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ARTICLE INFO ABSTRACT
Keywords: The current study aimed to describe the annual gametogenic phenology of the oyster Magallana
Oyster B bilineata (Roding, 1798) (=Crassostrea madrasensis), which is found on the west coast of
Megallana bilineata Moheshkhali Island, Cox’s Bazar, Bangladesh. Samples were drawn monthly from the intertidal
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region during low tide, from which 20 adult individuals were selected at random for biometry and
histology. The mean condition index (CI), a ratio of tissue wet weight (g) to shell length (cm),
varied from 0.58 + 0.08 to 1.32 + 0.36. Histology revealed two spawning cycles in the habitat of
M. bilineata over the 12 months of the study. Gametogenesis initiated in December and May, and
ripe animals principally occurred from July to September and February to May. In the habitat, M.
bilineata exhibited two spawning peak periods: April to June and August to October. The undif-
ferentiated stage as a preparatory step for the next spawning extended from November to
February for the first spawning cycle and for a brief period in June for the next spawning cycle.
The initiation of spawning in March could be associated with the high-level decline of salinity and
increased temperature between February and March, in association with the annual rainfall start,
whereas the next spawning cycle could be associated with a gradual increase in salinity. No
spawning activity was reported from December to February, when the water temperature
remained below 22 °C. Further study could be undertaken on the timing of spatfall of M. bilineata
in the habitat to harvest spats for commercial farming of this promising species.

1. Introduction

Oyster farming is a proven industry in many parts of temperate, subtropical, and tropical oceans around the world. The oyster
species Magallana bilineata (Roding, 1798) is widely available along the coasts of India, Sri Lanka, and Bangladesh [1-3]. They
naturally settle on hard substrates, such as jetties, bridge pylons, sluice gates, and concrete blocks used for shoreline protection [3].
Understanding the reproductive cycle of bivalves is crucial for both proper management of wild stock and aquaculture development
[4-7]. Information on annual gametogenic phenology is crucial for understanding gonadal development, spawning time, optimum
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harvesting time, and overall management of any bivalve species. When the reproductive cycle and environmental cues governing the
maturation process are known, artificial breeding techniques can be developed for a timely supply of adequate spats at the farming
level.

Reproductive phenology is influenced by genetic and evolutionary variables, as well as extrinsic factors such as water temperature,
PH, salinity, food availability and other chemical and physical stimuli [5,6,8,9]. For instance, it has been reported that temperature
and food availability mainly affect gonadal development and spawning in bivalves [9-12]. Similarly, both endogenous and exogenous
factors influence the maturation of oyster brood stock, and the most important external elements are temperature and diet [11,13,14].
Once oysters attain full sexual maturity, slight variations in environmental factors, such as a rise or decline in salinity or temperature,
will trigger spawning [15].

Among various techniques, histology is the most reliable approach for measuring the progress of the reproductive cycle in bivalves
[9,16-18]. Histological methods classify the oyster’s reproductive cycle based on the characteristics of gamete cells at various stages of
development in the follicles [5], and gametogenesis can be ordered based on the microscopic appearance of gonadal tissue from
histological preparations [19,20].

Studying the oyster reproductive cycle allows us to learn important information about population structure, spawning time, sexual
maturation stages, egg production, and favorable ecological conditions for reproduction, all of which aids in predicting the feasibility
of oyster farming in any specific geographic region. However, due to either a lack of understanding about the timing of spatfall from
wild stock or a lack of oyster hatcheries, no farming system for M. bilineata has yet been developed in many parts of the world. All the
necessary data could be furnished by studying the reproductive cycle of this commercial species in its natural habitat. Therefore, it is
high time to investigate the gonadal histology of M. bilineata, which may help us breed them artificially for commercial farming. To
that end, the current study aimed to investigate the annual reproductive cycle of the oyster M. bilineata collected from the west coast of
Moheshkhali Island, Cox’s Bazar, Bangladesh, based on biometry and histology.

2. Materials and methods
2.1. Sampling activities

Samples of the Indian backwater oyster M. bilineata were collected from Ghotinganga on the west coast of Moheshkhali, Cox’s
Bazar, Bangladesh (21.65°N and 91.88°E; Fig. 1). Samples were drawn from a bridge pylon on a monthly basis for 12 months, from
July 2018 to June 2019. After collection, the samples were brushed and washed with fresh and clean water to remove algal biomass,
mud, and other waste material. Next, 20 adult individuals with shell lengths greater than 41.00 mm were randomly selected from the
sample group for biometry and histology. Shell length, width, and height were measured using digital calipers. After dissection, the soft
tissue wet weight was measured using an electronic balance. Biometric measurements of the analyzed samples are shown in Table 1.
The condition index (CI) was calculated as the ratio of wet tissue weight (g) to shell length (cm) [21]. A cross section of 2-3 mm
thickness was cut through the middle of the soft body for histology.

2.2. Histology

Routine histological procedures were followed in the current study. Briefly, after fixation in Davidson’s solution, the tissue samples
were placed in an automatic tissue processor for dehydration, clearing, and infiltration. After embedding, tissue sectioning was
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Fig. 1. Map showing sampling location (a).
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Table 1
Summary of sampling efforts of oyster, Magallana bilineata. The values represent monthly mean and standard deviation. SH, shell height in mm; SL,
shell length in mm; SW, shell width in mm; and TWW, tissue wet weight in g.

Month N SL SW SH TWW

Jul ‘18 20 57.40 £ 13.15 40.90 + 5.11 22.00 + 3.59 343 +1.34
Aug ‘18 20 58.78 +£11.48 37.83 £9.65 28.36 + 5.62 7.28 + 2.48
Sep ‘18 20 97.98 + 20.03 67.87 £ 12.73 39.43 £ 13.35 10.38 + 4.95
Oct ‘18 20 103.56 + 16.84 80.91 +12.70 34.41 £9.13 13.66 + 4.04
Nov ‘18 20 89.66 + 21.44 72.60 + 22.17 35.74 £ 8.15 12.31 +£6.99
Dec ‘18 20 90.28 + 11.86 68.06 + 7.96 26.84 + 8.01 6.82 + 3.36
Jan ‘19 20 70.76 + 20.46 47.90 + 5.36 21.68 + 3.18 4.18 + 1.79
Feb ‘19 20 67.57 + 6.89 44.02 + 5.97 20.21 +3.73 4.53 +£1.91
Mar ‘19 20 77.91 £ 13.08 51.34 +£10.42 32.22 +10.71 7.55 + 5.54
Apr ‘19 20 61.10 £11.81 38.41 +£12.93 21.94 + 8.41 3.85 + 2.52
May ‘19 20 81.20 + 19.04 51.90 + 19.84 27.70 + 6.43 7.80 + 4.53
Jun ‘19 20 83.40 + 30.37 60.00 + 19.19 33.50 + 8.77 9.66 + 7.95

performed in the microtome at 6 pm thickness. The section was stained with Harris hematoxylin, followed by eosin Y, and then
mounted on a slide. The histological slides were examined under a microscope to determine the sex and reproductive maturity of the
oysters. A compound microscope fitted with a camera (ZEISS Primostar; Carl Zeiss AG, Baden-Wiirttemerg, Germany) and connected
to a computer was used to take photomicrographs of the stained sections. The reproductive maturity of the gonads was categorized into
six stages [22]: 1) early developing; 2) late developing; 3) ripe; 4) spawning; 5) spent; and 6) undifferentiated (i.e., sexually indif-
ferent). The descriptions and criteria of each gametogenic stage for males and females are summarized in Table 2 and Fig. 2 (A-L).

2.3. Maturity index (MDD

The gonad maturity stages were numerically ranked on a scale of 0-5, where the undifferentiated stage scored 0, spent stage scored
1, spawning stage scored 2, early developing stage scored 3, late developing stage scored 4, and ripe stage scored 5 [23]. The maturity
index (MI) was calculated by dividing the sum of the numerical scores of the monthly gonadal stages by the total number of oyster
samples analyzed in the respective month. The formula is therefore as follows:

MI = Sum of numerical scores of all stages for a month/number of samples analyzed in respective months.

2.4. Monitoring of waterquality parameters

Water quality parameters, including temperature, pH, and salinity, were monitored monthly. The water temperature at the
sampling site was measured three times on each sampling date using a Celsius thermometer. The salinity of the seawater was
determined during sampling with a portable refractometer (HI 96822; Hanna Instruments, Smithfield, Rhode Island, USA). A portable
direct reading pH meter (HI 98107; Hanna Instruments) was used to measure the pH of the surface seawater during sampling. Monthly
rainfall data for the Cox’s Bazar region during the study period were obtained from recorded data provided by the Bangladesh
Meteorological Department.

2.5. Statistical analysis

All collected data were analyzed statistically and expressed as mean (+SD) using SPSS statistical software version 23.0 (IBM Corp.,
Armonk, NY, USA). A chi-square test (y*-test) was performed to test the null hypothesis of a 1:1 sex ratio between males and females.
Furthermore, a Pearson correlation analysis was performed to analyze the degree of relationships among the environmental param-
eters, MI, and CI.

Table 2
Criteria for identification of maturity stages of Magallana bilineata modified from Barman et al. (2022) [22].

Maturity stage Male Female

Early developing  Primary and secondary spermatogonia develop along the base of Small oocytes develop along the base of the follicle wall.
the follicle wall.

Late developing Centripetal arrangement of the spermatozoa, spermatocytes and Around 50% oocytes attached to the follicle walls by slender peduncles;
spermatids in the follicle with few spermatogonia. eggs have vitelline membrane with nucleus at the center.

Ripe Enlarged follicles with their lumen tightly packed with Many mature ova free from the lumen with a large nucleus at the center
spermatozoa forming plums at many places. of the ovum.

Spawning Follicle collapsed; large lumina with few spermatozoa loosely Germinal vesicle broken; acini look partially empty due to release of
filled the follicles. some ova.

Spent Follicles contain very few relict spermatozoa; follicles begin to Acini collapsed and empty; some residual broken oocytes present with
degenerate. clear signs of cytolysis.

Undifferentiated  Sex indistinguishable; many empty spaces between and within the follicles; phagocytic cells abundant inside and outside the follicles.
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Fig. 2. Photomicrographs of different gametogenic stages of the oyster (Magallana bilineata) in gamete development. A) Early developing male; B)
Late developing male; C) Ripe male; D) Spawning male; E) Spent male; F) Early developing female; G) Late developing female; H) Ripe female; I)
Spawning female; J) Spent female; K) Undifferentiated; and L) Hermaphrodite. Here, GA = gonadal acinus; SCT = storage connective tissue; SPG =
spermatogonia; SPC = spermatocyte; SPD = spermatid; SPZ = spermatogonia; VC = void cells; FL = follicle lumen; FW = follicle wall; OG =
oogonia; I0 = immature oocyte; OM = maturing oocyte; MO = mature oocyte; FO = free oocyte inside lumen; O = oocyte; RO = residual oocyte.
Mag. 10x, Scale bar: 500 pm.

3. Results
3.1. Environmental parameters

The monthly recorded environmental parameters of water temperature, salinity, rainfall, and pH at the sampling site from July
2018 to June 2019 are shown in Fig. 3. The average water temperature recorded in the study area was 25.84 + 3.07 °C. The lowest
water temperature was recorded in January (20.13 °C), and the highest temperature was recorded in May (28.53 °C). Over the 12-
month study period, temperatures varied by 8.4 °C.

The pH at the sampling site ranged from 7.37 to 8.77. The minimum pH was recorded in November, and the maximum pH was
found in February. Over the 12-month study period, rainfall occurred from March to October. No rainfall was reported during
November or February. During the rainy months, the lowest rainfall amount was reported in March (46 mm), and the highest rainfall
was recorded in October (391 mm). The mean pH of the sample location was 8.10 + 0.34 during the study period. The minimum value
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of salinity was recorded in April (22.86 ppt), whereas the maximum value was recorded in February (33.67 ppt). The mean value of
salinity over the study period was 29.28 + 3.56 ppt.

3.2. Sex ratio

The sexes of M. bilineata were identified as male, female, hermaphrodite, or undifferentiated stage by microscopic investigation of
the histological preparations. Out of 240 specimens analyzed, histology revealed 107 males (44.6%), 100 females (41.6%), 3 her-
maphrodites (1.3%), and 30 resting (undifferentiated) individuals (12.5%). The Xz-test conducted for the study showed that the
calculated value of Xz (0.2368) was less than the tabulated value (3.841) at degree of freedom 1, which indicates that there was no
significant deviation in the sex ratio of males to females from the expected 1:1 (Table 3). We report 30 sexually undifferentiated
individuals among the 240 oysters examined, where an ovarian or testicular gamete was completely absent in the histological
preparation. We also identified three hermaphrodite specimens in June samples, in which oocytes were noted in follicle walls and
spermatozoa were found in the lumen. This could represent a typical transition period from male to female.

3.3. Gametogenic cycle

Temporal changes in the gametogenic phenology of M. bilineata collected from the west coast of Cox’s Bazar are shown in Fig. 4(A
and B). The gonadal development, maturation, and spawning patterns of the oysters were relatively similar in males and females.
M. bilineata exhibited two spawning cycles over the 12-month study period.

The first spawning cycle initiated in December, when 14.3% of the males and 16.7% of the females were in the early developing
stage. The late developing stage continued from December to March in males and from December to February in females. Ripe animals
first appeared in February, when 55.6% of males and 44.4% of females were categorized as in this stage. Ripe oysters occurred from
February to April. It was possible to affirm that the first reproductive period began in March, represented by 27.3% of males and 50% of
females in the spawning stage. The first reproductive stage finished in May. The initiation of spawning in March could be associated
with the steep decline in salinity (29.0-21.7 ppt) and the increasing temperature (24.9-28.2 °C) between February and March,
concurrent with the start of annual rainfall.

Another spawning cycle began in May, immediately after the first spawning cycle, as reflected by the presence of the early
developing stage once again, when 18.2% of males and 22.2% of females were found to be in that stage. The late developing stage was
reported from June to July in males and from June to August in females. Ripe animals reappeared in July and persisted until October.
More than 30% of the animals were ripe from July to September. Spawning resumed again in July and continued until November, with
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Fig. 3. Monthly variation of environmental parameters (mean + SD) in the study area.



Md.J. Uddin et al. Heliyon 10 (2024) e28753

Table 3

Chi-square (Xz) test on sex ratio of Magallana bilineata.
Sex Observed No. (0) Expected No. (E) O-E (0-E)? (0 -E)*/E >(O- E)%/E Calculated Xz Tabulated XZ
Male 107 103.5 3.5 12.25 0.1184 0.2368 0.2368 3.841
Female 100 103.5 -3.5 12.25 0.1184
Sex ratio (M:F) 1.07:1.00 1:1

the peak spawning period reported from August to October, with more than 38% of the animals identified in that stage. Sexually
indifferent animals were principally reported in June and from November to January.

3.4. Maturity index (MD)

The temporal dynamics of MI in M. bilineata calculated from the gametogenic stages are shown in Fig. 5. The MI ranged from 0.90 to
4.35, with two distinct peaks in July 2018 (4.05) and February 2019 (4.35). During the highest peak in February, 90% of the oysters
were in the late developing and ripe stages, whereas 80% of the animals were in the late developing and ripe stages during the second
peak in July. Spawning activity of M. bilineata was noticed from July to November, when the MI decreased consistently, from a high in
July (4.05) to a low in November (0.90). The MI then increased persistently from November until February, indicating the gameto-
genesis of the species in the studied habitat. A drastic decrease in MI from February to May was associated with the next spawning
pulse of the oysters. MI accelerated again from May (1.45) to the end of the study in June (3.2), which could be associated with the
initiation of gametogenic activity for the next spawning cycle. The MI had a moderately positive linear correlation with water pH (r =
0.725) and weak linear correlations with the other environmental variables analyzed.

3.5. Condition index (CI)

Monthly variations in the mean Cls of M. bilineata are presented in Fig. 6. The CIs of the oysters increased gradually from July to
October and then decreased consistently until January. The maximum mean CI was noted in October (1.32 + 0.36), and the lowest
mean was reported in January (0.58 + 0.08). CIs accelerated again beginning in January, with a minor peak in March. The indices
dropped again in April and then increased steadily until the end of the study in June. The CIs peaked three times over the 1-year
investigation, in October, March, and June. CI exhibited moderate positive linear correlations with water temperature (r = 0.542)
and rainfall (r = 0.502) but showed a moderate negative correlation with water pH (r = —0.639).

4. Discussion

This is the first report of gametogenic phenology in the backwater oyster M. bilineata from Bangladesh waters, although research on
gametogenic phenology of this species has been widely conducted along the east and southwest coasts of India [1,24-26]. The shell
length of M. bilineata samples analyzed in the current study that were considered sufficient for studying gonadal histology ranged from
41.00 mm to 124.94 mm. The shell length at first maturity for the species were reported as > 12 mm in males and >24 mm in females
[27].

In the present study, the sex ratio of males to females was 1.07:1.00, indicating an almost equal sex ratio in the M. bilineata
population collected from the west coast of Moheshkhali, Cox’s Bazar, Bangladesh. Almost equal sex ratios have also been reported for
Megallana (=Crassostrea) angulata from Taiwan [28] and M. belcheri from Thailand [29]. In contrast, several other species of Megallana
(=Crassostrea), including M. brasilliana, M. cortezieensis, M. gigas, M. irhizophorae, and M. aidii, have been reported to have a female bias
[22,30,31]. However, some of these species have been reported with either equal sex ratios [32-34] or male-biased ratios in different
countries [35].

We reported three hermaphrodite animals (1.3%) from the June sample in our study. Hermaphrodite animals are not uncommon in
oysters, and the frequency may differ with age, shell height, and environmental conditions [1,19,22,33,35]. The percentages of males,
females, hermaphrodites, and indeterminates were 50.9%, 42.5%, 1.3%, and 5.3%, respectively, in Ostrea madrasensis from Ennur
Backwater, Madras, India [36]. M. bilineata is an alternate hermaphrodite on the east coast of India and is dioecious on the west coast of
India [27]. It has been suggested that the M. bilineata population could be unisexual in a favorable environment to support rapid
growth and reproduction, and hermaphroditism is an exception that could occur when the animals are exposed to environmental
stress. Adult larviparous oysters are always hermaphrodites, whereas oviparous oysters are separate sexes [37].

The reproductive cycle of bivalve mollusks usually involves the following steps: 1) an undifferentiated stage as a preparatory step
for the next gonadal development stage; 2) differentiation of gonads and progressive development to the ripe stage; 3) spawning by
releasing the gametes; 4) the spent stage, in which some residual gametes are subjected to phagocytosis; and eventually 5) the un-
differentiated condition for initiating the next cycle [9,38]. However, an undifferentiated stage is often lacking in tropical bivalves [7,
39].

In our study, we observed year-round gametogenic activity of M. bilineata. This could be possible in tropical areas, where the
environmental temperature never drops below the certain levels required for bivalve gonadal activity [1,36]. We report two breeding
seasons of M. bilineata, from July to November and from March to May. Gametogenesis commenced at least twice, in December and
May. The spawning periods of M. bilineata reported from different locations are listed in Table 4. Studies in the literature have
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Bangladesh, B. Temporal distribution of oogenic stages of Magallana bilineata collected from the west coast of Moheshkhali, Cox’s
Bazar, Bangladesh.
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Fig. 6. Monthly changes in the condition index (mean + SD) of Magallana bilineata over the study period.

suggested a single prolonged spawning season [1,26,27] or two separate spawning seasons [24,25,40] of this species in various lo-
cations. A prolonged spawning season of this species was reported from January to November in a study on the northwest coast of
India, with two peaks, in March to April and September to October [26]. However, the spawning activity of M. bilineata principally
occurred from December to May, with two peaks from December to January, and April to May, in a study from Mulki Estuary, India
[27]. In contrast, the spawning period of this species was noticed from April to November in another study in Mulki Estuary, India [24].

Reference

Table 4

Spawning periods of Magallana bilineata from different locations.
Locality Spawning period
Moheshkhali, Cox’s Bazar, Bangladesh (21.65°N; 91.88°E) Two spawning seasons: March to May and July to November
Madras Harbour, India Round the year; 2 peaks: November to December and May to August
Mulki Estuary, India (13°5'N; 74°46'E) Two spawning periods: mid-April to June and mid-September to November
Thoothukudi (Tuticorin), Tamil Nadu, India Two spawning periods: March to April and August to September
Mulki Estuary, India (13°5'N; 75°47'E) Early September to early May; 2 peaks: December to January and April to May
Muttukadu, Tamilnadu, India January to November; 2 peaks: February to March and September to October
Korampallam, Tamilnadu, India Two spawning periods: March to April and September to October

Current study
[1]

[24]

[25]

[27]

[26]

[40]
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In contrast, a year-round spawning of M. bilineata was reported in a study at Madras Harbor, with two peak periods of maximum sexual
activity in November to December and May to August [1]. The gametogenic cycle and spawning seasons of bivalves often vary with
latitudinal differences [20,41], although interannual variation could also be possible, given that the environmental variables may vary
from year to year [24]. In particular, the duration of the spawning period is often negatively correlated with latitude [13,42]. In our
study, we recorded a shorter spawning duration of 8 months (July to November and March to May), in comparison to the spawning
period for this species reported from India [1,26]. This could be due to the current study’s site being located at a higher latitude
(21.65°N) than Madras Harbor (13.42°N) and Muttukudu (12.82°N), Tamilnadu, India.

The seasonality of the CI of bivalves provides useful information for managers because the market price of and demand for bivalves
mostly depend on it [7]. CI is recognized as a quick, inexpensive, and responsive tool for evaluating the physiological state of oysters. It
is also applied as a measure of the apparent health and commercial quality of bivalves [21,43]. The monitoring of CI to assess growth in
oysters has been widely documented [44,45]. As a physiological index, CI is highly influenced by gonadal development and the age of
the oyster. In the present study, the Cls increased consistently from July to October with the advancement of maturation of M. bilineata
in the habitat. The highest peak CI reported in October (1.32 =+ 0.36) did not match with the gametogenic cycle. This discrepancy could
be explained by other factors, such as food availability and the corresponding somatic growth of the oysters, although we did not
monitor plankton abundance or chlorophyll data from the water. The declining CIs from October on were persistent with the spawning
event of the oysters in the habitat. CIs exhibited the lowest value in January, when a majority of the animals lacked gonadal materials.
The increment in CIs from January to March was in accordance with the gonadal proliferation. A drastic decline in CIs from March to
April was consistent with the initiation of spawning of M. bilineata in the habitat. A decline in CI after spawning of this species has also
been reported on Indian coasts [36,46]. However, in our study, we did not observe a close relationship between CIs and the maturation
of oysters. This discrepancy could be associated with the CI formula used in the current study, which might not be sensitive enough to
quantify the soft tissues in relation to the whole body due to the irregular shape of the oysters.

Environmental factors, such as temperature, salinity, dissolved oxygen (DO), pH, and food availability, play a significant role in the
development of bivalves [46,47]. Among them, temperature and salinity are two key environmental variables affecting various aspects
of oyster biology, including gonadal development, time of spawning, feeding, growth, respiration, parasite-disease interactions,
predation rates, and the subsequent distribution of the oysters [48]. A rise in temperature and both rise and fall in salinity have been
shown to have a great influence on gamete development and spawning of C. madrasensis [25,44,49]. In our study, no spawning activity
of M. bilineata was reported from December to February, when the environmental temperature remained below 22 °C. The maturation
of oysters and their peak spawning activity occurred in a 25 °C-30 °C temperature range. In our study, we reported two spawning
seasons for M. bilineata: March to May and July to November. The drastic increase in water temperature from February to March
(24.9 °C-28.2 °C) and the reduction in salinity (29.0 ppt-21.7 ppt), along with the commencement of annual rainfall, could be
associated with the beginning of spawning in March. Another spawning pulse might be associated with heavy rainfall and a consid-
erable increase in salinity. Our findings are in agreement with Stephen [24], who reported that the spawning event of M. bilineata
correlated with the salinity seasons and decreasing or rising trends on the southwest coast of India. The decrease in salinity due to
heavy rainfall may have triggered gamete release in M. rhizophorae in Camamu Bay, Brazil, when oocytes are exposed to conditions
outside tolerance levels [50]. In our study, the mean salinity was 29.60 + 3.32 ppt at the sampling site and ranged from 21.67 ppt to
35 ppt. The salinity ranges observed in the current study are in conformity with the salinity ranges reported from the southeastern
coast of Bangladesh [51]. Salinity plays a vital role in various physiological functions in Crassostrea spp., including growth [52],
oxygen consumption and clearance rate [53], and the gametogenic cycle [54,55]. As the temperature remains relatively high in the
tropics throughout the year, sudden changes in salinity in connection with rainfall and evaporation could act as a natural stimulus for
gametogenesis and spawning in tropical bivalves. An important parameter for bivalves is pH, given that they prefer alkaline water for
better growth of the calcareous shell [56]. In the present study, the mean pH was 8.10 + 0.34, which indicates alkaline water at the
sampling site. A moderate positive linear correlation was reported between the MI of M. bilineata and water pH (r = 0.725). In
contrast, reduced pH (7.5-7.7) increased the rate of reproductive development in both males and females of C. virginica [57]. However,
no noticeable influence of dropping pH on sperm mobility or fertilization was observed in C. gigas [58,59].

In conclusion, monthly sampling of M. bilineata from the west coast of Moheshkhali, Cox’s Bazar, Bangladesh, revealed two
gametogenic cycles over the course of a year: one from December to May, with peak spawning periods from March to May, and one
from May to November, with peak spawning periods from August to October. The spawning peak periods and spawning cycles for
M. bilineata in the habitat can guide the timing of seed collection and the development of hatchery systems for artificial propagation. It
is therefore possible to develop a farming calendar for M. bilineata at the study site based on these findings.

Funding

Funding was received for this work.

All of the sources of funding for the work described in this publication are acknowledged below:

This project was funded by Bangladesh Fisheries Research Institute (BFRI), project number 2018/521/BFRI to Md. Jasim Uddin,
Department of Fisheries Management, Bangladesh Agricultural University, Mymensingh which belongs to a development project,
“Conservation, Propagation and Culture of Mussels and Snails in Bangladesh” funded by Ministry of Fisheries and Livestock,
Bangladesh. The project was implemented under the supervision of Bangladesh Agricultural University Research System (BAURES),
BAU, Mymensingh, Bangladesh.

No funding was received for this work.



Md.J. Uddin et al. Heliyon 10 (2024) e28753

Intellectual property

\/ We confirm that we have given due consideration to the protection of intellectual property associated with this work and that there
are no impediments to publication, including the timing of publication, with respect to intellectual property. In so doing we confirm
that we have followed the regulations of our institutions concerning intellectual property.

4. Research Ethics

We further confirm that any aspect of the work covered in this manuscript that has involved human patients has been conducted
with the ethical approval of all relevant bodies and that such approvals are acknowledged within the manuscript.

IRB approval was obtained (required for studies and series of 3 or more cases)

Written consent to publish potentially identifying information, such as details or the case and photographs, was obtained from the
patient(s) or their legal guardian(s).

4/ The design and utilization of animals in current research have been approved by the Ethical Standard of Research Committee of
Bangladesh Agricultural University Research System (BAURES), Bangladesh Agricultural University, Mymensingh-2202,
Bangladesh (Ref./BAURES/ESRC/FISH/74).

Authorship

The International Committee of Medical Journal Editors (ICMJE) recommends that authorship be based on the following four
criteria.

1. Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of data for the work;
AND

2. Drafting the work or revising it critically for important intellectual content; AND

. Final approval of the version to be published; AND

4. Agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of
the work are appropriately investigated and resolved.

w

All those designated as authors should meet all four criteria for authorship, and all who.

All listed authors meet the ICMJE criteria. 1/
We attest that all authors contributed significantly to the creation of this manuscript, each having fulfilled criteria as established by the
ICMJE.

One or more listed authors do(es) not meet the ICMJE criteria.

We believe these individuals should be listed as authors because:

We confirm that the manuscript has been read and approved by all named authors.

We confirm that the order of authors listed in the manuscript has been approved by all named authors.

Contact with the editorial office

The Corresponding Author declared on the title page of the manuscript is: Md. Jasim Uddin.

This author submitted this manuscript using his/her account in EVISE.

We understand that this Corresponding Author is the sole contact for the Editorial process (including EVISE and direct commu-
nications with the office). He/she is responsible for communicating with the other authors about progress, submissions of revisions and
final approval of proofs.

We confirm that the email address shown below is accessible by the Corresponding Author, is the address to which Corresponding
Author’s EVISE account is linked, and has been configured to accept email from the editorial office of Heliyon: jasimfm@bau.edu.bd.
Data availability statement

Data will be made available on request.

Ethical statement

The design and utilization of animals in current research have been approved by the Ethical Standard of Research Committee of
Bangladesh Agricultural University Research System (BAURES), Bangladesh Agricultural University, Mymensingh-2202, Bangladesh
(Ref./BAURES/ESRC/FISH/74).

CRediT authorship contribution statement

Md. Jasim Uddin: Writing — review & editing, Writing — original draft, Supervision, Resources, Methodology, Investigation,

10


mailto:jasimfm@bau.edu.bd

Md.J. Uddin et al. Heliyon 10 (2024) e28753

Funding acquisition, Formal analysis, Conceptualization. Md. Shamsur Rahman: Writing — review & editing, Software, Methodology,
Formal analysis, Conceptualization. Saima Sultana Sonia: Writing — review & editing, Software, Methodology, Investigation, Formal
analysis. Sheikh Khadijatul Kubra: Writing — review & editing, Methodology, Investigation, Formal analysis. Md. Sujon Mia: Writing
- review & editing, Methodology, Formal analysis, Conceptualization. Selina Yeasmine: Writing — review & editing, Resources,
Project administration, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgements

This project was funded by Bangladesh Fisheries Research Institute (BFRI), project number 2018/521/BFRI to Md. Jasim Uddin,
Department of Fisheries Management, Bangladesh Agricultural University, Mymensingh which belongs to a development project,
“Conservation, Propagation and Culture of Mussels and Snails in Bangladesh” funded by Ministry of Fisheries and Livestock,
Bangladesh. The project was implemented under the supervision of Bangladesh Agricultural University Research System (BAURES),
BAU, Mymensingh, Bangladesh.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2024.e28753.

References

[1] K.V.Rao, Observations on the probable effects of salinity on the spawning, development and setting of the Indian backwater oyster Ostrea madrasensis (Preston),
Proc. Indiana Acad. Sci. 33B (1951) 231-256.

[2] W.M. Indrasena, Preliminary studies on the culture of Crassostrea madrasensis in Puttalam lagoon, on the North western coast of Sri Lanka, in: Proceedings of
First Asian Fisheries Forum, Asian Fisheries Society, Manila Philippine, 1986, pp. 79-80.

[3] M.S. Hossain, A. Rothuis, S.R. Chowdhury, A. Smaal, T. Ysebaert, S.M. Sharifuzzaman, C. van Sluis, P. Hellegers, A. van Duijn, P. Dankers, S.N. Chowdhury,
S. Sarker, Oyster aquaculture for coastal defense with food production in Bangladesh, Sustainable Aquaculture 18 (1) (2013) 16-24.

[4] W. Menzel, Estuarine and Marine Bivalve Mollusk Culture, CRC Press, Florida, United States, 1991, p. 362.

[5] E. Gosling, Bivalve Molluscs: Biology, Ecology and Culture, Fishing News Books, Oxford, UK, 2003, p. 456.

[6] B. Kim, D. Kang, D. Ko, H. Yang, D. Kim, C. Kang, K. Choi, Annual reproductive cycle of the oyster, Saccostrea kegaki (Torigoe& Inaba 1981) on the southern

coast of Jeju Island, Korea, Invertebr. Reprod. Dev. 54 (1) (2010) 19-26, https://doi.org/10.1080/07924259.2010.9652312.

M.A. Siddique, M.A. Khatun, M.M. Rahman, G.U. Ahmed, M. Moniruzzaman, M.J. Uddin, Annual gametogenic cycle of the freshwater pearl mussel, Lamellidens

marginalis (Lamarck, 1819) collected from a perennial lentic habitat of Bangladesh, Molluscan Res. 40 (1) (2020) 36-43, https://doi.org/10.1080/

13235818.2019.1682954.

[8] E.E. Hofmannr, E.N.P. Powell, J.M. Klinck, E.A. Wilson, Modeling oyster populations III. Critical feeding periods, growth and reproduction, J. Shellfish Res. 11
(1992) 399-416.

[9] M.J. Uddin, H.D. Jeung, H.S. Yang, B.K. Kim, S.J. Ju, K.S. Choi, Quantitative assessment of reproductive effort of the Manila clam Ruditapes philippinarumin a
lagoon on Jeju Island (Korea) using enzyme-linked immunosorbent assay, Invertebr. Reprod. Dev. 57 (4) (2013) 316-324, https://doi.org/10.1080/
07924259.2013.793219.

[10] J. Lannan, A. Robinson, W. Breese, Broodstock management of Crassostrea gigas, Aquaculture 21 (4) (1980) 337-345, https://doi.org/10.1016/0044-8486(84)
90267-9.

[11] M. Muranaka, J. Lannan, Broodstock management of Crassostrea gigas environmental influences on broodstock conditioning, Aquaculture 39 (1-4) (1984)
217-228, https://doi.org/10.1016,/0044-8486(84)90267-9.

[12] S. Utting, P. Millican, Techniques for the hatchery conditioning of bivalve broodstocks and the subsequent effect on egg quality and larval viability, Aquaculture
155 (1997) 45-54, https://doi.org/10.1016,/50044-8486(97)00108-7.

[13] Sastry AN 1979: Pelecypoda (excluding Otreidae). In: Giese, A.C., Pearse, J.S. (Eds.), Reproduction of Marine Invertebrates, Academic Press, New York, pp. 113-
292.

[14] B.J. Barber, N.J. Blake, Chapter- 6 reproductive physiology, Dev. Aquacult. Fish. Sci. 35 (2016) 357-416, https://doi.org/10.1016/B978-0-444-62710-0.00006-
7.

[15] K.A. Narasimham, in: K.A. Narasimham (Ed.), Molluscan Fisheries of India, B.R. Publishing Corporation, 2005, pp. 40-80, 15‘Edn.

[16] D.B. Quayle, Pacific oyster culture in British Columbia. Ottawa: Fisheries research board of Canada, Bulletin 169 (1969) 192.

[17] S. Steele, M.F. Mulcahy, Gametogenesis of the oyster Crassostrea gigas in southern Ireland, J. Mar. Biol. Assoc. U. K. 79 (4) (1999) 673-686, https://doi.org/
10.1017/50025315498000836.

[18] K.I. Park, A. Figueras, K.S. Choi, Application of enzyme-linked immunosorbent assay (ELISA) for the study of reproduction of the Manila clam, Ruditapes
philippinarum (Mollusca: Bivalvia), and impacts of Perkinsus olsenion clam reproduction, Aquaculture 251 (2004) 425-431, https://doi.org/10.1016/j.
aquaculture.2005.06.003.

[19] F. Lango-Reynoso, V. Chavez, J.C. Cochard, M.L. Pennec, Oocyte size, a means to evaluate the gametogenic development of the Pacific oyster, Crassostrea gigas,
(Thunberg), Aquaculture 190 (2000) 183-199, https://doi.org/10.3354/ab00009.

[20] M.J. Uddin, K.I. Park, D.H. Kang, Y.J. Park, K.S. Choi, Comparative reproductive biology of Yezo scallop, Patinopecten yessoensis under two different culture
systems on the east coast of Korea, Aquaculture 265 (2007) 139-147, https://doi.org/10.1016/j.aquaculture.2007.01.047.

[21] M.J. Uddin, H.S. Yang, K.S. Choi, H.J. Kim, J.S. Hong, M.J. Cho, Seasonal changes in Perkinsus olseni infection and gametogenesis in Manila clam, Ruditapes
philippinarum, from Seonjaedo Island in Incheon, off the west coast of Korea, J. World Aquacult. Soc. 41 (2010) 93-101, https://doi.org/10.1111/7.1749-
7345.2009.00337.x.

[22] A.C. Barman, N.L.W.S. Wong, M.M.A. Karim, Reproductive cycle of the oyster Crassostrea (Magallana) saidii (Wong and Sigwart, 2021) from southeast Asia,
Aquaculture and Fisheries (2022), https://doi.org/10.1016/j.aaf.2022.05.007.

[7

—

11


https://doi.org/10.1016/j.heliyon.2024.e28753
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref1
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref1
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref2
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref2
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref3
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref3
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref4
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref5
https://doi.org/10.1080/07924259.2010.9652312
https://doi.org/10.1080/13235818.2019.1682954
https://doi.org/10.1080/13235818.2019.1682954
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref8
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref8
https://doi.org/10.1080/07924259.2013.793219
https://doi.org/10.1080/07924259.2013.793219
https://doi.org/10.1016/0044-8486(84)90267-9
https://doi.org/10.1016/0044-8486(84)90267-9
https://doi.org/10.1016/0044-8486(84)90267-9
https://doi.org/10.1016/S0044-8486(97)00108-7
https://doi.org/10.1016/B978-0-444-62710-0.00006-7
https://doi.org/10.1016/B978-0-444-62710-0.00006-7
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref15
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref16
https://doi.org/10.1017/S0025315498000836
https://doi.org/10.1017/S0025315498000836
https://doi.org/10.1016/j.aquaculture.2005.06.003
https://doi.org/10.1016/j.aquaculture.2005.06.003
https://doi.org/10.3354/ab00009
https://doi.org/10.1016/j.aquaculture.2007.01.047
https://doi.org/10.1111/j.1749-7345.2009.00337.x
https://doi.org/10.1111/j.1749-7345.2009.00337.x
https://doi.org/10.1016/j.aaf.2022.05.007

Md.J. Uddin et al. Heliyon 10 (2024) e28753

[23]
[24]
[25]
[26]
[27]
[28]

[29]
[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]
[38]

[39]
[40]

[41]
[42]

[43]
[44]
[45]
[46]

[47]

[48]

[49]
[50]

[51]
[52]
[53]
[54]
[55]

[56]

[57]

[58]

[59]

1. Sunila, Reproduction of Mytilus edulis L. (Bivalvia) in a brackish water area, the Gulf of Finland, Annales Zoologici Fennicii 18 (2) (1981) 121-128. https://
www.jstor.org/stable/23734069.

D. Stephen, The reproductive biology of the Indian oyster Crassostrea madrasensis (Preston). I. Gametogenic pattern and salinity, Aquaculture 21 (1980)
139-141, https://doi.org/10.1016/0044-8486(80)90022-8.

M.E. Rajapandian, C.T. Rajan, Studies on maturity stages and spawning periodicity of Crassostrea madrasensis (Preston) at Tuticorin Bay, Proceedings of the
Symposium of Coastal Aquaculture and Marine Biology Association, India 2 (1983) 475-478.

R. Sarvesan, P.V. Sreenivasan, K.S. Rao, R. Thangavelu, P. Puvannan, Reproductive biology and setting of spat of Crassostrea madrasensis (Preston) in Muttukadu
backwater, J. Mar. Biol. Assoc. India 32 (1990) 119-128.

M.M. Joseph, M.N. Madhyastha, Annual reproductive cycle and sexuality of the oyster Crassostrea madrasensis (Preston), Aquaculture 40 (3) (1984) 223-231,
https://doi.org/10.1016,/0044-8486(84)90189-3.

M.A. Vaschenko, H.L. Hsieh, V.I. Radashevsky, Gonadal state of the oyster Crassostrea angulata cultivated in Taiwan, J. Shellfish Res. 32 (2) (2013) 471-482,
https://doi.org/10.2983/035.032.0227.

R. Dangwatanakul, Reproductive Biology of the Large Oyster Crassostrea Belcheri in Thailand, Mahidul University, Thailand, 1992.

G.G. Castilho-Westphal, F.P. Magnani, A. Ostrensky, Gonad morphology and reproductive cycle of the mangrove oyster Crassostrea brasiliana (Lamarck, 1819) in
the bafa de Guaratuba, Paran’a, Brazil, Acta Zool. 96 (1) (2015) 99-107, https://doi.org/10.1111/az0.12055.

D. Ezgeta Balic, 1. Radonic, J. Arapov, D. Varezic, B. Zorica, N. Staglic’ic, S. Jozic, M. Peharda, E. Briski, Y. Lin, T. S’egvic-Bubic, Reproductive cycle of the non-
native Pacific oyster, Crassostrea gigas, in the Adriatic Sea, Mediterr. Mar. Sci. 21 (1) (2020) 146-156, https://doi.org/10.12681/mms.21304.

C. Castanos, M. Pascual, A.P. Camacho, Reproductive biology of the nonnative oyster, Crassostrea gigas (thunberg, 1793), as a key factor for its successful spread
along the rocky shores of Northern Patagonia, ArgentinaReproductive biology of the nonnative oyster, Crassostrea gigas (thunberg, 1793), as a key factor for its
successful spread along the rocky shores of Northern Patagonia, Argentina, J. Shellfish Res. 28 (4) (2009) 837-847, https://doi.org/10.2983/035.028.0413.
S. Dridi, M.S. Romdhane, M. Elcafsi, Gametogenic cycle of Crassostrea gigas in contrasting Mediterranean habitats: marine (Gulf of Tunis) and continental (Bizert
lagoon) culture sites, J. Biol. Res. 21 (1) (2014) 1-11, https://doi.org/10.1186,/2241-5793-21-13.

M.S.N. Galvao, O.M. Pereira, M.B. Machado, I.C. Henriquei, Aspectos reprodutivos da ostra Crassostrea brasiliana de manguezais do estua 'rio de Canane ’ia, SP,
Bol. do Inst. Pesca Sao Paulo 26 (2) (2000) 147-162.

C. Rodriguez-Jaramillo, M.A. Hurtado, E. Romero-Vivas, J.L. Ramirez, M. Manzano, E. Palacios, Gonadal development and histochemistry of the tropical oyster,
Crassostrea corteziensis (Hertlein, 1951) during an annual reproductive cycle, J. Shellfish Res. 27 (5) (2008) 1129-1141, https://doi.org/10.2983/0730-8000-
27.5.1129.

K.V. Rao, Seasonal gonadal changes in the adult back water oyster Ostrea (Crassostrea) madrasensis Preston from Ennur near Madras, Proceedings of Indian
Academy of Science 44 (1956) 332-356.

K.V. Rao, Sex change in the oviparous Indian backwater oyster, Ostrea madrasensis Preston, Curr. Sci. 22 (1953) 377-378.

D. Stephen, The reproductive biology of the Indian oyster Crassostrea madrasensis (Preston). II. Gametogenic cycle and biochemical levels, Aquaculture 21
(1980) 147-153, https://doi.org/10.1016,/0044-8486(80)90023-X.

S.R. Niogee, K.F. Tonni, A.C. Barman, M.B. Tanu, S. Sku, M.J. Uddin, Ovarian cycle of freshwater pearl mussel, Lamellidens marginalis (Lamarck, 1819) collected
from a culture pond in Bangladesh, Asian Fish Sci. 32 (2019) 117-123, https://doi.org/10.33997/j.afs.2019.32.3.004.

R. Palaniswamy, Seasonal changes, spawning and condition of oyster Crassostrea madrasensis (Preston) in the Korampallam Creek, Tuticorin, Indian J. Fish. 40
(4) (1993) 242-246.

B.J. Barber, N.J. Blake, Reproductive physiology, in: S.E. Shumway (Ed.), Scallops Biology, Ecology and Aquaculture, Elsevier, 1991, p. 1095.

R.J. Thompson, R.LE. Newell, V.S. Kennedy, R. Mann, Reproductive processes and early development, in: V.S. Kennedy, R.I.E. Newell, A.F. Eble (Eds.), The
Eastern Oyster Crassostrea Virginica, Maryland Sea Grant Book, College Park, 1996, pp. 335-364.

E. Orban, G. Di Lena, 1. Nevigato Casini, Seasonal changes in meat content, condition index and chemical composition of mussel (Mytilus galloprovincialis)
cultured in two different Italian sites, Food Chem. 77 (2002) 57-65, https://doi.org/10.1016,/50308-8146(01)00322-3.

N. Mercado-Silva, Condition index of the eastern oyster, Crassostrea virginica (Gmelin, 1791) in Sapelo Island Georgia- effects of site, position on bed and pea
crab parasitism, J. Shellfish Res. 24 (1) (2005) 121-126, https://doi.org/10.2983/0730-8000(2005)24[121:CIOTEO]2.0.CO;2.

H. Yildiz, A. Loku, Meat yield of mussels (Mytilus galloprovincialis Lamarck, 1819) in different size groups in Kilya Bay. Dardanelles, J. Fish. Aquat. Sci. 22 (2005)
75-78, https://doi.org/10.12714/egejfas.2005.22.1.5000156889.

K.A. Narasimham, Biology of Crassostrea madrasensis (Preston) of Kakinada, in: K.N. Nayar, S. Mahadevan (Eds.), Oyster Culture, Status and Prospects, Bulletin
of Central Marine Fisheries Research Institute, vol. 38, 1987, pp. 40-470.

M.J. Uddin, H.S. Yang, K.J. Park, C.K. Kang, H.S. Kang, K.S. Choi, Annual reproductive cycle and reproductive efforts of the Manila clam Ruditape sphilippinarum
in Incheon Bay off the west coast of Korea using a histology-ELISA combined assay, Aquaculture 364-365 (2012) 25-32, https://doi.org/10.1016/j.
aquaculture.2012.07.006.

S.E. Shumway, Natural Environmental Factors in: the Eastern Oyster Crassostrea Virginica, College Park, MD: Maryland Sea Grant College, University of
Maryland, 1996, pp. 467-513.

P.S. Galtsoff, The American oyster Crassostrea virginica (Gmelin), US Fisheries Bulletin 64 (1964) 1-480.

T.D.M. Lenz, G. Boehs, Reproductive cycle of the mangrove oyster Crassostrea rhizophorae (Bivalvia: Ostreidae) in Camamu Bay, Bahia, Brasil, Rev. Biol. Trop. 59
(1) (2011) 137-149.

M.A. Rahman, M.R. Parvej, M.H. Rashid, M.E. Hoq, Availability of pearl producing marine bivalves in south-eastern coast of Bangladesh and culture
potentialities, Journal of Fisheries 3 (3) (2015) 293-296, https://doi.org/10.17017/j.fish.105.

M.A.P.C. Piyathilaka, M. Hettiarachchi, W.M.T.B. Wanninayake, Growth and health status of cultured edible oyster, Crassostrea madrasensis (Preston) in the
Panadura estuary, Sri Lanka, J. Natl. Sci. Found. Sri Lanka 40 (3) (2012) 201-210.

S.M. Casas, R. Lavaud, M.K. La Peyre, L.A. Comeau, R. Filgueira, J.F. La Peyre, Quantifying salinity and season effects on eastern oyster clearance and oxygen
consumption rates, Mar. Biol. 165 (5) (2018) 1-13. https://link.springer.com/article/10.1007/s00227-018-3351-x.

A. George-Zamora, M.L. Sevilla-Hern'andez, D. Aldana-Aranda, Ciclo gon’adico del osti’on americano Crassostrea virginica (Lamellibranchia: Ostreidae) en
Mecoac’an, Tabasco, M'exico, Rev. Biol. Trop. 51 (4) (2003) 109-117.

L. Paix~ao, M.A. Ferreira, Z. Nunes, F. Fonseca-Sizo, R. Rocha, Effects of salinity and rainfall on the reproductive biology of the mangrove oyster (Crassostrea
gasar): Implications for the collection of broodstock oysters, Aquaculture 380 (2013) 6-12, https://doi.org/10.1016/j.aquaculture.2012.11.019.

P. Range, M.A. Chicharo, R. Ben-Hamadou, D. Pilo, D. Matias, S. Joaquim, A.P. Oliveira, L. Chicharo, Calcification, growth and mortality of juvenile clams
Ruditapes decussatus under increased pCO2 and reduced pH: Variable responses to ocean acidification at local scales? Journal of Experimental Biology and
Ecology 396 (2011) 177-184, https://doi.org/10.1016/j.jembe.2010.10.020.

J.C. Clements, CEu Carver, M.A. Mallet, L.A. Comeau, A.L. Mallet, COz-induced low pH in an eastern oyster (Crassostrea virginica) hatchery positively affects
reproductive development and larval survival but negatively affects larval shape and size, with no intergenerational linkages, ICES (Int. Counc. Explor. Sea) J.
Mar. Sci. 78 (1) (2020) 349-359, https://doi.org/10.1093/icesjms/fsaa089.

J.N. Havenhand, P. Schlegel, Near-future levels of ocean acidification do not affect sperm motility and fertilization kinetics in the oyster Crassostrea gigas,
Biogeosciences 6 (2009) 3009-3015, https://doi.org/10.5194/bg-6-3009-2009.

H. Kurihara, S. Kato, A. Ishimatsu, Effects of increased seawater pCO; on early development of the oyster Crassostrea gigas, Aquat. Biol. 1 (2007) 91-98.

12


https://www.jstor.org/stable/23734069
https://www.jstor.org/stable/23734069
https://doi.org/10.1016/0044-8486(80)90022-8
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref25
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref25
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref26
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref26
https://doi.org/10.1016/0044-8486(84)90189-3
https://doi.org/10.2983/035.032.0227
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref29
https://doi.org/10.1111/azo.12055
https://doi.org/10.12681/mms.21304
https://doi.org/10.2983/035.028.0413
https://doi.org/10.1186/2241-5793-21-13
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref34
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref34
https://doi.org/10.2983/0730-8000-27.5.1129
https://doi.org/10.2983/0730-8000-27.5.1129
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref37
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref37
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref38
https://doi.org/10.1016/0044-8486(80)90023-X
https://doi.org/10.33997/j.afs.2019.32.3.004
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref41
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref41
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref42
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref43
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref43
https://doi.org/10.1016/S0308-8146(01)00322-3
https://doi.org/10.2983/0730-8000(2005)24[121:CIOTEO]2.0.CO;2
https://doi.org/10.12714/egejfas.2005.22.1.5000156889
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref47
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref47
https://doi.org/10.1016/j.aquaculture.2012.07.006
https://doi.org/10.1016/j.aquaculture.2012.07.006
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref50
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref50
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref36
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref51
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref51
https://doi.org/10.17017/j.fish.105
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref53
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref53
https://link.springer.com/article/10.1007/s00227-018-3351-x
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref55
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref55
https://doi.org/10.1016/j.aquaculture.2012.11.019
https://doi.org/10.1016/j.jembe.2010.10.020
https://doi.org/10.1093/icesjms/fsaa089
https://doi.org/10.5194/bg-6-3009-2009
http://refhub.elsevier.com/S2405-8440(24)04784-4/sref60

	Annual gametogenic phenology of oyster, Magallana bilineata (Röding, 1798) collected from the west coast of Moheshkhali Isl ...
	1 Introduction
	2 Materials and methods
	2.1 Sampling activities
	2.2 Histology
	2.3 Maturity index (MI)
	2.4 Monitoring of waterquality parameters
	2.5 Statistical analysis

	3 Results
	3.1 Environmental parameters
	3.2 Sex ratio
	3.3 Gametogenic cycle
	3.4 Maturity index (MI)
	3.5 Condition index (CI)

	4 Discussion
	Funding
	Intellectual property
	Authorship
	Contact with the editorial office
	Data availability statement
	Ethical statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


