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ABSTRACT: The hooded oyster, Saccostrea cucullata, is an economically important bivalve in Thailand with great
potential for aquaculture production. Since its histological development remains unknown, we examined the organ
development of field-collected S. cucullata associated with their shell size distributions from Libong Island, Thailand.
The water quality parameters were not significantly different between the sampling areas except for the water
temperature (p < 0.05). S. cucullata from the Stone Bridge (SB) site had smaller shell lengths and higher condition
factors than those from Dugong Tourism by Drones (DT) except for the size of the organ. Histologically, the highest mean
length of gill lamellae was 192.1+3.92 pm in 2.1-3 cm group. The thinnest of the mantle epithelium (73.78+3.08 pm
in 4.1-5 cm group) of S. cucullata showed statistically significant difference between the sampled locations (Specific
F value = 0.1783 and 0.8605 when p < 0.01 and p < 0.0001, respectively). The density of mucous-secreting cells
(Msc) was more prominently distributed in the digestive gland than in other tissues. The 2.1-3 cm group or bigger had
mature gonads with protandric characteristics, showing the rapid sexual differentiation in SB. Results obtained from
this study improve the current knowledge of S. cucullata from natural environments, which potentially contributes to
the establishment of its aquaculture.
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INTRODUCTION

The size distribution of aquatic invertebrates is an
important indicator of their community and ecosys-
tem structure [1]. The size distribution of aquatic
invertebrates is easy to determine from field observa-
tions, so this has been used to estimate the growth
and metabolic rate in various aquatic invertebrates as
the reflection of their physiological activity and life
history under specific ecological conditions [1]. For
example, Fey et al [2] showed that the growth of the
Pacific oyster Crassostrea gigas differs depending on
the locations and seasons in the subtidal and intertidal
areas from the north of the Netherlands to Denmark,
as similarly reported by Kang et al [3] in their Ko-
rean study. The size distribution data becomes more
useful when it is reported with histological analysis
that can detect maturation status and the degree of
environmental stress. Davenel et al [4] monitored
the gonadal development of Ostrea edulis under lab-
oratory conditions, showing significant development
before spawning. Striostrea prismatica collected from
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the southern coast of Ecuador showed an increase in
oocyte diameter and the follicular layer area in the
spawning season [5]. On the other hand, the growth
of oysters is negatively regulated by pathogens and
environmental stressors. Wang et al [6] suggested
that high temperatures can increase the risk of Vib-
rio parahaemolyticus infection in Crassostrea rivularis,
resulting in a decline in growth rate and increased
mortality.

The hooded oyster Saccostrea cucullata (Born,
1778), belonging to the family Ostreidae, is a com-
monly observed species on the coast of Thailand as
well as the tropical Indo-West Pacific area [7]. This
species has a huge potential for increasing its aqua-
culture production [8] and has been actively studied
for its taxonomy, morphological features [7], gamete
characteristics [9], and the optimum temperature of
20-30°C [10]. However, the histological development
of S. cucullata in the natural environment remains
unknown. We therefore examined the histological
development of S. cucullata about the shell size distri-
bution at different locations in Libong Island, Thailand.
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MATERIALS AND METHODS
Oyster collection and study sites

Hooded oysters, Saccostrea cucullata (n = 50 per loca-
tion), were field collected in April 2022 at 2 locations
in Libong Island, Thailand, including Stone Bridge
(SB, 7°16'17.9” N 99°22/38.3” E). At locations close
to the sand beach, there was minor life-threatening
human activity [11]. However, close to the seagrass
beds near the Dugong Tourism by Drones site (DT,
7°13'20.6” N 99°24'08.3"” E), there was major life-
threatening tourist activity [11]. The water quality pa-
rameters, including dissolved oxygen (DO), water tem-
perature, pH, salinity, and turbidity, were measured at
each location using a multi-parameter water quality
meter (HORIBA, Japan). The live specimens were
transferred to the Histology Laboratory at the Medical
Science Academic Service Centre (Standard labora-
tory in Number 2-0100-0004-8), Faculty of Medical
Science, Naresuan University. Species were identified
based on the taxonomic guideline of Cardoso etal [12],
and the S. cucullata individuals were euthanized with
a rapid cooling shock [13]. This study was approved
by the Naresuan University Animal Care and Use Com-
mittee under process number NU-AQ650303.

Gross anatomy and morphometric analysis

Gross anatomy and morphometric parameters were
examined following the standard guideline from the
OIE Diagnostic Manual for Diseases of Aquatic Ani-
mals [14]. The anterior valve was photographed with a
digital camera (Sony A6000, Japan). The shell length
was measured from the longest axis of the shell to
determine the size distribution. The soft tissue weight
was also recorded to assess the growth of this oyster.
The condition factor (CF) was calculated to assess the
general health condition and growth [15] using the
following equation: CF = 100W/L3, where W is the
weight (g) and L is the total length (cm).

Shell size distribution and histological evaluation

The standard shell size distribution was determined
using 50 samples per location. The sample S. cucullata
specimens were immediately fixed after collection in
10% neutral buffered formalin fixative for 24 h at
room temperature. The cross-sections were prepared
using the dissected gonads, visceral mass, gills, and
mantle tissues before decalcifying the exoskeleton with
a decalcification medium. The histological blocks were
prepared by the routine histopathological technique
following the method of Howard et al [16]. The
paraffin blocks were sectioned at 4 nm thickness with
a rotary microtome and then stained with Masson’s
trichrome stain (MT) to observe the structural orga-
nization. The details of the histological slides were
subjected to visual examination (Table S1, supplemen-
tary data) using a light microscope and scanned with
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a PANORAMIC Digital Slide Scanner (3DHISTECH,
Hungary).

Statistical analysis

The water quality parameters, morphometric observa-
tions, CF, the Msc density, and gametogenic histology
data were represented as mean =+ SE. The unpaired t-
test was used to compare these values between loca-
tions. The Msc and gametogenic histology data were
subjected to Two-way ANOVA to determine statistical
differences at p < 0.05 (GraphPad Prism for Windows
version).

RESULTS
Water quality parameters

The water quality parameters including DO, pH, salin-
ity, and turbidity were not significantly different be-
tween locations (Table 1). The water temperature at
the DT was significantly higher than that at SB (p <
0.05).

Shell size distribution in relation to histological
development

The shell size distribution of S. cucullata was classified
into 5 groups based on the shell length: 1-2, 2.1-3,
3.1-4, 4.1-5, and 5.1-6 cm (Table 2). The oysters
from the SB area were generally smaller than those
from the DT site (Table 2). The highest and lowest
mean CF were found in the size group of 1-2 cm
(6.31£1.67) and 5.1-6 cm (0.95%0.48), respectively,
from DT site (Table S2, supplementary data). In the
size groups of 2.1-3 to 4.1-5 cm, the mean CF were
higher in individuals from SB than those from the DT
site. Several organs, including the digestive gland,
gills, and mantle epithelium tissue, were histologically
identified (Fig. 1A).

The digestive gland (or hepatopancreatic tissue)
was composed of several blind-ended tubules, each of
which could be divided into the primary and secondary
ducts (Fig. 1B). The primary ducts were connected
to the stomach wall (Fig. 1B). The smallest primary
ducts were 105.4+3.03 pm in the 1-2 cm size group,
and the largest were 139.9+£3.63 pm in the 5.1-6 cm
size group. Both sizes were observed in S. cucullata
from the DT site. However, there were no significant
differences in the average diameter of the primary
and secondary ducts between S. cucullata from the
2 locations.

The gill structure of S. cucullata was made of V-
shaped demi-branches, which were separated by the
central axis (Fig. 1C). Each short gill filament extended
toward either side of the axis, and the cilia observed
on their surfaces were to produce the respiratory cur-
rent (Fig. 1C). The gill filaments were divided into
2 rows and 3 zones, including the frontal, intermedi-
ate, and abfrontal zones (Fig. 1C). The anterior sur-
face of the gill filament was covered with the cilia
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Table 1 The environmental factors between the sampling sites.

Environment factor Stone Bridge Dugong Tourism by Drones Standard range
mean =+ SE mean £ SE [16]
Dissolved Oxygen (mg/1) 6.46+0.49 6.35+0.42 >5mg/l
Water temperature (°C) 31.71+£0.07* 33.73+0.90% 25-30°C
pH 8.26+0.37 8.85+0.24 6.5-9.0
Salinity (ppt) 31.13£0.15 31.47+0.07 20-30 ppt
Turbidity (NTU) 0.00 22.67+4.52 40 NTU
Depth (m) 0.88+0.09 0.78+0.12 -

Values are represented as mean = SE (n = 3). Significant differences between 2 locations (* p < 0.05). SE, standard error;
ppt, part per thousand; and NTU, nephelometric turbidity unit.

A 1000 pm

:20 pm

Fig. 1 Histological observations of different tissues of S. cucullata. The cross-section of S. cucullata showing the position of the
digestive gland, gills, and mantle epithelium tissue (A). Digestive gland histology showing the primary and secondary ducts (B).
Gill filaments extending toward the side and the cilia observed on their surface (C). The mantle layer in the vesicle mass with the
connective tissue (D). Abbreviations: Dg, Digestive gland; pd, primary ducts; sd, secondary ducts; G, Gills; c, cilia; M, Mantle; and
Go, Gonad.
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Fig. 2 Light microscope observation of the male gonad of S. cucullata. The spermatogenesis observed in the visceral mass. The mature
gonad in gonadal acini (GA) (A) and spermatogonia (arrow) (B). The gonadal acini containing primary and secondary spermatocytes,
Spermatids, and spermatozoa (C, D); Abbreviations: Sg, Spermatogonia; Psc, Primary spermatocytes; Ssc, Secondary spermatocytes;
St, Spermatids; and Sz, Spermatozoa.

Table 2 Morphometric measurement based on the different sizes of the S. cucullata between the SB and the DT sites.

Stone Bridge Dugong Tourism by Drones
Size Diameter of Length of gill Length of mantle Diameter of Length of gill Length of mantle
digestive tubule (um) epithelium digestive tubule (um) epithelium
(pm) (um) (pm) (nm)

1-2 cm - - - 105.4+3.03 152.3+5.46 31.24+3.03
2.1-3 cm 120.9+£3.18 127.8 £3.29%** 45.27+3.18 121.9+3.81 192.1£3.92%** 43.62+3.81
3.1-4 cm 126.9+2.66 145.7 £4.33** 45.51+2.66 112.8+2.98 157.0£3.21** 45.05+£2.98
41-5cm  129.3+£2.93  181.2+8.45 60.72£2.93***  133.0+£3.08 172.2+£5.62 73.78 £3.08%**
5.1-6 cm - - - 139.9+3.63 280.2+7.90 67.07+3.63

Values are represented as mean = SE (n = 6). Significant differences between the SB and the DT sites (** p < 0.01; *** p <
0.0001).

Table 3 Oocyte development in 4 stages of S. cucullata between 2-site study.

Stone Bridge Dugong Tourism by Drones
Size Number of Oogonium Immature  Maturing Mature Oogonium Immature  Maturing Mature
individual (cells) oocyte oocyte oocyte (cells) oocyte oocyte oocyte
(cells) (cells) (cells) (cells) (cells) (cells)
1-2 cm 6 - - - - - - - -
2.1-3 cm 6 5.33£1.76 5.00+1.00 5.67+1.20 7.67+1.20 6.67+2.40 1.33+0.33 0 0
3.1-4 cm 6 3.33+£0.88 6.00+1.73 6.33+£291 1.67+1.20 5.33%£3.33 9.00+1.73 5.00£0.58 6.00+1.16
4.1-5 cm 6 2.00+1.16 9.67+£2.33 9.00+0.58 10.67+£1.76 1.33+0.33 2.67+0.88 2.67+0.88 4.67+0.88
5.1-6 cm 6 - - - - 2.33+£0.33 3.33+£0.88 5.33+£2.02 7.67%£1.76

Values are represented as mean £ SE (n = 6). No significant difference between the SB and the DT sites (p > 0.05).
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Fig. 3 Light microscope showing the female gonad development of the S. cucullata in follicle. Oocytes in prematuration stage with
immature oocytes that stored connective tissue (A). Mature oocytes found in the follicles (B). The mature stage containing many
mature oocytes with the absence of the interstitial tissue (C, D). Mature oocytes in the spent stage surrounded by follicular cells (E,
F). Abbreviations: SCT, Storage Connective Tissue; FC, Follicular Cells; O, oogonium; M, mature oocyte; and CNT, Connective Tissue.

(Fig. 1C). The longest gill lamellae were observed in
S. cucullata from the DT site (280.2£7.90 pm in the
5.1-6 cm size group), whereas the shortest counter-
parts were recorded in the 3.1-4 cm group from SB
(127.84+3.29 nm, Table 2). It was interesting that the
mean lengths of the gill lamellae were significantly
different between locations (Table 2).

The mantle of S. cucullata was covered with the
vesicle mass, which histologically consists of 2 ep-
ithelium layers including outer epithelium and in-
ner epithelium separated by haemolymph sinuses
and connective tissues (Fig. 1D). Both the thickest
(31.24+£3.03 pm in the 1-2 cm group) and thinnest
(73.78+3.08 um in the 4.1-5 cm group) mantle ep-
ithelia were found in S. cucullata from DT (Table 2).
The lengths of mantle epithelium were significantly
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different between the 4.1-5 cm size groups from the
2 locations (Specific F value = 0.8605, p < 0.0001).
The gonadal follicles contained reproductive cells
and were developed in the vesicle mass (Fig. 2A). The
gonads of the S. cucullata samples were protandric
from the 1-2 cm size group (Table S5, supplementary
data). The male gonads were first formed with the
blind-end testicular follicles containing spermatogo-
nia (46.0+£24.54 cells of 2.1-3 c¢cm at SB) (Fig. 2B,
Table S5, supplementary data). Primary and sec-
ondary spermatocytes, spermatids, and spermatozoa
were also identified in the 1-2 cm size group from SB
(Fig. 2C-Fig. 2D, Table S5, supplementary data), and
there was a tendency that male reproductive cells were
more differentiated in larger size groups (Table S5,
supplementary data). No significant differences in the
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number of spermatogenic cells were found between
S. cucullata from the SB and the DT sites.

Undeveloped female gonads were observed in the
1-2 cm size group. The ovary was histologically
surrounded by a thin acinal wall and contained devel-
oping oocytes (Fig. 3A-B), which were classified into
oogonia, immature oocytes, maturing oocytes, and ma-
ture oocytes (Table S4, supplementary data). Oogonia
was prominently observed in the 2.1-3 cm size group
(6.67+2.40 cells) from the DT site (Fig. 3B, Table 3).
Immature oocytes had a polyhedral-shaped nucleolus
at the peripheral area (9.67%2.33 cells of 4.1-5 cm
at the SB site) (Table 3). The mature oocytes had a
polyhedral-shaped voluminous nucleus surrounded by
the basophilic cytoplasm (9.0+0.58 cells of 4.1-5 cm
at the SB site) (Fig. 3C-D, Table 3) and completed in
the spent stage. The development of mature oocytes
was still seen, but the stromal compartment and the
loose connective tissue were also increased (Fig. 3E-
E Table 3). However, no statistically significant differ-
ences in ovarian activity were found between S. cucul-
lata from both sites.

Overall, S. cucullata individuals were primarily
asexual in the smallest size group of 1-2 cm. The
protandric characteristic appeared in the 2.1-3 cm and
3.1-4 cm size groups with observed sexes of female,
male, and hermaphrodites. All S. cucullata individuals
in the 4.1-5 cm size group from DT site were female
(Table S3, supplementary data).

Distribution of mucous-secreting cells

The Msc of S. cucullata were variously oval, cup-like,
stick-like, and pear-like shapes (Fig. 4A). In the gill
lamellae, the Msc with stick-like and cup-like shapes
were observed (Fig. 4B). The digestive ducts contained
the oval and cup-like shapes (Fig. 4C), and the man-
tle epithelium contained oval and pear-shaped Msc
(Fig. 4D). The cup-like and oval-shaped cells were
predominant (Fig. 4C), especially in the 3.1-4 cm size
group from the SB site (65.0+44 cells).

Our investigation showed that increases in Msc
were usually identified in the gill lamellae that had
oval, cup-like, and pear-like shapes (Fig. 4B). The den-
sity of Msc was lower in the S. cucullata 4.1-5 cm size
group from the SB site (13.75£9.20 cells) than in the
same size group from the DT site (37.50£34.18 cells).
We observed in the size group of 3.1-4 cm for S. cu-
cullata that its highest density of Msc from the SB site
(65.0£44.75 cells) was in the digestive gland but the
highest density of Msc was in the mantle epithelium
(24.25+11.32 cells) from the DT site. The smallest and
largest Msc were recorded in the 4.1-5 cm size group
from both locations (Table 4). Overall, our observation
showed that the features of Msc were not significantly
different between the 2 locations (Table 4).
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DISCUSSION

Between the 2 sampling locations, only the water
temperature was significantly different. This might
be related to the fact that the sampling sites were
in the intertidal zone, where the water temperatures
vary depending on the season. Temperatures are
higher in summer; therefore, the seasonal effect will
be bigger in the shallow areas [17]. We suggest
that this difference in water temperature might be
responsible for the observed differences in condition
factors and reproductive activity of the oysters [18].
Indeed, Rajapandian et al [19] showed that the wa-
ter temperature correlated with the CF in Crassostrea
madrasensis with the highest CF in April. These results
were consistent with other previous observations in
Pinctada margaritifera [ 18] and Crassostrea gigas [20].

The morphometric characteristics of the S. cucul-
lata specimens from the SB site were smaller than
those from the DT site. Since the tested parameters
such as CF are closely related to the available food
in oysters [15], the DT site might represent a more
favorable environment for S. cucullata than the SB
site. It is noted that the DT site is located near
the seagrass beds which grow more prolifically in the
higher sediment areas with higher nutrients which
comprise an important and diverse habitat and play
a significant role in the growth and abundance of
suspension-feeding bivalves [11,21]. The high growth
and CF have been associated with the feeding activity
in Hemifusus ternatanus under artificial conditions [22]
and Pinctada margaritifera var erythraensis collected
from Dongonab Bay, Red Sea, Sudan [23].

The structures of the digestive gland, gills, go-
nads, and mantle of S. cucullata are similar to those
in other bivalves such as Pecten maximus [24] and
Crassostrea gigas [25]. Interestingly, the length of the
gill lamellae and mantle of the specimen S. cucullata
showed significant differences between the 2 sampling
locations. This might be related to the different rates
of development since these organs are involved in res-
piration and feeding [26]. It was reported in Cannuel
and Beninger [27] that gill development in Crassostrea
gigas juveniles rapidly developed to increase food-
feeding efficiency.

In our study, we also showed that S. cucullata has
protandric characteristics with no statistically signifi-
cant differences in the gonadal development between
the 2 locations. It might be noted that the protandrous
hermaphrodites of oysters normally occur in various
periods including the first spawning period and when
changing sex to spawn as females [28] as in Modiolus
capax [29] and Crassostrea brasiliana [30]. The male
gonad began to develop in the 1-2 cm size group,
whereas the female gonad began to develop in the
2.1-3 cm size group, which corresponds to the ju-
venile stage. This indicates the oysters started life
as male and subsequently changed permanently into
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Fig. 4 The light microscope of mucous-secreting cells of the S. cucullata. Masson trichome staining. The cross section of S. cucullata
presenting mucous-secreting cells in 4 types (A). Mucous cells in gill filament with cup-like and stick-like shapes (arrow) (B); the

secondary digestive tubules showing mucous cells of oval and cup-like shapes (arrow) (C). Mantle epithelium cells showing the large
mucous cell (D). Abbreviations: O, Oval or circle-like; C, cup-like; S, Stick-like; and B Pear-like.

Table 4 Density of mucous-secreting cells in three tissue of the S. cucullata between the SB and the DT sites.

Stone Bridge

Dugong Tourism by Drones

Size Digestive Gill Mantle Digestive Gill Mantle
gland (cells) epithelium gland (cells) epithelium
(cells) (cells) (cells) (cells)
1-2 cm - - - 37.00+20.88 26.00+17.87 9.75+5.53
2.1-3 cm 32.50+24.52 15.75+11.81 9.00£4.56 23.25+8.34 35.75+28.24 17.00£9.55
3.1-4 cm 65.00+44.75 20.75+£12.29 6.25+3.71 25.25+13.46 20.25+9.39 18.00+8.85
4.1-5 cm 27.25+13.15 13.75+£9.20 5.75+2.75 39.75+27.93 37.50+34.18 24.25+11.32
5.1-6 cm - - - 19.00+£10.66 36.50+21.64 7.75+4.51

Values are represented as mean =+ SE (n = 6). No significant difference between the SB and the DT sites (p > 0.05).

female after about a year or when they increased in
size. Similar gonadal maturation patterns have been
found in other bivalves including Crassostrea glom-
erata [28], Crassostrea cortegiensis [31], and Haliotis
discus hannai [32]. The beginning of the adult stage
was when the size of 4.1-5 cm was attained like other
bivalves such as Crassostrea gigas [33] and Crassostrea
iredalei [34].

The Msc of the S. cucullata oyster specimens had
oval, cup-like, and pear-like shapes, which is similar to
the findings in Haliotis diversicolor [35], Solen grandis
Dunker [36], Chaetopleura angulate, and Acanthochi-
tona fascicularis [37]. Msc is essential to marine
molluscs in producing various functional substances
together with glands in the epithelium that produce
exudate. The highest density of Msc was observed
in the digestive gland, suggesting that it is the main
organ for mucus production. This is similar to the
findings of Yonge [38] and indicates that the mucus in
the digestive organs has various roles including food,
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locomotion, and immunity activity [39, 40]. The max-
imum density of the S. cucullata specimens’ Msc was
observed in the 3.1-4 cm size group, and a dramatic
decrease in Msc was observed in the 4.1-5 cm size
group. This might be related to the environmental
situation but requires further investigation.

CONCLUSION

The histological observations of S. cucullata from Li-
bong Island identified their juvenile (<4 cm) and adult
(>4 cm) stages by the size of their organs, including
the digestive gland, gills, and mantle. The histological
observations also showed the size at sexual matura-
tion, at which gametogenesis begins, although this is
influenced by environmental conditions and available
nutrients. The density and morphology of the Msc
may serve as good biomarkers to assess the health
and immune function of S. cucullata, particularly in
different-sized population distributions.
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Appendix A. Supplementary data

Supplementary data associated with this article can be
found at http://dx.doi.org/10.2306/scienceasial513-1874.
2023.095.
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Appendix A. Supplementary data

Table S1 Histological characteristics of the S. cucullata observed in this study.

S1

Organ/Cell Morphometric description Reference
Gill filament The length of the gill lamellae from base to apex (n = 50 per Yonge [37]
individual sample of size distribution)
Mantle epithelium The mantle epithelium (n = 50 per individual sample of size
distribution)
Digestive tubule The diameter of primary ducts (n = 50 per individual sample

of size distribution)

Mucous-secreting Types of mucous-secreting cell: oval, cup-shaped, pear- Di et al [34]
cell (Msc) shaped, stick-shaped

Gametogenic cell Types of germ cells: male, female, hermaphrodites, or Zhang et al [39]
and tissue asexual reproductive patterns

Gametogenesis and gonadal maturation

Garcia-Corona et al [28]

Oogenic differentiation

Castilho-Westphal et al [29]

Table S2 The condition factor (g/cm?) of the sampled S. cucullata between the SB and the DT sites.

Size Number of Stone Bridge Dugong Tourism by Drones
distribution individual mean =+ SE mean + SE
1-2 cm 10 - 6.31£1.67
2.1-3 cm 10 4.25+2.18 2.01+0.82
3.1-4 cm 10 3.93+1.41 2.16£0.68
4.1-5 cm 10 2.01+0.46 1.27+0.45
5.1-6 cm 10 - 0.95+0.48
Values are represented as mean =+ SE (n = 10); SE, standard error.
Table S3 Percentage of sex difference of the S. cucullata between 2 locations.
Size Number of Stone Bridge Dugong Tourism by Drones
individual =~ Female Male Hermapodrite  Asexual Female Male Hermapodrite  Asexual
1-2 cm 6 - - - - - 16.67% - 83%
2.1-3 cm 6 50% 50% - - 50% 33.33% - 16.67%
3.1-4 cm 6 50% 16.67% 33.33% - 50% 33.33% 16.67% -
4.1-5 cm 6 66.67% 16.67% 16.67% - 100% - - -
5.1-6 cm 6 - - - - 100% - - -
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Table S4 The characteristics of spermatogenesis stage and oogenesis stage of the S. cucullata.

Stage Cell Description
Spermatogenesis
1 Spermatogonium Large nucleus with distributed chromatin inside the cell
2 Spermatocyte The nucleus condenses in the primary phase and through cell division
in the secondary phase
3 Spermatid Occurs from meiosis division in half of the genetic material of the previous
cell, resulting in a reduced cells size and more compacted nuclei
4 Spermatozoon Characterized by long flagella
Oogenesis
1 Oogonium The cytoplasm is reduced to the size of the nucleus of the basophil cell.
2 Immature oocyte Basophils usually have a peripheral polyhedral-shaped nucleolus
3 Maturing oocyte Lightly eosinophilic, polyhedral-shaped voluminous nucleus
4 Mature oocyte Eosinophilic, voluminous nucleus, located near the follicle lumen

Table S5 Type of male gonad of the S. cucullata from the SB and the DT sites.

Spermatogenesis stage

Location Size Number of Spermatogonium Primary Secondary Spermatid Spermatozoon
distribution individual (cells) spermatocyte spermatocyte (cells) (cells)
(cells) (cells)

Stone 2.1-3 cm 6 46.0+£24.54 434.67+82.96 272.0+161.7 632.0+£378.60 524.7+412.6

Bridge 3.1-4 cm 6 6.67+4.18 103.3+£59.83 230.3+£126.0 216.7+18.98 506.7+45.08
4.1-5 cm 6 9.67+3.76 479.3+£88.37 602.0+£192.3 559.7+£126.4 1306.0£295.4

Dugong 1-2 cm 6 12.67+£5.24 49.33+3.67 49.67+6.69 40.33+9.94 15.33+5.04

Tourism 2.1-3 cm 6 19.67 £0.67 133.7+£29.36 145.7+£43.35 292.3+£72.26 143.7£23.84

by Drones 3.1-4 cm 6 9.67+5.21 177.7+45.04 301.7+£179.0 345.0+183.0 201.0+54.67

Values are represented as mean £ SE (n = 6). No significant difference between the SB and the DT sites (p > 0.05).
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