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Abstract

The marble goby, Oxyeleotris marmorata is native to fresh and brackish waters of Southeast Asia.
The yield of wild 0. marmorata has been decreased drastically and urgent conservation actions are
required to prevent extinction. In the Likas Bay, Oyeleotris marmorata is caught throughout the year
by local fishermen using various fishing gears. In fisheries management, population is a
fundamental biological unit and population identification of a species is important. The population
structure of this marine stock was determined by otolith shape analysis and their spawning season
in the Likas Bay was determined by ovarian observations. A total of 147 specimens were procured
between 2018 and 2019; size ranged from 443 g to 3,264 g BW. The curvature index of the otoliths
was analyzed by Bhattacharya’s method and found that the frequency distribution of curvature
indices is a mixture of two normal components, indicating two different populations. The specimens
with mature or spent ovaries were found in samples collected in January - February and September,
showing two spawning seasons. The age of each specimen was estimated by counting the vertebral
annuli. The estimated age ranged from 5 to 14 years. The minimum size and age of spawners was
338 mm TL, 499 g BW and 5 years old. The findings obtained in this study provide basic biological
parameters of 0. marmorata populations in Likas Bay.
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Introduction

The marble goby, Oxyeleotris marmorata (Bleeker, 1852) is a member of the family Eleotridae and
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native to fresh and brackish waters of Southeast Asia. Oxyeleotris marmorata is a highly sought-
out food fish and has a large market demand domestically and internationally. The yield of wild
0. marmorata has been decreased drastically due to habitat destruction and overfishing (Cheah
et al.,, 1994). Tavarutmaneegul and Lin (1988) reported successful commercial production of O.
marmorata of 147,300 juveniles in a year with high survival of 60 to 99% at Non-Sua Fisheries
Station in Thailand. Nevertheless, the production of 0. marmorata reduced drastically in Thailand
during the 1990s, resulting mainly from outbreaks of disease (Jiwyam, 2008). The culture
currently relies heavily on seed collection from the wild, subsequently, the supply of juveniles,
traditionally recruited from natural waters, has become limited and imposes a severe deterrent
to grow-out production (Teoh et al., 2019). This species is currently listed as a species of Least
Concern on the IUCN Red List (Larson, 2019). However, in Indonesia, it is reported that the

species has already been fished almost to the point of population collapse (Herawati et al., 2017).

Conservation actions for wild 0. marmorata is an urgent requirement, however biological
information required for monitoring wild 0. marmorata populations is limited (Lestari et al,,
2019). In fisheries management and assessment, population is the fundamental biological unit
and population identification in the species is very important (Reiss et al., 2009). Only with
understanding the geographical variation and reproductive biology, it is possible to effectively
manage and subsequently conserve endemic fish populations (Al-Saleh et al., 2012). Otolith
morphometrics have been shown to provide a practical basis for population identification and
subsequent fisheries management (Keating et al., 2014, Libungan et al., 2015, Vasconcelos et al.,

2018).

During fish market surveys in Kota Kinabalu, Sabah, Malaysia, 0. marmorata was found
often caught by small scale local fishermen using various fishing gears, mainly bottom gill nets,
throughout the year in Likas Bay, Kota Kinabalu. Likas Bay is a marine bay with an average
seawater salinity of 32.0 + 2.1 ppt (Azad & Jinau, 2020). The objectives of this study are to identify
the population structure of the marine O. marmorata and to determine their reproduction cycle.
The findings obtained in this study provide basic biological parameters of 0. marmorata

populations in Likas Bay.

Materials and Methods

Study area and fish specimen collection

Likas Bay, faces the South China Sea (Figure 1), has shallow water and is partly fringed with mangrove
forest and sandy beach. The shallow waters and man-made beaches of the Bay are popular among
recreational visitors and serve as an important fishing ground for small-scale fishers. During the
sampling period, we procured 147 specimens (male: female sex ratio was 73: 74) caught by the small-

scale fishers. Systematic samplings were not conducted as the landings of 0. marmorata in Likas Bay
2
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were irregular. As such, there were no specimens obtained between February and August 2018.
Additionally, dead specimens of 0. marmorata were procured from the Kota Kinabalu fish market
from January 2018 to November 2019.

a
South China Sea
B
40 N_
Sarawak
Borneo
OO -
Kalimantan
200km  (|ndonesia)
T I
108°E 112°E 116°E

Figure 1. Map showing the location of Borneo (a) and Likas Bay (b), Sabah, Malaysia.

The body size of the fish specimens ranged from 328 mm in total length (TL) and 443 g in
body weight (BW) to 594 mm TL and 3,264 g BW. After photographing the urogenital papilla and
weighing the body weight to the nearest 1 g, the body cavity of each specimen was dissected, and the
intact gonads were photographed. The gonads and alimentary canal contents were weighed to the
nearest 0.1 g with a digital balance (TANIT, Tokyo, Japan). As there is no difference in gonad
development between sites within the same gonad (Smith & Walker 2004), a piece of frontal part of
gonads was sampled and preserved in 10% formalin for histological examination of the gonadal

developmental stages.
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Otolith collection and otolith shape analysis

The fish head was ventrally dissected and the sagittal otoliths of 147 specimens were removed. The
sagittae were photographed with a smartphone camera (Huawei Nova 7i, Huawei, China) and the
length and width of the right sagitta were measured (Figure 2) with a digital caliper (Shinwasokutei,
Sanjo, Japan) to the nearest 0.01 mm. The measurement was done three times for one otolith and the
median value was adopted. Then the ratio of width to length of the otolith was calculated. This ratio

is the curvature index of the otolith; a bulky otolith has a large curvature index and vice versa.
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Figure 2. [llustration of dimensions of sagittal otolith of Oxyeleotris marmorata showing

measurement of length and width.

The frequency distribution of a morphometric character in a biological population is usually
skew and polymodal; in many cases, a mixture of normal components. Bhattacharya’s method
(Bhattacharya, 1967) is simple and useful for separating the normal components. Method, y(x)
denotes the observed frequency in the class with x as its mid-point and h denote the class interval.
The log differences, A log y = log y(x + h) - log y(x), are plotted against x on an ordinary graph paper,
and regions where the graph looks like a straight line with negative slope was determined. The

number of straight lines of such regions is the number of normal components (Bhattacharya, 1967).

Age estimation

Three vertebrae, from 3rd to 5th vertebrae of each specimen, were sampled and preserved in 10%
formalin for the later counting of the vertebral rings. Clear rings on the cleaned wet vertebrae can be

observed by naked eye without sectioning or staining (Figure 3). The rings on the vertebrae indicate
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the annuli, and age was estimated by counting the number of opaque rings observed on the inner
surface of the cones in three vertebrae for each specimen. The counting was facilitated by placing a
vertebra vertically on a slide glass and illuminating the vertebra upwards from the bottom with a light
guide (LS-JHS. Sumita Optical Glass Inc., Saitama, Japan). The counting was done without the

information on the fish size to avoid nuisance factors in the counting.

Figure 3. Vertebra from an interpreted 8 years old Oxyeleotris marmorata. Closed circles

represent opaque rings on the inner surface of the cones.

Gonad development analysis

The ovary development stages were determined macroscopically and histologically. For the
histological study, the gonad samples were dehydrated in ascending series of ethanol, embedded in
paraffin, sectioned in 7 um thick, and stained with haematoxylin and eosin. The gonadosomatic
indices (GSI) was calculated as the percentage (%) ratio between gonad weight and body weight

which did not include the weight of the alimentary canal contents and gonads.

Results and Discussion

Otolith shape analysis and population structure

The results of the otolith curvature analysis by the Bhattacharya’s method is shown in Figure 4. The
graph of logarithmic differences of the class-frequencies against the mid-point of the classes shows
two straight lines with negative slope (Figure 4). This shows that the frequency distribution of the
curvature index is a mixture of two normal components; indicating the presence of two different

populations in Likas Bay.
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Figure 4. Graph of logarithmic differences of the class-frequencies against the mid-point of the

classes. Two straight lines with negative slope indicate two normal components.

Ha et al. (2011) examined mitochondrial DNA of 85 O. marmorata specimens sampled from

14 locations in Southeast Asia and reported three genetically differentiated populations, i.e. Ayutthaya

in Thailand, Dong Nai in Vietnam, and Sabah in East Malaysia. As geographically close samples were

pooled and treated as a single population in their study, fine population structure was not detected.

Age structure of sample fish

There was no difference in the three counting of the vertebral rings in all specimens. The age of O.

marmorata sampled ranged from 5 to 14 years. The age frequency distribution was skewed and

polymodal with the first peak at 6 years and the second peak at 8 years (Figure 5). This age frequency

distribution may not accurately represent the true population structure, as smaller specimens were

likely under-sampled due to the size selectivity of the gill nets. Two specimens of 530 mm TL and 670

mm TL had a clear net-mark at the posterior part of the head, indicating a large mesh size of the gill

net used.
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Figure 5. Frequency distribution of age of Oxyeleotris marmorata sampled in 2018 (n = 26) and

2019 (n = 121).

Ovary development and spawning season

The maturation stages were determined only for females since the testes were very small (GSI
ranged from 0.03 to 1.76) and mature ones were not recognized macroscopically. Generally, there are
three stages of the ovary development: maturing, mature and spent. Figure 6 shows photographs and
microphotographs of histological sections of ovaries from two specimens sampled in January 2018.
The mature ovary is yellowish in colour, distinctly bulging and large (Figure 6a) and filled with well-
developed mature oocytes (Figure 6b) while oocytes did not run out when light pressure was applied.
The spent ovary was slender, bloodshot and flaccid (Figure 6c). In the histological sections, spent
ovaries contained scattered granular atretic oocytes and post ovulatory follicle (Figure 6d).

Unspawned large ova and small ova were not visually recognized in all spent ovaries.

While the GSI is commonly used for staging gonadal development, these may be biased when
samples of fish of different body weight are compared, as pointed out by West (1990). Indeed, GSI
does not show the presence of spent ovaries. GSI of spent females did not give quantitative
information on the spawning season. Therefore, the spawning season was estimated based on the
presence of females with mature ovary or spent ovary. Figure 7 shows the distribution of GSI of female
0. marmorata by sampling month. Specimens with mature ovaries were sampled only in September
2018, and in January and February 2019. Specimens with spent ovaries were sampled in January and

September 2018, and in January, February and September 2019.
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Figure 6. Photographs of ovaries (a & c: scale bar, 2 cm) and microphotographs (b & d: scale
bar, 0.2 mm) of histological sections of ovaries of mature female [(a) and (b)], and spent female
[(c) and (d)] of Oxyeleotris marmorata. (a) and (b), sampled on 26 September, 2018, BW 2,325 g,
GW 52.4 g, GSI 2.254; (c) and (d), sampled on 11 January, 2018, BW 945 g, GW 2.6 g, GSI 0.275;

mo, mature oocyte; ao, atretic oocyte; pof, post ovulatory follicle.

Based on the appearance of specimens with the mature or spent ovaries, it is concluded that
the spawning of 0. marmorata in Likas Bay took place twice, in January-February and September in
2018 and 2019. Tavarutmaneegul and Lin (1988) reported that each female spawned at least three
times annually in the earthen ponds at Nong-Sua Fisheries Station in Thailand. In the present study,
the spent ovaries of the samples did not contain unspawned large ova which indicates that O.
marmorata are single spawners. Therefore, it is concluded that the spawners are from two different
populations. Even though the two populations are sympatric in the small bay (insufficient spatial
isolation), the different spawning seasons with a half-year time interval (sufficient temporal isolation)
might be sufficient to prevent gene flow between the two populations and hence enable self-

sustaining each other.
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Figure 7. Distribution of gonadosomatic indices (GSI) of female Oxyeleotris marmorata by

sampling month.

It is reported that the sexes of freshwater 0. marmorata are distinguishable by the
morphology of the urogenital papilla; the males have a small, flat triangular structures while the
females have a large finger-shaped protrusion which become reddish especially at the tip during the
spawning season (Tavarutmaneegul & Lin 1988; Cheah et al., 1994; Idris et al.,, 2012). However, this
method of sex identification was not able to apply to the marine populations of 0. marmorata. We
found 20 out of 73 males with red urogenital papilla (Figure 8). Thus, the biological traits relevant to
reproduction of marine populations of O. marmorata are different from those of freshwater

populations.

The inhabitance of marine 0. marmorata is not restricted to Likas Bay, but appears to be in
the wider region in Borneo. Hatchery-produced O. marmorata juveniles tolerate a wide range of water
salinity up to 30 ppt in the laboratory, although growth performance and survival are low compared
to rearing in 0 and 10 ppt (Darwis et al.,, 2008). Recreational fishers occasionally catch O. marmorata
in the coastal waters of Sarawak, Borneo (G. Kawamura, personal observation). Such capture
information and population study are important for the better understanding of O. marmorata

ecology.
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.

Figure 8. Photographs showing the urogenital papilla (a) and the testis (b) from the same male

Oxyeleotris marmorata.

Conclusion

This study provided the first biological data on the O. marmorata collected from the marine ecosystem
of Likas Bay, Sabah, Malaysia. The population structure of this marine stock determined by otolith
shape analysis by the Bhattacharya’s method indicated two different populations. The specimens with
mature or spent ovaries were found in samples collected in January-February and September,
showing two spawning seasons. The age of each specimen was estimated by counting the vertebral
annuli. The minimum size and age of the spawner was 338 mm TL, 499 g BW and 5 years old. The
findings obtained in this study provide basic biological parameters for the conservation of marine O.

marmorata populations in Likas Bay.
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