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BRMIS 3 M EENEEEHER

ek, ik X3k, BHAE,IFHFAR, TE R

(FMAFEMEZEEMPFER,TH BN

215123)

FEE O Tt R T AR DS SR A BT B, B 11 R SRR ) R A, A 20 AR AR IC N F R
Wy§ifi ( Sander lucioperca) i SEEF A=A B LLASFIIRM 2 ASFRALRERRYBAL S EATAS I . 45 R KW, 20 MTLAR
FRICH 18 MY, 14 DRI SVE BEOLA S ALEE NN 2 ~ 6 A, SIS AN EON 3.6 4,3 AN
PRI S5 S RO 2. 57 ~ 336, - M 2% & O 0. 5085 ~ 0. 5621, -1 2 25 ¥R (5 B85 1 0.3931 ~
0. 4764 W] 3 A~ UMY S AR RO TEAL 22 REPE AL T P S5 IRK P 38 A% 2 AR RN BTSRRI > TRMEEAR > 1l
AR AR F, g 0.1798, WA R — 2 M4 a0k . 72 AR BTN T 5505 FR A f v, b 200 i 3
ARIEAL LR M D AR — i R R R A IUSE , DU T ™ L RS K e

KA : RIS T s LA
FESES:Q503  XERIREM:A

HI# Wi ( Sander lucioperca) X FRIR ST, 7y i
H ( Perciformes ) . fifi &} ( Percidae ) . #2 W) fifi J& ( San-
der) , JZIRIKAEFNF 00 ] M £0 208 (G PRIET S, 1995 ) .
T - RN 1 5 AR T L R | R | LI LA S Y
KR, I — M E IR K & 3F #1.25 ( Deelder et
al, 1964 ; Svardson et al, 1973) ; 7E 3 E {4346 55T
SR ALK RFNEUR TR &R . AR B A 4T
S RE D AR PR | PR A o ULIE] 2D R e LA
o5 i A 2 B R 1 ke T A O R (B AL,
2010) . H 1993 4E A i B K BEORME vl i)
BT B ARK I ) AR W 5 R AT N %A
IR (XZES,1995) , 24 7 M E B E 58t T H
Wyt IR T 1SRG N L R S L
VEABTE R L 2 ~3 A LEH LG, KIH
A KRR A FRAR Al 14 ,2009) .

LA DNA Sy 1 ~6 D sEEAL H R I 2
(1) DNA 751, BLAT QRSP P 4 32 4 B P st 4% S A
(FNRC,2010) o BEAE T TR I 2 LA S e AR 1)
HEAD T B ke 22 b 7 P st AL A A A T
S RE | 8t A% % IR 3 vl g 2 O T (R Il 0 5

s H#A:2016 -01 -26

E ST A4 RHE T (BY2015039-10) 5 4 2l B i
X3 H (CN201408) ,,

PEE B Hhbe &, 1989 R4 £ LA FT A, WEIE 7 ) Aok A=
SRR SR . E-mail . 1185527238@ qq. com

BEMEE R AR 1965 44 5 I, TENFRIP Y
LK ERIIE ., E-mail: Linggf@ suda. edu. cn

XEHS:1674 -3075(2017)01 - 0080 - 06

2010) 5 E A7 F M B EARICHE S T 659RH
4:ffi (Perca favesens) ( Leclerc et al, 2000 ; Kapuscin-
ski et al, 2000) . 3 ¥5 42 W) fifi ( Stizostedion vitreum )
(Wirth et al, 1999; Zipfel et al, 2006 ) FI [ 1 Wy fifi
(Bjorklund et al, 2007 ; Kohlmann et al, 2008 ; Pou-
let et al, 2009) FYREAISRAL 51, HIZ 4 1 AR DL 2 A
ST DR 5 AR W) B A A 25 A T I S 0

IRPHID G AR T BRAR e B A A PR A R T
2014 A POHTER | LU AR S M Lk AR W) s, HEAT IR
N LB S b8, N T S8 R Rk & LAE, U]
ST SEABAL A B, B 1SS TR A R AR R
by R W) 65 %) 35 A% 20 VR RHEA TR DU R A b 2
PRt , A BIFFE 38 P AR T B2 93 7 B ac Rl 3 4R W B it
S AL R LA S R R IR N 2 A FRBETEIA 1 35t 5 2548
AL RS T 20, LA R B SR A B
T AR PR R

1 R

1.1 ##

PR W) 5 S B A AR AR AS I 19 B 8 S 427 30
(32 B) 5 LIZRARAH A L ZR i U7 i KR 37 58 47 (32
F2) s RN I3 JH 70 S B AR i B 57 4
(32 F2) 5 70 BT ISR AS f ZR OR AT T 0K
LB
1.2 Fi&
1.2.1 ARF4 DNARE G B0 F[NZ DNA ¢
WS Mabr ey - S 05 PR 7 2EAT, SR 1% 3
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FHEEEIE 120V HITK 40 min £ 0 DNA J5i &, f & 43
JEIGRE TR I DNA ¥ B2, d J5 oK i B 2= 50 ~
100 ng/pL,

1.2.2 PCRy 8 R a k& MAUESIYT 44
(SviLl, Svil6, Svil7, Svil8) 3k H Wirth 2 (1999)
NI B A Wy i v g 15 L AR T AR AV 52 1 (Pflal2,
Pflal3) 3£ H Leclerc Z& (2000 ) M 5 it ( Perca
Savesens) W43 B B TR AL S 4 4> (Zall3a,
Zal13b, Zal44, Zal79) 3 [ Dubut 25 (2010) MK
B 7 (Zingel asper) w7y B H AT ER A0 5556
A~(MSL-1, MSL-2, MSL-3, MSL4, MSL-5, MSL-6)

KB Kohlmann 5 (2008 ) M\ 11452 1) i r 73 5 H A 3
TR 5 4 4> (SL57, SL148, SL174, SL195) 3
AT 5 AR P 5 T A AT AR V) 13
BEALR

PCR #"3%% ] 20 pL fK & :2 x Mix 10 wL,H,0
7 wL,DNA 1 pL, EFHF51944 1 pL(10 pmol/L)
PCR #3887 : HAEE 3 min;94°C 481k 30 s, 3Bk
30 s, 72°C ZEfif 30 s, 32 ANEFR; 5 72°C FE fif
5 min, FXF G| YRR RIB KRB LR 1, 1)
FH 8% 3R N M BBt M 35 JC L Dk, IS H kR R A5 A
TR 0.5 x TBE H1JKZE i, 160 V HEEK 75 min,

F1 UAEERIEMRER

Tab.1 Information of 14 polymorphic microsatellite loci

SSR fif & LEs 1Y TS EHFH T,

SL57 ACGTGCTCTCTCAACACCG ACTTCCTCTCCTGGCCAAC (GT)g 51

SL174 CCCAGCTCTGGAAGTACGG TGAATTGTCAGAGAACGCGG (GTT), 51
SL195 CTCCCTCCAAGGCATCCTG AAGGCAAAGCTGCTGAACG (CCT) 58.5

Svil6 AGAGGAAGAAGAGGTATC TTAAAGGGTAAGTCCACTG (AC),, 53

Svil7 GATGTGCATACATTTACTCC GCTTTAATCTGCTGAGAAC (TG) » 53

Svil8 GCTTATACGTCGTTCTTATG ATGGAGAAGCAAGTTGAG (TG) 5 50
Zald4 GCCCACAATAGCACCGTAAT TTTGTGAATGTGAGTGAGAGTCAG (AC), 58.7

Pflal2 GTAAAGGAGAAAGCCTTAAC TAGCATGACTGGCAAATG (CA) 53

MSL-1 TGTTTGTCAGCGTCAAGAGG TTCCGCTCCAACATATCACA (CA) 5 57

S o S (ACGE), (AC) 5 GC(AC),
MSL-2 TTTTCACACCGTGCATGACT ACCCTCAGCCTCTGTGTACG (ACGC)4 (AC)GC(AC), 57
MSL-3 CCGGCATCCATACACCTTAC CACACCTGTGTCTGCCTAACA (CA) 57
(CA) 3 (CGCA)5(CA),
MSL4 TCAAGACCCCAGAACCAATC CAGACAGCTAAGAGAACAACAGG 2. . 57
(CGCA)4(CA),
(GCAC) ;N5 (GCAC)
MSL-5 CAATCGCTCTGAGGATGTCA AAGGGTGGGGAAATTATTCG N, (GCAC) s (AC) 57
(AC);(GCAC);(AC),
MSL-6 GTCGTCATCGTCAGCACAGT ACTACACGGGACGCTGGA ’ (GCAC) 1‘1 57
1.2.3 RETE ROWHN1 g AgNO; T nlm

1 000 mLXLZE 7K Fh i B A5 ; B 5K 15 g NaOH,
10.8 mL 37% FE , I Az K 2 1 000 mL, HLJk 58
HE S BRGRORYERE 1 min, (0. 1% ) AgNO; ¥
W8, 10 min, SFEK PR 2 0, B AR A 2 TE
SR BT UL 1k, 5 U K VR 146 I P e A
14 255 (BIO-RAD) 1 B0 B 78
1.3 #iEaE

JHBEIR B 1% 22 Ge 31 Image lab Z3H7 T A 25437
SR BRI, Be s A R B R RS | I Popgene 32
AR BT 45 TR S R 1 S5 (0 B R B (Y, ) B AL
SR RVBCON, ) LN 2 45 BE (H,) B 2 45
(H,) Nei [G(1978) 3L HE 8 (D,) Lh K i AL A U 5
B (D) GRAEMME R (F,) iS5 Rkt
Hardy-Weinberg F-Hif {5, £ 755 H & & (PIC) &
2% Botstein 2£(1980) A5 .

PIC=1-3P -3 ¥ 2P P
i= i=lj=i+

A em R — 7 i LA LN RGP, APy ol
5 i RS j A SE AR TERE AR IR (=i + 1) o
2

R

2.1 HIES|# PCR Y IE

e 20 MDA SR, A 14 A3 A
PRI R 2854, f 2 A7 (Zal13a,Zal79)
TEBTSRAE A R R 0E 2607, 4 D OLATE T AR
TR A (SL148 Al Pllal3 78 37 i AF (4 2R 30
FAZS, SvILL EIARHE AR Hp R B, Zal 13b £E 75
PRI i KX 6 M, 4 AZE
PR WAL L N EE 2 ~ 6, F 20 3.6 (fi ki
MSL-1 (g RLPREE SR I 1) o P 3294 2505 07 32 D 2
(N,) 2.7, 2R & B (H,) 4 0. 5940, -1
HIBZR 5 5 (H, ) 2 0.6094, 5144 2 355 B & it

1
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(PIC) 3 0.5347(%2) .
2.2 B¥kBEfELEH
14 A Z 3500 AR A5 R BRI 45 2R DL 3% 3

300 bp
200 bp

3ABER A S G IR B (N,) 5 3 R 3.36, e v 100 bp
2.57 3.10; -0 4= A B (H, ) 4351 2k 0. 5621 300 bp
0.5085.0.5190; - ¥ i B Z2 & B (H,) 73 9 N 200bp
0. 5467 .0. 4715 .0. 5196 ; 5 45 PIC 43 51| % 0. 4764 100 bp

0.3931.,0. 4440 thy g vl UL, &35t f2 S B (N, (N, |
H, H, PIC) # R BN B SR > TR EAR > 7R
EMR . SPATRGI 25 SRR, 3 N RER IS A 50% 19
s H-W P45 (P <0.05) o

B1 g MSL-1 73 PMERMEBEHHTIBER
Fig.1 Amplification results of microsatellite loci

MSL-1 in the three pikeperch populations

x2 UARHIEBRESHESH

Tab.2 Genetic diversity parameters of the 14 microsatellites loci

SSR 7 15 N, N, H, H, Ave_H,, PIC N, F, Fy
SL57 2 1.8 0.4022 0.459%4 0.4308 0.3589 3.6360 0.0643 0. 0640
SL174 2 2.0 0.2128 0.4970 0.4439 0.2945 2.1682 0.1034 0.5041
SL195 3 2.7 0.4731 0.6291 0.4330 0.5778 0.5600 0.3086 -0.0958
Svil6 3 2.1 0.6559 0.5339 0.4794 0.3684 2.3400 0.0965 -0.3646
Svil.7 4 3.1 0.5914 0.6823 0.5148 0. 1808 0.8218 0.2332 -0.1235
SviL.8 6 4.1 0.9895 0.7576 0.6937 0.7124 2.9294 0.0786 -0.4260
Zald4 5 4.1 0.9684 0.7613 0.6480 0. 6060 1.4898 0.1437 -0.4935
Pflal.2 5 2.6 0.5579 0.6141 0.5306 0.4768 1.6835 0.1293 -0.0505
MSL-1 4 3.1 0.5053 0.6850 0. 6067 0.5600 2.0314 0.1096 0.1670
MSL-2 4 2.7 0.7053 0.6346 0.5984 0.3935 4.4273 0.0534 -0.1827
MSL-3 2 2.0 0.2000 0.5024 0.2792 0.3728 0.3162 0.4415 0.2887
MSL4 3 2.7 0.2421 0.6342 0.3021 0.2583 0.2312 0.5195 0.2070
MSL-5 3 2.5 0.3789 0.6084 0.5403 0.3728 2.1137 0.1058 0.3035
MSL-6 4 3.0 0.5474 0.6657 0.5616 0.6835 1.4286 0.1489 0.0290
Mean 3.6 2.7 0.5307 0.6189 0.5045 0.4612 1. 1405 0.1798 -0.0504
R3 BRVE3MEGHBEESHESE
Tab.3 Genetic diversity parameters of the three pikeperch populations
SSR SRR A AR TN
fifs N, N, H, H, PIC Pyw N, N, H, H, PIC Pyw N, N, H, H, PIC  Puw
SL57 2 1.48 0.3438 0.3289 0.2713 0.7911 2 2.00 0.4286 0.5091 0.3750 0.3941 2 1.8824 0.4375 0.4762 0.3589 0.6398
SL174 2 2.00 0.0000 0.5079 0.3750 0.0000 2 1.90 0.5667 0.4808 0.3610 0.3187 2 1.5598 0.0938 0.3646 0.2945 0.0000
SL195 2 1.36 0.2500 0.2679 0.2289 0.6929 2 1.62 0.5172 0.3902 0.3099 0.0712 3 2.8724 0.6562 0.6622 0.5778 0.8684
Svil6 3 2.33 0.8065 0.5801 0.4972 0.0062 2 1.68 0.5000 0.4130 0.3236 0.2367 3 1.8568 0.6562 0.4688 0.3684 0.0380
SviL7 4 3.31 0.8438 0.7093 0.6457 0.0000 4 2.91 0.7188 0.6662 0.5884 0.4611 3 1.2349 0.1724 0.1936 0.1808 0. 1166
Svil8 5 3.34 1.0000 0.7118 0.6524 0.0001 3 2.69 0.9677 0.6383 0.5552 0.0000 5 4.0394 1.0000 0.7644 0.7124 0.0000
Zal44 5 2.96 1.0000 0.6726 0.6041 0.0000 4 2.63 0.9032 0.6298 0.5601 0.0029 5 2.9595 1.0000 0.6726 0.6060 0.0000
Pflal2 4 3.31 0.6250 0.7088 0.6401 0.2277 2 1.62 0.5161 0.3892 0.3096 0.0622 5 2.0460 0.5312 0.5193 0.4768 0.2776
MSL-1 4 2.12 0.5625 0.5372 0.4929 0.2401 3 2.91 0.5161 0.6668 0.5819 0.0004 3 2.7416 0.4375 0.6453 0.5600 0. 0006
MSL-2 4 3.11 0.6250 0.6895 0.6237 0.0611 4 3.10 0.9355 0.6880 0.6149 0.0003 3 1.7840 0.5625 0.4464 0.39350.2050
MSL-3 2 1.13 0.1250 0.1190 0.1103 0.7458 2 1.29 0.0645 0.2285 0.1995 0.0000 2 1.9826 0.4062 0.5035 0.3728 0.2669
MSL4 3 1.93 0.5938 0.4886 0.3915 0.0893 2 1.14 0.0000 0.1227 0.1134 0.0000 2 1.4382 0.1250 0.3095 0.2583 0.0005
MSL-5 3 2.86 0.4062 0.6612 0.5759 0.0012 2 1.90 0.1290 0.4823 0.3619 0.0000 2 1.9826 0.5938 0.5035 0.3728 0.3026
MSL-6 4 2.95 0.6875 0.6711 0.5972 0.0148 2 1.41 0.3548 0.2967 0.2493 0.2553 4 3.7372 0.5938 0.744 0.6835 0.0285
Mean 3.36 2.44 0.5621 0.5467 0.4729 0.1549 2.57 2.04 0.5085 0.4715 0.3516 0.2033 3.10 2.2941 0.5190 0.5196 0.4612 0. 1535
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2.3 BkEEESUSEEES

TR AL SR B E REE (FF,) W3R
2, BRI AL AR 3R Bk 0. 1798, 321 3 4~ 1
R HEARAT —E /5L 71

3 AR TR Nei [R5t f4 2 5 35t 14 A 5
HO RS RN O s AS (LR TR A 5 1% By
IR (0.4691) , FHBLEFR AR (0. 6256) 5 ILZRAEAE S5
SRR AR 1) 382 12 1 85 A /s (0. 2936 ), AH AU 4 1w
(0.7456) (£ 4) . MY HiEs, iz i UPGMA Xf
3ANHHRIEAT TR (I 2) , AT WLl AR R A
IR E SR —B, Z E B SRR ARG

F4 BRI 3 )BT Nei K%
EEESEERMNRY
Tab.4 Nei's (1978) unbiased measures of genetic
distance and genetic identity among the three

pikeperch populations

U BRI IR A A TR
Bk - 0.6256 0.6414
INZR AR 0.4691 - 0.7456
BiSL BTN 0.4441 0.2936 -

TE AR LA b R R ] 38 A ARBL AR K5, X A 2 AR DBk i it
EHEE
Note: Nei's genetic identity (above diagonal) and genetic distance

(below diagonal ) .

BB ik

y 2R B 4

I B

0.25 0.20 0.15 0.10 0.05 0

B2 B®RMe3 NEERN UPGMA BES
Fig.2 UPGMA cluster analysis of Nei's (1978) unbiased
measures of genetic distance and genetic identity

among three pikeperch populations
3 g

3.1 WIEHCHWBAESERM

AR T 14 D 2B TE, Kb 5 A~
L AP RN IF AT 2,9 I A E AR W) i vh T
RAFBNN  ENTEADEIE b B9 36 45 2R 5 78 Ho At
BT 45 R FEA AL (Wirth et al, 1999; Leclerc
et al, 2000; Kohlmann et al, 2008; Dubut et al,
2010) , P BH 33X SE 534 TR BRiC 7 [R]BEAS [a] R 8] A —
JE 3 T

Botstein 55 (1980) F Jo i H 1 i £ Kk K 48 5
ERRZSE R & /I8 br. PIC>0.5 I, S B

ZAMEENT ;0. 25 < PIC < 0.5 B, oy v FE 22 251 8
1373 PIC <0.25 fif, KR £ BRI . ABFIE H Y
14 D2 B AN S, AT E TR 25007
MSA S ETEEZSHEAE .S N ETHES
DML, LT TR FRICE A T F R W) fi
TR 3 15 ZREVERFSE

3.2 AERBARVISFEHENEESHEEILE

WG SRR S P RR R TR B0 A B SR
— DU TR A I FE N R R R E T
Y EERE (FVRIC,2010) o S5 A HE PRS0 ORI % 45 3%
WA M2 BT RSB RE N AR
o Z RV, BB R, s 15 Z e b i
({37745 ,2007)

AT, 3 MR P 2 B E L&/ R
0.4286, ik 5| T v B £ 2K, 2 W 2= 4 18
0.5299, ‘F-IH A 22 & F S 0. 5126, W& ik T
Gharibkhani 55 (2014 ) ¥ 2 £ B9 J6 &8 B 96 7% 2 19
4R B BER (H, =0.5368, H, =0.5133), 1
BEAIG T Poulet (2009 ) SEF1 H 6 AN 1A XT 4 4~ 3
BER IR BRI 5T 45 2 (H, = 0. 5312) , R ADF
FEH 3 A AR B R AR B 845 SRR b T TP 45 O 1K
(7K o, B S B MR 45 2 U e, L AR AR A
SHUE AR, X AT RE 5 B s B AR R B 28 1
FHAEREAA S, AR A 1995 4 4f Mg 5 5| i
PRV B RER , 25 ZAE IR0 5 N LB %
TEAIRAL ZREVER T IA IR M R B AR N
BEUR, o T4 AT WOEATEARTE 100 4100 F, Hs %
ZREMENS =T ILARTEAR . fob o] 0L, 78 AR Wy f 2
B IAES, T2 TR H 58 B AR (8 A5 1 skl
[i) Fsf 2 — e R 119 2 fa 80 i, an e A e ORI N T
ZHH BRI AG Z R MR SR AE TR, ™l i
Sefi R Kk SR SR IR,

3.3 BEEEoUhSEESHERP

WAL TR B (F, ) S 5 B 7] 38t 15 4 1R 1Y
LR R . Wright(1978) 1Ak F, =0 ~0.05 KR
B AR/ N & s A5 3 Ak, F, =0.05 ~0. 15
FORPEREWEL L, F, =0.15 ~0.25 IRk
TR I, F, >0.25 Fom kA TR
WAL . AT, IR W) B IR Y 35 4% 53 1k 4
HOH 0.1798 31 3 A~ (R W) i B 1A A — a2 19 3%
&4k

FARWI 5 SRR T 88, AR R
EIRR IE AW T . ABFIE R BB 2R R T
BRSO 78] AR 200 2 ~ 3 AR N T,
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HAERPEREH BN B, UL, S 1 B AR W) &7l 1
R R I, — 5 T o SRR T ik 11 42 Wy B A A A
PEAT PR, AN Sz BT DX AN AR Y] 5 [R] s, %k ] A
11 EAR W) 7 N T BB R Aol WhZBUIIN 38 S A B A B
i PRA S IR AN T 50, B7 1R I SRR LR Y
Ko

& AR 6P B A BHR RAF TARIT 2] T A7 48
A7 R BRI R AR S 3k IR R JE A 3]
IRRB 4 e &

B2 3k

BT, skbE, ARz, 55,2007, JI#EfE EST-SSRs 70 Frid
TR SAREY AAR YU T I RE 57 Ei N
15(6) :947 —952.

BERLE, R, ,2010. R TAE DN A Fric K H R H]
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BEEFL,2010. WSS SR ER KT AR RN ] S
Hll, (3): 48 —48.

XIZE, 227K, 1995, Mty fa i N TSR [ 1], K™=
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Genetic Structure Analysis of Three Pikeperch ( Sander lucioperca)
Populations by Microsatellite Markers

HAN Xiao-fei, LING Qu-fei, LI Cai-juan,XU Zheng-chao, WANG Guo-cheng

(School of Preclinical Medicine and Life Science, Soochow University, Suzhou 215123 P.R. China)

Abstract; The pikeperch (Sander lucioperca) is an economically important fresh water fish with desirable charac-
teristics; strong disease-resistance, fast growth, good taste and high protein content. Currently, artificial breeding,
seed breeding and culturing of Sander lucioperca is carried out in seven Chinese provinces since artificial breeding
was first accomplished in 1993. To prevent inbreeding and lay the foundation for genetic breeding of this species,
20 microsatellite markers were used to investigate the genetic structure of three pikeperch populations: a wild popu-
lation from Xinjiang and two cultured populations from Shandong and Jiangsu. The wild Sander lucioperca were ob-
tained from Ulungur Lake in Fuhai County, Xinjiang, and the two cultured populations were obtained from aquacul-
ture farms in Linyi, Shandong and Suzhou, Jiangsu, with 32 specimens from each population. From among the 20
microsatellite primers, 18 loci were successfully amplified with 14 polymorphic loci for the three populations. Ge-
netic diversity in the three populations was in the medium to low range, based on the following criteria; number of
alleles per locus (2 -6, avg =3.6), average number of alleles (2.57 —3.36), average observed heterozygosity
(H,, 0.5085 -0.5621) , average expected heterozygosity (H,, 0.4715 —0.5467) and average polymorphic infor-
mation content ( PIC, 0.3931 —0.4764). The order of genetic diversity in the three populations is Xinjiang >
Suzhou > Shandong. The genetic differentiation coefficient (F,) of the three populations was 0. 1798. The largest
genetic distance was between Xinjiang population and Shandong population with the genetic distance of 0. 4691,
with a smaller difference, 0.2936, between the Shandong and Suzhou populations. UPGMA cluster analysis of the
three pikeperch populations shows that the Shandong and Suzhou populations first clustered into one group and then
clustered with the Xinjiang population. Our research suggests that monitoring the genetic background and maintai-
ning large parent populations are necessary to ensure genetic diversity in artificial Sander lucioperca populations and
promote the sustainable development of Sander lucioperca aquaculture.
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