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ABSTRACT

This study lasted one year to describe the energy accumulating capacity
and feeding intensity of Glossogobius giuris by analyzing the Clark index and
Gastro-somatic (GaSl) indexes of this species. A total of 1,291 individuals
were collected in four sites, including Cai Rang, Can Tho; Long Phu, Soc
Trang; Hoa Binh, Bac Lieu and Dam Doi, Ca Mau. In each sampling site, fish
were monthly caught using trawl nets from January to December 2020. The
data analysis results showed that the fish species displayed high energy
accumulating capacity due high value of the Clark index. This capacity varied
between males and females, immature and mature groups, and four sites, but
not between the dry and wet seasons as Clark changed with gender, fish size
and location but not the season. With a high value of GaSl, the goby showed
high feeding intensity. This fish showed intraspecific and spatiotemporal
changes in feeding intensity since GaSl varied with fish size, season and
location. The gender x season interaction affected GaSI but not Clark, whereas
the reverse case was found in gender x site interaction. These indexes were
influenced by the season x site interaction. The findings are helpful for fish’s
adaption understanding and future artificial cultivation study.

INTRODUCTION

Out of 29 species of the genus Glossogobius distributed worldwide (Hoese et al., 2015),
only three species are found in the Mekong Delta region of Vietnam (Dinh, 2008; Dinh
et al., 2009; Dinh, 2011; Tran et al., 2013; Le et al., 2018; Tran et al., 2020; Tran et
al., 2021b). Species in the genus Glossogobius belong to the fish group with economic
value in the area, including Glossogobius giuris, Glossogobius aureus and Glossogobius
sparsipapillus (Tran et al., 2013; Dinh and Ly, 2014; Dinh et al., 2021a; Nguyen and
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Dinh, 2021; Phan et al., 2021). In particular, Glossogobius giuris is a reasonably large
fish in this group of fish. In the world, they are widely distributed from Africa to Oceania
(Rainboth, 1996). In the Mekong Delta, they are often spread from freshwater rivers to
coastal estuaries. According to Hossain (2014), this is a highly fertile fish and has a
spawning season twice a year. Pham and Tran (Pham and Tran, 2013) state that this
species has a breeding season that occurs only once during the rainy season. Their
gonadal development has been reported by Dinh et al. (2021b); Dinh et al. (2021c). The
primary food source of this fish is crustaceans such as shrimp, crab and some other small
fish (Hossain et al., 2016). Due to it is high economic value, the meat of this fish is
prevalent. Therefore, this species is at risk of overexploiting, leading to a sharp decrease
in population size (Diep et al., 2014). However, at present, studies on the nutritional
indicators of this fish are very limited. That is not enough basis for the application to
artificial breeding of this fish.

The Clark index plays a vital role in determining the nutrition and ability of fish to
accumulate nutrients. Besides, the GaSI index plays the role of checking the eating
intensity of fish. This research aims to contribute data on these two parameters and their
changes corresponding to gender, season, fish size and sampling site variables. The study
supplements data on energy accumulating capacity and feeding intensity of this species as
a basis for ecological adoption understanding and future cultivation study.

MATERIALS AND METHODS

Fish collection and analysis. Glossogobius giuris were collected once a month at four
sites in the Mekong Delta. Two of them were located along the Hau River extending from
Cai Rang, Can Tho to Long Phu, Soc Trang. The remaining two sites were implemented
in two coastal provinces extending from Hoa Binh, Bac Lieu to Dam Doi, Ca Mau
(Fig. 1). The sample collection period was 12 months (01/2020-12/2020). The trawl nets
were the fishing gear used to catch this fish. After collection, fish samples were stored in
10% formol solution. Then, the analysis of the sample was carried out in the laboratory.
After sexing and measuring length and weight, fish was surgery to remove the digestive
tract. The tracts were then weighted in order to determine the Clark and GaSI index,
respectively.

The Clark index was determined through the weight of the fish without
introspection (W,, 0.01 g) and the total length of the fish (TL, 0.1 cm) (Clark, 1928):

W, x 100
TL3
The GaSlI index was determined according to Desai (1970), based on the weight of
the gut (Wg, 0.01 g) and the weight of the fish (W, 0.01g):

Wg X 100
W

Clark=

GaSI=
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Figure 1. Sample collection map modified from figure 1 of Dinh (2018) (1: Cai Rang, Can Tho; 2: Long Phu, Soc
Trang; 3: Hoa Binh, Bac Lieu; 4: Dam Doi, Ca Mau)

Data analysis. The differences of Clark and GaSI between males and females, immature
and mature, and dry and wet seasons were determined by t-test. A one-way ANOVA test
tested the difference between the study sites of these two indices. A two-way ANOVA
test was also used to test whether Clark and GaSI were affected by gender x season,
gender x site and season x site. SPSS v.21 was used for statistical processing. All tests
were determined at the 5% significance level

RESULTS

Clark index and energy accumulating capacity. A total of 1,291 individuals were used
to study the Clark index of this fish. The average value of this coefficient in G.giuris was
0.96+0.03 SE.

The study of the Clark index results showed that this coefficient did not change
with the seasons but varied according to genders, sizes, and sites. The results show that
this coefficient has a difference by gender (t-test, t=3.11, P<0.05). Specifically, this value
of females (1.01+0.03 SE) was higher than that of males (0.92+0.02 SE) (Fig. 2). Similar
to gender, this index of G. giuris also changed with fish size (t=17.72, P<0.05) (Fig. 3).
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Figure 2. Variation of Clark index between male and female Glossogobius giuris (the different letters showed
significant variation; vertical line: standard error of mean; number in column: number of individuals)
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Figure 3. Variation of Clark index between immature and mature Glossogobius giuris (the different letters showed
significant variation; vertical line: standard error of mean; number in column: number of individuals)

Clark index did not change with the season but varied with gender and size.
Accordingly, this coefficient in the dry season (0.98+0.03 SE) was similar to that in the
wet season (0.93+0.03 SE, t=1.29, P>0.05) (Fig. 4).
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Figure 4. The varation of Clark index of Glossogobius giuris between the dry and wet seasons (vertical line: standard
error of mean; number in column: number of individuals)

Considering the mean value of the Clark index, the four sampling points in this
study were divided into two groups. The first group, including LPST and DDCM had a
higher mean value of this coefficient than the other group (one-way ANOVA, F=46.52,
P<0.05; Fig. 5), showing that this goby displayed a spatial variation in energy
accumulating capacity.
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Figure 5. The variation of Clark index of Glossogobius giuris among four sites (CRCT: Cai Rang, Can Tho; LPST:
Long Phu, Soc Trang; HBBL: Hoa Binh, Bac Lieu; DDCM: Dam Doi, Ca Mau; the different letters showed significant
variation; vertical line: standard error of mean; number in column: number of individuals)

In addition, the Clark index was also influenced by the factors of gender x site
(two-way ANOVA, F=3.19, P<0.05) and season x site (F=9.89, P<0.05). However, it is
not affected by gender x season (F=2.02, P>0.05).

GaSlI index and feeding intensity. The GaSI index of G. giuris has an average value of
2.22+0.06 SE. The GaSlI index varied with fish size (t=-1.24, P<0.05), season (t=-3.97,
P<0.05) and sites (F=10.75, P<0.05). However, this index was not significantly different
between males and females (t=-0.76, P>0.05).
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The average GaSl of males was 2.26+0.06 SE and similar to that of females
(2.19+0.06 SE, P>0.05, Fig. 6), showing its feeding intensity did not change with gender.
Although males had a higher energy accumulation than females, their feeding intensity
was similar. Like Clark, the GaSI of the mature group was different from that of the
immature group (Fig. 7). This index in mature fish (2.26£0.05 SE) was higher than in
juveniles (2.14+0.05 SE).
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Figure 6. The variation of GaSI of male and female Glossogobius giuris (vertical line: standard error of mean; number
in column: number of individuals)
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Figure 7. The variation of GaSI of immature and mature Glossogobius giuris (the different letters showed significant
variation; vertical line: standard error of mean; number in column: number of individuals)

If there was no difference in the Clark between the dry and wet seasons, there was a
difference in the GaSI between the two seasons (Fig. 8). Specifically, in the wet season
(2.38+£0.06 SE), the GaSI was higher than in the dry season (2.04£0.06 SE).
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Figure 8. The variation of GaSI of Glossogobius giuris between the dry and wet seasons (the different letters showed
significant variation; vertical line: standard error of mean; number in column: number of individuals)

The GaSlI also varied by study sites and was shown in Fig. 9. The most significant
difference was the CRCT area. CRCT was an area with fresh water all year round, so the
amount of food was always stable over time, leading to higher fish feeding intensity than
other regions. In contrast, in the remaining areas, the environment is often disturbed.
Significantly, the change in salinity over each month. That has affected the eating
intensity of the fish. It suggested that the climate in different locations impacted the GaSl
index of fish.
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Figure 9. The variation of GaSI of Glossogobius giuris among four sites (the different letters showed significant
variation; vertical line: standard error of mean; number in column: number of individuals)

Similar to the Clark, the GaSI was also affected by the interaction of season x site
(F=12.09, P<0.05). However, the GaSl of this species was not affected by gender x
season (F=5.08, P>0.05) and was influenced by gender x site (F=0.28, P>0.05).
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DISCUSSION

The Clark index of this fish was smaller than that of Glossogobius sparsipapillus of the
same genus Glossogobius distributed in the Mekong Delta (Tran et al., 2021a) and Butis
koilomatodon have the same family Gobiidae (Dinh et al., 2020). However, this index
was larger than that of Stigmatogobius pleurostigma (Dinh and Tran, 2018) and
Periophthalmodon schlosseri (Tran et al., 2019) distributed in the same area. Clark index
of female fish is higher than that of male fish showed that females have better energy
accumulation than males. The reason may be that the female fish needs more nutrients for
the reproduction of the fish. However, in some other fish species distributing in the same
area, such as Parapocryptes serperaster (Dinh et al., 2017), Stigmatogobius
pleurostigma (Dinh and Tran, 2018), Periophthalmodon schlosseri (Tran et al., 2019),
Eleotris melanosoma (Vo et al., 2014) va Butis koilomatodon (Dinh et al., 2020) have no
difference between two genders. Changes in Clark index in immature and mature fish
suggesting the energy accumulating capacity changed as fish grew. This assumption was
also observed in some fish species that live in the same area as in Periophthalmodon
schlosseri (Tran et al., 2019) and Butis koilomatodon (Dinh et al., 2020). It suggested
that this fish had the same level of energy accumulation in both seasons. Thus, their food
sources might be quite diverse and less affected by the weather. In Parapocryptes
serperaster (Dinh et al., 2017), Stigmatogobius pleurostigma (Dinh and Tran, 2018),
Pseudapocryptes elongatus (Tran, 2008), Periophthalmodon schlosseri (Tran et al.,
2019), Eleotris melanosoma (Vo et al., 2014) Butis koilomatodon (Dinh et al., 2020) and
Butis koilomatodon (Dinh et al., 2020) the Clark index was also not affected by the
seasonal factor. This change in value at the study sites is similar to the study ofButis
koilomatodon living in the same habitat (Dinh et al., 2020).

GaSlI value in Glossogobius giuris (2.22+0.06 SE) was higher than Glossogobius
sparsipapillus (0.02+£0.00 SE) (Tran et al., 2021a) and Parapocryptes serperaster
(1.57%0.30 SE) (Dinh et al., 2017). This showed that this species was a relatively higher
feeding intensity than other fish species with a distribution area. This change in index was
also found in Parapocryptes serperaster (Dinh et al.,, 2017) and Glossogobius
sparsipapillus (Tran et al., 2021a). GaSI was higher in the rainy season than in the dry
season showed that the amount of food in the environment was higher in the wet season,
leading to a higher eating intensity of fish. Similarly, in two species, Parapocryptes
serperaster (Dinh et al., 2017) and Glossogobius sparsipapillus (Tran et al., 2021a), it
was also this different. However, in the same distribution area, Eleotris melanosoma (Vo
et al., 2014) and Stigmatogobius pleurostigma (Dinh and Tran, 2018) had no seasonal
difference.

CONCLUSION

The results showed that Glossogobius giuris had a Clark index that did not change
with the season but with the maturation length and gender. This index was affected by
gender x site and season x site but is not affected by gender x season. Meanwhile, the
GaSIl was not changed between males and females but varied between dry and wet
seasons, between immature and mature. The GaSl is affected by gender x season and
season x site interactions but not gender x site. Both of these coefficients vary by study
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site. The results of this study added to the data on the energy accumulating capacity and
feeding intensity of G. giuris to serve as a basis for future artificial culture of this species.

ACKNOWLEDGEMENTS

This study is funded in part by the Can Tho University Improvement Project VN14-
P6, supported by a Japanese ODA loan.

REFERENCES

Clark, F. N. (1928). The weight-length relationship of the California Sardine (Sardina
caerulea) at San Pedro. California: Division of fish and game of California, 59.

Desai, V. R. (1970). Studies on fishery and biology of Tor tor (Hamilton) from river
Narmada. |. Food and feeding habits. Journal of the Inland Fisheries Society of
India, 2: 101-112.

Diep, A. T.; Dinh, Q. M. and Tran, D. D. (2014). Species composition of gobiidae
distributed in the coastal areas, Soc Trang Province. VNU Journal of Sciences:
Natural Sciences and Technology, 30(3): 68-76.

Dinh, Q. M. (2008). Data of survey on the species composition of fishes in Hau Basin at
An Phu district, An Giang province. Can Tho University Journal of Science, 10:
213-220.

Dinh, Q. M.; Pham, T. T. and Nguyen, K. T. L. (2009). Preliminary data on the species
composition fish in Co Chien and Ham Luong river basins at Mo Cay District,
Ben Tre Province. In: Le, C. X., ed. Proceedings of the 3rd National Scientific
Conference on Ecology and Biological Resources. Ha Noi The Agricultural
Academy Publishing House, 718-725.

Dinh, Q. M. (2011). The species composition and distributive characteristics of
Perciformes in Hau river basin in Can Tho city, Vietnam. Journal of Science of
Hanoi University of Education, 56(7): 160-168.

Dinh, Q. M. and Ly, T. V. (2014). Preliminary study result of length — weight of tank
goby, Glossogobius giuris, distributing in Soc Trang. Can Tho University Journal
of Science, 2014(2): 220-225.

Dinh, Q. M.; Qin, J. G.; Dittmann, S. and Tran, D. D. (2017). Seasonal variation of
food and feeding in burrowing goby Parapocryptes serperaster (Gobiidae) at
different body sizes. Ichthyological Research, 64(2): 179-189. 10.1007/s10228-
016-0553-4.

Dinh, Q. M. (2018). Aspects of reproductive biology of the red goby Trypauchen vagina
(Gobiidae) from the Mekong Delta. Journal of Applied Ichthyology, 34(1): 103-
110.10.1111/jai.13521.

Dinh, Q. M. and Tran, M. T. D. (2018). Digestive tract morphology, food and feeding
habits of the goby Stigmatogobius pleurostigma (Bleeker, 1849) from the
coastline in Soc Trang. VNU Journal of Science: Natural Sciences and
Technology, 34(2): 46-55.

Dinh, Q. M.; Nguyen, T. N. Y.; Lam, T. H. T. and Phan, T. G. (2020). The digestive
tract morphology and Clark index of Mud Sleeper Butis koilomatodon living in



190 Phan et al., 2021

some coastal and estuarine areas belonging to Tra Vinh, Soc Trang, Bac Lieu and
Ca Mau. VNU Journal of Science: Natural Sciences and Technology, 36(3): 61-
69. 10.25073/2588-1140/vnunst.5051.

Dinh, Q. M.; Nguyen, T. H. D.; Phan, G. H. and Nguyen, V. L. T. (2021a). The
morphological variation and sex determination of tank goby Glossogobius giuris
distributing in some provinces in Mekong Delta. Science and Technology Journal
of Agriculture & Rural Development, 10: 141-145.

Dinh, Q. M.; Truong, N. T.; Sy Tran, N. and Nguyen, T. H. D. (2021b). Testicular
development and reproductive references of Glossogobius giuris in Mekong
Delta, Vietnam. The Egyptian Journal of Aquatic Research, impress: 1-6.
10.1016/j.ejar.2021.09.005.

Dinh, Q. M.; Truong, N. T.; Tran, N. S. and Nguyen, T. H. D. (2021c). Ovarian and
spawning reference, size at first maturity and fecundity of Glossogobius giuris
caught along Vietnamese Mekong Delta. Saudi Journal of Biological Sciences, In
press: 1-7. 10.1016/j.sjbs.2021.10.030.

Hoese, D. F.; Hadiaty, R. K. and Herder, F. (2015). Review of the dwarf Glossogobius
lacking head pores from the Malili lakes, Sulawesi, with a discussion of the
definition of the genus. Raffles Bulletin of Zoology, 63: 14-26.

Hossain, M. S. (2014). Reproductive characteristics of Bele, Glossogobius giuris from
Mithamoin Haor, Kissorgonj, Bangladesh. World Journal of Fish and Marine
Sciences, 6(6): 537-543. 10.5829/idosi.wjfms.2014.06.06.86210.

Hossain, M. S.; Roy, A. and Rahman, M. L. (2016). Food and feeding habit of Bele
Glossogobius giuris (Hamilton and Buchannan, 1822) collected from Mithamain
Haor of Kishoreganj districts, northeastern Bangladesh. International Journal of
Fisheries and Aquatic Studies, 4(5): 84-88.

Le, K. N.; Son, N. H.; Nguyen, T. N. H.; Le, H. A.; Tran, V. D.; Nguyen, T. D.; Tran,
D. D.; Ha, P. H.; To, T. M. H.; Nguyen, T. V.; Vo, T. T.; Nguyen, T. T. and
Dinh, Q. M. (2018). Fish species composition in Hau River Basin at Hau Giang
Province. VNU Journal of Science: Natural Sciences and Technology, 34(1): 90-
104. 10.25073/2588-1140/vnunst.4723.

Nguyen, T. H. D. and Dinh, Q. M. (2021). Morphometric and meristic variations in
Glossogobius giuris distributed in different locations in the Mekong Delta. TNU
Journal of Science and Technology, 226(10): 31-38. 10.34238/tnu-jst.4274.

Pham, T. M. X. and Tran, D. D. (2013). Some characteristics on reproductive biology
of Tank goby (Glossogobus giuris) distributed in Can Tho city. Can Tho
University Journal of Science, 27: 161-168.

Phan, G. H.; Le, L. T. T.; Dinh, Q. M.; Truong, N. T. and Nguyen, T. H. D. (2021).
Length-weight relationship, growth pattern and condition factor of Glossogobius
giuris caught from coastal areas in the Mekong Delta. AACL Bioflux, 14(3):
1478-1485.

Rainboth, W. J. (1996). Fishes of the Cambodian Mekong. Roma: FAO, 265.

Tran, C. C.; Nguyen, H. D. T.; Nguyen, T. T. H. and Dinh, Q. M. (2021a).
Gastrointestinal tract morphology and Clark index of the Linecheek tank goby
Glossogobius sparsipapillus caught from coastal estuaries of Bac Lieu and Ca
Mau Provinces. Vietnam Agricultural Science Journal, 19(4): 535-543.



191 The variations of Clark and Gastrosomatic indexes of Glossogobius giuris

Tran, D. D. (2008). Some aspects of biology and population dynamics of the goby
Pseudapocryptes elongatus (Cuvier, 1816) in the Mekong Delta. PhD thesis.
Universiti Malaysia Terengganu, Malaysia. 186.

Tran, D. D.; Shibukawa, K.; Nguyen, T. P.; Ha, P. H.; Tran, X. L.; Mai, V. H. and
Utsugi, K. (2013). Fishes of Mekong Delta, Vietnam. Can Tho: Can Tho
University Publisher, 174.

Tran, D. D.; Nguyen, V. T.; To, H. T. M.; Nguyen, T. T. and Dinh, Q. M. (2020).
Species composition and biodiversity index of gobiid assemblage in estuarine
areas of the Mekong Delta, Vietnam. Egyptian Journal of Aquatic Biology and
Fisheries, 24(7): 931-941. 10.21608/ejabf.2020.131385.

Tran, D. D.; Le, B. P.; Dinh, Q. M.; Duong, N. V. and Nguyen, T. T. (2021b). Fish
species composition variability in Cu Lao Dung, Soc Trang, Vietnam. AACL
Bioflux, 14(4): 1865-1876.

Tran, L. T.; Hoang, D. H. and Dinh, Q. M. (2019). Digestive tract morphology, food
composition and feeding habits of the giant mudskipper Periophthalmodon
schlosseri (Pallas, 1770) from the coastline in Tran De, Soc Trang. VNU Journal
of Science: Natural Sciences and Technology, 35(3): 30-38. 10.25073/2588-
1140/vnunst.4871.

Vo, T. T.; Tran, D. D. and Duong, O. H. T. (2014). Study on nutritional characteristics
of broadhead sleeper (Eleotris melanosoma Bleeker, 1853) distributed along the
Hau river. The 2nd national conference on marine biology and sustainable
development. Hai Phong Science and Technics Publishing House, 507-514.



