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Abstract

Two experiments were conducted in triplicate in order to study the effect of stocking densities on
survival (highlighting sibling cannibalism), growth and feeding of intensively cultured sea bass
larvae (50, 100, 150 and 200 fish 1~ ') and post-larvae (5, 10, 15 and 20 fish 1 ~ ). Experimental
populations were reared under controlled conditions in 50-1 cylindroconical tanks. Dead fish were
counted daily and classified into cannibalised and non-cannibalised. Total length and weight were
measured weekly. Results indicate that stocking density did not affect survival and growth of larvae.
No cannibalistic phenomena were observed at this stage. On the other hand, survival of post-larvae
was higher at 5 and 10 fish 1~ than at 15 and 20 fish 1 = ', while growth performance fluctuated
between the lowest value recorded in the group of 10 fish 1 ~ ! and the highest value in that of 5 fish
17", Feed intake in post-larvae was independent of stocking density. Cannibalism was the main
cause of death in post-larvae. Two types of cannibalism were detected: type I, attack from tail
(observed at the beginning of this stage) and type II, attack from head (observed at the end of the
stage). © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

In intensively cultured fish species, there are demands for more efficient early stages
production due to low survival rates (Baras et al., 1999; Baskerville-Bridges and Kling,
2000). To meet current needs, farmers resort to increasing stocking density. Density is one
of the most deterministic factors in larviculture, affecting social interactions such as
aggressiveness (Kaiser et al., 1995; Sakakura and Tsukamoto, 1999), hierarchical
phenomena (Schreck, 1981) and cannibalism (Katavic et al., 1989; Moore and Prange,
1994), resulting in variations in size, survival and growth performance in fish populations
(Sheikh-Eldin et al., 1997).

Cannibalism is the limiting factor in larviculture for a variety of fish species (Van
Damme et al., 1989; Kestemont et al., 1995; Stephanou et al., 1995; Morrow et al., 1997;
Baras, 1999; Baskerville-Bridges and Kling, 2000). Sibling cannibalistic phenomena are
strongly related not only to stocking density, as stated above, but also the nutritional state
of fish (Baras, 1999), population weight variation (Mélard et al., 1996), and to non-
biological parameters such as water temperature (Mélard et al., 1997) and light (Baras et
al., 1999), significantly increasing fish mortality in early stages and contributing to higher
production cost.

The European sea bass (Dicentrarchus labrax) is one of the most popular cultured
species in the Mediterranean region. All growth stages take place in intensive conditions
and sea bass culture is profitable for the aquaculture industry. However, difficulties mainly
in the early stages of its cultivation relating to skeletal deformities (Chatain, 1994;
Boglione et al., 1995; Divanach et al., 1997), feeding (Cahu and Zambonino Infante,
1994) and rearing conditions (Barahona-Fernandes, 1979; Cerqueira and Chatain, 1991)
restricted the number of available fish for further development. Nowadays, most of these
difficulties have been overcome. However, to our knowledge, the common practice of the
very high densities and their effects on sea bass larviculture has not been adequately
studied, though preliminary attempts in lower densities have been performed (Barahona-
Fernandes, 1981) and cannibalism is present in some of these stages affecting their
survival, as Katavic et al. (1989) stated in their work.

In the present study, two critical phases of sea bass development (larval and post-larval
stages) were examined under intensive rearing conditions, in order to determine the effects
of stocking density on survival rate (highlighting sibling cannibalism), growth perform-
ance, weight variation and feeding status of fish.

2. Materials and methods

Experiments were conducted at the Institute of Marine Biology of Crete, Greece, in two
subsequent phases, larval and post-larval rearing.

2.1. Phase 1: larval rearing

Sea bass eggs obtained from a captive broodstock well acclimated to rearing
conditions were counted and separated into experimental tanks in order to have final
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four stocking densities: 50, 100, 150 and 200 larvae 1~ '. All treatments were conducted
in triplicate for 30 days. Incubation, hatching and pre-larval stage were carried out under
total darkness in 50-1 cylindroconical tanks connected to an open water system. Larvae
were reared in the same tanks using the reliable “clean water” technique (Divanach and
Kentouri, in press) which, for this species, gives the best results in terms of survival and
quality. Water circulation from the bottom provided by an airlift system and aeration
ensured a gentle homogenisation (Divanach et al., 1998). Both the rate of water
circulation (from days 1 to 30) and water renewal (started on day 10 until day 30) were
gradually increased from 5% to 40% h ~ '. During the experimental period, light intensity
was gradually increased from 5 to 100 Ix and the light phase was regulated to last 14 h
(08:00 to 22:00 h). At the same time, ambient temperature increased gradually from 16 to
23 °C, salinity was 40 + 0 %o, and oxygen level was maintained at 6.0 + 0.5 mg 1~ '.
Larvae were fed live prey enriched with Selco (Artemia Systems, Belgium): Brachionus
plicatilis (Br), Artemia nauplii (AO) and 1-day-old Artemia (A1), according to the feeding
schedule (from days 1 to 10 of exogenous feeding, 5—8 Brachionus ml~' h~' was
distributed; from days 11 to 20, Brachionus was decreased gradually and Artemia A0 and
Al was increased up to 1-2 individuals ml ~ "h = from days 21 to 25, Artemia A0 and
Al were supplied; from days 26 to 30 only, Artemia Al was supplied) as proposed by
Divanach et al. (1998).

2.2. Phase 2: post-larvae rearing

Post-larvae originated from the same batch of eggs and were reared in the early stages
under similar conditions described for phase 1. At 35 days, post-hatching (17.05 mm in
length), they were transferred to 50-1 cylindroconical tanks and divided into four groups
according to the following stocking densities: 5, 10, 15 and 20 post-larvae 1~ '. Each
group was tested in triplicate and the experiment lasted 22 days.

During the experiment, light intensity was 100 Ix (daily light phase from 08:00 to 22:00
h), temperature and salinity were 23 &+ 2 °C and 40 + 0 %o, respectively, and the oxygen
level was maintained at above 6 mg 1~ '. At the beginning of the experiment, water
circulation and water renewal was 50% and 10% h ', respectively, and both gradually
increased to 80% h ~ ! at the end. Post-larvae were fed with live 1-day-old Artemia (A1)
enriched with Selco (1—2 individuals ml ~ ! gradually decreased until day 11) and artificial
food (Af) (Lansy A2, Lansy W3) gradually increased and distributed ad libitum (reaching
10% of biomass tank ~ ' day ~ ') throughout the experiment.

2.3. Parameters studied and data analysis

Temperature, dissolved oxygen, salinity, pH and light intensity were monitored daily
for both phases.

Total length and individual wet weight were measured in order to determine growth
performance. Therefore, samples consisting of 30 individuals per tank were taken on days
1, 10, 20 and 30 for the larvae phase and 5% of the initial stocking density per population
was sampled on days 1, 8, 15 and 22 for the post-larvae phase. All samples were taken at
08:00 h before food supply and measured in vivo under a stereoscope and a Mettler AT
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201 balance (accuracy of 0.01 mm and 0.01 mg for the larvae, and 0.1 mm and 0.1 mg for
the post-larvae, respectively).

In order to study individual food consumption for the post-larval phase on the same
days mentioned and 30 min after the first feeding, 5% of each initial stocking density was
sampled.

Behavioural observations (events of aggressiveness between siblings, the way of
population dispersion, attacks due to cannibalism) were made early in the morning before
the first food supply and during photophase before and after feeding. In case of
morphological abnormalities or lesions indicating cannibalism, photos were taken of live
and dead fish under an Olympus SZH stereoscope with an Olympus Om-4 camera.

Mortality was estimated daily by counting all dead fish removed from the tanks during
surface and bottom cleaning.

Final observed survival (So) estimation was based on the formula of Bergot et al.
(1986), which takes into account the daily counting of the dead fish and the number of fish
removed for sampling purposes:

(no—dy) (no—dy —s1 —dy) (ng—di —s1 —dr — 55 — ds)
no (l”lo —dl —S1) (I’lo —dl — 51 —dz —SQ)

So (%) = % 100

where: ny was the initial number of fish; d; was the number of dead fish during the first
period (between the first and the second sampling); s; was the number of fish sampled in
the second sampling; d>» was the number of dead fish during the second period (after the
second and before the third sampling); s, was the number of fish sampled in the third
sampling; and d3 was the number of dead fish during the third period.

Cannibalism was estimated in two ways: directly, by enumeration of cannibalised dead
fish (characterised by heavy damage to dorsal, anal and mainly to the caudal fin) removed
from the rearing tanks; and indirectly, by the number of missing fish at the end of the
experiment that we assumed were victims completely ingested and digested as already
reported by Katavic et al. (1989) and Van Damme et al. (1989). The percentage of missing
fish over the final number of live fish was evaluated by the following equation:

M (%) = {(nf"f SJ % 100

where ny was the final number of fish counted at the end of the experiment, s was the total
number of fish sampled and n,, was the missing fish due to cannibalism.
Specific growth rate was evaluated by the following formula:

InW; — ani>
t

SGR (% day™!) = < x 100

where W, and Wy were mean initial and final individual weight, respectively, at time ¢.
Population variation was estimated using weight variation:

CV (%) = <%> % 100
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where S.D. was the standard deviation of individual weight and m was the mean individual
weight.

Food consumption in sea bass post-larvae was estimated by a method based on the
constant relationship between head weight (x) and total body weight (y) of unfed fish
(Person Le Ruyet et al., 1993). A calibration curve between these two variables was
determined using data collected from individual post-larvae sampled on days 8, 15 and 22.
After feeding, samples of fed fish were collected from each tank, fish were weighed
individually, dissected and their head weight used to estimate their theoretical body weight
before feeding, based on the calibration curve formed by the equation:

y = 0.039x% + 1.95x + 5.83.

For each fish weighed individually, the head was dissected behind the skull perpen-
dicular to the longitudinal axis and weighed with a precision of 0.1 mg. Individual feed
intake was calculated as the difference between measured and estimated weights. It was
expressed in absolute (mg of food ingested) or in relative values to the body weight (% of
body weight). Inter-individual coefficient of feed intake or of relative feed intake was
calculated.

Data were compared by one-way analysis of variance (one-way ANOVA) followed by
the least square difference multiple range test (Tukey) when differences between means
were significant (P <0.05).

3. Results
3.1. Larval phase

Biological parameters concerning the larval stage of sea bass are shown in Table 1. The
initial stocking density did not affect survival, which ranged from 52.6% to 60.7%. No
cannibalism was observed at this development stage. Percentage of missing fish was
similar in all groups. These fish were not counted and deducted with the dead larvae from
the tank bottom at the end of the experiment. It was assumed that these fish were lost due
to disintegration. Repeated direct observations during the day, especially when fish were

Table 1
Mean values ( £ S.D.) of the biological parameters during the larval stage of sea bass kept in different stocking
densities (n=23)

50 larvae 1~ ' 100 larvae 1 = ' 150 larvae 1~ ' 200 larvae 17!
Final observed survival (So, %) 53.68 £8.01 56.31+2.27 52.63 £3.75 60.71 £5.05
Missing fish (M, %) 5.67+£1.22 5.16 £0.34 4.92 +£0.50 4204043
Initial individual weight (W;, mg) 0.45 +0.00 0.45+0.00 0.45 £+ 0.00 0.45+0.00
Final individual weight (W, mg) 6.21 £0.26 6.22+0.24 5.77 £ 0.50 5.85+0.87
Initial total length (L;, mm) 5.12+£0.00 5.12+£0.00 5.12£0.00 5.124+0.00
Final total length (L, mm) 12.03£0.19 12.08 +0.29 11.84 £0.35 11.87 £ 0.63

Initial coefficient of weight variation (CV;)  15.6 + 0.00 15.6 £ 0.00 15.6 + 0.00 15.6 + 0.00
Final coefficient of weight variation (CVy) 45.90 +5.34  45.68 +3.63 36.90 + 8.36 36.78 £ 9.35
Specific growth rate (SGR, % day ~ ') 8.75+0.14 876+0.13 8.50 £ 0.28 8.53+0.50
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Fig. 1. Observed daily mortality during rearing of sea bass larvae under four different stocking densities.

unfed, did not reveal any cannibalistic phenomena (attacks between siblings). Even dead
fish collected from the tanks did not have any sign of cannibalism. Most deaths were
recorded between days 6 and 10 (Fig. 1) and coincided with the onset of exogenous
feeding. A percentage of 10—20% of dead fish collected during the first 10 days of the
experiment were found not to have absorbed their lipid drop. After this period, the
mortality rate decreased. Dead fish were mostly unfed (80—85%) or suffered from swim
bladder hypertrophy (10—15%).
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Fig. 2. Mean individual weight (solid lines) and total length (broken lines) of the experimental populations of sea
bass larvae reared under four different stocking densities.
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Fig. 3. Individual weight distribution of sea bass larvae kept in four different stocking densities. Broken line refers
to the distribution of the overall initial population and solid lines to the distribution of the respective larval
populations at the end of the experimental period.

No significant differences among the four fish groups were found in terms of body
weight and total length (Fig. 2). Specific Growth Rate proved rather to be stable varying
between 8.5% and 8.8% of body weight. A tendency towards better growth was observed
in groups of 50 larvae 1 ~ ' and 100 larvae 1 ~ ' but this is not confirmed by the statistical
test applied.

Individual weight distribution of final populations is presented in Fig. 3. The coefficient
of weight variation was estimated to be 15.6% at the beginning of the experiment and
increased in all treatments up to 36.8—45.9% at the end. There was no significant
difference among treatments.

3.2. Post-larval stage

In Table 2, the mean values of biological parameters estimated for the post-larval stage
of sea bass are presented. Survival was significantly higher in low stocking densities
(5 and 10 post-larvae 1 ~ ). In all treatments, missing fish were recorded at the end of the
experiment. Since cannibalistic behaviour was observed from the first day of the experi-
ment and all dead fish could be found at the tank bottom, it was considered that the
missing fish were lost due to cannibalism. The number of missing fish in the highest
density (20 post-larvae 1 ~ ') differed significantly from the missing fish found in densities
5 and 15 post-larvae 1 ~ '. Many deaths were recorded during the first 5 days but most were
recorded after day 13 when the fish were fed exclusively with artificial food (Fig. 4). Daily
observations showed that dead fish removed from the rearing tanks were all cannibalised
and the typical symptoms were heavy damage to dorsal, anal and mainly to the caudal fin.
Cannibals often remained in the lower part of the tank while swimming and attacked their
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Table 2
Mean values ( = S.D., n=3) of the biological parameters during the post-larval stage of sea bass kept in different
stocking densities

5 post-larvae 1 =' 10 post-larvac 1 = 15 post-larvac 1 ~' 20 post-larvae 1 '

Final observed 63.65+2.84, 60.20 £ 3.30, 44.69 + 2.81,, 48.35+2.73
survival (So, %)

Missing fish (M, %) 0.90 £1.13, 3.06 £0.87,, 144+ 1.13, 525+ 1.21,

Initial individual 25.56 = 0.00 25.56 +0.00 25.56 + 0.00 25.56 +0.00
weight (W, mg)

Final individual 60.54 + 6.13; 4042 +8.11, 5146+ 4.51,, 58.23 + 6.77,
weight (W, mg)

Initial total length 17.05 +0.00 17.05 + 0.00 17.05 £ 0.00 17.05 £ 0.00
(L;, mm)

Final total length 21.53 +£0.41, 19.60 + 1.59, 20.44 +0.35, 21.10 + 0.53,,
(Lg, mm)

Initial coefficient of 44.20 £ 0.00 44.20 + 0.00 44.20 £ 0.00 44.20 = 0.00
weight variation (CV;)

Final coefficient of 54.78 £ 7.67 62.62 + 11.38 5422 +10.45 57.77 £3.63
weight variation (CVy)

Specific growth rate 3.90 + 0.45, 2.02+0.97, 3.17+0.41,, 3.72 £ 0.52,

(SGR, % day ~ ")
Means with different subscript letters in the same line differed significantly (P <0.05).

victim catching them by the caudal fin. The head or the rest of the body with skeletal
remains was rejected but some cannibals suffocated with the prey in the mouth (Fig. 5). An
abandonment of prey caused other attacks to wounded fish and even same size individuals
could become cannibals. After the second week of the experiment, the biggest members of
each population caught their prey from the head and swallowed it whole or progressively.
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Fig. 4. Observed daily mortality per treatment during the rearing of sea bass post-larvae under four different
stocking densities.
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Fig. 5. Cannibalism during sea bass post-larval rearing. (a) The predator caught the prey from the caudal region.
(b) Predator suffocated with the victim in mouth. Skeletal remains of the spinal column of a previous victim can
been seen at the anus.

Examinations of stomach content of such cannibals showed that the unique food was other
siblings. No dead fish sinking slowly or lying on the tank bottom were attacked or
ingested.

Mean body weight and total length fluctuation throughout the experiment is presented
in Fig. 6. Final body weight was equivalent at the densities of 5, 15 and 20 post-larvae 1 ~'
but higher than the group of 10 post-larvae 1~ ' (Table 2). Specific growth rate in the
density of 10 post-larvae 1 ~ ' was significantly lower compared to the density of 5 larvae
1~ '. The coefficient of weight variation (CV) increased from 44.2% at the beginning of
the experiment to 54—62%. The final CV was independent of stocking density (Table 2).
Fig. 7 presents the weight distribution of populations, which altered from a peaked profile
to a flat one with a positive skewness to bigger fish over the experiment.

Correlation between head weight and body weight of post-larvae was high (*=0.96)
and provided an estimation of theoretical body weight from which feed intake could be
estimated. Because of an accidental desiccation, all the samples for the 15 larvae 1"
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Fig. 6. Mean individual weight (solid lines) and total length (broken lines) of sea bass post-larvae kept in four
different stocking densities.

could not be used for the calculation of feed intake. In the samples taken on day 8, no
significant relation (P > 0.05) was found between density and feed intake. It is worth
noting that a high percentage (64.7%) of unfed fish was noticed in the lowest stocking
density (5 post-larvae 1 ~'). No such phenomenon was observed in the stocking densities
of 10 and 20 post-larvae 1~ ' (30% and 45% of unfed fish, respectively). On day 22, feed

---o--- Initial population
—— 5 post-larvae/l
—o— 10 post-larvae/l
—a— 15 post-larvae/l

—»— 20 post-larvae/l

No of fish

70 90 110 130 150 170 190
Weight (mg)
Fig. 7. Individual weight distribution of sea bass post-larvae kept in four different stocking densities. Broken line

refers to the distribution of the overall initial population and solid lines to the distribution of the respective post-
larval populations at the end of the experimental period.
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intake and relative feed intake increased with stocking density, although this relation was
not significant (P> 0.05). Inter-individual coefficient of variation for feed intake and inter-
individual coefficient of variation for relative feed intake decreased non-significantly with
density (P> 0.05).

4. Discussion

The present study shows that the stocking densities examined did not affect the
survival of sea bass larvae. The observed mortality was likely due to the adaptation to
exogenous diet. Sea bass larvae do not consume exogenous food as soon as their mouths
open (Deplano et al., 1991). Their growth is supported by the assimilation of oil globule
reserves progressively replaced by continuously larger amounts of live prey. The rate of
oil globule assimilation depends on the quality and quantity of prey consumed (Di-
vanach and Kentouri, 1983). In the present study, the maximum mortality recorded
during the larval stage from days 6 to 10 of exogenous feeding seems to be due to the
exhaustion of energy resources because of unknown reasons as already stated by Person
Le Ruyet et al. (1993). Daily observations of dead fish showed that most of them had
empty stomachs even if plenty of food had been added hourly during daylight. Others
had intact oil globules.

After day 10, larval development was based only on exogenous food. Larvae fed
efficiently and their mortality rate decreased significantly. Dead fish were found mainly
with empty stomachs and sly with swim bladder hypertrophy. No cannibalistic behaviour
of sea bass larvae was observed and no signs of cannibalistic attacks were deducted from
the dead fish collected daily. No cannibalistic attack was recorded in the larvae of other
species such as red porgy, Pagrus pagrus, (Stephanou et al., 1995) and marine silverside,
Odontesthes argentinensis (Sampaio and Phonlor, 1996), but it was not the rule as larval
cannibalism was described in Koi carp, Cyprinus carpio (Van Damme et al., 1989) and
vundu, Heterobranchus longifilis (Baras, 1999). Missing fish calculated at the end of the
experiment were probably the result of disintegration.

At the end of larval rearing, mean total length, growth rate, body weight and
coefficient of weight variation were similar in all treatments, indicating that stocking
density was not a limiting factor during the intensive larval rearing period. Similar
findings were recorded in other reared species (Kaiser et al., 1995; Duray et al., 1996;
Sampaio and Phonlor, 1996; Baskerville-Bridges and Kling, 2000). The applied rearing
methodology (Divanach et al., 1998) on sea bass larvae seemed reliable and not limited
by high stocking densities. Population weight distribution was similar in all treatments
throughout the larval period.

In sea bass post-larvae, survival was strongly affected by stocking density. Results
revealed that survival significantly improved at the densities of 5 and 10 post-larvae 1 ~'.
Cannibalism was identified as the most important factor inducing mortality during this
stage. It was dependent on the population density, increasing drastically during the
transition period from live to artificial feed. Timing of transition in rearing and its effects
on mortality and cannibalism have already been described for other species (Paller and
Lewis 1987; Folkvord, 1991). Daily observations showed that all dead fish removed from
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the rearing tanks over the experimental period had been cannibalised. The increased
mortality recorded in the first 5 days of this experiment was probably due to the adaptation
of the fish to experimental conditions. The second increment was observed after complete
weaning when live food was totally replaced by artificial dry food.

Sea bass post-larvae exhibited two types of cannibalism: (I) attack and ingestion from
the tail and (II) attack and whole ingestion from head. At the beginning of the experiment,
most of the cannibalised fish were damaged in the caudal fin and a few days later, they
were half eaten from the tail to the body. In the last week of the experiment, as the
differences in size increased, prey were caught from the head and completely ingested and
digested by the largest fish of each population. The shift from the first to the second type
was achieved when the predators reached a capable size and capture ability to consume
their prey’s head. Once begun, cannibalism continued even after food was given. Two
types of cannibalism were also distinguished during the early life stage of African catfish
Clarias gariepinus (Hecht and Appelbaum, 1988), Koi carp (Van Damme et al., 1989) and
vundu (Baras, 1999). Literature relating to cannibalism in the early life stages of sea bass
is extremely poor. Katavic et al. (1989) examined the cannibalism among sea bass
fingerlings and found a head-first cannibalism, which could be considered as the second
step in our findings. In contrast to the present study, the above authors recorded that heavy
damage to caudal fins was not a typical sign of cannibalism. Rather, they identified large
individuals with expanded abdomens or, more frequently, swimming with smaller-size
prey caught by head and half swallowed as presence of cannibals.

Present results revealed that the density of 10 post-larvae 1~ ' negatively affected the
growth rates in weight and length. Population weight distribution indicated that the
frequency of smaller fish increased in this fish group compared to the other groups. It is
not clear why this intermediate density influenced fish growth although in other species
such as Macquarie perch, Macquaria australasica (Sheikh-Eldin et al., 1997), similar
densities presented the best growth. It is known that density reduces fish growth due to
social interactions (mainly dominance), but in some species, very high densities in larval
stages (Macintosh and De Silva, 1984) or larger fish (Jobling, 1995) have the opposite
effect. In the present study, fish groups up to the density of 10 post-larvae 1~ ' followed
the principle of negative correlation between density and growth performance, but the
higher densities of 15 and 20 post-larvae 1 ~ ! seemed to promote fish growth. Coefficient
of weight variation merely supports these findings. The tendency of higher CV in the
density of 10 post-larvae 1 ' was expected to increase population interactions.

Feed intake in post-larvae was not affected by stocking density though there was a non-
significant positive relation between these two parameters. In all cases, individual feed
intake variation was very high. The percentage of unfed individuals in density 5 post-
larvae 1~ ! increased in the beginning (on day 8) compared to the other groups, but this
difference was not found later on (on day 22).

In conclusion, this study showed the different rearing response of larvae and post-larvae
of sea bass held in different stocking densities. Larval stage was independent of density as
growth and survival rates were similar in all groups. No cannibalism appeared. Post-larval
stage was negatively affected by stocking density. Cannibalism was the main cause of
death in this stage. The way of catching prey changed from tail-first to head-first. Ten
individuals per liter was the critical density for decreasing growth rate of post-larvae.
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