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1.1 #FRskiR

4 MR RHAREAS 2 IR 4 A - TL3RR AR L
HRAT R (QD) 35 ind | 1 EEHA (CM) 35 ind,
SREEFEI DN 2011 47 A - 10 A5 RBLIE
Ik (Z))34 ind g R BRI (QH) 40 ind,
SREEMFIE] D 2012 453 H o XrARARTES
MEGRD,

F1 4N HEBHEORSER
Tab.1 Morphological indicators of four
geographic groups

_ K /mm WH/g
Fiez] Bl Fiez] HfE
7] 84.2 ~118.2 95.7 209.5 ~447.9 316.6
QH 77.3 ~96.5 82.1 116.6 ~411.6 263.9
QD 22.8 ~28.1 25.4 17.8 ~33.3 27.9
CM 19.5~26.5 22.9 14.4 ~27.2 23.1

1.2 HiENE

T EHHE 7 o 15 G 25 2 T B AR 2R
AR PR ST BEIRAEEA N 2
K (L) AR (SD kK (HL) o (Hd) ATATRK
(Pal) Wy (P) \HRAE(Ed) BARK (CL) B
(Cd) XA (FL) ;SRR ARG &
TS 28I 16 T AE SR E B A, TR AR R R
T K2 0. 1 mm, HEZLERR BT ILAE 1,

1 SSNEDRHERNER

Fig. 1 The framework measurement diagram

of Eleutheronema rhadinum
L Wy ; 2. HUSESEH T A5 3. R A 4. 55— &R 5.
H—IFEEARN; 6. 5 ZITEE A 7. B TR 5 8.
AR 9. RN 10. BEE bR 11, BE T g,

1.3 HEHW
1.3.1 FERIE
H TR I () (2 T 22 B DU 98 T i & B AR
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[F] 3 , A TE B T A AR 22 R TE S 40
Hresze , A w2 PR 16 n B0E FE 22 808 %
FABRLMAR 197 25T AR IE .

1.3.2 b

KIEE 10 M EER (EKIEAKIES
30 22 NHEZEMIR 1A% HE B HE 32 SPSS 19. 0
Go it 347 B 2543 (hierarchical cluster) |
J84343 87 ( principal component analysis, PCA) ¥
54347 (discriminant analysis)

RAITHT: 43 HIX 4 DRHEEIE S 9 10 A~A]
BB 22 MERSHORFYEMERIE T,
%45 B2 (hierarchical cluster ) 1138 & BEA 8] 1)
FX ECBE 2 (euclidean distance) , Z21H] 4 BRI RIS
FREM,

FRIT T F A AR R A &
R DBOUA LB TR — T GE i i ik, A
BEFABEORE X R — M B RR . X T 32
MESEERIEE T SPSS 19. 0 Z 4 iy A 43
it (factor analysis) 75 Hi B A CHEK ) JLAS F 547,
& F I HRHAEME TR R SRR S
SR SBRE AT TR R ikt

FIBN G4 F150 70 B b B HER R TR S
HRZE B 2 0 gk FI A E R R YA R
H:

P, =0/M (1)

P,=0/N (2)
k k

P=3A/3B, (3)

KPPy FIHIMER R P oA ER 6 HI % 0
2B VUE SRR A IE R I B EG M i
FHRSCPRREGN NAINZRIRREGA, N 4
R FIA ER B R EG B, N5 @ DR Y SE
PREES k I REIAER

i BIERHEE S SPSS 19. 0 iz 4 H
BIEBEAT IR 0T A 4 SRR 4051 R R

2 GRG0
2.1 RESH

32 2 BEVUHE Ty 4 Ay ERR (A ] R G
BEES, AT QD Al CM 3 A Ik G B 28 2
6. 546, ELTEZSHAEILT , U B PR AA ) AR D4t 5
510 QH A1 Z) R RBGE, EA145 QD.CM ¥
ARZEFEEBIE, &2 RSB DER4 i
BRHARR RIS, N 3 HP AT LA H 4 AR
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Tab.2 Euclidean distance among the four
geographical groups of Eleutheronema rhadinum

DR 2B
HLHREOE QD cM QH 7)
QD 6.457 8.111 8.099
cM 6.457 9.391 8.985
QH 8.111 9.391 5.550
VAl 8.099 8.985 5.550
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Fig.2 Clustering map among four geographical

groups of Eleutheronema rhadinum

2.2 ERSAH

Xt 4 A2 85 PU 4 T SRR B TR 25 T B 2R
BEAT R AT, HRIT 8 M (K 3) K
X AR S ) RGN R 99. 079% , HoH i 3 4
F A ) Tk R 4 5 38. 083% (21. 188% Fil
17.313% , fE5—FE R V5 -8.V6 -7.V6 -
8.V6 - 9. V7 -9 WK/ AR FHR AR/ 4K A B2 1
IPEBR, X T A HOIERTESS — E o
UL, 5 R R G R R AR T R K R A
AEARAE ;55 — E R V9 - 10,V10 - 11 FI2AR
R/ AR B 507 248 X (R, S R ) £ PR A T
MRS RHIE s 55 = F s A V3 -8 Il V7 - 10 |
AR RMEBR , S B L AR TR S HE o

18 %S — R FEE — 3 A RS
BICE 4) , ] LU 2 4 S50 AT Lo B
4:QD I CM B 7 HU) A HR 0 E &, AT
AE- ST B A —E B2 RS i & 1 R A
RGRRBE, /0 h—4; 5 QH M Z) Bk
SRR, KRBT LA BTk . X5 REHrER
—2o

F3 4P EBERSEREXERFNFER,
YRS oy
Tab.3 The characteristic roots, contribution rate
and cumulative contribution rate of the correlation
matrix of four groups

BIRFHIESE PRIBCF I FIEA
By o TEE BBAEN . WEAS REES
A% e ¢ W%  H/%
1 12.187 38.083 38.083 12.187 38.083  38.083
2  6.781 21.188 59.271 6.781 21.188  59.271
3 5.539 17.313 76.584 5.539 17.313 76.584
4 2.622 8.192 84.776 2.622 8.192  84.776
5 1.643 4.339 89.115 1.643 4.339  89.115
6 1.389 3.731 92.846 1.389 3.731 92.846
7 1.193 3.328 96.228 1.193 3.328  96.228
8 1.083 2.851 99.079 1.083 2.851 99.079
8
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Fig.3 The scatter plot of first main component

with respect to the second main component

2.3 HRA S

FRZ A F BN 32 ANTEAS BB S 8017 H
AT, FEEEL T 7 A ST R K I S Hih 2 4
AT A 51 BRI

QD =641. 876V, _, - 117. 713V, _, +533.389
V,_ o +377.591V,,_,, +2. 129V, + 1487.388V,, +
1008.209V,, —1117. 103

CM =732.718V,_, - 109. 502V, _, +509.438
V, o +319.311V,,_,, +2.098V,, +1489.912V,, +
1046. 41V, —1209.413

QH =609. 134V, , —209. 712V, _, + 643.388
V,_, +363.580V,, |, +4.089V,, +1599.813V,, +
813.059V,, — 1275.907
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ZJ =629. 333V, _, - 155. 821V, _, + 601.286
V,_ o +351.319V,,_,, +4.389V,, +1573.019V,, +
866.901V,, — 1249. 019

FIRNE R A BRI R B, 7% A ik
TEASEI R 5 53 5IRA A G R Bt , 115
GERMNFEANRBPBBNREKR Y H, ZAREHRE
FREABEAR, X FARLIT S, 53 Pl
H79.4% ~88.6% , HBIHERIZ P2 39 79. 4% ~
91.4% LR 15|50 87.4% (£ 4) o

R4 ANHERENZRSHAER
Tab.4 The stepwise discriminate results of four

geographical groups

Hb 3 4 A EHATINECH /B W LA H
I QD CcM VA| QH /% HER/ %
QD 32 3 0 0 91.4%

cM 3 32 0 0 91.4%

Z] 0 0 27 7 79.4% 87.4%
QH 0 0 5 35  87.5%

it 35 35 32 42

3 ifie

—SefL G T B AT B B R, 7E 2 2R
F BN T AN REEBONER, BAEGR fE
A5 9x F 24 HUBBS I LAGLER'" 42
1 R B AR P 7 A Sk B R 0 A B 1 0 RE K L
BE R B G+ ILAMRIE S 2, 20 8 R fa ik
Gieg AR A0 AP )R B 215 B S DL TE R
WA RSN RFAE ™ 3 T Rl — 4R R ] S R
1A, B TN AR D A8, AR XE S A TG R 1 4
SEo T A\ PO AR B RRAE SR IX 43 S BB
BET5 77 HREE IR AR/, HUBGE & 2R
P RBERIEATAT 2 A B 502 o AW I
R TR T FA 3 S0 A 45 H 25 B U 15
i 4 > BB R E AN L S B TE—E )
ke RITHTEER B, 7T LUK 4 DA
BEAT— R0 B 32, T R RE B A K A T LA
BBHARE R Z T, WRIKLRKE, QD M
CM P X B B AR X B, SR G R Ry
ks QH A ZY BiARHA IS —2K, X 4
ARHATE B b B A E AR A . FE A
BT R — oA SR 25 BB 5% B9 15 A e 1 D
9 BCE B HAE M S 2R A PESR AR I T K,
K2 M BIHR SR 0 D BOLA BT, A
5 A R A 22 53 K/, FFAR T AS [RL B R
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EROHME R B AR E R E EZRBOR
RIBH o 4 ASBERTE T BSY 1R E R 2 1
4R BN, QD Al CM BANEEA QH I Z) B
A FR I SCHRE & A B, I A2,
TP H0 2 6 7> BB 2, B QH I Z) . CM
QD PINBHARBER KR 3h, MAZ [8H —%E
PEEEIIAC UL E R 4 Rk B7m 4 AR
BIEEZ B2 S EEOR B T 53k 3 A 5
LA U5 G0 A7 & — B #E 4T GE T 15 Fn o 21
ABEAR T B, S S7 A 31 R 0T LUK B 00 B R G
RXRAEHIHATHRE . NABFERKE,
Fifegenl BYERRAMELR G L& M Z TS T7
AT AR SR ISR

FERIR P R A, o T 3t 2 R 8 3 AR
FERRE T FEORIEME™ M aBINIB S R &
A2 5 MBS R R 4N E0T B T 38 0L
FREE ML S RFAE ™ o A A 7] ¥ S A A
BAANIR] , 26 A 20 95 DU 5 T R k) JC s A AT 2
W BTG ERFE L, R S
HHESH YA SR PR YRR AR R Z (B A9 A2 5,
HESZHHETRMESERER S, AFK
BB AE L T EA14 B M35, A R
ARZEZ2REENESEREATRER, XMHE
SAEHARPTAL KR B A K . BT RAM
SEUATE B E EARBEHGOE, QD A1 CM X~
ERFTR— SR H T H Bt —
R, 3 Fh AT 75 R TR 4 R —2L, QD
1 CM T A oA A5 25 1 A0 2R VL Vg i oK, i L TP
B — KA W B T I B 35, £ 50\ 4
TRBEE WK I U A5 3t 20 R B 55 , i AT B 3
HARIRGE % KA B 7 LA R A > AR AR
HEEL , (55 PR AR ] P R 52 W 80 25 B Rl 2 I
[, SR AR S EZR AR, K
T RSB A1 28 e sh A = 5 9 F= 17
AW EZZIRE R, E oA 2 55 EA
2K, ML A 2K IR BE D 18 ~21C ™ il &
BRPE R FKPIZ, oAb )R BERA , & 2
% DUTE RN R, A K T BEAS G g e R
L

i QH F1 ZJ FEfA I 1 TR g B 5, e
G2 UVSEESE S UNLPIE- SRR ST D NS B E S S UN L]
FEAR A G, A RR A IR, 0 b2
BRI Z= R, 22 B2 0 B 5 AL, SRR FR 3R



6 # ¥ A% . SR DR 4 M ANESER 853

B ERLFEE, Bt YRR Z, R
ZEEIUIE DR PR, AR KT,
ARBER 25X BW KRB, MR AR
AR, 42 R I 2 90 IS S 19 A 7 9 7R e T X
SRR EE T W, Ho DK R B R B
HAS QD.CM BRI b LBy B3 . 4R,
EYRSRYF S MMERINES , BB L H T
WERFIFEERAOERS  HEA RS
¥ ERZERET SFRERE EHERE R, B
TG T A 25y TR HE— 25 O LB T
AWFFEEERAT L 2 8 D045 D i) B A &
BRBTIR AR 19 o < R LR BORL, A A T2
BEVUTE D AP BT IR A PR AP R RS A A
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Morphological variation of Eleutheronema rhadinum in four geographical
populations along China Coast

YANG Yang"?, ZHUANG Ping'"?, ZHANG Tao', HOU Jun-li', ZHAO Feng' , HUANG Xiao-rong' , TANG
Tao’

(1. Key Laboratory of Marine and Estuarine Fisheries Resources and Ecology, Ministry of Agriculture of China, East China Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China; 2. College of Fisheries and Life

Science, Shanghai Ocean University, Shanghai 201306, China;3. Chinese Fishery Equipment and Engineering Science &
Technology ,Shanghai 200092, China)

Abstract ; Total 144 samples of Eleutheronema rhadinum species were collected from the Yellow Sea, the East
China Sea and the South China Sea. Due to the widespread and ambiguous population structure of
Eleutheronema rhadinum species, three multivariate analysis methods were used to comparably investigate the
morphological variation of the species. By the cluster analysis, it showed the highest morphological similarity
between species of Chongming and species of Qidong, also between species of Zhanjiang and Qionghai. In the
principal component analysis of 32 characters of general and frame morphology, variations in the area between
head and back account for the largest contribution ratio. Subsequent discrimination functions were established
by means of stepwise discrimination method, with the general prediction accuracy of 87.4%. Our study
revealed that variation emerged in these four geographical species.

Key words: FEleutheronema rhadinum; geographical populations; multivariate analysis; morphological

variation
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