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ABSTRACT Ten meristic traits and seven morphological characteristics of marbled sole,
Pleuronectes yokohamae (78 individuals), collected from Penglai, North Korea and Kamaishi
populations, were measured and compared by the principal component analysis method, multi-
variate analysis method and one-way ANOVA. The multivariate analysis and one-way ANOV A
results show that there are significant differences (P =0.05) among the three populations in
two to five morphological characteristics. Discriminant analysis on the high contributing mor-
phological parameters show that there are extremely significant differences among the three pop-
ulations of P. yokohamae, with 83. 3% ~100. 0% identification accuracy and 92. 31% synthetic
identification accuracy. There are significant differences between Chinese population and Japa-

nese population, and a certain extent of geographical variances existed in the three populations.
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L) B B Pleuronectes yokohama (Giinther 1877) /)& T8I B Pleuronectiformes .8 #} Pleruonec-
tidae B BB Pleuronectes, NILIRWRBRZBR(EREE 1999, EREEEMNBELFTAL  FEhib
BAERR, A ESEREMAELVNEEN S, “BREX B FHEEP IR TEREERLSE 1995 KRR
W% 2003) EERB THESENFEAL, ERFEFARERR. AVERHELAREHX . SHEM,
AR EEEER SRR B, EEAMMAM RGN 199D, BA¥EXTHYEAZRLY
PRBL, TEEFEEYE ESFSHFERNRAR(EELE 1995;Dou 1995a.b), MR AKX FHY R R
BAFBEESFE LR RHRIE.
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B2 MEESHRYMBRETENEE L. RBEUCR. ESUERATEEYM 2R RETH. . BHMHE
BRI R B AN T, P HW NI S HRRAR S RENRWFE TS . FECLBA T EMM
AGENSE 2004;HRME 2008), AMREGEEESERFFEMEITELBEINELEE FEEFET
R TFRBERTRS, AN ESESRERESHFAERSER, HMERNR 4 R FN T HEF AR
BN,
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Fig. 1 Locations of P. yokohama sampling
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Table 1 Information including population names, sampling dates and locations, sample sizes for P. yokohama

#£4k Population FHEHL & Location KA E Date(4E-H) HEAE Sample size
% 3 Penglai h [ 55 # Chinese coastal waters (37°52'45"N, 120°40'04"E) 2005-04 33
## North Korea 4¢3 % Korean coastal waters (37°28'14"N, 125°05'19"E) 2007-04 30
% A Kamaishi A 25 # Japanese coastal waters (39°14'42"N, 142°03'01"E) 2006-11 15

ERBRF R E RS T 2006~2007 ERAMAER PHABNHAEANEAEB@E 1INXD., FARLEZEXIREFTYE
—20CENHTHERIE. WEAT, X YR R8ERETHES, TREMERRTEYFENE, FFRPHUYRFZHFHEKSY 23. 34cm, FHk
FHH296.08¢g

1.2 SZWH®

Xt REAS B 10 A~ F] AR BT T B0 CFF 65 868 2 00 I 0 0 A IR MR B R 0 R R O R BOTIV B A R L LA KX
2 HEE B AR T SR AR AR ORI R B H0 . Xt 9 el B R AR R R AT E (R K LK VK.
RELK MK BE.REAKR.EHE. B, KEKHT 0.0lem, HEFRPUEKRE, EEKH T
0.1g, .

1.3 ¥iEsE

1.3.1 ##F&*
FRAZTEMBTMAREFHEZSMTM TR HIESE R, I SPSS 8 4xf 3 MR FETH BN 547,
HH T HB A SR AE ., X3 DBEENTEESERIEH#T ERS . BES ERSI BT
LN %0 Eifl R
1.3.2 HngaEdHE
FIRIHERR 2 P1= 3 5 1IE 58 5 B30/ SCBr B P 5I MBS P2 =3 5 IE 8 i B30/ 2 51 23

GaHHE= S A/ DB,
S SEIR RO VG B 1R BE B 1 DR MO DA B A R BE B TR A, %0 ¢ AR BESh 2190 IE 0 9

BB, N i MFREE SRR n HREEL
TEAB G, F 3 B2 0 B RS Br B % 5% 33.30 1 15,

2 HR

2.1 WK

F2RUEVEBSSEBHAEAEESEFTRERFEHNLRER. NE2HUEFH .3 NMHENE EELHT
IME 53 K 66. 73.66. 40,66. 58 ; i 5 85 4% B V- HI{E 43 B K 9. 88.10. 20.10. 53 ; I 5 5 25 BOF 9 H B K 114
R R YA R 18. 52,18, 93,18, 13 B 5 S BP9 {E 41 5k 51. 58,51, 57.52. 13 FHEB HF 1
5451k 39.15.38.53.39. 13; FERAEFHE 2 51K 3. 20.3.03.3. 00; FEEMBFEHE T HI N 7. 18.6. 73,
6. 60 ; SR BT HE 5 B R 9. 52.9. 77.9. 60 Ul £k BEFF- ¥ {H 53 7] 5 86.61.79. 33.83. 73, B ILIGHIY) H &
BB AR B I 2R 8% BOF S E MK TESR B A BEIE

2.2 FBisr#r

A MR S BR AR BE R/ AT B MR A B B R W, FIRT SPSS B AP A 5 40 B X 4 2% £ 9 AT B PR
TR A RAEARRNE . U AW 7 AR AR E BT A T - A SHIRJE kR /B R EE B Iy i/
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Table 2 Meristic counts of three P. yokohama populations

A BHEAR  Meristic count % 3€ Penglai B # North Korea 277 Kamaishi £it Total

H e Dorsal fin 55~73 (66.73) 62~71 (66,40 66~72 (66.58) 55~73 (66.56)
Mo & Pectoral fin 8~11 (9. 88) 9~11 (10. 20) 9~12 (10.53) 8~12 (10.13)
o Pelvic fin II—4 II—4 11—4 1—4

)=% 1 Caudal fin 17~22 (18.52) 17~19 (18.93) 18~20 (18.13) 17~22 (18.60)
B Anal fin 46~56 (51.58) 47~54 (51.57) 51~53 (52.13) 46~56 (51, 68)
HEE Vertebrae 36~44 (39.15) 37~40 (38.53) 38~40 (39.13) 36~44 (38.91)
FaRAs Upper gill rakers 3~4 (3.20) 3~4 (3.03) 2~4 (3.00) 2~4 (3.12)
F#E  Lower gill rakers 4~11 (7.18) 5~8 (6.73) 5~8 (6.60) 4~11 (6.90)
AT Gill rakers 6~13 (9.52) 9~12 (9. 77) 7~12 (9.60) 6~13 (9.63)
2% 8% Lateral line scales 80~95 (86.61) 78~81 (79. 33> 77~93 (83.73) 77~95 (83.26)

H .S AN FEHE  Note:numbers in brackets are mean values

I BER=—95.091+1 076. 089A+155. 488B+-440. 088E
B BE A= —109. 458+1 038. 160A+179. 737B+779. 323E
S ABEA=—120.087+1 213. 903A+291. 685B+17. 556E
RIBF BB AF AR AT LAAR 3 BEITR . BRESHESSEHA, B, EXRAAGIA K, Bw b
B PR . RIS 83.300~100%  LEAFIHIFN 92. 3% . BT HSSHMAHHI RS EGR
SZBFIREEGR—B0H | B EY SR SRRH AT 20 R S S R AR R 2 H A 2.

4_()} 0 % 3% Penglai
A A% North Korea
4" 304 QO #f1 Kamaishi
34 . e .
° e o4 2.0 1 E o '
i‘ ° ‘\ l‘ *
i v g 9 . Ve .
2 " ~ .5 2 S o \
o : ° @, " 5 104 ey o !
g | "3 o s 027 & ‘ N - L B -
E v’.v I J ® C °ﬂ ?‘nn:On ° )
& 0+ 4 L) a .
ﬁ 04 MR e, ® " . LA L 5‘6 P .A“ o
ﬁ @@ ° - & o : d’v‘
‘ﬂ 2 B @ + a8 P ]
-1 o Bg @ 0 a a8’ a
] e '
B @ v f7 Kamaishi o 9
-24 @ @ ] -2,0# o A o
o4l North Korea
e ai% 3% Penglai o . ’
-3 — - . . 1 -
-6 -4 2 2 1 6 -3.0
= 3 . T T T T T T L
#i (1 Function | 30 20 10 0 L0 20 30

Bl 2 M) 3 R B 1 B 1 3 T 43 2

Fig. 2 Scatter plot of canonical discriminant analysis

for three P. yokohama populations
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Fig. 3 Plot of the second and third principal components
from PCA based on the morphological characteristics

of three P. yokohama populations
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2.3 ERGRIR

Xl Y 35 8 3 A b EAP B TR S S RGHTT BRI 3 I T T A ELBIIMER A T S AT (E
MEIFLUFEH XH 1 FRSBHERANE G (EWK/BFS HE DURE/RELKILE . F(BWH
K/ABRKHED W8 2 ERABMEERNWE DURE/IRE LK ILE CORZ/ERKE FIBMK/EK L
B) ;%158 3 ERSFr BRAT BB KRR ARG LK/ K EE) CORRE/AK HE) ERF /KK HAED .

Xl S B 3 AN REA 78 N METE S F AR BT T A 0 4T 18 B S S M RRAE (R R TER R
RGN D 5 R MBMBTTEEN 96.860% (R 4). HNMEE 2.3 ERABAENLIE M, Y&
SRR RS R A R — X B DR R R A A A Am AT R — T R
M., BRFE 3 ERMSMBRP . H G S BRI S BUH BRI E MR X B S (K 3.

%3 HYEERINHETHARSEERACERSSBHRETE
Table 3 Factor loadings of principal components extracted from

seven morphological characteristics in three populations

R ®1ERHS %2 RS %3 ERS
Characteristic 1% principal component 2% principal component 3% principal component

A 0. 382 —0. 263 0. 823
B 0.271 0.424 0. 155
C —0. 566 0.585 0. 544
D —0.736 0. 660

E —0. 583 —0.202 —0. 445
F 0. 663 0.513 —0.225
G 0.783 0. 440 —0. 250

x4 HYEZIRIITHENEIRSGSN

Table 4 The principal component analysis of P. yokohama in three populations

ZF iR 43 Principal component 1 2 3 4 5
#HE{ Eigen value 2. 475 1.523 1.310 0. 904 0.567
£ F#t % Cumulative contribution (%) 35. 356 57.117 75. 837 88. 756 96. 860

2.4 BEFHESH (ANOVA)

ALV B 3 AR T AR S A GRS TRE F A ESW AR EHEESEBR#TEZE LR
ST M EE T EFHEMARRA LSD &L M AREE F2ZFHHNERSE — KA Tamahane’s T2 K.
ROFHEMETHERE P=0.05 BEHZFKFILREFFENMER., GRER, ERBEMAASE
ABEESANERA,B,D,E, OFEER IS BHAMHARAEAREE 5 MR, B, D, E, OOFHEE
S EER MBS AER T TR B EDAFAEERGED.

3 itig

3.1 "WHEHER

MBI R B LS RRE 3 PR T E AR EERN EEE RN BB AN TR
B AN 2R BB 4y B Ky 55~73,8~12,17~22,46~56,36~44 F1 77~95, RHEEHENIE K 11-4(FE 2) , X—FK T4
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Table 5 ANOVA results for P. yokohama populations

#E1K Population

A5 B Variable

% 3¢ Penglai % North Korea 2% A Kamaishi
A 0.145 + 0.013= 0.141 + 0.0122 0. 157 £ 0. 006
B 0.091 + 0, 0252 0.125 + 0. 030 0.161 £ 0.020°
C 0.044 + 0.0072 0.043 £ 0.003® 0.044 £ 0.004*
D 0. 307 + 0.0492 0. 310 + 0.034® 0,280 *+ 0,026
E 0. 040 £ 0. 0062 0.061 £ 0,010t 0.021 & 0,004¢
F 0.100 4+ 0.015= 0.097 + 0.011° 0.105 + 0,009
G 0.852 + 0.129¢ 0.796 + 0.091* 0. 955 £ 0.092°

B EXTHEGRFABREANZREE, ERHAREERXRARTERAEE FAARXEXREREREE ZRAH
H & Bk B R R E

Note: The superscript means the difference among populations. The same superscript or inclusion relation means the dife-

rences are not significant, while the different superscript or intersection relation means the differences are significant

3.2 HMSH

FIFI T RAR BRI B A T & BE B R AT KRG Irik. MBI RAREK LA, #
FTEMBAFENMTE(T LR 1981:5%KBES 1982). BHFHNNEREERHAZN SN REH—MITE.
EMNRBEAEFHRESE TLEN BEHSHEFRELH A B, AU EARHMIRESH T
T ERESE 1990, FEK7 U, FR ST ERN A TEEARFRKR SR END A KARBRGFMR
%1997 FRESE 1998;F HE 2000, MEATHREEXKER. B TARKRWENANLSK, X
X IE 78 X 50 A [RK R B9 B L B 1L R ORIR A% B EE MR

AT ET A BRI ) R S SRR IS AR B A 2 a T ZE L H A . HFERE
N FIBIER R R 83. 3% ~100%  LE A AR RN 92.3% . HTFHESHABANF LB EEEREBESHT)
EHNER -, P HAYE SRR AT 2A G, ERF MBS RAEEA T2 NMEE 2, HHES
F Bt e x| H Sy 3 SRR A e R .

3.3 FRSSHMBRAFHESH

ERA AT FER—F SRS, & %% AT E 8 A~ R ] A U, g AT
By Fd B0 1 A 0 £ R B A (8] 1Y 38t 15 4 AL %5 0] BB B 55 (Gibson et al.  1984;Voss et al.  1990; Eisenhour
1999;Golubtsov et al.  1999)., TR R B/R FEV E 8 3 MU B AMEALES 2 T RO ME 3
FRASLABS AW, BB EGFEENMEZ X AR (E 3, B2 EEFWE 3 MbBEBERER YA TR
HEN, BABENSMES FROME  ERXNHEPFEEARSATHEBN LN, BEFEHLESA
Z. 583 ERABOMA.MAANEAREEAN LTS AAERMEN, 583 ERIBEMX . RESE
RMPEHREE-CENEER AN EBE AR TP FHYESHFEELEERE D, AETFIZE
SHT(ANOVAY R BN B B 8 3 MHEAYBINBIRRKER , AR MBHERE 2~5 MESER LR
EEREERED RVHYRSZH I MTHEEESLEE - EREMNES, SHNSTNERSFFTER
—H., MPRFREROEFR NP TR PESPHIER BF 2007; B KXME 2008, AP .HE
By F R BT S L AR
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3.4 BFEERAESH

WEARMEE THAHERNSER, ERREA. HEBFETSAFENESEUHTEANER. £
B IS KA WA GG B FHEE K VP EM 2% (Tamaki ez al.  1991), 7655 U 42 K #1 #9 vk 351 id 72
SR TR A RS iU EZ R R S U i N SRR R 0B R SR Dok PO ALY/ E S & 6 T N SRS i B
AR TRENE @b , IR FI B g K T Bk g % b il T O R U P D R S R Y 0 AR R IR A AR B
T KB RZURE W . TEVUACK P, K30 B iR 0, XoF S g gk | 0 6 0T VB Vg O TR LR AT L R RV Uk A W ol B
(HAZNE¥ 2 1984, FuBREF & Mo o H ARSI AT R B 5, XA B B 54K P AH
Az TR, A\MEROHTHABNE MY RBH-ETRE. BER AN IR, B EEH
W EFt, o E R R B Al KSR I g W E , — E R ERAARIE S S PN MRR. |
2 EV RS SR N — R R R )2 B, M B AR A B AR WA R . B E Tl SR UK 4 ) 2 3 R Y
FAH B B xR e R R S A E N M S S H BT R R AE T L.

LR BEETEEARNER oM RTREERES BIERNARTEZ —. FHENESEAE
GARMT 2/ FE XY R 3 MREEST T B, S T RS . HBHRRIFE—
ERER L ZE R AR R IEH R TR SERTH . SR . WEENEFLE  SaRE%E 4
BHEETEHNEHITHERABTR.
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