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Abstract. Cannibalistic behavior of Asian redtail catfish is a quite significant obstacle in cultivation,
especially in the hatchery phase. The purpose of this study was to evaluate intracohort cannibalism of
Asian redtail catfish fry and the way of predation among them at high stocking densities. The rearing
method used a completely randomized design with 4 treatments, namely stocking densities of 3 (A), 4
(B), 5 (C), and 6 (D) fish L?, with 5 replications each. The experimental fish were fed commercial
formulated feed with 40% crude protein, 4 times a day until satiation. The results showed that the
stocking density affected cannibal indexes (CI) and survival of the fish. The CI values for stocking
densities of 3, 4, 5, and 6 fish L' were 40, 44.5, 50.40 and 54.83%, and the survival rates were 57.67,
54.00, 46.20 and 43.83%, respectively, with significant differences observed (p<0.05). The highest
survival rate was found in fry from treatment A, but there was no difference regarding the cannibalism
type and growth performances (weight and length) among treatments. There were 3 ways of preying
based on the observations conducted on the victims, namely preying on the tail, preying on the stomach
and preying on the head. The conclusions of this study are that there is a relationship between the
incidence of cannibalism and stocking density in Asian redtail catfish fry, and that there are 3 ways of

preying.
Key Words: cannibalism index, density, preying way.

Introduction. In the Malay community, one of fishes with high-economic value is the
Asian redtail catfish, Hemibagrus nemurus, especially in Sumatra. To meet market
demand, Asian redtail catfish is mainly obtained from natural catches, even though
aquaculture businesses do exist. Riau Province has been conducting Asian redtail catfish
cultivation since 2006. Fry are obtained from hatcheries. However, Asian redtail catfish
fry amount is constrained due to the high mortality risk at this stage. The survival rate of
the fry of Asian redtail catfish is diverse, many authors obtaining different results. Thus,
the survival rate can range from 40-49% (Ali & Junianto 2014), 20-28% (Aysah 2014),
44-48% (Heltonika & Karsih 2017), 2-18.7% (Kusmini et al 2018) and 50.17-64.75%
(Farida et al 2015). Cannibalism is often associated with the death of Asian redtail catfish
fry (Akbar & Hanafie 2013; Baras et al 2013; Rahmah et al 2014a; Rahmah et al 2014b;
Aysah 2014; Ali & Junianto 2014; Cahyanti et al 2015; Sugihartono et al 2016; Heltonika
& Karsih 2017; Kusmini et al 2018).

Based on the study of Heltonika et al (2021), the increase in stocking density
increases cannibalistic behaviour in Asian redtail catfish fry. It is necessary to carry out
further studies on the incidence of cannibalism in Asian redtail catfish juveniles reared at
high stocking densities. There are two types of cannibalism in Asian redtail catfish fry, i.e.
cannibalism type I and cannibalism type II. In cannibalism type I, the most common
observation is the dead victim with bite marks or missing parts of the body. However, the
cannibalism type II is the condition of the fish being eaten completely or missing. Based
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on the results reported by Naumowicz et al (2017), the stocking density could decrease
or increase the cannibalism incidence in fish. It is important to evaluate the stocking
density effects on the incidence of cannibalism. In addition, it is important to evaluate the
preying ways of Asian redtail catfish fry. Therefore, this study aims to determine some
aspects of cannibalism and preying types in the juveniles of Asian redtail catfish at high
stocking densities.

Material and Method

Description of the study. This research was conducted from January to February 2020,
at the Fish Breeding and Hatchery Laboratory, Faculty of Fisheries and Marine Science,
Riau University, Indonesia. The study employed a completely randomized design
consisting of 3 (A), 4 (B), 5 (C), and 6 (D) fish L! stocking densities and replicated 5
times. Determination of stocking density was conducted based on the results reported by
Heltonika et al (2021), who determined that the optimum stocking density for Asian
redtail catfish is 2 fish L!. Therefore, in this study, the optimum stocking density used
was considered 2 fish L1, The density used to stimulate cannibal behavior were stocking
densities above the optimum stocking density found in the previous study.

This study used Asian redtail catfish juveniles of 3.5+0.19 cm, which were ordered
from a hatchery and from the same pair of parents. The experimental juveniles were
reared in 20 L of water. The experiment was conducted for 30 days. Feeding was done
with 40% crude protein feed with a frequency of 4 times a day until satiation. Fry rearing
was carried out in a controlled room using air conditioner as a temperature stabilizer, and
the media temperature conditioned at 28°C.

The parameters of cannibalism include the number of dead fish observed every six
hours, the number of cannibalism incidences based on types I and II, and the
cannibalism index. Type I cannibalism is a condition where dead fish present damage to
the tail, with stomach or head marks. Type II is the condition where the fish was eaten
completely or missing (Krdl et al 2014). The cannibalistic category was determined
according to Krél & Zakes (2016):

Cannibalism type I (%) = (number of dead wounded fish/number of initial fish) x 100
Cannibalism type II (%) = (number of missing fish/number of initial fish) x 100
The cannibalistic rate was measured according to Obirikorang et al (2014):

Cannibalism index (%) = (number of missing and dead wounded fish/number of initial
fish) x 100

Mortality is the number of individuals that died normally, not due to cannibalistic
behaviour during the rearing period. Mortality was calculated using the following formula:

Normal Mortality (%) = (number of normal dead fish/number of initial fish) x 100

The survival rate is represented by the number of living fish at the end of the study.
Survival rate was calculated using the following formula:

Survival rate (%) = (number of fish at the end of the study/number of initial fish) x 100.

Parameters observed included growth performance, index of cannibalism, survival rate,
observation of predation methods, and water quality. The parameters for the production
performance of juveniles consisted of weight and length growth. Total weight growth was
calculated to determine the weight gain of experimental fish during cultivation with the
formula of Effendie (1997):

Wm = Wt - Wo
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Where: Wm is the absolute weight growth (g), Wt is the average weight at the end of the
study (g), and Wo is average weight at the start of the study (g). The daily-weight
growth rate (SGR) was calculated by the formula:

SGR (%/day) = (InWt - InWo)/t x 100

Where: Wt is the average weight of fish at time t (g), Wo is the average weight of fish at
the beginning of rearing (g), and t is the length of the trial (days).
The total length growth was calculated using the Effendie (1997) formula:

Lm =Lt - Lo

Where: Lm is the absolute length growth (cm), Lt is the final average length of the fish in
the study (cm), and Lo is the average initial length of juveniles (cm). The daily-length
growth rate (SLR) rate was calculated by the formula:

SLR (%/day) = (InLt - InLo)/t x 100

Where: Lt is average length of fish at time t (cm), Lo is the average length of fish at the
beginning of rearing (cm), and t is the length or duration of the experiment (day).
The way of predation was observed based on the victim fish that died due to
cannibalistic behavior among the reared fish. The body parts with wounds were observed.
Measurement of water quality was carried out. Temperature was determined using
a thermometer daily. The pH was determined using a pH meter and dissolved oxygen
using a DO meter, every 7 days.

Statistical analysis. The data were tabulated by using Microsoft Office Excel 2016. All
data were tested for normality and homoscedasticity. Variations between data were
compared using one-way ANOVA, followed by Duncan post hoc test. Significance of
differences was defined at p<0.05. Statistical analyses were performed using SPSS 22
software. Water quality parameters were explained descriptively.

Results. The results of cannibalism type, index of cannibalism, normal death and
survival rate are presented in Table 1.

Table 1
Cannibalism type, index of cannibalism, normal death, and survival rate (%)

Treatment  Cannibalism type I Cannibalism Indg X Qf Normal death  Survival rate
type II cannibalism
A 35.33+6.5° 4.67+3.612 402+8.582 2.33+£5.22° 57.67+6.52P
B 38+6.77° 6.5+£3.242 44,5+5,92b 1.5+1.37° 54+1.,372b
C 36+6.532 14.4+9.762 50.4+5.03b¢ 3.4+4.342 46.2+4.342
D 43.33+4.212 11.5+6.552 54.83+8.89¢ 1.33+0.462 43.83+8.77°

Note: different superscripts in the same column indicate significant differences (p<0.05); A - stocking density of
3 fish L'!; B - stocking density of 4 fish L!; C - stocking density of 5 fish L'!; D - stocking density of 6 fish L.

There was an increase in the incidence of cannibalism of Asian redtail catfish (Table 1).
There were significant differences between among treatments regarding cannibalism
index (p<0.05), with the highest cannibalism incidence at a stocking density of 6 fish L,
54.83+8.89%. Although statistically the mortalities of type I and II cannibalism were not
significantly different (p<0.05), there was a pattern of increasing incidence of mortality
with the increasing stocking density. For normal death, namely death without any bodily
injury, there was no significant difference among treatments (p<0.05). Meanwhile, the
lowest survival rate was found in the high stocking density (6 fish L), and the highest
survival rate was found in the lowest stocking density 3 fish L'! (p<0.05).
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Based on the analysis of cannibalism type I and mortality-based data on days 7,
14, 21, and 30 (Figure 1), the incidence of cannibalism type I mostly occurred in the first
7 days. Furthermore, on days 14, 21, and 30, the incidence of death due to cannibalism
continued to decrease, this condition occurring in all treatments. The high incidence of
cannibalism at the beginning of rearing was probably influenced by the stocking density,
because on days 14, 21 and 30, the incidence continued to decrease with reducing
density.
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Figure 1. Daily mortality rate caused by cannibalism type I on Asian redtail catfish fry
reared for 30 days.

According to the table of fry production performance (Table 2), there was no difference in
growth performance among treatments.

Table 2
Fry production performance

Daily weight

Treatment Weight growth (g) Length growth (mm)  growth rate Daily length

growth rate (%)

(%)
A 2.1356+0.38¢° 31.09+2.73° 6.1548+0.53¢2 2.1099+0.142
B 1.942+0.432 29.77+2.522 5.881+0.57° 2.0431+£0.132
C 1.8747+0.232 28.55+3.27° 5.8105+0.35° 1.9783+0.17°
D 2.3591+0.64° 32.81+5.98° 6.3994+0.76° 2.1874+0.29°

Note: different superscripts in the same column indicate significant differences (p<0.05); A - stocking density of
3 fish Lt); B - stocking density of 4 fish L'!; C - stocking density of 5 fish L'*; D - stocking density of 6 fish L.

Cannibalistic behavior. Based on the observations during this research, there are three
ways of cannibalizing in the Asian redtail catfish:
1. Biting from the tail

This behavior is the most frequently found, predation starting with preyed fish
bitten by one of the predators, then released. The bitten fish will be bitten alternately by
the other fish, as if the bite wound made the other fish to be aggressive. The victim will
be injured and, not infrequently, a wound will form to reveal the victim's vertebrae, and
eventually the fish die (Figure 2).
2. Biting the stomach

This behavior is very rare, but it exists. Wounds are made in the abdomen by
predators, so that the victim loses part of the stomach (Figure 3). However, from the
observations on the other body parts, there were no bite marks on other parts of body.
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Figure 2. Cannibalism victim that was bitten from the tail; the victim died with the back
of the body consumed.
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Figure 3. Asian redtail catfish fry bitten in the stomach.

3. Biting from the head

This behavior is also very rare. From several incidents, usually both the victim and
the predator will die, because when the victim is preyed on, they will defend themselves
by expanding their pectoral fin, so that it is caught in the digestive tract. This is what
causes the predator to eventually die (Figure 4).
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Figure 4. Fish that was preyed on the head; both fish died; a - the condition of the fish
when it was found; b - condition when prey was released with the victim's pectoral fins
expanded.

During the study, water quality was within the normal range for the maintenance of Asian
redtail catfish fry (Table 3). Water temperature conditions were maintained
approximately near the planned value of 28°C. The pH conditions were easily tolerated by
Asian redtail catfish. Dissolved oxygen was in normal conditions.
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Table 3
Water quality

Treatment Temperature (°C) pH Dissolved oxygen (ppm)
A 28-29 6-6.5 6.3-7.5
B 28-29 6-6.5 6.5-7.3
C 28-29 6-6.5 6.2-7.3
D 28-29 6-6.5 6.3-7.2
Yudha et al (2018) 27-30 5-7 5-7

Discussion. Cannibalism is a basic habit of fish preying on other fish of the same
species, either on all or on part of the body. Cannibalism in fish is regulated by
morphology, habits and physiological factors (Mukai et al 2013). One of the exogenous
intraspecific factors that influences cannibalism is stocking density (Smith & Reay 1991;
Hecht & Pienaar 1993). According to Naumowicz et al (2017), excessive stocking density
could increase or decrease the incidence of cannibalism in fish. The results of this study
showed that the increase in stocking density of Asian redtail catfish fry causes an
increase in the incidence of cannibalism, confirmed from the value of the cannibalism
index. According to Hecht & Pienaar (1993), the stocking density increases, the
territoriality of fish also increases, which causes aggressiveness closely related to
cannibalism.

At the end of research, there were no Asian redtail catfish in the potential cannibal
category. The potential cannibals are fish 3 times larger than the average size. In our
study, the fish had relatively uniform sizes. This condition contradicts the opinion of other
authors (Hecht & Pienaar 1993; Baras et al 2000; Xi et al 2017; Pereira et al 2017), that
cannibalism only occurred in groups of fry with non-uniform sizes. From observations
during the study, the dominant Asian redtail catfish attack the target fish on the tail,
after which the injured fish will be attacked continuously. This condition is in accordance
with the results of Loadman et al (1986), where Stizostedion vitaeum (walleye) attacks
on the tail are dominant in cannibalism events. There was an interesting phenomenon
observed: if one fish was bitten by another fish, then the bitten fish will be continuously
attacked also by other fish, until major body damage and ultimately death, most likely
due to the bite wound releasing certain compounds causing aggressiveness of other fish.
Mukai et al (2013) stated that chemical substances are generated from the injured skin
surface, these chemical stimuli triggering cannibalistic behavior in other nearby fish.

Based on some of the studies reviewed, it is possible that this behavior is
stimulated by hormonal action, thereby increasing aggressiveness. Aggressiveness that
causes death in a group is regulated by hormones in other pathways, and is the basis for
cannibal behavior (Naumowicz et al 2017). Testosterone is one of the hormones
responsible for aggressive behavior. Increased aggressiveness is associated with the high
testosterone concentrations in the male African cichlid Astatotilapia burtoni (Alcazar et al
2016). The concentration of testosterone hormone in Clarias batrachus begins to increase
in line with the increase in the process of vitellogenesis and gonad maturity, then
accumulates in the eggs carried by the larvae; this could be the aggressive behavior
trigger in cannibalistic behavior (Zairin et al 2002).

Conclusions. The increase in density in the maintenance of Asian redtail catfish causes
an increase in the cannibalism index, thereby reducing the survival rate. There is an
effect of high stocking density on the cannibalism index. There is an increase in
cannibalism type with increasing stocking density of Asian redtail catfish fry. The highest
incidence of cannibalism occurred at 6 fish L' stocking density, while there was no
difference among treatments for growth performance. Regarding predatory behavior,
there are 3 ways of preying, namely from the tail, stomach, and head. Hormones have
been know to control cannibalism in fish, so further research is recommended to explore
whether there is an effect of hormone treatment on cannibal behavior in Asian redtail
catfish to control cannibalism.
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