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Fig. 1 Diagram of sampling stations for Coilia mystus
in the Yangtze Estuary and its adjacent waters
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Tab.1 Sample information of Coilia mystus
A Bkt & /mm body length AT /g body weight
population number YU range X£SD JLH range X+SD
EPU Lyusi (Ls) 60 112-156 130.1+8.93 7.06-15.53 10.80+1.69
200 Chongming (Cm) 60 116-157 132.0+10.06 7.26-16.02 10.72+2.41
F#+1l1 Zhoushan (Zs) 60 114-173 126.9+8.38 8.26-24.76 10.13+3.75
I Wenzhou (Wz) 60 115-170 135.9+9.06 8.09-26.71 14.32+2.98
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Tab.2 Measurement parameters and morphological indices for otoliths of Coilia mystus

5240 measurement parameter

JE 3845 morphological index

TR area (A)

B K24 maximum radius (Rpa,)

/242 minimum radius (Ryi)

J&4# perimeter (P)

HfAFRE otolith weight (OW)

HA K otolith length (L)

HATE otolith width (W)

¢ K Feret H#& maximum Feret diameter (Fpa,)

#¢/)N Feret H4& minimum Feret diameter (F i)

Xoa-TJE Xye-surface density=OW/A
Xeo-B1 & roundness=A(rnL>)

Xi-JE &K F format-factor=(mA)P?
Xe-FARBE circularity=P?/A

Xee-FAIEHEIT R rectangularity=A/(LxW)
X2 ellipticity=(L-W)/(L+W)
Xo-2E 42 [t radius ratio=Ryax/Ruin
Xg-Feret H A% Feret ratio=F pux/Fumin
Xor-IRIE LE aspect ratio=L/W

B2 XU H A HEZR I
Pl: J& v i, P2 T 3B Wi, P3: HEHK TG, P4: B T o,

D,: P1—P2; D,: P1—P4;
D;: P1—P5; D4: P1—P6; Ds: P1—P3; De: P2—P3; D4:
P2—P5; Dg: P2—P4; Do: P3—P5; Dyg:
P3—P6; Dy;: P4—P5; Dy P5—P6.
Fig. 2 Truss networks for the otolith distance
measurements of Coilia mystus

P1: posterior point; P2: dorsal point; P3: ventral point;
P4: antirostrum point; P5: excisural notch point; P6: rostrum
point. D: the distance between different points; D;: P1—P2;

D,: P1—P4; D;: P1—P5; D4: P1—P6; Ds: P1—P3;
Dg: P2—P3; D7: P2—P5; Dg: P2—P4; Dy: P3—P5;
D]()Z P3*’P6, Di: P4‘>P5, D,: P5—P6.
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Tab.3 The means and analysis results of 20 otolith morphology indices for 4 populations of Coilia mystus

n=240; Xx+SD

b #E4A population 95% & 15 X [] [RiR T X
index B Ls 28] Cm £l Zs HH Wz 95% confidence P
X 0.001%0.000° 0.0010.000° 0.0010.000° 0.002+0.000" 0.001-0.001 0.000
Xeo 0.875+0.047° 0.867+0.045° 0.903+0.051° 0.85940.052° 0.869-0.882 0.000
e 0.870+0.029* 0.880+0.022° 0.877+0.024" 0.857+0.024° 0.867-0.874 0.000
X 14.463+0.508" 14.284+0.364 14.346+0.402° 14.682+0.406° 14.387-14.501 0.000
Xee 0.754+0.036 0.744+0.032% 0.758+0.036" 0.736+0.026° 0.744-0.752 0.002
X 0.046+0.033* 0.044+0.025° 0.034+0.026" 0.044+0.033° 0.038-0.046 0.089
Xor 1.453+0.107° 1.418+0.084° 1.41040.068" 1.431+0.078° 1.417-1.439 0.134
X 0.868+0.041° 0.870+0.032° 0.884+0.031° 0.878+0.044° 0.870-0.880 0.034
Kar 1.100+0.075* 1.094+0.056" 1.07140.058" 1.094+0.0734° 1.081-1.098 0.089
D,/D; 0.777+0.047 0.807+0.041° 0.788+0.044" 0.7943+0.047% 0.786-0.798 0.002
D,/D; 0.980+0.031° 0.988+0.032" 0.976+0.33" 0.960+0.033" 0.972-0.980 0.000
D./D; 1.21940.039* 1.237+0.040% 1.224+0.038% 1.245+0.033¢ 1.226-1.236 0.000
Ds/D; 0.866+0.034° 0.872+0.036 0.863+0.038" 0.864+0.032° 0.862-0.871 0.767
De/Ds 1.260+0.053* 1.291+0.053° 1.274+0.048% 1.295+0.049° 1.273-1.287 0.001
D-/D; 0.610+0.056 0.593+0.037" 0.608+0.046" 0.597+0.047° 0.596-0.608 0.152
Ds/D; 0.371+0.081% 0.366+0.034" 0.360+0.045" 0.358+0.042° 0.357-0.370 0.690
Do/D; 0.935+0.098* 0.977+0.044° 0.990+0.062° 0.991+0.048" 0.964-0.982 0.000
D1o/D; 0.874+0.094° 0.929+0.051° 0.928+0.056" 0.94440.046" 0.910-0.927 0.000
D,,/Ds 0.273+0.038° 0.256+0.036° 0.277+0.034 0.25240.038" 0.260-0.269 0.000
D,,/D; 0.360+0.088* 0.370+0.040° 0.368+0.045° 0.386+0.043" 0.364-0.378 0.000

TE: X478 R IR 2. Al —A7 A _EbR 7 R SR BRI ] 25 5 1B 35 (P<0.05).
Note: Illustration for the variables were shown in tab. 2. The different superscript letters in the same line indicate significant difference
among different populations (P<0.05).
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Tab. 4 Principal component matrix and contribution rates of otolith morphology indices for 4 Coilia mystus populations

Ak F A4 principal component
variable 1 2 3 4 5 6 7
Ksd —-0.085 0.314 -0.142 —-0.386 0.187 -0.364 0.175
Xro —0.665 -0.387 0.149 0.021 -0.189 0.503 0.258
Xer -0.187 —0.498 0.123 0.728 0.336 -0.132 -0.109
Kei 0.188 0.494 -0.123 -0.729 -0.334 0.137 0.102
Kre 0.296 —0.318 —0.181 0.352 —0.262 0.565 0.381
Xel 0.893 0.146 -0.297 0.248 -0.014 —-0.069 0.033
K 0.531 0.267 0.117 0.026 -0.337 0.294 —0.086
Kee —-0.896 -0.167 0.261 -0.204 0.004 0.009 0.015
Kar 0.894 0.150 -0.298 0.243 -0.017 -0.068 0.029
D,/D; -0.183 0.696 0.028 0.250 0.276 0.209 -0.016
D,/Ds 0.050 0.201 0.746 0.227 —0.155 -0.135 0.180
D4/D; -0.122 0.766 0.320 0.081 0.036 0.085 0.101
Ds/D; 0.128 0.259 0.675 0.227 -0.336 -0.162 0.068
D¢/D; —0.043 0.769 0.366 0.223 0.202 0.103 —-0.022

(f§8L to be continued)
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(2232 4 Tab. 4 continued)

AR F 4> principal component

variable 1 2 3 4 5 6 7
D,/Ds 0.489 —0.184 0.587 —0.325 0.358 0.182 —0.119
Dg/Ds 0.426 -0.161 0.513 —0.188 0.444 0.010 0.423
Dy/Ds -0.475 0.525 -0.477 0.216 0.035 0.080 -0.105
Dio/D; —-0.169 0.576 —0.268 0.019 0.462 0.369 —-0.016
D,,/D; 0.192 —0.107 0.413 —-0.103 —-0.121 0.290 -0.729
Di,/D; —0.347 0.413 0.090 0.276 —0.496 —0.268 0.017
HEAFH 4.192 3.604 2.699 1.994 1.535 1.275 1.057
characteristic value
TTHKR/% 20.96 18.02 13.49 9.97 7.68 6.38 5.29
contribution rate
BTk % % 20.96 38.98 52.48 62.45 70.12 76.50 81.79

cumulative contribution

T R AR o I R L3R 2.
Note: Illustration for the variables were shown in tab.2.
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Tab.5 Linear discriminated functions of otolith morphology indices for 4 Coilia mystus populations
$5b7 index BEK population
PO RUE Ls ZLHIREE Cm FHLRUEE Zs RN W2
% X (X)) 79575.949 75003.415 78362.677 95171.400
BB X (X2) 543.165 536.557 553.718 539.328
FEEHETF X (X3) 216.779 207.724 209.824 215.650
D,/Ds (X4) 118.286 129.532 119.966 98.147
D,/Ds (Xs) 687.929 698.096 683.528 599.507
D4/Ds (Xo) 294.171 289.456 288.250 339.978
Ds/Ds (X7) 127.284 137.925 137.528 174.045
Dio/Ds (Xs) 145.621 158.624 162.330 154.944
D1/Ds (Xo) 111.737 102.097 121.753 94.435
W constant —1142.894 —1149.995 -1157.231 —1158.949

Ds/D; il D1o/Ds BB/, 2 e 1 B A
FRIE LD D3 S 43 A2k i 1 #0350 50 A A Y 1,
JEEBIARRR AL, Bt SR i S REIA Dy/D;
il Do/Ds KRB, Xav Xeo F Xer B9 R BR/D,
F2 S e ) A RO A B BE DN, R R )
AT, FFEBRBRBCR, S, fHL#F A
X0+ D1o/D3 #1 D11/D; B9 R E K, D4/Ds ) R B
/N, FEEE R 0 E AR AR Ry B RO, RN
F A A, 2 A vA WY S, B R R i 2 ] 3= (]
W5 AR IRIHAEAR X, Du/D; Fil Ds/Ds &
Fie K, D1/D;3., Dy/D; Ml Dyy/Ds I R/, EE
JS e 1) A AR A R A A AN S, IR
AR, SIS AR

&R 5 TR H R B R, T S R A )
AT

DU

Y1=79575.949X,+543.165X,+216.779X3+

118.286X4+687.929X5+294.171 X +127.284 X5+

145.621Xs+111.737X5-1142.894
SR
Yem=75003.415X+536.557X,+207.724 X5+

129.532X4+698.096X5+289.456X4+137.925X,+
158.624X5+102.097Xy—1149.995

FIHEAA:
Yz=78362.677X;+553.718X,+209.824 X5+
119.966X,+683.528X5+288.250X+137.528 X5+
162.330X3+121.753Xy—1157.231

AR
Yw,=95171.400X;+539.328X,+215.650X;+

98.147X4+599.507X5+339.978Xs+174.045X5+
154.944X5+94.435X9—1158.949

BAFPNER R, 18 4 DRI 240 B
BEAS o, BARHG IR N 70.4%, Hop B
S5 WA LA A8 0 B R AR, BIRT 70%,
17T i A A BT R 55, A 96.7% o 52 H B IE
LIRS BELFINERERIGR 6)o B SHIAST
3 AREARRAIMRZ IR A E—E, B AL
A 20T7%B RN SRR, SRR 23 5]

Fo6 RGBT 4 NEAETEARSERNFIR D HER

Tab. 6 Results of discriminant analysis for 4 Coilia mystus populations by otolith morphology indices

VES Bk B 522 predicted category IR /% XS LIEI)
method population Ls Cm 7s Wz discrimination accuracy —comprehensive discrimination rate
Ls 36 13 10 1 60.0
B A Cm 10 40 9 1 66.7 o4
stepwise .
discrimination Zs 7 13 35 5 58.3
Wz 1 0 1 58 96.7
Ls 33 13 13 1 55.0
S ILARE Cm 10 40 9 1 66.7 1
cross .
verification Zs 7 16 32 > 333
Wz 2 1 1 56 93.3
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Fig. 4 Scatter plot of canonical discriminant scores for mor-
phological indices of otoliths in 4 Coilia mystus populations
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Tab. 7 Euclidean distance among the otolith
morphological indices for 4 Coilia mystus populations

BEK FRECHE 2 Euclidean distance
population 1 2 3 4
1 B Ls - 0.204 0.155 0.248
2 28] Cm 0.204 - 0.091 0.401
3 FHl Zs 0.155 0.091 - 0.345
4 M Wz 0.248 0.401 0.345 -

MEE B /N, o 0.091; 5% B 5 M AR 5] 7 B 25
K, K 0401,

BB E o, 52 B BRI 1L B A g 2
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Fig. 5 Clustering dendrogram of 4 Coilia mystus populations
based on otolith morphology indices
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Abstract: To explore differences in the Coilia mystus populations of the Yangtze Estuary and its adjacent waters,
240 individuals were collected from four populations of Lyusi (Ls population), Chongming Island in Shanghai
(Cm population), Zhoushan (Zs population) and Wenzhou (Wz population). Twenty-one morphological parameters
of the sagittal otolith were measured by otolith measurements and the otolith frame method. Twenty morphological
indices transformed from the 21 morphological parameters were analyzed by multivariate statistical analyses.
Non-parametric tests showed that there were significant differences in 14 of the morphological indices among the
4 populations. Principal component analysis constructed 7 principal components of the otolith morphological
characteristics, with a cumulative contribution rate of 81.79%. The overall shape of the otoliths was similar among
populations, and the differences were mainly reflected in the local frame morphological indices. The discriminant
equation of the 4 populations was constructed using the 9 parameters with the greatest contribution rates. The dis-
criminant accuracy of the Wz population was highest (96.7%), followed by the Cm (66.7%), Ls (60.0%), and Zs
populations (58.3%). Cluster analysis showed that the Cm and Zs populations were closest, followed by the Ls
population, and the Wz population had the furthest distance. The shape of the sagittal otolith in the Cm population
was similar to the Zs and Ls populations, and there were significant differences in the otolith morphology of the
Wz population versus the other 3 populations. These results indicate that Wz is an ecological population. There-
fore, the differences in otolith morphology between populations of C. mystus with short-distance migratory habits
are related to their geographical distribution. Otolith shape varied little among geographically close groups with
similar habitats but was larger in groups with geographic barriers and genetic differentiation. Variability in the size
of the otolith is related to the degree of geographic isolation.

Key words: Coilia mystus; sagittal otolith; otolith morphology; otolith frame structure; multivariate statistical
analysis; Yangtze Estuary

Corresponding author: ZHAO Feng, E-mail: zhaof@ecsf.ac.cn; ZHUANG Ping, E-mail: pzhuang@ecsf.ac.cn



