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Fig.1 Sampling site
Eels were captured at Jingjiang Reach of the Yangtze River
which is at the upper area of estuary in Jiangsu Province(32°01’

27"N, 120° 25’ 56" E; approximately 162 km away from the

Yangtze River Estuary)

1.2 #HHNE
FHAE RANERR & RO AR K (1 Wy 2 R
BEELAR I EE  body length) HRT-K (2 W3 2 AL
[T, trunk length) (S (3 AW 2 6 55 /5
K ¥, head length) | 2R (4: T 4R i
2 H K, mouthdepth ) /K- REE (5 : HRHE

S ———

B4 25 2 W IE B horizontal eye diameter) |3 B
A7 (6 HRME 2% ZHRME N Z 19 #E &5, vertical eye
diameter) |3k & (7 Sk AT 10 2 M TH 1) e K s
head depth) fifg i (8  Jfa i 5 o 22 1 6 A o 11
K&, pectoral fin length) &5 (9. Ak EE Z
[] {14 Je K i B2, body depth) | 14 % (10: #7245
AN 2 8] 5 K 4 58 B2, body breadth) 3k 5 (11 3k
TR ZE AT TS =22 ) 5 K9 96 FE , head breadth ) | HR HE
J5 %% 75 )& (12 ;. breadth of posterior orbital ) | HR 4]
(13 : PIHR A U] A #E 25, eye distance ) (W) 5 (14
WIFR Y R Wi ), snout breadth) (W) 28 IR IE J5 2%
i H I B (15 vertical distance from snout to
posterior orbital ) FYJK: (16 ; 0 HE R 2% 2 W) v (1) FE
2 snout length) "' ¥EH £ 0.1 mm(K2), BT
FAF-PRiE NI S PRI E B RS2 0.1 g,
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Tab.1 Sampling time and number of the silver eels

BA% K (mm) HE(g)
no. of fish body length body weight

SREEIFTE] 5]

sampling time  sex

2007-10 ? 18 717.2 £76.50 700.1 £275.80
3 2 480.0 +14.14 190.0 +19.79
2007-11 ? 18 663.7 £65.61 492.4 +160. 64
é 9 500.2 £32.09 182.9 +£34.13
2008-10 ? 16 677.2+104.49 595.9 +301.13
3 15 527.1 £64.57 252.5 +88.45
2008-11 ? 33 633.4 £72.43 464.9 +144.69
é 42 520.5£49.30 240.8 +£75.82
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Fig.2 Schematic diagram of morphometrical characteristics
a;The whole lateral view. 1. Body length(BL) ; 2. Trunk length( TL) ; 3. Head length( HL). b The lateral view of the anterior body. 4.
7. Head depth( HD) ; 8. Pectoral fin length
11. Head breadth( HB) ; 12. Breadth of

Mouth depth(MD) ; 5. Horizontal eye diameter ( HED) ; 6. Vertical eye diameter( VED) ;
(PFL) ; 9. Body depth(BD). c:The dorsal view of the anterior body. 10. Body breadth( BB) ;
posterior orbital (BOP) ; 13. Eye distance( ED) ; 14.. Snout breadth( SB) ; 15. Vertical distance from snout to posterior orbital( VDSOP) ;
16. Snout length( SL).
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Fig.3 The shape of snout and angle of snout

R2 R-BESWTHSRELER

Tab.2 Standardization characteristics of R-cluster analysis

FRUEAL IR (% ) standardization characteristic

X, = {A&#/1&K (BD/BL)

X, =3k#%/3% K (HD/HL)

X; =K FHR42/ k4 (HED/HL)

Xy = %ﬁ/%ﬁ(SB/HL)
(VDSOP/HL)

X,5 = 2/ %K (MD/HL)

X6 = Wit 22 MR HIE Ji5 2% 2 T 9/ MR BIE 55 2%

X, ={k%E/ 144 (BB/BL)

X5 =3k %8/ K (HB/HL)

X, = F MR/ & K (VED/HL)

X, = Wy BIRIE J5 & 16 B &/k K

Xy, = Mt K/ 3K (PFL/HL)

X, =K FK/{&K (TL/BL)
X, = R IA]#E/ 3% K (ED/HL)
X, =W/ %K (SL/HL)

Xy = RUEJG 492 /% K (BOP/HL)

X5 =W)K/ W) 5E (SL/SB)

X, = KT/ MK (BW/BL?)

¢ J& (VDSOP/BOP)
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2.1 SREBHEEFHENEKINGE

153 JFEAR (2 88 1 1A K 7E 367. 0 ~910. 0 mm,
KT 117.5 ~1 506.0 g,2007 4E5 2008 4EFEA ]
TR AAE A B EEZER (P <0.001), BF
FFEA A HEPE R R K 476. 0 ~910. 0 mm, {A
245.5 ~ 1 506. 0 g; #EPE A& K 367. 0 ~ 634. 0
mm ,{KHE 117.5 ~434. 5 g, WEAERFAR ] Y 25 5 B
i, (HAEK 476.0 ~ 634. 0 mm KT 245.5 ~
434.5 g, W E A A —ERE N EE (& 4-A,

B). 85 JRMitEA AR GSI 7 0.97 ~2.05( ¥{H
1.45+0.29) ,68 HEEAN AR GSI H 0. 18 ~0. 52
(31 0.28 £0.091) . HESRMEYER) GSI 22 i 3K
FHEE (P <0.001) ,{H 2007 4FF1 2008 4F (7] [7] —
PR GSI LB # 2 5 (P =0.158 >0.05) ,
2.2 WEHEWRERSH

IR EKAFIHT 76 B AE 16
ROER 3R DRI % NN o5 s =B = 21 )
I 3 AN FE BT TTHR RN AR PR TEX 3 > F AL
. RT3 A ER R RETERR
iK87.36% , n] fr 2 HAR I F LY
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Tab.3 Comparison of body length and body weight for silver eels between male and female

5] f&4¥ (mm) body length & (g) body weight

sex no. of fish mean + SD range mean + SD range

Q 85 668. 54 +£80.01 476.0 ~910.0 555.46 £229.05 245.5 ~1 506.0

é 68 518.10 £50.93 367.0 ~634.0 234.24 +76.23 117.5 ~434.5
total 153 601.17 £101. 52 367.0~910.0 412.69 +239.16 117.5~1 506.0

w} B i female
A C M female . if male
40 F — B/ male

| -

i/ mﬁq
body length

400 500 600 700 800 900 <,

| | s | — —
T T

200 400 600 800 1000 12001400 1600
1RE /g
body weight

E4 SRESHEEMEEFENEK(A)FEE(B) HiHE
Fig.4 Body length( A)and body weight( B ) of silver eels sampled from Jingjiang Reach
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Tab.4 Contribution rate of the first three principal components and load capacity of each factor

i F 84y principal components
characteristic I I |
f& K body length 0.755 0.475 0.393
HK T trunk length 0.739 0.429 0.138
{& = body depth 0.809 0.345 0.379
1A %% body breadth 0.862 0.288 0.351
3k K head length 0.607 0.623 0.415
HR[E]JE eye distance 0.488 0.689 0.320
JKFE-HR 4% horizontal eye diameter 0.356 0.378 0.772
FHMRE vertical eye diameter 0.257 0.251 0.864
WK snout length 0.293 0.858 0.219
vity 2] IR HIE Ji5 25 B 5
fﬁ:tﬁiﬁcaf Eistanmce% fror[nJ snout to orbital posterior border 0. 348 0807 0.7
¥ % snout breadth 0.418 0.736 0.427
HRHE J5 2% S & breadth of orbital posterior border 0.538 0.661 0.408
1247 mouth depth 0. 546 0.697 0.270
3L head breadth 0. 684 0.502 0.344
3L &) head depth 0.745 0.417 0.416
Mt K pectoral fin length 0.486 0. 398 0.603
FEE{H eigenvalues 5.541 5.116 3.320
TiHik#Z (% ) contribution rate 34.63 31.98 20.75
ZR 5T (% ) cumulative contribution rate 34.63 66.61 87.36

Horp, B 1 R TTHRER Y 34. 63 % , B4
BRI FEIR AR IR A AR T8 Sk
Sk SEAE T ARAR , S 32 R AR Sk B R
fiko RS A BTHRA 31, 98% |, i far BEEK Y
SRR TAIBE W W) TE ) i 3 HR HEE ) 5 B

MR U J 25 52 JEE 11T 2R 55 6 SRR, Sk ) 32 22
S 3k F T i 1) A PR AR AR 5 3 R LAY TR R A
20.75% , Sz Bk T 2 2 B IR A K IR A R
BEROX 3 TG b, J2 B A i MR A I 5 1Y
KA
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&1 17 AR EG B R B VR ) R — SR M
SO 5, ] U, s Sepm Ak J5 i AE X R T 4 Ry
PIRE . 58 T IR m RTE Sk 3k 8 i bn
AR A B =16 B, R s e 3k 38 28 R R N 98
PIFFIESE 565 T2 Mg (IRAR R AR DL &
W E AR A IR, S B 1 S 30 0 e B 1% 44t
B B ARFAIE 5 53X — K AT 4l 4 A 3 /N, B K

4R characters

ﬂﬂ&/%&
%ﬁ%iﬁﬁ)ﬁﬁiﬁﬂﬁﬁ/@k

SRR A 3 IR A M i 8 A o A IR 2 B 56
—/NI IR W £ DA R FV B WK W % R E
Ja Gk T L AR HE AL PR DR ZH R 50 — /N R
Wi AR BB R MEE I 2% B BE AR AL AR 481 2
=K

R — AR5 1 b e fe vk, 5 1
Sy AT BT AR AR 1 5 A0 R A 0 AR T, 4 5
SKERIE S AL AL 5 55 1 AR AL PRt m] 5
ERIT AT AR A ISR WAL AR B,
H ARG R KRR — 2

5 10 15 20 25
linkage distance(pearson correlation)

BES SREBIRELEESIERR-BESNE

Fig.5 R-Cluster dendrogram of standardization morphological index for silver eels

2.3 SREBEBBERE AR AR

T SPSS 16. 0 #cff%f 2008 4E 11 H R4EM) 75
FEAR BN 17 WFRELL IR (3£ 2) #1718
RN A3 AT, AR A5 A8 o Y () SRR KN, B A
WA AL i, e 2k ) 5 A8 6, RV B2
X EHERR K X, AKX KPR
KK X, MW X, (2R BRI % ) o it
SR H BRI 7 N

M. F, =109, 743 x X, + 23. 015 x X, +
22.365 x X, —1.799 x X, +1. 625 x X,, —233.497

I F, =35.524 x X,, +24. 877 x X, +20. 466
x X, —0.846 x X, +1. 733 x X, —241. 975

X TUAS T8 A S e 1 M A A ] 7 HR A28 /)
(X; Xy) WIERIEAS (X5 ) FATE L (X, X)) J7
THI 1Y 22 5

F 53] oR B S PR B R, P < 0,001, 3%
W1 R BGA R T 8K BRI A5
BERARR N 3 B8, A2 A B (& 6) , AT

DLAZAR TR T A 85 DX R (L 8 P A P AR

20
I 3 female
C 0/ male
15
=8
Uy&g 10
5
0 T ,_!
-4 -3 -2 -1 2 3 4

0 1
AR

discriminant score

B 6 FH 5 HHIsnm E
Fig. 6 Frequency distributions of discriminant scores

obtained from male and female eels

A BT S A5 T3 i, o B i 7. 07 R Y 75
FARBEAT I 0], Fg iR RN ARR) 5 AN RRIES
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BT, 2058 F, M F,o W F, >F,,
IMENE, S Z HEVE (2 5) o AT UL, AA 8 R B
FIFEE R, B E 0 10. 7% , 3 BIF5 s 2h

RS FUR R B IR B 68 AR B AR B B AR 2

Tab.5 Predicted classification of discriminant functions and the accuracy for observed specimen

R 1K 89. 3% o L ME R 1 ) S B ) R Gk
93.9% , HEPERFIA LA 85. 7% .

P53 fift i) %7€ (ind) FI 5520 (ind) predicted sex UM UERHH (% ) ZEAFINE (%)
sex identified sex 0 5 identification accuracy  total discrimint accuracy
? 33 31 2 93.9
89.3
é 42 6 36 85.7

LT REXT 2008 4EA1 2009 AR RAEM AR BEARGIIER Ry 88. 5% , Hoh Wit 94.2%
78 AR (B AR PEAT MEMEVUR, e X EIME S, MEMER 76.9% (3R6) .

®6 FIRHEMERRBENMER IR H I ER

Tab.6 Discriminant results for other silver ells

el fift i) %7€ (ind) FHIZ5 R (ind) predicted sex HFIBMEF (% ) ZEEFINER (%)
sex identified sex 0 5 identification accuracy  total discrimint accuracy
Q 52 49 3 94.2 _
88.5
é 26 6 20 76.9

XA TN 128 4 149 P T S S 0 ) R KRR 5 AR
HEALVEIRPEFT ANOVA I, 45 21 /R bR TWIIE
FUAty 4 ASFRAEAC IR E SR (0088 P PR ] 22 S 2

®T FEMIRE ANOVA ST R R EEMIEERLSESR

Tab.7 ANOVA analysis of characteristics and morphological differences between female and male silver eels

P (P <0.001) o 3 2 WM 1 (AR 4
Fh, B EIRBUN (R T) .

- R PRS2 R
ik FRH(ng)  Hff = bR ANOVA WERE T RAOTE
. morphological differences
characteristic number mean + SD .
F Sig. between female and male eels
X i 33 0.19 +£0. 02:
i ) ¢ PEOOZE g or 0,000 HEREIRRLRE
fatness é 42 0.16 £0.014
X i Q 33 74.90 £8.24 . . . .
15 (W) 0.435  0.512  WEVEWIERGE ERHEERARE
snout shape é 42 76.17 £8.29
X- AR/ 3L K 33 8.71 £1.01
’<ZK:FH%j *K) j o * o 19. 508 0.000
HED/HL 9.66 0. § . R
Xy (EHEMRA/KK) ? 33 8.39 £0.62 HEPRIR T2 2 382
s (HERIRAZSR 35.297 0.000
VED/HL é 42 9.34 £0.74
X B/ K Q 33 6.50 £0.49 . e g
V(PRI 29.642 0.000 WA B 24
BD/BL é 42 5.89 +0.48
3 e DU RIS T A3 A , 0 31— 28 W 9% 45 1) Ml 1K 1Y
e

IMBAFHE

RS B R A W) 2 E T I T LA,
SR N T EFEAMIETE A G AR Z — . BARK
RN 0 2 A B o S VB DR P ) M A
SMEZE 5 A0 A e e A SEOE I a) B A P e
B4 (hetromorphism ) , 4 51l J2: 45 5L A1 59 52 119
KH 1 B AR AN s R,
RIEAE R i e 7 A 0Tl DL o PR A S E

R0 R YR I B A A e T 7 B
M R ) — ARG S B BURAE AR A O AR
{88 AR AL (silvering process ) j&— 212 i #i 22
AR AR T e A o R R T IR 4
PEATHINT . HAN % K8 G S bR AR, 8 7
Gl 23T 11 4 HAS 68 03 0 B (yellow) VR
R ( pre-silver) F14R {4 (silver) 68 3 4~ B Bz,
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OKAMURA 25 {4 H AR BR AR, 45 7%= B 0 37 1)
TS ) H A 730 4 BB, B Y1 (B 68) (Y2
(JE B (e ) A1 S1 (ARt ig) K S2 (J5 4R
68 ), IF28 0T & A KB W B AH I AR €8 R A A
GSI 545

MR i g B, BRYT D W i A
FAAER 0 8 B B A BE 2 A0 T T TR LI, R B
G . H A Mikawa Bay (1) £ (5 68 G 51
GSI 7E 1.4 ~4.3 JEHAE0.1 ~0. 7 ARSLIGHR
AN GSI R 0.97 ~2.05(H{E 1. 45 +0.29) ,
TR GSI R 0.18 ~0. 52 ( #{H 0.28 £0.091) ,
H L ) Wy e 2 B 2 A T I B I3, 4
OKAMURA %5 J) 4341 (2 68 4 75 [ B 14 1 ¢ Al
GSI PR HIWT , ASLIAR A KR 240 T ST M. AR
S LB, BRIT R K 600 mm DL_E i R 4y
HEPE ,400 mm DLTF 9 42 8 HE 1, 17400 ~ 600 mm
AP 14 . TZENG %51 iy % BUER TT. 11 41 €68
PR, HEPELE 420 ~ 590 (°F-34 483 ) mm, #fEPE7E
505 ~705(F-45 614) mm, AHFGE LB, K101k
1+ 650 mm D) _F A4 R HEPE 450 mm DL ()
S WHEYE ,476.0 ~634.0 mm B4, HEE Y
BRI A e 68 1) K, 3K — IR 7 UM 4688 (M 6
540 ~610 mm, HE#8 350 ~ 410 mm) 2" 12 P 48
( M8 400 ~940 mm, FE#E 350 ~470 mm) 2 il
S AFAE o 31X AT RE S R T8 O R I I i ) — Yk
PEFORAE, Sy TG ACH 7 i e R A T
1A Y f5 K AL 3K W ( size-maximizing strategy ) [ 3
TR i 77 8 0 SR FH T /0N R A B[] /N k
W% (time-minimizing strategy ) " ~*', X 1 32 B
H A fig i 7 B 2 88 [ B, ZE AR KN 1 B AEAE W
WFHESIE IS, L] 7E— R B UK TR
AR B RN REFN MR o

PAFEIE 2 B, 231 1 1 A F 458 g b 1 1
[ETEV)f EAAAE S 22 5% BB EJe 220, pRah
ST A A ) T S P S BR VL 10 e 58 A A 1
FENFE Z — , (W) A A A AE W] S i 0 1 25
KATHERS 3B R = K R, KL
AR e 3 114 > 4 2 5 32 AR TP A ST T SRR ALE
IRAR /IR 55 3 ATy I, 3840 H0)k r
ST HH A T R A U B IR 89.3% , FHIAK
P T 1 1 5 S IMEARRIE AT DL S R €0 A4 1A
HIPES] . ANOVA 43 A 2RI, 4T F AR €2 65 W i
AR SME I 2 25 5 E R PR IRAE

PR ST S BC L IRBETE A RA— B A
A BER BT AN 20 XA AR A B8 B S A (R —
LS ES Wl Be Rt T A 7 R HIfA e —L8
ZE5E I ), PR e AR (8 141X — A= 3 L B B
H TP R A PRER Bt mT DL JOP A AR ) B
FAR
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Analysis of morphological index system and discrimination of male and
female silver eels( Anguilla japonica) collected at the Yangtze River Estuary

GUO Hong-yi', WEI Kai'*, XIE Zheng-li', TANG Wen-giao' * ,
SHEN Lin-hong®, GU Shu-xin®, WU Jia-min' , CHEN Wen-yin'

(1. Laboratory of Ichthyology ,Shanghai Ocean University ,Key Laboratory of Exploration and
Utilization of Aquatic Genetic Resources,Ministry of Education,Shanghai 201306, China;
2. The Saving Center for Aquatic Animals in Beijing ,Bejjing 102100, China;

3. Administration of Fishery of Jingjiang , Jingjiang 214500, China)

Abstract: Anguilla japonica is one of the most important commercial catadromous species in Asia. Yangtze
River Estuary serves as the major production area of larval eels and the only fishery waters of adult eels in
China. In this study, we analyzed biological information for 153 migrating silver eels collected at Jingjiang
reach of Jiangsu Province (32°01'27"N,120°25'56"E ) from Oct. to Nov. in 2007 and 2008. Based on the
analysis of the morphological index system of Japanese eels with Principal Components and R-cluster
Analysis the reults indicated that A. japonica could be classified by “body size and head feature” , “detail
characteristics about the anterior part of snout” and “eye diameter and pectoral fin size”. On the basis of this
analysis, 17 characteristics were normalized and further used for stepwise discriminant. And then 5
characteristics were picked out: fatness, vertical eye diameter/head length, body depth/body length,
horizontal eye diameter/head length,snout shape. Thus the discriminant equations were built for classifying
75 samples and the accuracy rate was 89. 3% . Furthermore , the other Japanese silver eels were also classified
by this model and the success rate was 88. 5% . ANOVA analysis showed that, apart from snout shape, the
other four standardized characteristics between male and female populations were significantly different( P <
0.001). Therefore, we concluded that the female silver eels collected from Yangtze River estuary were
superior to males in the respect of fatness and body depth but smaller in eye diameter.

Key words: Anguilla japonica; sexual differences in morphology; discriminant analysis; the Yangtze River
Estuary
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