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ALK (St 2, W8V ) R AR (St 3, BBV F R Bl BN b 125 ERESE E145°
) TR (S 4, BRI WL (St. 5, bR poy
VLI B (St 6, RITIT) RIZEIE (St 7, B IE0T NS S
1) MBI (S8, KILE) Ik (5.9) W
S [ i P AR ZR S P VT 1T b DX (BT 1), D 2
FETAE A0 0 5 0 1441 0 R 4 A 60 6 ) e
88, AR RERA DT 50 B, A 50 em x « i
\ S, N N ~Ee Spawning
30 em WUZE D PREFLE A, HTVKBORAE , BOALIR goud
ol Philippine
R PR ] S 2 PR R Rk k4 I (3 e it Ly
A= [~ ) ~
AR 288 4 ) RE G % 0. 01 mm, LT % -
I3 R FR bR A A SR, RS 2 0. 001 g (% WC;}
D RO AT, B 48 J B R AH 35 m e e
) o PRI, Y€ 88 kB R AR | BB E T E
LB . T N
Fig.1 Distribution on sampling sites of elvers
F1 ZBREHS FHEPFEREEHEXER
Tab.1 Sampling sites, collection date and individuals of elver and other informations
TRES SRER I PR + bR 2/ mm P 4 R RH AT = R H ﬁ%‘ﬁj\ﬁiﬂl/%
. . . average total measurement of measurement of analysis of
sampling sites collection date . . K
length + SD total length sagitta otolith daily age
il Sl 2008-02-20 54.30 +£2.04 54 54 9
sk St 2 2008-01-23 54.89 £2.06 77 77 11
& St 3 2008-02-20 56.16 £2.31 80 80 14
TSt 4 2008-02-22 54.98 £2.16 52 52 11
R St 5 2008-02-27 54.88 £2.01 50 50 7
G St. 6 2008-02-25 53.20 £2.34 53 53 12
ZEIR ST 2008-01-26 54.05 £1.64 46 46 14
JLE St 8 2008-01-25 54.06 £1.68 66 66 15
KF St.9 2008-03-11 55.74 £1.96 60 60 14
1.2 B EmEBRELE Rt

MHBERFUE R E A, K8 FREUETH
A1 B/ %) A B O VRIS K T A T
K, ZHIREW G, AR E A [ T
H. 7F OLYMPUS BX-41 7l {44 4 18055 T W 5
REARIMEER (E2) .

MR SCHR 17 =19 ] R A0 H #8150,
WK oA e K il , 0 2 - )R 3 ( primordium, P)
FEHAN% (edge, B) M KEEE, ic A B A Kl
4% (otolith radii,R) . H1 2 24 WL 43 6 A
AR L H RO ST TR e B, YR
Z/NF 2% BF  BUOE . IRZEKRTF 2% W), EHIT
B, IF B 5 3 AW E AN FEAZNT, A = R 22/
F 2% BUNE, EWE L, B FRE45 HiY
BB B B R UURR H AT 00 e, K
BOH W 5 H R IE MR8 1 S2 by B, T 45

B2 XEAHSHIE
P. B %; B B % RO HA KM,
Fig.2 Morphological character of sagitta otolith

P. primordium; E. edge; R. radii were measured from the

primordium to the otolith edge.
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H5: I 0 1SR R 4 S ] 51
PR A I3 (G mm/d) I i G S6 I I
FOfE, B KRR H R KRR (G, wm/d) g HA7 £% sst 1 I I
KA 5 I 0 H T, 2 L 0 0 awl | [T
R I B A A K i SRR I 0 B 43 U 22 5 |
{2 seb Loy
FHl Microsoft Excel 2003 I SPSS 16. 0 4t it%k St S.2 ;2; L;T‘-“‘ i;; g}fiﬁgss’-izef’-g 5t.9
PEHEAT RO A FIA T o @
2 4 Soer
g2 5 ]
21 H8BK RERKHERNG oo I
538 JRLRHE (1) {K | 47. 40 ~ 62. 34 mm, F-1 %% 145 |
140 | | ] 1 1 1 ] 1 1

R (54,77 £2.21) mm, &R FE KK TE
53.20 ~56.16 mm , HH DIRTE YK, & M 0 i
N, B SRR S Z IR ) R 3 22 5 (ANOVA, P <
0.001) (& 3-a) .

538 FE £k g 1 o< B Kl P42 o 133,22 ~
175.95 wm, F-3(154.55 £9.09) wm, £ RFES
B34 5 B A B AR AE 147,12 ~159. 64 pm, H
DAk R fes N, KA IR (H A SR A5 22 18] E i
2pE2 5 (ANOVA,P >0.05) (& 3-b) .

2.2 ZEEMBIRRERL A

XF 107 B8k B H AR 8 e s, i
RIS H I [ Dy 124 ~ 158 d, f ik
0% W AR AE 130 ~ 145 d (& 4), F 1
(135.78 +6.84) d.

9 ARAE L H S 53 A B HSF(ES) T3 2,
AL DL P2 H AR 8 g b 2B R
P LRI R F R BT &K 15.9 d,

St.1 $t.2 §t.3 St.4 8t.5 St.6 St.7 S$t.8 St.9
KA sampling sites
(b)

B3 EXRERZBEK(a) MXEAKMFEE(b) D%
Fig.3 Distribution on total length and long radius of
otolith of elvers in each sampling site
30 —
25+

20 ]

¥/ 2 amount of fish

5k

. L
115 125 135 145 155 165
Hi# /d daily age

B4 ZBHARSH

Fig.4 Distribution on daily age of elvers

R2 BRE[LENBIRSHTHRLRE

Tab.2 Distribution on daily age and average hatching time of elvers in each sampling sites

Hi/d

e sy 5 e g
site 120 ~ 125~ 130~ 135~ 140~ 145~ 150 ~ 155~ samples da:.?;a:ge hat_ching time (Lunar

125 130 135 140 145 150 155 160 time calendar)

Has o 2 5 2 9 127.0%2.87(124~132)  2007-10-16 2007-09-06
sk St.2 10 1 11 127.8+1.40(126 ~130)  2007-09-17 2007-08-07
TR St.3 2 10 2 14 132.1£2.71(127 ~137)  2007-10-11 2007-09-01
Tl St 4 3 3 5 11 133.3 +4.50(125 ~140)  2007-10-11 2007-09-01
TN St.5 3 4 7 135.4%1.99(133 ~138)  2007-10-14 2007-09-04
&M St.6 1 3 7 1 12 135.2 £4.24(126 ~142)  2007-10-12 2007-09-02
2Z St.7 4 8 2 14 141.2 £3.09(135 ~146)  2007-09-06 2007-07-25
JUBY St.8 5 9 1 15 141.0 £3.40(136 ~147)  2007-09-07 2007-07-26
KE 5.9 4 1 3 2 2 2 14 142.9 £8.91(131 ~158)  2007-10-20 2007-09-01
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WA i B 2 i SR AR B ] J T 11 4 i i b
B s 36 2, AT 0L, Ak 5 7 i 2 LBV
ZERIFEAS XAt (8] 433 2 9 1 6 H F19
A7 H&BMREKE,H10 20 H G T
(YL NP K =L R AN EIE | B o ST S
HTE 10 H A,

XL IS ] 4T ANOVA Z 8 AL, 451
TN, ALK O AN SRR SUH S 4 N2 AL ) Y i
AN RIAFAE R 235 25 7 (P <0.01) {HZ BN TC
WEZEF(P>0.05), JLBRWDMZEZENG 1 4,
LR ) 5 TR AR N SX 0 2= H Z 08, 3 ok
P17 A 25—26 H, Wik A5 2 4, et ) 4R
TR A 2 B A Z P o8 A7 H,
553 AUNARTE TR S M RN B2 AL
PR TZAZHA, LA 2 LigH,F
BTELAGIOALTH—9 A6 H, 44 KFE,
WBEAR IR [R]85 A 43 6, 76T 5% 0 BT 4 KA 5% H
M54 HX—BRIBNIEA, F 9 A
10 H(EI5) o MAEB 107 J& 4k 68 A4 1) 43 B v]
W RAET 5% H 5 B 5% H Z ) Ak i SR
85.98% (& 6) .

2.3 KEARSHRKIMXERAKEZRAEKER
HIX &

THE S 4 AN LB AK HIE KR (G)
MEAHAKBREHIEKE(Gy) WK 3, MM
TR TE R — 3N, Hig (Ty) 5 HARK 1
HIKR(G) LSHAK RN HEKR(G)
B W R AOAESC (7 FIE 8) , T ZEAS [m] (1) 45
JA], Zefig H i 5 AR K H I (P =0. 412 >
0.05)FIRBAKFERHBEKR(P=0.145 >

0.05) LR EM AR R o X R LWL 1]
AR — 2B A, BB N AN, A K Y
HAE R RMR H AR AR B RO HOR
BRI H 3G R FI R H AT P4 H I R
{7 AR T Boe i i O 1 B A B 5/ Lo R
(LS

30T ggroup 1 g group 2
95 | ogroup 3 = group 4

=
mfﬂ)-

-4 -3 -2 -1 FZHA-#HA-LZAL 2 3 4
§4LAS Al  hatching time

B S &EANEEMLEESH
Fig.5 The frequency distribution on hatching
time of each elver group
group 1. (Z&¥& Sr. 7, JUBLW St.8); group 2. (ilisk St.2);
group 3. (fr4x St. 1, {27 St. 3, 7448 St. 4, /M St. 5, &M
St.6); group 4. (K St.9),

W
o n

B /R

amount of fish

—
wut

’ -4 -3 -2 -1 FZA—-#HA-L3ZHA1 2 3 4
§4LAF ] hatching time

E6 £IP&EBNEMURES
Fig.6 The frequency distribution on

hatching time of elvers

x3 AMEANNEETHER FREEREMXEARKFZHERE
Tab.3 Mean daily age,daily growth rates of total length and
long radius of otolith on four groups of elvers

A5 SFH i/

group mean daily age

141.1 +£3.23
(135 ~147)

127.8 +1.40
(126 ~130)
133.9 +3.72
(126 ~142)

142.9 +8.91
(131 ~158)

R HIE KR/ (mm/d) REA KR HIERKE/ (um/d)
mean daily growth rate mean daily growth rate of otolith
0.40 £0.02 1.11 £0.09
(0.36 ~0.47) (0.92~1.23)
0.46 £0.03 1.20 £0.08
(0.42 ~0.52) (1.09~1.36)
0.42 £0.03 1.15+0.09
(0.33~0.47) (0.96 ~1.31)
0.39 £0.03 1.13 £0.10
(0.35~0.45) (0.91~1.29)
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150
135
145 s group 1 group 2
» 140 > » 130 o
2 5035 . . ) \
~ & 135 ° ~ < 125 B
£ = 130 e
oS 125 o= 120
= 12(’) TD=-114.0G,+186.6 = TD=-36.27G,+144.6
115 (r=—0.882 0,n=22) 115 (r=—0.847 3,n=10)
110 110 . . . ,
0.35 0.37 0.39 0.41 043 0.45 0.47 0.49 035 040 045 050 055
K HIKE / (mm / d) K HIEKZ / (mm / d)
fish growth rate fish growth rate
145 . 170
140 group 3 160 group 4
Z %135 = %150
& = %0 & 2 140 -
o3 12‘0 TD=-106.6G,+178.5 o 130 TD=-154.0G,+203.3
115 (r=-0.891 1,n=42) 120 (r=-0.72 18,n=14)
110 - 110
030 035 040 045 0.50 0.35 0.37 0.39 041 043 045 047
K HKE / (mm / d) K H K / (mm / d)

3 e

fish growth rate

fish growth rate

7 ZEBEKBIBKEMBROEXE
Fig.7 Correlation between daily growth rate of total length and daily age of elvers
group 1. (ZZI& St. 7, JLEBU S1.8) 5 group 2. (Jilisk S7.2) 5 group 3. (4 St. 1, f&1% St. 3, T{E St. 4, M St. 5, G St. 6) ; group
4. (RFES.9),

150

—
PRI
Lo n

125 TD=-290.39G,+173.1
(r=—0.861 3,n=22)

Hi#&/d
daily age
=

—
— = D
S o

090  1.00 1.10 1.20 1.30

HAH#KE/ (um/d)
otolith growth rate

145 group 3
140r ~-
= § 135
@ > 130
m s 125 A °
= 120 TD=-30.46G, +169.3
115 (r==0.776 5,n=42)
110 . . . : . g
0.90 1.00 1.10 120 1.30 140 1.50
HAHAHKE/ (um/d)
otolith growth rate

135 group 2
130 2 R
5 \_
2 2125 iR
%=
m g 120 TD=-11.92G, +142.1
115 (r=—0.704 3,n=10)
110 . . . . . '
0.90 1.00 1.10 1.20 1.30 1.40 1.50
HAH#KE / (um/ d)
otolith growth rate
170 group 4
160 .

H#&&/d
daily age
=
S

130 TD=-62.91G, +214.4
120 (r=—0.906 1,n=14)

110 T
090 1.00 110 120 130 140

HEAHBEKE/ (um/d)

otolith growth rate

B8 KEBXEAKFEZAMKEMAGBNHEXNE
Fig.8 Correlation between daily growth rate of otolith and daily age of elvers
group 1. (ZKI% St. 7, JLEXYD St.8) ;5 group 2. (Jilisk S$t.2) 5 group 3. (Fr4x St. 1, &5 St. 3, T{# St. 4, Ja M St.5, &M St.6) ; group
4. (RF51.9),

WEFE BT 2R B, A ) A R 3 T T 1) £ 48 %
J124 ~158 d, 49 (135.78 +6.84) d, x5

1981 4Fk

AL ARER 1985 4R A G

P ZRJLFRBO AT 12 A 1990 4ESR B iL
A8, LR IR 1004 AEIT E AR 6 4
FUOREE ISR REAS H S U RCHRT , (HE 1982 4F2R
EH A LS 2§01 1990 481 1992 4E R [ 4
kB8 /N T2 L AP (% 4)
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F4 HARLBERZERPL R ERIEENTONBRER
Tab.4 Comparison on hatching time and daily age of reaching each estuary of Japanese eel larvae
o " A Dy AL I ] .
KA Hi%/d YV o SCHR
. . . . hatching time
sampling site daily age num of fish reference
(Lunar calendar)
o [ & A E A BEIE Shihding river, Taiwan, China 130. 75 +10.9 (120 ~144) 1981-06-07 Re gy 4R 2k (2]
H 7 JUJH B )L &) Kagoshima , Japan 158.50 £8.6(151 ~172) 1981-06-12 TABETA (21
112.8 £9.4(95 ~135) 14 1985-05-27
Hh £ 75 45 G SR X T 120.0 £10.4(100 ~135) 18 1985-07-01 TZENG %27
Shuang-Chi river estuary, Taiwan, China 129.9 +9.7(105 ~150) 14 1985-07-21
156.5 +13.5(135 ~175) 15 1985-07-23
HIE B AR PR A .
170.4 £21.02(154 ~197 25 1989-06-28 ANG %2
Eastern and Western coasts of Taiwan,China ( ) ° WANG %
7R Donggang 155.2 £9.0 20 1993-10-09
JZIN T Jiaozhou Bay 147.0 £13.2 36 1993-10-23
K YL Yangtze River Estuary 141.2 +12.5 17 1993-09-27 ey 1)
YE 8-
e {TJII Wenzhou 138.2 6.7 17 1993-08-25
China =% Yunxiao 143.0 £10.7 21 1993-08-22
WYL Zhanjiang 150.2 £12.3 18 1993-08-08
LR B e AL auT
river estuary in the north of the 146.3(128 ~166) 12 1989-10-23 sy [13]
Huanghai Sea
[ A 75 R #E % Tung-Kang river, Taiwan , China 156.86 +17.4 16 1992-06-27
i [F K fifi 4k P8 VT Chyan-Tarng river, China 176.49 £11.3 23 1992-07-26
r [ K il YT Ming-Chiang river , China 162.87 £8.6 20 1992-08-23 CHENG %10]
B 4%V Yalu river, Korea 178.35+9.9 23 1992-10-11
H 7 Ichinomiya Ichinomiya river,Japan 182.06 £12.43 10 1992-06-12

AR M TR AR 6 SRR 468
B H IS, 3 138.2 ~155. 2 d, R I LA VT I
TN H % A, ma G PR Y H 082 1 K.
FATHIWEFE o, o B AR w0 T i 2k 68 1) F- 4 H
1%, AR EREERIL I BILER R R A B A K aiE
P, MFE A 15.9 d, X5 CHENG 2% %% [ H
A BB E LA H ISR A R EA 2

5N, 107 24 68 1 Ak i (B 72 9 A 4
210 T A1,9 AR S B AL I R A) I
4N B group 1 (JLBTDFIZEIR) I
group 2(JiliZk) , 43 HITE 9 A LA FIrh AL, SR Y
J& group 3 (&Y VT E  E M M BT 2 ) Al group
4CRF) 400 10 A AT a4 Iy
SrHT, AHR 107 B2 B8 A 85. 98% MR IFEAL
A ETZ A S B HZm (K 6), Hrp
group 1.2 .3 Y5 Ab i [R) = 242 vhAE 5% H 2 H
Z 18], FOA L0 4 iRk st ] i Sk 43 (18 5) o

TSUKAMOTO 5 Ay H A 8 fi 1) 7 ) i)
[EAAE 4 2 11 A AR H 4, IF 82 18 H 5k
Wo MIXFERES H % 1 F5E SR , KR53 1 1 i
AT 7E T 5% H 28 F 5% ik — Beif [a) , A 3

AN B IEAL I RS A RS Y . AT R,
R TR, A b o5 1% 995 A0 e ] 257 4 AE A% I 1)
Tz H 2 b H Z 6] FEARRF G H Bk .

AP RGN RE AL E R 6 4
SRR R K H B K ok 0. 34 ~ 0. 42 mm/d,
TZENG 45 $R15H92R [ 6 15 430 I i 22 8 4 K
HIEH 530 0.35 ~0.60 mm/d, ‘KR H A KPR H
WRKRN0.8 ~1.4 wm/d, W58 LB, K H
KRR EAT K2R H KRB R, 1T /8
B AR KA A AR B SR ) 1 Y B[R] R G —
IR G2 A G I f i 0 S D 83 B 114 R S ATE 52 v .75 3]
BAE AR i R 2 68 H R 5 HAR K H
KR (JEFEA 0.33 ~0.52 mm/d) F1KH A4 K
EHBKEGER 0.91 ~1.36 wm/d) FFER
AT TEIEA S 8] AH 3T 0 [A]— AR 15 21 12
U ZE R (B 7 FnEl 8) , (HAE AL B[] 22 PR 4R
FAN [ BREAR [ A ZE SRR A

S0k
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Daily age and hatching time of Japanese eel elvers from
southeast coastal estuaries of China

GUO Hong-yi'?, WEI Kai'**, XIE Zheng-li'*, TANG Wen-qiao'*" ,
WU Jia-min'*, CHEN Wen-yin'”
(1. Laboratory of Ichthyology ,College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China;
2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources ,
Ministry of Education ,Shanghai Ocean University ,Shanghai 201306, China ;
3. The Saving Center for Aquatic Animals in Beijing , Beijing 102100, China)

Abstract; The Japanese eel, Anguilla japonica,is one of the most important cultured species, widely
distributed in rivers of the northeastern Asian countries’ Taiwan, China, Korea and Japan. The spawning
grounds were recently discovered in the North Equatorial Current west of the Mariana Islands,15°N,140°E.
From January to March 2008, there were 538 Japanese eel elvers collected from nine estuaries along
Guangdong Province to Jiangsu Province which were measured on total length and long radius of sagitta
otolith. Furthermore , observations were based on growth increments in sagittal otoliths of elvers collected at 9
sites. These results indicated that total length of elvers were 47.40 mm to 62.43 mm,the average value was
(54.77 £2.21) mm and the mean total length of each site was significantly different ( ANOVA, P <
0.001). As for long radius of sagitta otolith, it was from 133.22 pm to 175.95 um,the average value was
(154.55 £9.09) pm and there was no significant difference among each site( ANOVA,P >0.05). Daily
age of elvers ranged from 124 d to 158 d and the average value was(135. 78 +6.84) d, indicating that
migration of eel larvae from their oceanic spawning ground to the estuary requires 4 to 5 months. An obvious
trend of daily age was increasing from southern to northern areas and the maximum difference was 15.9 d.
Elver hatching dates,back-calculated from estimated daily ages, indicated that the spawning season lasted 2
months( from Sep. 6 to Oct. 20 ) , mainly concentrated in middle of October and approximately 85. 98%
samples accorded with New Moon Hypothesis. Finally, the inverse correlation between daily age and mean
daily growth rates of fish length and otolith radius indicated that the time taken on migration from oceanic
spawning ground to the estuary was shorter for fast-growing larvae than fast-growing elvers which arrived at
the estuary earlier than slow-growing ones.
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