o 36 B 12 1
2012 4F 12 A

KoE R

JOURNAL OF FISHERIES OF CHINA

Vol.36, No.12
Dec., 2012

X EHS:1000-0615(2012)12-1793-09

DOI:10.3724/SP.J.1231.2012.27972

PE e H AR R R & B BT R T HERE R o 4

Fat', # oY EXRY, 2E4 WEW', A £, Mz
(1. D RF AR =, KM LR SR AT R EALRE, 1
2. demtiikA B R s RGE oG, JEET 102100)

201306;

FE: 22008 F 1—3 AXEFE RELHEEINT NS4 BEEABHYERLEETLE
BHAH, 20T T A 104 RHBENE R, Mt EREKER. £RET, PTEAGAEEE
WA BT 102 (90~112) d, FER BB UMW E EIE SR BH
Scheffe’'s % E IR A4 9 MNEFERLA H B BB K/ 3ANA, EHEFLRUKARE 1
Y hENAEE. A, BN, eMENE 24, LENEE, ABRDAEANE 3 4,
B, BERE) R-BEFNERE Q-RENMMErHE ER P UM —BRWER, FHREN,
MENG A FEF R T EFREARNE NN EATERG GBI T, 2K3
NERTH, TARFNHANT EF AR, HAT Kbl TARENHENT FHNEAE
K, WA EAEE, TARGHN BB K IO RN EETD, FE2XE T, &4
ok BT M T 488 [(106.004£3.22) d] kb 3 BT E6 H 4t T 34 T 48 4 [(91.87£1.36) d] Kk
14.13 d, 35 Z 8% (47 96 km/d)th JE A (1 350 km)[E] BT 09 08 B A sk A0 4, FF R KW, &

BRI BN TN B A RBRT B W s it

XEEIR: H AREE A, Mt eEdS; phEEes,
FES%ES: Q954.4,5917.4

H A #i8 4 ( Anguilla japonica ) f&—Fh HA &
B2 T A L ) RV S i £4.25 (catadromous fish),
YA TR E L H AR A I X
FEBI LT Mariana 5Bt (15°N, 140°E)!)
I 585 £ 11 A1 5 AR AGD 4R, kR kg 0 - 468 (lepto-
cephalus), I b 2R 8 ¥ R M 2238 =) V9 6 5 1e) £
&, % 4~5 A H W FEEIGE KR X, SR )52
AR HLE B A B B 8 (glass eel). B BH AR AR
K GIHEAN O, (RROAEZMEEH LT, ML
8 (elver). 7E ] 1| B K B4 [y BEFR 5 48 (vellow eel),
F A AT AR 25 R R A8 (silver eel), FaInT Il i 1) i
=t (ARSI B Sr/Ca FLI B ST 45 3
FW, BR_ER SR AR K RLIE T P LA, H A
Mt A7 T 1 TR AR TR A 3 s 28 g L2130

Yris HER: 2012-02-09 EE HER: 2012-04-18

A B, EEBE

X EkFRERD: A

H ] A 455 A A8 R A e ) T R
H A 88 i 2J7 K [ B 14 AR 396 S R bt — 52 1) 9k [
T AR O H A BB A IR H A H AR K
& BOTE AL R o 1 OBt 4 5 J LA HE AR B 1 -6
iy, 2h NI AR B 768 H 5 K™,
fife 5 38 A ST o [ VT 1 X ) 6 T H i R
TRt [ SR T3t B9 . Tzeng S5 1%) H A8 %) (4
Y HA A TR A, IR R I A R B 5
AT, HASHR FE A 6 AN 1A H AASE Z A A8 2511
LA TAR A 7 i —SeRT o AN SE g S AR A X
] 7 1 YA 7 203 888 11 ARV RE A P 18] BT A3 B ) Ak
LB R Y A A AR S o
OrA, i 22 o0 M R 4 88 A Hh I i T A I B
B, DRI R AR T SRR S BRI TR

BENIE : A AT RO RHIT & 55 22 97 55 85 (201203065); IR K #1817 8 3 42 (B-8812-10-0001-0193); [EI% HAFL
2 R4 T H (30771650); G HiRNZE 555 H (08391910200); i i 1 45 2 2% 30 H (S30701)

BIRAER : 5 3CTT, E-mail:wqtang@shou.edu.cn

http: //www.scxuebao.cn



1794 Ko

S

36 &

1 MRS
11 #HARE

2008 4 1—3 H, 7EI A8 (St.1, BT )FI
sk (St.2, FAYLIT), fRE AR T (St.3, [ YL )T
fiE(St.4, FEFEE), WITLEM(SS, BRILIT), HH
(St.6, RITEO)FZEIE(SL7, £ ), Fig LB
Th(St.8, KILH), VLR KT (St.9)% H = m # Al A
TR 9 ARAER(E 1), MY E B oK 4 57
885 P R e B oRAE H A BB %) i, it 534 . 4
A 50 cmx30 cm XUZ B TREEAS P, FIVKIREAE,
A IRFE tpay B S2 80 %, FBCE R RO fa fk
2K, KfE 0.01 mmGE 1),

E 105° E 115° E 125° E 135° E 145°
16 North Kore
N 35° apan
5t8
St.dp
N25° )
& £ 1 Taiwan
&4
N 15° Philippine & §3 ks .
e OW .
N spawning ground
D
5 ; 3000 km

1 9ERESINTH
St.1BT2x; St.2.lisk; St.3 AR St T St.5 RN St.e. /M
St.7.260%; St8 LB TSt R E,
Fig. 1 Distribution of sampling sites of larval eels

St.1.Xinhui; St.2.Shantou; St.3.Fuqing; St.4.Ningde; St.5.Wenzhou;
St.6.Taizhou; St.7.Cixi; St.8.Jiuduansha;St.9.Dafeng.
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Tab. 1 Sampling sites, sampling date, analysis individuals, total length and pigmentation stages of larval eels

42K /mm BRI B/ %

KA RFER[E] JRxK total length pigmentation stage

sampling site sampling date number
range mean+SD Va Vg Vla, Vg

e sl 2008-02-20 57 50.29~59.16  54.30+2.04 228 614 15.8

sk st.2 2008-01-23 77 50.74~60.07  54.89+2.06  27.3 67.5 52

I St.3 2008-02-20 78 50.36~62.34  56.11£2.30  65.4 34.6

T St.4 2008-02-22 52 49.42~61.14  54.98+2.16 288 71.2

M St.s 2008-02-27 50 51.19~59.32  54.88+2.01  28.0 72.0

HH st.6 2008-02-25 53 47.40~57.89  53.20+234 396 60.4

7% St.7 2008-01-26 45 50.55~57.38  54.01£1.63  57.8 422
JUBTD st 8 2008-01-25 66 50.21~58.73  54.06=1.68  34.8 65.2

KF St9 2008-03-11 56 48.02~63.48  54.81+2.73 3.6 80.4 16.0

2 REAMESHHE
P. HAJ5HE; HC. W#fk4t; FFC. MINREH; MC. AESH .
Fig. 2 Morphological character of sagitta
P. primordium; HC. hatch check; FFC. first feeding check; MC.
metamorphosis check.

B3 HAMNEREE
R HA7J5UE 2B BAR SR RUBE RS, R HoA s = H AT %
HIFE B Rem. HO R ESIRE IR H A LB

Fig. 3 Schematic diagram of radii measurements of sagitta
R, distance from the primordium to the metamorphosis check
(MC); R,. distance from the primordium to the otolith edge(E);
R distance from the MC to the E.

2 4k
21 AE#EEYHENERKIIBRBEIH

534 468 4Kk 47.40~63.48 mm, T3
(54.66+2.27) mm. 2% HF K1 F 2 4K 78 (53.20+

2.34)~(56.11+2.30) mm(F 1), HDIFEH KRR,
B IS, XA T A 25 T A 2 1) A
595 T (t-test, P<0.001), HASBEIA] 468 4K
TG i 75 5 (t-test, P>0.05).,

X 4ER 534 AN T ERPIMEEGR 1),
Horr, g B 2 Rk 88 53 B4 % Ve~Va,
Vo~V SACHEBKRFELEE R Vi~V HA
B RS EARE IR Vo~V Pearson #5453
MraRWl, giBARERAENEHLERKERH
(R A2 (r=—0.110, P=0.011<0.05), EN4Jfig 4K B
0 LB I e 2 B s ) B (R 4)
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Fig. 4 Relation between total length and pigmentation
stages in the larval eels from nine populations
22 AEBRGEBBERYESM
REMERMSEE HEE . AbT VA FI VIR 104
PR 8 HA O BB AP R I Ry, EASER
EHANGRIEER Reon MHARKERE RAEME
YIF#E 2, oW, Ry, ¥IMEM(100.53+8.99)(St.2)~
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Tab. 2 Sagitta radii (meantSD) of glass eels of nine populations
BEAR population BX N Fheum _radii
Rm Rl-m R[
e st 8 107.00+4.33 45.3243.86 152.3246.60
sk st.2 11 100.53+8.99 46.60+5.30 147.1248.35
g St.3 14 108.21+8.17 46.65+3.40 153.91£9.37
TE St.4 11 106.45+7.45 49.78+4.92 156.23+6.74
M St.5 7 106.29+6.32 48.27+4.13 154.56+7.62
M St.6 12 107.16+8.46 49.15+3.69 156.3148.13
ZIE St 14 104.82+6.83 50.99+4.33 155.74+8.50
JUBEYD st. 8 15 103.00+6.49 53.28+6.12 156.28+7.24
K= st9 12 109.82+5.85 51.79+5.85 161.61+9.55
(109.82+5.85) um(St.9), Rem 3 {8 Hy (45.32+3.86) 1o I
(St.1)~(53.28+6.12) um(St.8), i RIF(EI] A (147.12+ 105 | I I
8.35) (St.2)~(161.61£9.55) um(St.9). ZHr#&EM, Ry 100 f I I I I
TEATEIARIE] G 1B 2 25 5 (t-test, P=0.164>0.05), {H 05 | I
Rem(t—test, P=0.026<0.05)# R (t—test, P=0.031< o | I
0.05) 7545 BEVR IR 4T 5 2 52, | @
2.3 AEIBEWINMEER . HE R FNIHIEER 5 40 f
X B 55 68 45 % B AR B AR RS R B R, 38T
[5G 4 RO MO B 102 B 36 ] [ 1 I
(90~112) d, 2 H M ZILZE S KA, K ;E M I I I
% $t.9 (106.00+3.22) d HH 2> St.1(91.87+1.36) d 4 = 327 I
BT 14.13 d(F 5-a), (P AHEA IS HI LI 10 1 M
1 B AR —E RIS A 5-b). B H i H. 145 [
A G068 — A i MU AR, BRI R 140 | Ii I
3 St.9[(141.75+5.66) d) iR HHIHT 23 St.1[(127.00+ 135 | I I I
2.73) d]K 14.75 d(El 5-¢). ANOVA Z¥riEss, Hig 130 1 i
RN 608 455 45 B 0 10 343 77 46 0 25 22 53 (P = st 1
0.000 < 0.001), {HALF I AIFHIC R E 25 5P = 0.366> 120

0.05).

Scheffe's ZH L B/RER 3), Al DEEE62 9
AT (M-8 U Ry 3 N4H, T T4 St Al
Wik St2 AR5 1 40, Thaf iRy St3. TE St4.
T St.5. B Ste IS 2 4, JLFAZEIR ST,
JUBEYD St.8 MR St H-AEE 3 4. 9 MHEIARAGHE
FERS AR I R 1 41 AR H ISt i B B 48 o N
PRRTIE N 3 AN, (HALAAT B R (R 3).

24 BARBEHEBEHBHERSH

BRIy R-R2E DL O ANk B 6 e A 4
68 | GRS A H S RS Y B A, A3kt
SRAE ST R-BEEAHT, 9 ANTEIR AN 45 i s B
SN 32, BEERH 2 AN IR 4 AR

.S'rl.l St2 5t3 Srl.4 S5 St6 Sf.l'f SffS Srl.()
(c)
#{& population
5 INIEEEREHANINTEEEE(a). IMEE (D)
HER (o) lthIB D AHkasd
Tab.5 Geographic cline in (a) age of leptocephali, (b)

age between metamorphosis to arrival at estuaries and
(c) age of glass eels arrival at estuaries

LI 3 A HE A —RK(E 6-a). 9 DMRHARIHLE
W% BT RO, HBA AR R A G (]
6-b). MBS (1) RIS EE LA, 9 ANFEIAR R B 5
i H T R R 3 25, HHAAMEHMR LA S
(K 6-¢)

FRIEMERY Q-’33 A e 4% kg 725 %
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Prf 104 RAMAZEST Q- (18 7), 4l Mk

F 3 ZEHANINTEEES . HEFES R HESHY Scheffe's ZE LI /TLHEER
Tab. 3 Homogeneity test for (A) age of leptocephali, (B)age between metamorphosis to
arrival at estuaries, and(C) age of glass eels arriving at estuaries

TN A H i /d A5
population number age homogeneous group
(A) Mg age of leptocephali 1 2 3
Brex st 8 91.87+1.36 +
ik st.2 11 96.00+2.83 +
Tk St.4 11 99.45+2.66 +
B st.6 12 99.83+4.22 +
RIE St.3 14 99.86+2.77 +
M St.5 7 100.14+4.02 +
K st9 12 106.00+3.22 +
JUBEYD st. 8 15 106.33+2.87 +
B St.7 14 107.71+2.87 +
2N M significance 0.288 0.282 0.988
(B) #it/##% age from metamorphosis to estuaries 1
ik st.2 11 31.82+2.60 +
I St.3 14 32.29+2.56 +
7R st.7 14 33.50+2.59 +
Tk St.4 11 33.82+2.48 +
JLBYD st 8 15 34.67+3.27 +
B st.6 12 35.25+3.02 +
T st.5 7 35.29£2.93 +
e st 8 35.44+2.79 +
KE st 12 35.67+£4.36 +
ZH N i 1 significance 0.366
(C) Hil% age of glass eels 1 2 3
s st 8 127.00+2.73 +
ik st.2 11 127.82£1.40 + +
I St.3 14 132.14+2.71 + +
T St4 11 133.27+4.50 + +
B Ml St6 12 135.17+4.24 + +
M St.5 7 135.43+1.99 + +
JUBLYD St. 8 15 141.00+3.40 +
KR st.7 14 141.2143.09 +
K st9 12 141.75+5.66 +
20N i #EHE significance 0.22 0.053 0.057

AR R 32, Hodh s 1 kIR 2RIE st LB
St.8 FIKF= St.9 HEAA AL 26 3 26 82.6% MM AR
H 2 st.1 Ak st.2; 55 2 2% 76.9% 04K A
St.3. St.4. St.5 Fl St.6, X —RBLER, 17 84.6%
(A 5 AR R A S IS I R R (B 6) M —
.

DIHGIR I A5 X 104 BAMAHI T Q-TRK
OIHT, WA R E O I T2 DB B i

Hs AR AT Q-RIE4 0T, Fris g L] ¥
104 BAMARS N 32K, 45 125 83.9%H 287 St.7. L
BLvb st.8 FRF: St.9 BRI A 26 3 2% 57.6% A
J&FBr4r st Ak st.2 BEA; 5 2 2K 70.0% A&
AR St.3 T St R St.5 FIE N St.e BEA, X
55 DAR0 i S AR Y Q-2R 284 BT 45 R AE AL .
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Fig. 6 R-cluster dendrogram of nine populations of
glass eels based on average daily ages.

(a) age of leptocephali, (b) age between metamorphosis to arrival
at estuaries, (c) age of glass eels arriving at estuaries.
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T a5, 72 Sk M I 88 72 S B A A A (MC)( 8)
Tsukamoto 25 MK 14 MC ARk Z i 19 H #8551
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SRARAE, AL AT VR A A8 H 4 AORR 57, (R X
(RN I B8 4% S PR L 5 T M B8 AR B 1) H IS R AR 2
T it et ) . B BT R, W68 AR (1Y i F
— RS 20~40 d,

WFFEEHH, M08 T LA AR S A s R], 5 T v

O A PORHIESE, H 886K 275 4—11 H a1

FR) B B g 5 B 128~136 dPY H ARV Mg A B
110~149 d* 7, GEHTEATEE 85~97 d', A
FELE R, v [ KT AR R T T 38 5 68 %) - g 40
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ARG T 4307 1) 40 88 S Rk 1 2 ) BT B B
RO Vo F1 Ve I BEREAS, TS0 H ik
136(124~152) do X FLih VR CE34 H # 182~191
d)>HHH ARV CE34 H il 153~222 )P B 5
3 T AR I BN B 5 [ K R T B 0 6
ECFEHEE 122~178.3 d)AY LA TT 45 2R oA 42
AT TN A e L (R BT 5 AT 43 M B R 46 T Ak
BA R B IAE, 7T B A B 5 68 T2 68 1) TR G AR AR,
JITAS H s LA A HE
32 HEFEAEHBEBNITHRR

A M AESBE AN, H A 686
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il A . RAPD FIZRi{A D-loop 23t £ M, A
b [)—4F 0y 1 B B SR ARt AT (2 1 A 4y
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W 8 i 2 b AR AR T R AR R AR, BES
PEA SR, I B SR 3 SRk ik B AS TR A il
M4, Nitani PR B, HAAIN 5 G 75 6 A0 IE
2000 km, [T 795 1 4) 35 26 680 AG I 3 dS F 1) 22 57y
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55 e Y 22 M 3fe 11 B5C(EL AT T e ] £ B
B, SRR R e AR 4 (R AT AE L R R
EEFEEAERACT, W68 7 b 2T i L AR
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s 3 7K
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I8 % [0 F7 7 25 5, S0 sl vk i A =B
KR Scheffe's Z 8 HLE K 9 AMREIARIS
3 AN, Mg R/ N BB 2 St Al Sk st2 1M
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E St.6 A5 2 415 M B8 i i K i 281 ST
JUBEYD St.8 MR St.9 IHShEE 3 4. [AlkE, HEAR

http: //www.scxuebao.cn



12 4 FRALZ, A PR AT I H A BB A0 (A ) 2 AR AT R R AR 1799

R-EIANAAR Q-REM I B/R 5 Bid el 0l 3 MR T e . KA, LSRRIk
M—Baiit . XRW], MHOCREFERITERIES  HREIMED S, A TRKE, R0E) R IHT
FEARACERIF A SRR P B AR AT At i, R R RO AR B TR BB AE

http: //www.scxuebao.cn



36 %

i

KooE

4

L

£

number of fish

1800

L e T T T IY O LT T LT TR T TR T ] T T R T L T T T Y LR T Fesssassmisatassrrarsananany O

11

rrrrrrrererrreererrrerrrerreryrrerererrrrrrrrrrr ettt ettt e et rrrrrrp et rrrertrerterretrrtrirry Lo

[ i g S o P L g e T L s T 87.0483'000'3724?4_§7H|1J?398_\4OU|4015663-0;I?Jij-QIﬁ-HégII(OJ-Oé‘I(SNi.OO?rUS i L3 L -l ag el ob o le e ol
SOTSOOC OISO Moo N OO OO = M OO O M= S O I =N e A e e = = O C e i RO I e D O O M= O O D SO 100 N M= e e e A O e O e —r——— e e— 0

B T L e L L e M B e L e e e e L e A e A = e e B F LR ot 2 btk I bkt Lo L LI LA b AL o =t
o ol el el T o o ] o e

A A A A A A A A A A A A A A A A A A AR A A A A A AR A AR AT A A SRAARATIAAATAATAS

uonendod w4t

http: //www.scxuebao.cn

3]

2

BRI MER Q- AT TR

7

[ G euclidean distance

=
=
3

&

E7 HETHmt
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Fig. 8 Patterns of change of otolith increment widths
and Sr:Ca ratio in the early life history of
the Japanese eel(cited from Arai et al™)
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South China Sea North Equatorial Current o
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1. BRI SZ; 2. B SERIGEES L, 1, 11, L35S
B 3 ScITHERRAR
Fig. 9 The possibility migration route of larvae eels
with Kuroshio Current and its branches to
the Chinese southeast estuaries
1, 2. the branches of Kuroshio Current; I, I, III. three types

migration route of larvae eels in southeast coastal estuaries of
China.
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Developmental stages and migratory routes of larvae Japanese eel from
southeast coastal estuaries of China

GUO Hong-yi', WEI Kai"?, TANG Wen-qiao'", LI Hui-hua', XIE Zheng-li', LIU Dong', LIU Zhi-zhi'

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

Abstract: A total of 534 larvae of Anguilla japonica were collected from 9 estuaries in Guangdong, Fujian,
Zhejiang, Shanghai and Jiangsu, China, during Jan. -Mar. of 2008. Their pigmentation stages were deter-
mined according to the distribution of pigments on the body surface. The age of leptocephali at metamor-
phosis (Tp,), time between metamorphosis to arrival at estuaries (T,_,), and age of glass eels (T,) arriving at
the 9 sites were counted according to the number of daily growth increments in the sagitta. The mean T,
was 102 d (90 d to 112 d) and progressively increased from south to north. The homogeneity tests for T,
T and T¢, among nine estuaries were conducted by Scheffe’s multiple comparison method. According to
sampling location and T,, value, leptocephali were divided into three homgeneous groups. Group I was
located in two southern sampling sites (Xinhui and Shantou) and had the lowest Ty, In contrast, group III in
the 3 northern sampling sites (Jiuduansha, Cixi, Dafeng) had the highest T,,. Group II were in the four
mid-sites (Fuqing, Ningde, Wenzhou, Taizhou). Similar result was acquired by R-cluster dendrogram of
nine sampling sites and Q-cluster dendrogram of every sample based on T,,,. These results indicated that the
leptocephalus might migrate in three populations along the North Equatorial Current from their spawning
ground to the northeastern continental shelf waters of Philippines, to Kuroshi Current and then to the estu-
aries of China for metamorphosis. The fast-growing leptocephali metamorphosed earlier, and migrated to
the southern estuaries and then entered into Guangdong coastal rivers, while the slow-growing ones meta-
morphosed later, migrated to the Changjiang estuary and the northern estuaries of the range. The remaining
leptocephali migrated to the middle coastal waters of East China Sea. The difference of leptocephali me-
tamorphosis age between Xinhui [(91.87£1.36) d] and Dafeng [(106.00+3.22) d] was 14.13 d. If the lepto-
cephali were drifted by the Kuroshio Current at a velocity of 96 km/d, the dispersal distance of the lepto-
cephali for 14.03 d would be 1 350 km, approximately equal to the distance between Xinhui and Dafeng.
These results suggest that glass eel of Chinese estuaries was passively transported by the Kuroshi Current
from the south to north at their leptocephali stage.
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