
Philippines. J. Science Diliman, 18(2), 34—46.

Puteri, R. E. (2005). Analisis Populasi dan Habitat : Sebaran
Ukuran dan Kematangan Gonad Kerang Lokan Batissa
violacea Lamarck (1818) di Muara Sungai Batang Anai
Padang Sumatera Barat [Tesis]. Institut Pertanian Bogor.

Ram, J. L., Karim, A. S., Acharya, P., Jagtap, P., Purohit, S.,
Kashian, D. R. (2012). Reproduction and genetic detection
of veligers in changing Dreissena populations in the Great
Lakes. Ecosphere, 2(1), 1-13.

Razek, F. A. A., Abdel-Gaid, S. E., Abu-Zaid, M. M., & Aziz, T.
A. (2014). Aspects on the reproduction of eared horse
mussel, Modiolus auriculatus (Krauss, 1848) in Red Sea,
Egypt. The Egyptian Journal of Aquatic Research, 40(2),
191-198. https://doi.org/10.1016/j.ejar.2014.04.003

Ruiz-Velasquez, M., Zapata, M., Gonzalez, M. T., Ordenes, D.,
Escalona, M. (2017). Sexual differentiation and size at first
maturity of the mussel Choromytilus chorus (Molina, 1782)
(Mollusca, Bivalvia) in Chile.
Malacological Bulletin, 35(1),
https://doi.org/10.4003/006.035.0104

American
31-41.

Northern

Sarong, M. A., Asiah, M., Daud, W., Wardiah, |., Dewiyanti, Z.
A., Muchlisin. (2015). Gonadal histological characteristics of
mud clam (Geloina erosa) in the estuary of Reuleung River,
Aceh Besar District, Indonesia. AACL Bioflux, 8(5), 708—713.

Sato, S. (1994). Analysis of the relationship between growth
and sexual maturation in Phacosoma japonicum (Bivalvia:
Veneridae). Marine Biology, 118(4), 663—-672.
https://doi.org/10.1007/BF00347514

Sereflisan, H., Cek, S., Sereflisan, M. (2013). The reproductive
cycle of Potomida littoralis (Cuvier, 1798) (Bivalvia:
Unionidae) in Lake Golbasi, Turkey. Pakistan J. Zool, 45(5),
1311-1319.

Silva, P. P., Peso-Aguiar, M. C., Ribeiro, G. (2013). Ciclo
gametogénico e comportamento reprodutivo de Iphigenia
brasiliana (Mollusca, Bivalvia, Donacidae) no estuario do rio
Subaé, Baia de Todos os Santos, Bahia, Brasil. lheringia.
Série Zoologia, 102(4), 359-369.
https://doi.org/10.1590/5S0073-47212012005000011

DOl:https//doi.org/10.22452/mjs.vol44n02.2
Malaysian Journal of Science 44(2): 8-17 (June 2025)



Malaysian Journal of Science

Regular Issue

Silva-Souza, A. T., Guardia-Felipi, P. (2014). Incubation cycle
of eggs and larvae of Anodontites trapesialis (Lamarck,
1819) (Bivalvia, Mycetopodidae) in fish farming. Pan-
American Journal of Aquatic Science, 9(4), 312—-319.

Sousa, R., Antunes, C., Guilhermino, L. (2008). Ecology of the
invasive Asian clam Corbicula fluminea (Mdller, 1774) in
aquatic ecosystems: an overview. Annales de Limnologie -
International Journal of Limnology, 44(2), 85-94.
https://doi.org/10.1051/limn:2008017

Tarnowska, K., Verney, A., Wolowicz, M., Féral, J.-P., Chenuil,
A. (2012). Survival of male and female Cerastoderma
glaucum (Bivalvia) during aerial exposure. Vie et Milieu -
Life and Environment, 62(1), 23-28.

Thomas, S. (2013). Reproductive studies on the short neck
clam Paphia malabarica (Chemnitz) from Dharmadom
Estuary, Kerala, India. Indian J. Fish, 60(4), 47-50.

Vaughn, C. C., Nichols, S. J., Spooner, D. E. (2008). Community
and foodweb ecology of freshwater mussels. Journal of the
North American Benthological Society, 27(2), 409—423.

Yanovych, L. M. (2015). Reproductive features of indigenous
and the invasive Chinese freshwater mussels (Mollusca,
Bivalvia, Anodontinae) in Ukraine. Vestnik Zoologii, 49(5),
433-438. https://doi.org/10.1515/vz00-2015-0050

Yeni. (2012). Aktivitas Antioksidan dan Pengaruh Pengolahan
Terhadap Kandungan Gizi Kerang Pokea (Batissa violacea
celebensis, Martens 1897) di Sungai Pohara Sulawesi
Tenggara. Institut Pertanian Bogor.

17

DOl:https//doi.org/10.22452/mjs.vol44n02.2
Malaysian Journal of Science 44(2): 8-17 (June 2025)



