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Tab.1 Sample sizes, sampling sites and time and sample length for two Scomberomorus species

RRA " Rk B ) RS
sampling locations sempling time sample sizes
#.5) range F-#{8 mean value

7 H Dongying 2007- 07 37 11.5-~22.1 16.7+2.3
B Weibai 2006- 06 30 40.0 ~58.1 45.4+3.7
£l 44 Weazhon 2008- 05 23 43.0 ~55.0 50.3+2.8
I Ningho 2007- 03 40 38.5 -~ 54.0 46.7+3.2
1y Zhoushan 2007- 06 27 45.5 ~67.6 54.3 5.2
I~ #i Guangzhou 2007- 06 20 41.4 ~50.4 45.0%2.1

£2 FAEBKE?2 M EEREHER
Tah.2 Differences on 21 morphological characters of six Scomberomorus populations

JEAAFAE E Big it ) Aty H
morphological characters Dongying Weihai Wenzhoo Ningbo Zhoushan Guangzhon

HL/FL 0.196 £0.007° 0,191 +£0.006* 0.194 =0.008% 0.191 £0,008" 0,192 £0.008* (.18 +0.005°
BH/FL 0.178 £0.012* 0.180 00123 0.186 +0.009° 0.184 +0.009% ©.181 £0.012% ©.22 +0.007°
SL/HL 0.365 20.020" 0.365x0.009" 0.365+0.016® 0.363 £0.020%° 0.355 £0.024% 0©0.34 +0.011°
ED/HL 0.173 +0.015* 0.169 +0.011° 0.176 £0.008" 0.170 +0.011* ©.157 £0.016® 0.21 +0.012¢
PL/HL 0.463 £0.027" 0.466 £0.018* 0.467 +0.078" 0.488+0.017" 0.494 £0.026°% 0.49 £0.013°
UJL/HL 0.560 £0.026* 0.564 £0.019* 0.555 £0.021% 0,549 £0.017° 0.558 £0.244® (.53 +0, 023°
SD/FL 0.233£0.011% 0.235 £0.013T 0.230£0,007* 0.230+0.008° 0.228+0.012® 0.21 +0.007°
SP/FL 0,213 £0.012*  0.210 £0.009* 0.202 +0,009% 0,199 +£0,008° 0,204 £0.010°> 0.18 £0.008%
SV/FL 0.226 £0,012* 0.230 £0.009% 0,228 £0.010%® 0.229 +0,009% 0.233 +0.011® 0.22 +0. 007°
DA/FL 0.343 20.011" 0.345x0.027" 0.342 £0.011% 0.33520.019° 0.338 +£0.014" 0.29 +0.000?
PA/FL 0.367 £0.015" 0.370+0.019" 0.369+0.011" 0.364 +0.009° 0.365+0.013" 0.32 +0.008°
VA/FL 0.314 £0.011% 0.316 £0.021" 0.841 £0.015* 0.334 +0.0127 0.339 +£0.013*  0.29 £0. 008°
FDL/FL 0.27720.020* 0.275+0.025" 0.283 +0.015" 0.267 +0.018° 0.284 £0.015" 0.22+0.009°
BO/FL 0.343 +0.010* 0.334 £0.012%® 0.334£0.012% 0.329 +0.008° 0.322 £0.010° 9.29 =0, 008?
i;]ii !iﬁl If; 19.81 £0.845* 19.63 £0.809* 19.50 £0.632% 20.83 +0.8477 19.30 +0.609° 21.55 +0.887°
gﬂg’:ﬁn g 20.29 20.896* 20.06 +0.983" 20.50+0.730% 20.85+0.362% 20.78 £0.424% 20.85 0. 813°
::fgﬁgs 16.65 £0.789%  16.37+1.19* 16.13 +0.885" 16.05 £0.504°® 16.59 £1.01% 20.65 +1.530%
fﬂﬁﬁ?fgs 33.57x1.50° 32.97+1.82' 83.63x1.750*° 33.98+0.920° 33.93+1.30° 35.2:1.360°
;tmmmgm 9.00 £0.677* 9.17+0.791* 10.44+0.629% 9.70 +0.608° 10.67 £0.779® 8.50 +0. 761°
]-Ewmﬁﬁ ] 2.86 £0.481°  2.9x0.481*  2.9420.143" 3.23+0.423% 3.22.+0.424°  2.65 +0. 587
fﬁlﬁﬁv b 4B.76 £0. 863  48.47 £1.31%  48.56 +0. 727 48.53 £0.751* 48.30x1.20° 49.20+1.060°

B EFE AR R RN 2SR, LIENRS XA RERA R FRARTAXRFREREH
Notes: The superscript means the diffeence among populations. The same superscript of containing relation means the differences are not
significant, while the diffecent superscript or intersection relation means the differences are significant
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Tab.3 Intraspecific and interspecific C. I) on twenty-one morphological characters

TR AR A C.DEAE A C.D FIE FpiH) C. DH
morphological characters intraspecific C. D max intraspecific C. D mean interspecific C. D
HL/FL 0.3689 0. 1753 L. 1498
BH /FL 0.3451 0. 1663 1. 6807
SL/HL, 03774 0. 1610 0.8999
ED/HIL. 0.4402 0. 1977 1.0386
PL/HL 0.6770 0. 3350 0.7859
UJL/HL 0. 4300 0. 1671 0.3578
SD/FL 0.2307 0.1425 0. 7963
SP/FL 0.8614 0. 4488 1. 0209
SV/FL 0. 2666 0. 15566 1.2302
DA/FL 0.2745 0. 1645 0.8571
PA/FL 0.2475 0. 1290 L0127
VA/FL 1.0764 0. 5346 1. 7077
FDL/HL 0.5454 0. 2640 1.8992
EQ/FL 0. 4495 0. 3289 2.1720
5 7 B A% 4 first dorsal mgs 1.1483 0. 4435 0.9325
Bt iE 4 pectoral fin rags 0.4723 0.2027 0.1145
JBE & anal fin rags 0.4691 0. 1946 L. 7922
FEfE#E %% tail fin rags 0.4777 0. 4038 0.5785
_EAEHPEL upper gill rakers 1.2413 0.3252 0.7934
F A% lower gill rakers 0. 4053 0. 3830 0.3726
445 # number of veriebrae 0.2221 0. 1061 0.3344
2.2 IR EO/FL.PA/FL B4 SP/FL & IIL/FL &%

W3 4 WA, A A AR B S A v Ak
J5 13647 4 B, 43 ( principal constituent, PC) 447, B
3 EMAT F ETTIR R F51.91% , Bl 3 4~ A%
A EBRAFER AR R B RETRH 51.91%,
HepE o | WEEiEy 32.32% , T RBGRT

ARHE, FE WL R TE REEE s F RS 2 1
TIWRE K 11.92% , F B E T VA/FL, LT,
M EUE FOE MR BCETE AL, BB T v BORFAL 5
T4 3 K 7.67% , T FF PL/HL F1 UJL/HL

B, SR T SR YRRAE
x4 6 TEEERSPHEER S ETANE

Tab.d Factor loading of principal components extracted from morphological
characters for six Scomberomorus populations

JEARAFAE F s T2 ERA 3
morphological characters ptincipal components 1 principal components 2 principal components 3

HL/FL 0.679 -0.334 -0.369
BH /FL -0.710 —{_200) -0.012
SL/HL 0.534 —0._329 (. 203
ED/HL —-0.645 -0.322 0.282
PL/HL —-0.357 0.359 -0.038
UJL/HL -0.261 0.268 -0.085
SD/FL 0.435 —0. 003 0. 480
SP/FL 0.587 —0_301 -0.270
SV/FL 0.739 —0_280 -0.121
DA/FL 0.532 —-0.307 -0.180
PA/FL 0.636 0. 056 0. 458
VA/FL 0.787 0.332 0.155
FDL/FL 0.497 0.705 0. 034
EQ/FL 0. 636 0341 -0.053
25 5 45 85 4% first dorsal rags 0.800 0.051 0.190
Bt HE %% pectoral fin ags —0). 689 0. 180 -0.1%9
BfEEE & anal fin rags -0.071 -0.135 -0.408
FEHESE A (il fin rags -0.763 —-0.208 0.262
- BRFEET upper gill rakers —-0.424 0.164 -0.026
T HEAL ¥ lower gill rakers 0.323 0.672 -0.156
HHE'S ¥ number of vertebrae 0.148 0.467 -0.164
#F R4 vHkEE ( 9% ) contribution ration 32.32% 11.92% 7.67%
Fil AEkE( % ) cumulative contribution ration 32.32% 4. 24% 51.91%
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Morphological variation analysis among populations of
Japanese spanish mackerel Scomberomorus niphonius
in the Yellow Sea and East China Sea

SHUI Bo-nian'”, SUN Xi-fu', HAN Zhi-giang’, GAO Tian-xiang"”
{1. Key Laboratory of Mariculiure , Ministry of Education, Ocean University of China, Qingdae 266003, China;
2. Fishery School, Zhefiang Ocean University, Zhoushan 316004, China)

Abstract: One hundred and fifty seven individuals of Japanese Spanish mackerel Scomberomorus niphonius
were collected from five geographic populations in the northern Yellow Sea ( Dongying and Weihai) and
East China Sea (Zhoushan, Ningbo and Wenzhou ), and 20 individuals of Indo-Pacific king mackerel (S.
guttatus) were also collected from Guangzhou, Guangdong Province, as out-group. One way -ANOVA
analysis, principal component analysis and cluster analysis were applied in this study. The result of one way
ANOVA revealed significant difference (£ <0.05) in means of SP/FL, VA/FL, pectoral fin rays and gill
rakes between the Yellow Sea and East China Sea populations, and there are significant differences between
two species in most of morphological characteristics. According to Mayr 75% rule, the differences among
the five populations were still below the population level. By principal components analysis, three principal
componenis were established, with their contributory ratios being 32. 32%, 11. 92% and 7. 67%,
respectively, and the cumulative contributory ratio was 51.91% . The plot of first and second component
showed that there were significant differences between the Yellow Sea and East China Sea. The results of
cluster analysis revealed that the two populations from the Yellow Sea were pooled into one group, while the
other three populations from the East China Sea were pooled into another group, and the significant
geographical variances were detected in this species.

Key words: Scomberomorus niphonius; morphological diversity; one-way ANOQOVA; principal component
analysis; cluster analysis



