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Analysis on morphological variations among introduced and Chinese

farmed turbot Scophthalmus maximus parent fish populations

GUAN Jian' LIU Hong-jun' GUAN Shu-guang' LEI Ji-lin®
CHEN Zhi-xin® GAO Xiang! ZHENG Yong-yun'”
(! Mari-culture Institute of Shandong Province, Qingdao 266002)
(* Key Laboratory for Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)
(*Yantai Baijia Fishery Limited Corporation, 265715)

ABSTRACT Statistical morphological characteristics among three European populations
(French, Spainish and Danish) and three Chinese farmed populations (Lai-zhou, Hai-yang and
Ri-zhao) of broodstock turbot, Scophthalmus maximus were revealed and compared on the ba-
sis of eight morphological indices using one-way ANOV A, principal components and clustering

dendrogram analysis. The morphological difference among six populations was remarkable, but
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there was no isolation without overlap. The results of one-way ANOVA showed that there was
notable differentce between French and Ri-zhao population, Ri-zhao and Hai-yang population
were similar in morphology, and Danish population had the high bodily form. In principal com-
ponents analysis, three principal components were constructed, and the contribution from the
first, second and third principal component were 47. 07 %, 28.10% and 15.45% , respectively.
The cumulative contribution rate was 90. 62%. The results of clustering dendrogram indicated
that the morphological variations of Lai-zhou and Hai-yang populations were little, and they
were similar to the French population. Ri-zhao and Spanish population were similar. The mor-
phological variations between Danish population and other five populations were large. The
morphological diversity of three European turbot populations was higher than the three farmed
Chinese farmed populations.
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Table 1  The total length of six turbot broodstock populations (n=30)

4= Total length (mm)

HEfR Population 455 Abbreviation
4 Mean 74l Range
% E 5| #E#EA  French population FP 526+30 450~590
P BEF 5| #E#E/A  Spanish population SP 385+14 358~417
P} 5| #EBEA  Danish population DP 568+ 36 490~630
SEMFETEBEIR  Lai-zhou culture population LP 464+11 450~458
W BH 355 BEA Hai-yang culture population HP 466416 440~490
H MBI BEA Ri-zhao culture population RP 519+36 470~590
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Table 2 Morphological characteristics comparision and One-way ANOVA of six turbot breeding populations

B RHE LEESI R 2 HEF IR A 3 FHEDIBERFIR 4 SRINIRBERER  SOEFHIRAAEIR 6 H IRFRAIRF I
Morphometrical Fs.174 French Spanish Danish Lai-zhou culture Hai-yang culture Ri-zhao culture
characteristics population population population population population population
4K /A K TL/BL 19.63 1.234+0.019° 1.224+0.020% 1. 18040. 020°¢ 1.214=£0. 046" 1.1974+0.018¢ 1.192+£0.018<
&% /&K BH/BL 9.084 0.73240. 054 0.74940. 030" 0.77440. 053¢ 0.708+0. 0404 0.71540.038*  0,74540. 043
B /K TH/BL 5.142 1.012+0. 045° 0.96740.053" 1.000£0. 064%  0.9784+0.048>d  0.957+0. 043> 0,97940. 039>«
S K /A K HL/BL 4.911 0.35440.0192 0.35540.012%  0.35440.020®> 0.361£0.019% 0.34440.014¢ 0.34440.015¢
BE/fkE TH/BH 16,526 1.385+0.072¢ 1.29140. 062" 1.293-+0. 040" 1.38240.038* 1.339+0.037¢ 1.317-+£0. 076"
2K /ikE TL/BH 18. 827 1.693+0.110° 1.63540. 067" 1.53040. 0974 1.71840.067% 1.67740.081#> 1,605+0.088"
kK /A E HL/BH 14,151 0.485+0.027¢ 0.47540. 022 0.45940.033¢ 0.510+£0.0169  0.48240.031%  0.46240. 029"
e /4K TH/TL 8. 929 0.81940. 029 0.79040. 045> 0.84840.052¢  0.80540.025% 0.79940. 035> 0.821+0.033

ST PARRR AR S RE ., PR ST X RZRRERADE, PR ARSI ZEXRRZTR R ERDE
Note: The superscript represents the difference among populations. The same superscripts or containing relation means the differences are not

significant; different superscripts or intersection relation means the differences are significant
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Loadings of three principal components for eight morphological characteristics of turbot populations

Table 3

F 4> Principle component

PEAR Characteristics

Pcl Pc2 Pc3

/K TL/BL 0. 080 —0.050 0. 848
/K& BH/BL —0. 842 0.473 0. 249
HE/fkK TH/BL —0.120 0.910 0.352
K /K HL/BL 0.029 0.278 0.833
B/ TH/BH 0.929 0.329 0.033
4K /fkE TL/BH 0.855 —0.477 0.069
kK /&% HL/BH 0.815 —0.241 0. 368
BE /4K TH/TL —0.175 0.979 —0.065
£ E W4y stk #  Variance explained( %) 47.07 28.10 15. 45
ZMTTHAR  Cumulative percentage( %) 47.07 75.17 90. 62
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Fig.2 Clustering dendrogram of turbot

16 A KREEEFRMBEFAEE 1,55 2 00 i A

Fig. 1 Scatter diagram for PC1 and PC2 of

. . from different populations
turbot from different populations pol

3 it

3.1 RBESWHRITR

RO MR T 3 A [ P AT TR E A )0 25 AR DU B2 450 v 5 S M L T B R A [ 3k [ B AROE 5 0 B T RE &
2000~2004 47 5| Fh R 22 6 iy e S 3 [ 1k | 51 A0RT o5 9 lC BB A SO, SRR O 22 M IR 2R A0 AT I A
(4518 LU — B0, NP 22 IR 5 A R AT 7 38 22 e s (A — LB A7 AR R 22 S A b 20 T 7 1k L B
g FH 5 H IR B A 21 B0 2598 28 SR B8 70 M O 45 18 o1 P AN FE ARG 285 1) AR DU R 38 B8 5 AT B IR 1 T 22 0 A
TRE R o 7 22 0 A2 0 A 42 i) 722 e 2 L0 28 21y R B4) 22 S5 R HE QAT T 2R 288 20 A i 4 IR A o - AR SR B R 2 A
BA SRR TR B0 T BEAT A 37028 RIS SR AR B 0 A P A, — SR AR . O 2 e AR (i
B 20100 VAN H BRI A8 S RO T 25 S R W] T 05 e AR AR L SRR IR R L P BE AR (LA S
TCAHAEG DU 2 Y AT RE RS AL PE AN o . 284 LU, SR 2 23 B X A [ T Z5ME B P F) 40 T RE S fin 4 T

3.2 EMOSAWERE

AR NS E T 0 15 B0 R A Ak 25 75 T vl S T 0 R 5 I e A 7 R A8
B EARGEE B 20100, KA A L 85 B4 (2003) % B H A SR EE 8 Eriocheir japonica 10 4Bk
AR E. sinensis F¥GREVIORT 3 4 T 0040 19 BB MR AN 75. 7295 ; 4B 0B BT 55 (2005) % R A1 % 85
Megalobrama amblycephala A T 17 10 £ F . 1 %5 A8 A% 1] 52 B2 5 A8 00 BT 90 A 3 020 B3 52 ik 2
77.97% s BT A% (2003) % B 5 FkE (Unionidae) BIHT I 4 5 R4 B TTH R H 88.25%. A Z22H kN,
AT RS B M R R I 25 2

FET 1A 25 3 0 D 2 A3 0 5 O T T 25 25 50, % T R 7 0 D /0 1 0047 06 00 0 75 25 5, 005 1
ST KA (2008) XE 1 AN [ BERR AN 3 A pE [ BE UK T B GT 45 B0 00 F PE A TR A 1 BB R 3R
95, 41% ik kS ML AN T B W IE FH 5 T B 2458 (2008) S B[R] pk [E] S22 BB 4 A BE UK AT 5 BT 3 A
A 1 B TR 61 76 % A TR E AR R A R BB A 2 5. BS54 A4 1 BB R
H 90 62% Ab T % 2 ], ik 5 ZA T T 85 % MR . SILEA T REARI G T K% (2008) BT
Fy e 8 TR A T 75 2 R M I D1 947 R S 8 0 IR WO 5 05 5

5 S BUAE T AT T - JRUE P S 0 B D 0 o R T 5 B 5 4801 1 (L 4% BE O



%3 K QA OREEOT S| HE 2R 5 N R IR R TR TE SRR LA 53

SHERA MM 2R (DBEE 2008 ARB W A MM FE NS, HE 1T W, 8K .6 A RE6E %M
FEVRTESRE 1.2 TR BB A B ARAF AR B A (B D) R IPREAR IS AR W B3 A ss 2l . X
AR T WS R B TRy 1 il b 22 P BEF B B A Y R R R UL 58 2 B (HX P A R R
T8 E o 2 A A R Y RN 28 SRR SR WP A2 R AR5 G BIE 2 A 0 A A B 25 T e 22 SRR M A
VEE R R L H R 4 S TERTE R 1R 2 Bl b 22 SO L E R SR W L R A AR A A A B Y
P 7 - BT ERAR 4 DS TEAROE 25 25 AU B/ HEDHAT 45 A IO

3.3 XEHS I HFEEHEEENRRERFAFFHHSHMELER

R LA B S b 5| i 5 T R AR S o B (L D) R B 5| 2R 0 AR I R AR A RO R Y
BREFERER IS S TR — e E s TERNBR., T R Q2008) I\ 3k E 51 3k /Y 55 = #FK
M3 ANEEBHAC = —EREER ETRAT K MK LK KRB 5 N8R D2 4255 (2008) 1A
e[ S5 E A RS P E R Z MBS 2 5 A B3 KRR Z BDER 22 5 3. BN ZEFRIARE
TR 58 52 R AT REAEE — 2 22 5 (A M R BB 18 1) 5 38 2 20 st AL 2 5 Ltk — 25 10

TE 25 SRR AE J2: 32 8 A% - RR B IR - L R FE 9 45 51 (Mayr ez al. 1953) , [ 4N 1R K 32 6F JE 14038t 14 iF 52
F WA, REE LA B 8 A FhBE (Blanquer ez al.  1992) M FEFE#EAR (Bouza et al.  1997.2002) Z [b] i 15t 1% I B #
BN, i ZREMEIE {5 (Coughlan ez al.  1998;Nielsen ez al. 2004), HFHHi%5(2004) i ff RAPD H1 SSR
FRic /T, & IR E 51 2F 075 08 VU BEAF 3 A BEIR Y 5t 1% 22 RE Ik BB AIK  F AR ) 38t 4% 23 AR AR 55 . A Sk 3R E 5| i
P8 R 22 i IO 2 Sy B — o DRLTT o S A R R 50 30 /0N 1 D A R 385 B 5 B AR L 28 3k R AR SR B v i LR BE R - P
Sk Y U Ry HE 3 0 B S8 A L T BB N R AR SRR R B SR R 22—

£ % X M

TR IRIRSC. AL AL g8 AL 2008, REEET 4 ASHEDRERIIE S 225 00T 1B EEAKTHESE . 29(5) . 27~31

Tad, B3y, FREE. 2010, KITEE SR F IR P RAEL. SPE5E. 31(2):169~176

ER, EHE. WER. &K, MITRAF WL 2008, KEEEF DA AS [ BB R S REIE UL, WS . 39(1): 24~29

B, BRAL, W, LA, BAW, 2 B 2004, $EOKEESE Scophthalmus maximus L. {RNI LS54T, W TR S5 W, 35(4) .

ZE, TRU%, B, 2005, ERVDMS RNEEZF M RLER. K-k, 29(5): 606~611

FRRAT, UK. 1999, [E CRE IS K R G BE (P AR LB R AR B ) BE KR G OC BB S HIBI ST, KA. 23(4) 1337~ 342
ARUERT . ZRE . SEEH . BT 2005, W1k B TR B0 AR L B BOR AR AT ) S EC R AR B0 S 60 1A 4 R ROR A AL R B2, 51(3) 1455
~461

KA, IRFME, MIZR, PR —. 2003, 10 A H A GBI RE (5 vh AR SR MO A5 0 U4 A3 BT, IR K = 2 B 2 4l 18(4) :273~277

TR, 1 Bk, EEVRE, M. 2002, KEEGFIRE KM R K L) SR A KRS, 23(4): 1~7

B DB Pk M. AR, 2005, K (Scophthalmus macimus L) PRI G T HLE B E, i E TEEE. 7(5): 30~34

BE B, 2010. SPSS Gt apdr stk BT (55 RO . JERT: HL T Tl i R AL

BMOT#, REIE ., BN, RRE, EWY, E DR GBRIL. 2003, Fofp bk Ay g 54 5 5 R 0. AKP= 284, 27(1) . 13~18

Blanque,R. A., Alayse,]. P. et al. 1992. Allozyme variation in turbot(Psetta maxima) and brill(Scophthalmus rhombus) (Osteichthyes, pleuonec-
tonf ormes, Scophthalmidae) throughout their range in European. J. Fish Biol. 41(5): 725~736

Bouza, C.,Presa,P.,Castro,]. et al. 2002. Allozyme and microsatellite diversity in natural and domestic populations of turbot(Scophthalmus maxi-
mus) in comparison with other Pleuronectiformes. Can. J. Fish. Aquat. Sci. 59: 1~14

Bouza,C.,Sanchez, L..,and Martinez,P. 1997. Gene diversity analysis in natural populations and cultured stock of turbot(Scophthalmus mazximus
L.). Animal Genetics, 28(1): 28~36

Coughlan,]. P.,Imsland, A. K., Galvin,P. T. et al. 1998. Microsatellites DNA variation in wild populations and farmd strains of turbot from Ireland
and Norway: A preliminary study. J. Fish Biology, 52(5): 916~922

Mayr,E., Linsley,E,G.,and Usinger R. L. 1953. Methods and principles of systematic zoology. New York and London, McGraw Hill

Nielsen, E. E., Nielsen, P. H., Meldrup,D.,and Hansen, M. M. 2004. Genetic population structure of turbot(Scophthalmus maximus 1..) supports

the presence of multiple hybrid zones for marine fishes in the transition zone between the Baltics Sea and the North Sea. Molecular Ecology. 13

(3):585~595



