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MATERIALS AND METHODS

Origin of �sh and conditions of keeping
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Picture 1. Weaned !sh vs. un-weaned !sh

Experiment I. - The e!ect of trainers
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&%#[+//F' !#$%"X:' T./' Z-.'A/!/' +/F'A%$.' @*"@DA"!D'
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T./'+//F%&B'!#$%"'A#-'^`'"+'$./'S"FE'A/%B.$'F#%*E0'
!/-)*$%&B'%&'$.#$'Z-.'A/!/'"</!'+/F'+"!'$./'%&$/!/-$'
"+' $./' A/#&%&B' C/!%"F:' T./' +//F' )-/F' A#-' +!"R'
OD!/j%&B0'-%l/F'3:5'RR'V^\`'C!"$/%&0'12`'+#$X:

Experiment II. - The e!ect of modi�ed feed

T./'-/@"&F'/YC/!%R/&$'A#-'#%R/F'#$'/&.#&@%&B'$./'
A/#&%&B'"+'C%D/C/!@.'F%!/@$*E'A%$.'F!E'+//F0'A.%@.'
A#-'R"F%Z/F'%&'-.#C/'#&F'$#-$/:''L/+"!/'#CC*E%&B'
F!E'+//F0'$./'&"&7A/#&/F'Z-.'+!"R'$./'C!/<%")-'/Y7
C/!%R/&$'A/!/'@"&F%$%"&/F'SE'+//F%&B'S*""FA"!R'
V23*%+"+4(1& -C:X' 4' $%R/-' V62' B!#R-[#])#!%#' /#@.'
$%R/X'#'F#E'+"!'31'F#E-:'M$'$./'/&F'"+'$.%-'@"&F%$%"&7
%&B' C/!%"F0' Z-.' A/!/' %&F%<%F)#**E' R/#-)!/F' #&F'
!#&F"R*E'F%-$!%S)$/F'%&$"'\'#])#!%#'VT#S*/'1X'#B#%&:'
T./'/YC/!%R/&$'*#-$/F'+"!'13'F#E-:

Table 1. Average weight at the arrival and start of Experiment I

(CON) – control – no trainers added; (PST) – groups with pikeperch trainer; (PPT) – treatment where perch was the 

trainer

+/0123042 +560'78'9:;
$<3=0/>
1?<1/@1

A0@B;2'12'1//@C1D
EBF

EG014'H'(IF

A0@B;2'12
2;0':21/2'78'2;0

0J60/@3042'EBF'EG014'H'(IF

) $
E47'2/1@40/:'
1KK0KF

A@DK'6@L060/M; ^2 1^:3'u'6:4 11:3'u'6:6

-(+
EN@2;'(14K0/'
2/1@40/:F

A@DK'6@L060/M; 42 1^:2'u'6:8 11:3'u'6:4

+01M;0/'6@L060/M; 32 7 14:5'u'^:8

--+
EN@2;'-0/M1'
2/1@40/:F

A@DK'6@L060/M; 42 14:4'u'^:P 13:P'u'^:1

+01M;0/'60/M; 32 7 31:P'u'4:8
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Table 2. The initial weight of !sh at the start of 

Experiment II

+/0123042
$<3=0/>
/06D@M120:

"4@2@1D'N0@B;2'
EBF

)742/7D'E)F 42 12:^'u'^:\
.D77KN7/3'2/0123042'E.F 42 3\:8'u'^:4
%/731'E,F 42 12:P'u'^:^

T.!//'$!/#$R/&$-'A/!/'@"RC#!/F'%&'4'!/C*%@#$/->
w' 'V X'W"&B'$.%&'C/**/$-'A%$.'@"RR/!@%#*'F!E'

+//F'$#-$/'7'@"RR/!@%#*'+//F'A%$.'R"F%Z/F'
-.#C/0

w' 'VLX'W"&B'$.%&'C/**/$-'A%$.'S*""FA"!R'$#-$/'
7'@"RR/!@%#*'+//F'A%$.'R"F%Z/F'-.#C/'#&F'
S*""FA"!R'$#-$/0

w' 'V,X'W"&B'$.%&'C/**/$-'A%$.'@"RR/!@%#*'#!"7
R#'R#F/'$"'@#$@.'C!/F#$"!E'Z-.'V?E&#R%$/'
L#%$-' q' g%**/!' Z-.' -@/&$' 7' ?xIMhKTH'
LMKTO0' T./' ?/</*"CR/&$'  /&$!/0'
,"--/A#E0'  "$B!#</0' I"j%&B.#R0' IN31'
4;NX' q' @"RR/!@%#*' +//F' A%$.' R"F%Z/F'
-.#C/'#&F'#!$%Z@%#*'#!"R#:

T./'@"RC"-%$%"&-'"+'$./'+//F-'#!/'B%</&'%&'T#S*/'
4:'K&'/#@.'+//F0'@"RR/!@%#*'+//F'V^\`'C!"$/%&0'12`'
+#$X'A#-'B!")&F/F'#-'R/#*'#&F'R%Y/F'A%$.'/BB'C!"7
$/%&'C"AF/!:'T./'R%Y$)!/'A#-'R"%-$)!%l/F'SE'A#$/!'
%&'"!F/!'$"'S/'#S*/'$"'+"!R'S*""FA"!R7-.#C/'C#!$%7
@*/-:'T./'+"!R'V3:6'RR'F%#R/$/!'#&F'3:273:6'@R'%&'
*/&B$.X'A#-'B%</&'SE')-%&B'#'C#-$#'R#@.%&/:',!/-.*E'
C!/--/F'-/R%7R"%-$)!/'+//F'A#-'B/&$*E'F!%/F'+"!'P'
.")!-'#$'62'y '#&F'-C!#E/F'A%$.'$./'$#-$/'R"F%Z/!'
-"'$.#$'$./'$#-$/'R"*/@)*/-'!/R#%&/F'"&'$./'-)!+#@/'
"+'$./'+//F:'T/&'R%&)$/-'#+$/!'-C!#E%&B'q'*/j%&B'$./'
-C!#E'#S-"!S'%&$"'$./'/Y$/!&#*'*#E/!'q'$./'+//F-'A/!/'
D/C$'%&'C*#-$%@'S#B-'%&'-R#**'C"!$%"&-'#$'736'y ')&$%*'
)-/:'

Table 3. Composition of the feeds – Exp. II

,00K'M7367:@2@74
)7330/M@1D'
800K'E)F

.D77KN7/3'
O1C7/'E.F

%/731'
O1C7/'E,F

,00K'6/061/12@74P

,//F'VBX 1222 1222 1222
HBB'C"AF/!'VBX 322 322 322
d#$/!'V*X 2:P 2:1 2:^6
,*#<"!'VR%Y/F'A%$.'
A#$/!X'V*X

7 2:^' 2:36

,D1C7/':6/150K'74'
2;0'800KP

d#$/!'V*X 2:1 2:3 2:3
,*#<"!'VR%Y/F'A%$.'
A#$/!X'V*X

7
2:3

2:3

L/+"!/'Z**%&B')C' $./'S/*$' +//F/!-0' $./' +//F'A#-'
A#!R/F'%&'-R#**'S#B-'$"'C!/</&$'<#C"!:'T./'+//F7

%&B' A#-' F"&/' SE' @*"@DA"!D' S/*$' +//F/!-' "</!' 31'
.")!-:' T./' +//F%&B' -$#!$/F' #$' 8' #R:'?#%*E' +//F%&B'
!#$%"'A#-'^`'"+'S"FE'A/%B.$:

Statistical data analysis

T"'F/$/@$'F%k/!/&@/' S/$A//&' $!/#$R/&$-0' $./'&"&7
C#!#R/$!%@'g!)-D#*7d#**%-'$/-$'A#-')-/F:'T./'R%&%7
R)R'*/</*-'"+'-%B&%Z@#&@/'A/!/'-/$'#$'_z2:26:
d%&F"A-'GU@/'HY@/*'3\\5'A#-')-/F'+"!'"!B#&7

%l%&B'F#$#:'L#-%@' -$#$%-$%@#*' !/-)*$-'A/!/' @#*@)*#$/F'
A%$.'HY@/*'-"+$A#!/:'O$#$%-$%@#*'$/-$-'A/!/'F"&/')-7
%&B'KLh'O_OO'12:2:

RESULTS

Experiment I – The e!ect of  trainers

?)!%&B'$./'/YC/!%R/&$0'$/RC/!#$)!/'V11:P'{'3:3'y X'
#&F'"YEB/&'V5:54'{'2:5'RB[*X'-#$)!#$%"&'A/!/'#$'#@7
@/C$#S*/' */</*-' #&F' A/!/' R#%&$#%&/F' @"&-$#&$*E:'
T./!/'A#-'&"'R"!$#*%$E'%&'#&E'"+'$./'/YC/!%R/&$#*'
B!")C-:
,%B)!/' 3' -."A-' $./' #</!#B/' %&%$%#*' #&F' Z&#*'

A/%B.$' "+' $./' Z-.' !/-)*$/F' SE' $./' F%k/!/&$' $!/#$7
R/&$-:'_*/#-/'&"$/'$.#$'F#$#'"+'$./'$!#%&/!'Z-.'A/!/'
$!/#$/F'-/C#!#$/*E:'K&'/#@.'&#%</'B!")C'$./'A/%B.$'
*"--'A#-'R"!/'"!'*/--'$./'-#R/0'$./'-R#**'F%k/!/&@7
/-'A/!/'@#)-/F'SE'$./'A/%B.$'"+'$./'&/A*E'A/#&/F'
C%D/C/!@.:' K&' /#@.' $!/#$R/&$' /#@.' $!#%&/!' Z-.' +/F'
&"!R#**E' F)!%&B' $./' /YC/!%R/&$:' T./' C%D/C/!@.'
/#$%&B'F!E'+//F'B!/A'35:\'B'"&'#</!#B/'"</!'$./'1\'
F#E-'V3:\^`'ONJ|VW&V^3:PX7W&V14:5XX[1\}322X:'_/!@.'
$!#%&/!-' .#F' #'A/%B.$' B#%&' "+' 32:8' B' #&F' $./' ONJ'
A#-'1:34`'V|VW&V14:^X7W&V31:PXX[1\}322X:

Fig 1. The average initial and !nal weight of the !sh in 

di"erent treatments in Exp. I

((CON) – control – no trainers added; (PST-N) naive 

pikeperch of the PST treatment where pikeperch was 

the trainer; (PST-T) – the trainers of PST groups, (PST-N) 

– naive pikeperch of the PPT treatment where perch was 

the trainer; (PE-T) – teachers of the PPT groups))
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T./!/'A/!/'32'A/#&/F'Z-.'%&'$./'@"&$!"*'$!/#$7
R/&$0'1'%&'$./'C%D/C/!@.'$!/#$R/&$'#&F'5'Z-.'%&'$./'
C/!@.'$!/#$R/&$:',%B)!/'1'-."A-'$./'!/-)*$/F'A/#&7
%&B'!#$/-:'K&'$./'_OT'$!/#$R/&$0'1:1`'"+'$./'Z-.'B"$'
A/#&/F' %&' #**' 4' !/C*%@#$/-:' T.%-'A#-' $./'A"!-$' !/7
-)*$:'T./'S/-$'A/#&%&B'!#$/'A#-'%&'$./'@"&$!"*'B!")C'
V8:4`X:'T./'__T'$!/#$R/&$'A#-'-*%B.$*E'*"A/!0'5:8`:'
I"&/'"+'$./'F%k/!/&@/-'A/!/'-%B&%Z@#&$'#$'Cz2:26:

Fig 2. Weaning rates between the treatments in Exp. I 

((CON) – control; (PST) – treatment with pikeperch 

trainers; (PPT) – treatment with perch trainers; same 

letters indicate that there is no significant di!erence 

between means (Pb<0.05))

Experiment II - The e!ect of bloodworm like 

feeds

?)!%&B' $./' -/@"&F' /YC/!%R/&$0' $./' $/RC/!#$)!/'
A#-' .%B./!' #$' 2:P' y ' V14:1' {' 2:6' y X' #&F' $.)-' $./'
"YEB/&' -#$)!#$%"&' V5:46' {' 2:6^' RB[*X' A#-' *"A/!:'
I"&/$./*/--0'/#@.'C#!#R/$/!'A#-'#$'#@@/C$#S*/'*/<7
/*-'#&F'A#-'@"&-$#&$*E'R#%&$#%&/F:'K&'$.%-'/YC/!%7
R/&$0'R"!$#*%$E0'A.%@.'A#-' @#)-/F'SE' -$#!<#$%"&0'
A#-'C!/-/&$'%&'/#@.'$!/#$R/&$:'?)!%&B'$./'Z!-$'62'
F#E-'V%&@*)F%&B'$./'Z!-$'\'F#E-'"+'#@@*%R#$%l#$%"&0'
1\'F#E-'"+'$./'Z!-$'/YC/!%R/&$'#&F'31'F#E-'"+'@"&7
F%$%"&%&BX'$./'&"&7A/#&/F'Z-.'*"-$'6:^'B!#R-'V11`'
"+'$./%!'%&%$%#*'S"FE'A/%B.$X0'/</&'A%$.'$./'31'F#E-'
"+' S*""FA"!R' +//F%&B' S/$A//&' $./' $A"' /YC/!%7
R/&$-:'M$'$./'/&F'"+'$./'/YC/!%R/&$0'$./'Z-.'A/!/'
</!E'A/#D:' K&' $./' ' $!/#$R/&$' $./!/'A#-' ^:^`0' %&'
$./'L'$./!/'A#-'6:P`'#&F'%&'$./','$!/#$R/&$'$./!/'
A#-'5:6`'R"!$#*%$E:
,%B)!/' 4' F/R"&-$!#$/-' $./' #</!#B/' %&%$%#*' #&F'

Z&#*'A/%B.$'"+' $./'Z-.'S/$A//&'$!/#$R/&$-:' K&'$./'
 '$!/#$R/&$'$./!/'A#-'$./'.%B./-$'A/%B.$'*"--'V1:3'
BX:'K&'$./','$!/#$R/&$0'"&'#</!#B/'$./!/'A#-'#'-*%B.$'
B!"A$.' V2:3' BX:' K&' $./' L' $!/#$R/&$' $./!/' %-' #*-"' #'
-*%B.$'F/@!/#-/'%&'A/%B.$'V2:6'BX:

Fig 3. The average initial and !nal weight of the !sh in 

di"erent treatments in Exp. II 

((C) – commercial feed; (B) – bloodworm; (F) – 

commercial "avor aroma))

K&'$./' 'B!")C-'$./!/'A/!/'̂ 0'%&'$./'L'B!")C-'$./!/'
A/!/'33'#&F'%&'$./','B!")C-'$./!/'A/!/'36'A/#&/F'
Z-.:'T./'A/#&%&B'!#$/-'#!/'-."A&'%&',%B)!/'^:'T./'
.%B./-$'!#$/'A#-'%&'$./','$!/#$R/&$'A%$.'3P:5`0'$./'
*"A/-$'A#-'%&'$./' '$!/#$R/&$'V^:^`X'A.%@.'-."A/F'
-%B&%Z@#&$'F%k/!/&@/-'Vz2:228X:'T./'L'$!/#$R/&$'!/7
-)*$/F' %&'31:1`'S/$A//&'"$./!' $!/#$R/&$-'A%$.")$'
-$#$%-$%@#**E'C!"</F'F%k/!/&@/:

Fig 4. Weaning rates between the treatments in Exp. II 

((C) – commercial feed; (B) – bloodworm; (F) – 

commercial "avor; di!erent letters indicate a significant 

di!erence between means (Pb<0.05))

DISCUSSION

Experiment I – The e!ect of trainers

G)!' !/-)*$-' %&' $.%-' /YC/!%R/&$' -."A/F' $.#$' C%D/7
C/!@.'%-'&"$'#S*/'$"' */#!&'$"'/#$'F!E'+//F'SE'-"@%#*'
*/#!&%&B:' K&' -"R/' @#-/-0' A%$.' #FF%$%"&' "+' $!#%&/F'
C%D/C/!@.0' &/B#$%</' /k/@$-' "&' $./' A/#&%&B' -)@7
@/--'A/!/' +")&F:' T./' C"--%S*/' /YC*#&#$%"&' %-' $.#$'
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the trained fish continuously grew and increased in 
size, but the non-feeders did not, and even got 
weaker. Probably the social stress from the trainers 
towards the non-feeders was stronger in these 
groups.  

In the groups where the perch trainers were 
present, the weaning rate didn't differ much from the 
control groups. It was still slightly lower, meaning 
that social learning of this ability cannot be done 
from other fish species in the case of pikeperch ei-
ther (20-30 g).  
 
Experiment II - The effect of modified feed 

  
In this experiment our results showed that by en-
hancing the atractiveness of feed in taste or shape, 
the weaning success of pikeperch can be enhanced. 
Interestingly, the bloodworm favored feed did not 
have the best effect. However, this was expected as 
between the two experiments the fsh were fed with 
bloodworms.  

In the groups where the feed enhanced with the 
commercial aroma was used, the best effect was 
achieved, which was a surprise. Unfortunately, we 
are not familiar with the content of the commercial 
feed atractant as it was not provided by the supplier.  
 
Experiment I-II 

  
If the results of the two experiments are added 
together, the best weaning rate (25%) of the same 
stock was achieved in Experiment I - in the control 
groups with normal commercial feed (8.3% weaning 
rate) and plus in Experiment II - in A treatment with 
longthin pellets with commercial aroma taste (16.7% 
weaning rate). Based on these results, direct 
weaning had a very low success rate, compared to 
Ljunggren et al. (2003) who succeeded in weaning 
70% of the fish by direct weaning, though the ex-
periment was done with juveniles. Compared to the 
results of Zienert and Heidrich (2005) whose 
experiment was done with the same autumn pike-
perch our results are also much lower. They got a 
weaning rate of 80% of the stock; however, weaning 
was done by mixing bloodworm with the feed during 
their trials, which is known to be one of the best 
weaning methods for pikeperch. They also tried di-
rect weaning and received 10% of the weaning rate, 
which is close to our results in the control treatment 
of the first experiment. This 10% could be increased 
with aromatic substances, based on the outcome of 
the second experiment in the treatments B and F. 
Even then the weaning rate was still low and eco-
nomically questionable.  

 
 
 
 
 
 

If the trainer fish had been smaller or the trained 
fish been removed after two weeks in the first ex-
periment where pikeperch was the trainer, it would be 
possible to have better weaning rates, by reducing the 
social stress caused by the stronger dominant weaned 
pikeperch during the weaning.  
As a main conclusion, the success of direct weaning of 
pikeperch could not be enhanced drastically with the 
two methods used. Negative non-signifcant effect of 
co-rearing with eaters and a positive efect of feed with 
an enhanced taste and shape was found. With these 
results, there can be an aromatic substance which 
enhances the weaning rate of pikeperch, hopefully 
without changing the consistency of the feed.  

Further investigations will continue to find a 
feed atractant that increases the weaning rate to 
higher levels.  
 
Sažetak 
 
USPOREDBA UČINKOVITOSTI KORIŠ TENJA 
RIBA-TRENERA I  PROMJENE OKUSA I  
OBLIKA PELETA U NAVIKAVANJU  
JEDNOGODIŠNJEG SMUĐA ( Sander 
lucioperca  L. )  NA SUHU HRANU 
 
U dva uzastopna pokusa uspoređene su dvije praktične 
metode usmjerene na unapređenje učinkovitosti 
navikavanja jednogodišnjeg smuđa (Sander lucioperca 
L.), uzgojenog u ribnjaku, na suhu hranu. Prva je 
metoda primjena riba-trenera, hranjenih peletama, za 
neiskusne ribe. Kao ribe-treneri korišteni su smuđ i 
grgeč (Perca fluviatilis L.). Tretmani i kontrola (bez 
riba-trenera) izvođeni su u tri primjerka (u 9 akvarija, 
40 riba po akvariju). Jednogodišnji smuđ nije prihvatio 
suhu hranu primjenom “socijalnog poučavanja”. 
Štoviše, prisutnost riba-trenera smanjila je uspješnost 
navikavanja neiskusne mlađi, ali tek neznatno (2,2% sa 
smuđem kao trenerom; 7,8% s grgečem kao trenerom; 
8,3 % samo s neiskusnim ribama).  
U drugoj metodi je izmijenjen okus i oblik peleta za 
hranidbu. Pelete u obliku zrnaca su smrvljene i 
preoblikovane u “umjetne krvne crve” (ABW). Krvni 
crvi su začinjeni mirisom trzalaca ili komercijalnom 
aromom. Nezačinjeni krvni crvi korišteni su kao 
kontrolna skupina. Krvni crvi začinjeni komercijalnom 
aromom značajno su povećali postotak naviknute ribe 
(16,7%) u odnosu na one začinjene mirisom trzalaca 
(12,2%) i one nezačinjene (4,4%). 
 
Ključne riječi: smuđ, “socijalno poučavanje”, 
navikavanje, suha hrana 
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