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Fig. I Sampling sites of Coilia nasus
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Tab.1 Themain basic biological information of Coilia nasus

n=4; X +SD
FEA P2 i SRR A 1] Bt W - ALK /om R NN W
sample sampling site sampling date number F:M mean body length mean weight

MR NZ KT 0w 32 2020-06 40 227:1 26.06+2.01 71.91£21.60

Jb 3k BZ KT adesz 2019-12 40 0.43:1 21.91+1.92 30.59+9.20

AT R A NH SN R 2020-09 40 0.39:1 16.86+1.53 15.54+4.53

WA SS W T gy 2020-07 40 2.08:1 27.40+1.44 82.55+19.04
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K2 TG IE A EE
TL: 4K; BL: £1K; BD: ##; HD: 3k#; HL: kK HBE: MR SKIK; STL: JRT K
TaL: JBK; SL: WK ; ED: iR%; CPH: BWiE.
Fig. 2 Traditional morphology for measurement of Coilia nasus

TL: total length; BL: body length; BD: body depth; HD: head depth; HL: head length; HBE: head length behind eyes;
STL: skeletal trunk length; TaL: tail length; SL: snout length; ED: eye diameter; CPH: caudal peduncle height.
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Fig. 3 Truss network of Coilia nasus showing the 32 variables extracted from 12 anatomic landmarks
1. Tip of the snout; 2. End of the frontal bone; 3. Origin of dorsal fin; 4. End of dorsal fin; 5. Dorsal origin of caudal fin;
6. End of caudal fin; 7. End of anal fin; 8. Origin of anal fin; 9. Origin of pelvic fin; 10. End of interoperchulum;
11. End of operculum; 12. Origin of pectoral fin.
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Tab. 2 Description statistics for morphometric variables of the Coilia nasus populations

R T JTEEREOR ] Y 32 2 25 S A R R AR TR
], SkRMEK.

n=4; X +SD
#15] group

A NZ BZ NH SS
variable FHfEH/em  ARFRE S {E/em 5 R FEHfEH/em  BREREK FEHfE/em  BRRE

mean CV/% mean CV/% mean CV/% mean CV/%
TL 25.11+0.21° 0.84 25.26+0.24¢ 0.94 25.1440.20™ 0.81 25.2120.16" 0.65
BD 3.99+0.19° 4.87 3.65+0.19* 5.10 4.1340.24¢ 5.75 3.95+0.26° 6.51
HD 3.26+0.18° 5.43 3.06+0.15° 5.04 3.29+0.18" 5.34 3.22+0.19° 5.76
HL 3.2740.26 7.93 3.41+0.19" 5.63 3.2240.17° 5.18 3.30+0.20° 6.13
HBE 2.27+0.19* 8.21 2.38+0.16° 6.60 2.30+0.14° 6.28 2.44+0.69° 28.25
STL 6.56+0.25% 3.78 6.44+0.33* 5.19 6.87+0.27° 3.86 6.85+1.38° 20.20
TaL 15.39+0.76" 4.94 15.40+0.32° 2.06 15.08+0.35° 231 14.89+2.35° 15.75
SL 0.44+0.08% 18.6 0.53%0.07° 13.88 0.42+0.04 10.21 0.4620.09" 20.10
ED 0.54+0.07° 13.43 0.51+0.06™ 12.53 0.53+0.07% 12.31 0.50+0.10* 20.16
CPH 0.84+0.14° 16.56 0.64+0.12° 18.79 0.99+0.13¢ 12.73 0.96:+£0.22° 23.25
1-2 1.53+0.11° 7.36 1.53+0.11° 7.40 1.58+0.20% 12.57 1.63+0.23° 13.82
1-10 2.77+0.23% 8.20 2.94+0.23° 7.81 2.68+0.18° 6.74 2.74+0.25° 9.16
1-11 3.2440.24% 7.53 3.45+0.19° 5.47 3.17+0.18" 5.59 3.33+0.23° 6.84
1-12 3.71+0.23° 6.64 4.04+0.17¢ 4.18 3.72+0.11° 3.00 3.91+0.22° 5.59
2-3 4.59+0.23" 4.95 4.7240.24" 4.99 4.67+0.23" 4.89 4.81+0.71° 14.82
2-8 9.05+0.24® 2.68 8.92+0.32° 3.53 9.19+0.28" 2.95 9.00+0.92% 10.18
2-9 5.09+0.22° 434 5.16+0.33% 6.35 5.26+0.20% 3.78 5.36+0.23° 426
2-10 2.33+0.48% 20.75 2.39+0.36° 14.99 2.2540.14™ 6.33 2.23+0.16" 7.39
2-11 2.20+0.20° 9.13 2.34+0.18° 7.85 2.10+0.23° 10.87 2.22+0.22° 9.78
2-12 2.9140.16* 5.46 3.08+0.15° 4.86 2.94+0.12° 4.19 3.03+0.18° 6.00
3-4 1.29+0.10° 8.05 1.24+0.11° 8.59 1.34+0.10¢ 7.13 1.3540.12¢ 8.80
3-8 5.58+0.17° 3.01 5.28+0.23% 4.34 5.75+0.25¢ 4.30 5.55+0.23° 4.19
3-9 3.92+0.16° 4.04 3.61+0.17* 4.82 4.06+0.22¢ 5.31 3.92+0.23° 5.78
3-11 3.49+0.17° 4.92 3.37+0.20° 5.80 3.54+0.19° 5.37 3.51+0.24° 6.92
3-12 3.9240.16° 3.99 3.5440.18" 5.12 3.98+0.20° 5.00 3.77+0.24° 6.47
4-5 15.97+0.28° 1.73 15.94+0.22° 1.41 15.92+0.19% 1.22 15.82+0.26° 1.65
4-7 15.74+0.31° 1.94 15.74+0.24* 1.53 15.75+0.21° 1.35 15.63+0.22° 1.42
4-8 4.55+0.18¢ 4.06 4.20+0.23° 5.38 4.68+0.24¢ 5.24 4.43+0.22° 5.01
4-9 4.00+0.19° 4.82 3.55+0.20° 5.54 4.14+0.24° 5.90 3.91+0.24° 6.12
4-12 4.68+0.19¢ 4.05 4.18+0.19° 4.40 4.79+0.22¢ 4.53 4.53+0.26° 5.74
5-6 2.07+£0.23" 10.93 2.23+0.16° 7.25 2.05+0.17° 6.68 2.12+0.17° 7.88
5-7 0.73+0.08° 11.21 0.69+0.10° 14.81 0.76+0.07° 8.70 0.75+0.08" 10.59
5-8 13.38+0.30° 221 13.36+0.39* 2.89 13.31+0.28° 2.11 13.27+0.34* 2.55
6-7 2.36+0.22% 9.46 2.48+0.19° 7.73 2.30+0.17° 7.21 2.39+0.13% 5.37
7-8 13.00£0.31° 2.39 13.03+0.38" 2.93 12.96+0.29° 2.22 12.9140.29° 2.25
8-9 4.38+0.27° 6.16 4.0840.31° 7.49 4.47+0.26° 5.78 4.20+0.32° 7.51
9-10 3.35+0.22° 6.50 3.35+0.29* 8.50 3.55+0.24° 6.75 3.63+0.31° 8.46
9-11 2.94+0.19* 6.62 2.87+0.20° 7.09 3.21+0.23" 7.20 3.14+0.21° 6.68
9-12 2.35+0.12° 491 2.19+0.18° 8.41 2.47+0.17¢ 6.83 2.41+0.21% 8.50
10-11 1.1540.17° 14.67 1.18+0.15° 12.76 1.24+0.21° 17.31 1.23+0.19° 15.28
10-12 1.05+0.208° 18.95 1.28+0.24° 18.76 1.14+0.20° 17.40 1.31£0.25° 19.02
11-12 0.87+0.24° 27.48 0.82+0.15° 18.85 1.00+0.21° 21.44 0.91+0.21% 22.43

e AT A 5 B AN 6] 3R 78 4 [R]47 7E fik 3 2% 53¢ (P<0.05). TL, BD, HD, HL, HBE, STL, TaL, SL, ED, CPH R %5 (1~12) i (R R L&
LA 2 A 3. P BCTRH AR TR W ] A
Notes: Values in the same row with different superscripts are significantly different (P<0.05). Morphometric variables of TL, BD, HD, HL, HBE,
STL, TaL, SL, ED, CPH, and numbers (1-12) are shown in Fig. 2 and Fig. 3. The connection of two numbers means the distance between the
two anatomic landmarks.
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Fig. 4 Scree plot of the principal component analysis
of the populations of Coilia nasus
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Tab.3 Matrix of the first three principal components of the populations of Coilia nasus

A F 4> principal component e F 4> principal component
) A7 i variable
variable PCl1 PC2 PC3 PC1 PC2 PC3

TL -0.272 0.082 0.046 3-8 0.826 0.104 0.079
BD 0.880 0.002 0.164 3-9 0.872 0.126 0.080
HD 0.649 0.324 0.129 3-11 0.527 0.138 0.139
HL —0.355 0.203 0.641 3-12 0.843 0.100 0.042
HBE —-0.230 0.761 —0.462 4-5 —0.110 —-0.529 —0.380
STL 0.146 0.672 —-0.621 4-7 —0.057 —0.459 —0.458
TaL —0.004 —-0.719 0.602 4-8 0.783 0.076 0.020
SL —0.477 0.224 0.138 4-9 0.882 0.074 0.027
ED —0.110 0.393 —0.191 4-12 0.894 0.080 0.033
CPH 0.482 0.334 —0.485 5-6 —0.436 0.095 0.154
1-2 0.136 0.379 —0.254 5-7 0.307 0.136 0.038
1-10 —0.430 0.224 0.018 5-8 —-0.203 —-0.524 —0.420
1-11 —0.477 0.624 0.301 6-7 —0.430 0.045 0.260
1-12 —0.602 0.625 0.121 7-8 —0.228 —-0.501 —-0.500
2-3 -0.177 0.739 —0.382 8-9 0.681 0.048 0.089
2-8 0.391 —0.255 0.751 9-10 0.288 0.486 0.169
2-9 0.139 0.443 0.312 9-11 0.477 0.155 —0.157
2-10 —-0.113 —0.008 0.167 9-12 0.660 0.157 0.168
2-11 —0.386 0.326 0.558 10-11 0.128 0.374 0.019
2-12 —-0.408 0.461 0.268 10-12 —-0.261 0.455 0.099
3-4 0.347 0.073 0.059 11-12 0.208 0.037 —0.383

W LR 5% 8 M e AR bR TRIAT L bR F R R [ 2 /R 4L R f7 46 B 3 2% 5(P<0.05). TL, BD, HD, HL, HBE, STL, TaL, SL,
ED, CPH R A7 (1~12) B AR AT A4 2 LA 2 A 3. A7 AR A QR T s 2 IR A B s

Note: Bold indicates the most relevant indicators for this component. Values in the same row with different superscripts are significantly different
(P<0.05). Morphometric variables of TL, BD, HD, HL, HBE, STL, TaL, SL, ED, CPH, and numbers (1-12) are shown in Fig. 2 and Fig. 3. The
connection of two numbers means the distance between the two anatomic landmarks.
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cﬁ Tab. 4 Classification function coefficients of
‘ h“i—r the populations of Coilia nasus
’ Tal
SL 4151
7% i variable /7 group
NZ BZ NH SS
5 X,(ED) 75.780 49.951 71.201 50.331
1
e 7 6 X,(CPH) 12.166 7.278 18.850 20.263
10 —PC2 Xs(1-11) 117.446 130.505  119.112  128.302
9 8 —PC3
Xu(3-4) 87.059 95.107  91.624  100.256
B 5 RS PCI~PC3 5 J] 8 2548 B 1] A AH & Xs(3-11) 66.502 75.408  66.958 73.579
LR RN W S AR ROV IEMSE, BENER RS Xo(4-12) 44.686 23.738 45.054 31.307
AR NS, B d STL 1 TaL 344 (4 (bR R, X7(9-11) 122.889 125.980  129.669  131.495
FRIZIE DAL AR YA e Wik constent —674.859  —658.264 —714.055 —711.289

Fig. 5 The correlation between PC1-PC3 and the
morphological variables of Coilia nasus
The solid line indicates positive correlation between
components and morphological variables, and the dotted line
demonstrates that the relationship is negative correlation. In the
figure, STL and TaL are marked with green and blue, showing
that the morphological variables are selected in both components.

1E 95% 5 X [A] (& 6)4': BZ 5 NZ, NH., SS
Z I 584008, BZ MXTE NS ; NH 5 NZ . SS
ZIEESEK, U NH 5 NZ. SS iEEE N
FHARL o

x5 TIGEEHNITER

Tab.5 Resultsof discriminant function analysis of the populations of Coilia nasus

Ik e T 432 predicted group membership 5 B 2% L
method population NZ BZ NH SS discriminant accuracy integrated discriminant accuracy
& ) ) NZ 28 1 9 2 70.00 80.60
stepwise discriminant NH 5 0 31 4 77.50
SS 1 3 4 32 80.00
BZ 1 38 0 1 95.00
A HUE NZ 28 1 9 2 70.00 76.30
cross-validation NH 11 0 24 5 60.00
SS 1 3 4 32 80.00
BZ 1 38 0 1 95.00
. X ISR FEAT RIS, PDRX 4 S TISEREAR
50 ® Group centroid . . .
43 3 MK 7), 1T 4425 NZ FINH, 112K SS,
251 0 5 10 15 20 25 30
Nz 1 T T T T T
=
a o D
BZ
NH 3
25
—=or SS 4
I ] I I
-50 -25 0 2.5 5.0
K6 TIBEREURADN 53 BT 95% A7 X [A] 1&] K7 JIBEREORIE 1 AR 1R

Fig. 6  95% confidence interval plot of discriminant
function analysis for the populations of Coilia nasus

Fig. 7 The pedigree chart among the
populations of Coilia nasus
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Morphological variation among different populations of Coilia nasus
in the Yangtze Estuary
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Abstract: The morphological variations among different populations of Coilia nasus, collected from the south
branch (NZ) and north branch (BZ) of the Yangtze Estuary, Neihe of Chongming (NH) and Shengsi (SS) in
Zhejiang Province, were assessed to determine the population compositions using traditional morphology and the
truss network model. All morphological variable data were analyzed using multivariate statistical approaches, such
as one-way analysis of variance (ANOVA), principal component analysis (PCA), discriminate function analysis
(DFA), and cluster analysis (CA). ANOVA revealed significant differences in all morphological variables among
the groups, except head length behind the eyes, tail length, the dorsal origin of the caudal fin-origin of the pelvic
fin, termination of the anal fin-origin of the anal fin, the origin of the anal fin-origin of the pelvic fin, and end of
operculum-end of operculum (P<0.05). Based on the coefficient of variation (CV), the morphological variation
among different C. nasus populations in the Yangtze Estuary was very small. The differences among the groups
were mainly due to differences in the lateral trunk and head length. The lateral trunk was the primary variation
axis, while the head length was the secondary variation axis. The stepwise discriminant comprehensive rate was
80.60%, and the cross-validated comprehensive discriminant rate was 76.30%. The BZ group had the best
discrimination accuracy rate (95%), indicating the best discriminant effect, while the NH group had the lowest
discrimination accuracy. According to the CA results, the four populations can be divided into three groups: Group
I, the NZ and NH populations; group II, the SS population; and group III, the BZ population. The results of CA
were similar to those of DFA, indicating the homogeneity and heterogeneity of the population differences. The
lateral trunk and head length were identified as the main differences among the different populations of C. nasus in
the Yangtze Estuary, which may be caused by differences in diet and habitat use.

Key words: the Yangtze Estuary; Coilia nasus, morphological variation; truss network; multivariate analysis
Corresponding author: ZHAO Feng, E-mail: zhaof@ecsf.ac.cn; ZHUANG Ping, E-mail: pzhuang@ecsf.ac.cn



