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Abstract- This study aimed to determine the appropriate salinity
range for early juvenile of spotted scat fish (Scatophagus argus).
The experiment included 7 treatments of salinity as 5, 10, 15, 20,
25, 30, and 35%o. The experiment was randomly set up in 100L
tanks in triplicate. The fish was stocked at 1 ind./L of stocking
density with the initial weight, body length and body high were
0.022 + 0.002 g, 7.83 £ 1.84 mm, and 4.26 + 0.35 mm,
respectively. After 20 days of rearing, no significant difference in
fish growth performance (DWG and SGRW; DDG and SGRD;
DLG and SGRL) was observed among treatments (p > 0.05). The
fish survival ranged from 56.7 to 98.9%, and was statistically
different among treatments (p<0.05). In which, the highest
survival rates were recorded at 5 and 10%o of salinity (98.9 and
90.6%, respectively) (p<0.05).

Index Terms- Spotted scat, Scatophagus argus, salinity, growth
performance

. INTRODUCTION

potted Scat (Scatophagus argus) is a euryhaline fish and

widely distributed in brackish and marine waters of the Indo-
Pacific and Southeast Asia (Mookkan et al., 2014; Su et al., 2019).
Recently, Spotted Scat become a popular and important food fish
due to its good taste and nutrient quality with high protein content
(Sivan et al. 2007, 2010; Shi et al. 2015). Due to its herbivorous
habitat and high tolerance to environmental stress, this fish has
integrated cultured in shrimp ponds to prevent overgrowth of algae
and seaweeds (Shao et al., 2004; Qudc Viét et al., 2020).
However, the rapid rise in the demand for S. argus fish fry led to
increased harvesting, which threatens the natural resources (Su et
al., 2019).

In Vietnam, some studies have developed protocols for
artificial breeding as well as the larval rearing for this species
(Khanh et al., 2010a; Khanh et al., 2010b; Khanh et al., 2014).
However, the environmental requirements for this species still
need to be investigated. Spotted scat has been well known as a
euryhaline fish with strong adaptability to salinity in nature (Gupta
2016), however, the appropriate salinity preferences for growth
and survival have not yet been evaluated, especially in terms of
early growth stages. Importantly, salinity affects the standard
metabolic rate of fish (Ern and Esbaugh, 2018), fish ingestion rate,
conversion efficiency, metabolism, and hormone secretion, thus
affecting the growth of the body and the accumulation of nutrients
(Beeuf and Payan, 2001; Ern et al., 2014; Xu et al., 2020).
Therefore, this study proposed to evaluate effects of salinity on
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survival and growth performance of S. argus at early juvenile
stage for optimization the production technology leading to the
sustainable production of S. argus for mariculture.

Il. MATERIALS AND METHODS

1.1 Experimental design and management

The experiment was randomly set up with six different
salinity levels (5, 10, 15, 20, 25, 30, and 35 %o) in a series of 100
L tanks. Each treatment was conducted in triplicate and each
replicate consisted of 60 juveniles at 23 days after hatching
(DAH). The initial sizes of the juvenile were 0.022 + 0,002 g of
body weight and 7.83 £ 1.84 mm of total length. For the salinity
acclimation, the fishes were initially stocked at 25 %o of salinity,
then gradually reduced or increased salinity by 5 %o every 2 days
until attain desired salinities (Khanh et al., 2010b).

Fishes were fed with Artemia nauplii enriched with DHA
Selco (INVE Agquaculture Nutrition) and commercial pellet
(INVE Thailand, containing 55% of protein and 9% of lipid). For
Artemia, after 36h of incubation, the nauplii were harvested and
enriched with DHA Selco at 0.4-0.6 g/L for 12h. The enriched
Artemia was fed twice a day at 7 AM and 3 PM for the first 5 days
of the experiment. The commercial feed was alternatively fed from
25 DAH at 7 AM, 10 AM, 1 PM, 4 PM, and 6 PM; and switched
to commercial feed only from 28 DAH. Water exchange (30 %)
and siphon were regularly done every 2 days. The experiment was
lasted for 20 days.

1.2 Sampling
Water quality parameters

Dissolved oxygen (DO), temperature, and pH were
monitored twice daily (at 7 AM and 2 AM) using a digital meter
(HI-98196  Multi-Parameter Waterproof Meter, HANNA
Instruments, Ltd.). Total ammonium nitrogen (TAN) and nitrite
were weekly measured using Sera testkits (Germany).

Fish

Every 10 days, the sampling was randomly conducted,
wherein 10 fishes per tank were individually measured body
weight and total length. At the end of the experiment, 30 fishes
from each tank were measured to determine daily weight gain
(DWG), specific growth rate (SGR), daily length gain (DLG) and
specific growth rate in length (SGRy), daily body depth gain
(DDG) and specific growth rate in body depth (SGRp) as follows:
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Final weight - Initial weight

DWG =
Day of culture
100 * (Ln final weight- Ln initial weight)

RG (%) =
SRG (%) Day of culture
Final weight - Initial weight
DWG =
Day of culture
Final length - Initial length
DLG =
Day of culture
100 * (LnFinal length - Ln Initial length)
SGRL (%) =
Day of culture
Final depth - Initial depth
DDG =
Day of culture
100 * (LnFinal depth - LnInitial depth)
SGRL (%) =

Day of culture

The survival rate (SR) of fish was estimated after 20 days of
rearing:

Final stock * 100

SR (%) =
(%) Inital stock
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2.3 Statistical Analysis

Data were presented as mean = standard division (SD) and
were subjected to one-way ANOVA (SPSS 16.0 for Windows,
IBM, Armonk, NY, USA) and Duncan’s test was applied. All
differences were considered at o = 0.05.

I1l. RESULTS AND DISCUSSION

1.3 Water quality parameters
1.3.1  Temperature, pH and dissolve oxygen (DO)
During the experimental time, the temperature, pH and DO
ranged from 28.06 -30.26°C, 7.93-8.18, and 4.49-4.8 mg/L,
respectively (Table 1). According to Boyd (1998), the optimal
value of pH for aquatic animals should be in range from 6.5 - 9.0,
especially, for scat was within 7-8.5. Similarly, William and
Robert (1997) suggested that the appropriate pH value for fish and
shrimp ranged from 6.5 to 9.0, but the fluctuation within a day
should not be more than 0.5.

Table 1. The mean of temperature and pH value during the experimental time

Salinity level Temperature (°C) pH Oxy (mg/L)

(%o) AM PM AM PM AM PM

5 28.09+0.40 29.64+1.29 8.10+0.24 8.18+0.16 4.52+0.30 4.69+0.15
10 28.08+0.39 29.97+£0.57 8.02+0.23 8.16x0.17 4.54+0.24 4.80+0.10
15 28.09+0.39 29.99+0.56 7.98+0.19 8.14+0.12 4.55+0.34 5.50+1.56
20 28.06+0.36 29.83+0.57 7.97+0.20 8.10+0.17 4.5240.24 4.65+0.13
25 28.08+0.32 29.92+0.53 7.94+0.21 8.13+0.13 4.54+0.25 4.69+0.15
30 28.13+0.34 30.26x0.42 7.94+0.22 8.09+0.16 451+0.31 4.76+0.11
35 28.09+0.28 30.07£0.49 7.93+0.19 8.07+0.12 4.49+0.27 4.68+0.17

3.1.2 Total ammonium nitrogen (TAN) and nitrite

TAN levels among treatments fluctuated from 0.56 to
1.31ppm, in which, the lowest TAN level was recorded at 15%o
treatment and the highest level was in 25%o treatment (Table. 2).
The concentration of TAN was not significantly different among
treatments and. TAN concentration in water less than 1.5 mg/L
was considered a safe dose for fish, but TAN toxicity would be
increasing when pH value was higher than 8.5 (Tucker, 1998).
Furthermore, TAN level within 0.2 - 2ppm is appropriate for
hatchery practices. Generally, TAN levels in all treatments were
in a suitable range for the normal development of fish.

Variation of nitrite concentration was from 0.42 to 1.11 mg/L, in
which, the lowest concentration was observed in 30%o treatment
and the highest concentration was in 15%o (Table 2). At 20%o of
salinity, the nitrite level was high (1.06 mg/L), but did not
significantly affect the fish growth due to the decrease of nitrite
toxicity in high salinity conditions. According to Boyd (1990),
nitrite toxicity was reduced in high salinity condition because of
the effects of Ca?* and CI~. Schwedler et al (1985) also reported
that chloride concentration, pH, fish size, nutritional status,
disease infections, DO... were considerably related to nitrite
toxicity.

Table 2. The mean of TAN and nitrite levels among treatments during the experimental time

Salinity level (%.) Nitrite (mg/L) TAN (mg/L)
5 0.75+£0.30 0.89+0.35
10 1.06 + 0.34 0.89 £0.24
15 1.11+£0.13 0.56 £0.10
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20 1.06 £0.21
25 0.97£0.13
30 0.42+0.01
35 0.56 +0.24
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0.75+0.08
1.31+0.35
1.03+0.32
0.97 +0.35

3.2 Growth performance of fish
3.2.1 Growth in total length

The growth in total length of fish was presented in Fig. 1
and Table 3. Fishes were recorded with the initial length at 7.83 =
1.84 mm; after 10 days of rearing, the total length reached to 9.63
-11.23 mm, and 17.58 — 19.03 mm after 20 days. Subsequently,
the daily weight gain (DWG) was at 0,49 — 0,56 mm/day,
coinciding with SGR. = 4,04 — 4,42 %l/day (Table 3), but no
statistical difference was observed among treatments (p > 0,05).

Therefore, the salinity did not affect the growth in total length of
spotted scat juvenile.

According to Khanh et al. (2010b), the spotted scat reared
at 15%. of salinity showed the fastest growth for the first month of
rearing, however, the fishes reared at 5%, was observed with
greater growth in length from month 1 (0.36 £ 0.02 mm), month 2
(0.49 £ 0.03 mm), and month 3 (0.21 £ 0.02 mm) which were
significantly higher than others. Especially, fish showed low
growth at 0%o (0.134+0.04 mm) and 30%o, (0.11 £ 0.01 mm).

20
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E
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10
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Figure 1: The total length of fishes during the experimental time
Table 3: Growth in fish length after 20 days of rearing
Salinity level _ DLG o .
(%) Li (mm) L¢ (mm) (mm/day) SGRL (%/ngay)
5 7.83+1.84 18.21+0.21° 0.52+0.01? 4.22+0.06?
10 7.83+1.84 18.58+0.73% 0.54+0.04 2 4.3240.19°
15 7.83+1.84 18.49+0.712 0.53+0.04 2 4.29+0.19°
20 7.83+1.84 18.40+0.45% 0.53+0.02? 4.27+0.12°
25 7.83+1.84 17.88+0.122 0.50+0.012 4.12+0.01°
30 7.83+1.84 17.58+0.35% 0.49+0.022 4.04+0.09 2
35 7.83+1.84 19.03+1.94% 0.56+0.09? 4.42+0.50°

Means with similar superscripts in the same column are not significantly different (p>0.05)
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3.2.2 Growth in body depth (BD)

Growth in body depth was presented in Fig. 2 and Table 4.
The initial BD size was at 4.26 + 0.35 mm, and reached to 4.98 —
6.07 mm after 10 days of rearing.

11

e 5%o0

10

Body depth (mm)
\‘

At day 20, the BD size ranged from 8.94 — 9.74 mm,
coinciding with 0.23- 0.27 mm/day of DDG and 3,71 — 4,11 %/day
of SGRp. No significant difference in BD size was observed
among treatments (p > 0.05). Therefore, the salinity level was not
affect the BD of spotted scat.

6
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Rearing time (day)
Figure 2: Body depth of spotted scat during the experimental time
Table 4: Growth in body depth of spotted scat after 20 days of rearing
Salinity level _ DDG o
(%) Hi (mm) Ht (mm) (mm/day) SGRb (Y0/day)
5 4.26+0.35 9.27+0.30? 0.25+0.02°2 3.89+0.17°
10 4.26+0.35 9.38+0.39°? 0.26+0.022 3.94+0.21°
15 4.26+0.35 9.26+0.622 0.25+0.032 3.87+0.332
20 4.26+0.35 9.20+0.12° 0.25+0.012 3.85+0.06 2
25 4.26+0.35 8.94+0.29° 0.23+0.01°2 3.71+0.16°
30 4.26+0.35 9.12+0.49° 0.24+0.02? 3.80+0.27°2
35 4.26+0.35 9.74+1.05? 0.27+0.05? 4.11+0.56 2

Means with similar superscripts in the same column are not significantly different (p>0.05)

3.2.3 Growth in weight

After 20 days of rearing, the body weight of fish ranged
from 0.243 — 0.28 g/fish, coinciding with DWG at 0.011-0.110
g/day, and SGRw was at 11.98 — 12.58 %/day (Table 5), however,
no statistical difference was recorded among treatments (p > 0.05).
Previous studies highlighted that the better growth performance of
fish was related to low metabolism due to reducing metabolic rates
might result in energy savings that are directed toward growth
(Swanson, 1998). Accordingly, at isotonic point, the energetic cost
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for osmoregulation is lower and the energy saved is sufficient
enough to increase the growth of fish (Mookkan et al., 2014).
However, salinity did not affect respiratory metabolism but did
affect ammonia excretion rate in spotted scat juvenile (Xu et al.,
2020). Moreover, low salinity could promote better digestion and
absorption, which leads to better growth (Xu et al., 2020). In this
study, no significant difference in fish growth could be explained
by the short time of salinity exposure.
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Figure 3: The body weight of fishes during the experimental time

According to Khanh et al. (2010), fishes reared at 5%o of
salinity showed the highest body weight after 3 months (11.63
g/fish), whereby the DWG was at 0.14 g/day and SGRw was at

1.48 %/day. However, there was not significantly different (p >
0.05).

Table 5: Growth in body weight of fishes after 20 days of rearing

?;‘!;”'ty level Wi () Wi (g) g‘/’gg,) SGRw (%/day)
5 0.022£0.002  0.243t0.025°  0.110+0.001° 11.990.49°
10 0.022:0.002  0.267+0.040°  0.012+0.002° 12.45+0.68°
15 0.022+0.002  0.250+0.035%  0.011+0.0022 12.00+0.71
20 0.022£0.002  0.250+0.030°  0.011+0.001° 12.13+0.52°
25 0.022£0.002  0.243:0.0212  0.011+0.001° 11.98+0.38°
30 0.022£0.002  0.246+0.0312  0.011+0.001° 11.98+0.60°
35 0.022£0.002  0.280+0.0522  0.013+0.003% 12.58+1.032

Means with similar superscripts in the same column are not significantly different (p>0.05)

3.3 Fish survival

Fish survival after 20 days of rearing ranged from 56.7 —
98.9 % (Fig. 4). In which, the highest survival rate was recorded
at 5%o of salinity (98.9%) and was significantly different
compared to others (p < 0.05). Besides, the lowest survival rate
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was at 30%o (56.7%) (p > 0.05). Therefore, salinity remarkably
affected on the survival of spotted scat at early juvenile stages.
Khanh et al. (2010) reported that spotted scat juvenile reared at 0,
5 and 10%o of salinity showed high survival rate (94.6 — 96.4%)
and significantly higher than other treatments as 15 (89.2%), 20
(84.7%), 25 (73.0%), and 30%. (70.3%) (p < 0.05).
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Figure 4: The survival rate of fishes after 20 days of rearing

Means with different superscripts are significantly different
(p<0.05)

IV. CONCLUSION AND RECOMMENDATION

4.1 Conclusion

The water quality including temperature, pH, DO, TAN and
nitriteduring the experimental period were in a suitable range for
normal growth of spotted scat juvenile. The results showed that
spotted scat is a euryhaline fish with strong adaptability to salinity
(5-35 %o). However, at the early juvenile stage, spotted scat
archived high survival at 5%. and 10%. of salinity, coinciding with
98.9% and 90.6%.

4.2 Recomendation

The variation in salinity could influence number of
physiological processes, therefore, it requires further studies on
the influence of salinity on oxygen consumption, ammonia
excretion, nutrient utilization of spotted scat
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