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ABSTRACT:

 

During larviculture of giant grouper, 

 

Epinephelus lanceolatus

 

, intracohort cannibalism
usually results in mass mortality. Thus, in the present study, we attempted to develop a cannibal–
prey length relationship from morphometric measurements for giant grouper fry and to verify it with
pairwise predation experiments. Based on measurements of morphometric characteristics (i.e. mouth
width, body depth, and total length), a model of prey length (mm) to cannibal length was constructed:
TL

 

prey

 

 

 

=

 

 0.83 TL

 

cannibal

 

 

 

-

 

 2.48. According to the equation, approximately 30% is a threshold in total
length differences to use for grading giant grouper fry. The threshold was supported by our pairwise
experiments using 136 pairs; we found that 33 out of 36 cannibalism incidents occurred only when
the prey was of equal or smaller size than that predicted by the equation. In aquaculture practice of
this species, we thus suggest that when the length of larger fry exceeded that of smaller fry by more
than 30%, the potential cannibals should be removed.
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INTRODUCTION

 

Cannibalism, or intraspecific predation, is the pro-
cess in which an individual kills and eats a member
of its own species.

 

1

 

 It was originally regarded as an
artifact of laboratory systems or to occur in cases
under severe stress. But, now, many authors think
that the behavior is a normal phenomenon in nat-
ural populations and it has been widely observed
in the animal kingdom, from protozoans to pri-
mates. For a cannibal, cannibalism has its benefits
and costs.

 

1,2

 

 The most obvious benefit is that a can-
nibal can gain food (i.e. consumption of prey).
However, during cannibalism, a cannibal may run
the risk of becoming prey to its potential victim
and of infection from parasites, viruses and other
diseases.

 

3

 

Cannibalistic behavior is far more common in
fishes than in terrestrial vertebrates.

 

4

 

 The occur-
rence of cannibalism has been identified in at least
36 families of fish.

 

3

 

 In fact, Dominey and Blumer,

 

4

 

considered that cannibalism occurs in virtually all
natural populations of fish. According to the

genetic relationship between cannibal and prey,
the behavior can be classified into three types: filial
cannibalism (a parent eats its own offspring), sib-
ling cannibalism (fratricide) and heterocannibal-
ism (non-kin cannibalism).

 

3,4

 

 Compared to those
in natural populations, cultured fishes have little or
no chance of escaping predation via habitat segre-
gation or migration.

 

5

 

 Additionally, larval and juve-
nile fishes have higher growth capacities than
adults. Thus, young generally consume large ratios
relative to their body size and are prone to growth
depensation (divergence in size among fish of the
same age group), which may facilitate and enhance
cannibalism.

 

5,6

 

Groupers of the genus 

 

Epinephelus

 

 are econom-
ically important cultured finfish in East Asian
regions. In Taiwan, at least four species are often
propagated: malabar grouper (

 

E. malabaricus

 

),
orange-spotted grouper (

 

E. coioides

 

), tiger grouper
(

 

E. fuscoguttatus

 

) and giant grouper (

 

E. lanceola-
tus

 

). Giant grouper is one of the two largest species
of groupers in the world.

 

7

 

 Due to its fast growth and
high price,

 

8

 

 giant grouper currently is regarded as
a favorite species for marine culture in Taiwan.
However, massive seed production is still encoun-
tering many difficulties and survival rates are gen-
erally low.

 

9

 

 Generally, difficulties in larviculture are
usually due to unstable egg quality, insufficient
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food availability and nutrients, poor environmen-
tal quality, diseases, and cannibalism.

 

9

 

In grouper, intracohort cannibalism is usually
observed at the late larval and juvenile stages.

 

9–14

 

Body size disparity is thought to be the major cause
of cannibalism and there are some factors, such as
feeding grouper inadequately, that will intensify
their differential growth.

 

9–13

 

 Therefore, routine size
grading is not only an important but also a com-
monly used method to mitigate cannibalism in
grouper larviculture. Also, this method usually
results in better survival rates.

 

9,10,13,15

 

 Herein, we
attempted to develop a cannibal–prey length rela-
tionship from morphometric measurements for
giant grouper fry and to verify it with pairwise
experiments. The aim of the present study was to
determine a threshold in size disparity beyond
which cannibalism could occur so that potential
cannibals and prey can be separated in advance.

 

MATERIALS AND METHODS

 

About 800 giant grouper fry were purchased from
a private hatchery in Tainan County, Taiwan. They
were cultured in 50-L glass aquaria and outdoor
concrete ponds. The minimum length of the fry
was about 19 mm. During rearing, frozen adult

 

Artemia

 

 and minced fish meat were offered to the
grouper fry as feed. To prevent serious cannibal-
ism, the grouper fry were routinely graded into
different sizes and were placed into different cage
nets. Water temperature and salinity during the
experiment were 25–31

 

∞

 

C and 30–35 p.p.t.,
respectively.

The first experiment was to measure the mor-
phometric parameters and then to construct an
equation between the total lengths (TL) of canni-
bal and prey. We found that grouper cannibals gen-
erally engulf whole prey horizontally (i.e. type II
cannibalism).

 

14

 

 This implies that a grouper canni-
bal can swallow a prey only when the cannibal’s
mouth width (MW) is greater than or equal to the
prey’s body depth (BD). Based on these observa-
tions, we first developed two linear regression
equations of BD versus TL and MW versus TL, and
then combined the two equations to create a the-
oretical equation relating TL

 

prey

 

 and TL

 

cannibal

 

. Peri-
odic sampling was carried out every 4–5 days. In
total, 186 groupers, ranging in TL from about 19–
71 mm, were used for measurements of TL, MW
and BD. In some cases, certain specimens might
have repeatedly been sampled at different body
sizes. Fish were anesthetized with 400 

 

m

 

L/L 2-
phenoxyethanol before measurement. The
measurement method of morphometric parame-
ters was the same as that used in the orange-spot-

ted grouper.

 

14

 

 With a dial caliper, TL was measured
to the nearest 0.05 mm as the distance from the tip
of the snout to the end of the tail; MW was mea-
sured as the widest distance when the mouth
formed an ‘O’ shape; and BD was measured as the
distance from the anterior insertion of the dorsal
fin to the anterior insertion of the ventral fin.

Pairwise experiments were made to test the reli-
ability of the above equation. In the experiment,
136 pairs of cannibal–prey with varying size ratios
were used. We attempted to include a wide range
of sizes and ratios. Before the experiment, fish from
large (cannibal)- and small (prey)-size groups were
chosen and separated into individual nets. Both
sizes of fish were starved for 1 day. When the exper-
iment started, the two sizes of fish were anesthe-
tized with 400 

 

m

 

L/L 2-phenoxyethanol and their TL
were carefully measured to the nearest 0.05 mm.
Each pair of fish was cocultured in a glass aquar-
ium (30 

 

¥

 

 15 

 

¥

 

 28 cm) containing 10 L seawater.
After 24 h, we recorded the predation result of each
trial.

 

RESULTS

 

The linear regression equations (Fig. 1) of giant
grouper BD and MW on TL are:

BD 

 

=

 

 0.29TL 

 

-

 

 0.35 (

 

r

 

 

 

=

 

 0.99) (1)

MW 

 

=

 

 0.24TL 

 

-

 

 1.07 (

 

r

 

 

 

=

 

 0.99) (2)

The largest prey should have a BD equal to the MW
of the cannibal, so we combined equations 1 and
2 to construct a theoretical equation relating TL

 

prey

 

and TL

 

cannibal

 

:

TL

 

prey

 

 

 

=

 

 0.83 TL

 

cannibal

 

 

 

-

 

 2.48 (3)

Equation 3 shows that the theoretical minimum
TL

 

cannibal

 

 is approximately 1.35–1.26 times TL

 

prey

 

when the value of TL

 

prey

 

 is from 20 to 50 mm.

 

Fig. 1

 

Linear regressions of mouth width (MW) and
body depth (BD) on total length (TL) in giant grouper

 

Epinephelus lanceolatus

 

.

BD = 0.29TL - 0.35, r = 0.99

MW = 0.24TL - 1.07, r = 0.99
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The theoretical minimum TL

 

cannibal

 

 calculated
from equation 3 was compared with the observed
data. Out of 136 pairs of fry set up in the experi-
mental aquaria, cannibalism occurred 36 times
(Fig. 2). Most of the cannibalism occurred when
the prey was of equal or smaller size than that pre-
dicted by the above equation. However, there were
three cases that illustrated that certain cannibals
can ingest prey with a larger TL than that expected
by our morphometric measurements. The situa-
tions occurred with cannibals of smaller sizes, less
than 40 mm, but the ratios of TL

 

cannibal

 

/TL

 

prey

 

,
which ranged from 1.26 to 1.28, did not vary far
from the expected value of approximately 1.32. No
similar situation was found in cannibals over
40 mm.

 

DISCUSSION

 

In the orange-spotted grouper, cannibalism was
observed to begin in fry with a TL larger than
13 mm.

 

11,14,16

 

 Before that stage, lengths of grouper
are generally too similar to allow intracohort can-
nibalism.

 

14

 

 Additionally, the feeding elements (e.g.
the teeth) of grouper are incompletely developed.

 

16

 

Grouper cannibals thus cannot effectively grasp
their prey. We think that cannibalism in giant grou-
per begins before they reach 19 mm in TL. Thus,
our model does not cover the entire length range
at which cannibalism occurs. However, serious
cannibalism in many grouper species is found at
TL larger than 25 mm, when the elongated dorsal
and pelvic spines shorten and do not interfere with
predation by cannibals,

 

11,17

 

 and does not stop until
fish reach lengths of 50–60 mm.

 

10,11,14

 

 Additionally,

we often observed the occurrence of cannibalism
in the aquaria and concrete ponds during the sam-
pling period. Thus, we think that the regression
model can still be used to accurately predict and
prevent the occurrence of cannibalism in giant
grouper.

Many linear regression models have been
developed  to  analyze  or  predict  the  occurrence
of fish cannibalism. Some of the models were
derived from direct measurements of TL in
observed cannibals and prey.

 

18–21

 

 However, the
cannibalism of many fishes such as grouper
belongs to type II cannibalism. This type of canni-
balism can succeed only when a cannibal’s mouth
gape or width is equal to or exceeds the prey’s
depth or width.

 

5

 

 Therefore, some ichthyologists
have measured these morphometric parameters
and indirectly estimated the minimum cannibal
size from the relationship between mouth gape
(or width) and depth (or width) relative to the TL
of fish.

 

14,20,22–24

 

 The indirect models sometimes may
somewhat over- or underestimate minimum total
lengths of cannibals. However, they are much
more easily obtained than directly measured
models and have often been proven useful in pre-
dicting cannibalism between fish with known size
distributions.

In the present study, except for three cases, we
found that cannibalism occurred only when the
prey had equal or smaller sizes than that predicted
by the equation. However, although the three
cases that showed that cannibals were able to
ingest prey with larger TL than that calculated by
our morphometric measurements, the ratios of
TL

 

cannibal

 

/TL

 

prey

 

 did not vary far from the expected
values. The cannibals in the three cases were less
than 40 mm. Grover found that pelagic early juve-
nile Nassau grouper 

 

E. striatus

 

 (20.2–27.8 mm),
were able to protrude their upper jaw, which
resulted in buccal gape expansion, in order to
ingest very large prey, such as fish larvae.

 

25

 

 This
could be an explanation for why the smaller can-
nibals were able to engulf the prey with a slightly
larger  size  than  that  predicted  by  the  equation.
In larger cannibals (

 

>

 

40 mm), the minimum
TL

 

cannibal

 

/TL

 

prey

 

 ratio with successful cannibalism
was 1.39. Therefore, we still suggest that the
threshold for TL difference, 26–35%, obtained
from equation 3 is reasonable and is safe to use in
grading giant grouper fry.

Size disparity for which cannibalism occurs
varies with different fish species.

 

5,15,26

 

 When com-
paring our equation with the regression models of
various marine fishes (listed in Table 1), we found
that the minimum TL of giant grouper cannibals
was much smaller than those of many marine
fishes when their prey had the same TL. For exam-

 

Fig. 2

 

Results of pairwise interactions in giant grouper
fry (

 

N

 

 

 

= 

 

136). The solid line represents the predicted
maximum prey size based on the equation:
TL

 

PR

 

 

 

= 

 

0.83TL

 

CA

 

 

 

- 

 

2.48. (

 

�

 

) when cannibalism occurred
among pairwise interactions; (
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) when cannibalism did
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ple, if prey TL is 30 mm, based on equation 3, a
giant grouper cannibal with a TL larger than
39.13 mm, in theory, can successfully ingest the
conspecific prey. However, successful sea bass

 

Lates calcarifer

 

 and striped amberjack 

 

Seriola
lalandi

 

 cannibals need to exceed 50.72 and
60.10 mm, respectively. A similar condition could
be found in the orange-spotted grouper. Its slopes
of MW and BD on TL are 0.20 and 0.25, respec-
tively.

 

14

 

 Therefore, we thought that the high relative
growth rate of MW to BD (i.e. comparatively wider
mouth and shallower body depth) is a generic
character of the genus 

 

Epinephelus.

 

 This could
make the grouper more particularly vulnerable to
cannibalism than many other fishes.

To sum up, based on the morphometric study,
we think that the giant grouper is comparatively
more vulnerable to cannibalism during larvicul-
ture than many marine fishes, and suggest that 26–
35% is a threshold in TL differences to use when
grading giant grouper fry, at which point, potential
cannibals should be removed. For fish like grouper
with lower cannibal-to-prey sizes, Baras and
Jobling suggested that the frequency of grading
must be higher, and that grading must be applied
over a longer time.

 

5

 

 We propose that grading will
produce a much better effect in decreasing canni-
balism when it is applied with other manipulations
such as suitable feeding practices, optimal stock-
ing densities, and supply of shelter, which have
also been demonstrated to be effective in reducing
fish cannibalism.

 

10,11,15,18,20,26
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