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This study is aimed to determine the optimal rotifer feeding density for lar-
viculture of spotted scat fish (Scatophagus argus). The experiment was
randomly set up in triplicate with 5 treatments including 5, 10, 15, 20 and
25 rotifers/mL. The fish larvae with the initial body length and depth at
2,343 £ 110 um and 812 = 85um, respectively, were stocked in 250-L tanks
at 10 larva/L of density and 25%o of salinity. After 21 days of rearing, the
results showed that the larval growth were at 243 — 330 um/day of DLG
and 5.50 — 6.70 %/day of SGRL; 131 204 um/day of DDG and 7.20 — 8.93
%/day of SGRD, but no significant difference in larval growth performance
was recorded among treatments (p>0.05). However, the highest survival
rate of fish larvae (35.4-48.1%) was recorded in the treatments fed 5 and
10 rotiferss/mL and was significantly higher than other treatments
(p<0.05). The data demonstrated that spotted scat larvae fed effectively
across as wide range of rotifer densities and the range at 5-10 rotifers/mL
were suggested for the husbandry practices.

1. INTRODUCTION

First exogenous feeding success is critical to larval
marine finfish and the use of live feeds remains es-
sential in hatcheries (Wikfors, 2004; Woolley &
Partridge, 2016). In which, rotifer, Artemia, and co-
pepod are typically used in feeding larvae due to
their small size, high nutrient values (Wikfors,
2004). Rotifers (Brachionus sp.) were considered as
a valuable live feed for feeding for initial stages of
fish (Dhert et al., 2001). The small size, ability to
stay in the water column, high reproductive rate and
their capability to be cultured at large volumes made
them a proper starter prey for most cultured fish and
shellfish (Lubzens et al., 1989; Kandathil et al.,
2020). Traditionally, the live prey are maintained in
the cultured systems at high density to ensure the
food is never limited and fish larvae fed satisfied
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(Fielder, 2013). Disadvantages of this practice,
however, include a potential degradation of the roti-
fer nutritional value with increasing rotifer resi-
dence times and the increased potential for bacterial
blooms and deterioration of water quality as a result
of continued high rotifer densities (Vallés et al.,
2015; Woolley & Partridge, 2016). Moreover, high
consumption of live feeds be associated with higher
production costs (Rabe & Brown, 2000). Therefore,
the optimizations of feeding regimes including feed-
ing frequency, live feed density are important for
larval performance and hatchery production cost.

Spotted scat (Scatophagus argus) is a euryhaline tel-
eost, which is widely distributed in Indo Pacific,
South and South East Asia (Gupta, 2016). Due to
their attractive pattern and high nutrient quality, this
fish has high demand as aquarium fish and food fish
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(Shao et al., 2004). However, the S. argus fry and
juvenile were mainly harvested from the wild,
which threatens the natural resources (Su et al.,
2019). In Vietnam, spotted scat was integrative
stocked in extensive shrimp ponds to prevent over-
growth of algae and seaweeds as well as improve
water quality (Viet et al., 2020). Some studies have
developed protocols for artificial breeding of this
species with promising results (Khanh et al., 2010;
Khanh et al., 2014). This study proposes to evaluate
the effects of rotifer feeding density on the growth
performance and survival rate of S. argus larvae for
the feeding regime optimization.

2. METHODS
2.1. Experimental design

Larvae of S. argus were obtained from the Marine
hatchery, Can Tho University. After hatching, the
active larvae were collected, then randomly stocked
in 250 L tanks at 10 larvae /L with continuous aera-
tion and 25%. of salinity. Five treatments of rotifer
density (including 5, 10, 15, 20, and 25 ind./L) were
evaluated in triplicate. The initial larvae sizes were
recorded at 2,343 + 110 um of total length and 812
+ 85 um of body depth. Larvae were fed with en-
riched rotifer from day 3 to day 15 after hatching
(DAH). Rotifers (Brachionus rotundiformis) en-
riched with DHA PROTEIN SELCO (INVE, Bel-
gium) for 12 h were added to rearing tanks twice a
day at 8 AM and 3 PM. After enrichment, rotifers
were harvested into 20 L tank and estimated the den-
sity, then distributed to the rearing tanks. From day
12, larvae were alternatively fed with Artemia nau-
plii enriched with A1 DHA SELCO (for 12 h). The
Artemia nauplii were added to rearing tanks twice a
day at 8:30 AM and 3:30 PM at 1-2 ind./L. Chlorella
sp. was daily supplied to the rearing tanks at 103~
10*cells/mL. Water exchange and siphon were done
every 3 days at 30% rearing volume. The experi-
ment lasted for 21 days.

2.2. Sampling

Water quality parameters: Twice a day (at 7 AM and
2 PM), temperature, and pH were monitored using a
digital meter (HI-98196 Multi-Parameter Water-
proof Meter, HANNA Instruments, Ltd.). Dissolved
oxygen (DO) was checked every 3 days using OXY
Guard meter. Total ammonium nitrogen (TAN), ni-
trite and alkalinity were weekly measured using
Sera test kits (Germany) at 8 AM. Light intensity
was determined at 6 AM, 9 AM, 12 AM, 3 PM, and
6 PM using Testo 545.
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Fish: Before stocking, the initial size of larvae was
randomly recorded by measuring 10 larvae. 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, 10 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 (SGRL), daily
body depth gain (DDG) and specific growth rate in
body depth (SGRD) as follows:

Final length - Initial length
DLG =

Day of culture

SGRL (%)
_ 100 * (LnFinal length - LnInitial length)

Day of culture

__ Final depth - Initial depth

DDG
Day of culture

SGRD (%)
100 * (LnFinal depth - LnInitial depth)

Day of culture

The survival rate (SR) of fish was estimated after 21
days of rearing:

Final stock * 100

04) =
SR (%) Inital stock

2.3. Data analysis

Data were presented as mean + standard deviation
(SD) and were subjected to one-way ANOVA
(SPSS 16.0 for Windows, IBM, Armonk, NY,
USA), and Duncan’s test was applied (p<0.05).

3. RESULTS AND DISCUSSION
3.1. Water quality
3.1.1. Temperature, pH and DO

Temperature during the experimental period ranged
from 27.3 to 30.5°C (Table 1). According to Boyd
(1998), the optimal temperature for tropical fishes
was suggested from 26-30°C. Previous studies high-
lighted that temperature is a critical factor and
should maintained stably during the larval rearing
due to its significant effects on survival, nutrient in-
take and metabolism processes in fishes (Brest et al.,
1996; McCarthy et al., 1998; Claireaux et al., 2006).

pH value fluctuated from 8.2 to 8.5 and DO was
from 5.2 to 6.0 mg/L. For fish hatchery, the DO le-
vel at least 4 mg/L and pH from 7.5 -8.7 were sug-
gested to obtain good survival and performance of
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the larvae (Jayakumar & Nazar, 2013; Sim et al.,
2005; Moretti et al., 2005). Generally, the water
physical parameters were not significantly different

Table 1. Temperature, pH and DO in five treatments
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among treatments and were in a suitable range for
normal development of fish.

Treatment (Rotifer denstity, Temperature (°C) pH DO (mg/L)
ind./mL) AM PM AM PM AM PM
5 27.4+0.5 30.3+0.5 8.3+£0.1 8.5+0.1 52404 5.9+0.7
10 27.3£0.5 30.5+0.4 8.2+0.1 8.5%0.1 5.3204 6.0+0.7
15 27.4+0.6 30.5+0.5 8.240.1 8.4+0.1 52404 5.8+0.6
20 27.4+0.5 30.5+0.8 8.3+£0.1 8.4+0.1 52404 5.8+0.6
25 27.3£0.5 30.5+0.5 8.2+1.1 8.4+0.2 52404 5.9+0.6

Mean =+ standard deviation
3.1.2. Light intensity

Light intensity daily fluctuated from 117 to 14,448
lux (Table 2) and no significant difference among
treatments was recorded (p>0.05). According to
Batty et al. (1990) and Didrikas & Hansson (2009),

Table 2. Fluctuation of daylight intensity

most pelagic fish are visual predators, and their be-
havior and activity are strongly affected by the diel
light cycle. The fish larvae adapted well to the 12
dark: 12 light cycle, and the light intensity within
50-10000 lux should maintain for the fish hatchery
(Villamizar et al., 2011).

Treatment (Rotifer

Light intensity (lux)

denstity, ind./mL) 6 AM 9 AM 12 AM 3 PM 6 PM
5 158424  4,991+718  13,606+1,906 12,338+3,495 117+30
10 190413 6,975£985  14,214+1,184  12,589+4,332  127+27
15 182432 7,395£502  14,190+2,334 12,318+4,883 124+33
20 172445  6,135£992  13,572+1,290 11,306+2,798 120443
25 188423  7,2044973  14,448+1,339  12,131+1,646 136426

Mean =+ standard deviation
3.1.3. TAN, nitrite and alkalinity

TAN concentration ranged from 0.6 to 0.7 mg/L, ni-
trite was from 1.0 to 1.2 mg/L and alkalinity was
maintained within 112-117 mg CaCOs/L (Table 3),
and there was no significant difference in TAN, ni-
trite and alkalinity level among treatments. Barry
and Fast (1992) reported that spotted scat strongly
tolerated to critical conditions such as poor water

quality, high temperature, etc. Moreover, the opti-
mal levels of TAN and nitrite less than 1.5 mg/L
were suggested for aquaculture ponds (Tucker,
1998). Khanh (2018) reared the scat juvenile, in
which, the nitrite level fluctuated from 2.6 to 3.2,
but the fish could archive high survival (>90%).
Therefore, the levels of TAN, nitrite, and alkalinity
in this study were in range for the normal develop-
ment of fish.

Table 3. TAN, nitrite and alkalinity concentration in five treatments

Treatment (Rotifer Nitrite TAN Alkalinity
denstity, ind./mL) (mg/L) (mg/L) (mg CaCOs/L)
5 1.0+ 0.3 0.6+04 112+ 12
10 1.1+£04 0.7£04 115+ 16
15 1.1+0.2 0.7+0.5 117+ 11
20 1.2+0.9 0604 114+ 15
25 1.1£04 0.7+0.5 115+ 13

Mean + standard deviation

Growth performance of fish
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3.1.4. Growth in total length

The growth in total length of fish was presented in
Fig. 1 and Table 4. The larvae with the initial size at
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2,343 um, then reached to 4,009 - 4,420 um after 11
days of rearing. In which, the fish in treatment of 20
rotifer/mL showed the smallest value of total length
(4,009 um), but was not statistically different com-
pared to others (p>0.05).
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After 21 days, the fish length ranged from 7,208 to
8,960 um, with DLG value from 243-330 um/day
and 5.5-6.7%/day of SGRL. However, no significant
difference in length was observed among treatment.

1000

11 21

Day of rearing (day)

Figure 1. The total length of fish during the experimental period
Table 4. The mean of total length, DLG, SGRL after 21 days

Treatment (Rotifer

denstity, ind./mL) L1 (um) L21 (um) DLG (um /day) SGRL (%/day)
5 2,343+110 8,321£1,3652 298+682 6.3+0.82
10 2,343+£110 7,364+280?2 2514142 5.7+0.28
15 2,343+£110 8,923+9667 3294482 6.7+0.6%
20 2,343£110 8,960+725% 330+36° 6.7+0.4?
25 2,343£110 7,208+1,8442 243+92? 5.5+1.42

Mean =+ standard deviation. Means with similar superscripts in the same column are not significantly different (p>0.05)

3.1.5. Growth in body depth

The growth in body depth was showed in Fig. 2 and
Table 5. In which, the initial body depth was rec-
orded at 821 pm. After 11 days of rearing, the fish
body depth ranged from 1,779-24,420 um and the

treatment of 25 ind./mL showed the smallest value
of body depth (1779 um). After 21 days, fishes
reached 3,437 - 4,911 um, coinciding with DDG at
131-204 pm/day and 7.2 - 8.9 %/day of SGRD.
However, there was no significant difference among
treatments (p>0.05)

Table 5. Growth in body depth of fishes during the rearing time

Ro(ti'rf]fjr_ /?T?S'ty D1 (um) Dz1 (um) (w?l%iy) SGRD (%/day)
5 812185 2.06141,055° T62£520 79113
10 812485 34374395 131£19° 7240.6°
15 812:85 478148532 1984432 $.840.9°
20 812485 4.91141,020° 2044512 8.0+1.0°
25 812485 4.11441.090° 1654542 §.041.4°

Mean + standard deviation. Means with similar superscripts in the same column are not significantly different (p>0.05).
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Figure 2. Body depth of spotted scat larvae during the experimental period

3.2. Survival and biomass of larvae after 21 days

Figure 3 showed the fish survival and biomass after
21 days of rearing. Accordingly, the survival rate
ranged from 15.8 to 48.1%. The highest survival
was recorded in the treatments of 10 rotifers/L
(48.1%) followed by 5 rotifers/L (35.5%), and was
statistically higher than other treatments (15 roti-
fers/mL (20.5%), 20 rotifers/mL (15.8%) and 25 ro-
tifers/mL (19.8%). (p<0.05). Similarly, the final bi-
omass of larvae fluctuated from 1.6 - 4.8 larva/L,
with the highest biomass was in treatment of 10 ro-
tifers/L (4.8 larva/L), 5 rotifers/L (3.5 larva/L) and
significantly higher than 15 rotifers/mL (2.1
larva/L), 20 rotifers/mL (1.6 larva/L) and 25 roti-
fers/mL (2.0 larva /L) (p<0.05).

Most marine fish larvae are visual, and the feeding
success of the larvae is dependent of the visibility,
prey availability, and the visibility and adequate
density of the prey (Houde and Schekter, 1980;
Duray et al., 1996). However, high live prey density
and residence times could lead to the nutritional de-
terioration of live feeds, bacterial blooms, and de-
teriorations of water quality (Vallés et al., 2015;
Woolley & Partridge, 2016). It could help to explain
the high mortality of larvae fed high rotifer density.
Moreover, high consumption of live feeds would
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lead to higher production costs (Rabe & Brown,
2000). The results of this study showed that the spot-
ted scat larvae fed effectively across a wide range of
rotifer densities and low prey densities did not neg-
atively affected on larval growth. Rotifers metabo-
lize the nutrients they acquire during enrichment re-
sulting in a deterioration in their nutritional quality
over time (Yamamoto et al., 2009), but no signifi-
cant difference in larval growth was recorded in this
study. It was suggested that nutritional depletion
was not a significant determinant in the larvae’s per-
formance, or Chlorella sp. added to the rearing tanks
was sufficient to maintain the nutritional value of
the rotifers (Woolley & Partridge, 2016). Moreover,
to be appropriate, the rotifer density should be main-
tained within a critical threshold and this factor is
specific species and age specific, that depended on
abiotic factors including light intensity and turbidity
(Puvanendran & Brown, 1999). Carton (2005) re-
ported that yellowtail kingfish larvae required a
light intensity at 8 pymol s* m? and 16 x 10
cells/mL of algal-induced turbidity levels. There-
fore, the light intensity and algal-induced turbidity
levels applied for S. arugus larvae need to be inves-
tigated to improve the prey ingestion as well as lar-
val performance (Woolley & Partridge, 2016).
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Figure 3. The survival rate and biomass of spotted scat larvae after 21 days of rearing

4. CONCLUSION

It could be recommended to use enriched rotifer at
10 ind./mL for S. argus larvae from day 3 to day 15
DAH to achieve high larval survival and perfor-
mance.
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