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A TR AT LU, 277 925 3 N B T ) A A
() DA b 7K P R U0 A3 A X DA 30 B Y PR AN () A4
B &R 5 1 H IS AFAE 73 3645 S8 2 2k 1 1] 8 (Cadrinc
2000). AL 54 AT 75 5 LA G T 2 0 & v T
BEA R X 3 WA A AS R4 B 3R BT 25 22 53 ()
RIS, 2009), 2= K5 (1998) 12 H 2 8 &5 H1 77
R T B B B JE . (Oreochromis niloticus)5 ™ i &
TS 22 5 5 BRI, B 61 (Erythroculter ilishaefor-
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AR T 228 80 M7 J7 R BE AT RUX 3 AN [R A 1 26
(FA%E,2007; W HE%,2012). EAMBAHHZ L E
II T ITIERS 8RR T 25 22 57 BB 7 41k 1 (Cavalcan-
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W7 (RE LRI 2= JEUR , 20045 T0K, 20105 T FHE %,
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(KL AT Z M B B BH) Al A (ki3 5L387)
() JT85% REAAREAT TR A5 52 20 BT R0 2 Je G ik a0 #r , $R
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Tab.1 Basic information on C. nasus specimens of each population

FEARUR

PR by HE AL bR SRAFER[A] PRl /mm 3 : SMAURE

U4 SS) 122.09°E 30.81°N 2021-04 246.36~345.64 17 15 32
KL (CIK) 121.95°E 31.27°N 2021-04 157.31~355.29 15 14 29
PRI (HZH) 118.72°E 33.36°N 2021-05 133.29~210.26 15 15 30
HL(CH) 117.67°E 31.56°N 2021-05 244.30~302.56 8 7 15
KITINBL(TZ) 119.77°E 32.31°N 2021-05 218.99~356.27 19 17 36
HEPHI(PYH) 116.30°E 29.18°N 2021-07 213.94~286.45 21 19 40

- 1 BT 2 i 18] 1R R (AC) W iy 2 ) 48 2 5 1] 1)

S ) 25 (AB) Sk B8 1 00 2K 3y 22 Bl 4 S 550 1] 1) 7R 59 (CB)

Sk O A sy 45 9 6 7EC R TR 1) PR B (CP) 2k 8  U

KT AL K ity 2 68 7D 55 1) 11 PE S (CF) 1 68 2 550 38 I £

o L £ 18 10 26 5 (BD) 74 5 K2 A7 %5 M 6 . 150 191 1) B 5

ot (BB TR S5 % 82 4 W) 1 B B (ED) 1 8 2 A

2 R g kS p IR 1) R S (BF) I B8 kS A 22 A B kS R T

(%) ¥E &5 (DF). i fig 2 s &2 75 6 2 K o 18] 1) B 5
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Fig.1 Location of C. nasus sampling sites

1.2 BESH

GO GG B NE SR 45 My B B 050
I 2 A G SCHER (R B 45, 2004 UK, 20105 7] 3T
J, 2011, 45 FH FELF- 000 R RN IS RE A . S
T A [ 5 AE B B SR, I DA D5 A )y
#E, M EAEHH 22 0.01 mm.

12 MR 3 FE B 5 B R IE A4 4 K (TL) .
K (SL) 14 15 (BDe) 3k & (HL)« ¥ K (SLe) . R 1%
(Edi). & 14 75 (CPd) « ¥ #& K (DFI) - i & K (PF) /% &
K(AF) _E i K (LMa) KR J5 Sk K (AT) . 358 B s
(A) i i 2 £ (B) ~ Sk 38 15 I A 3 (C) « IE B S £1(D)
B &R RU(B) VBB AU(F) B 52 K (G) R i IE )
A RL(H) 5 T RS A (D3 9 A3 27 [R) R AR A A
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JFE 6 U U 3 1) £ B8 (GH) o

B2 JIBTEIIELRAFE

Fig.2 Frame features of C. nasus

1.3 #iEAE

9B S T AR A S AR A — 3 1 ) 52, B
15 AR B 75 00 ) B DA S A CR AR AR ) B4 K
flRRAE) BEAT 2 O, BE PR 5 15 3 24 DN E A FHahw
xp 3t 4T B R 3R 7 22 45 BT (One—way ANOVA)., %
7t R ER 56 (C.D)~ & B 43 43 BT (principal component
analysis, PCA). #| 5l X 4> T (linear discrimination
analysis, LDA) 1 % 95 73 #7 (hierarchical cluster analy-
sis, HCA)»
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PR SGHEERENEER. ZR AR T K
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AR [0 D55 2 15 S TR — e, ot BRI 40 0 Ak 75% [ vk
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HH:C.DRIRE R RZE, X, F X, 7 AR W
PR FEA VR AR 1P M 5 Yy R0 Y, 2 AR 3R 75 7 A
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I I 328 A A N T A DL R 1 ) i
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- O N JI5 FEREAAR (ETTA FEAAR) 4 ) 1 £
FEEL, MO FEAR (B A BEAR) 2 b R L

HIs Gt 43 H K A Microsoft Excel 2020 Origin
2018 F11SPSS 23.0 5€ ik

2 R

21 BRERFESH

T 6 MEERFEAR 24 MRS HFabr i 2 7 Ui L
2. WK IgHAS R ANOV A KK, [ CPd 45 FR AT
TR FAINP>0.05), HARFEVRIIAFAEN i35 2 57
(P<0.01)e FPRFT7 2250 HT 3R B, B CPA A R Geit 2
HINP>0.05), HARTEATRbR A B U(P<0.05).
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Tab.2 Characteristic values of morphological indices of the six C. nasus populations

AR S P
KA H(CIK) KIT R BL(TZ) LA (SS) ESBHIA(PYH) LI (HZH) H(CH)
TL 1.092:£0.017" 1.082+0.011° 1.085+0.011%® 1.080+0.016° 1.107+0.011¢ 1.098+0.008¢ 0.000
BDe 0.165:£0.010%® 0.169:£0.010° 0.171:£0.012% 0.1590.011° 0.177+0.017¢ 0.199:£0.008¢ 0.000
SLe 0.146+£0.020%® 0.142+0.017° 0.134+0.018° 0.156+0.024° 0.172+0.026¢ 0.135+0.018° 0.000
EDi 0.137:£0.023:® 0.138+0.017:® 0.131+0.012° 0.138:+0.022:® 0.176+0.019¢ 0.150£0.019° 0.000
CPd 0.026+0.004° 0.025+0.003¢ 0.026+0.003% 0.025:0.003¢ 0.026+0.003° 0.026+0.002¢ 0.449
DFI 0.058+0.007° 0.056+0.005° 0.056+0.006° 0.060:£0.0074 0.056+0.007° 0.0630.004° 0.000
PF 0.563+0.015" 0.571£0.010¢ 0.576+0.014¢ 0.548+0.017° 0.560+0.011° 0.570+0.015< 0.000
AF 0.387:£0.033¢ 0.373+0.019" 0.367+0.032° 0.404:+0.035¢% 0.294+0.039° 0.410+0.018¢ 0.000
LMa 1.286+0.096¢ 1.241:£0.059" 1.2570.079" 1.256+0.072" 1.088+0.102° 1.197+0.115b 0.000
AT 0.7210.036° 0.719:£0.022° 0.721£0.024° 0.708+0.041° 0.667+0.078* 0.7210.031° 0.000
AC 0.659:£0.088° 0.678+0.072° 0.7320.073° 0.6780.085 0.809:£0.077¢ 0.624+0.063° 0.000
AB 0.158+0.011 0.165+0.010° 0.1620.013° 0.163+0.013° 0.181+0.011¢ 0.154+0.009° 0.000
CB 0.107:£0.008° 0.117+0.007° 0.119+0.008° 0.1030.010 0.128:0.007¢ 0.111+0.007 0.000
CD 0.211+0.013% 0.202:£0.009% 0.200+0.013* 0.206+0.012:® 0.204+0.011% 0.230+0.011° 0.000
CF 0.373+0.019¢ 0.360:£0.013° 0.3530.017:® 0.370+0.015¢ 0.349+0.012° 0.384:£0.009¢ 0.000
BD 0.108+0.012° 0.091+.0009° 0.0910.011° 0.105+0.010° 0.093+0.011° 0.127+0.014¢ 0.000
EB 0.156+0.009" 0.160::0.009 0.162+0.011° 0.143+0.013¢ 0.173+0.017¢ 0.178+0.009¢ 0.000
ED 0.161+0.012° 0.163+0.010° 0.168+0.011° 0.154+0.012¢ 0.176+0.016¢ 0.192:£0.008¢ 0.000
EF 0.233+0.014° 0.230+0.010° 0.232+0.011° 0.2300.010° 0.234+0.011° 0.245+0.007° 0.001
DF 0.191:£0.020° 0.179+0.014° 0.183+0.014° 0.1900.016° 0.181+0.018® 0.192+0.017° 0.007
DG 0.164+0.013:® 0.167+0.012" 0.174+0.012¢ 0.158+0.011° 0.172:£0.019% 0.198:£0.009¢ 0.000
GF 0.189+0.016° 0.188+0.011° 0.191+0.011° 0.1800.010° 0.187+0.012° 0.200+0.007¢ 0.000
FI 0.572+0.015b 0.585+0.010¢ 0.588+0.015¢ 0.553+0.016° 0.572£0.011° 0.582+0.013¢ 0.000
GH 0.682+0.013b 0.684+0.009° 0.698+0.015¢ 0.667+0.017° 0.679:0.008° 0.671+0.011° 0.000

W AT AN ) AR RER R A ) 22 57t 2 35 (P<0.05)

Note: Different superscripts in the same line indicate significant difference among populations (P<0.05).
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¥J/hT1.28,
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Tab.3 Euclidean distance of six C. nasus populations

KILH AL B Wi BERHE sl 5L

HEMR (CIK) (TZ) (SS) (PYH) (HZH) (CH)
CJK 0 0.062 0.094 0.057 0.280 0.123
TZ  0.062 0 0.061 0.068 0.232  0.115
SS 0.094 0.061 0 0.100 0.220 0.156
PYH 0.057 0.068 0.100 0 0.257 0.129
HZH 0.280 0.232 0.220 0.257 0 0.266
CH 0.123 0.115 0.156 0.129 0.266 0

Kirm (IO

HBHW (PYHD

KILRMEE (T2

eI g, (SS)

Hi (CHD

PR (HZHD
(I) 5I 1‘0 1I5 ’_’IO 2‘5

B3 7186 MR SRES
Fig.3 Morphological cluster analysis of the

six C. nasus populations

23 ERHHH

15 2 43 7 40 BRI S 40 B I BF FEAR I T 25
T b5 A8 B HE 4T KMO 1 Bartlett BRI B 6 56 , KMO {8
53 1M 0.647, Bartlett 3K B A 56 1, P<0.05, i B &F
AN 2 (AR AR e & T R IR 7 i, 32
U 6 MRFIEME K F 1 SR B ER S KT
FRAEAE B 47T W, NS 6 N E K 2 5 BRAEE AR 1L

e T2 . BRIt , ST 6 A 3 L7k (PCL~PC6)
T3 #r, a5 R WK 4.
25

20
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FHIEE
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L
Principal component

B4 EMoETFHIEE

Fig.4 Eigenvalue of the principal component factors
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Tab.4 Morphological traits and load, contribution

rate of principal component factors of C. nasus

oA R ¥ix
E2N PCI1 PC2 PC3  PC4 PC5 PC6
TL 0.165 0432 0382 0338 0285 -0.039
Bde 0.911* 0206 0.024 0.137  0.021  0.027
Sle -0.148 0361 0.519° -0.077 0.073 0.189
EDi 0.003  0.564* 0.428 0.026 0.009 0.105
CPd 0.048  0.123 0202 0.169 0.535* 0.442
DFL -0.136 0252 0360 0386 0230 0.262
PF 0.051 0291 -0.808 0371 -0.071 0.137
AF -0.047 -0.792* -0.124 0.169 -0.023 0.218
Lma -0.093 -0.519* -0.332 -0.089 -0.112 0.560°
AT 0.156  -0364 -043  0.111  0.198 -0.488
AC -0.083  0.625* 0.015 -0274 0.557* -0.044
AB 20277 0.526* 0.558 0.027 -0.408  0.060
CB 0243  0.615 0.133  0.120 -0.578 0.048
CD 0451 -0317 0366 0.632* -0229 -0.056
CF 0477 -0.693* 0319 -0.018 -0287 0.042
BD 0375 -0.484 0233 0469 0355 -0.157
EB 0.799*  0.411 -0.093 0.034  0.012  -0.065
ED 0.917¢ 0283 -0.008 0.119  0.01  -0.001
EF 0.804* -0.168 0.148 -0.330  0.101  0.139
DF 0.506* -0.362 0.178 -0.569*° 0.036  -0.028
DG 0.903*  0.143  -0.094 0.045 -0.003 0.045
GF 0.823*  -0.041 -0.136 -0.378 -0.030 0.144
FI 0.052 0368 -0.781* 0399 -0.055 0.134

GH 0.089 0300 -0.781* -0.152 0.042  0.112
R 5535 4384 3.662 1990 1571  1.046
TIRE/%  23.06 1826 1526  8.29 6.55 436
it
TUBREE/%
s AR T RE a TR U E K T 0.500,

Note: Data with superscript letter a mean the load is greater than
0.500.

23.06 4133 5659 64.88 7143  75.78
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Fig.5 Principal component dispersion map of C. nasus populations

2.4 F|R5H
A B0 VT % TIBE R 24 DB S A48 bR
HEAT 50 73 M7, Pk ade Rk 0 500 5RO F 14 A IR

(X,, X, =+, X,), I TL+ BDe+ EDi. AF- LMa. AC.
CB.CPd.EB.EDi.DG.GF.FI.GH, &6 &)
Fisher £ H)51 pR 5 =K -

(DKL :Y,=7610.841X,+3624.754X,+ 599.228X,+350.6 79X, —6.431 X,+172.704X,+2817.731 X,+2946.002X -+
1512.411X,~14307.441X, 7+ 7088.404X, + 5432.651X,,+4898.887X,,+2666.46 X,,~7449.391

(2) K 1L & M B - Y,=7565.436X,+3846.32X,+576.648X,+348.935X,~19.921 X,+184.412X,+3210.162X+
2768.958X,+1549.226X,~14425.097X,,+6943.201X,,+5517.442X,,+5046.856X 5+2601.186X,,~7451.194

(3) WE W M B : Y,=7574.962X,+3696.029X,+561.036X,+352.446X, —19.698X.+200.573X,+3323.846 X+
2816.518X,+1521.411X,—14466.884X,,+7173.709X,,+5442.775X ,+4984.482X ,+2747.809X,, — 7548.181

4 # B

Y,=7473.282X,+3560.509X,+601.208X,+377.064X,~7.706X+176.548X +2743.1 75X+

2026.218X,+1371.436X,~14074.074X,,+7104.514X,,+5202.294X ,+4681.6X,;+2724.304X,,~7181.931

B) #toE W

Y.=7654.579X,+3572.271X,+650.965X,+291.697X,~34.203X+203.009X,+3501.28X-+

2692.845X,+1686.99X,~13934.307X,,+6743.952X,,+5401.295X,+4957.285X,+2651.723X,,~7544.429

6) W : Y,=7633.762X,+3848.361X,+675.301X,+398.736X,~29.94X.+180.3X,+2726.453X-+3123.892X -+
1477.24X,~14582.151X,,+7316.868X,,+5609.346X,,+5139.698 X,,+2520.182X,,~7611.491

TR A B B ) S HE R B0 ) N 2631
25.35.29.14 )&, B AR N 160 B KILH K
Y22 M B IR 3 455, 805 IO 90 VAL V200 5630 240 0 A 7

F 3 2 89.7%5 86.1% 78.1% 87.5% 96.7%- 93.3%,
ZEA P F N 87.9%. 8 FHHI 7 43 B 5F T8 6 A BEAR
MIFEAS ZBUAT 20 BT » FF 82 57 3L 700 30 5] bR 05 40
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Fig.6 Discriminant analysis of morphological

characteristics of C. nasus populations
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Abstract: Coilia nasus, belonging to Coilia, Engraulidae, Clupeiformes, is a migratory fish species with
high economic value. In this study, C. nasus was selected for investigation, and the morphological differ-
ences, distribution and the relationships of six C. nasus populations from different waters: (1) the Sheng-
si population in the Shengsi Sea, Yangtze River populations in the (2) Yangtze River Estuary, the
(3) Taizhou section of Yangtze River and (4) Poyang Lake, lake populations from (5) Hongze Lake and
(6) Chaohu Lake. Traditional morphological analysis and multivariate statistical methods were used to
characterize the populations. The aim of the study was to provide scientific evidence for resource assess-
ment and conservation, and to support the artificial breeding of C. nasus. A total of 182 C. nasus speci-
mens from the 6 water areas were collected in April, May, and July of 2021 and 24 morphological traits of
C. nasus were selected to analyze morphological differences. One—way analysis of variance shows that all
the morphological indices were significantly different among the six populations except the height of cau-
dal stalk (P<0.05). Cluster analysis shows that the morphology of the three Yangtze River populations
and the Shengsi population clustered into one group, and the C. nasus population in Hongze Lake formed
an group and the C.nasus population in Chaohu Lake formed another group. The coefficient difference test
shows that the differences in morphological diversity among the three groups did not reach a level indicat-
ing separate subspecies. Principal component analysis extracted six morphological indicators with eigen-
values over 1, and their cumulative contribution rate was 75.78%. The morphological differences of C. na-
sus from different waters was manifested in the head, chest, abdomen, and tail. Discriminant analysis
shows that the comprehensive discriminant rate was 87.9%. To summarize, the Shengsi C. nasus group
was closest to the Yangtze River basin groups, indicating that the Shengsi population likely migrates into
the Yangtze River. The morphology of C. nasus lake populations were significantly different from that of
Shengsi and Yangtze River populations, indicating that the C. nasus lake populations are likely to have
settled in freshwater.
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