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Fig.1 Sampling sites of spawning stocks of chub mackerel in 1.3.3
the East China Sea and Yellow Sea
A-Fishing ground south off Fujian; B— East Fujian fishing 5
ground; C—Fishing ground off Wenzhou-Taizhou; D—Fishing [16]
ground off Yantai-Weihai. The same codes for sampling sites o
will be used in the following tables. 1.34 (principal
F1 BRSBTS A MEFE
Tab.1 Sampling method and characteristics of the chub mackerel samples
/ /em /em

sampling site sampling month sample size gonad maturity

range of fork length mean fork length sampling net

A 2010.01 100 -1

21.2-27.6 24.75+1.27

lift net
B 2010.01 33 MI-VI 25.4-35.2 29.14£1.95 .
purse seine
C 2010.04 70 [I-VI 25.0-32.9 27.45+1.31 .
purse seine
D 2010.05 51 IV-VI 29.4-36.7 31.46+1.28
set net
:A B C D 1

Note: Location of sampling sites A, B, C and D are shown in fig.1.
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component analysis, PCA) 254 ,
KMO  Bartlett's R

Fig.2 Drawing for measuring truss network of Chub mackerel
1-10: landmark points; 1: tip of snout; 2: ventral terminus of operculum; 3: origin of dorsal fin; 4: origin of pelvic fin; 5: origin of
second dorsal fin; 6: origin of anal fin; 7:terminus of second dorsal fin; 8: terminus of anal fin; 9: dorsal origin of caudal fin; 10:
ventral origin of caudal fin.

1.35 ,
(stepwise discriminant function analysis, DFA)
) 2.2
’ , 4
P1(%)= /
%100, 2-4 (P=0.015<0.05),
P2(%)= / (P>0.05(C 3)
%100, , 2-4
K K
AR =AY B, '
i=1 i=1
, : 2.3
, 4
A i
, Bi i ,
K ,
SPSS 16.0
2.4
) 241 KMO Bartlett's Kaiser
17 KMO 1,
2.1 KMO 0.945,
4 Bartlett's P

( 2), 0.001, 0.05, Bartlett's
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Tab.2 Arithmetic mean values of truss data before and after standardization for 4 sampling sites

A B C D
characters S tan(];:rfdoirzea tion standardized zz%gi;:ﬁ:; standardized l:iiizrizstti?)r; standardized 321;(:1?;;;21— standardized
1-2 60.34+3.30 60.35+2.63 70.66+4.31 70.69+2.56 67.37+£3.96 67.38+2.56 72.59+4.34 72.59+3.13
1-3 84.40+3.58 84.43+2.39 97.49+6.64 97.50+2.43 92.88+4.42 92.89+2.23 105.60+3.27 105.62+1.89
2-3 51.89+2.49 51.91£2.13 63.27+4.73 63.26+1.88 56.81+3.24 56.81+1.72 69.90+3.27 69.91£2.31
2-4 18.79+5.89 18.79+5.79 19.2243.19 19.18+2.34 18.40+2.29 18.40+2.09 23.36+2.93 23.36+2.89
3-4 47.82+2.63 47.83+2.07 59.724+4.60 59.7242.06 53.1243.36 53.11£1.92 66.39+3.36 66.40+2.44
3-5 69.99+3.91 70.01+2.79 86.64+5.70 86.65+2.17 79.33+5.84 79.32+4.14 92.82+4.23 92.82+2.35
3-6 88.48+4.39 88.50+2.95 111.03+8.62  111.01£2.95  100.51+5.80 100.50+2.70 116.61£15.27  116.63+14.92
4-5 90.86+4.94 90.88+3.15 112.53+8.09  112.53+2.67  104.04+5.57 104.04+2.68 129.45£11.75  129.44+11.25
4-6 87.03+5.11 87.05+3.37 108.24+9.04  108.21+4.25  100.67+6.11 100.67+3.69 123.28413.49  123.29+12.68
5-6 40.47+2.35 40.48+1.90 52.16+4.90 52.12+1.71 45.98+2.89 45.98+1.88 55.75+4.28 55.76+3.88
5-7 27.75+10.41 27.72+9.99 31.39+2.96 31.37+1.70 29.69+3.17 29.70+3.12 33.31+4.26 33.31+3.91
5-8 43.95+2.42 43.97+1.87 56.32+5.21 56.27+1.86 49.63+4.05 49.64+3.35 59.57+3.28 59.57+2.12
6-7 39.39+2.22 39.40+1.76 49.78+4.46 49.76+1.89 44.76+2.47 44.77+1.60 53.35+4.39 53.36+4.15
6-8 21.55+1.61 21.55+1.42 26.17+£2.72 26.16+2.06 24.30+2.93 24.31+2.89 28.23+2.78 28.23+2.53
7-8 28.94+1.92 28.95+1.65 37.79+4.10 37.75+2.18 32.95+2.75 32.95+2.18 41.05+3.57 41.05+3.33
7-9 48.63+2.45 48.65+1.78 60.32+4.81 60.31+1.93 54.05+4.33 54.04+3.09 62.98+3.32 62.98+1.97
7-10 50.93+2.45 50.94+1.80 62.78+4.82 62.78+1.90 56.37+£3.73 56.36+2.09 64.92+3.49 64.92+2.23
8-9 49.39+2.47 49.40+1.77 59.83+4.25 59.83+1.46 55.26+3.15 55.26+1.76 63.04+2.75 63.05+1.79
8-10 46.28+2.39 46.29+1.82 55.52+3.75 55.53+1.70 51.51£3.06 51.51+1.82 58.53+5.05 58.53+4.55
9-10 8.74+0.76 8.74+0.74 10.60+1.09 10.60+0.79 9.28+0.85 9.28+0.64 10.87+0.55 10.87+0.49
A B C D 1

Note: Location of sampling sites A, B, C and D are shown in fig.1.

, : , © 0.964  0.392; 3
2.4.2 (2-4), 0.965
, 85% 2 3
86.63%(  5), 3 , 2 3 X y
86.63% :
1 72.57%, 2
7.13%, 3 6.92% 1 1 2 1 3 X
, 0.9, y ( 3 4 3
, 1
; : 2
3 ,
2 : .4 1

(5-7) (6-8) ;
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Tab.3 Test of significance of morphologic differences between male and female samples from the 4 sampling sites

characters A B ¢ D
F P F P F P F P
1-2 0.025 0.875 2.045 0.163 0.548 0.462 0.084 0.773
1-3 1.766 0.187 0.062 0.805 0.561 0.457 1.609 0.211
2-3 0.409 0.524 0.569 0.456 0.028 0.868 0.713 0.402
2-4 0.526 0.470 0.922 0.344 6.190 0.015* 1.682 0.201
3-4 0.000 0.996 0.828 0.370 0.088 0.767 0.140 0.710
3-5 1.256 0.265 1.052 0.313 1.492 0.226 1.423 0.239
3-6 0.445 0.506 2.071 0.160 1.502 0.225 1.816 0.184
4-5 0.322 0.572 0.312 0.581 0.003 0.957 2.957 0.092
4-6 0.456 0.501 0.105 0.748 0.250 0.618 0.008 0.930
5-6 1.131 0.290 2.475 0.126 1.657 0.202 1.769 0.190
5-7 0.641 0.425 2.694 0.111 0.416 0.521 2.172 0.147
5-8 0.002 0.968 0.856 0.362 0.785 0.379 0.090 0.766
6-7 1.081 0.301 0.319 0.576 0.212 0.647 0.686 0.412
6-8 0.256 0.614 0.159 0.693 0.764 0.385 0.050 0.824
7-8 0.388 0.535 0.876 0.356 1.658 0.202 0.035 0.852
7-9 0.207 0.650 0.499 0.485 1.675 0.200 0.372 0.545
7-10 0.981 0.324 0.033 0.857 0.685 0.411 2.256 0.140
8-9 0.057 0.812 1.389 0.247 0.317 0.575 3.333 0.074
8-10 0.000 0.984 0.004 0.950 0.001 0.975 3.251 0.078
9-10 0.069 0.793 0.148 0.703 0.034 0.854 0.233 0.631
p fexT ;A B C D 1

Note: ““*”7 shows significant morphologic difference between male and female individuals; Location of sampling sites A, B, C and D are

shown in fig.1.
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5.416 X191+15.541X,1-8.26X,,-2101.539
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35 45 46 5-8 6-8 7-9 7-10 89 9-10
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Tab.4 Coefficients of correlations between characters and between characters and FL before and after the removal of the size effect (respectively shown below
and above the diagonal)

characters - 1-3 2-3 2-4 3-4 3-5 3-6 4-5 4-6 5-6 5-7 5-8 6-7 6-8 7-8 7-9 7-10 8-9 8-10  9-10 fork length
1-2 1 057 -022 -062 -025 -047 -041 -055 -0.37 -010 -0.28 -024 -0.17 -0.08 -0.10 024 033 035 038 -0.04 0.0085
1-3 0.87 1 029 -017 013 -031 -042 -025 -046 024 -0.07 004 023 -010 020 -004 008 022 012 037 0.0052
2-3 0.68 0.90 1 047 076 028 014 053 -004 062 019 032 057 -010 042 -039 -030 009 -012 054 —0.0043
2-4 024 056 0.74 1 027 020 002 031 -005 039 025 029 056 024 026 -014 -017 -028 -0.34 0.09 0.0179
3-4 066 0.86 096 0.67 1 03 035 042 -007 071 034 055 058 -0.06 050 -046 -035 -002 -0.18 051 —0.0106
3-5 064 082 089 065 0.89 1 054 059 014 014 007 008 -001 -006 -0.01 -047 -027 -022 -002 022 —0.0056
3-6 068 083 088 061 089 094 1 041 065 034 045 042 -006 -040 021 -038 -043 -031 -038 0.17 —-0.0061
4-5 066 086 093 068 091 095 0.93 1 058 018 014 019 013 -019 023 -036 -019 -0.21 -0.18 0.39 —-0.0220
4-6 062 076 080 054 078 085 094 092 1 -012 025 011 -031 -040 005 -014 -022 -033 -040 0.08 -0.0181
5-6 073 090 095 071 095 088 092 09 081 1 046 081 077 -012 074 -0.18 -0.11 004 -016 033 0.0001
5-7 05 075 080 065 083 078 08 081 080 0.87 1 051 035 -004 017 -054 -052 -033 -0.34 022 -0.0069
5-8 070 088 091 068 093 08 093 091 08 098 088 1 064 -002 082 -001 -0.03 -0.05 -028 0.19 —0.0090
6-7 068 08 093 076 092 084 084 087 074 09 083 094 1 032 067 -010 006 0.07 -0.04 033 0.0019
6-8 049 058 058 056 058 060 053 059 046 059 054 062 0.70 1 -023 005 008 -028 -014 -0.08 —0.0024
7-8 066 084 087 064 08 078 084 084 076 093 075 095 092 047 1 015 024 027 001 0.23 —0.0094
7-9 080 08 078 053 075 078 081 08 079 08 064 08 081 062 081 1 084 047 033 -0.39 —0.0052
7-10 082 087 079 051 076 081 081 084 078 084 064 08 083 063 083 097 1 051 058 -018 —0.0068
8-9 083 090 087 052 08 08 08 08 078 08 071 087 08 055 08 093 093 1 084 -0.03 0.0015
8-10 082 084 079 043 076 082 078 081 070 08 064 079 079 054 077 088 093 0.97 1 -0.09 0.0004
9-10 055 075 080 052 079 070 069 075 064 074 068 070 074 043 068 053 059 065 059 1 —-0.0153
087 068 024 066 064 068 066 062 073 056 070 068 049 066 080 082 083 082 055 0.80 1

fork length
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Tab.5 Factor loadings of principal components on 20 truss

o~ 1.0}
characters of chub mackerel =
o
2 05
N principal components g
characters ] ) 3 :: 0.0
Ay
1-2 0.890 0.116 -0.140 =05
1-3 0.948 0.156 0.127 H
1.0}
2-3 0.926 0.147 0.251
2-4 0.194 0.037 0.965 155 - . : 5
3-4 0.932 0.162 0.208 4 1 Component 1
3-5 0.915 0.186 0.173
3 1 2
3-6 0.839 0.156 0.111 .
Fig.3 Scattergram of the first and second components from
4-5 0.908 0.154 0.166 truss data of chub mackerel
4-6 0.888 0.049 0.218
5-6 0.934 0.077 0.208 2r
5-7 0.145 0.964 0.036
5-8 0.934 0.106 0.136 L
6-7 0.918 0.100 0.188 g_
6-8 0.696 0.392 0.028 e 0
7-8 0.884 0.194 0.145 o i
7-9 0.929 0.098 0.139 g
7-10 0.941 0.125 0.148 H-lr
8-9 0.936 0.174 0.135
8-10 0.865 0.209 0.100 )
9-10 0.813 0.090 0.073 -2
_ 14514 1.426 1.385 EHLSY 1 Component 1
eigenvalue
1%
variance 72.57 7.13 6.92 4 1 3
explained 3 4 o ;A %
: 1 23 -
: Fig.4 Scattergram of the first and third components from truss
Note: The boldfaces are the factor loadings which play a decisive data of chub mackerel
role to the characters correspondingly in principal components 1, 2 In the plot 3 and 4, o: Fishing ground south off Fujian; /\: East
and 3. Fujian fishing ground; x: .Fishing ground off Wenzhou-Taizhou;
+: Fishing ground off Yantai-Weihai.
95%, P
97.06% 100%, P, 97.14% 100%, , (P<
99.2% F 0.01),

®6 BIFNETEXFELAHNEFESSERTHENRES

Tab.6 Arithmetic mean values and standard deviation of factor scores of each principal component for 4 sampling sites

L (X+SD)
principal factor scores and standard deviation
component A B C D
PC1 —1.02+0.34 0.89+0.17 0.01+0.23 1.42+0.28
PC2 —0.18+1.34 0.07+0.27 0.01+0.64 0.29+0.85
PC3 —0.35+1.26 —0.05+0.21 —0.15+0.53 0.60+0.81
A B C D 1

Note: Location of sampling sites A, B, C and D are shown in fig.1.
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Tab.7 Results of stepwise discriminant function analysis of [15]
four breeding stocks of chub mackerel
1% 80 %
sample B C D identification [6,18-19]
P accuracy
A 33 0 0 0 97.06 , ,
B 0 100 0 0 99.01 [20]
C 1 1 68 0 97.14
D 0 0 0 51 100 ’
[21-23]
34 101 68 51
total [24]
A B C D
Note: Location of sampling sites A, B, C and D are shown in fig.1. ?
b b
3 [25]
b
,4
[26]
(2-4) (201
(5-7) 6-8) 3
4
DB C A [27]
3 : 28,
[29]
[28-29]
b
Pepin Carr"

[8].
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Morphological differences between breeding stocks of chub mackerel
(Scomber japonicus) in the East China and Yellow seas

LIU Chuzhu'?, YAN Liping', LI Jiansheng', LU Zhenbo®, ZHANG Zhuangli*, ZHANG Hui',
LI Shengfa'
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2. College of Marine Science and Technology, Shanghai Ocean University, Shanghai 201306, China;

3. Marine Fisheries Research Institute of Shandong Province, Yantai 264006, China;

4. Fujian Fisheries Research Institute, Xiamen 361012, China

Abstract: Morphological differences of mature stock of Chub mackerel (Scomber japonicus) were investigated
using samples collected during peak spawning in Southern and Eastern Fujian fishing grounds (Wenzhou-Taizhou
and Yantai-Weihai fishing grounds) during January to May 2010. Twenty characters were measured within each
individual following the truss method. Data were standardized by allometric methods used to remove influences of
size differences during the analysis. Furthermore, multivariate analysis of variance was used to examine differ-
ences between female and male individuals from four sampling areas. Results indicate that significant differences
were observed for characters 2-4 between females and males from Wenzhou-Taizhou fishing grounds (P < 0.05).
However, no such differences were found for the other characters or for samples from the other fishing ground.
Thus, males and females were lumped for further analysis in this study. A discriminant formula was built by prin-
cipal component analysis (PCA) and stepwise discriminant function analysis (DFA). Three principal components
were constructed, which resulted in a cumulative contributory ratio of 86.63%. Principal component 2 was affected
by the length of the second dorsal fin and anal fin, while principal component 3 was especially affected by the
extremity of the operculum and starting point of the pelvic fin. Principal component analysis showed that body
length was responsible for the morphological difference of mature stock in four sampling areas. The discriminant
function of four mature stocks was established by DFA, which showed the range of discriminant accuracy was
97.06%—100% for Py, 97.14%—100% for P,, and the general discrimination rate was 99.2%. Finally, this research
suggests that the morphological differences of mature stock of Chub mackerel are significant in the four sampling
areas in the East China and Yellow Seas.

Key words: East China Sea; Yellow Sea; chub mackerel; breeding stock; morphological difference; Truss method
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