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Abstract — Pikeperch (Sander lucioperca) is commercially important as well as a valued culinary fish
with potential for intensive culture. One of the basic problems in pikeperch culture in recirculating
aquaculture systems is adapting early life stages to pelleted feed (PF). Our work compares four different
ways of adapting 6-week-old pikeperch fingerlings (standard length, SL=29.30+2.14 mm; weight,
W=0.38+0.08 g) to feeding on a commercial diet. The methods are designated, A — use of trainer fish
(Vimba vimba; SL=36.88 +3.28 mm; W=0.77 +0.26 g) and direct application of PF; B —use of trainer fish
and gradual addition of PF with natural food (natural feed (NF), chironomid larvae); C — direct application
of PF only; D — gradual addition of PF with NF. The growth trial experiment (including adaptation to PF)
lasted 14 days by which time all experimental groups were accepting PF. Pikeperch fingerlings in group A grew
significantly faster and PF was more readily accepted compared to other groups (SL=46.11+4.09 mm;
W=1.44+0.38 g; specific growth rate=9.48+0.83% day '). Other characteristics observed (total weight
increment, feed conversion ratio) also support the use of trainer fish and direct application of PF for pikeperch in
their adaptation to intensive culture. It is also an illustration of applicable use of learning potential in fish which

can be usable for other fish species.
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1 Introduction

The growing human population and the increasing demand
for quality and healthy food together with problems related to
over-harvesting of oceanic fisheries are the most important
factors which make aquaculture one of the most progressive
food-producing sectors today (Food and Agriculture Organi-
zation of United Nations, 2014). Recent developments in
aquaculture are exemplified by the use of intensive recirculat-
ing aquaculture systems (RASs) which provide solutions to
limitations of water resources and management of effluents —
i.e. to provide economic and environmental sustainability
(Martins et al., 2010; National Intelligence Council, 2012;
Buric et al., 2015). On the other hand, considerable effort is
spent on implementation of intensive culture for new species in
RAS. Pikeperch (Sander lucioperca) is commercially impor-
tant, attractive and valued for its culinary attributes and is
increasingly being reared in RAS in Europe, with potential for
further use in intensive aquaculture (Philipsen and van der
Kraak, 2008; Frisk et al., 2012; Hermelink et al., 2013). This is
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valid also for the related North American species, walleye
(Sander vitreus), which tends to be a more important
aquaculture species in Canada and USA (Summerfelt, 2004;
Zarnoch et al., 2010). Reproduction, both artificial and semi-
artificial, is well mastered and when combined with early pond
culture of larvae and fingerlings it is possible to obtain an
adequate supply of fish for adaptation to pelleted feed (PF)
(Badis et al., 2007; Policar et al., 2013a). There have been
other considerable advances in intensive perciform fish culture
and research, but a basic problem is to adapt the early life
stages to PF so as to take full advantage of their growth
capacity (Summerfelt, 2004; Policar et al., 2013a).

There have been different approaches to adapting a
predatory fish such as pikeperch to commercial PF. Various
species differ in the time of adaptation (age of adapted fish),
method (density, feed type, use of natural feed (NF) or cultured
live feed etc.) and their combinations (Summerfelt, 2004;
Molnar et al., 2004; Ostaszewska et al., 2005; Hamza et al.,
2007; Policar et al., 2013b). In walleye, clay turbidity is
considered essential for enhancing intensive walleye culture in
tanks, as it provides visual contrast for the prey and leads to
reduction of cannibalism and clinging behavior in larval stages
(Clayton et al., 2009). Taking growth capacity into account in
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relation to the technical difficulties, the most probable
optimization would be to adapt 6-week-old pond raised
fingerlings to a formulated pelleted diet and then habituate
them to it (Steffens et al., 1996; Summerfelt, 2004; Bddis et al.,
2007; Policar et al., 2013a). Six-week-old juveniles are 30—
50 mm and initiate predatory feeding (including cannibalism)
on fish (Antalfi, 1979; Steffens et al., 1996), which is the
optimal stage for training to a nutritious PF. Usually PF is
gradually and increasingly given so as to replace NF. Good
results have been achieved using chironomid larvae initially
with gradual addition of PF (Bédis et al., 2007; Policar et al.,
2013b). Recently, “trainer fish” such as previously trained
pikeperch and perch were used to facilitate the adaptation or
training to PF (Horvéth et al., 2013) but this approach has been
demonstrated only for yearlings and was unsuccessful.

However, the use of trainer fish seemed a promising avenue
for future research and practice especially for younger fish, as the
6-weeks-old pikeperch described above. There is a possibility to
gain from the usual behavioral patterns of earlier developmental
stages of fish such as shoaling behavior (Hager and Helfman,
1991; Pitcher, 2001) which can increase protection against
predators and optimal food gathering (Pitcher, 1986, 2001).
When fish form a compact shoal, then, apart from the above
mentioned benefits, they can learn from each other in space and
time, e.g. in the case of feeding behavioral patterns (Lachlan
etal., 1998; Chapman etal., 2008). Similar patterns, called social
learning, are known from different animal taxa and in a not
negligible extent also in teleost fish species (Laland and
Williams, 1997; Brown and Laland, 2003). Social learning was
successfully tested in hatchery reared fish for improving their
post-release survival (Brown and Laland, 2001). Our work could
show how to practically apply this behavioral concept in
commercial aquaculture.

We designed an experiment for 6-week-old pond-raised
pikeperch fingerlings which compared the gradual transition
from NF to PF, direct application of PF, and both approaches,
using a cyprinid “trainer fish” in RAS. The main goal of the
experimental work was to explore the potential benefits,
advantages or disadvantages, so as to find the most appropriate
method for pikeperch adaptation to PF. The results should
outline how to minimize inputs and maximize outputs in the
production of pikeperch fingerlings intended for further
intensive culture in RAS.

2 Materials and methods

2.1 Experimental animals and conditions

Fish were used from separate cultures of two species,
pikeperch and vimba bream (Vimba vimba). Pikeperch were
raised by a semi-artificial breeding approach using hormonal
stimulation and semi-natural spawning on provided transfer-
able substrates. Prior to hatching, nests with eyed eggs were
transferred to prepared ponds in May 2015 (Policar et al.,
2008; Krist'an et al., 2013; Policar et al., 2013b). After 6 weeks
of pond rearing, fingerlings (standard length, SL=29.30+
2.14 mm; weight, W=0.38+0.08 g) were harvested, accli-
mated to experimental conditions and stocked in tanks. The
trainer fish vimba bream, a cyprinid inhabiting lower or middle
reaches of warm rivers in Europe and western Asia (Kottelat
and Freyhof, 2007), was chosen due to its availability in time

Table 1. Experimental conditions in the recirculating aquaculture
system during experiment. Data are presented as mean + standard
deviation.

Parameter Mean + standard deviation
Water temperature (°C) 21.39 = 1.07
Dissolved oxygen (mgL™") 8.48 £ 0.85

pH 6.99 + 0.33
Ammonia, NH, " (mgL™") 0.22 + 0.06
Nitrite, NO,~ (mgL™") 0.22 +0.12

and good experiences with feeding with PF (Hamackova et al.,
2009). One-year-old vimba bream were harvested from
ponds in April 2015 and stocked in a flow-through system
for training to PF. After the PF acceptance, vimba bream
(SL=36.88+3.28 mm; W=0.77+0.26g) were moved for
acclimation to experimental conditions before stocking in the
experimental set-up.

Four types of experimental conditions were used: A —
pikeperch with trainer fish and direct application of PF, B —
pikeperch with trainer fish and gradual addition of PF to natural
food (NF, chironomid larvae), C —pikeperch without trainer fish
and direct application of PF, and D — pikeperch without trainer
fish and gradual addition of PF to NF. Each group consisted of
3600 pikeperch fingerlings and, in groups A and C, also of 720
vimba bream juvenile trainer fish. The initial biomass was
2.39kgm’ " with trainer fish and 1.69 kgm’ " without them.
Each experimental group was stocked in triplicate.

The experimental work, including fingerling rearing and
acclimation, was carried out in the RAS of the Experimental
Fish Culture Facility of Research Institute of Fish Culture and
Hydrobiology. Oxygen saturation levels and water temper-
atures (oximeter Oxi 3205 with CellOXx® 325, WTW Gmbh,
Weilheim, Germany) were monitored twice daily and pH (pH
meter pH 330i with SenTix 41, WTW Gmbh, Weilheim,
Germany), ammonia (NH4 ") and nitrite (NO, ") (by coloro-
metric analysis) content was monitored daily (Table 1).
Experimental tanks were Im x lm x 0.8m (0.8 m’ ); they
were cleaned daily. Light regime was set to 16 h light and 8 h
dark.

Fish were fed to satiation (feeding was stopped when fish
did not react to feed) hourly during the light period. That means
that feed was applied in total 15 times per day — feeding started
1 h after the beginning of light period and the last feeding was
conducted 1h before its end. Visual observations of fish
behavior were made during each feed application. Uneaten
feed was removed and the feed ration for the next hour was
weighed. Due to the feeding procedure used the amount of
uneaten feed was negligible and was not included in the
calculations, where only the amount of feed provided is used.
This complicated system of feed dosage was necessary to
maintain the pre-determined ratio between NF and PF, when
both diet components were applied. The daily feed rations of
PF and NF for all experimental groups are presented in Table 2.
Frozen chironomid larvae (NF) and a commercial PF (Inicio
Plus, Biomar A/S, Denmark) were used. The training or
adaptation period lasted 14 days, by which time all
experimental groups were well trained to the PF, and thereafter
only PF was given.
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Table 2. Daily feed rations in grams (wet weight was used for natural feed) in four experimental set-ups used for pikeperch adaptation to
commercial pelleted feed: pikeperch with trainer fish and direct application of pelleted feed (A); pikeperch with trainer fish and gradual addition
of pelleted feed to natural food (B); pikeperch without trainer fish and direct application of pelleted feed (C); pikeperch without trainer fish and
gradual addition of pelleted feed to natural feed (D). The proportion of pelleted feed (% of PF) in the total weight of applied feed is presented in

groups where natural (NF) and pelleted feed (PF) was used.

Day Pikeperch with trainer fish Pikeperch without trainer fish

A B C D

PF NF PF % of PF PF NF PF % of PF
1 90 630 0 0 45 500 0 0
2 135 595 0 0 65 485 0 0
3 170 780 0 0 100 520 0 0
4 220 780 187.5 20 115 780 188 20
5 210 520 216 30 125 520 216 30
6 190 407 275 40 120 407 275 40
7 165 261 261 50 100 261 261 50
8 195 163 243 60 130 163 243 60
9 210 112 267 70 140 112 267 70
10 190 81 325 80 125 81 325 80
11 210 42 392 90 140 42 392 90
12 275 0 255 100 205 0 205 100
13 300 0 300 100 215 0 215 100
14 185 0 190 100 185 0 195 100
Total feed amount (g) 2745 4371 2911 X 1810 3871 2781 X

2.2 Data acquisition

The amount of feed and mortality were recorded daily. In
both fish species, pikeperch and vimba bream, SL was
measured to an accuracy of 1 mm and weight to the nearest
0.01 g with an electronic balance (Kern & Sohn GmbH,
Balingen, Germany), initially and at the end of the
experiment. A random sample of fifty specimens per replicate
was measured and weighed for each species. Calculations
included:

Total weight increment (TWI, g):

TWI = TBf — TBi,

where TBf=total final biomass (g) and TBi=total initial
biomass (g) in the experimental stock.
Feed Conversion Ratio (FCR) using the following formula:

FCR = Wf/TWI,

where Wf =amount of PF applied (g) and TWI = obtained TWI
(g) in the experimental stock. In experimental groups B and D
the FCR calculation is based on PF only, without the
contribution of NF.

Specific growth rate (SGR, % per day)

SGR = (In(Wt) — In(Wi)) x 100/T,

where Wt=weight at time ¢ (g), Wi=initial weight (g) and
T=time (days).

2.3 Data analysis

Data were analyzed using Statistica 12.0 (StatSoft, Inc.).
Results were first examined for normal distribution (Kolmo-
gorov—Smirnov test). Non-parametric Kruskal-Wallis test
with multiple comparisons post hoc test was used to analyze
the mortality, FCR, SGR and TWI; nested analysis of variance
(ANOVA) was used for to analyze SL and weight of pikeperch
and vimba bream in different experimental groups at the end of
experiments (replicate tanks as a random factor, experimental
group as a fixed factor) with Tukey's post-hoc test, ¢-test was
used for comparison of vimba bream standard length (SL) and
weight, and Mann—Whitney test was used for comparison of
vimba bream TWI and SGR at the end of experiment. The null
hypothesis was rejected at o=0.05. Data are presented as
means * standard deviation (STD).

3 Results

Mortality did not differ among experimental groups
(Kruskal-Wallis test, H=3.10; df=3; P=0.38) and ranged
among 7.3-15.9%, 9.4-13.5%, 9.8-14.7%, and 5.5-11.0% in
experimental groups A, B, C, and D, respectively (Table 3).
Final size and weight of pikeperch fingerlings was significantly
higher in group A (ANOVA, F=44.99; df=3; P <0.05 and
F=3443; df=3; P<0.05, respectively). There were no
detected significant differences between replicates within
experimental groups regarding SL and W (ANOVA, F=1.99;
df=2; P=0.14 and F=0.03; df=2; P=0.97). SGR was
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Table 3. Mortality, standard length (SL), weight (W), total weight increment (TWI) reached at the end of the experiment and feed conversion
ratio (FCR) obtained in all experimental groups of pikeperch fingerling: pikeperch with trainer fish and direct application of pelleted feed — PF
(A); pikeperch with trainer fish and gradual addition of pelleted feed to natural food — PF + NF (B); pikeperch without trainer fish and direct
application of pelleted feed — PF (C); pikeperch without trainer fish and gradual addition of pelleted feed to natural feed — PF + NF (D). Data are
presented as mean = standard deviation. Values in the same row with different superscripts differ significantly (o =0.05).

Parameter Pikeperch with trainer fish Pikeperch with trainer fish
A B C D
PF PF +NF PF PF +NF
Mortality (%) 9.41 + 3.80" 9.65 + 1.81* 12.16 + 2.46" 7.63 = 2.96"
SL (mm) 46.11 + 4.09* 41.07 + 3.37° 42.92 = 4.20 42.80 = 3.86"
W (g) 1.44 + 0.38° 1.09 + 0.25° 1.17 £ 0.32" 1.19 £ 0.32°
TWI (g) 3252 + 357* 2130 = 162° 2352 = 230° 2603 + 204°
FCR 0.76 = 0.07* 1.13 £ 0.11° 0.77 = 0.08" 1.07 + 0.08°
a Table 4. Standard length (SL), weight (W), total weight increment
l attained (TWI) and specific growth rate (SGR) for vimba bream used
10 as trainer fish at the end of the experiment in group A (pikeperch with
— o trainer fish and direct application of pelleted feed — PF) and B
'? (pikeperch with trainer fish and gradual addition of pelleted feed to
= 9 b natural food — PF+NF). Data are presented as mean + standard
X T b T deviation. Values in the same row with different superscripts differ
E T significantly (o =0.05).
QO 3 b o ‘ °
wn Parameter A B
- L L PF PF + NF

7 = Mortality (%) 2.69 + 0.76" 2.73 +0.63*
SL (mm) 43.14 £ 6.66" 44.42 + 4.04*
APE) B(PENE)  C(PF) — D(PFINE) —pp o) 1.32 + 0.41° 1.46 + 0.45°
With trainer fish Without trainer fish TWI (g) 371 + 31° 470 + 116
o mean | | mean+ SEM | mean+ STD SGR (% day—l) 3.85 + (.24 4.60 + 0.74°

Fig. 1. Specific growth rate (SGR) achieved in pikeperch fingerlings
in all experimental groups of pikeperch fingerling: pikeperch with
trainer fish and direct application of pelleted feed — A (PF); pikeperch
with trainer fish and gradual addition of pelleted feed to natural food —
B (PF + NF); pikeperch without trainer fish and direct application of
pelleted feed — C (PF); pikeperch without trainer fish and gradual
addition of pelleted feed to natural feed — D (PF+ NF). Data are
presented as mean, standard error of mean (SEM), and standard
deviation (STD). Values with different superscripts differ signifi-
cantly (a=0.05).

significantly poorer in group B (for detailed information see
Table 3). The apparently higher SGR in group A was also
significantly different (Kruskal-Wallis test, H=8.91; df=3;
P <0.05) from other groups (Fig. 1).

TWI was obviously also significantly greater (Kruskal—
Wallis test, H=28.64; df=3; P < 0.05) in group A, but with no
difference among the other three groups (Table 3). The FCR,
calculated for PF only, was significantly higher (Kruskal-
Wallis test, H=9.51; df =3; P < 0.05) in groups where only PF
was given (group A and C) with no difference between them,
despite the overestimation of FCR in groups with application
of NF (not included in calculations) (Table 3). Group C had
very good FCR, but the amount of feed applied in accordance
to fish foraging behavior was lower (Table 2).

The growth of trainer fish was identical among groups —
SL and W (ANOVA, F,¢9=1.33; df=1, 90; P=0.25 and
F=233;df=1, 90; P=0.13 respectively), and SGR and TWI
did not differ significantly (Mann—Whitney test, Z=—1.31;
P=0.19 and Z=—0.87; P=0.38, respectively). There were no
detected significant differences between replicates within
experimental groups regarding SL and W (ANOVA; F=1.76,
df=2, 90; P=0.18 and F=148; df=2, 90; P=0.23
respectively) (Table 4).

4 Discussion

In the present study we used 6-week-old pond raised
fingerlings for the training-period of 14 days. We tested trainer
fish to facilitate the efficiency of acceptance of PF, with and
without gradual transition from NF. Trainer fish were selected
following three basic criteria: larger size at the beginning of
experiment (to avoid predation), fish well adapted to PF
(to facilitate pikeperch acclimation to PF), and slower growth
(to avoid increased competition with pikeperch). Following
these criteria, we used 1-year-old pond cultured vimba bream
which had been trained to PF. Other species can be used as
trainers, depending on availability. A similar design was used
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by Horvath et al. (2013), but they were not successful,
probably due to the use of yearling pikeperch which had been
feeding as predators for at least one growing season, and
probably also because of aggressive trainers (adapted pike-
perch and perch, Perca fluviatilis) or unsuitable rearing
conditions (small scale experimental aquaria). The other
reason could be the individualistic behavioral patterns in such
old specimens, which probably revoked the effect of social
learning which can easily occur in a compact shoal of fish
(Lachlan et al., 1998; Kelley et al., 2003).

We demonstrated the positive effect of trainer fish in the
present study when PF was applied from the first day.
Pikeperch fingerlings fed on PF were positively stimulated by
the foraging activity of vimba bream. It is surprising how early
pikeperch specimens adapted to the new situation, formed a
compact shoal with vimba bream and fed similarly to them on
the new food item. This behavioral imitation illustrates the
capability of fish for social learning, as suggested also by
Brown and Laland (2001), and its practical use in aquaculture.
In the present study this ability led to direct acceptance of PF
which resulted in better growth and therefore bigger size,
better SGR, and higher TWI at the end of the experiment.
Moreover, the direct application of PF did not affect survival in
this group. On the other hand, combining trainer fish with
gradual application of PF to NF was not beneficial. This is
probably due to active feeding by pikeperch on chironomid
larvae, while the PF was predominantly utilized by trainer fish.
Generally, the learning effect from the trainer fish was
therefore reduced by selection for a preferred food item.
Prolongation of the test period affected the growth of
pikeperch. Surprisingly, similar results were observed in both
experimental groups without trainer fish, whether with or
without application of NF. The only negative effect in the
group receiving direct application of PF to pikeperch
fingerlings was lower growth. That was partly compensated
by better FCR which did not differ from group A (trainer and
direct application of PF). Notwithstanding, group A fish fed
more actively (subjective personal observation), which led to
significantly better growth parameters.

Pikeperch fingerlings equaled the higher weight of vimba
bream at the end of the experiment and there was no predation
on trainer fish. At that time the trainer fish could be removed
and the species reared separately. Trainer fish can therefore be
used in production of this species, or could potentially be used
as natural food for brood stock. We can therefore harvest large
pikeperch fingerlings adapted to dry PF together with another
“by-product”, vimba bream, e.g. for restocking. Probably
different non-aggressive PF-trained and valuable cyprinid
species could also be used, such as tench (Tinca tinca)
(Pantazis and Hatzinikolaou, 2011) or even commercially
unimportant common species like roach (Rutilus rutilus) or
rudd (Scardinius erythrophtalmus).

The present approach may provide a new way to obtain
well-adapted pikeperch fingerlings for intensive culture and
overcome the present limiting factor of supply for pikeperch
aquaculture in RAS using dry PF. The use of trainer fish could
also be applicable to different fish species to streamline their
fingerling production. Finally, the described approach dem-
onstrates the applicability of the concept of social learning in
fish. The simplicity with which the trained fish accepted
the behavior of trainer fish extends the possibility of wide

applicability of the trainer-fish approach in general. Further
experimentation is needed to evaluate how broadly the “trainer
approach” could be applied to different species.
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