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Tab.1 Sampling details of C. nasus

A Kot P KA H RAERT 7]
sample number sex( /8 ) sampling site sampling date
E iy 7] 5% (LSCN) 20 10/10 Ell#a3 Lvsi fishing ground of the Yellow Sea 2009-04
Kb T8 ( DSCN) 20 10/10 K¥b#alg Dasha fishing ground of the Yellow Sea 2009-04
221 5 J] 5% (CMCN) 20 10/10 KYLIT4: % Chongming island of the Yangtze River estuary 2009-03/2010-03
FEI T] 8% ( WHCN) 20 10/10 KAITIEMIT B Wuhu section in the Yangtze River 2010-07
FHLITIEF (ZSCN) 20 o ]Aéjaoin#%g(}llllol:]si‘rllj-l o/ifE ;zh(L)];Ilshan Islands in the Qiangtang River estuary 2011-05
] )] #% (HHCN) * 16 B %8 7 Dongying section in the Yellow River 2009-09

T BTG N R A HEREAS , JCi st .

Notes: The genders of HHCN cannot be determined due to visceraless.
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B1 JNSHRERKEREE
Fig.1 Map of the sampling sites of C. nasus

1.2 #mlE

FEbR R RO AZ GE R FIREZRZ5 48 . 1558
PR AL $E . 42 K (total length, TL) f& K ( standard
length,SL) . iR 1% (eye diameter, ED) . | &0 & K
(length of maxillary, LMa) . | 4 {& (length of
mandible,LM) #5#&: (length of dorsal fin,LDF) ,
€ K (length of pectoral fin, LPF) & & (15 fig
#25) (body depth at dorsal, BDA) {4 & (JT[])
(body depth at anus, BDa) . 3k } ( head length,
HL) .3k 5 (head depth, HD) H [H] i (interorbital
width,ID) B4 (caudal peduncle depth,CD) &
&1 (length of tail fin, LTF) 45 14 >0 g PR AR
DRGSR B4 b M g B ER (PL) (Wi (P2) I
SRS AL (P3 ) BV A B8 8 A i 2 (P4 ) BB L A
(P5) 5 6 if2 i (P6 ) B8 K v (PT) 7 88 K iy
(P8) EHETT AR £ (PO) 2 9 AN 5 AL AR i Z 7]

HYBE RS BT JE B A 20 S HEZL 85040 (&1 2) , K 1 &2
0.05 mm, LRI AR BT, K 22 0.01 g,
1.3 HESW

L P s T T A 0 IE W
(relative fatness) , B3 E & AT RF (%) = fi
PR (g) /K (em)® x100, A BR b #E
i A 22 S X E 28 2 800 T 18 L 520, o 4% 2
BAERR DA 7 DR IE . Bl — 2 45eit
Ba NI O 8 = 1 SN 7 R = i D i € i gL e
E 3T, W S T8 2 B B B A 5 O 25 A BT I B
KLk A 8 W R 5 2 43 M ( One-Way
ANOVA) AR IE 48 25 5 R T E S 43t
TrEHEAT AT o R MERFE T B R AS T 285 2 s
TR T 2203 L B o B F o3 5 . X
AN TRVRE A 149 70 855 A T 285 24 B0 E 47 Kruskal-
Wallis H #5535 | 3 58 53 5341 . 22 48 RUEE 438 F0 0
MR TEH A3 B b, 0 HE R R AT A
XH

HIBIWER R Pl = O/M
FINAERZE P2 = O/N

T, O g IR A ) TR W B R A, MR iR
TRSEPREEE N A AZREA I AL
226 55128 (integrated discriminant accuracy )
PO = Zk:AL./ ﬁBi
LA S AR P RINE R R, B, D
PR R SEBR R, k WAL
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9 AMAEBR R Z B BEESE A 20 MEZREE . D FR %5 A LR . D1:P2-P4; D2:P1-P2; D3:P2-P3; D4:Pl4; D5:. P1-P3;
D6:. P3-P4; D7.P4-P5; D8:. P3-P6; D9.P4-P7; D10:P3-P5; D11.. P5-P6; D12.P3-P8; D13.P5-P8; D14:P6-P8; D15.:P8-P9; D16:
P7-P8; D17:..P6-P7; D18:P5-P9; D19:P5-P7; D20.P7-P9,
Pl ffgfg it ot ; P2 Wi ; P3: JEEERC AT, P4 LT ; PS5 EEEIC AT, PO TEEE AT, PT B EEA N PO T BE K uii; PO JRHETY
R o

Fig.2 The truss networks for distance measures of C. nasus
Twenty truss parameters are obtained by measurements of the distances between the two of 9 landmark points. The “D” means the distance
between the points. D1:P2-P4; D2.:P1-P2; D3:P2-P3; D4:P14; D5:.P1-P3; D6:. P3-P4; D7:P4-P5; D8:. P3-P6; D9.P4-P7; D10:
P3-P5; D11:.P5-P6; D12:P3-P8; D13:P5-P8; D14 :P6-P8; D15:P3-P9; D16.P7-P8; D17:. P6-P7; D18.P5-P9; D19.P5-P7; D20:
P7-P9.
P1 ;Origin of operculum fin; P2:Tip of snout; P3:Origin of pelvic fin; P4 :Terminus of head back; P5:Origin of anal fin; P6:Origin of

dorsal fin; P7:Terminus of anal fin; P8:Terminus of dorsal fin; P9;Dorsal origin of caudal fin.
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A BRI S5 43#7 F Microsoft Excel 2010
1 SPSS 16. 0 Gt #4458 B, 4 43 I 2R 2 il £h
PAST #1458 i

2 iR

2.1 JISHAERE

FURAREA PR RS B L LA K Sy 3B
PR FF AL 19 22 5, 45 R R W, &3 One-Way
ANOVA Fa 56, e ] 6% (R LI 80A B 35 1k
25 (FR MR o A 2 TR IS

SR S O T B[R] S A A ) 65,
PR B S T 1] A | 1 A R 1 A SR
FRIE A b, K A8 5 1) One-Way ANCOVA
A TR 7N 1 N N IR N S NS Sl T
PEZ 5 (P <0.05) , 3 HER T a4 sk K, Hofth
ARV AMEPE K F M, HEA k25 5 v
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R EBFIE NI A E B2 7 (£ 2) .
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Tab.2 Descriptive statistics of morphological trait measurements of female and male C. nasus

£zt Ko WA female Ko Mt male F A K

items n SEXIEL + kR 2% mean = SD n SEFEL + FRAEZE mean = SD F and sig.
T R/g BW 49 73.92 £13.93 51 65.80 +14.08 8.405, #x F>M
4K/mm TL 49 293.88 +17.76 51 288. 74 +20. 68 0.988,ns
f&/mm SL 49 262.63 £16.92 51 258.22 +19.59 1. 446 ,ns
f{42/mm ED 49 6.14 £0.37 51 6.20 £0.43 2.231 ,ns
| #i/mm LMa 49 45.24 £3.49 51 45.24 +4. 02 1.049 ,ns
T/ mm LM 49 21.07 +1.31 51 21.18 £1.26 4.466, % F <M
¥ #ig 4/ mm LDF 49 37.48 £2.92 51 36.57 £3.52 0.960,ns
JfE K-/ mm LPF 49 18.40 £1.25 51 18.53 +1.20 1.218,ns
147 25/mm BDd 49 44. 55 £3.55 51 41.93 +2.97 15.236, ##x F>M
& /mm BDa 49 38.25 +2.62 51 36.52 +2.88 11.085, #% F>M
34K/mm HL 49 38.44 +2.23 51 38.64 +2.94 4.071, %« F<M
3 /mm HD 49 23.40 £2.08 51 22.88 +1.91 0.497 ,ns
{IE [6] #E/mm ID 49 13.19 +1.20 51 12.89 +1.00 0.969 ,ns
M5/ mm CD 49 7.54 £0.66 51 7.17 £0.69 6.390, « F>M
FfigK./mm LTF 49 24.06 +2.33 51 23.54 +2.96 0.811,ns
D1 49 20.22 +1.63 51 19.85 +1.60 0.736,ns
D2 49 42.52 £2.87 51 42.27 +3.41 1.805,ns
D3 49 67.41 +4.58 51 67.08 +4.81 2.155,ns
D4 49 29.61 +2.98 51 29.01 +3.06 0.005,ns
D5 49 27.32 +2.72 51 26.56 £2.99 0.472,ns
D6 49 54.49 4.28 51 53.52 +4.59 0.010,ns
D7 49 97.82 +8.16 51 96. 00 +9. 07 0.011,ns
D8 49 42.74 +3.40 51 40.40 £2. 63 13.311, s F>M
D9 49 46.09 +4.83 51 45.48 +4.90 0.438,ns
D10 49 50. 04 £4.47 51 48.08 4. 62 10.748, #x F>M
D11 49 63.22 +4.39 51 61.41 £5.08 4.081, *
D12 49 42.87 +3.86 51 40.73 +2.85 8.390, #x F>M
D13 49 51.47 £3.94 51 49.71 £4.16 4.232, « F>M
D14 49 14.51 +1.40 51 14.14 +1.57 0.470,ns
D15 49 190.71 £13.19 51 187.51 £15.05 0.051,ns
D16 49 187.56 =12.86 51 183.95 £15. 60 0.171,ns
D17 49 201.91 +13.47 51 198.24 £16. 61 0.023,ns
D18 49 160.22 £10. 65 51 157.28 +11.98 0.268,ns
D19 49 154.15 £12.53 51 152.07 £11.97 0.212,ns
D20 49 9.03+1.19 51 8.91 +1.02 0.007 ,ns
JIEH B RE 49 0.40 £0.04 51 0.38 +0.03 15.122, s F>M

TEFoMfEf s MM (RIS AW BEH SRR R O 22 BEAT S0 A , AR B A I T AR e A B IR R W 7 22 4T 004

Notes: F; females; M:males. F values of One-Way ANOVA are used for body length and those of ANCOVA are used for other morphological
variables measured.

# P <0.05, %% ; P <0.01, %% ;P <0.001.
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Fig.3 Principal component analysis for morphological

trait measurements of female and male C. nasus
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Tab.3 Descriptive statistics of morphological trait measurements of C. nasus collected from 6 different water areas

EELD B ]t Kb TI85% LR )65 JE I ) 5% EEpaLH Sl ] % Py
index LSCN DSCN CMCN WHCN HHCN ZSCN sig.
g N 20 20 20 20 16 20
KFE/g BW  66.33+17.96  67.49+7.75 172.28+12.76 84.13 £9.67 58.67 £9.40 000,

4K/mm TL
f&/mm SL
fR4%/mm ED 6.
EAK/mm LMI 43,
THiK/mm LM 21.
€K /mm LDF 35.

283.9 £19.27
254.

292.00 +£9.51
38+17.21 261.00 +£8.78
11 £0.44 6.29 +0. 34 6.21 £0.29
77 £4.30 44.68 £2.37  44.18 £3.42
02 +1.43 20.79+£0.93  20.65+1.22
37 +4.81 37.06+3.06 36.66 +2.39

JE#% ] /mm LPF  18.36 £1.21 18.00 +0.85 17.94 +1.49

K75 /mm BDd 43.16 £5.25  44.02 +3.58  42.85+2.67
KE/mm BDa  36.93+3.86  37.20+2.49 37.48 +1.952
SAK/mm HL 37.10£2.49  37.78=1.42 38.15%2.39
3.5/ mm HD 22.80+2.36 22.90+1.49 23.71 £2.08
MRMEEE/mm ID  12.59 +1.31 12.80 £0.54  13.03 £1.50

AR E/mm CD 7.20£0.76 7.41 £0.63 7.60 £0.57

R /mm LTF 23.35 +2.99 23.25+1.81 22.64 +2.77
D1 19.67 +1.82 20.04 £1.30  20.31 £2.12
D2 41.11 £2.96 44.08 £6.46  41.46 +2.53
D3 66.64 £4.36 66.17+9.15 66.09 £3.55
D4 28.04 £3.27 29.16 £1.73  28.81 +2.42
D5 26.53 £3.70 27.68 £2.04  27.20%1.70
Do 53.69 £3.64 55.18 £2.86  52.97 +3.70
D7 94.67 £7.21 98.39 £4.00  96.60 £5.83
D8 42.14 +4.92 42.82+3.09 40.45+2.33
D9 44.41 £4.16 46.32 £2.87 44.94 +4.35
D10 48.53 £5.97 50.26 £3.58  48.02 +£3.42
D11 61.07 £5.09 62.78 £2.58  62.64 +£3.37

290.00 £13.94 316.00 £12.53 328.90 £10.10 274.81 £11.96
255.00 +24.71 284.00 +11.23 295.

. 000, sk

27 +£10.63 242.90 +11.33 000, sk

6.33 £0.40 6.18 £0.43 5.91 £0.41 . 000

TS

49.24 +2.71 49.44 +2.06 44.34 £2.93 L0001, sk

38.47 £2.51 40.85+2.19  37.53 £2.28 000, s

19.0 +40.90 19.37+1.61 18.99 +1.18 . 000

TS

43.49 +1.77 49.13 £2.40 42.55 £3.48 .000, sk

39.34 £2.01 41.83 £2.40  35.89%2.75

0
0
0
0
0
22.50 £0.96  23.29x1.02  20.66 +0.78 0.000, s
0
0
0
0.005, s
0

41.44 +1.66 43.58£1.36  38.26 +2.61 000, s

24.61 £1.58 24.83 £1.06 21.67 £1.09 0.005, *

14.06 0. 62 14.21 £0.53 12.71 £0. 50 0.000,

Bt

7.83£0.53 7.55x0.79 6.73 £0.46 0.001, s

24.08 +2.92 30.18 £7.35 25.65 +1.77 0.000, s

20.18 £1.16 20.94 £1.17 19.98 1. 60 0.000, sk

46.48 +1.76 47.73 £1.46 40.34 £2.17 0.002, **

72.59 £3.33 75.70 £3.04  62.74 +2.89 0.070,ns

33.28 £1.61 32.08+3.72  27.24 £1.52 0.772 ,ns

29.16 £1.67 30.22 £2.13 24,12 £2.28 0.005, s

59.00 £2.27 61.69 £2.26 49.15 £2.97 0.001, s
108.00 +£3.66 111.05 %3.90 87.09 £6.43 0.000, sk
41.33 £1.52 47.30 £2.70 41.00 £3.08 0.000, sk
51.68 £2.94 54.02 £3.11 41.54 +£3.29 0.003, =
52.82 £2.40 57.02 £3.18 45.58 £3.91 0.172,ns
67.75+2.55 70.23 £2.65 57.25 %3.21 0.085,ns
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gikR3

EfEL7N B 5 pNUPIL S48 1 65% Jai 185 T ] Sl )t P i

index LSCN DSCN CMCN WHCN HHCN ZSCN sig.
D12 42.58 £5.12  43.26 £3.27  40.33 £2.33  41.53+£2.16  47.10+3.37  41.20£3.52 0.000, sk
D13 48.99 £5.21 51.45+2.09  51.58 £2.91 54.30 £2.19  56.26 +8.19  46.54 +£2.78 0.008, s
D14 14.15 +1.66 14.10 £1.45 14.39 +£0.90 15.36 1. 51 15.54 +0.93 13.60 +1.38 0.126,ns
D15 183.99 £12.38 190.00 £7.40 191.00 £10.43 206.00 £8.91 213.35%7.84 174.12 +£8.27 0.000, s#*
Dl6 179.30 £12.87 187.00+7.09 187.00 £10.58 204.00 £8.56 210.34 £7.98 171.02 +7.92 0.000, s
D17 194.45 +13.88 201.00 £7.51 202.00 £11.25 218.00 £9.94 225.27 £7.38 184.45 +8.74 0.000, sk
D18 154.29 £9.99  158.00 £7.27 159.00 £8.54 173.00 £7.98 176.90 £7.80 149.46 +7.40 0.003, s*x*
D19 148.29 £10.32 153.00 £6.68 151.00 £13.18 168.00 £7.57 170.97 £7.98 145.01 +7.47 0.000, sk
D20 9.42 +£1.35 8.88 +£0.84 8.98 £0.79 9.51 £1.00 8.47 £0.70 8.07 £0.87 0.000, sk
B RE 0.39 £0.50 0.38 £0.36 0.41 £0.02 0.37£0.27 0.41 £0.02 0.000, s

I R PR < Ar i 20R . P IORRR M R KALIE S BB A4 SR (BR I IR BT RE MW ST ) /Y Kruskal-Wallis H 46 55 9
BEKF . LSCN: 5 MU TI S e, DSCN : KU TIBF AR , CMCN 2B TT 5 FE (A, WHCN : S5 JT B HE (R, ZSCN S 11 T] B i &, HHCN . 3

W JIBREA

Notes ; Data are expressed as mean = SD. P Significant levels of Kruskal-Wallis H test for the morphological variables( except body length, body

weight and relative fatness ) which are adjusted by body length. LSCN ; C. nasus population in Lvsi fishing ground ,DSCN: C. nasus population in

Dasha fishing ground, CMCN; C. nasus population in Chongming island of the Yangtze River estuary, WHCN: C. nasus population in Wuhu

section of the Yangtze River,ZSCN: C. nasus population in Zhoushan Islands of the Qiangtang River estuary, HHCN: C. nasus population in

Dongying section of the Yellow River.
# ;P <0.05, %% ; P <0.01, ##% ;P <0.001.
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Fig.4 Principal component analysis for morphological

trait measurements of six populations of C. nasus
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Fig.5 Multidimensional scaling analysis for morphological

trait measurements of six populations of C. nasus
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Fig.6 Discriminant function analysis for morphological

trait measurements of 6 populations of C. nasus
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Tab.4 The discriminant results for morphological trait measurements of 6 populations of C. nasus

Bk gy X FHITE R 2 E¥pa) PNUVIE S AL o DAL FHili J1 ¢ EtipA)
method discriminated accuracy LSCN DSCN CMCN WHCN ZSCN HHCN
P1(% ) 90. 00 95.00 85.00 95.00 95.00 100. 00
LioyTa
) .H%h_”h ) P2(%) 94. 74 86.36 85.00 95.00 100. 00 100. 00
original verification
PO(% ) 93.10
P1(%) 55.00 40.00 50.00 90.00 85.00 87.50
25 H ISTF
*E?fﬂ_ P2(%) 52.38 44.. 44, 52.63 78.26 94. 44, 82.35
cross verification
PO(% ) 71.55
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Fig.7 Discriminant function analysis for morphological
tait measurements ( all the variables) of the populations of
C. nasus collected from the Yellow Sea,

Yangtze River estuary,and Yangtze River
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Tab.5 Discriminant loadings of variables correlated
with RF in the populations of C. nasus collected

from the Yellow Sea, Yangtze River estuary,
and Yangtze River

b Ji 51 BB %X function

index 1 9 3
K8 0.388" 0.111 0.219
K12 0.369 * 0.066 0.253
A% BDd 0.288" 0.173 0.079
1A BDa 0.150 0.092 —-0.098
K20 0.145 -0.109 -0.100
K13 0.035 0.279* —-0.005
K1 0.174 0.207 " -0.080
FARE CD 0.059 0.195 -0.116
K11 0.035 0.097 -0.012
K5 0.042 0.088 0.058

T DA 5123 > 0. 200,
Notes * :the factor loading >0.200.
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Fig.8 Discriminant function analysis for morphological
trait measurements ( not including the variables related
with RF) of the populations of C. nasus
collected from the Yellow Sea, Yangtze

River estuary,and Yangtze River
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A comparative study of the morphology of different geographical
populations of Coilia nasus

WANG Dan-ting', YANG Jian'** | JIANG Tao', LIU Hong-bo*, SHEN Xin-giang”’
(1. Wuxi Fisheries College ,Nanjing Agricultural University ,Wuxi 214081, China;
2. Key Laboratory of Ecological Environment And Resources of Inland Fisheries , Freshwater Fisheries Research Center,
Chinese Academy of Fishery Sciences ,Wuxi 214081, China;
3. East China Sea Fishery Research Institute ,Chinese Academy of Fishery Sciences ,Shanghai 200090, China )

Abstract: In the present study 14 morphological traits(e. g. ,total length, standard length,eye diameter ) and
20 truss network characters were measured with different populations of Coilia nasus ( CN) , which were
collected from Lvsi(LS)and Dasha fishing ground ( DS) of the Yellow Sea,Chongming island (CM) of the
Yangtze River estuary, Wuhu section in the Yangtze River( WH) , Zhoushan Islands ( ZS) in the Qiangtang
River estuary ,and Dongying section in the Yellow River( HH). Morphological differences between male and
female C. nasus were analyzed by One-Way ANOVA analysis, principal components analysis and
discriminant analysis, while morphological features of different populations were also comprehensively
analyzed by Kruskal-Wallis H test, principal components analysis and discriminant analysis. Results indicated
that the sexual size dimorphism was not significant in C. nasus, and there were no significant differences
between male and female individuals except relative fatness,body depth at dorsal ,body depth at anus, caudal
peduncle depth and other 5 truss network characters. Additionally, cephalic traits among LSCN, DSCN,
CMCN and WHCN were similar, while those of ZSCN and HHCN were relatively unique. The intergraded
morphological features of former four populations ( LSCN, DSCN, CMCN and WHCN ) were significantly
different from the remaining two populations (i. e. ,ZSCN and HHCN) , suggesting that the latter might be
relatively independent and might have weak connectivity with the former populations.

Key words: Coilia nasus; morphology; sexual dimorphism; truss network character; multivariate statistical
analysis
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