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1. INTRODUCTION

Pikeperch, Sander lucioperca (L.) (Fig. 1) is currently one of the most
promising fish species reared in European aquaculture (Miller-Belecke and
Zienert, 2008; Policar et al., 2013b). This species is very popular with consumers
(Dil, 2008) and sport anglers (Pivnicka and Rybar, 2001) thanks to its high-
quality meat (Uysal and Aksoylar, 2005). Pikeperch grows fast under optimal
conditions and it is possible to culture it in high densities using pellet feed
(Policar et al., 2013b). The year-round pikeperch production is quantitatively
and qualitatively erratic (Dil, 2008; Miller-Belecke and Zienert, 2008). On
the basis of the above-mentioned facts, it is possible to predict an increase
in production of pikeperch in European intensive aquaculture (Policar et al.,
2013b).

Currently, about 85-90% of European production of marketable pikeperch
comes from Russian, Kazakhstan and Estonian lakes. European capture
fisheries of marketable pikeperch ranges between 9,000 to 15,000 tons (FAO,
2012b). However, this level of production has been decreasing. In the 1970’s,
the annual production from capture fisheries in Easter European lakes was
about 40,000 tons of marketable pikeperch (Dil, 2008; FAO, 2012a), but this
production has been reduced by fifty percent during the last 30-40 years. The
main reason for this trend is overfishing and poor fishery management (Dil,
2008; Muller-Belecke and Zienert, 2008).

High popularity with consumers and sport anglers as well as decreasing
capture production have led to an insufficient market supply mainly in Western
Europe (France, Germany, Austria, Denmark, Belgium and Switzerland) and to
an increase in price. Current wholesale price in Western Europe of pikeperch
(0.7-2 kg) ranges from EUR 5 to 8 per kilogram and from EUR 6 to 9 per
kilogram of fish weighing 2-4 kg (Dil, 2008). Retail price varies from EUR 13
to 15 (Tamazouzt, 2013). In the Czech Republic, an average retail price of
marketable pikeperch is about CZK 290-350 (Zvonar, personal communication)
which is approximately EUR 11.5-14.

The above-mentioned problems (poorly supplied market, overfishing and
lower capture production) of pikeperch market in Europe have forced farmers
to focus more on intensive culture of this fish species (Policar et al., 2011,
2013b). Nowadays, pond and intensive pikeperch culture produce only 5-7%
(500-1,000 tons) of total production in Europe (FAO, 2012b). In Central and
Eastern Europe (Czech Republic, Hungary, Ukraine, Bulgaria, Romania, Poland,
Germany), pikeperch is usually reared in pond polyculture. Annual production
of marketable pikeperch ranges between 300-500 tons in the mentioned
countries. Pikeperch is an additional species cultured in pond polyculture with
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JUVENILES IN RECIRCULATING AQUACULTURE SYSTEM (RAS)

Fig. 1. Marketable pikeperch, Sander lucioperca (L.), body weight 1,500 g (photo T.
Policar).

the main cultured fish species such as common carp (Cyprinus carpio L.),
tench (Tinca tinca L.), grass carp (Ctenopharyngodon idella Valenciennes)
and silver carp (Hypophthalmichthys molitrix Valenciennes). The main role
of pikeperch in this system is to eliminate small cyprinids such as: topmouth
gudgeon (Pseudorasbora parva Temminck and Schegel) roach (Rutilus rutilus
Rafinesque), rudd (Scardinius erythrophthalmus Bonaparte) and bream
(Abramis brama L.) (Wedekind, 2008; Adamek et al., 2012; Kratochvil, 2012).

Besides the traditional pond culture, pikeperch has been reared in
recirculating aquaculture systems (RAS) in Western Europe in the last
fifteen years (Policar et al., 2013b). Pikeperch culture in the RAS has used
domesticated fish (Fontaine, 2009), out-of-season spawning (Zakes and
Szczepkowski, 2004; Ronyai, 2007; Muller-Belecke and Zienert, 2008), pellet
feed (Wang et al., 2009) and high fish densities (30-50 kg.m?3; Wedekind,
2008). In the last several years, the intensive pikeperch aquaculture has
been developed mainly in Denmark, Holland, Finland, France, Czech Republic,
Austria, Germany, Romania, Bulgaria and Croatia (Van Mechelen, 2008;
Philipsen, 2008; Policar et al., 2011, 2013b). At present, about 30 companies
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are producing marketable pikeperch under the RAS conditions (Aquapri and
Lyksvad Fish Farm, Denmark; van Slooten Aquacultuur; Excellence fish; Lont en
s van Barren and Viskweekcentrum, all based in Holland; Kidus; Savon-Taimen;
Imatra Kala ja Kaviari, all based in Finland; LucasPerch and Asialor based in
France (Fig. 2); Fish Farm Bohemia based in the Czech Republic; Fishzucht
Pottenbrunn based in Austria; Osnabruck Pikeperch farm based in Germany;
Sterlet-Timisoara farm based in Romania; Eko-Hidro-90 Ltd. based in Bulgaria;
Aqua Campus based in Croatia). The current top RAS producer of pikeperch
is a Danish company, Aquapri (www.aquapri.dk) which has been dealing with
pikeperch since 2006. This company produced about one million pikeperch
juveniles (with body weight of 1 g) and 100 tons of marketable fish (1.2-2 kg)
in 2012 (Overton, personal communication, 2012). Only one company in the
Czech Republic has been producing pikeperch in the RAS since 2011 (Junek,
personal communication, 2011).

firw

Fig. 2. Production facility of company Asialor in France for production of marketable

pikeperch, Sander lucioperca (L.) built in 2010 (photo T. Policar).
One group of European pikeperch farmers works with a “closed production

cycle” of pikeperch; it includes all fish stages (larvae, juveniles, marketable fish,
broodstock). Broodstock are held under regulated environmental conditions
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(light and water temperature regime) to stimulate the gametogenesis. The main
aim of this environmental stimulation is to achieve out-of-season spawning
and subsequently, to produce larvae, juveniles and marketable fish year-round
(Philipsen, 2008). The second group of European pikeperch farmers uses an
open production cycle, which means that the farmers do not have broodstock;
they purchase 8-10 g juveniles (van Slooten, personal communication, 2013).

Rearing of pikeperch in the closed production cycle is a very complicated
and technologically demanding process, requiring high standards of
zoohygiene, high water quality, proper nutrition (Zakes et al., 2006) and
size-balanced population (Szczepkowski et al., 2011). Further, environmental
and hormone stimulation of broodstock are required for spawning (Roényai,
2007; Miuller-Belecke and Zinert, 2008; Hemerlink et al., 2013; Kristan et al.,
2013), plus egg incubation (Musil and Kouril, 2006; Policar et al., 2011) and
nursing of larvae must be optimized to produce juveniles and marketable fish
(Zakes et al., 2004, 2006; Kestemont et al.,, 2007; Wang et al., 2009; Lund
and Steenfeldt, 2011). The entire rearing process is very challenging and
expensive (Schram, 2008). Apart from high production costs, the complicated
technological system (closed production cycle) also often results in low oocyte
quality and, of course, decreased fertilisation (50-60%) and hatching rates
(30-40%). It also is possible to have low quality larvae with a high frequency
of body deformations. All these problems can be related to poor nutrition of
broodstock in the closed production cycle (Policar et al., 2011).

For these reasons, since 2009 our team of scientists has been developing
a process that combines pond culture (Fig. 3) and the RAS system (Fig. 4) for
pikeperch production. This approach uses advantages of both pond culture
and the RAS. Pond culture is used for broodstock, larvae and juvenile (up to
the total length of 35-50 mm) production, providing optimal nutrition for all
reared categories. It has a positive effect on broodstock reproduction, larvae
viability and production of high quality juveniles. This technological process
is not as expensive as production of pikeperch larvae in RAS (Policar et al.,
2011). Intensive aquaculture is integrated when pond-cultured pikeperch
juveniles are adapted to the RAS with subsequent intensive rearing of juveniles
to marketable-size fish under intensive conditions (Policar et al., 2013a,b). This
optimized intensive culture provides pikeperch with the best conditions for
rapid growth and guarantees high efficiency of the whole rearing cycle (Zakes
et al., 2006). According to our experience, it is advisable to apply this rearing
technique (combination of pond and RAS culture) especially in countries
with a high number of small ponds such as: the Czech Republic, Hungary and
Germany.



Fig. 3. Suitable pond for pikeperch, Sander lucioperca (L.) summer-fry production
(photo T. Policar).

Fig. 4. Suitable recirculating aquaculture system used for intensive culture of older
pikeperch, Sander lucioperca (L.) in Asialor Ltd. company, France (photo T. Policar).
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2. AIM OF THE TECHNOLOGY

The primary objective of this publication is to describe the details of an
optimized technological process which includes: 1) introduction of pond-
cultured pikeperch juveniles (TL = 40-50 mm) into the RAS, 2) food and space
adaptation of pond-cultured fish to the RAS, and 3) subsequent intensive
culture of adapted fish in the RAS up to the body weight of 8 to 50 g. The next
tasks were to observe and take care of health condition of fish before the
stocking to RAS and during their intensive culture by using therapeutic and
preventive treatments and to perform a regular sorting or size-grading so as
to keep comparable-size fish in the culture system. An important component
of the developmental process was to make a financial analysis to calculate the
final product price i.e. an 8 g pikeperch juveniles. The last step was to make a
market research and search for possible prospective buyers.

Fig. 5. Recirculating aquaculture system of FFPW USB used for adaptation and
intensive culture of juvenile pikeperch, Sander lucioperca (L.) (photo T. Policar).
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3. VERIFICATION OF THE TECHNOLOGY

The technological process was verified in 2012 at two Czech fish farms
(Rybafrstvi Nové Hrady, Ltd. and Fish Farm Bohemia, Ltd.) and in the research
facilities (Faculty of Fisheries and Protection of Waters, University of South
Bohemia - FFPW, USB) (Fig. 5). This technological process followed the
methodology by Policar et al. (2011). Background for this technological process
was provided by Stejskal et al. (2010) in the description of the combination
of pond and RAS production system for marketable Eurasian perch (Perca
fluviatilis L.).

4. DESCRIPTION OF THE TECHNOLOGY

4.1. Stocking of pond-cultured pikeperch juveniles to the RAS

4.1.1. Technological process

The Bejkovna pond (surface area of 1.33 ha, GPS 48°48°12"'N; 14°48°53"" E)
was harvested on June 6 and the production was 86,000 pikeperch juveniles
(TL=41%0.3 mm; W=0.45 + 0.05 g) (Fig. 6). Fish were graded and uniform-
size were stocked into the RAS.

At the beginning of the harvesting, a sample of fish was taken and sent to a
veterinary office for analysis using the methodology of Citek et al. (1997). Fish
were infected with Ichthyophtirius multifiliis. Consequently, at harvest fish
were treated during transport with a therapeutic bath (detailed description in
section 4.4.) The health condition was inspected again before stocking into the
RAS and any infection was not obserevd. Ideally, fish should be quarantined to
include a common recirculating system without bio-filtration with a period of
two or three days. This system should be used for observation and treatment
of fish before their stocking to the RAS.

Juveniles sorted by size and without ectoparasites were put into RAS, which
included 18 square tanks (size of 1 x 1 x 1 m) with water volume of 700 I. The
RAS included a mechanical drum filter (IN-EKO Tisnov Ltd.), a retention tank
(2,000L), three fluid-biofilters (4,000 | each), a ozonizer with a UV lamp (Ozon
UV-C redox) and oxygenation column (Kovo Net Ltd.). The entire volume of the
RAS was 28,100 litres.
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Fig. 6. Juvenile fish (summer-fry) pikeperch, Sander lucioperca (L.) stocked into RAS
(photo T. Policar).

All the fish were transferred from the transport tanks (WT = 17.7 + 0.3 °C;
oxygen saturation = 104 £ 23% and pH = 6.8) directly to the RAS. In total,
84,000 pikeperch juveniles were divided into 14 tanks. The 4 remaining tanks
(total = 18 tanks) were subsequently used for rearing faster growing fish or
cannibals (see 4.2.1.). The juvenile density was 8.6 individuals per litre and the
fish biomass was 3.85 kg.m™. The water quality parameters at the beginning
of acclimation were as follows: WT=19 °C; oxygen saturation = 90%; pH = 7.3;
NO, = 0.15mg.I'"; NO, = 58mg.I""; NH, = 0.16mg.I'"; CHOD - chemical oxygen
demand = 28mg.I". The water inflow in each tank was 20 Il.min™". An antifungal
bath in NaCl with the concentration of 3 g.I" (for details about effects of
antifungal bath see section 4.4.) was applied in each tank. After that, space
and feed adaptation began. The entire procedure of acclimating fish to new
conditions, including the conversion from live to pellet feed is called weaning.
Fish were initially fed bloodworm larvae (Chironomus sp.) and gradually
a mixture of bloodworm and pellet feed (BioMar, Inicio Plus 1.1 mm) were
introduced. The details of the weaning procedure are depicted in Fig. 7; water
temperature was increased to 23 °C during the first 24 hours and a special
photoperiod 15L/9D and light regime 100 lux were established.
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Transport of fish and their stocking to the RAS (WT = 19 °C; oxygen
saturation = 90%; 15L/9D; 100 lux), no feeding (1°* day)

Fish space adaptation to new environmental conditions in the RAS (WT =
23 °C; 02 = 100%; 15L/9D; 100 lux), no feeding (2™ day)

| Feeding with bloodworms (Chironomus sp.) only (3" and 4t day) |

Feeding with mixture of bloodworms and pellet feed (BioMar, INICIO Plus
1.1 mm) in the ratio of 75 to 25% (5% and 6*" day)

Feeding with mixture of bloodworms and pellet feed (BioMar, INICIO Plus
1.1 mm) in the ratio of 50 to 50% (7" and 8*" day)

Feeding with mixture of bloodworms and pellet feed (BioMar, INICIO Plus
1.1 mm) in the ratio of 25 to 75% (9 and 10* day)

Feeding with pellet feed (BioMar, INICIO Plus 1.1 mm) only
(11* and 12t day)

| End of space and pellet feed adaptation (12t day)

Fig. 7. Scheme of space and feed adaptation of juvenile pikeperch, Sander lucioperca
(L.) in 12 days.

No food was given during the first and second day so as to encourage
subsequent feeding activity. During the feeding transition, the amount of
bloodworms was decreased and the ratio of the pellet feed was increased every
two days. Nutritional content of bloodworm and pellet feed are described in
Tab. 1.
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Tab. 1. Nutritional content of bloodworm and 1.1 mm pellets BioMar, Inicio Plus
during the weaning.

Parameter Bloodworm Pellet feed
Size [mm] 9.13 1.1
Proteins® 65 55
Fat® 1 20
Digestible energy* 15.1 20
Fatty acids®

12:0 0.1 0.2
14:0 3.2 5.2
15:0 2.2 0.4
16:0 20.3 16.4
17:0 1.6 0.2
18:0 6.6 2.5
20:0 0.7 0.2
22:0 0 0
14:1 1.5 0.1
16:0 (n-7) 13.9 7.8
17:1 2.1 0
18:1 (n-9) 15.1 12.9
18:1 (n-7) 4.6 1.7
20:1 (n-9) 0 3.8
22:1 0 6.2
24:1 0 0.4
18:2 (n-6) 13.6 22.6
18:3 (n-6) 0.6 0
20:4 (n-6) 2.4 0.3
18:3 (n-3) 3.4 2.4
18:4 (n-3) 0.4 2.4
20:5 (n-3) 7.7 7.3
22:5 (n-3) 0 0.6
22:9 (n-3) 0 6.6
3 SFA 34.7 25
3 MUFA 37.2 33
3 PUFA 28.1 542.1
n-3 11.5 19.3
n-6 16.6 22.8
n-9/n-3 1.4 1.2

2 percentage in dry matter, ® percentage from fatty acids, < M)/kg in dry matter
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The daily feeding ratio (DFR) was ad libitum during the entire weaning and
fish were fed every 30 minutes by hand from 6:30 till 21:30. The production
parameters were:

Feed Conversion Ratio (FCR) = TAF/(FB - IB)

TAF total amount of feeding, FB final fish biomass and IB initial fish biomass
(Stejskal et al., 2009a)

Survival (S, %) = NSF/NFB * 100

NSF means number of surviving fish and NFB means number of fish at the
beginning.

Cannibalism (C, %) = (NFB - NDF - NSF)/NFB * 100
NDF means number of dead fish
Specific Growth Rate (SGR, %/day) = 100 * t'In (FW - IW)

t means number of days, FW means final body weight and IW means initial
body weight

Fultons Coefficient (FC) = 100 * TL3/FW

TL means total length of fish (Policar et al., 2011, 2013b).

Body weight and total length of 10 fish (in each tank) were measured at
the beginning and at the end of the weaning (Fig. 8). A common measuring

tape with 1 mm increments and scale (Mettler, AE 200) with an accuracy 0.01 g
were used. Fish were not anaesthetized during measurement.
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Fig. 8. Manipulation of pikeperch, Sander lucioperca (L.) during intensive culture
(photo T. Policar).

Dead fish, uneaten feed, excrements and other sediment were removed
from the tanks twice daily (at 8 a.m. and 14 p.m.). The dead fish were counted
to assess mortality in each rearing period (NDF). Tank walls were brush-cleaned
every 3 days (Fig. 9).
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Fig. 9. Cleaning of the tanks during intensive culture of pikeperch, Sander
lucioperca (L.) (photo T. Policar).

4.1.2. Results

After stocking, fish swam in shoals close to the tank bottom, then gradually
during the 12-day adaptation, they began to swim in the upper part of water
column. During the initial period of weaning, the juveniles fed somewhat
reluctantly, but later they were more aggressive. After 5-10 days the fish
rapidly reacted to the feed. Some of the fish attacked (by biting head and
fins) each other during feeding but this behaviour did not lead to increased
fish mortality. The mortality of reared pikeperch juveniles was low (a few
individuals daily) at the beginning of the weaning. Later, several hundreds of
fish died each day (from day 5 to 9 of the weaning). The fish that died were
weak and did not eat. After day 10 of the weaning, mortality decreased and
all surviving fish fed well. The results and production parameters assessed
after weaning are presented in Tab. 2. The most important data from the
weaning period were survival (S = 78 + 5.5%), cannibalism (C =5 * 2%) and
percentage of fish converted to pellet feed (97%). Cannibalism was low due
to size grading before fish stocking to RAS. Very high Feed Conversion Ratio
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(FCR=4.7 £0.5 g.g") was calculated after adaptation period. High value of FCR
after this period was mainly caused by: 1) using of feed which had a higher
water content (frozen bloodworms), 2) higher amount of uneaten feed and 3)
higher fish mortality. Fish that had adapted to the intensive culture conditions
were in good condition (FC=0.67 £ 0.1).

Tab. 2. Production parameters such as body weight, total length, SGR, survival,
cannibalism, FCR and FC in pikeperch, Sander lucioperca (L.) juveniles assessed after
the 12-day-long weaning.

w FW ITL FTL SGR s d FCR EC
(8) (8) (mm)  (mm) (%/g) (%) (%)
045  0.70 41 47 3.8 78 5 4.7 0.67

+£0.05 0.1 0.3 +0.6 +0.2 +5.5 +2 +0.5 +0.1
IW - initial body weight; FW - final body weight; ITL - initial total length; FTL - final total
length

4.1.3. Conclusion and recommendations for farmers

Itis possible to efficiently convert pond-reared pikeperch juveniles to pellet
feed with a high survival. The most important points of a successful weaning
are:

a) careful and professional pond harvest and transport of fish to the RAS;

b) stocking of healthy size-graded fish;

c) optimal rearing conditions (high water quality);

d) fish can be stocked into the RAS with a 2-3 °C higher WT than in

transport tanks.
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4.2. Intensive culture of fully adapted pikeperch juveniles with a differ-
ent average body weight 8; 25 and 50 g under the RAS conditions

4.2.1. Technological process

The following culture of pikeperch juveniles under the complete RAS (Fig.
10) conditions was divided into 3 phases [1%t phase up to 8 g (Fig. 11); 2™
phase up to 25 g; 3 phase up to 50 g (Fig. 12)] using different durations of
culture phases, fish density and biomass (Tab. 3). Fish were prophylactically
treated immediately after stocking into the tanks or handling during sampling
and sorting, when a 3 g.I" bath of NaCl was used. Average water quality
parameters were: WT=24.7 £2.7 °C; oxygen saturation=101+5%; pH=7+0.3;
NO, = 0.24 £ 0.07 mg.I"; NO, = 65 £ 8.07 mg.I"; NH, = 0.18 + 0.0207 mg.I'";
CHOD = 30 *+ 5.5 mg.I". Light regime was established at 15L/9D and water
inflow in each tank was about 25 I.min™.

Fig. 10. juvenile pikeperch, Sander lucioperca (L.) in rearing tank during intensive
culture (photo T. Policar).
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Fig. 11. juvenile pikeperch, Sander lucioperca (L.) cultured up to average weight of
8 g (photo M. Blecha).

Fig. 12. juvenile pikeperch, Sander lucioperca (L.) with average weight of 50 g at the
end of intensive culture (photo T. Policar).
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Tab. 3. Duration of each pikeperch Sander Lucioperca (L.), rearing period, average fish
biomass and density at the beginning and at the end of each rearing period in 700-L
tanks (average + S.D.)

Rearing period  Length of Initial fish Initial fish Final fish Final fish

rearing biomass density biomass density (n)
(days) (8) (n) (8)
T G T S o
(sl.l'z—pze;i.c;dg) 40 2’?33 1.245 31-0'81;55 11;23051
N IR O

A very important procedure during each rearing phase was to size grade
the fish (15t phase every 10 days; 2" and 3™ phase every 21 days). The sorting
permitted removal of cannibals (Fig. 13) (more information about this issue
see section 4.3.). All cannibals were cultured in 4 separated tanks.

Fig. 13. Comparison of the size of cannibalistic (above) and non-cannibalistic (below)
pikeperch, Sander lucioperca (L.) individuals (photo T. Policar).
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The first feed was given approximately 5 hours after sorting. Fish were fed
with BioMar Inicio Plus and Efico Sigma 570 pelleted feed. The pellet size, kind
of feed, DFR and the feeding technique are listed in Tab. 4. The pellet feed was
applied by hand (every 30 minutes during the day-light period) and by belt
feeders (during the entire day-light period). Hand feeding was used to achieve
better distribution of the pellets among all fish in the tanks. This procedure led
to a more uniform size-balanced fish population in tanks. At the end of each
rearing phase, the production parameters were counted. It was conducted in
the same manner and according to the same formula as in section 4.1.1.

Tab. 4. Daily feeding ratio (DFR), kind of pellet, pellet size and feeding techniques
applied during the rearing phases of pikeperch intensive culture to different body
weights.

Rearing phase DFR (%) Kind of feed Pe:l:;tr:)lze Feeding technique
1t phase _ - by hand : belt feeder
(0.7-8.2 g) 12-15 Inicio Plus 1.5and 2 11
2" phase _ . by hand : belt feeder
(8.2-25.1g) 5-7.5 Inicio Plus 2 1:1
39 phase Inicio Plus
(25.1-50.6 g) 1.5-3 Efico Sigma 2and 3 belt feeder
570
4.2.2. Results

Production parameters at the end of each rearing phase are described in
Tab. 5. The pikeperch juveniles achieved a very good specific growth rate in the
first phase (3.9%.day") and in the second phase (2.8%.day"), but a somewhat
lower SGR was observed after the third phase (1.7%.day™"). It was caused by
bigger size of the fish and unstable water temperature during this phase. The
good SGR positively affected absolute increment of the fish biomass in the
tanks which ranged between 19.5-30.8 kg. High survival (88.7-96.5%) during
each rearing phase was also observed. Survival was the lowest during the first
rearing phase, primarily because of a high cannibalism of 7.5%. On the other
hand, cannibalism was lower during the second and third phases (1.5-2.5%).
To explain that, smaller pikeperch juveniles (up to 5-8 g) are able to prey on the
same size individuals but bigger juveniles (10 g and bigger) are not able to do
so. Fast growth of the cultured pikeperch juveniles was associated with a very
good feed conversion rate (FCR), only 0.93 during the first phase, but higher
during the second (1.5) and third phases (1.7) was caused by an unstable
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water temperature regime and therefore lower feeding activity of the cultured
pikeperch juveniles. Generally, condition values (FC = 0.82-0.89) were good
during all phases. At the end of each phase, very high content of perivisceral fat
was observed in fish. This finding showed unbalanced nutritional composition
of the used feed. Therefore, it is possible to say that the BioMar feed which
was used in this study was not optimal for intensive pikeperch juvenile culture.

Tab. 5. Production parameters such as body weight, total length, SGR, survival,
cannibalism, FCR and FC in pikeperch (Sander lucioperca) juveniles assessed after each
rearing phase.

SGR

Rearing w FW ITL FTL o
%/ S (% C (% FCR FC
phase (&) (& (mm) (mm) DM S €08

st 0.7 8.2 47 97.3 3.9 88.7 7.5 0.93 0.89
phase 0.1 *06 *06 =*=10.1 *03 *53 *25 *0.15 *0.15

2nd 8.2 25.1 97.3 145 2.8 96.5 2.5 1.5 0.82
phase 06 +56 =*=10.1 +10 %03 3 £075 £0.1 0.2

3rd 25.1 50.6 145 182.5 1.7 95.5 15 1.7 0.83

phase +27 +122 +£10 123 *0.2 1 +0.5 0.25 *0.18

In total, 58,114 fish were produced at the end of the first phase (initial
stock comprised 65,520 ind.), during the second phase it was 4,804 fish (initial
stock 4,980 ind.) and in the third phase the production amounted to 3,056 fish
(initial stock 3,200 ind.). The pikeperch juveniles from the third phase were
used for the study which focused on survival of intensively cultured pikeperch
juveniles under the pond conditions during the winter time (Choteborsky,
2013).

4.2.3. Conclusion and recommendations for farmers

Rearing of pond-cultured pikeperch juveniles readily adapted to conditions
of intensive aquaculture, demonstrating its feasibility. It is important to provide
fish with the following rearing conditions: water temperature 23-24 °C, oxygen
saturation about 100%, pH 7, CHSK approximately 30 mg.I"", minimum values
of nitrites, nitrates and ammonium. The initial stocking density should be at
the level of 6.7 ind.I'". An appropriate pellet feed represents a very important
factor with respect to intensive culture of pikeperch juveniles. According to our
experience, the pellet feed by BioMar is satisfactory but not optimal. Next, the
pellet feed should be served both by hand and belt feeders during the first two
phases. This combined method leads to better distribution of pellets to all fish
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in a tank and results to a size-balanced population. Daily cleaning of tanks is
important to maintain a healthy environment.

4.3. Sorting of fish

4.3.1. Technological process

Regular sorting represents a very important procedural step in intensive
culture of pikeperch juveniles. The purpose of sorting is to separate faster
growing and cannibalistic individuals (Fig. 14) from other juveniles and thereby
eliminate losses caused by predation of cannibals.

Fig. 14. Cannibalistic pikeperch, Sander lucioperca (L.) individual which was separated
during sorting of fish in intensive aquaculture rearing (photo M. Blecha).

Basic information about the size grading or sorting was mentioned in
section 4.2.1. The first sorting was done after pond harvest and before
stocking juveniles into RAS. Subsequent sorting was conducted after weaning.
Even after the population was size-balanced before the weaning, growth
disparity produced several cannibals in each tank during weaning. Therefore,
size sorting was applied again. During the first phase, sorting was done every
10 days and afterwards (from the TL = 100 mm; W = 8-9 g), subsequently, it
were carried out at 21-day intervals.
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Fish were not anaesthetized during grading, hand sorters function more
effectively when fish are active (Fig. 15). A 20-min salt bath of 3 g.I" was
administered immediately after sorting and stocking of fish into the tanks.
Salt treatment has a positive effect on health of percid fish cultured in RAS
(Kestemont et al., 2008).

Fig. 15. Sorting of pikeperch, Sander Iucioperca (L.) juveniles with hand sorter during

intensive culture (photo T. Policar).

4.3.2. Results

Size-grading with hand sorters requires some skill, but it is more rapid
than individually measuring. Fish should not be fed the day before the sorting.
According to our experience, it is advisable to start the sorting in the morning
because the process is time-consuming. Three persons are required to sort
several tens of thousands of fish (sorting carried out within work described by
this publication comprised 58,000-86,000 fish). One worker catches the fish,
cleans the tanks and then re-stocks the fish back to the tanks. Two workers
sort and record data (information concerning fish biomass, number of fish
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in tanks, average weight of fish). This working group is able to sort 58,000~
86,000 fish in 6 to 8 hours. Because the sorting takes quite a long time and
it is not possible to feed fish during the process, it is advisable to divide the
process in two days, or to use more people to shorten the process. The main
disadvantage of the alternative is that it requires additional experienced
staff. Another possibility is to use an automatic sorting machine (Fig. 16).
This machine is relatively expensive and can increase the cost so as to be
unprofitable, especially in small RAS (annual production of 50,000 juveniles).

Fig. 16. Automatic sorter used in commercial intensive farms of Eurasian perch, Perca

fluviatilis (L.) and pikeperch, Sander lucioperca (L.) in Lucas Perch Ltd. company, France
(photo T. Policar)

4.3.3. Conclusion and recommendations for farmers

Size sorting is a very important step in intensive culture of pikeperch
juveniles. It facilitates the rearing of a size-balanced population, eliminates
cannibals, increases survival of cultured fish and profit of the operation.
Optimal frequencies of sorting are: fish with the body weight from 0.5to 8 g
every 10-12 days; fish with the body weight from 8 to 50 g every 21 days.
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4.4. Control of fish health, preventive and therapeutic baths in intensive
culture

4.4.1. Technological process

As already described in section 4.1., fish should be sampled for fish health
analysis at the time of the pond harvesting. Depending on the diagnosis,
appropriate treatment can be applied. During this test, Ichthyophtirius
multifiliis was diagnosed. Therefore, the 8-hour-long treatment bath in 35.2%
formaldehyde at the concentration of 15 ml.m= was applied in the transport
box. In the Czech Republic treatment with a formaldehyde bath must be
prescribed by a veterinarian because formaldehyde is an unregistered medical
substances. No maximum residue limit (MRL) for treated market fish has
been defined for formaldehyde. The maximum residue limit determines the
maximum amount of an active ingredient which can be allowed in edible tissue
of a given fish species. In the absence of MRL, fish cannot be used for human
consumption until the longest protection period - in this case 500-day degrees
(Kolarova and Svobodova, 2009). It is also necessary to follow the safety rules
with toxic substances because formaldehyde is a carcinogenic substance.

The control of fish health was made once a week during intensive culture
of pikeperch juveniles and ectoparasite occurrence and health conditions were
determined in at least 7 individuals from all used tanks. Special attention was
given to condition of the skin and gills (Citek et al., 1997). When ectoparasites
were found, possible treatment was discussed with a veterinary surgeon. In
this particular case, a formaldehyde bath at the concentration of 0.015 ml.I"
was suggested.

According to our experience, low formaldehyde concentration (0.015 ml.I™")
has no negative effect on the functioning of biological filters, even if it is
applied 2-3 times a week. We tested the effect of formaldehyde on function
of the biological filters in 2010 and 2011. We found no serious changes in
ammonium and nitrites concentrations when quality of water was examined
according to Stejskal et al. (2009b) and Kroupova et al. (2013) in different
places of the RAS. The values of ammonium and nitrite concentrations were
stable for 3-4 days after the formaldehyde application. These results are in
agreement with the results of Yanong (2012) who claimed that formaldehyde
bath did not affect the biological filtration function.

When a bacterial infection was found, a therapeutic bath in Chloramin T
at the concentration of 0.02 g.I'" was applied in rearing tanks with fish for
20 minutes. Water inflow was stopped during the bath. Fish were transferred to
other rearing tank and all water was drained from the RAS after the treatment.
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This treatment was repeated every 4 days till the end of the occurrence of the
bacterial infection.

A preventive antifungal bath of NaCl at the concentration of 3 g.I" for
20 minutes was applied after every manipulation (sampling and sorting) and
the water containing the salt solution was diluted in the entire RAS. The salt
solution at the concentration of 3 g.I" or lower has no negative effect on
biological filtration and, on the contrary, increased concentration of sodium
chlorine has a positive effect on fish health (Kestemont et al., 2008; Yanong,
2012).

4.4.2. Results

Slight infections with Ichthyophtirius multifillis and Chilodonella cyprinid
were found twice during the entire culture. Dactylogyrus sp. was diagnosed
once. Bacterial disease of gills and fins appeared one month after the weaning.
Preventive and therapeutic baths were applied.

According to the veterinary surgeon’s recommendation, a long-term
therapeutic formaldehyde bath at the concentration of 0.015 ml.I"" was applied.
This treatment was used only in exceptional cases because formaldehyde is
an aggressive and carcinogenic chemical and its possible usage has to be
discussed with and permitted by a veterinarian.

To eliminate and stop the bacterial infection of gills and fins, a short-term
therapeutic bath in Chloramin-T at the concentration of 0.02 g.I'" for 20 minutes
was applied. It is possible to use Chloramin T repeatedly after discussing the
issue with a veterinarian.

Application of NaCl (concentration of 3 g.I" for 20 minutes) baths as a
preventive treatment against fungal infection has proved very useful. Salt
preventive bath was applied after every manipulation (sorting and sampling)
with fish and it was subsequently diluted in the whole RAS system without any
problem.

4.4.3. Conclusion and recommendations for farmers

Preventive examinations of fish health represent the basis for successful
and economically effective intensive culture of pikeperch in the RAS conditions.
However, every therapeutic treatment should be discussed with a veterinarian.
To make safer treatment for the whole tank stock, a tolerance test (application
of the treatment only to a few individuals at first) should be conducted
beforehand. All mentioned therapeutic treatments can be recommended as
effective and safety protection of intensively cultured pikeperch juveniles in RAS.
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4.5. Calculation of production costs and final price of a 8 g pikeperch
juveniles completely adapted and cultured in RAS conditions

4.5.1. Technological process

Production costs of combined culture of pikeperch juveniles up to the body
weight of 8 g were recorded in detail. It was impossible to calculate the market
price of 25 and 50 g juveniles because the culture of these fish was performed
in the same RAS as other experimental fish.

The calculation of the production costs was divided into four parts:

HLWN =

direct production costs of pond-reared juveniles;

direct production costs connected with the RAS culture;

indirect production costs connected with the RAS culture;

depreciation of tangible assets connected with the production of pikeperch

juveniles in RAS.

4.5.2. Results

All the direct production costs (CZK 97,020) connected to production of
pond-cultured juveniles involved:

Pikeperch broodstock (CZK 10,500): 10 pairs: 30 kg x CZK 350 = CZK
10,500;

Reproduction of broodstock (CZK 26,940): hormones = CZK 7,500;
staff salary: 2 persons x 7 days x 3 hours x CZK 300 = CZK 12,600;
water supply: 30 m3x CZK 61.2 = CZK 1,840; other costs: syringes,
anaesthetics, bathtubs, artificial spawning nests, disinfection of fish
and incubated eggs = CZK 5,000. Total = CZK 26,940;

Pond preparation (CZK 6,560): 1,600 kg of compost = CZK 2,000;
staff salary: 2 persons x 5 hours x CZK 300 = CZK 3,000; transport of
material: 120 km x CZK 13 = CZK 1,560.

Total = CZK 6,500;

Stocking of larvae into ponds (CZK 4,560): transport of material: 120 km
x CZK 13 = CZK 1,560; staff salary: 2 persons x 5 hours x CZK 300 = CZK
3,000. Total = CZK 4,560;

Pond culture and juvenile harvesting (CZK 48,460): rent of 4 ha of
ponds for 2 months: 4 x 2 x (7,000/12) = CZK 4,700; pond control
and sampling: 5 x 2 persons x 5 hours x CZK 300 = CZK 15,000; pond
harvesting: 4 x 2 persons x 8 hours x CZK 300 = CZK 19,200; material
for pond harvesting = CZK 8,000. Total = CZK 48,460.
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The total production of pond-reared pikeperch juveniles amounted to
86,000 fish and total costs for this production represented CZK 97,020. The
price of pond-reared juveniles was CZK 1.13 per fish. Only, one pond was used
for juvenile production, but it is advisable to use more ponds (there are 4 in this
model calculation). One of the disadvantages of pond culture is an unstable
production due to several natural and unpredictable conditions and situations
(flood, fish predators, oxygen deficits etc.). Therefore, we recommend the use
of more ponds for stable annual production of pikeperch juveniles.

All the direct production costs (CZK 391,739) connected with RAS culture

comprised:

e Staff salary (CZK 234,000): 2 persons x 6 hours x 65 days x CZK 300.
Total = CZK 234,000;

e Feed (CZK 52,735): 995 kg of feed x CZK 53. Total = CZK 52,735;

e Pure oxygen used for oxygenation of water in the RAS (CZK 40,978): 4 x
CZK 10,244. Total = CZK 40,978;

e Electrical energy (CZK 16,779): CZK 12,496 + CZK 283 + 2 x CZK 2,000.
Total = CZK 16,779;

e Water supply used for filling and cleaning of used RAS (CZK 13,097):
daily water exchange was 9% of the total RAS volume: 2.6 m? x 65
days = 169 m?3; cleaning of the system 5 m* weekly x 9 weeks = 45 m3;
(169 m3*+45 m?) x 61.2 CZK/m?3. Total = CZK 13,097;

e Amortization of tangible assets (CZK 4,000): air pump CZK 2,000 +
scales CZK 2,000. Total = CZK 4,000;

e Used material (CZK 30,150): a vet fee and therapeutic treatment CZK
5,500; nets CZK 3,000; aeration stones CZK 1,000; filtration medium
CZK 12,000; netting for the mechanical drum CZK 7,500; buckets CZK
800; bathtubs CZK 1,000; anaesthetics CZK 350. Total = CZK 30,150.

Indirect production costs connected with the RAS culture (CZK 13,200):
phone fee CZK 1,200; office supplies CZK 500; cleaning service CZK 2,500;
accountant’s salary 20 x CZK 450 = CZK 9,000. Total = CZK 13,200.

Depreciation of tangible assets connected with the production of pikeperch
juveniles in RAS (CZK 70,000): depreciation of the building CZK 40,000;
depreciation of the RAS CZK 30,000. Total = CZK 70,000.

The total production costs for the production of 58,000 fish amounted to
CZK 571,959 (direct production costs for pond-reared juveniles 17%, direct
production costs connected with the RAS culture 68.5%, indirect production
costs connected with the RAS culture 2.3%, depreciation of tangible assets
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connected with the production of pikeperch juveniles in the RAS culture
12.2%). Total production cost for cultured pikeperch juveniles with the body
weight 8 g was calculated as CZK 9.9 per one fish in total production of 58,000
fish.

4.5.3. Conclusion and recommendations for farmers

The pikeperch culture implemented according to this methodology is
characterised by rather high production costs (CZK 9.9 per fish), however,
production is stable, and predictable and yields a high-quality product. The
produced pikeperch juveniles are mainly intended for further rearing in RAS
and not for stocking into open waters or production ponds. The main reason
is the price of pikeperch juveniles. A current price of 5-15 g pond-reared
pikeperch (used as a stocking material for open waters or ponds) ranges
from CZK 3 to 7 in the Czech Republic. On this ground, pond farmers prefer
pond-cultured pikeperch juveniles. However, the RAS farmers are willing to pay
even more (CZK 15 to 20 or more per one fish) for quality stocking material.
Therefore, described pikeperch production technology can be very effective
and profitable for RAS fish farmers.

4.6. Possibilities of selling and next using of 8 g pikeperch juveniles

4.6.1. Technological process

The European pikeperch market was analysed in order to discover market
demands, potential customers and current price of juvenile pikeperch with
body weight 8 grams. Almost all European pikeperch RAS farmers were
addressed and asked whether they would be interested in the produced fish
(8 g pikeperch juveniles), how many fish they would be willing to buy and how
much they would pay for them. After that, incomes and expenses were defined
and possible profitability of the entire production was calculated.

It had be noted that no fish were sold and all of the fish were used for
further experiments, research and education of bachelor's, master’'s and
doctoral students in FFPW, USB.

4.6.2. Results

Positive reaction and interest of eight farmers from Belgium, France,
Netherlands, Denmark, Bulgaria and the Czech Republic were received. Detailed
information concerning the hypothetical price and amount of demanded fish is
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presented in Tab. 6. Total demand for juvenile pikeperch amounted to 93,000
fish and we only produced 58,000 fish. The farmers offered a purchasing
price for one 8 g pikeperch juvenile ranging from EUR 0.6 to 0.8 exclusive
of VAT. If we sold all our produced fish for EUR 0.8 per fish, we would earn
EUR 45,800 exclusive of VAT (approximately CZK 1,145,000 exclusive of VAT).
After calculating all incomes and expenses, the hypothetic profit of this culture
would be about CZK 573,041 (profit per 1 fish was CZK 9.9). This profit was
achieved with two workers after using of combined culture with four 1ha
ponds during 2 months period and the RAS with water volume of 28.1 m? for
65-77 days. We can mention that this type of aquaculture is able to get very
good economic profit in fish farms at present.

Tab. 6. List of companies interested in buying 8 g pikeperch juveniles including the
demanded amount of fish and price.

Amount of demanded Price per fish
Company, country

fish [ind.] [EUR]
Eko-Hidro-90, Bulgaria 20,000 0.8
Inagro vzw, Roselare, Belgium 3,000 0.8
Aquapri, Frederiksvaerk, Denmark 3,000 0.8
Van Slooten Aquacultuur, Urk, Holland 20,000 0.75
Asialor farm, Dieuze, France 20,000 0.7
Excellence fish, Horst, Holland 15,000 0.6
:I/Ijle;;zfjhap Lont en Baaren, Hippolytushoef, 6,000 0.6
Svarc-chov ryb na oteplené vodé, Velka 6,000 0.6

Bystrice, CZE

4.6.3. Conclusion and recommendations for farmers

The results of the European market analysis showed high demand of RAS
farmers for 8 g pikeperch juveniles and their willingness to pay quite a high
price for one fish (EUR 0.6-0.8 per fish). According to our findings, the profit
of 8 g pikeperch juvenile production could amount approximately to CZK 9.9
per fish if the stated technology was followed.
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5. THE ECONOMIC BENEFITS OF THIS TECHNOLOGY

The financial analysis of the entire production cycle of 8 g pikeperch
juveniles showed potential profitability of the introduced production method.
If our technological process was followed, it would bring profit to farmers
amounting approximately to CZK 9.9 per one produced 8 g pikeperch juvenile.
Itis not a problem to produce hundreds of thousands of pond-reared pikeperch
juveniles in average Czech pond fish farm. If the intensive aquaculture will be
developed in this farm, production of 8 g pikeperch juveniles might represent
tens to hundreds of thousands of fish. This production (100,000-300,000 8 g
juveniles) could yield profit of about CZK 990,000-2,970,000.

6. USE OF THE TECHNOLOGY IN THE PRODUCTION FIELD
IN THE CZECH REPUBLIC

This verified technology of adaptation of pond-cultured pikeperch juveniles
and their following intensive culture in RAS was and will be used especially
in the Fish Farm Bohemia Ltd. The mentioned fish farm will produce tens of
thousands of juvenile pikeperch due to application of this technology every
year. The Fish Farm Bohemia Ltd. will use most of the produced pikeperch
juveniles for its production of marketable fish and broodstock. The goal of the
fish farm is to produce about 2-5 tons of marketable pikeperch in 2016-2018
and sell a small part of juvenile production to other regional fish farmers.

We suppose that this technological process could increase production of
marketable pikeperch in the Czech Republic. It could lead to a better offer of
pikeperch in the market as well as increased consumption of fish in the Czech
Republic.

7. REFERENCES

Adamek, Z., Linhart, O., Kratochvil, M., Flajshans, M., Randak, T., Policar, T,
Masojidek, J., Kozak, P, 2012. Aquaculture in the Czech Republicin 2012:
Modern prosperous sector based on thousand-year history of pond
culture. Aquaculture Europe 37: 5-14.

Citek, J., Svobodova, Z., Tesarik, )., 1997. Nemoci sladkovodnich ryb [Fish
diseases]. 2nd updated edition. Informatorium, Praha, Czech Republic,
218 pp. (in Czech)

-34 -



ADAPTATION AND CULTURE OF PIKEPERCH (SANDER LUCIOPERCA'L.)
JUVENILES IN RECIRCULATING AQUACULTURE SYSTEM (RAS)

Dil, H., 2008. The European market of the pikeperch for human consumption.
In: Fontaine, P, Kestemont, P, Teletchea, F, Wang, N. (Eds), Percid Fish
Culture - From Research to Production, Proceeding of abstracts and
short communications of the workshop. Namur, Belgium, pp. 15-16.

FAO, 2012a. Fisheries Information and Statistics Service - 8/10/2012. http://
www.fao.org/fishery/statistics/global-capture-production/query/en.

FAO, 2012b. Fisheries Information and Statistics Service - 8/10/2012. http://
www.fao.org/fishery/statistics/global-capture-production/query/en.

Fontaine, P, 2009. Development of European inland fish culture and
domestication of new species. Cahiers Agriculture 18: 144-147.

Hemerlink, B., Wuertz, S., Rennert, B., Kloas, W., Schulz, C., 2013. Temperature
control of pikeperch (Sander lucioperca) maturation in recirculating
aquaculture systems-induction of puberty and course of gametogenesis.
Aquaculture 400: 36-45.

Choteborsky, M., 2013. Adaptace intenzivné chovanych juvenilnich ryb candata
obecného (Sander lucioperca) na rybni¢ni podminky chovu [Adaptation
of intensively cultured pikeperch (Sander lucioperca) juveniles into
pond conditions]. Bachelor thesis, FFPW USB, Ceské Budé&jovice, Czech
Republic, 56 pp. (in Czech)

Kestemont, P, Xueliang, X., Hamza, N., Maboudou, J., Toko, I.I., 2007. Effect of
weaning age and diet on pikeperch larviculture. Aquaculture 264: 197-
204.

Kestemont, P, Rougeot, C., Musil, J., Toner, D., 2008. Larval and Juvenile
Production. In: Rougeot, C., Toner, D. (Eds), Farming of Eurasian Perch,
Special publication BIM No. 24, Dublin, Ireland, pp. 30-41.

Kolarova, J., Svobodova, Z., 2009. Lé¢ebné a preventivni postupy v chovech
ryb [Therapeutical procedures in finfish aquaculture]. Edition of
Methodologies, FFPW USB, Vodnany, Czech Republic, no. 88, 30 pp. (in
Czech)

Kratochvil, M., 2012. Vylov trznich ryb u ¢lend RS v roce 2011 a uziti produkce
ryb v letech 1990-2011 [Harvesting of marketable fish in members of
Czech Fish Farmers Association in 2011 and using of fish production in
1990-2011 period]. Czech Fish Farmers Association, Ceské Budg&jovice,
Czech Republic, 31 pp. (in Czech)

Kristan, J., Alavi, S.M.H., Stejskal, V., Policar, T., 2013. Hormonal induction of
ovulation in pikeperch (Sander lucioperca L.) using human chorionic
gonadotropin (hCG) and mammalian GnRH analogue. Aquaculture
International 21: 961-967.

-35-



Kroupova, H., Stejskal, V., Kouril, J., Machova, J., Piackova, V., Zuskova, E., 2013.
A wide difference in susceptibility to nitrite between Eurasian perch
(Perca fluviatilis L.) and largemouth bass (Micropterus salmoides Lac.).
Aquaculture International 21: 961-967.

Lund, I., Steenfeldt, S.J., 2011. The effect of dietary long-chain essential
fatty acids on growth and stress tolerance in pikeperch larvae (Sander
lucioperca). Aquaculture Nutrition 17: 191-199.

Musil, J., Kouril, J., 2006. Rizena reprodukce candata obecného a odchov jeho
plidku v rybnicich [Controlled reproduction of pikeperch and its pond
juvenile aquaculture]. Edition of Methodologies, RIFCH USB, Vodnany,
Czech Republic, no. 88, 16 pp. (in Czech)

Muller-Belecke, A., Zienert, S., 2008. Out-of-season spawning of pike perch
(Sander lucioperca L.) without the need for hormonal treatments.
Aquaculture Research 39: 1279-1285.

Philipsen, A., 2008. Excellence Fish: production of pikeperch in recirculating
system. In: Fontaine, P, Kestemont, P, Teletchea, F, Wang, N. (Eds),
Proceeding of Percid Fish Culture From Research to Production. Université
de Namur, Belgium, p. 67.

Pivnicka, K., Rybar, M., 2001. Long-term trends in sport fishery yield from
selected reservoirs in the Labe watershed (1958-1998). Czech Journal of
Animal Science 46: 89-94.

Policar, T., Blaha, M., Kristan, J., Stejskal, V., 2011. Kvalitni a vyrovnana produkce
rychleného plidku candata obecného (Sander Ilucioperca) v rybnicich
[High quality and stable production of juvenile pikeperch (Sander
lucioperca) under pond conditions]. Edition of Methodologies, FFPW
USB, Vodriany, Czech Republic, no. 110, 33 pp. (in Czech)

Policar, T., Blecha, M., Kristan, J., Stejskal, V., Blaha, M., 2013a. Combination of
intensive (RAS) and extensive (pond) aquaculture for juvenile production
in pikeperch (Sander lucioperca). In: Poleksic, V. (Eds), Water and Fish.
Conference proceeding from VI International conference Water and Fish,
Belgrade-Zemun, Serbia, pp. 88-91.

Policar, T., Stejskal, V., Kristan, )., Podhorec, P, Svinger, V., Blaha, M., 2013b. The
effect of fish size and density on the weaning success in pond-cultured

pikeperch (Sander lucioperca L.) juveniles. Aquaculture International 21:
869-882.

Roényai, A., 2007. Induced out-of-season and seasonal tank spawning and
stripping of pike perch (Sander lucioperca L.). Aquaculture Research 38:
1144-1151.

- 36 -



ADAPTATION AND CULTURE OF PIKEPERCH (SANDER LUCIOPERCA'L.)
JUVENILES IN RECIRCULATING AQUACULTURE SYSTEM (RAS)

Schram, E., 2008. Production cost of perch and pikeperch juveniles. In:
Fontaine, P, Kestemont, P, Teletchea, F, Wang, N. (Eds), Proceeding of
Percid Fish Culture From Research to Production. Université de Namur,
Belgium, pp. 75-79.

Stejskal, V., Kouril, J., Hamackova, J., Musil, ., Policar, T., 2009a. The growth
pattern of all-female perch (Perca fluviatilis) juveniles - is monosex
perch stock beneficial? Journal of Applied Ichthyology 25: 432-437.

Stejskal, V., Kouril, ., Valentova, O., Hamackova, J., Policar, T., 2009b. Size-related
oxygen consumption and ammonia excretion of Eurasian perch (Perca
fluviatilis L.) cultured in recirculating system, Aquaculture Research 41:
135-142.

Stejskal, V., Policar, T., Bldha, M., Kfistan, J., 2010. Produkce trzniho okouna
ficniho (Perca fluviatilis) kombinacssrybni¢niho a intenzivniho
chovu [Production of marketable Eurasian perch (Perca fluviatilis)
by the combination of pond and intensive aquaculture]. Edition of
Methodologies, FFPW USB, Vodnany, Czech Republic, no. 105, 34 pp. (in
Czech)

Szczepkowski, M., Zakes, Z., Szczepkowska, B., Piotrowska, I., 2011. Effect of
size sorting on survival, growth and cannibalism in pikeperch (Sander
lucioperca L.) larvae during intensive culture in RAS. Czech Journal of
Animal Science 56: 483-489.

Tamazouzt, L., 2008. The French restocking market for percids. In: Fontaine,
P, Kestemont, P, Teletchea, F, Wang, N. (Eds), Proceeding of Percid Fish
Culture From Research to Production. Université de Namur, Belgium, pp.
17-18.

Uysal, K., Aksoylar, M., 2005. Seasonal variations in fatty acid composition
and the N-6/N-3 fatty acid ratio of pikeperch (Sander lucioperca) muscle
lipids. Ecology of Food and Nutrition 44: 23-25.

Van Mechelen, J., 2008. Viskweekcentum Valkenswaard: extensive vs intensive
production of pikeperch juveniles. In: Fontaine, P, Kestemont, P,
Teletchea, F, Wang, N. (Eds), Percid Fish Culture - From Research to
Production, Université de Namur, Belgium, p. 46.

Wang, N., Xu, X.L., Kestemont, P, 2009. Effect of temperature and feeding
frequency on growth performances, feed efficiency and body composition
of pikeperch juveniles (Sander lucioperca). Aquaculture 289: 70-73.

-37-



Wedekind, H., 2008. German experiences with the intensive culture of
pikeperch (Sander lucioperca L.). In: Fontaine, P, Kestemont, P,
Teletchea, F, Wang, N. (Eds.), Percid Fish Culture - From Research to
Production, Proceeding of abstracts and short communications of the
workshop. Namur, Belgium, pp. 68-70.

Yanong, R.P.E., 2012. Fish Health Management Considerations in Recirculating
Aquaculture Systems - Part 2: Pathogens. Fisheries and Aquatic Science
Department, Florida Cooperative Extension Service, Institute of Food
and Agricultural Sciences, University of Florida, USA, Cir 121, 7 pp.

Zakes, Z., Szczepkowski, M., 2004. Induction of out-of-season spawning of
pikeperch, Sander lucioperca (L.). Czech Journal of Animal Science 51:
85-91.

Zakes, Z., Przybyl, A., Wozniak, M., Szczepkowski, M., Mazurkiewicz, ]., 2004.
Growth performance of juvenile pikeperch, Sander Iucioperca (L.) fed
graded levels of dietary lipids. Czech Journal of Animal Science 49: 156~
163.

Zakes, Z., Kowalska, A., Czerniak, S., Demska-Zakes, K., 2006. Effect of feeding
frequency on growth and size variation in juvenile pikeperch, Sander
lucioperca (L.). Czech Journal of Animal Science 51: 85-91.

-38-



External professional referee
Irena Setlikovd, Ph.D.
University of South Bohemia in Ceské Budéjovice,
Faculty of Agriculture
Studentskd 13, 370 05 Ceské Budéjovice, Czech Republic

Internal professional referee
Vlastimil Stejskal, Ph.D.
University of South Bohemia in Ceské Budéjovice, Faculty of Fisheries and Protection of
Waters, South Bohemian Research Centre of Aquaculture and Biodiversity
of Hydrocenoses (CENAKVA), Institute of Aquaculture and Protection of Waters (IAPW),
Na Sddkdch 1780, 370 05 Ceské Budéjovice, Czech Republic, www.frov.jcu.cz

Verification and use of the technology 2012
Bohemia Fish Farm Ltd., Rokytno 202, Sezemice 533 04, Czech Republic

Address of the authors
Assoc. Prof. Tomds Policar, Ph.D., Jifi Kristan, Ph.D., M. Blecha, M.Sc., J. Vanis
University of South Bohemia in Ceské Budéjovice, Faculty of Fisheries and Protection
of Waters, South Bohemian Research Centre of Aquaculture and Biodiversity of Hydro-
cenoses (CENAKVA), Research Institute of Fish Culture and Hydrobiology (RIFCH), Zatisi
728/1l, 389 25 Vodriany, www.frov.jcu.cz

Published in the Edition of Methodologies, Faculty of Fisheries and Protection of
Waters, University of South Bohemia in Ceské Budéjovice,

Zatisi 728/11, 389 25 Vodriany, Czech Republic, www.frov.jcu.cz

Translation from the Czech ,Adaptace a chov juvenilnich ryb canddta obecného
(Sander lucioperca L.) v recirkulaénim akvakulturnim systému (RAS)",
orig.: ISBN 978-80-87437-83-4 (2014, Vodriany, Czech Republic)
Professional editor: Antonin Kouba, Ph.D.; language correction: William Shelton, Ph.D.,
editor: Zuzana Dvordkovd, number of copies: 230 pcs, 1t edition, printed in 2016;
Graphic design & printing: Jena Sumperk, Jesenické nakladatelstvi,
www.jenasumperk.cz



Fakulta rybafstvi Jihoceska univerzita

a ochrany vod v Ceskych Budé&jovicich
Faculty of Fisheries  University of South Bohemia
and Protection in Ceské Budé&jovice

of Waters

Edice

® Metodik

ISBN 978-80-7514-044-9

Ytrafoon




