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Fig. 1 Map of the sampling locations in this study
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Tab.1 Sampling details of Collichthys lucidus

e FEA A /em

T REH S RFE IH] & sample body length

line 1 . sampling b — —
sampling location date  Mumber i SR

range mean value

=
H‘fz% 2013-11 32 9.85-13.42 11.42+0.79
Lianyungang
K= Dafeng 2013-11 30 9.03-12.21 11.04+0.83

28 Chongming 2013-05 43 9.72-13.42 11.15+0.85

F+ill Zhoushan ~ 2013-05 40 9.85-13.57 11.94+0.97
IR M Wenzhou 2013-12 30 11.28-12.88 11.96+0.44
T % Ningde 2013-06 33 9.63-15.87 12.30+1.67
JE 1] Xiamen 2013-12 30  9.08-11.38 10.42+0.55

12 HmillZ

FHiEbR R RO S AL G R FAE SR 254 . 1558
PR AL F5: KT (body weight, BW) ., 4 1 (total
length, TL). {AK: (body length, BL). & (body

depth, BD). 3k (head length, HL). =k & (head
depth, HD). WJ K (snout length, SL). HR4% (eye
diameter, ED) ., HRJ5 3k K (length of head behind the
eye, LHBE). HR[d]H#f(interorbital width, ID), EE#K
=i (caudal peduncle depth, CD). A1 (length of
caudal peduncle, LCP) JLH[# (length in front anus,
LFA)13 Atk MEZRZS B (4G A i feg
FARP) . WTiTs(P2) . MEEER A (P3). K
R i 2%(P4) . REEE R AL(PS). T EER 2(P6).
BHE AR i (P7)  H 5 R I (PS) . R G 1Y AR £ (P9)9
AN 5 A o5, 2 T ) B S R Y 20 ASHEZR 5K
PE (& 2), KEfZE 0.05 mm, BT R, K
% 0.01 go
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SPSS 19.0 84, >R FHRK FCHE 25 1 i i i 85 R R
FILIT R T,
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IR A LA A e AT R B AT, A5 B 20
P i AR g, F b DAL Ll AR A s 7 A
(R ) R, X6 T A AR AT 000, ) 0 o
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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-PS;
D15: P8-P9; D16: P7-P8; D17: P6-P7; D18: P5-P9; D19: P5-P7; D20: P7-P9.
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Fig. 2 The truss networks for distance measures of Collichthys lucidus
Twenty truss parameters are obtained by measurements of the distances between the two of 9 landmark. The “D” means the distance
between the points. D1: P2-P4; D2: P1-P2; D3: P2-P3; D4: P1-P4; D5: P1-P3; D6: P3-P4; D7: P4-P5; D8: P3-P6; D9: P4-P7; D10: P3-P5;
DI11: P5-P6; D12: P3-P8; D13: P5-P8; D14: P6-P8; D15: P8-P9; D16: P7-P§; 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: leading edge of head occipital spine; 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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Tab.2 Oneway ANOVA for seven stocks of Collichthyslucidus

=R R
5 5 R R
Variance source

AR & variable F P

41 )45 55 BG
HNER WG

9
BARSET

65.370 0.000
NVIESS
body weight/body length

4 1) 45 55 BG 39.559  0.000

SN
H NS
body depth/ body length HAWZEF WG
SERT
W25+ BG 10.044  0.000
RN

HHNEF WG

- =)
BARST

snout length /body length

41187 5+ BG
HNZESR WG
HAERT

F: BG-41IA1 A8 5, WG-4INZE 5 T- AR
Note: BG-Between groups; WG-Within groups; T-Total.

31.639 0.000
[IYENINS
eye diameter /body length

B3 AT o B SR E 1T KMO 1 Bartlett #6565,
KMO #i{E 2k 0.960, Bartlett B & K i1 A6 11 48
AT 0, VLW E AR 5 [ A OC MR o8, 3 A
FRAHIE 4). W F RS BiFrEcR KT
T0%E, JEARA 4 A 25 SRR 5
9 53.131%. 9.328%. 4.249%F 3.406%, Hif
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Tab. 3 Non-parrametric test for the nonnor mal RERDREER
distribution characters Tab.5 Principal component matrix and contribution rates
WA B 55 H W for seven stocks of Collichthys lucidus
proportional parameter mid-value P T4 L 251 F 4> principal component
ATATHEEA44 length in front anus/body length ~ 0.583 0.000 proportional parameter 1 2 3 4
L/ total length/body length 1.259 0.000 Sk kK 0756 0124 0070 0.062
/MK head depth/body length 0269 0.000 total length/body length ' ' ' '
Sk /ME K head length/body length 0.263 0.000 LSS 0.783 0.363 —0.016 0.022
T length in front anus/body length
SV LRNLLNIS N
0.196 0.003 K1) K
length of caudal peduncle/body length }i;i/ff:;/body length 0.841 -0.026 —0.235 0.060
Fetiin ik 0.075  0.000 SRk

caudal peduncle depth/body length 0.802 -0.015 —-0.111 —-0.082

A head length/body length
ARIEIFE/AK interorbital width/body length ~ 0.118 0.000

B /MEK length of caudal Py Y T P

AR5 Sk AR K 0.147 0.000 peduncle/body length
length of head behind the eye/body length AR R 0.806 0289 0.008 —0.073
D1/#£+ Dl1/body length 0.183 0.000 caudal peduncle depth/body length
D2/# K D2/body length 0.283 0.000 E&l‘nﬂﬁ-ﬁ/ﬁiﬁ_ 0.802 —0.150 —0.069 0.061
D3/fkK D3/body length 0329 0.000 interorbital width/body length
D4/fk K D4/body length 0232 0.000 i%ﬁji‘;gi?bé?;g&g}?ead 0.666 0.026 —0.060 —0.131
D5/f&HK D5/body length 0.124 0.000 IR R 0349 0620 0.197 —0.286
D6/& K D6/body length 0.313 0.000 body weight/body length
D7/f&& D7/body length 0.546 0.000 ﬁi/ﬁfh/body length 0.862 —0.347 —0.007 —0.016
D8/f&{ D8/body length 0.295 0.000 Wy K
D9/f&H D9/body length 0.677 0.000 snout length/body length 0.626 0.002°0.105 ~0.170
D10/{&K D10/body length 0.332 0.000 Hﬁﬁé/ﬁi{% 0758 —0.296 —0.290 0.078
DI K D11/body length 0428  0.000 eye diameter/body length
DI2/kK DI2/body length 0.550 0.000 D1/#&K DI1/body length 0.803 0.046 0.070 0.048
DI3/HK DI3/body length 057 0.000 D2/f& K D2/body length 0.669 —0.062 —0.469 0.176
D14/ K. Dl4/body length 0.555 0.000 D3/f&{ D3/body length 0.786 0.102 —-0.133  0.029
DIs/HK DIS/body length 0.146 0.000 D4/{&K D4/body length 0.790 —0.229 —0.290 0.138
DI6/HAK Dl6/body length 0.096 0.000 D5/#&K D5/body length 0.737 —0.280 0.261 —0.063
DI7/#AK D17/body length 0.542 0.000 D6/f& K D6/body length 0.908 —0.192 —0.117 0.072
DIS/IkK DI8/body length 0374 0.026 D7/#& K D7/body length 0.861 0.108 —0.101 0.063
DIO/KK D19/body length 0.185 0.000 D8/f& K D8/body length 0.858 —0.343  0.060 —0.042
D20/ D20/body length 0.200 0.000 DY/fA K D9/body length 0.896 0.158 —0.031 0.052
D10//&+% D10/body length 0.474 0.547 0.257 —0.039
%4 KMO 1 Bartlett Hiai DI11/fkK D11/body length 0.853 —0.015 0.028 0.034
Tab.4 KMO and Bartlett's test DI2//k& D12/body length 0.750 0.295 0.363 —0.023
o e . D13/ff# D13/body length 0.784 —0.106 0.214 —0.020
Kaise?hi;?-g(rifk?i ﬁf::;?zg}gsﬁ?gfiquacy 0960 DI4/H K D14/body length 0861 0.182 0.171 0.030
KT approx. 7218.824 D15/ DI15/body length 0.079 0.888 —0.116 —0.083
Bartlett [f BRI i Ko 5 chi-square D16/{k K D16/body length 0.644 —0.141 0.167 —0.034
Bartlett’s test of sphericity FEfE df 496 D17/ik K D17/body length 0.756 0.158 0.198 ~0.016
P 0.000 DI18//k& D18/body length 0.666 0.477 —0.063 —0.053
D19/#£K D19/body length 0.628 0.111 0.489 0.075
TR 70.113%, A& 1 B AR A RHER Sy, D20/ K. D20/body length 0.467 0.538 —0.303 —0.252

Al DL 4 ASFEE ST 5 R R MRS =k Ay 2 A FRAMEIEE eigenvalue 17.022 2,985 1.360 1.090
AR PRI S 253 5)o TG 1 FEH FEIMSP TR contribution rate  53.131 9.328  4.249  3.406
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Fig. 3  Scatter plot of first and second principle components
for PCA of 7 Collichthys lucidus populations
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Fig. 4 Hierarchical dendrogram of 7 different populations
of Collichthys lucidus
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AW FENT T A Sk A 2 e FEEAAR 11 4 L 151
HEIETIE AN, AR 14 T L AR A
I 1) F 4G 30 455 SR e B S 14 TR ) 59550 SR 4 s -
(P<0.01), 1 14 I b 3] A5 o ¥4 2 Sk A 3 £ AE A4
1) 7 A ek gL, A

Y (52 81)=67.554X,+91.657X,+114.915X5+

21.086X4+16.639Xs+178.547Xs+146.113 X+

70.230X5+17.287X9+31.683X,0—68.490X,,+
41.941X,,+40.558X,3+100.779X,4-113.152

Y (KF)=99.971X,+207.615X,+0.457 X3+

12.335X,—146.716X5+252.413Xs—
33.895X7+197.961X5-196.291 Xo+
117.794X,0-225.678X,,+22.6 72X+
272.779X,5+4.245%,,~110.152

Y (i 7 #5)=102.030X,+228.406X,+57.204 X5+
15.710X,—62.947X5+159.897X—51.277 X+
201.568X5—128.000Xy+79.016X;0—
221.596 X1+ 36.226 X,+235.117 X5+
1.341 X14~112.773

Y(T1)=15.190X,+197.813%,+207.041 X5+
23.211X,+3.991Xs+531.8+13Xs+70.227X,+
227.933Xg—168.129%9+22.919X,0-30.329X,,+
20.617X,2+20.902X,3+13.352X,4-126.425

Y(E 1 7)=33.319X,+194.112X,+69.966 X3+
22.866X4-171.537X5+884.275X+78.087 X7+
251.291X5—96.018X+99.282X0-96.309X;—
55.257X1,-22.276X,3+27.998X,4~137.204
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Y (I )=87.028X,+148.144X,-24.474 X+
29.238X,-272.911X5+716.849Xs+106.139X+
237.913Xs—67.111X9+76.574X19—-109.814X;—
35.289X,-34.869X,5+47.968X,4~141.906

Y (FH111)=75.909X,+157.138X,+106.559 X3+
22.311X%,46.761X5+480.186Xs+28.890X,+
162.246X5-30.547Xy+48.728X0-107.452 X~
0.025X,,+16.102X;3+51.168X,,-116.112

Ao, X =HEaTEAR K, Xo=k @/, Xs=HR Fij i/
K, Xe= R B AR, Xs=W) KM, X=IRIBMARK,

X=DIMELK, Xe=Da/tE K, Xo=D5/{E K, X,i=D7/4
£, X =D8/M K, Xi»=DI10M4& K, X;5=DI15/K K,
X14=D19/fK K,

BEREE) T AR BT A £ AR A Ty R A 6 )
BIMERG R, 25 R HNHERE PL N 62.5%~
96.7%, FIBIHERGR P2 Ky 78.1%~90.6%, Zi& ¥
BIEHR 85.3%. BNt Bib B E 5 A B2
AP AT RAXE 7 /> b R A 1 Sk A B R R A
THERA Y3 (3 6)

R6 WMAIGESR 7 MHEBEEAMFIAER

Tab. 6 Discriminant results of seven populations of Collichthys lucidus

‘ %M"Jéz\% _ %ll_%l]‘@ﬁfﬁ%/% —
BEA prediction category identification accuracy % 7IAIT 0

population " wi Kk el FH N EM B0 e

cM DF LYG ND XM wZ zs

S:HI(CM) 41 0 0 0 0 0 2 95.3 85.4

K (DF) 0 26 4 0 0 0 0 86.7 86.7

# 7 (LYG) 0 4 27 0 0 0 1 84.4 84.4

THE(ND) 1 0 0 28 2 0 2 84.8 87.5 85.3

EIT(XM) 0 0 0 2 27 0 1 90.0 84.4

M (WZ) 0 0 0 0 0 29 1 96.7 90.6

FH11(ZS) 6 0 1 2 3 3 25 62.5 78.1

3 i HBRAEAR, BR T DIS/ AR S, HARMER A

0 AT FRAE 32 38 35t 4% 2H R P4 58 R 3R AR
RENA, JEAS TR EE A ML PR RS B, Al e S 2R Ah
TEA] BA W A e BU R385 22 5 . Cheng 25 P 5%
(Coilia spp.)IFsE &8, TEIEA Ty, HHH -
R AN R AP AR, B2 LU B - R S a1 [R) b b
HESARAL o PR ey, [W]—J@ i, A= S 7E R —Hb
B IX I A AS [RI B FPRE TR 25 AT Re A AR, 2B T
AN 7] 1 3 DXl 0 A [ A AP R AT REAAAE SR K 1P
AES, XA X A R — PR e S 2 5
HATHESE, AR TR R RN R AR AL .
A FEWGAL BT S R IE FHEBR B &5 A, R 4
FhZ TCHE T T X ¥ . R 7 kA
T O P PR AR Y 13 T AT AR A 20 THESE S
B AT T gt o, vaE AR, LHEME A
J& B 3 AN S SRS TR
MR R 20 R o, Bkl mEa 7 4

e 25, BB A ER KNSR, R
[ VA DX ) b L 2% P D B 5 TR 28 th o T 25 7 A —
FERZI

TR TR —Fh 2 AR BT TR, RE
b 2 B AR 2 [) B AR AR B, AR B TR A Bt 5T
R R S FR B A TR A, — B R T 4R B
(AT 1 BT oi kR AE 85%LA I, i n] LIAR g
FEAR AT Z) T A REA A
K, NFEFEFIRET5THER 70% 0L F R FREL,
LPLEE] 4 4> FBLAY o AT 1 BTERE N 53.131%,
FE BRI S AR “DeMR K “D7/1k
KL «D8/MRK . “DIMERK” . “DIIRK Fi<D14/
PR SE R HRRAE, 10 B AT LR s 4R A ok
WA [ R AR () B 22 53 0 6 A 2 P s 41 iy
(Erythroculter ilishaeformis)ll & Winans™ %} & 74
i (Salmo salan) W iF5, —Eo kil 2
AR S e GE ER AL, 1T DAAR 3 £ 28 R A HE 2R 45 4y
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W 21 714 7 Bh TR 3 KBRSV o ik LA S g Sl g
Febk, 12 ShfE S, Rk i T A I
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MR AT AT DA Y, R 2 R AR A
AREEZES, RhRESESBRHEZHES
FE i, BURASHUE e, 225 /o INERASE
RS R E, BT TREARECRRIR, 16 B
TG b X RE Ak, Uh I A YRR T RE A AE
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Mor phology of seven Collichthys lucidus populations near the coast of
the Yellow Sea and East China Sea
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Abstract: Collichthys lucidus, which occurs in the coastal waters of China, including the Yellow, East China, and
South China Seas, is a favorite seafood of coastal residents and has great economic value. However, because C.
lucidus resources have been rapidly reduced by overfishing and artificial breeding technology is immature, breed-
ing high-quality fish fry and germplasm conservation and utilization are critical. The aim of the present study was
to analyze and compare the morphology of 238 C. lucidus individuals that were collected from seven locations,
including Lian Yungang, Dafeng, Chongming, Zhoushan, Ningde, Xiamen, and Wenzhou. More specifically,
one-way ANOVA, principle components analysis, cluster analysis, and discriminant analysis were used to investi-
gate whether the seven geographic populations differed in regards to 13 morphological traits and 20 truss network
characters. Because individual size variation could have affected the results, all data were calibrated using body
length (BL). One-way ANOVA revealed significant differences between the seven C. lucidus geographical popula-
tions, and the four principal components identified using principal component analysis accounted for 53.131%,
9.328%, 4.249%, and 3.406%, respectively, of the variation among populations and 70% in total. The first princi-
pal component reflected trunk characteristics—body depth/BL, D6 (origin of pelvic fin to the front edge of head
occipital spine)/BL, D7 (the front edge of head occipital spine to origin of anal fin)/BL, D8 (origin of pelvic fin to
origin of dorsal fin)/BL, D9 (the front edge of head occipital spine to end point of anal fin)/BL, D11 (origin of anal
fin to origin of dorsal fin)/BL, and D14 (origin of dorsal fin to end point of dorsal fin)/BL, which indicates that
trunk characteristics can be used as a basis for judging population differences. Both the cluster and principle
components analyses showed that there was no obvious north-south differentiation in the species’ morphology.
Many studies have reported opposite patterns, possibly owing to different sampling times, locations, quantities,
and analyses. Discrimination analysis indicated that the comprehensive discrimination rate of the seven C. lucidus
populations was 85.3% and that the discriminant accuracy ratio was 62.5%-96.7% and 78.1%-90.6% for P1
(Correct discriminant number of one group/the actual number of the group) and P2 (Correct discriminant number
of one group/discriminant number entering the group) respectively. However, the discrimination accuracy of the
Zhoushan population was low, owing to its unique geographical factors, including ocean current and freshwater
flow. The present study provides basic C. lucidus morphological data that can be used for identifying C. lucidus
populations, protecting germplasm resources, and selecting fine varieties.

Key words: Collichthys lucidus; geographical population; morphological difference; multivariate analysis; dis-
criminant analysis
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