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Sample information of Harpadon nehereus

G RBEmfE REAgcR  RH/em body length

population sampling time sample size 5[ range X+ SD

Tab. 1

QD 2018-08 21 15.18-18.18 16.81+£0.90
ZS 2019-03 30 19.02-25.72  21.74+1.63
SM 2018-12 24 12.18-19.32 17.40+1.36
ND 2019-05 28 14.28-17.98 15.85+0.92
(074 2019-11 22 17.85-21.09 19.26+0.80
VA 2018-11 23 12.48-16.68 14.70+0.96
BH 2019-11 27 14.61-19.31 17.54+0.99
HK 2018-12 24 15.08-25.70 21.19+2.54

¥ BH-JUi; CZ-#1JH; HK-¥ [1; ND-7°4%; QD-H 5; SM-=1T;
ZJ-EYT; ZS-FH .

Note: BH-Beihai; CZ-Chaozhou; HK-Haikou; ND-Ningde; QD-
Qingdao; SM-Sanmen; ZJ-Zhanjiang; ZS-Zhoushan.
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Fig. 1 Traditional measurements on Harpadon nehereus
BL: body length; CPD: caudal peduncle distance; DL: length of
adipose fin base; ED: eye diameter; HL: head length; MCL: mouth

crack length; SA: length of anal fin base; TL: total length.
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Fig. 2 Truss network of Harpadon nehereus
1-11 denote eleven landmark points: 1. Origin of the preopercle
on the ventral; 2. Tip of snout; 3. Origin of pelvic fin; 4. Distal
tip of occiput; 5. Origin of anal fin; 6. Origin of dorsal fin;
7. Terminus of anal fin base; 8. Origin of adipose fin;
9. Terminus of caudal fin base; 10. Terminus of adipose fin base;
11. Dorsal origin of caudal fin base.

1.3 #HiEaE

iz ] Microsoft Excel Hll 2 %5 48 i 4 70) 20 ik
o AT BR AR RS X S BUE R, IR AR
IR ] B A 11 4 B AT I A9 Sk e, AR SRR A
R DAE, IREERIR 27 T EMER (R K
ISR S o 7T (R i R T S N (= o T &



1236

Hh K R

%27

FDULE T SPSS 24,028 T3 T K 1 HEA TR
AbEE
K F T4 ATIER X 199 B R Sk Ak bR v
L BRI E AT LA, ST R 4. Dumk
RAFFIEEHET AT 7 A2 F T b, AR
P — . ZF AR UK K AR
F 7 2250 W AR 56 A [) B AP R FLAE MR 1 25 57
BEME, LI 0.05 N FMKY, ZH LKA EA
J7 25 55 M A8 1R B/ 3 22 15 (least signifi-
cance difference method, LSD), A& 2551
475 5 % FH Tamhane’s T2 325; % FIRK G IR 55 19 %
MRGREE, LHFom RN 22 700 8 115 R
El; RHZALHREXT 8 A8k faBEARIE T 51
G0, XPER2EFAERB KT 9 S8 H 5
w3, IR R BIMER R LR G FONER % 1T
RN/
*2

SUBERI % P(o%) = CHLRLIEAY PH 52
A 100

GarnE=Y AT 8
S, A B R PR 04 R
S HIE 0 6 HRH A A AR PR, A
S5 | ATRRLIE B 0K, B AR
WS, n BB

2 HRESH

21 FEWSSH

X AR AL IR ) B R RAE AR B HEA T B LA o BT
(FF 2), Z5RFEW, B 7 DT TTEk R R R
71.481%, HAr91K 34.528% . 8.362%. 8.056%.
7.129%. 5.140% . 4.409%71 3.856% . 4% 3= 53 r
Xof 17 A4 /D BRI A R U0 M A RS TR B AR A T 25
ZRAAE TR, 8 1 TP ERRKIIES

ERBERSDHHEF G EE

Tab. 2 Factor loadings of principal components extracted in Harpadon nehereus

PR character

F 4 component

1 2 3 4 5 6 7
TL/BL 0.386 0.084 ~0.251 0.169 0.419 —0.088 0.265
ED/HL -0.017 0.530 0.323 0.506 -0.311 -0.036 0.051
EI/HL —0.109 0.871 0.003 0.159 0.107 0.010 -0.051

MCL/HL ~0.253 0.755 -0.192 0.161 0.134 —0.108 —0.110
D,-D»/BL 0.564 0.285 —0.254 0.332 0.055 0.199 —0.234
D,-D./BL 0.233 0.201 0.490 -0.091 0.414 0.562 0.089
D,-Dy¢/BL 0.575 0.011 —0.457 0.402 0.001 —0.102 0.134
Ds-Ds/BL 0.733 -0.051 -0.288 0.047 0.182 0.153 ~0.304
Ds-Dyo/BL 0.413 0.280 -0.045 -0.146 -0.558 0.308 0.114
D1o-Di/BL 0.259 0.053 -0.281 -0.337 —0.111 —0.162 -0.167
D,;-Do/BL 0.667 0.125 0.236 —0.017 -0.372 0.302 0.178
D,-D+/BL 0.456 0.244 -0.197 —0.552 0.106 0.098 0.360
D;-Ds/BL 0.794 0.064 -0.174 0.118 —0.111 0.036 ~0.091
Ds-D3y/BL 0.771 -0.100 -0.205 -0.020 0.084 0.171 -0.333
D;-D//BL 0.683 -0.201 0.053 0.346 0.221 0.001 0.340
D,-D./BL 0.499 —0.181 0.089 —0.054 —0.458 —0.009 0.040
D,-D¢/BL 0.723 -0.216 0.114 0.288 0.150 0.123 0.303
D;-D./BL 0.613 —0.133 -0.326 0.286 —0.104 -0.230 0.195
D;-D¢/BL 0.675 -0.097 0.517 0.022 0.079 0.044 -0.051
D;-Dy/BL 0.790 -0.106 ~0.266 -0.029 -0.078 0.155 -0.207
Ds-Dy/BL 0.868 —0.097 -0.019 -0.100 0.063 0.027 —0.191
Ds-Dy/BL 0.425 —0.058 0.583 0.030 0.207 -0.215 -0.295
Ds-D,¢/BL 0.766 0.063 0.309 —0.005 -0.072 0-.164 -0.119
D;-Dy/BL 0.729 0.136 0.257 -0.011 —0.078 -0.374 0.039
D;-D,o/BL 0.687 0.145 0.294 -0.093 0.000 —0.440 0.037
D;-Dy/BL 0.565 0.284 0.061 —0.568 0.125 —0.080 0.059
Dy-D,o/BL 0.451 0.230 -0.257 —0.469 0.089 —0.143 0.148
Tk # /% contribution ratio 34.528 8.362 8.056 7.129 5.140 4.409 3.856
FBTTHR R /% 34.528 42.890 50.946 58.075 63.175 67.624 71.481

cumulative contribution ratio
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Fig. 3 Plot of the first and second principal components
from PCA of Harpadon nehereus
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Tab. 3 The results of one-way ANOVA for morphometric characters of eight Harpadon nehereus populations

LN T THE | =1 Frili HS B |53 T
character Zhanjiang Ningde Haikou Sanmen Zhoushan Qingdao Beihai Chaozhou
TL/BL  1.216£0.048" 1.222+0.014* 1.221£0.062° 1.221+0.110° 1.178+0.045°  1.207+0.025® 1.223+0.017* 1.210+0.019*
ED/HL  0.110£0.014* 0.104£0.010** 0.111£0.016* 0.101£0.012** 0.106+0.037*  0.116+0.032*  0.122+0.008* 0.173+0.053"
E/HL  0.283+0.026* 0.321+0.019° 0.288+0.048" 0.319+0.026° 0.297+0.100°*° 0.299+0.026* 0.264+0.018* 0.311+0.038*
MCL/HL  0.743£0.064° 0.741£0.036" 0.692+0.071° 0.734+0.040"  0.703£0.263"  0.708+0.058"  0.695+0.047" 0.676+0.062°
D,-D,/BL  1.840+0.167* 1.895+0.191% 1.735+0.204** 1.735+0.196*° 1.633+0.372* 1.906+0.214* 1.906+0.123**¢ 1.910+0.212*
D,-Ds/BL  0.889+0.212* 1.307+0.173% 1.745+0.272° 1.182+0.083% 1.241+0.328" 1.218+0.187* 1.175£0.045% 1.294+0.142°
Ds-D¢/BL  3.275+0.676° 3.070+0.221* 2.673+0.437° 3.068+0.404"° 2.665+0.703* 3.130+0.276* 3.123+0.131*° 3.093+0.217*
D¢-Dg/BL  3.951+0.318" 3.874+0.122° 3.889+0.217° 3.922+0.706" 3.486+0.835"  3.927+0.202° 3.832+0.116" 3.720+0.442°
-Di/BL  0.299+0.050* 0.312+0.074" 0.244+0.048" 0.284+0.062"° 0.283+0.094> 0.333+0.074"  0.225+0.024> 0.314+0.090
Di-D;//BL 1.435+1.388* 1.205+0.085% 1.191£0.170°® 1.420£0.214* 1.228+0.318%¢ 1.274+0.177* 1.006+0.104"* 1.034+0.136"
Dy;-Do/BL  0.501£0.050°  0.489+0.032% 0.506+0.047° 0.527+0.053"  0.530+0.141°  0.496+0.031°  0.490+0.039"  0.569+0.099*
Do-Ds/BL  0.61420.157*  0.706£0.092%° 0.720+0.160°* 0.846+0.146* 0.713£0.205*° 0.788+0.095°  0.635+£0.072* 0.600+0.146"
D,-Ds/BL  1.561+0.115* 1.474+0.097* 1.416+0.098" 1.595+0.300°® 1.397+0.323*® 1.517+0.122%° 1.507+0.057* 1.548+0.119*
Ds-Dy/BL  3.363+0.204* 3.206+0.164*° 3.273+0.158*® 3.244+0.347**° 2.902+0.701**° 3.237+0.331* 3.168+0.148" 3.097+0.181"
D;-Dy/BL  2.720£0.209™ 2.744+0.263" 2.941+0.235* 2.776£0.373" 2.460+£0.574°  2.779+0.237"¢ 2.95420.188*¢ 2.958+0.259"
D,;-Ds/BL  1.5124+0.194* 1.289+0.104° 1.335+£0.179%® 1.375+0.152%® 1.525+0.496* 1.370+0.085" 1.422+0.159* 1.501+0.169*
D,;-D¢/BL  2.961+0.328% 2.989+0.183" 3.263+0.240* 3.013+0.351°°*¢ 2.858+0.639" 2.933+0.237° 3.276%0.140*¢ 3.223+0.270°
D;-Do/BL  3.486+0.711° 3.385+0.288% 3.023+0.370°° 3.447+0.378" 3.090+0.759°  3.491+0.267" 3.463+0.174" 3.449+0.272%
D;-D¢/BL  1.52240.150* 1.526+0.116* 1.786+0.285" 1.635+0.277*° 1.609+0.375%° 1.520+0.154* 1.612+0.104*® 1.768+0.186"
D;-Dg/BL  4.124+0.237*  3.944+0.189" 3.898+0.505° 4.039+0.458" 3.734+0.848" 3.909+0.278" 3.985+0.150°® 3.851+0.184°
Ds-D¢/BL  3.557+0.200° 3.456+0.131° 3.629+0.241° 3.546+0.435" 3.311+0.724" 3.501£0.264° 3.468+0.116" 3.414+0.331°
Ds-Dg/BL  1.111£0.100* 1.110+0.109* 1.327+0.566*° 1.168+0.166" 1.160+£0.224* 1.122+0.089* 1.212+0.118* 1.280+0.157°
Ds-Dio/BL  1.240+£0.099° 1.252+0.111* 1.292+0.135% 1.329+0.188™ 1.255+0.248% 1.251+0.101° 1.312+0.120* 1.386+0.144°
D;-Dg/BL  1.028+0.104" 1.017+0.071®® 1.079+0.146" 1.0990.181*  0.989+0.204"  1.041x0.148"  1.060+£0.132" 1.145£0.135
-D;¢/BL 0.831£0.072* 0.802+£0.081* 0.874+0.144* 0.895+0.144" 0.80420.164"  0.821+0.098" 0.868+0.110" 0.882+0.181°
D;-Dyi/BL  0.862+0.098*  0.952+0.127°" 0.946+0.208"°° 1.040+0.131°  0.945+0.185™¢ 0.927+0.082* 0.806+0.093* 0.815+0.174°
Do-Dyo/BL  1.210£0.111°  1.339+0.082° 1.288+0.208% 1.517+0.212° 1.258+0.263% 2.079+0.083% 1.198+0.100° 1.145+0.173"

T TR EARAR R R 28 57 A8 i35 (P>0.05), ARl 7R 22 5+ 12 3 (P<0.05).

Note: The same superscripts mean nonsignificant difference (P>0.05), while different superscripts mean significant difference (P<0.05).
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Tab. 4 Discriminant analysis results of eight Harpadon nehereus populations

SR Hb A T T H =17 FHL H Juitg I ) 90 T 2R /%
sampling site Zhanjiang Ningde Haikou  Sanmen Zhoushan Qingdao  Beihai Chaozhou discrimination accuracy rate
YT Zhanjiang 18 3 1 0 0 0 1 0 78.3
T % Ningde 3 15 4 3 3 0 0 0 53.6
i 1 Haikou 2 2 10 3 1 0 6 0 41.7
=.I"] Sanmen 0 3 1 17 3 0 0 0 70.8
FF1l1 Zhoushan 5 5 4 6 9 0 0 1 30.0
# 1% Qingdao 0 0 0 0 0 21 0 0 100.0
1t Beihai 0 0 2 0 0 0 25 0 92.6
#H Chaozhou 0 0 0 0 1 0 6 15 68.2
LR F %
comprehensive 66.9
discrimination rate
BRI AT 4X7+35X5—20Xo—138
WEVT 0 Y=21X191 X0+ 23 X5 +5 Xa+17Xs— 13 X6+ Jb i 0 Y=82X+79Xy+18X3+3 Xy +22 X523 X o+
23X7+13Xg—11Xy—109 34X7-16Xs—4Xo-111
T Y=5XH9 10+ 19X+ 13X +17Xs— 10X+ N . Y=168X+67Xo+17X3-2 Xy +22 X524 X+
19X;+18Xg—9X9—106 39X7—6Xs—3Xo—115
WE T Y=56)X81 X0t 19X5+3X,+20X5—1 1 X+ A, Xi=ED/HL, X,=MCL/HL, X;=Ds-Ds/BL,
25X;-10Xg—4Xo—108 X4=Dg-D;o/BL, Xs=D;-D¢/BL, Xs=D7-D;i/BL, X;=
=170 Y=10X,+88X,+ 18X 20X, +15Xs— 13X+ DsD1o/BL, Xg=Dy-D1o/BL, X9=Dy-D+/BL.
22X5+7Xs—3Xo—109 3 it
s Y=23X+82X+15X5+7 X4+ 16Xs—8 X+
25X7+9Xg—4Xo-94 AR TEIE S 451 E R 25 55 3 %

T8 Y=22X487 X0+ 14X +82X,+12 X548 X+ H LR P, Wil REJE AR A7 IR BE s BE AR T &b 19
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Multivariate analysis of Harpadon nehereus populations from coastal
areas of China based on morphological characters

WANG Yingying', YANG Tianyan', MENG Wei?, SI Shujin', CHU Mengjie', WANG Zheng'

1. Fisheries College, Zhejiang Ocean University, Zhoushan 316022, China;

2. Key Laboratory of Sustainable Utilization of Technology Research for Fisheries Resources of Zhejiang Province,
Marine Fishery Research Institute of Zhejiang Province; Scientific Observing and Experimental Station of Fishery
Resources for Key Fishing Grounds, Ministry of Agriculture and Rural Affairs, Zhoushan 316021, China

Abstract: To investigate the morphometric differentiation of Harpadon nehereus from coastal areas of China,
multivariate mathematical-statistical analysis of 29 meristic characters (199 individuals) of eight H. nehereus
populations were conducted by traditional morphological and geometric framework methods. Principal component
analysis (PCA) was used to construct seven principal components (PC), with a cumulative contribution ratio of
71.481%. The scatter-plot of the principal components showed that the characteristics of the Zhoushan and
Chaozhou populations were different from the others. PC1 reflected differences in the anal fin size and the oblique
distance of fish body between the ventral and anal fins. PC2 accounted for the distance between the eyes and the
mouth crack length. A one-way analysis of variance (ANOVA) indicated no significant differences in the mouth
crack length/head length (MCL/HL), the origin of the adipose fin to the origin of the pelvic fin/body length
(D;-Dg/BL), the origin of the anal fin to the origin of the dorsal fin/body length (Ds-D¢/BL), or the terminus of the
anal fin to the terminus of the adipose fin/body length (D;-D;¢/BL). Phylogenetic analyses showed that the Zhou-
shan population clustered in the outermost layer of the tree, followed by the Haikou and Qingdao populations.
Stepwise regression analysis was used to select 9 character values of the greatest effects to establish the discrimi-
nant formula. The discriminating accuracy of the Qingdao population was 100%, and the comprehensive dis-
crimination rate was 66.9%. The results showed there were some morphological differences among different
populations of H. nehereus. The body length, anal fin position and head shape were the dominant characteristics to
distinguish them. However, these differences had no corresponding relationships with geographical distribution. It
was speculated that the frequent communication between different populations made the morphological differ-
ences less affected by geographical distance, and environmental factors may be the main reason.

Key words: Harpadon nehereus; morphological variation; truss network; principal component analysis; cluster
analysis
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