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x4 , HI(hybrid
Qx 4 4 index)!'"":
HI=100x(H—M;1)/(M—M;1)
: , Hi (n=30); M;:
8~19°C, 28.50~30.50, pH 7.0~8.5
=30); Mp: =30), HI 45 55
30 449.87~766.93 g, (n=30); Mz (n=30)
29.66~38.88 cm > HI<45 » HI>35
1.2 , HI>100  HI<0
1.2.1 , EXCEL 2010 SPSS 17.0
[9]
4 ’
1000 ) 4 .
( ) ,
(Nikon E4500) ’
7 ; 13 , ’
2
( 0.01 g) 2.1
4 1,
1.2.2 ) )
: 66.9%  57.3%
F1 BRTE. AEMATHELZGIRE LG
Tab. 1 Ratio of left eye type and right eye type of P. stellatus, K. bicoloratus, and their hybrids
species / left eye type/ind right eye type/ind /% the ratio of left eye type
P. stellatus 847 153 84.7
K. bicoloratus 0 1000 0
obverse hybrid 669 331 66.9
inverse hybrid 573 427 57.3
2.2 7~8 , 114~15 1I19~20 III
4 ( D 24~25 1V 28~30 V 33~35 VI38~40 VII45~46
VIII 50~51 ; ,
: 11~16 .57
; , I 5~6 1I 10~11 III 15~16 1V
, 19~21 V 25~27 VI31~32 VII 37~38
30~35 , 30~36 , 7~9 ,

B
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I6~7 1II 12~13 1III 18~19 IV , ,
22~24 V 28~30 VI34~36 VII41~43 VIII 46~47 ,
IX 51~52 ; 13~18 ,
, 5~6 , 17-8 1I13~14 1III , ,
20~22 1V 26~28 V 32~33 VI39~40 , ,
; 4~5 ; ,

1. A ;3. ;4. ;5. ;6. ;

Fig. 1 External morphology of P. stellatus, K. bicoloratus, and their hybrids
1: dorsal view of P. stellatus; 2: ventral view of P. stellatus; 3: dorsal view of K. bicoloratus; 4: ventral view of K. bicoloratus; 5: dorsal
view of obverse hybrid; 6: ventral view of obverse hybrid; 7: dorsal view of inverse hybrid; 8: ventral view of inverse hybrid.

2.3
2 ) ( 3,
,4
: (P<0.01) (P<0.05)
, (P>0.05), (P<0.01);
(P<0.05); (P>0.05)
(P<0.05), 2.4
(P<0.05) ( 4,4 /
/ /
20.73, , (P>0.05) /

20.76, (P>0.05), /
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(P<0.05); / / / 1, / ;
/ / 5 3, / / /
(P>0.05), ; 2, /
(P<0.05) / 2,
/ / / / / / ; 3,
4 / / / ;
(P>0.05), / / / 5, / /
(P<0.05); / / / / ;
/ / 3 o, /
(P>0.05) / / / / ,
, 11
, 5 ., / / 27.16  26.47,
/ / / ;

F4 ERTE. AEHRMBIMEIR SR LERE

Tab. 4 Proportional values of traditional metric characters of P. stellatus, K. bicoloratus, and their hybrids

%
) P. stellatus K. bicoloratus obverse hybrid inverse hybrid

frem X £SD X £SD X £SD HI X £SD HI
/ standard length/total length 88.03+1.84° 87.52+0.75" 85.84+1.63"  429.41 85.29+0.43*  -435.99
/ body depth/total length 46.51+1.14° 39.76+1.49* 45.54+1.88° 14.34 42.65+1.70° 42.89
/ head length/total length 22.99£1.09° 20.05+0.82° 22.23£0.64"  25.69  22.08+1.14° 69.13
/ proboscis length/total length 3.86+0.81% 3.67+0.47° 4.59+0.45" -375.58 4.38+0.59"  368.95
/ eye diameter/total length 3.15+0.30 3.21£0.61 3.15+0.10 —-0.64 3.46+0.15 —401.61
/ interorbital width/total length 0.31£0.11* 0.32+0.09™ 0.37+0.04™  438.67 0.45£0.11"  -830.67
/ caudal peduncle length/total length 10.63£0.53° 9.04+0.65° 10.27+0.47° 22.59 8.13+0.66" -56.57
/ caudal peduncle depth/total length 10.00+0.28° 9.44+0.39* 10.00+0.11° -0.53 9.25+0.29° -33.13
/ digestive tract length/total length 83.18+14.15 73.19+£19.54 79.83+5.03 33.52 80.21+9.13 70.31
/ intestine length/total length 66.82+8.67 60.69+17.36 65.42+3.99 22.86  64.98+7.62 69.94
/ visceral weight/body weight 3.67+0.58° 2.77+0.43* 3.02+0.11* 71.66 2.97+0.20* 22.71
“mean® 62.00 -101.28
®mean® 27.16 26.47

: @ HI ; @ / / / /
HI . (P<0.05).

Note: (D means HI average of proportional values of traditional metric characters; @ means HI average of proportional values of traditional
metric characters except standard length/total length, proboscis length/total length, eye diameter/total length, and interorbital width/total
length. The means with different letters within the same line are significantly different at the 0.05 probability level.

2.5 10.497
2.5.1 ( 2 9.307

«c 5 : ;
2.5.2

6.567,

13.983

3.782; ,
4.537,; , , 5 )
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5. lp 15 2.0 2.5
1228 F4 obverse hybrid ]7
AR inverse hybrid
11 K. bicoloratus
BV P. stellatus
2
Fig. 2 Cluster analysis of metric characters among P. stellatus, K. bicoloratus, and their hybrids
FS5 BRI, AEEMATMHEMNENIES
Tab.S Euclidean distance values of P. stellatus, K. bicoloratus, and their hybrids
item P. stellatus K. bicoloratus obverse hybrid inverse hybrid
P. stellatus — 13.983 4.537 6.567
K. bicoloratus 13.983 — 10.497 9.307
obverse hybrid 4.537 10.497 — 3.782
inverse hybrid 6.567 9.307 3.782 —
/ / / 322.873X4—83.325X5—7058.644
/ / Xi~XG 5 (4) : Y,=160.354X,+21.029.X,+
161.112X3-328.578X,-91.980X5-7119.615
H : 6 , 4
(1) Y1=163.733X,+23.739X,+
0
152.760X3—-340.890X,—86.002X5-7559.358 97.50%,
2) : Y,=163.585X,+19.785X,+172.523 X5— 4 >
360.687X,—91.801.X5-7376.740 4 ,
3) : ¥3=158.087X,+23.093X,+149.005.X5—
F6 EITHE, AEMFAMEATMBIFIZNER
Tab. 6 Discriminant results of P. stellatus, K. bicoloratus, and their hybrids
predicted species 1%
discriminant

inverse hybrid

species P. stellatus K. bicoloratus obverse hybrid accuracy
P. stellatus 28 0 2 0 93.33
K. bicoloratus 0 29 1 0 96.67
obverse hybrid 0 0 30 0 100.00
inverse hybrid 0 0 0 30 100.00
mean 97.50
253 82.562%,
« 7, 4 ; 4 ;
31.164% 23.281% 16.612% 11.505% 1 3 4
, / fC03) L,
/ / , 4 ) ,
2 4 b 2 B
/ / / )
; , / / ; 3 .4 ,
/ 3 , 4
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Tab. 7 [Eigenvectors and contributive proportion of 4 principal components from 11 morphological traits

principal component

item
1 2 3 4
/ standard length/total length 0.198 0.016 -0.862 -0.257
/ body depth/total length 0.845 0.333 0.038 0.044
/ head length/total length 0.793 0.163 0.465 0.041
/ proboscis length/total length 0.162 0.107 0.919 —-0.107
/ eye diameter/total length 0.076 —0.180 0.079 0.865
/ interorbital width/total length -0.192 0.093 0.035 0.793
/ caudal peduncle length/total length 0.756 —0.144 —0.440 -0.272
/ caudal peduncle depth/total length 0.870 0.011 —0.081 —0.105
/ digestive tract length/total length 0.036 0.957 0.111 0.051
/ intestine length/total length 0.031 0.916 0.183 —-0.032
/ visceral weight/body weight 0.343 0.697 -0.300 —-0.181
/% contributive proportion of each principal component 31.164 23.281 16.612 11.505
/% cumulative contributive proportion of each principal component 31.164 54.445 71.057 82.562
o
£ 2.0 »
Aax
X
b X 1.54 XA
X Xy X PFah, *
X X L0, 4 A
X UX w|2A ‘e
X ><>< % Agp A
x X ><>><<><(;.<5 1 %AA e
Dim-1 X XX N Adsse * BV P stellatus
r T T o y Y 1 ™ fat .
3 Y | _1 A I‘z * 2 1118 K. bicoloratus
mn E N s "0 ” A EZZF obverse hybrid
| * _ . .
N Ny m_B *+%e X JZZZFH inverse hybrid
" E Bom .
[ **
ol | MRS
—1.5
*
*
2.0
-2.5-
3
Fig. 3 Distribution of factor (3)xfactor (1) coordinate in P. stellatus, K. bicoloratus, and their hybrids
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3
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Morphological variations analysis of reciprocal hybrids from Platich-
thys stellatus and Kareius bicoloratus

CAO Dongzheng" * CHEN Siging', YAN Junli" 2 LIU Changlin', WANG Zhijun3, YAN Jingping'

1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture; Yellow Sea Fisheries Re-
search Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;

2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;

3. Kehe Ocean High Technologies Company of Shandong, Weihai 264500, China

Abstract: Morphological variations in Platichthys stellatus, Kareius bicoloratus, and their reciprocal hybrids were
measured and analyzed. The results showed that the ratios of left eye type in the obverse hybrid (P. stellatus*K.
bicoloratus3) and inverse hybrid (K. bicoloratusQ*P. stellatus3) were 66.9% and 57.3%, respectively, which was
between that of P. stellatus (84.7%) and K. bicoloratus (0). The scales on the reciprocal hybrids were distributed
similarly to those on P. stellatus and on the equivalent body positions where bony plates occurred on K. bicolora-
tus. The reciprocal hybrids had dorsal, anal, and caudal finstripes similar to those of P. stellatus, but they were
smaller and more lightly colored. The lateral lines of the obverse hybrid and P. stellatus bent at the end of the
pectoral fin, whereas the lateral lines of the inverse hybrid and K. bicoloratus were approximately linear. The av-
erage hybrid meristic character index values of the two hybrids were 20.73 and 20.76, indicating that their meristic
characters tended to be more similar to those of their female parents, as shown by the chi-square analysis. Among
11 metric character ratios, most of the metric characters were not different (P>0.05) between the hybrids and their
female parents, and the average hybrid index values of the two hybrids were 27.16 and 26.47, indicating that their
metric characters tended to be more similar to those of their female parents, as shown by the cluster analysis. Four
discriminant functions were established in the discriminatory analysis. Average discriminant accuracy was 97.50%,
indicating that the discriminant effect was ideal. Four principal components were constructed by factor loadings in
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the principal component analysis, and the cumulative contributing proportion was 82.562%. Scatter plots showed
that the morphological differences between the two hybrids were independent of P. stellatus and K. bicoloratus.
Therefore, a multivariate analysis of meristic and metric characters could be useful to identify and distinguish the
morphological variations among P. stellatus, K. bicoloratus, and their reciprocal hybrids. These results indicate
that the reciprocal hybrids between P. stellatus and K. bicoloratus resembled P. stellatus in eye position and scale
and fin morphological characteristics and resembled their female parents in the lateral line and meristic and metric
characters. The results will help discriminate the morphological characters and determine the genetic relationships
between P. stellatus, K. bicoloratus, and their reciprocal hybrids and allow for breeding excellent hybrids.

Key words: Platichthys stellatus; Kareius bicoloratus; hybrid; morphological variation
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