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1
, 2011; , 2012
( ) 1.1

F1 EALBERANERNEENNE

Tab.1 Number of observed samples and specifications of S. maximus, P. stellatus, and the hybrid

(cm) (€
+ +
30 13.4—16.0 14.39£0.73 70.53—125.56 98.66+15.64
30 15.0—17.4 16.14£0.71 98.07—168.16 124.71£16.93
30 13.0—18.5 15.53+1.24 58.80—157.64 92.58+£21.79
1.2
( 0.01g) 1.3.2
90 18
, (one-way ANOVA) LSD R
C 5 )
1.3.3
( 22 ) 1.3.4 )
1.3 Wilks A (
Microsoft Excel , 2007)
) 1.3.5
, 1 ,
) 20 5 5
HI (hybrid index) (Witkowski et 2.1
al, 1980; Crivelli et al, 1987):
HI=100><(H; M)/ (Mp  My), ,
, Hy: s My ; Mo , ,
, HI 45 55 , HI<45
, HI>55 , HI>100  HI<0 ,
SPSS17.0 ,
2.2
5
1.3.1 , 2, 3
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Tab.2 Meristic data from S. maximus, P. stellatus, and the hybrid
HI
+ + *
61.97+4.45 49—70 63.57£2.94 57—172 59.83+2.13 55—64 —88.41
6.00£0.00 6 6.00£0.00 6 6.00£0.00 6 —
45.53+2.92 36—51 45.40+2.57 40—51 40.90+1.88 36—44 11.69
10.50+1.14 7—12 11.1340.78 10—12 10.10+0.89 7—I11 -122.22
13.57£2.30 9—17 15.33£1.30 12—19 14.93+0.83 13—16 106.77
F3 OKEE. RTFHFIZHT)I G E AT K B (HI=15.10) / (HI=18.03) /
FAEBER _ _
Tab.3 Results of chi-square analysis for meristic data from S. (HI=29.39) / (HI=16.61) /
maximus, P. stellatus, and the hybrid (HI=4.53) 65%; 2,
: - / (HI=76.60) / (HI=68.23),
10%; /
18.796 28.939* 30.363**
(HI=-11.40) / (HI=-18.93) /
9.507 40.619** 41.000%*
7543 11.000 19,269+ (HI=-42.89) / (HI=-23.71)
13.863 57.333** 49.143%* / (HI: _25‘04)’ 25%
* P<0.05, o P<0.01, 15.56,
2.4
> > 20
( 6 ) ( 5, UPGMA
) ( D
> , , 1.005;
s 1.051;
; 4 ) , 2.041
) 2.5
10
, 3 , / /
2.3 / / / /
20 / / / /
4 / Xi—X 10 ,
, /
/ / / / :
/ / / Y, =-832.439+ 1162.638X; + 1076.735X, + 1167.425X5—
/ 9 1103.543X, + 674.896.X5— 131.331.X5— 195.384.X; + 902.332X; +
’ 68.876X, + 57.444X,,
45%, 19 :
20 Ys =—795.786 + 1226.184X; + 946.525X; + 951.617X;—
, 13 : 868.999.X; + 565.061.X5— 158.362X5— 352.493.X7 + 910.495X5 +
/ (HI=32.99) / (HI=23.79) o 184.352%+67.579X10
(HI=29.1) / (HI=28.13) / j
B B Y;=-2816.619 + 1353.818X, + 735.032X; + 1075.346.X;—
(HI=21.44) /[ (HI=24.86) / 1427.985.X, + 780.916X; — 277.262X; + 106.779X; + 565.744X; +
(HI=13.96) / (HI=32.99) / 690.680X, + 104.758X,
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Tab.4
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Proportional values of traditional metric characters of S. maximus, P. stellatus, and the hybrid

HI

1.2483—1.2691
(1.2587+0.02788)"
0.6150—0.6350

(0.6250+0.02688)"
0.6909—0.7091

(0.7000+0.02435)"
0.0780—0.0867

(0.0823+0.01165)"
0.0561—0.0612

(0.0587+0.00681)"
0.2262—0.2358

(0.2310+0.01296)"
0.0334—0.372

(0.0353£0.00507)"
0.1111—0.1255

(0.1183£0.01931)"
0.1352—0.1481

(0.141740.0172)°
0.1398—0.1535

(0.1467+0.01826)"
0.0793—0.0854

(0.0823+0.00817)°
0.2483—0.2691

(0.2587+0.02788)"
0.0703—0.0824

(0.0763+0.01629)°
0.1235—0.1318
(0.1277+0.01104)"
0.0843—0.0910

(0.0877+0.00898)*
0.6633—0.7134

(0.6883+0.06716)*
0.4722—0.5238

(0.4980+0.06915)*
0.0471—0.0525
(0.0498+0.0729)"
0.0258—0.0290

(0.0273+0.00430)*
0.0154—0.0184

(0.0169+0.00402)"

1.2145—1.2321
(1.223340.2354)"
0.6354—0.6513

(0.6433+0.02123)"
0.6456—0.6678

(0.6567+0.02975)"
0.0818—0.0915

(0.0867+0.01295)"
0.0419—0.0474

(0.0447+0.00730)"
0.2112—0.2208

(0.2160+0.01276)"
0.0370—0.0423

(0.039740.00718)"
0.1043—0.1150

(0.109740.01426)"
0.1328—0.1405

(0.1367+0.01028)"
0.1384—0.1449

(0.1417+0.00874)"
0.0786—0.0848

(0.0817+0.00834)"
0.2145—0.2321

(0.223340.02354)"
0.0595—0.0645

(0.0620+0.00624)"
0.1210—0.1277
(0.1243%0.00898)"
0.0859—0.0914

(0.0887+0.00730)"
0.7115—0.7778

(0.744740.08877)°
0.5155—0.5685
(0.542040.07102)°
0.0468—0.0518

(0.04982+0.00729)*
0.0280—0.0304

(0.02921+0.00323)*
0.0163—0.0184

(0.0174+0.00286)"

1.1423—1.1637
(1.153040.02867)°
0.6935—0.7078
(0.7007+0.01911)°
0.5464—0.5603
(0.5533+0.01863)°
0.0433—0.0487
(0.0460+0.00724)°
0.0375—0.0432
(0.0403+0.00765)°
0.1723—0.1790
(0.1757+0.00898)°
0.0125—0.0162
(0.0143+0.00504)°
0.0974—0.1052
(0.1013+0.01042)°
0.1124—0.1210
(0.1167£0.01155)°
0.1204—0.1276
(0.1240+0.00968)°
0.0756—0.0824
(0.0790+0.00923)°
0.1423—0.1637
(0.1530+0.02867)°
0.1053—0.1147
(0.1100%0.01259)°
0.0963—0.1030
(0.0997+0.0089)"
0.0952—0.1008
(0.0980+0.00761)°
0.8415—0.9112
(0.8763+0.09327)°
0.7350—0.7983
(0.7667+0.0847)°
0.0370—0.0405
(0.0388+0.00471)°
0.0183—0.0209
(0.0196+0.00343)"
0.0137—0.0165
(0.0151+0.00370)°

32.99

23.79

28.13

—-18.93

68.23

21.44

24.86

13.96

32.99

—42.89

15.10

18.03

29.39

16.61

4.53

-23.71

-25.04

15.56

=5

REEE, EBT)IERFNZ 3 # (8] #YRR X RE 7S

Tab.5 Euclidean distance values of S. maximus, P. stellatus,

(P<0.05)

L
_‘

and the hybrid J
FA2FD
— 1.005 2.041
1.005 — 1.051
251 1|68
2.041 1.051 —
0.24
98.9%(  6), 1
’ Fig.1

0.20

0.16 013 0.09

Dendrogram of clustering conducting on metric of S.

maximus, P. stellatus, and the hybrid
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Fo6 FAXWKRES. EB)IERMPZ TN 5 LK 7.325%, 3
A1 B Fa 2R
Tab.6 Predicted classificiltjizlrjl/gﬁfﬁ?iiriminant equations for S. 6.139%, 4 3.557%,
maximus, P. stellatus, and the hybrid 73.490% R
/
¢4 / / /
30 0 0 100.0 / / / ,
1 29 0 96.7 9
0 0 30 100.0
(%) 98.9
2.6 )
20
, 4 () « 2,
, 1 54.468%, 2
RT 20 MR AN ERSIFERERER S BITTIE
Tab.7 Eigenvectors and contributive proportion of four principal components from 20 morphological traits
1 2 3 4
/ 0.862 -0.210 0.105 0.098
/ —0.828 0.085 0.099 -0.014
/ 0.904 -0.199 0.171 0.008
/ 0.851 0.048 0.082 -0.283
/ 0.590 -0.356 0.109 0.475
/ 0.916 -0.164 0.092 —-0.084
/ 0.843 -0.022 0.016 —0.247
/ 0.498 0.287 0.263 0.016
/ 0.732 0.423 0.240 —0.113
/ 0.725 0.390 0.233 0.014
/ 0.227 0.335 0.473 0.386
/ 0.862 -0.210 0.105 0.098
/ —0.812 -0.216 0.177 0.234
/ 0.798 -0.137 0.111 —0.182
/ —0.484 0.138 0.551 —0.158
/ —0.693 0.316 0.057 -0.247
/ —0.845 0.231 0.060 -0.088
/ 0.714 0.373 —0.398 0.078
/ 0.736 0.130 -0.331 —0.285
/ 0.378 0.505 —0.335 0.535
(%) 54.468 7.325 6.139 5.557
(%) 54.468 61.793 67.933 73.490
20 /
3
s 9
4 , , 19

13,
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033 x: KE +: %EZW X %E?Ull@% 1998; ,2010) , 10
o13p 7
£-007F .
o T 98.9%,
-0.26 [
-0.46 ' : . | ,
-0.43 -0.23 -0.03 0.17 0.37 ( , 2005)
Dim-1 4
2 73.49%
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, (2)x> (o) , 2002) ’
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, , 5(3): 187—198
) > , 2008.

(Cadrin, 2000)

b
>

,39(1): 24—29

, 2007. (Platichthys
stellatus) RAPD , 25(1):
’ 73—78
’ R s , 2004. Scophthalmus
s maximus L. , 35(4): 332
, —341
’ , , ,2011.
, 30(4): 488—493
’ , L2011, (%)% (o) F,
’ , 41(1): 49—52
, , 1998.
’ , 44(4): 450—457
’ , , , 2002. F,
( , 1982; R .

, 11(4): 305—309



1386

45

,2010. . : , 327—394
,2012.
( o< ?)
42(6): 27—32

, , 1982.

, 393—401

R , 2005.

s s

, 24(7): 812—816
, 2009. (2)>< (o)
, 18(4): 421—427

, 2007.
, 53(5): 921—927
, , , 1990.

,3:17—18

, 2008.
,2:26—29

s s

9—18
, 2005.
, 647—665

Andersson A M, Silva P I M, Steffensen J F et al, 2011. Effects of
maternal stress coping style on offspring characteristics in
rainbow trout (Oncorhynchus mykiss). Hormones and
Behavior, 60(5): 699—705

Bolnick D I, Turelli M, Lopez-Fernandez H et al, 2008.
Accelerated mitochondrial evolution and “Darwin’s corollary’:
asymmetric viability of reciprocal F; hybrids in centrarchid
fishes. Genetics, 178(2): 1037—1048

Cadrin S X, 2000. Advances in morphometric identification of
fishery stocks. Reviews in Fish Biology and Fisheries, 10(1):
91—112

Crivelli A J, Dupont F, 1987. Biometrical and biological features
of Alburnus alburnus> Rutilus rubilio natural hybrids from
Lake Mikri Prespa, northern Greece. Journal of Fish Biology,
31(6): 721—733

,2001. . : , 1—106
s s , 2003. (Scophthalmus
, 34(1):

Witkowski A, Blachutad J, 1980. Natural hybrids Alburnus
alburnus (L.)>Leucuscus and Biebrza. Acta Hydrobiologica,

maximus L.) 22(4): 473—487

MORPHOLOGICAL ANALYSIS TO SCOPHTHALMUS MAXIMUS,
PLATICHTHYS STELLATUS AND THEIR HYBRID

MA Hai-Tao', HAN Cheng-Hui"?>, TENG Zhao-Jun’, LIU Xiang-Quan',
YANG Jian-Min', TIAN Yu-Qiu®’, JIANG Hai-Bin'
(1. Shandong Provincial Key Laboratory of Restoration for Marine Ecology, Shandong Marine Resource and Environment Research
Institute, Yantai 264006, China; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
3. Rizhao Proliferation Station of Marine Aquatic Resources, Rizhao 276805, China)

Abstract

their hybrid were analyzed using principle component analysis method, discriminatory analysis, variance analysis, and

Meristic character and morphometric characteristics of Scophthalmus maximus, Platichthys stellatus, and

cluster analysis. The results show that the number of pelvic fin rays was consistent in the three species, and the chi-square
analysis of meristic characters showed significant differences between P. stellatus and the hybrid, but between S. maximus
and the hybrid. In morphometric characteristics, 45% morphometric measurements were not significantly different (P>0.05)
between the hybrid and S. maximus, all traits were significantly different (P<0.05) between the hybrid and P. stellatus.
Among 20 measurable characters, the average hybrid index was calculated to be 15.56, indicating the measurable character
inclined to its female parent. The result of cluster analysis revealed that, characters of hybrid was more similar to S.
maximus than P. stellatus. In principle component analysis, four principal components were constructed by factor loadings
and the cumulative contribution ratio was 73.49%. Three discriminate function were established in discriminatory analysis,
the average discriminant accuracy was 98.9%. Therefore, multivariate analysis on proportional morphological traits could
be feasible to identify and distinguish the morphological differences among S. maximus, P. stellatus, and their hybrid.

Key words multivariation

Scophthalmus maximus; Platichthys stellatus; the hybrid; morphological variation;

analysis
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