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Abstract. Asriyana, Halili, Hamzah M, Kurnia A. 2021. Growth performance and survival rate of striped eel catfish (Plotosus lineatus)
in the domestication. Biodiversitas 22: 5593-5599. The striped eel catfish, Plotosus lineatus, is one of the catfishes that live in coral
reefs and have high economic value. The fish is available in the wild and can be domesticated to supply animal protein necessity. This
study aims to determine the optimum catfish size that would support their domestication process based on growth performance and
survival rate in controlled media. The catfish's total length and body weight were measured every two weeks within the 56 days of
rearing. The experiment was conducted with a completely randomized design composed of three treatment groups (based on fish length
size) and four replications, namely 3.5-4.0 cm (group A), 4.9-5.6 cm (group B), and 7.0-8.0 cm (group C) with a density of five fish per
pond. Results indicated that the catfish could live in a saline water pond. The growth performance of treatment group B was higher than
treatment group A and C with absolute length growth (Lm) values of 2.19+0.63 cm, the daily growth rate in length (DGRL) of 0.04+0.05
cm/day, relative growth rate (RGR) of 0.51+0.58%/day, and specific growth rate of (SGR) 1.63+0.74%/day. However, the highest
survival rate was observed in the treatment C group (65.00+4.08%), followed by treatment group A (46.25+2.50) and B (31.00+7.42).
These findings will assist in the domestication of striped eel catfish to support the conservation of striped catfish populations in the

future.
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INTRODUCTION

Diversification of seafood is crucial to help fulfill
demands, especially in the attempt to alleviate dependency
and stress on intensive marine fisheries. The striped eel
catfish, Plotosus lineatus (Thunberg 1787), well known as
"lele laut", which can be found in Indonesian waters, is a
consumable species that can help expand fish-based food
variety (Asriyana and Halili 2021a). Fish is important in
ensuring food security, especially among the poorest
people in this country (Aboagye et al. 2020). Striped eel
catfish have similar characteristics with a tail the
freshwater catfish (Clarias batrachus), with its strong
prickly front dorsal and pectoral fins, four pairs of barbels,
elongated body, and brown skin with two white lines
passing through the fish head (White et al. 2013). Besides
possessing a high amount of amino acid, striped eel catfish
also contains carbohydrates, protein, and lipid. Some fatty
acids, such as monounsaturated fatty acid (MUFA); poly-
unsaturated fatty acid (PUFA), are contained in their fish
oil (Asriyana et al. 2020a). Because of its high nutritional
value for humans, sustainable management of this species
is required to avoid the depletion of stocks in nature as
occurs in other species (Asriyana et al. 2018; Asriyana and
Halili 2021b). This sustainability can be achieved through
fish domestication. In fisheries, domestication is an effort
to culture fishes that live (uncontrolled) in the wild to

control their growth and reproduction in rearing pond
conditions.

Striped eel catfish is one of the wild marine fishes
which has not been domesticated yet. Alternatively, the
grey eel catfish, Plotosus canius (Hamilton 1822), has been
domesticated in some countries such as India (Mijkherjee
et al. 2002) and Thailand (Amornsakun et al. 2018).
Domestication is generally defined as a process for
controlling the raising, care, and feeding of an animal
under human supervision (Zeder 2012). Domestication is
intended to promote the continuous availability of animal
protein to fulfill demands.

Before domestication, the growth and survival of the
fish to be domesticated should be thoroughly investigated.
Prior researches have studied the growth of striped eel
catfish in the wild (Vijayakumaran 1997; Farooq et al.
2017; Palla et al. 2018; Asriyana et al. 2020a). However,
studies related to its growth performance and survival rate
in controlled rearing media are still limited wherefore this
experiment is a preliminary study for this fish species. The
present study especially considers the significance of
information on the growth performance and survival rate of
the striped catfish in its acclimation to domestication. This
study aims to analyze the growth performance and survival
rate of striped eel catfish that are reared in a controlled
condition and determine the optimum size for growing the
fish.
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MATERIALS AND METHOD

Juvenile collection and stocking

Striped eel catfish juveniles used in this experiment
were caught from Tanjung Tiram waters, Southeast
Sulawesi, Indonesia (Figure 1). Fish juveniles were caught
when the sea was the tide move by using the fishnet with a
size of 2.88 cm in length and 1.20 cm in width where the
mesh size was about 0.5 ¢cm in size. All juveniles caught
were then placed in a reservation pond to acclimatize
before being distributed into experiment pond media.

Experimental design

Fish rearing was performed for 56 days (June to August
2021) at the Field Laboratory of the Faculty of Fisheries
and Marine Science, Halu Oleo University. The fish sizes
used in this experiment varied in length size, between 3.5-
8.0 cm. Sixty fish juveniles were distributed into twelve
concrete ponds (five fish per pond) with a pond size of 45
cm in diameter and 40 cm in height with the water-filled to
30 cm (Figure 2). The fish density of five fish per pond was
selected with no specific reasoning as there was no prior
information available on the precise density for this wild
species to be reared in the pond.

The experiment was conducted by using a completely
randomized design with three treatment groups and four
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replications. Treatment groups were based on the length
size of the fish: length size of 3.5-4.0 cm (treatment group
A), length size of 4.9-5.6 cm (treatment group B), or length
size of 7.0-8.0 cm (treatment group C).

The fish was fed with trash fish two times a day (08.00
a.m and 04.00 p.m) at 10% quantity of the body weight.
Trash fish comes from pieces of anchovy (Stolephorus
commersonnii) which are finely chopped to fit the size of
the catfish's mouth opening. Measurements of the total
length and body weight were conducted every 14 days. The
fish length was measured by a ruler with a precision of 1
mm, while the body weight was measured using a balance
with 0.01 g precision.
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Figure 2. Experimental design of rearing media of striped eel catfish
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Figure 1. Map of Tanjung Tiram coast and locations of sampling stations in Southeast Sulawesi, Indonesia (Modification

of Asriyana et al. 2020b)
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Water quality management

During the rearing of juvenile catfish, water quality was
managed through a controlled recirculation system and
water changes in the recirculation system were carried out
every three days. Water quality parameters such as
temperature, pH, salinity, and dissolved oxygen were
measured every fourteen days concurrently with the
measurement of fish length and weight gain. Water
temperature and pH were measured with a mercury
thermometer and pH meter (Hanna HI-98128),
respectively. The water salinity was measured by using a
handheld refractometer (Atago 2382), while dissolved
oxygen was measured with a DO meter (Lutron DO-5510).

During the rearing of juvenile catfish, water quality was
managed through a controlled recirculation system, and
water changes in the recirculation system were carried out
every three days.

Calculations and statistical analysis

All data collected were then analyzed to determine the
total length and daily length growth (Jobling 2003), relative
growth rate (De Silva and Anderson 1995), specific growth
rate (Limbu 2020), and survival rate (Aryani et al. 2017;
Limbu 2020).

The total length of the catfish was calculated with the
formula from Jobling (2003):

Ly =1Ll — Ly D

Where, Lm: Total length of catfish (cm); L:: Average
total length at the end of rearing (cm); Lo: Average initial
total length (cm).

Meanwhile, the daily length growth rate was
determined using the following formula (Jobling 2003):

DGR, = =—* 2)

Where, DGRL: Daily length growth rate (cm/day); Lt:
Final body length (cm); Lo: Initial body length (cm); t:
Rearing time (days).

The relative growth rate was analyzed by using the
formula from De Silva dan Anderson (1995):
We— W,

RGR = = x 100% ©)

Wy x

Where, RGR: Relative growth rate (%/day); W
Average final body weight (g); Wo: Average initial body
weight (g); t: Rearing time (days).

The specific growth rate was determined using the
formula from Limbu (2020):

LW, — Ln W

SGR = x 1008 4)
Where, SGR: Specific growth rate (%/day); Wt: Final
Body weight (g); Wo: Initial body weight (g); t: Rearing
time (days).
The survival rate was analyzed by using the combined
formulae from Aryani et al. (2017) and Limbu (2020):

5595

SE=2 v 100 % (5)
Np

Where, SR: Survival rate (%); N¢: Final total amount of
fish (individual); No: Initial total amount of fish
(individual).

To determine whether there were differences in the
growth performance and survival rates values among the
treatment, non-parametric statistic Kruskal-Wallis with
significant 0.05 (Sokal and Rohl 1995) was used using
SPSS ver. 28.0 (IBM SPSS Statistic).

RESULTS AND DISCUSSION

Water quality

Water quality parameters throughout the fish rearing
period are shown in Table 1. Water temperature, pH,
salinity, and dissolved oxygen of the rearing media have
relatively small differences between treatment groups.

Growth performance

The striped eel catfish juvenile reared in the concrete
ponds for 56 days showed good growth both in the length
and weight gains for all treatments (Figure 3). Body length
growths in groups A, B, and C were ranged between
3.97+0.11 - 4.9440.11 cm; 5.10+0.18 - 7.29+0.20 cm; and
7.49+0.36 - 9.55+0.69 cm, respectively. Whereas, the
weight gains of the fish in groups A, B, and C were ranged
between 1.04+0.32 - 1.09+0.21 g; 1.00£0.38 - 2.48+0.28 ¢;
and 2.30+0.43 - 5.01+0.77 g, respectively.
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Figure 3. Growth of the striped eel catfish during the rearing
period. A. Fish length; B. Fish weight, I: Standar deviation
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Table 1. Water quality parameters of rearing media of striped eel catfish

Treatments Temperature (°C) pH Salinity (%o) Dissolved Oxygen (mg/L)
A 27.00+0.00 7.82+£0.92 31.10+1.25 4.98+0.13
B 27.10+0.97 7.59+0.86 30.70+1.08 4.95+0.11
C 27.48+1.19 7.34+0.85 30.80+0.70 5.04+0.16
Note: p > 0.05 (a: 5%, df: 2), the Kruskall Wallis Test
Table 2. Average fish length and fish length increase during the rearing period
D _ Group A _ _ GroupB _ _ GroupC _
id L AL L AL L AL
0 3.97 - 5.10 - 7.49 -
14 4.16 0.19 5.13 0.03 7.55 0.06
28 4.23 0.08 5.96 0.83 7.60 0.05
42 4.73 0.50 5.98 0.02 8.48 0.88
56 4.94 0.21 7.29 131 9.55 1.07

Note: L = mean length; AL = length increase

Table 3. Weight gain and weight gain increase of the stripped eel catfish during the rearing period

Treatment A

Treatment B Treatment C

W AW w AW W AW
0 1.04 1.00 2.30
14 1.14 0.10 1.00 0.00 2.69 0.38
28 0.93 -0.21 1.34 0.34 2.94 0.25
42 0.96 0.02 1.45 0.10 3.37 0.43
56 1.09 0.13 2.48 1.04 5.01 1.64

Note: W' = mean weight; AW = weight gain increase

Table 4. Growth performances of striped eel catfish in different
treatment groups

Treatment L _x0001_ RGR SGR
Group (cm) (cm/day) (%/day) (%/day)
A 0.98+0.18 0.02+0.01 0.04+0.26  0.09+1.07
B 2.1940.63 0.04+0.05 0.51+0.58  1.63+1.74
C 2.0740.54 0.04+0.04 0.41+0.34 1.41+1.03

p < 0.05 (a: 5%, df: 2), the Kruskal-Wallis Test; Lm: absolute
length growth; DGRL: day growth rate in length; RGR: relative
growth rate; SGR: specific growth rate

The growth in fish length and weight were found to be
varied between treatment groups. The lowest fish length
growth was observed in treatment A (0.24 cm) (Table 2),
whilst the highest fish length growth was found in
treatment B (0.55 cm). Similarly to the fish length, the
weight gain also varied between treatment groups. The
weight gain in group A decreased on the 28th day (-0.21 g),
and increased again on the 42nd day and 56th day (Table
3). Meanwhile, the fish weight gains in treatment groups B
and C showed continuous growth with the weight gains
between the two different. The change in weight gain in
treatment group A was lowest (0.01g) relative to the other
two treatments, whilst the highest of weight gain was found
in treatment group C (0.68 g).

Growth data of the striped eel catfish are shown in
Table 4. The striped eel catfish juveniles in treatment group
B had the highest length gain, daily length growth, relative
growth rate, and specific growth rate. Contrastingly, the

fish juveniles in treatment group A showed the poorest
growth performance between the three groups. This
condition can also be seen from the results of the Kruskall
Wallis test, where there are significant differences between
treatments for growth performance (p<0.05, a: 5%, df: 2).

Survival rate

The survival rates of the striped eel catfish during the
experiment are shown in Figure 4. The highest SR was
found in treatment group C (65.00+4.08%) in comparison
to treatment groups A (31.00+7.42%) and B
(46.25+2.50%). Kruskall Wallis results showed that
significant differences in SR can be identified between the
treatments (p: 0.007; p<0.05, a: 5%, df: 2).
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Figure 4. Survival rates of striped eel catfish juveniles during the
rearing period
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Discussion

Fish growth is defined as the increased change process
of fish size either in terms of length or weight within a
particular time. The striped eel catfish juveniles showed
considerable growth after 56 days of the rearing period.
Treatment group A (fish length size: 3.5-4.0 cm) had the
lowest increase in length gains than treatment B and C.
Moreover, the catfish in treatment group B (4.9-5.6 c¢m)
showed the biggest rate of increase in fish length if
compared with treatment groups A and C. Change in an
increase in length can also be viewed as the length growth
rate of the juveniles in all treatments (Table 2). On the 28th
day, the growth of the fish in treatment groups A and C
increased only 0.08 cm and 0.05 cm, respectively. While
the fish growth in treatment B showed a higher growth of
0.83 cm. Despite the decrease in growth rate in the
treatment groups A and C on day 42, their growth on the
56th day had significantly increased to 1.31 cm in length
change. A similar pattern of increase can also be observed
in the daily length growth of the fish (Table 4). The daily
length growth of the juveniles in treatment group B was
highest among the treatment groups (0.04+0.05 cm/day).
The results were different from the data on the striped eel
catfish living in the wild. Comparatively, they are generally
smaller in size with faster growth in comparison to the big
size fish. Bigger fish size commonly infers smaller length
growth  following the wvon Bertalanffy  curve
(Vijayakumaran 1997; Asriyana et al. 2020a). The findings
are similar to that reported for orange-spotted spine foot
(Siganus guttatus) in aquaculture, in which smaller-sized
fish (3.00-3.50 cm) had higher daily length growth than
bigger-sized fish (4.10-5.00 cm) (Lante et al. 2011). The
difference in length growth rate between the two fishes
under controlled conditions was suspected because of the
inadequate adaption to the environment within control
media, prompting the striped eel catfish to be stressed and
this affected their growth.

The specific growth rate in the fish size of 4.9-5.6 cm
showed the highest value (1.63+1.74%/day) than the fish
sizes of 3.00-3.50 cm and 7.0-8.0 cm. A similar trend of
results was shown in the relative growth rate (Table 4). To
put into perspective, the African catfish (Clarias
gariepinus) has a fish length of 3 cm and an SGR of
0.974£0.07%/day (Dewi et al. 2013). This species, by
comparison, has higher values of the two parameters than
the striped eel catfish, which has an SGR of
0.09+1.07%/day. Furthermore, the SGR of the striped eel
catfish of 7.0-8.0 cm size was found to be higher than the
striped catfish (Pangasius hypophthalmus) with a length of
7.0-80 cm and growth rate of 0.037+0.0013%/day
(Andriani et al. 2019).

In a similar fish length size, the SGR of African catfish
is higher than the SGR of striped eel catfish because the
African catfish juveniles were produced from artificial
spawning. Moreover, the catfish also has a uniform size
and could better adapt to the controlled rearing media.
Contrarily, the striped eel catfish juveniles were acquired
from the wild and had a very short adaptation period of one
week before treatments. This condition caused storable
energy in the body to be less. In addition, the disrupted
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physiology of the fish would also discourage the fish from
consuming feed, thus leading to decreased energy supply
that could be used and stored in the body. As the energy
used for the adaptation process was larger than normal, the
energy to be used for growth was, as a result, less, causing
a decrease or lower weight or rate of weight gain of the
fish. The low SGR value of the striped catfish (P.
hypophthalmus) of the same size in this study might be
caused by the high density of fish distribution in the pond
(200 ind./pond). In contrast, the fish density in this
treatment was only 5 ind./pot. The high density would
cause competition for food and space between the fish.
Furthermore, high density would imply high feces
production that harms the water quality of the fish rearing
media. High fish density was not able to provide adequate
feed for tropical gar (Atractosteus tropicus) juveniles
(Martinez-Cérdenas et al. 2020).

SGR is the daily growth rate or increase in the
percentage of fish weight within one day. An increase in
growth can be identified through the increase in RGR and
SGR values. The values obtained for the two aspects
showed that the striped eel catfish juveniles in treatment
group B could digest and absorb considerable nutrients and
store them inside the body to be converted into energy.
This stored energy, then, would be utilized by the fish for
growth (gains in length and weight) with the lesser needed
energy for basal metabolism, moving, and maintenance of
the fish body.

Survival rate (SR) is a parameter that can help denote
whether a fish culture can be successfully conducted or not.
During the rearing period, water quality parameters were
not significantly different between treatment groups
(p>0.05, a: 5%, df: 2, Table 1). The water recirculation
system had succeeded in controlling the water quality of
the fish rearing. This is most important so as wild fish are
generally very sensitive to changes in water condition of
rearing media (Jumaidi et al. 2016). Furthermore, fish
juveniles require an optimum environment for their growth
(Enache et al. 2011). The low SR of the fish (SR: 40-70%)
in the initial rearing period might be caused by the fact that
the fish were still adapting to the water conditions of the
rearing media even past the acclimatization period as set in
the experiment (Figure 4). The low SR of the fish could
also be attributed to column or space competition as well as
feed residue and metabolic waste deposited, which can be
toxic.

As the striped eel catfish had not yet been domesticated
previously, references on the optimum density for this were
not yet available species. Though, the schooling behavior
of a fish during their juvenile stage (Taylor and Gomon
1986) can be used as a reference for an experiment.
However, because of the limited space of rearing media
available, the movements of the striped eel catfish juveniles
were significantly constricted. Some fish found dead were
observed to experience injury on parts of their head. It was
indicated that the catfish had experienced a collision with
the wall of the pond as the fish had moved so fast.
Frequencies of this eventually led some fish to die. This
occurred within the experiment signifies that larger rearing
means are needed for the fish.
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Unconsumed feed (residue) and metabolism waste that
had accumulated at the bottom of the media were most
likely decomposed by bacteria (aerobic or anaerobic) to,
generally, produce phosphate and nitrogen. From the total
amount of feed consumed, the fish could only absorb 20-
30%, the rest were excreted as ammonia and organic
protein as end products of the protein metabolic process
(Avnimelech 2006). Additionally, of the 80% nitrogen
component from the secretion, 90% is ammonia and 10% is
uric acid (Ebeling et al. 2006). Ammonia is toxic for
aquatic organisms as it reduces dissolved oxygen and
generates unwanted changes in the aquatic ecosystem
(Elbialy et al. 2021). Ammonia is especially toxic for fish
culture at a concentration of >1.5 mg N/I. In some cases,
some aquatic organisms are only able to tolerate ammonia
as much as 0.025 mg N/I (Chen et al. 2006; Cheng et al.
2015; Wahyuningsih and Gitarama 2020). Cultured fishes
have varying tolerance towards ammonia - nitrogen -
depending on their species, age, and physiology (Romano
and Zeng 2013). Fishes that live in warm waters can
tolerate ammonia than fishes that live in cold waters, while
mature fish are more tolerant than juveniles (Dauda et al.
2019). Excessive ammonia exposure can cause ammonia
excretion to be disturbed. It will increase ammonia
absorption and promote fish fatality (Sinha et al. 2012).
The present study had not accounted for ammonia in water,
i.e., ammonia content could have been a plausible factor in
the death of fish but was not measured in the experiment.
Thus, in the following studies, the ammonia level should be
measured periodically to help predict how SR can be
managed with ammonia content. Aside from SR being
influenced by water quality, SR is also affected by age, fish
behavior, feed, and fish health condition as reported by
Adewolu et al. 2008 on African catfish (C. gariepinus); and
Robisalmi et al. 2017 on blue tilapia (Oreochromis aureus).
Blue tilapia juveniles that had higher body weight had
higher SR than those that had smaller body weight.

The fish juveniles in treatment group C (7.0-8.0 cm),
which had the biggest size, had the highest survival rate
(65.00+4.08%) compared to the juveniles in treatment
groups B and A with values of 3.00-3.50 cm and 4.9-5.6
cm, respectively. Different from the striped eel catfish,
African catfish in size of 3 cm showed SR of 53.3+1.76
(Dewi et al. 2013); higher than the SR of striped eel catfish
with the size of 3.00-3.50 cm. Higher SR in bigger sized
fish was also reported by Hutchings (1994) in brook trout
(Salvelinus fontinalis); Bradford (1995) in Pacific salmon
(Oncorhynchus spp.); Robisalmi et al. (2017) in blue tilapia
juvenile; and Andriani et al. (2019) in striped catfish (P.
hypophthalmus). Hutchings (1994) reported that the
survival rate of fish brook trout had a positive correlation
with fish body size. While in Pacific salmon, the survival
rate increases according to fish age. Survival rate values
approaching 100% are closely related to the good water
environment and quality as well as contained biomass and
ideal fish density (Ronald et al. 2014; Martinez-Cardenas et
al. 2020). In blue tilapia, it was shown that bigger-sized
juveniles tended to have better body conditions compared
to the smaller-sized juveniles (Robisalmi et al. 2017).
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Results showed that striped eel catfish juveniles could
be domesticated in controlled media. To culture the fish,
juveniles with a size of 4.9-5.6 cm seemed to be most ideal
in terms of RGR and SGR (0.51+0.58%/day and
1.63+1.74%/day, respectively) compared to the other fish
sizes. However, in terms of restocking, the biggest fish
juvenile size of 7.0-8.0 cm observed in this experiment is
most recommended as it had the highest SR (65.00+4.08%)
among all the fish sizes. The findings of the present study
were still limited because no prior studies are available as
references to help determine optimum fish density and feed
amount, and had proven to be a considerable challenge to
be considered for following studies on the culture of striped
eel catfish.
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