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This study investigates the ovarian development, spawning patterns, maturity size and fecundity of the
goby Glossogobius giuris–a commercial fish in the Vietnamese Mekong Delta–based on the data analysis of
659 individuals. Specimens were caught using trawl nets from four sites representing freshwater (Cai
Rang, Can Tho) to salinized regions in the dry season (Long Phu, Soc Trang), and brackish water regions
(Hoa Binh, Bac Lieu and Dam Doi, Ca Mau) over the 12 months of 2020. Histological analysis showed that
it was a multi-spawner as different stages of oocytes appeared in mature ovaries. The fish could spawn
throughout the year, with a peak in April at the freshwater region and in September at salinized and
brackish areas as mature ovaries appeared monthly during the studied period and gonadosomatic index
displayed the highest value in April and in September, respectively. This goby’s primary egg releasing
time tended to be regulated by salinity changes over the four sampling sites. Likewise, size at first matu-
rity of this species could be related to the salinity variation as this value was the longest in freshwater (6.
14 ± 0.17) and the shortest in the salinization region (4.82 ± 0.66). Batch fecundity is measured at 5,118–
100,003 eggs/female and related to fish length and weight (r2 > 0.76). Findings can be useful for the devel-
opment of fish conservation strategies and artificial reproducing studies.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The fish reproductive strategies classified either into semelpar-
ity and iteroparity are helpful in fishery management (Miller,
1984; Jakobsen et al., 2016). Many gobies display iteroparous pat-
terns (Miller, 1984; Dinh et al., 2016), for example, Valenciennea
strigata in French Polynesia (Reavis, 1997) and Periophthalmus bar-
barus in Japan (Etim et al., 2002). Female gobies released five to a
thousand eggs on a substrate (e.g., bottom surface or vegetation)
during spawning season (Macinnis and Corkum, 2000; Etim et al.,
2002; Dinh et al., 2020). The lunar cycle plays a vital role in the
spawning and larval recruitment of some estuarine gobies
(Thresher, 1984; Berra, 2001). Fish batch fecundity and length at
first maturity are related to fishery management (Fontoura et al.,
2009; Teichert et al., 2014; Jakobsen et al., 2016; Tran et al.,
2019). Understanding, however, was lacking in the Vietnamese
Mekong Delta (VMD), where gobies are overfished (Trinh and
Tran, 2012; Diep et al., 2014; Tran et al., 2020a). Consequently,
there is a need to understand their recruitment strategies and
dynamics.

Glossogobius is one of the largest genera of the Gobiidae family,
comprising of 29 species in the world, three species of which, G.
giuris, G. aureus, and G. sparsipapillus, are relevant in the VMD
(Tran et al., 2013; Diep et al., 2014; Tran et al., 2020a). Among
these three species, G. giuris is widely distributed in brackish to
freshwaters in the Indo-Pacific regions (Talwar and Jhingran,
1991; Riede, 2004; Froese and Pauly, 2021), including VMD (Tran
et al., 2013; Diep et al., 2014; Nguyen et al., 2020). Its eco-
biology in Bangladesh is reported by Islam (2004), and it spawns
two times/year in Mithamoin Haor, Bangladesh (Hossain, 2014),
but one/year in Payra River, Bangladesh (Roy et al., 2014) and in
Pakistan (Qambrani et al., 2016). In the VMD, its habitat extends
typically from estuaries to the upper reaches of the Bassac River
basins (Dinh, 2008; Dinh, 2011; Le et al., 2018; Tran et al., 2021),
and it shows isometry pattern and plays a commercially important
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role in food supply (Diep et al., 2014; Dinh and Ly, 2014; Phan
et al., 2021). However, the fish population is overfishing (Dinh
et al., 2017; Tran et al., 2020a). This research, consequently, con-
tributes understanding to its reproductive references (e.g., ovarian
development, spawning patterns and seasons, size at first maturity,
and batch fecundity) and confirms if its spawning season, size at
first maturity and batch fecundity vary with sites. The results will
be based forfish conservation efforts and artificial reproduction
studies.
2. Materials and methods

2.1. Studied site description and sample collection

This research was performed for a period of 12 months, from
January 2020 to December 2020, in four sites along the Hau River.
Sites were selected from freshwater in Cai Rang, Can Thơ (CRCT) to
salinization in Long Phu, Soc Trang (LPST), and brackish water
regions in Hoa Binh, Bac Lieu (HBBL) and Dam Doi, Ca Mau (DDCM)
(Fig. 1). These regions are represented by a semi-diurnal tidal range
of �1.2 m, a temperature of �27 �C, pH of �8. The salinity in DDCM
was the highest with 26.8 ‰, following by HBBL (15.6 ‰), LPST
(12.3 ‰), and the lowest was CRCT (0.0 ‰). It rarely rains in the
dry season (January–May) and rains heavily in the wet season
(June–December), with monthly precipitation values of 400 mm
(Le et al., 2006; Tran et al., 2020b; Dinh et al., 2021).

In this study, trawl nets with 1.5 cm in the cod-end were used
to catch the fish. Nets were set at the highest tide in each study site
and retrieved after 2–3 h to collect specimens, according to Dinh
et al. (2015). After identification using the external description of
Tran et al. (2013), fish was anaesthetized in a tricaine methanesul-
fonate (MS222) solution and stored in 5% formalin fluid and trans-
ported to the laboratory. In this study, the fish use was assessed
and approved by The Council for Science and Education, School
of Education, Can Tho University (Animal Welfare Assessment
No.: TQ2019-05/KSP).
2.2. Fish and data analysis

Fish specimens were measured their total length (TL, 0.1 cm)
and weight (W, 0.01 g) before removing ovaries which were visu-
Fig. 1. The sampling location in the Vietnamese Mekong Delta modified from Fig. 1
produced by Dinh (2018) (sampling area; 1: Cai Rang, Can Tho; 2: Long Phu, Soc
Trang; 3: Hoa Binh, Bac Lieu; 4: Dam Doi, Ca Mau).
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ally classified into six maturation stages using the criteria
described for Parapocryptes serperaster stated by Dinh et al. (2016).

The ovarian weight was scaled to the nearest 0.1 mg and was
used to calculate the gonadosomatic index as GSI = 100�(G/W)
(G: ovarian weight and W: total fish body weight) Sturm (1978).
A combined analysis of GSI and gonad frequent occurrence was
used to determine the fish spawning season (Alonso-Fernández
et al., 2011; Dinh and Le, 2017).

Size at first maturity (Lm) was known as the length when 50% of
fish reach sexual maturity and estimated as P = 1/(1 + exp[-r�(TL-
Lm)]) (P: the proportion of mature individuals in a length class)
(Zar, 1999).

According to Bagenal (1967), batch fecundity (F) was deter-
mined as F=(n � G)/g (n: the number of oocytes in sub-sample;
g: the weight of sub-sample; and G: the ovarian weight). Oocyte
diameter per ovarian stage was determined by randomly measur-
ing 30 oocytes in each ovary using Motic Image-Pro Plus v.2.0.
Ovarian were histologically examined using the staining procedure
suggested by Dinh et al. (2016) for gamete developmental
determination.

The relationships between fish size (TL and W) and batch fecun-
dity were quantified using logarithmic regression. The monthly
and spatial variations of GSI was quantified by One-way ANOVA.
All tests were performed using SPSS software v.21 at a significant
value of 5%.
3. Results

3.1. Ovarian development and spawning pattern

The ovaries of G. giuris were composed of two chambers adja-
cent to the fish’s spine and were fixed by many connective mem-
branes. These vesicles gradually increased in size from long,
narrow tubes to bulging tubes filled with eggs through the devel-
opment stages.

In stage I, the ovary was roughly 1 mm in width and light white,
lying close to the spine. The ovary length was nearly one-third of
the abdominal sinuses (Fig. 2a). Observing the ovary’s histological
structure showed the appearance of the primary oocytes (PO),
oocyte with round nucleus accounting for a significant proportion
compared to the cell. The histological structure showed that there
were oogonia (O) and germ cells (GC) (Fig. 2f).

In stage II, the ovaries are typically light yellow, with no visible
seeds under a magnifying glass, and accounting for about 1/2 of the
abdominal sinuses (about 2–3 cm) (Fig. 2b). The majority of the
primary vitellogenic oocytes (PVO) were found in the ovary
(Fig. 2g). Cytoplasm did not appear yolk, multiply and round, liked
alkaline and with pale color.

Stage III ovaries exhibited tubular shape, round, accounting for
3/4 of the volume of the abdominal sinuses, bright yellow, blood
vessels to multiply oocytes, can distinguish oocytes, oocytes stick-
ing together, difficult to separate (Fig. 2c). PVÓs changed to the
nutrient growth phase; the oocyte began to accumulate, many vac-
uoles appeared (no color), the large nucleus became pale purple. In
this stage, the ovaries consisted mainly of PVO and secondary vitel-
logenic oocytes (SVO) (Fig. 2h). The cytoplasmwas still alkaline but
weak; the yolk appeared pink of Eosin.

Stage IV ovaries were seen to occupy most of the volume of
abdominal sinuses, appeared darker yellow than stage III, lightly
pressed on the abdomen of the sex products that was not shed
yet (Fig. 2d). Ovaries in this stage mainly consisted of post vitel-
logenic oocytes (PsVO) with the nucleoli in the center of the
nucleus and hydrated oocytes (HMO) (Fig. 2i). The nucleus was
small and had no particular shape. The nucleus slowly dissolved



Fig. 2. Ovarian morphology and structure of Glossogobius giuris (a-e: stage I-V
ovarian morphlogy; f-J: stages I-V ovarian histology; GC: germ cells, O: oogonia, PO:
primary oocyte, PVO: primary vitellogenic oocytes, SVO: secondary vitellogenic
oocytes, PsVO: post vitellogenic oocytes, HMO: hydrated oocytes; samples were
from Cai Rang, Can Tho and Long Phu, Soc Trang).
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into the nuclear fluid, while the vacuole appeared much and
increased in size.

In stage V, at maximum size, oocytes are separate and visible to
the naked eye. The ovaries reached full size, were seen to occupy
most of the volume of the abdominal sinuses and appeared dark
yellow (Fig. 2e). The oocyte contained many lipid particles mixed
with the yolk, so the oocyte slowly turned opaque and shiny
(Fig. 2j). No fish with stage VI ovaries were found in the present
study as the fish moved to their breeding grounds.

This goby was a multiple spawner with different oocyte stages,
including PVO, SVO, PsVO, and HMO in mature ovaries at four sites.
ig. 3. Ovaries stages compositions of Glossogobius giuris at study sites (a: Cai Rang,
an Tho; b: Long Phu, Soc Trang; c: Hoa Binh, Bac Lieu; d: Dam Doi, Ca Mau;
umber in each column: number of individuals).
3.2. Ovarian appearance frequency, gonadosomatic index and
spawning season

Fig. 3 represents for monthly appearance frequency of ovaries at
the four sites. This Figure showed that most mature and ripe ovar-
ies were found monthly the freshwater in CRCT to the salinized
region in LPST and brackish water areas in HBBL and DDCM, seem-
ing that G. giuris could spawn throughout the year.
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As the primary time of egg releasing determination, the gonado-
somatic index (GSI) change over the entire study year was used.



Fig. 5. Length at first mature of Glossogobius giuris (a: Cai Rang, Can Tho; b: Long
Phu, Soc Trang; c: Hoa Binh, Bac Lieu; d: Dam Doi, Ca Mau).
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Actually, during the primary spawning time, GSIwas usually higher
than the rest of the months. In the freshwater region (CRCT), G.
giuris could release eggs mainly in the later dry season (in April)
as GSI reached the highest value in this month (One-way ANOVA,
n = 176, F = 9.74, P < 0.001) (Fig. 4a). But this goby was able to
release eggs mainly in the main wet season (in September) in three
remaining sites as GSI of these sites fluctuated and reached the
highest point in September (nLPST = 152, FLPST = 8.23, PLPST < 0.001;
nHBBL = 150, FHBBL = 13.75, PHBBL < 0.001; nDDCM = 181, FDDCM = 5.03,
PDDCM < 0.001). Specifically, at LPST, GSI displayed a slight fluctua-
tion in the period from January to June. From July, this index
increased and reached a peak in September, then fell to the lowest
level in November (Fig. 4b). Like LPST, GSI in HBBL changed over
the months, reaching the highest value in September (Fig. 4c).
Among the studied sites, in DDCM, the GSI showed the lowest fluc-
tuation amplitude. The GSI increased sharply in September and did
not differ much in the remaining months (Fig. 4d). Besides, the
average value of the GSI index in the four regions has the same
value (n = 659, F = 1.49, P = 0.21).
3.3. Size at first maturity and fecundity

The first maturity (Lm) was taken as the length at which 50% of
the individuals reach maturity stages (here, stages III and IV). Size
at first maturity of G. giuris was seen to varied over sampling loca-
tion, reaching the highest lengths in the freshwater region in CRCT
(6.14 ± 0.17 SE) (Fig. 5a) and the shortest in salinization area in
LPST (4.82 ± 0.66 SE) (Fig. 5b). In brackish water, the goby showed
similar values in length at first maturity (5.59 ± 0.69 SE in HBBL
and 5.85 ± 0.52 SE in DDCM) (Fig. 5c-d). The batch fecundity of
G. giuris goby was high, ranging from 5,118 eggs to 100,003 eggs.
This fecundity had a positive relationship with the fish length
and weight due to the high determination values of these regres-
sions (nlength = 24, r2length = 0.76; nweight = 24, r2weight = 0.77). It can
be seen that the larger the size of the fish was, the higher the num-
ber of eggs were released.

The G. giuris eggs were oval. The average length and width egg
diameter showed the highest values in DDCM (0.74 ± 0.01 SE mm
length and 0.28 ± 0.01 SE mm width), while the shortest value was
recorded in CRCT (0.70 ± 0.01 SE mm length and 0.25 ± 0.01 SE mm
width). The length and width of eggs diameter of this goby were
0.70 ± 0.01 and 0.27 ± 0.01 SE in LPST, and 0.72 ± 0.01 and
0.27 ± 0.01 SE in HBBL, respectively (Fig. 6). However, the differ-
ence between the length and width of eggs at the study sites was
Fig. 4. Gonadosomatic index of Glossogobius giuris at study sites (a: Cai Rang, Can
Tho, n = 176; b: Long Phu, Soc Trang, n = 152; c: Hoa Binh, Bac Lieu, n = 150; d: Dam
Doi, Ca Mau, n = 181; difference letter (a, b and c): monthly gonadosomatic index
(GSI) variation per sampling site).
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not statistically significant (nlength = 15, Flength = 1.33, Plength = 0.22;
nwidth = 15, Fwidth = 1.42, Pwidth = 0.31).
4. Discussion

The histological structure of G. giuris showed that this fish
released eggs several times over the spawning season as different
stages of oocytes (PVO, SVO, PsVO, and HMO) were observed in
the mature ovaries. As such over the course of one year, the fish
could spawn many times, which was found in this species in Ban-
galore (Narayanaswamy and Mohan, 2014). The multi-spawner
was also found in its congeners, G. sparsipapillus, in the VMD, as dif-
ferent stages of oocytes were observed in mature ovaries in its con-
gener (Ho et al., 2021; Nguyen et al., 2021). In some gobies in VMD,
e.g., Pseudapocryptes elongatus (Tran, 2008), Boleophthalmus bod-
darti (Dinh et al., 2015), P. serperaster (Dinh et al., 2016), Perioph-
thalmodon schlosseri (Tran et al., 2019), and Pn. septemradiatus
(Dinh et al., 2020), as different stages of oocytes were observed
in their mature ovaries, displayed multiple spawner, releasing eggs
many during the spawning period. The multiple spawner was also
found in some other gobies living in and our VMD, e.g., Amphiprion
ocellaris in Malaysia (Khoo et al., 2018) and Butis koilomatodon
(Dinh et al., 2021) in VMD as four types of oocytes from PVO to
SVO, PsVO, and HMO were observed in their mature ovaries.

The variation of GSI related to fish reproducing behaviour and
GSI value was higher in months when fish spawned (Alonso-
Fernández et al., 2011). A combination of ovarian occurrence fre-
quency and GSI showed that this fish could release eggs throughout
a year, with a peak in April in the freshwater region (CRCT) and in
September in salinization (LPST) and brackish (HBBL and DDCM)
areas. It seemed that the significant difference in salinity between
these sites impacted its spawning season. This goby in downstream
and estuarine regions spawned mainly in the wet season, which
could be because the environment was more favourable for fish
reproduction during that time. The main peak of egg releasing
could be varied with locations as G. giuris in the present study
spawned mainly in April and in September but in December in Pat-
uakhali, Bangladesh (Roy et al., 2014), June-October in Kissorgonj,
Bangladesh (Hossain, 2014) and April-June Payara River, Bangla-
desh (Qambrani et al., 2016). It could be concluded that this goby
released eggs mainly from the late dry season to the wet season.
Likewise, its congener, G. sparsipapillus living in VMD, showed spa-
tial variation in main egg releasing time as this goby released eggs
dominantly in July-September at Soc Trang and Bac Lieu provinces
(Nguyen et al., 2021) but in September-November at Tra Vinh pro-
vince (Ho et al., 2021), caused by the difference in salinity between



Fig. 6. Relationship between fecundity (LogF) and fish total length (LogTL) and
body weight (LogW) of Glossogobius giuris.
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these provinces. The wet season was also the spawning season of
some fishes living in VMD, especially gobies. For example, Bs. bod-
darti spawned mainly from August to October (Dinh et al., 2015)
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(Table 1). The species P. serperaster spawned primarily in Septem-
ber (Dinh et al., 2016); Eleotris melanosoma released eggs domi-
nantly during a period of four months from September to
November (La and Dinh, 2017). Both B. butis (Dinh and Le, 2017)
and B. koilomatodon (Dinh et al., 2021) could release for year-
round (Table 1). Besides, the temperature was also an important
factor impacting the spawning season. For example, in Korea, Tri-
dentiger trigonocephalus, Acentrogobius pflaumi, Chasmichthys
dolichognathus, and T. obscurus spawned in the spring-summer sea-
son from May to July when the weather is warmer (Baeck et al.,
2004; Baek et al., 1985; Hwang and Baek, 2013; Jin et al., 2006).
The vairous in egg releasing peark among these gobies suggested
that the primary spawning time was species-specific and varied
with location.

Size at first maturity of fish (Lm) was species-specific and related
to environmental changes, e.g., B. koilomatodon (Dinh et al., 2021).
Indeed, Lm of G. giuriswas seen regulated by salinity variations as it
matured earlier in LPST where it became salinized in the dry sea-
son than in sampling locations exhibiting the freshwater condi-
tions all year round (CRCT). The Lm of G. giuris could be changed
with location as this value in the present study was lower than
in the previous study in Payara River, Bangladesh (Qambrani
et al., 2016) (Table 1). The spatial variation in Lm was also found
in its congener, G. sparsipapillus living in VMD, as this value of its
congeners ranged from 6.1 to 8.9 TL cm (Nguyen et al., 2021)
(Table 1). Likewise, Pn. septeradiatus living along Hau river in
VMD also displayed a spatial change in Lm since this value ranged
from 6.05 to 6.78 TL cm (Dinh et al., 2020) (Table 1). The Lm/TL ratio
was used when comparing Lm between species as total length
change with species. The ratio of G. giuris in the research was lower
than in the previous study on this fish (Qambrani et al., 2016)
(Table 1), indicating that this species in VMD matured earlier than
Payara River, Bangladesh, and the environmental condition in VMD
could be more favourable to this fish speices. Likely, this goby
matured earlier than its congener, G. sparsipapillus in VMD, because
its Lm/TL was lower than that of G. sparsipapillus (0.42–0.68)
(Nguyen et al., 2021) (Table 1). The Lm/TL of G. giuriswas lower than
that of some other gobies living in and out of its habitats, e.g., Ps.
barbarus (0.79) (Etim et al., 2002); Pd. elongatus (0.69) (Tran,
2008); Bs. boddarti (0.68) (Dinh et al., 2015), Stigmatogobius pleu-
rostigma (0.73) (Dinh and Tran, 2018), and Trypauchen vagina
(0.84) (Dinh, 2018), Pn. septemradiatus (0.57–0.64) (Dinh et al.,
2020) and B. koilomatodon (0.43–0.67) (Dinh et al., 2021) (Table 1).
It could be seen that G. giuris was matured earlier than these
gobies.

With higher fecundity, fish species could recover their popula-
tion in spite of higher larval mortality impacted by unpredictable
environmental factors (McDowall, 1997). Besides, batch fecundity
(F) of gobies increased with fish size and varied with species rang-
ing from 100 eggs/female in Eviota lacrimae to �500,000 eggs/fe-
male in Awaous guamensis (Ha and Kinzie, 1996). Like other
gobies, F of G. giuris was high and increased with fish size (TL
and W) due to the high determination values of their regression
relationships. Besides, F could change with distribution site
(Lehtonen et al., 2016), e.g., Pn. septemradiatus living along the
Hau river showed a batch fecundity of 969–19,536 eggs/female
(Dinh et al., 2020). Indeed, F of G. giuris in the present study was
5,118–100,003 and lower than that of this species Patuakhali, Ban-
gladesh (88,495–264,104) (Hossain, 2014) and in Kissorgonj, Ban-
gladesh (14,987–716,400) (Roy et al., 2014) (Table 1). The F of G.
giuris was higher than that of some gobies living in and out of
VMD; for example, F of Ps. barbarus in Nigeria ranged from 900
to 24,000 eggs/female (Etim et al., 2002) (Table 1). This value of
Pd. elongatus (Tran, 2008) and Bs. boddarti (Dinh et al., 2015) in
VMD was 2,100–29,400 eggs/female and 9,800–33,800 eggs/fe-
male, respectively (Table 1). The F of P. serperaster ranging from



Table 1
Spawning season, size at first maturity and fecundity in some gobies species.

Species Spawning season Lm/TL Size at first
maturity (cm)

Batch fecundity
(eggs/female)

Distribution The source

Periophthalmus barbarus – 0.79 10.2 900–24,000 Nigeria Etim et al. (2002)
Pseudapocryptes elongatus July to October 0.69 15.4 2,100–29,400 Mekong Delta Tran (2008)
Glossogobius giuris December – – 88,495–264,104 Patuakhali, Bangladesh Roy et al. (2014)
Glossogobius giuris June to October – – 14,987–716,400 Kissorgonj, Bangladesh Hossain (2014)
Boleophthalmus boddarti August to October 068 11.52 9,800–33,800 Mekong Delta Dinh et al. (2015)
Parapocryptes serperaster September 0.69 15.8 6,000–11,700 Mekong Delta Dinh et al. (2016)
Glossogobius giuris April-June 0.38 9.5 7,346 – 39,750 Payara River, Bangladesh Qambrani et al. (2016)
Stigmatogobius pleurostigma March to November 0.73 4.14 3,100–5,650 Mekong Delta Dinh and Tran (2018)
Trypauchen vagina June to August 0.84 16.59 4,000–12,750 Mekong Delta Dinh (2018)
Periophthalmodon septemradiatus Year-round 0.57–0.74 6.05–6.78 969–19,536 Mekong Delta Dinh et al. (2020)
Glossogobius sparsipapillus July to November 0.42–0.68 6.1–8.9 8,568–95,191 Mekong Delta Nguyen et al. (2021)
Butis koilomatodon Year-round 0.43–0.67 4.8–6.7 3,085–32,087 Mekong Delta Dinh et al. (2021)
Glossogobius giuris April 0.32 6.14 5,118–100,003 Cai Rang, Can Tho This study

September 0.25 4.82 Long Phu, Soc Trang This study
September 0.29 5.59 Hoa Binh, Bac Lieu This study
September 0.30 5.85 Dam Doi, Ca Mau This study
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6,000 to 11,700 eggs/female (Dinh et al., 2016) and B. koilomatodon
ranging from 3,085 to 32,087 eggs/female (Dinh et al., 2021) was
also lower than that of G. giuris (Table 1). However, this value
was not significantly different from G. sparsipapillus, with a batch
fecundity of 8,568–95,191 eggs/female (Nguyen et al., 2021)
(Table 1). The difference in F of G. giuris in the present study and
other gobies showed that the population recovering capacity of
G. giuris was higher than others.

In fish species, a larger egg size provided more nutrients for fish
embryo development, increasing their larval survival rate (Nguyen
and Pham, 2013). In the present study, the egg diameter of G. giuris
was relatively equal to G. aureus living in VMD (0.20 mm length
and 0.77 mm width) (Nguyen et al., 2014), suggesting that these
two species could share a similar embryo development and larval
survival rate. The fish egg diameter could change with their distri-
bution location as Pn. schlosseri’ egg diameter was 0.07–0.36 mm in
Malaysia (Mazlan and Rohaya, 2008), 0.20–0.30 mm in the Naf
River, Bangladesh (Saha, 2013) and �0.32 mm in VMD (Tran
et al., 2019). The egg diameter of S. pleurostigma (Dinh and Tran,
2018), Pn. septemradiatus (Dinh et al., 2020) and G. sparsipapillus
(Nguyen et al., 2021) in VMD was �0.40 mm, 0.26–0.48 mm
and �0.38 mm, respectively, indicating that these gobies species
could show a lower in embryo development and larval survival
rate compared to G. giuris. The difference in egg diameter among
these gobies showed that the egg diameter was species-specific,
and G. giuris could be adapted well to their habitat compared to
other gobies.
5. Conclusions

Glossogobius giuris was a multi-pawner spawning throughout
the year, with a peak in April at CRCT and in September at three
remaining sites. Batch fecundity ranged from 5,118 to 100,003
eggs/female and increased concerning fish size, yet varied with
oversampling locations. The fish was seen to mature firstly at
7.24, 7.18, 7.43, and 6.57 cm TL in CRCT, LPST, HBBL, and DDCM,
respectively. Its Lm was regulated by salinity changes among the
four sampling sites. These findings provide essential information
for fish conservation efforts and artificial reproduction studies.
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