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Background. Under culture conditions, intra-cohort cannibalism is one of the main factors that affects the
growth and survival of fishes, especially during the early life stages of carnivorous species. Cannibalism is
chiefly influenced by environmental factors, but parental effects cannot be excluded. The complete elimination
of cannibalism in the larviculture of carnivorous fish species is virtually impossible, but it may be possible to mit-
igate its impact through a better understanding of the extrinsic and intrinsic factors that affect the intensity of can-
nibalism. The presently reported study had two complementary objectives: a) it examined how the
growth—cannibalism—survival dynamics in cultured larvae of European catfish, Silurus glanis Linnaeus, 1758, is
affected by maternal influence, and b) it evaluated the possibility of reducing cannibalism while supplementing
food with tryptophan (TRP), which is a precursor of serotonin that has a becalming effect on fish.

Materials and methods. Two 30-day experiments were conducted (OL : 24D, 26.5-27.0°C). In the first experi-
ment, 3—day old larvae of European catfish originating from four female parents (f1, {2, {3, and f4) were cultured
in full siblings groups. In the second experiment, larvae from all four progenies were reared together and fed
commercial diets supplemented with different doses of tryptophan (TO, T1, T2). Fish mortality including canni-
balism, growth, and biomass were estimated every 10 days during both experiments.

Results. In both experiments, cannibalism was the main cause of mortality and losses to type II (complete) can-
nibalism were higher than those caused by type I (incomplete) cannibalism. No maternal influence on cannibal-
istic behaviour was found. Tryptophan supplementation had no significant effect on fish growth or survival.
Conclusion. The results of presently reported studies confirmed that cannibalism is an important factor affecting
survival in larviculture of European catfish. Controlled conditions used in initial rearing of European catfish lar-
vae, significantly enhanced the survival of juvenile catfish in comparison to traditional pond culture.

Keywords: European catfish, larvae, cannibalism, culture conditions, maternal effect, tryptophan

INTRODUCTION

Increased interest in aquaculture of the European cat-
fish, Silurus glanis Linnaeus, 1758, in recent years result-
ed from both, good nutritional value of the flesh and
implementation of improved or new technologies on cat-
fish culture (Linhart et al. 2002). Efficient production of
European catfish larvae require controlled conditions,
especially during the initial rearing phase. The survival
rates of larvae, directly cultured in ponds, usually not
exceed several percent (Ulikowski and Borkowska 1999).
In predatory fish larviculture, intra-cohort cannibalism
has a major impact on survival, especially during the first

rearing weeks (Loadman et al. 1986, Katavi¢ et al. 1989,
Baras 1999, 2013). Cannibalism is facilitated by growth
dispersal, which enables large fish to prey on smaller indi-
viduals. It has also been proposed that some fish are just
“natural born killers” with a greater propensity to exert can-
nibalism than others (Baras and Jobling 2002).
Nevertheless in most instances, cannibalism corresponds to
an alternative feeding strategy, directly or indirectly influ-
enced by environmental factors rather than by any genetic
component (Hecht and Pienaar 1993, Svenning and
Borgstrem 2005, Baras and Jobling 2002, Baras 2013).
However, the effect of intrinsic-genetic factors on canni-
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balism cannot be excluded in absence of experimental
studies (Thibault 1974, Baras et al. 2014).

Cannibalism is mainly governed by size dispersal
among larvae. During the early life stages, when the size
heterogeneity of larvae is low, type I cannibalism (partial
and tail-first ingestion) occurs (Cuff 1980, Baras and
Jobling 2002, Baras 2013). Later, as size heterogeneity
increases, type I cannibalism is replaced by type II cannibal-
ism, which is characterized by total prey ingestion and gape-
size limitations (Cuff 1980, Hecht and Appelbaum 1988,
Hecht and Pienaar 1993, Baras 1999, Baras et al. 2000, 2003).
Growth dynamics of a cohort of larvae is usually affected
by multiple interactive and non-interactive factors such as
environment and population structure, respectively
(Kestemont et al. 2003). Baras and Jobling (2002) identi-
fied several population factors, as well as extrinsic factors
(environmental structure, temperature, light intensity,
food availability, and food quality) that regulate size het-
erogeneity and cannibalism in fishes. However, effects of
intrinsic factors—including maternal or paternal effects—
on growth heterogeneity (which is the main cause of can-
nibalism) in larval or juvenile stages, have been showed
in several species (Saillant et al. 2001, Babiak et al. 2004,
Butts and Litvak 2007, Ottesen and Babiak 2007, Adamek
et al. 2011, Nufiez et al. 2011).

To date, attempts to mitigate cannibalism in larviculture
have mainly focused on routine size grading, environmen-
tal and population factors, or food quantity and quality,
with special emphasis to weaning schedules (from live food
to formulated diets). An alternative could be using dietary
factors that reduce cannibalistic behaviour. Tryptophan
(TRP) is a precursor of serotonin (5-HT), which is known
to reduced aggression in vertebrates, including fishes.
Increased TRP content in the feed enhances fish brain sero-
tonergic activity with stress-releasing effects (Johnston et
al. 1990, de Pedro et al. 1998, Winberg et al. 2001, Lepage
et al. 2002) or decreased aggressive behaviour (Winberg et
al. 2001, Hseu et al. 2003, Hoglund et al. 2005). However,
relatively high levels of serotonin tend to limit food intake
in fish (de Pedro et al. 1998, Hseu et al. 2003, Papoutsoglou
et al. 2005a).

The presently reported study aimed to investigate
potential maternal influence on cannibalism, growth, and
survival in European catfish larvae. In a second experi-
ment, the potential effects of dietary tryptophan supple-
mentation on growth—cannibalism—survival dynamics
were examined.

MATERIALS AND METHODS

Fish. The larvae used in both experiments originated from
the artificial reproduction of captive broodfish belonging
to the Department of Sturgeon Fish Breeding of the Inland
Fisheries Institute in Olsztyn, Poland. Four separate batch-
es of eggs, originating from four female fish (Table 1)
were fertilized by the “dry method” using semen from the
same male and were incubated in four Weiss jars at 23.0
+ 1.0°C until hatching (48 h). Fifty eggs were randomly
sampled from each female and digital images were taken
(before and 24 h after fertilization) for analysis of egg
diameter. Larvae were kept in separate hatching tanks
(100 L volume) for the next 2 days before the onset of the
both experiments.

Design of Experiment 1. On day 3 post-hatching (con-
sidered as the day 0 of the experiment), four experimental
groups of full siblings (f1, f2, 3, and f4) were set in trip-
licate. These larvae were cultured in glass aquaria with
a volume of 6 L each, in an indoor water recirculating sys-
tem. Each aquarium was stocked with 120 larvae (with the
density of 20 larvae - L ™).

Design of Experiment 2. Two commercial diets, Perla
Larva Proactive 5.0 (Trouvit Nutreco Holland) and Aller
Futura EX Gr2 (Aller Aqua, Denmark) were used for
preparing the experimental diets (T1, T2) and as the con-
trol diet (TO). Formulated diets contained 62% and 64%
protein, 11% and 12% lipid, and 10% and 5% carbohy-
drates for first and second diet, respectively and both were
recommended for catfish larvae and juveniles.
Supplemented diets were prepared by the sprinkle method,
containing 10 g TRP - kg™! (T1) and 20 g TRP - kg' (T2).
The TRP (crystalline L-tryptophan, Sigma, USA) of each
treatment was weighed, dissolved in hot water plus
ethanol, then sprinkled on the commercial diet and vapor-
ized using vacuum chamber (AGA Labor, Lublin,
Poland). The diets were dried at room temperature and
stored at —20°C before use. To avoid palatability effect,
TO was sprinkled with ethanol solution without addition
of tryptophan. In the same time as in Experiment 1, the
remaining larvae, originating from four females, were
mixed and randomly divided in three experimental groups
(TO, T1, and T2; also in triplicate). Experiment 2 was con-
ducted in the twin recirculation system with the same den-
sity of larvae as described in Experiment 1.

Table 1

Characteristics of females of European catfish, Silurus glanis, and diameter of their eggs

Egg diameter [mm]
Female We]?g}iy[g] GST %] Before fertilization 24 h after fertilization
fl 3412 17.76 2.35+0.21 3.43 +£0.09
2 2773 15.07 2.28 £0.09 3.25+£0.07
3 3266 21.06 249+0.11 3.49+0.27
4 3876 13.47 2.27+0.13 3.30+0.05

Egg diameter values are mean + standard deviation.
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Experimental trials. All other experimental settings and
measurements were the same for both experiments. Before
the experiments, 30 larvae from each experimental group
were sacrificed by using an overdose of anaesthetic (2-phe-
noxyethanol; 2 mL - L") then individually weighed (to the
nearest 0.0001 g). Both experiments lasted 30 days. Larvae
were fed exclusively Artemia nauplii for the first 3 days of
the experiment. Then, they were gradually switched to a dry
food (Perla Larva Proactive 5.0). After 7 days, fish were fed
exclusively dry food (from 20 day, Perla Larva Proactive
5.0 was replaced by Aller Futura EX Gr2). During the first
10 rearing days larvae were fed ad libitum four times a day
(0900, 1200, 1500, and 1800 h). From day 10 through day
20, the daily food ration was set at 30% of the stock bio-
mass. In the last 10 rearing days this ration was reduced to
18% of the stock biomass. The photoperiod was set at
OL : 24D. Water temperature, oxygen concentration, and
pH were measured daily (Table 2). Intermediate weight
measurements (# = 15 in each tank) were taken on days 10
and 20. In both cases, fish were sacrificed for weighing
and not returned to the tanks. On the same days all sur-
vivors were counted in each tank. Dead fish were removed
daily and ranked as truncated (posterior damaged or tailed-
off) or non-truncated: starving, intact, or with traces of
bites on the abdomen or head. Truncated individuals were
considered as victims of type I cannibalism and non-trun-
cated fish as deaths from other causes (Baras et al. 2003).
At the end of the experiments all survivors per tank were
counted and weighed. Missing fish were considered as vic-
tims of type II cannibalism. Coefficients of variation in
body weight [%], were calculated for each day of measure-
ment (CV?, CV'0, CV?, and CV3?) based on the formula:
CV =100 - SDy- W'

where W is the average body weight and SDy is the stan-
dard deviation of body weight.

Specific growth rates (SGR) [%day '], were calculat-
ed for each measurement day (SGR®'°, SGR!''"2°, and
SGR?!-3%) based on the formula:

SGR =100 - (LnW,—LaW,) - ¢!
where W and W, are initial and final average body weight
between measurements [g] and ¢ is the time interval
between weight measurements. The total SGR (SGR?3?)
over the entire rearing period was also calculated.
Statistical analyses. Egg size, growth, mortalities, sur-
vival, and biomass were compared using one-way
ANOVA. Normality of parameters distribution was tested
by Kolmogorov—Smirnov test. The data expressed in per-
centages were Arcsin transformed prior to statistical analy-
sis. Significance of differences between groups was estimat-
ed using a post hoc Duncan’s multiple range. For the com-
parison of CV values, a non-parametric Kruskal-Wallis
test was used. Multiple-regression analysis was used to esti-
mate relations between egg size, growth parameters, all
types of mortalities, and survival (7 correlation coefficient).
Null hypotheses were rejected at P <0.05. Analyses were
performed using Statistica software (StatSoft).

* Value of Fisher’s test.

Ethical issues. The experiments have been carried out in
accordance with regulations of the Animal Ethics
Committee in Olsztyn, Poland.

RESULTS

Experiment 1. There were no significant differences
between the egg diameters of the four spawns, neither
before nor after fertilization (Table 1). No effect of egg
size on the initial body weight of larvae was observed.
The initial body weight (W) of larvae originating from
the four different females did not differ among groups and
averaged 0.014 g (Table 3). At the end of the experiment
(day 30), the mean body weight in f4 (1.79 g) was signif-
icantly lower than in f2 (2.26 g), while other progenies
had intermediate results (Table 3). By contrast, there was
no effect of maternal origin on intermediate body weights
and the specific growth rate (SGR) did not differ among
all experimental groups (Table 3). Size dispersal (CV of
body weight) increased by about a 3-fold margin between
the beginning and the end of experiment, but it did not dif-
fer among maternal origin (Table 3).

In every situation losses to type II cannibalism were
higher than those by type I cannibalism, whatever the mater-
nal origin (Fig. 1). Type II cannibalism in the last ten days
of the experiment was significantly higher than in the pre-
ceding days, whereas mortality caused by type I cannibal-
ism was similar throughout the experiment (Fig. 2a, b). The
average final survival rates varied from 62.6% to 71.6% and
did not differ as a function of maternal origin (Table 3). In
contrast to the situation with type I cannibalism (which is
independent upon the extent of size dispersal), type II can-
nibalism significantly and negatively impacted final sur-
vival (r = —0.93; F* = 38.44; P < 0.01). Situations where
type II cannibalism was more intense resulted in higher
average body weight (r=0.75; F=7.76; P =0.01), because
the predation by large individuals resulted in the removal of
the smallest individuals, and thus in a larger size of sur-
vivors. Mortalities due to other causes than cannibalism
were infrequent, they did not differ among groups (Fig. 1)
and they did not affect final survival differently (P > 0.05).
Experiment 2. Over the entire experiment, the average
body weight of fish increased from 0.013 g (day 0) to
more than 1.6 g (day 30). Size dispersal (CV body weight)
increased by a three-fold margin during the experiment

Table 2
Water parameters during 30 days of rearing
of European catfish, Silurus glanis,
in Experiment 1 and Experiment 2

Water parameters Experiment 1 Experiment 2
Temperature [°C] 26.8+0.6 26.5+0.5
Oxygen concentration 5 15 1 53 6.64 = 0.42
[mg L]

pH 7.65 +0.48 8.13+0.21

Values are mean + standard deviation.
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(Table 4). There were no significant effects of food sup-
plementation with TRP on final and intermediate body
weights, biomasses or size dispersal (Table 4).

As during the first experiment, type II cannibalism
was the main cause of mortality here, but the contribution
of type I cannibalism was proportionally higher than dur-
ing Experiment 1 (Fig. 3). The intensity of type I canni-
balism was affected by the TRP content, but exclusively
during the first 10 days of the experiment, when the high-
est mortality was observed in group T2 (Fig. 4a). In the fol-
lowing days, differences between groups were no longer
significant (Figs. 3 and 4a). Type II cannibalism was not
affected by TRP content at any age (Figs. 3 and 4b).
In Experiment 2 just like in Experiment 1, type II canni-
balism during the last ten rearing days was significantly
higher than in the preceding days (Fig. 4b). The average
survival at the end of Experiment 2 did not differ among
groups (Table 4). Mortality caused by both types of can-
nibalism (I and II) significantly and negatively affected
the final survival (r = -0.89; F = 9.77; P < 0.01).
Mortalities due to other causes were significantly higher
in T2 group than others (Fig. 1) but had no major impact
on final survival (P > 0.05).

DISCUSSION

Maternal effects. Larval growth or size heterogeneity
both impact substantially the cannibalistic behaviour in
young fishes, especially in predatory species with large
gape (Baras and Jobling 2002, Baras 2013). Several fac-
tors may contribute to larval growth, including genetic
effects (at both parental and population levels), and non-
genetic effects (such as maternal non-genetic contributions
and environmental conditions; Saillant et al. 2001, Butts
and Litvak 2007, Ottesen and Babiak 2007, Donelson et
al. 2009, Nuiiez et al. 2011). A clear impact of parentage
on larval growth or size heterogeneity has been found in
several species: Atlantic herring, Clupea harengus
Linnaeus, 1758 (see Panagiotaki and Geffen 1992);
European sea bass, Dicentrarchus labrax (Linnaeus,
1758) (see Saillant et al. 2001); Atlantic halibut,
Hippoglossus hippoglossus (Linnacus, 1758) (see Ottesen
and Babiak 2007); and Amazonian catfish,
Pseudoplatystoma punctifer (Castelnau, 1855) (see Nufiez
et al. 2011). In the presently reported study a weak but
significant female effect was observed on the growth of
the European catfish larvae but not on size heterogeneity.
Differences in early growth of larvae in relation to mater-
nal contribution have often been related to egg size in sev-
eral fish species, including Atlantic salmon, Salmo salar

Table 3
Growth, size dispersal, survival, and mortality caused by cannibalism of larvae of European catfish,
Silurus glanis, originating from four different females (Experiment 1) during 30 days of rearing
Maternal fish
Parameter
f1 2 f3 f4
we 0.0138 =£0.0016 0.0140 = 0.0016 0.0153 £0.0019 0.0139 £ 0.0012
we 0.095 +0.023 0.101 £ 0.007 0.097 £ 0.004 0.101 £ 0.005
w2 0.56 £0.11 0.54 £ 0.05 0.52+0.04 0.53+£0.12
W 1.90® £ 0.40 2.26*+0.37 1.96® +0.18 1.79° £ 0.41
B° 1.798 1.824 1.993 1.790
B 12.12+£3.17 13.01£1.08 12.21+£0.61 12.68 +0.45
B 5447+ 1141 57.75+2.45 51.60 +3.89 56.18 + 11.06
B 116.9°+15.8 149.4*+11.9 122.3+£2.9 118.5*+9.3
Ccve 12.17 11.76 12.51 8.88
cvh 27.61+14.14 25.54+6.52 29.69+9.14 32.58 +1.01
cv» 4323 +£534 44,18 £3.39 45.60 + 13.34 37.55+7.38
Ccv3 42.93 + 14.47 54.35+8.19 53.87+£9.44 49.43 £5.90
SGR ¢ 19.02 £2.42 20.07 £0.23 18.65+0.49 19.68 £0.52
SGR 20 17.68 £ 0.46 16.80 £ 1.67 16.77 £ 1.32 16.47+1.73
SGR 21 15.36 £0.20 17.84 £0.88 16.63 £2.18 1526 £0.15
SGR 3¢ 17.55+0.76 18.14 +0.59 17.33+0.33 17.32+0.84
S 64.7+5.2 71.1+8.2 62.6 8.3 71.6+10.4
c 342452 28.9+8.1 35.8+7.4 26.3+10.2

Parameters: superscript values denote the day of experiment; W = body weight [g], B = fish biomass [g], CV = coefficient

of variation of body weight [%], SGR = specific growth rate

[%- day '], S = survival at the end of the experiment [%],

C = Mortality caused by both types of cannibalism (type I and type II) [%]; Values are the mean + standard deviations of
three replicates; Values in the same a row, marked with different letters differ at P < 0.05 (one-way ANOVA or

Kruskal-Wallis test for CV).
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Linnaeus, 1758 (see Thorpe et al. 1984); brown trout, Salmo
trutta Linnaeus, 1758 (see Ojanguren et al. 1996); Atlantic
cod, Gadus morhua Linnaeus, 1758 (see Marteinsdottir and
Steinarsson 1998); and Siberian sturgeon Acipenser baeri
Brandt, 1869 (see Gisbert et al. 2000). In our experiment the
egg size did not differ significantly between the four
females of European catfish under study, so it is likely that
the observed differences in the final growth were rather
linked to effects related to environmental factors or yolk
characteristics, which can also vary between progenies, but
have not been studied here. Several authors concluded that
maternal effects could be largely offset by environmental
factors, in particular by the food availability (Donelson et
al. 2009). Furthermore, it should be reminded that size dif-
ferences that may emerge during the early life stages could
vanish a few months later (Ottesen et al. 2009).

Under culture conditions, cannibalism is the main fac-
tor that governs fish survival, especially in larvae and juve-
niles of fast growing predatory species like the European
sea bass (Katavi¢ et al. 1989, Kestemont et al. 2003);
vundu catfish, Heterobranchus longifilis Valenciennes,
1840 (sece Baras 1999); Eurasian perch, Perca fluviatilis
Linnaeus, 1758 (see Baras et. al 2003, Kestemont et al. 2003,
Babiak et al. 2004, Mandiki et al. 2007); pikeperch, Sander
lucioperca (Linnaeus, 1758) (see Hamza et al. 2007,
Szkudlarek and Zakes 2007, Szczepkowski et al. 2011);
barramundi, Lates calcarifer (Bloch, 1790) (see
Arockiaraj and Appelbaum 2011); and European catfish
(Koztowski and Poczyczynski 1999, Pruszynski and
Pistelok 1999). The results of presently reported study
confirmed that cannibalism was the main contributor to
the mortality of European catfish larvae and that losses to
type II cannibalism outnumbered those to type I cannibal-
ism, as documented in the vast majority of fishes under
culture conditions (Braband 1995, Baras 1999, Baras et
al. 2000, 2003, Babiak et al. 2004). In our study no mater-
nal influence on cannibalism and survival in European
catfish larvae was found. This is possibly because neither
the initial body weight of European catfish larvae nor
their size heterogeneity differed between progenies here.
In other studies, the maternal effects on larval mortality
were related to the size dispersal of larvae (Eurasian
perch, Babiak et al. 2004; sharptooth catfish, Clarias
gariepinus (Burchell, 1822), see Baras and d’Almeida
2001 and Adamek et al. 2011). It cannot be excluded that
within a progeny some individuals enjoy greater cannibal-
istic capacities than others, because of higher growth
potential or larger mouth dimensions, thereby accounting
for differences between the mortality rates due to canni-
balism in different progenies. However, recent studies on
the individual performance of siblings have suggested that
in fish species with strong cannibalistic tendencies canni-
bals were “lottery winners rather than natural born killers”
(Baras and Lucas 2010, Baras et al. 2014). Therefore, as
regards the larviculture of European catfish, cannibalism
can presumably be regarded as an alternative feeding
strategy, directly or indirectly influenced by environmen-
tal factors rather than by genetic components.

45 cannibalism type | ® cannibalism type Il mother than cannibalism
40

35

Mortality [%]
8

0 1
f1 f2 3 4
Group

Fig. 1. Respective contributions of incomplete (type I)
and complete (type II) cannibalism, and mortality
from other causes to the overall mortality rates in
experimental groups of larvae of European catfish,
Silurus glanis, originating from different females (f1,
2, f3, f4; Experiment 1), after 30 days of rearing; Bars
and whiskers are the means and standard deviations of
three replicates; No significant differences among
groups were found (P > 0.05)
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Mortality [%]
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Fig. 2. Dynamics of mortality caused by type I cannibal-
ism (A) and type II cannibalism (B) in experimental
groups of larvae of European catfish, Silurus glanis,
originated from different females (fl, {2, 3, f4;
Experiment 1) during 30 days of rearing; Symbols and
whiskers are the means and standard deviations of
three replicates; No significant differences among
groups were found (P > 0.05)
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Effects of tryptophan supplementation. Food availabili-
ty and quality are the most important factors that govern
dominance hierarchies and subsequent size dispersal which
can account for the emergence and intensity of cannibalism
within a fish cohort (Hecht and Appelbaum 1988, Hecht
and Pienaar 1993, Baras and Jobling 2002, Baras 2013).
The adjustment of feeding schedules, in terms of food
amount, energy content and uniform distribution of food
can greatly reduce losses due to cannibalism in intensive
culture (Kubitza and Lovshin 1999). Dietary supplementa-
tion of tryptophan (TRP) has been shown to reduce aggres-
sive behaviour in several fish species, including the orange-
spotted grouper, Epinephelus coioides (Hamilton, 1822) (see
Hseu et al. 2003); the Atlantic cod (Hoglund et al. 2005); the
rainbow trout, Oncorhynchus mykiss (Walbaum, 1792) (see
Winberg et al. 2001); and an Amazonian characid, Brycon
amazonicus (Spix et Agassiz, 1829) (see Wolkers et al.
2012). The aforementioned studies suggested that effects of
TRP on the reduction of aggressive behaviour in fish orig-
inated from a higher brain serotonin (5-HT) activity. In
European catfish larvae, food supplementation with TRP
did not result in lower cannibalism. Moreover in the first 10
rearing days the losses caused by type I cannibalism were
significantly higher in fish offered food with the highest
TRP content, although these differences vanished there-

after. As a reminder, TRP is the precursor of 5-HT, which
in turn is the precursor of melatonin. If activities of ary-
lalkylamine-N-acetyltransferase and hydroxyindole-O-
methyltransferase, the enzymes that are responsible for the
conversion of 5-HT to melatonin, are sufficiently high, then
an elevated dietary intake of TRP may result in elevated
plasma melatonin levels (Lepage et al. 2005a). This further
depends on day length, as the production of melatonin is
largely inhibited under bright light. In the presently report-
ed study catfish larvae were reared in constant darkness and
this could have resulted in a higher production of mela-
tonin, and thus lower concentration of 5-HT than in other
studies where the effect of TRP supplementation was eval-
uated. In the rainbow trout, the effect of elevated dietary
TRP on aggressive behaviour does not appear to be medi-
ated by melatonin (Lepage et al. 2005b). However, mela-
tonin has also been reported to affect aggressive behaviour
in a cichlid, the blue acara, Aequidens pulcher (Gill, 1858)
(see Munro 1986). It is possible that the way 5-HT or mela-
tonin affects aggression varies between fishes (Lepage et
al. 2005a).

Effects of TRP supplementation on aggression and
dominance hierarchies in fishes can also be mediated by
variations in growth, as high levels of serotonin tend to
limit food intake and growth in fish (de Pedro et al. 1998,

Table 4

Growth, size dispersal, survival, and mortality caused by cannibalism of larvae of European catfish, Silurus glanis,
fed feeds supplemented with tryptophan (Experiment 2) during 30 days of rearing

Parameter Treatment

TO T1 T2
we 0.0132 +£0.0016
who 0.071 £0.007 0.074 £0.001 0.085+0.011
w2 0.32+0.03 0.33£0.06 0.35+0.04
w30 1.61 +0.06 1.73 £0.08 1.73+0.12
B° 1.58
B 7.09 £0.68 7.35+£0.13 7.17£1.40
B> 30.39+£1.28 30.67 £4.43 27.95+6.83
B 81.27+1.46 92.82 +£10.56 89.31+5.76
cve 12.59
cv 2242 +£0.07 21.54+£3.43 2223 +1.44
cv2 4727 +8.10 47.70+4.23 38.32+11.68
Ccv3o 48.45+£6.07 45.85 +4.64 40.17 £4.50
SGR '-1° 19.55+0.99 19.94 £ 0.04 21.31+£1.21
SGR 120 15.15+£2.06 1492 +£1.94 1426 £0.17
SGR 2130 16.10 £ 1.41 16.68 £ 1.50 1594 £1.75
SGR 030 16.94 £0.12 17.18 £0.16 17.16 £0.23
S 71.3+59 73.3+0.8 67.3+7.0
C 26.3+£34 26.1£0.2 28.0+2.8

Parameters: superscript values denote the day of experiment; W = body weight [g], B = fish biomass [g], CV = coefficient

of variation of body weight [%], SGR = specific growth rate [%- day '], S = survival at the end of the experiment [%],
C = Mortality caused by both types of cannibalism (type I and type II) [%]; Treatment: TO = without TRP, T1 =10 g TRP
-kg™!, T2 =10 g TRP - kg"!;Values are the mean = standard deviations of three replicates.
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Hseu et al. 2003, Papoutsoglou et al 2005a, 2005b). These
effects are expectedly higher in the larger fish, presum-
ably the dominant ones, and which can consume a higher
proportion of the feed offered (Winberg et al. 2001).
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16
14 N
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ab
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u other than cannibalism

Mortality [%]
52 o o B

N

Fig. 3. Respective contributions of incomplete (type I)
and complete (type II) cannibalism, and mortality
from other causes in larvae of European catfish,
Silurus glanis, fed feeds supplemented with trypto-
phan (TO; T1; T2, Experiment 2) after 30 days of rear-
ing; Bars and whiskers are the means and standard
deviations of three replicates; Bars that are marked by
the same letter do not differ at P < 0.05

—+-T0 —a-T1 —A-T2

1 A

Mortality [%]

o =~ N W & O O N ® ©

10 20 30
Time [day]

—-T0 —=T1 —A-T2

Mortality [%]
N

3

10 ‘ : 50 ‘ 30
Time [day]

Fig. 4. Dynamics of mortality caused by type I cannibal-
ism (A) and type II cannibalism (B) in experimental
groups of larvae of European catfish, Silurus glanis,
fed feeds supplemented with tryptophan (TO; T1; T2,
Experiment 2) during 30 days of rearing; Values
marked with different letters differ at P < 0.05

However, in contrast to previous studies, there was no
effect of TRP supplementation on the growth of European
catfish larvae in the presently reported study. Again, this
could be due to rearing in darkness, which presumably
facilitated the conversion of serotonin into melatonin.
This will require further analyses, which are largely
beyond the scope of this study.

In conclusion, it is evident that the obtained results
demonstrated that both issues: the maternal effect and the
TRP-supplemented food did not influence the cannibal-
ism rate and finally the stock survival of catfish larvae.
The above-mentioned factors, however, may be equally
important for other fish species being cultured. On the
other hand, we demonstrated that rearing of European cat-
fish larvae, under controlled conditions, significantly
enhanced the survival of juvenile catfish in comparison to
traditional culture trials in ponds.
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