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S5V F I AFLP $2 AR 43 B 22 668 70 45 5 il A [5] b 38
FERAIRAL Z R0, BIEHAR C 2 f —E L
i, BRI R Cyeb 1 16S rRNA BE5E T
VLR Z2 VU Fi T fig 0 [ 15 95 D i ik i) A 44 35t
T2y, SR FWIX 2 AT AT 2 A Fs 4
FERRIC . XFPUTs SR ARESY, FEA R
BB A XA T DU s By ik R 2 8 U4 Dk
AT A Sy DU ik S SCAR FRid il /E A
VU bl S G R W Fp S8 B 2 TRR i s IR
ST SC TR WL £ M A P 3 R ) 4 455 D0 i D i 45
FHICHRIE o

I A0 20 AR E W] A T b B A (] 1) 25
WHoE, WA R A o3 b . B 7 22 08
B BN H A B 25 02 45 ) B2 )& (Sillago) 12,
IKFAAE SR B 705 22 3 M« 2323 B
REHTBL, WEFEAS w5 AR I A D
(Scomberomorus niphonius) M FLEEA 2 0] —E 22
o FHECEENY R A 2 MU H A TR S 20 [
BRI (Liza carinata) HCEWF5TA5 A B
HEREE | BRHEH SO I A ) R e S BUR A 22
SHEARESZSERYFEEZRNE., JLESSE
Je— I LA SRl A 807 0 5, RESE A E B 4y
Fr LB R IE B 22 511, 9 H A 20 12280 4EAX
TR RIAE A, Cafemizlaipt™ . B
FEC . WFE IR (R ST A B A 22 Sk 5 v
FEIZ I, TR AR OGN S
TR 22 AT, (HIF AR S A AR 52 53 Ar

ARSI R FH A B R AT S AR AR AR 52
AT, T 54 2085 1048 B SO SRR
ZIH] 35 A AT RPN 8 AN nl BRI 25 5% o RN,
K UG 28 22 430 B 05 X 3R 5 A4~ H B A
(1) 133 DREA R #4740 07, 1 5 A28k 4
LER RSN 2R, HR MR, B7EN
Z WU T8 Ch B B IR G BRI L R B

FIE R BESH TR
1 MES A

1.1 HEARKIEMEHEGE

FEACRAET 2018 4F 9 HE 2019 4F4 H (% 1),
FEAR RIS J i R, IC SRR LG, L™
RS (R BB A 2 M, SRR AR AR S 3 |
VA, & KA AR 6 42 [ S50 2= /A7 T
VKAR

1.2 S5

iz e G LA B, s~ R0 H:
42K (TL). &K (BL). XK (FL). ATk (AL). 3k
£ (HL). MW (SL). MRJ5k1 (PL). R4 (ED).
A& (BH). B (CL) & EH#iE (DL) (B4 .
mm) 3 11 AT E R ETTI e (B 1), KA
0.01, ICSRS T EEEBIEED . 25 0 g 68 gk
WS EEAARUR  WEEEE SR . BRI S
i SR | T R B AR i S B AR (R ).
ML ihgloes . M2 - WA R M2 8k (B0
) 8 A m R

TEREA TR e O 1~11 22 11 N ARFR A, T
4 D,, Dis, ., Digy 2822 MERSHL, FIA
2T BE S, HhR T F B4k 3 209,
I B R B AR s i, TR 2544 i)
U] o 8 2 A a5 TIT FRU 8 85 4 P e L, (1T 1)

I RD, HM. ZS. SM. ZH JliF¥HE i
BTLES L, HEESHIL (45 . DP26) e T
B S 30 cm Ab, EOLZGE HIIREEF, EE
FEREHEATAA4E, IR — ) X R 55 R A T4
FMim i R 3 5k, HTIUDIBE2= a8 i o

1.3 BIRAIEFE
T IR B 25 I 25 S BT T Y

x1 5 MHIBEEBRANEARER

Tab.1 Sample information for 5 geographic stocks

fA/mm  body length

BURHIE LN KL (8] PR FEAK —

geographic stocks sampling time sampling sites sample size R(EnEE| ¥IE

range mean value

Bkl ZH 2018-11 21°36'43.95"N, 113°17'25.30"E 5 242.843.1 242.8
1T HM 2018-10 31°51'10.03"N, 122°22'32.17"E 52 175.2424.6 175.2
7k RD 2018-10 32°18'01.35"N, 122°09'49.77"E 48 169.9422.6 169.9
=I17SM 2019-04 29°07'04.37"N, 121°38'52.37"E 15 299.5+28.5 299.5
FHili ZS 2019-03 30°06'32.63"N, 122°31'35.10"E 13 185.2422.3 185.2
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21

E1 LMDk r R i S BEERE
L Wnss 2. falEid & 3. IEEE S 4. R A SR
R I 6. 58 W HEL N 7. B W EER G 8 BB 9.8
BEAR A s 10, BEE AT A 11 R EE R A 12, 2k 1k
132k Rk, 14, 2R6E%; 15 55— 1568, 16 55 ~156E, 17. lGE,;
18. fEfE; 19, g, 20. &K 21k K; 22, fTK; 23, kK
24. WK 25 IRAE; 26  IRJESkHK; 27 BWK: 28 Bis

Fig. 1 Sampling of coordinate points of
E. rhadinum

1. snout; 2. the starting point of pectoral fin; 3. the starting point of vent-
ral fin; 4. the starting point of the first dorsal fin; 5. the end of first dorsal
fin; 6. the starting point of the second dorsal fin; 7. the end of second
dorsal fin; 8. the starting point of anal fin; 9. the end point of anal fin;
10. the starting point of upper lobe of tail fin; 11. the starting point of
lower lobe of tail fin; 12. scale above lateral line; 13. scale below lateral
line; 14. lateral line scales; 15. the first dorsal fin; 16. the second dorsal
fin; 17. pectoral fin; 18. ventral fin; 19. anal fin; 20. total length; 21.
body length; 22. anal length; 23. head length; 24. snout length; 25. eye
length; 26. postorbital head length; 27. length of the caudal peduncle; 28.
depth of the caudal peduncle

BRZEET, XF 35 AN AT PRI R A A TR 2 P
H L (38 2). 38 SPSS A4 X FRILAY 35 4~ Al 1
PEAR R AR AR P 54T B R F 5 22 40 7 (One-Way
ANOVA), & ] LSD 1 Tamhane'sT £ & [t %
KAt AR BRI RIS 25 5 X B A REAR B B
I A R 1E B 947 3 B4 43 BT (principal com-
ponent analysis), 15 £l £ 32 58 73 171 fa (B0 BT Bk %
BIRiE A I NGO S W tOF B 2 [E =9 a1 i)
o KA Z BRI, 1P Jr Euclidean
FE S RO 5 ANFHARSIE S 19 35 S T] PR R
2543 HT (cluster analysis), &St H 2% (hierarch-
ical cluster) 1155 45 #F {4 [8] (¥ KK [C B B ( euclidean
distance) , FF2H 5 MM HEIREIR I RIS RIE

X BT ER i R i R R AT JLTIE 28 22 4 Bt
(geometric morphology analysis): F TpsUtil {44
FEA R SCAFOR-AF s X Tps I9SCHE, SR
TpsDig2 F A 43 5% B ANE i [ Fr 47 207 Ak
i, BUHBAR 2735 (landmark), T4z A TpsUtil B4
B BE T IR AL PR B 3 9K RE A5 2R B 4 (E
DIPR moRG A0 B, Rk B R b s A A B R 2
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PRFF—30. H TpsRelw 34X} Hobp 55 3617 B B0
Br, JEXHEAFEA B AR S TR B L s
FRAEEIE, T3 T A REAS AR £ T 34 A b
SR OSFE 9 (mean shape) 18 & (overlapping
shape). H Morphoj 1.07a #£47 3 .73 73 H1 (PCA)
1L #2543 BT (canonical variate analysis), 45
B A B Y ) 5 R S (Mahalanobis distances) 135
[GEF B (Procrustes distances),

2 4R

20 W5 VU415 B 3ty LT (A A ] B AN A 22
S (K 3)o W T2 EMr T, BRI
MBS 203 B 5 1, X 5 A~ 2850048 D il i
PRHEATRER LTS, S5 R R WIBRIERE AR A
4 DHER I RIS 22 B0, WAk L TR AR ]
A EZE SR . B2 s R 2R,
RTINS 22 5%, BRIBRER AN AN
R METIREHA R R R R IR S22 5, Al
INFEAAF e —E R RIE A 22 5%, I =T JHEIR]
MBS ZSTEN.

21 HESH

X5 A TR Y Z2 % DU 5 ik 35 A AT B PRk
FRE(E AT PR T 220081, S5 RWoR, 5 AV
A1 22 6% DU 48 T ik £ 2 R AT K AR K (P = 0.260>
0.05) ZRAEEI, KT M EZEFY Y
o (K 4).

22 ERAOH

XA TR R BR v AR J5 10 i A 22 % DU 48 2 el £
2514 35 Al R F SR RS BT, KMO
H1 Bartlett K 36, KMO b 0.724>0.7, 3600 53
AR T34 5 Bartlett BRIE 8.1 P=0.00, i8]
2 A 0] O R BT iR S B A S5 R
T AN ERAY, RT3 A E R T 2 TR RS
H27.724% . 23.959% Fl 13.535%, Zit 65.218%
(#5).

FRAT AT, FER 16 e (R
1£-0.89~0.95, FH.H KT 0.9 Ay AT & MR L AE
Vo3, Vig & Vs, FEEHAE AR TS AK T
WAL A 22 5, s 2 R 97 far 3 L FE
—0.10~0.93, H:A KT 0.85 BynT MR HUAE R Vis .
Vig. Vig KX Vy;, EEERLEMERIRTHMIEA2Z
5, ERG 3 B AT EE E 7E-0.75~0.84, Hi
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*2 B[AAEMRKKBEERRER

Tab.2 Code and comparative information of 35 measurable characteristics

o i et Rt Rl K sy
measurgbl; measurqbl_e comparative meaning of measurgblf: measurgbl'e comparative nll_leaning of
e compared to.code SO measurable codes e compared to code some measurable codes

Vo PL/HL R EPSNE SN Vi D;.4/BL JE feE D h B B — A A AR K

Voo SL/HL WSk K Vao D;.s/BL JEHE L i B 5 — T i R AR K

Vo ED/HL IR/ kK Vo D ¢/BL Gt D o BB B R s A K

Vo HL/BL DRIUSS Vi, D,.s/BL B S B W E RO A K

Vos AL/BL AT KA Vo, D, ¢/BL B E T BB AR

Vs HL/FL LK/ XK Vo Ds.¢/BL B AR B 5 A B AR K

Vor AL/FL TR/ K Vs Ds.¢/BL B — T fE A i B R A D /R

Vos HL/TL k4K Vs Dg.-/BL SR AR R R R AR K

Voo AL/TL [IRSESS 2 Dy.o/BL 55 ST BB EE T TR K

Vi FL/TL YKk Vg Dg.o/BL S R ARV EE R A K

Vi BL/TL [ESNERN Vao D,.4/BL B B A iy ) A R i/ R

Vi, BH/TL (RETES Vi D-.1¢/BL R B R g b s

Vi3 DL/CL R/ R Vi, D,.,,/BL B S A B R B R R AR

Vi D, ,/BL Wity 3] 6 e A Vi, Dg o/BL Bt 0 et B B A o A

Vis D,/BL VB ENE L SYSVEENIS Vi3 Dy_;/BL iEdeE SE Ve A SIS S

Vie D,4/BL Wiy ] 55— L AR K Vi Dy ,/BL Tt R o B R A8 T S s/ K

Vi, D,.4/BL Hi g A2 r B R RS /K Vs Dyo.11/BL JRfE LI S E RS T R s A K

Vig D,4/BL iRy rd B 5 — 75 BB /A

®3 ZHNEDIREFTHTKESR

Tab.3 The countable traits comparison of E. rhadinum stocks

HFEREA  geographic stocks ®ifg ZH 11 HM % RD =I1sSM Frili ZS
26550/ F lateral line scales 82~99 80~102 87~96 80~100 85~98
2k b %/ scale above lateral line 12~14 12~14 12~14 12~14 12~14
MIZE N840 F scale below lateral line 15~17 15~17 15~17 15~17 15~17
5 HEEE R /AR Vi VI Vi VI VI
number of fin spines in the first dorsal fin
B B TR S BUAR I-13~14 I-13~14 [-13~14 I-13~14 [-13~14
number of fin spines/fins in the second dorsal fin
Jifig & 2 5U/MR  number of pectoral fins 18+4 18+4 18+4 18+4 18+4
R HEHEIR-HESA UM number of anal fin spines/fins IMI-14 1-14 IMI-14 1-14 IMI-14
gL 4 BUM  number of ventral fin 17~18 17~8 17~18 17~18 17~18

KT 0.8 AT EMAR LIS Vg Vg K Vg, FE
SR PSR R E RAE L (£ 6).

FRAE 32 A3 1 R0 F B4 2 el 3 o — 4k
M, ATLLE 5 A2 lﬂlfggﬁﬁﬁﬁiﬂb‘lﬁ

UFI oy R 43 (181 2) B — IR BRI 1) 2 B U 45
CHREA, S TR =TT 2 BRI IR S A

RSP IR, SR DU TT . AR
ﬁ—:ﬁ14:0
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SRR, S AR R Y R G R B TE LA
0.005~4.035, HrPifE TR AR BEAR RS A 0.005,
K G B AR /DN, 150 BA B AR B) T2 285 SRR A1 A 1BL8E A
s SRIGHEARRIEA 4 MRHFARMIE YR T 1.9,
VLI BER [ AN IE S A — 2 R R 22 5, R
PR FE R RN LAY 4 B IA] A BRR EG RE B 5 BE AR ] 19
FEES I R RIEAER (8 7).
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T4 SAHIBELRE 35 DA EMEIK{ER ANOVA 247

Tab.4 ANOVA analysis of 35 measurable characteristics among five different stocks

ARER » ARER » ARER »
measurable characteristics measurable characteristics measurable characteristics

Vv, 0.000 Vi3 0.000 Vs 0.000
vV, 0.000 Vi4 0.000 Vo 0.000
vV, 0.014 Vis 0.000 Vo 0.000
V4 0.000 Vis 0.000 Vg 0.000
Vs 0.260 Vs 0.000 Vi 0.000
Vs 0.000 Vig 0.000 Vi 0.000
Vv, 0.032 Vig 0.000 Vi 0.000
Vs 0.000 Vo 0.000 Vi, 0.000
Vo 0.006 Vo 0.000 Vi3 0.000
Vio 0.000 Va 0.000 Vi 0.000
Vi 0.000 Va3 0.000 Vis 0.000
Viz 0.000 Vo4 0.000

&5 SMEGKETEHRKETRS S ITEFHEE.
G €IS g
Tab.S Characteristic value, contribution rate and cumu-
lative contribution rate of the correlation

matrix of 5 groups

ERR HEAEL Bk RS
principal characteristic contribution coun trLilbu ti‘;n
component value rate
rate

1 9.703 27.723 27.723

2 8.386 23.959 51.683

3 4.737 13.535 65.218

4 2.951 8.433 73.651

5 1.931 5.516 79.167

6 1.449 4.141 83.309

7 1.147 3.276 86.585

gE R, BT Ah R AR 2 B — 3
S ABER R 2 T L ONERIGREA, 52
NSRS AR IR R, RS 2 p
= VR L B S R Ry — 2 BRI T AN AR B AA R
H—RIE, BAELERI T 4R —5, Wk,
XFTA BEAR AT RO, R RER, =17,
Fr 2 AR REAR S IR A —2, WAk, i
1] 2 ANREARREAR RS U PSR —2K (7] 3).

24 JUAIESZFES R

K FH TpsRelw 34X B A3 A s EA T B B 43
Br, XHEEASREA B HAR S AT R B b L BESE AN
KAGIE, DISRAS O, TR BT BEA bR
SR AR, SRSEY RV E &R, 53] 54
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FER Y 2 5 DU 4 H fify 10 AT - 24 78 R A o ds
MESENSCRE (E 4),

5% Morphol 1.07a % 11 SHuAR &5 5t Lo T
HZE 2001, 5RER P<0.01, ngT 34047
AR 5534 . FT 50T (PCA) HA55 18 4>
TG, 13 AERSRITIE T 21.25% . 18.41%
F112.60%, ZitTiHk 52.25% (£ 8). [Al W4 i
R AT ASAEAR X M BT A Tk, P HbAR S 5 1Y
Tk R i KN 22.493%, Hibnsi 4. 6. 7. 9 FITE
BRFR Z, X 2 DU Fs il (1 SR S R AR

LAY A 4y M LA B 4 A4 LA AR B CVI B
ik 71.059%, CV2 Bifk 18.192% (¥ 9). M4l CVI
1 CV2 21 Sl AR — AERLS R, RS ] L
il S AR AR Z 8 UTs ik ok 52, &
AR FEAS SRS A AT IR I I

S A MR ] ) SRR T LAE 1, 5
A Z D0 S fE A T, BRI RS LA R
AR R E (P=0.0759>0.05) (3 10).

PN 5 A Hi SRR AR (8] 1) 387 [ R 28 RT LAt A )
5, SA-ZEEVUER BRI T, PRI R A R
INAHA L I A B2 (P=0.1819>0.05), ERIGREA
F=TTHEAAR RIS A B3 (P=0.0908>0.05)(F 11),
XL HIE S 22 580N, X —45 R AR A &
SR AR A

3 i

3.1 SR DEEME R DT RILARESE SR
B TAEGIL &I ESE , X 5 B

R E K224 F 7/ sponsored by China Society of Fisheries
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Tab. 6 Factor load values of principal component analysis of morphological characteristics among five stocks
AR PEIRRHE FERr1 Fir2 T3 Al PEIRRHE TR T2 T3
characteristics of principal principal principal characteristics of principal principal principal
measurable traits component 1 component 2 component 3 measurable traits component 1 component 2 component 3
\' 0.10 0.13 —-0.75 Vi —0.14 0.89 —0.11
v, -0.17 -0.10 0.70 Voo 0.89 0.22 0.13
V3 0.01 —0.08 0.42 Vs 0.57 0.37 —0.11
V, -0.37 0.16 0.84 Vo -0.35 0.47 -0.38
Vs 0.06 0.15 0.31 Vi 0.95 0.16 0.15
Vs -0.35 0.20 0.83 Vo4 0.26 0.66 -0.27
V; 0.18 0.19 0.11 Vs 0.85 0.21 0.18
Vg -0.36 0.25 0.83 Vo -0.46 0.76 -0.34
Vy 0.10 0.33 0.25 Vo, —0.01 0.87 —0.31
Vio -0.18 0.32 0.30 Vo 0.81 0.42 0.00
Vi 0.08 0.38 —0.11 Vi —0.34 0.61 —0.25
Vi, -0.16 0.44 0.20 V3o -0.16 0.81 -0.20
Vi3 —0.09 0.34 0.48 Vi 0.81 0.41 0.17
Vig -0.23 0.80 0.24 Vi, 0.69 0.61 0.25
Vis 0.94 0.10 0.16 Vi3 —0.87 0.42 0.09
Vis 0.94 0.18 0.14 Va4 -0.89 0.36 0.12
Vi, 0.75 0.35 0.08 Vs —0.17 0.93 0.02
Vig —-0.30 0.87 —0.13
ggﬁ? % ®7 TEZEHMNEDRFENRRES
3 ) .- * i1 HM ,£ g Tab.7 Euclidean distance of
SN A =[] SM ] Sﬁq‘ AR
g 2 L / :;“1 + SR ZS Rt O different E. rhadinum stocks
! h ¥ oy an )
5 | ) ; y intas
i n I A SN i o i i
~ é 1 b v A\/ :,‘ TN . R WKIKEEES  Euclidean distance
s | o Cot|tg xS N hic stock
& g ol by ! SO AT geographic stocks 7H HM RD SM 7S
X 8 L I
HE _;#F“ : 2 ZH 0
2 x| A Wt ' ‘
Q SRkl N
g 2 | ,: B, HM 4.035 0
e 3 N RD 3.894 0005 0
' SM 1975 0409 0359 0
0 2 4 6
TR 1 zs 2554 0213 0170  0.061 0
principal component 1
" - (A7 AE T SO AT S Il R A5 HE B
2 ZHIEDESREE 1. 2 ERIIH o °

Fig.2 Scatter plot of first principal component with
respect to the second principal component of

E. rhadinum stocks

BEACR T 35 ASnl s koA 8 ANl Btk e 17 e
BT, AAUA RN H T A AR ] G R 25 5
1 HAZ 7 AR VR 5 0% i B fa R P45 /N5
ori, BHABEFENLZEERN, PEGIEEYT
ARy BR = 35 A~ Sk J2 5l A0 75 1 B =2 ) 7 T s Ptk
A A T AR R PR PR vl R, R R sbif 2

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

A U AR, XS AR AR
BEOHT . AT A RS o AT, ARG
(T2 24 40 W N 4 23 (8] 3 0k S v T 4R Jmy 75
EAREN2ZR, HEAGHEZNA =Mk, [
THE ML AT (Tps R FHAFF1 Morphoj K 4) 37
—HERR T B T I S R, T 66
Al PRI E (E R AT IE 5 A b BRAFE (AR [R] ()T 25 22
S, HATRGREAGILEY T EAREZ ]
PRSI A, B G T Ml S T A B R A 2 ]
22585 FERG 5T AR G A 5 43 T 145 2]
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0 5 10 15 20 25 o4 G5 o6
HM ° ' ' ' ' ' o/ 10
ol
o2 9 o
RD 3 .8 ¢
L E 3
SM 4 5 6 71« “
® 10
1 )
il _ o
ZS 2 " k4 9 11
3 8
B4 AEHEBEEAENEHEBRIFMEER RS
ZH Fig. 4 Average and overlapping shape of landmark
B3 5SS DaBREAREXR among different geographical stocks

Fig.3 Clustering map among

five E. rhadinum stocks

®8 TSR ST R R TR

Tab.8 Contribution rate and cumulative contribution rate of principal component analysis

EN2¥ix TR/ % KR/ % FEHIr TR/ % TR/ %
principal component  contribution rate  cumulative contribution rate principal component  contribution rate  cumulative contribution rate
1 21.25 21.25 10 3.08 90.42
2 18.41 39.66 11 242 92.84
3 12.60 52.25 12 2.15 94.99
4 8.11 60.36 13 1.67 96.65
5 7.06 67.43 14 1.21 97.87
6 6.50 73.92 15 0.79 98.66
7 5.81 79.73 16 0.52 99.18
8 4.32 84.05 17 0.49 99.67
9 3.30 87.35 18 0.33 100.00
9 TEIMIRHEATTE SATFHEM, ol O Zi
2+ N &R
o € b . N X =[] SM
FAR R TR AT kel R
Tab. 9 Characteristic value, contribution rate and overall / i+ v + i1 HM
N . . . o 2 ¢
contribution rate of canonical variate analysis of @
ISIR=]
different geographic stocks i s
N
—— B2
PR AHER sk, S HIUIE =
canonical characteristic contribution tributi # g
variate value rate contribution =
rate s
CVl 2.845 71.059 71.059
CV2 0.728 18.192 89.250 2
CV3 0.317 7.915 97.165
CV4 0.114 2.835 100.000 ' ' : : ' '

A TTIRRIRI 2, X AT RERTE LTI 2 i,
I T BN AR RRAR R T, AR SRR A
TR ZA M, I T BUR LA 21 o 3
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F10 SMHIERFAENDSKRES

Tab. 10 Mahalanobis distances among five stocks

ZH ZS SM RD HM
ZH 0.0759 0.0079**  <0.000 [***  <0.000 1***
ZS  2.6656 <0.000 1*#**  <0.000 1***  <0.000 ] ***
SM  3.0411 3.3723 <0.000 1##%  <0.000 1***
RD 44053 3.1898 5.1623 <0.000 1#**
HM 4.0963 23746  4.5924 1.9984

e e ZRWHEE (P<0.0001), ** ZRREFE (0.000 1<
P<0.01), * ZREE (0.01<P<0.05); T

Notes: ***_ very significant difference (P<0.000 1), **. very significant
difference (0.000 1<P<0.01), *. significant difference (0.01<P<0.05); the
same below

11 5 MERFAENERES

Tab. 11 Procrustes distances among five stocks

ZH ZS SM RD HM
ZH 0.1819  0.0908 0.0009** 0.009 4**
ZS  0.0224 0.0012%*  <0.000 1*** 0.0204*
SM  0.0260 0.0293 <0.000 1*%*  <0.000 1***
RD 0.0317 0.0261 0.0380 <0.000 #**
HM  0.0306 0.0191 0.0379 0.0195

o3 M2k FH B PR R Rt F B AN (] 3 IX ) 22 8%
VU4 S BRI T 0T, %07 IR AL 4
i e S HA LS, B RHE AN 2 40 1 3
Wi, AR 2 A AR A i 22 18] Y B R g 5 0 6 PR A7
JLR, TR PGB R HEBR MU i R/ 22 5
BT, X 5 PUEE RS S5 AL,
PR B B8 0 A T 3k B 36 45 %o [ — 0 b A [ il 2
TR AR 22 53 BB 5E

3.2 Ui S EREE AKX o

W BEARREA R TP, ATRES S EOLA A
Giiteginzs, AW A E Z 0 ] &R
WNGE TR R 2

GG F I UADE 24 AT s A5 ]
WA FHL K =0T 4 4> M FEREAA S 4 06 R,
S BN —4, SEREHBEREA 2 RIAELE SR
WAZES, HMAREBNFREEKT . X5
PHAEC R 45 A — 3, WAy, 5 AR Y
FEA 28 ki /& DNA $5 ] IX D-loop [X 38t f£ £ k¢ 4y
Mras iR, SEGIEEENIUTIESE i —2.
FEILJR A, BRI REAFN LA 4 A HER 0] RE A6 T B
JLERY S N T S R S B el a1 B 2
o LY A T G (BN SN 1 N R Y T
DR 22t DU i 2 fuf AW 58 A I ) M, A S A Bk A
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Morphological differences of five Eleutheronema rhadinum
geographical stocks

ZHANG Yihan', WANG Yongxue’, LIANG Hai®, LAIHongyun', SHUI Bonian "

(1. College of Fishery, Zhejiang Ocean University, Zhoushan 316000, China;
2. Taizhou Bureau of Oceanology and Fishery, Taizhou 318000, China;
3. Environmental Science Research & Design Institute of Taizhou City, Taizhou 318000, China)

Abstract: In order to explore the morphological differences of Eleutheronema rhadinum in different geographical
groups, this paper was based on 133 E. rhadinum individuals collected from Haimen, Rudong, Zhoushan, Sanmen
and Zhuhai from 2018 to 2019, 35 measurable traits and 8 countable traits were measured, and photos of pre-
served samples were taken for geometric morphological analysis. In the traditional morphological analysis,
ANOVA results showed that there were significant differences in other factors except the anal length/body length.
Principal component analysis results showed that the variance contribution rates of the first three principal com-
ponents were 27.724%, 23.959%, 13.535%, and 65.218%. Cluster analysis results showed that there was no signi-
ficant morphological difference among geographic groups. In the geometric morphology analysis, the results of
overprint analysis showed that the marks 5, 4, 7, 7 and 9 had a great influence on the external morphology of E.
rhadinum. The results of principal component analysis showed that the first three principal components contrib-
uted 21.25%, 18.41%, 12.60% , and the cumulative contribution was 52.25%. The results of principal component
cluster analysis showed that there was no morphological difference. In the typical variable analysis results, CV1
contributed 71.059%, CV2 contributed 18.192%, and CV1 and CV2 plotted the two-dimensional scatter diagram
of typical variables with staggered distribution of each group sample. The results of Mahalanobis distance and
Przewalski distance of different geographical groups showed that there were no significant morphological differ-
ences among different geographical groups.The results of both traditional morphology and geometric morphology
analysis showed that the morphological characteristics of E. rhadinum among 5 geographical groups were differ-
ent to a certain extent, and were positively correlated with geographical distance, but had not yet reached the level
of population differentiation. This may be due to the geographical isolation between the South China Sea and the
East Yellow Sea caused by the fall of sea level during the Pleistocene Glacial Age. However, with the rise of sea
level at the end of Pleistocene, because of the strong migration habit of E. rhadinum, some groups could still
migrate long distance between the Yellow Sea and the South China Sea, and the presence of fish eggs and larvae
that spread with ocean currents, resulted in different levels of gene exchange between populations. As a result,
although there are differences in morphological characteristics among different geographical groups, the morpholo-
gical and genetic differentiation still cannot reach the level of population differentiation.In view of the time differ-
ence of E. rhadinum reproductive migration of different geographical groups in the corresponding sea areas, it was
suggested that these 5 geographical groups be divided into 1 management unit of Sanmen group, 1 management
unit of Zhoushan group, 1 management unit of Rudong group and Haimen group, and another independent man-
agement unit of Zhuhai group. In order to protect the sustainable development of fishery resources and guarantee
the livelihood of fishermen, targeted management policies should be further formulated and implemented accord-
ing to four management units for five geographical groups.

Key words: Eleutheronema rhadinum; geographical stocks; traditional morphological analysis; geometric morpho-
logy analysis; production management
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