O ek #4038 F1% 1128 FEREI£6 A
e BT H w2l E BRUHS S SN A -l B a1
o

HE

E W (Anguilla rostrata)FIEKINGE (Anguilla anguilla)yFE SR AL APRI LR
O RS T PR32 YF (Sargasso Sea) o il S FERIMIZERS (leptocephali) 44 {753 BNEZE
EUEEHER 0 R ALKPEEEE R ERE R I BN - 5T RS SR LA e
R ARFSEEST T SRR B AL SRR SRR 8 A AL (R B BRIHA 59 TR RO A8 AR
A FFE G HiRtg R E(Daily Growth Increments & DGIs) k H L 2558 - &
DAS AL A8 52 HE £ T T8 (Glass ee HFHYEFRE H fin(Tm) ~ #E2 Hln(Ty) ~ BREREE
EERSRE(Tt-m) ~ REERUIRFE(GYESE -

S SLET  (1)SEWIBAYTHIEERE F B CHIE 200 R/ HRAE OISR e
EHRARTIAE + AT LR BN AR IS B VSEA RS | (QBRINIB 1A F
{EHATE 350 KA » ARILEEWEBS THHE 150 X 5 Q)RIBEEITERA - 53
150 FKHIZIE ZAHBMIB LIRS T - B RIS S B F i
SRR R (OBHIBHT B R 3 (GO 0.149mm/day S2H#8E) Gt 55 0.213mm /day -

s e > BRSO TRR R IUE B UL - BURRERRR » SO Al -
WE Y BONB LU E ORI 5 2T B e S RE ST > DIBEHAIZE R RE
R PR AR L B RO & -

RIS

{68 6 (Anguilla spp) » BB HARE G fa 28 (Diadromous fishes) « 2 FHEHAAT 187 - R
(A, rostrata) B ERNEB(A. anguilla) S ARFEALKTERE » HERE N AATERIE T FOKASHE— 7 (Castle
and Williamson, 1974; Tesch, 1977) » &8 & fat A IUFEIE £ - 53 H15 HAME(A. japonica) » ]
(A. marmorata) ~ 75 B (R84, celebesensis) Fy FafiElB(A. bicolor pacifica) » R EIRZ H.(Tzeng,
1982; Tzeng and Tabeta, 1983) ©

BB LR AT » BRIV T E R ROTESE - BETEEY) B INEA(Ege stage) ~ MIZEES
(Leptocephalus) ~ H¢3Ef8(Glass eel) ~ #@F7(Elver) - FHi8(Yellow eel) Fr#REB(Silver eel) F{EFEEL
(Bertin, 1956) - B IR EME B R RTINS - £ EE A EE B COrEERE (B
TR —E - IR S R T R RE R O » B R EE MBI A S S B A Rty e
HIED » SR7L BB S B EABYE A TR BRI, - B ke D BHBR K % BERIIREOR
I FE2 SiEE » AT £ R, BEE > A% BRERIRIKE T RRE -
SRABIEET S I 1% BIIFEL (Tesch, 1977) - Fig. 1 8 #HAE TR EE -

LEXSHRE 2% HHWEL
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Eegs

Spawning\

Fig. I Life cycle of the eel. The major life stages are indicated (modified from Dekker1999).

- BBEREINBEIN ISR RES > K ERERE . BERBEES  EIEAE
HA RGP A TS 2 43k i A IR (Tsukamoto and Umezawa, 1990; Liao et al. 1996) - {H&- »
BFELAFHRENIEFE BRI, IREIEH 5 (Tzeng, 1985) - RHF| BG4 E 4 _FFTiisk
RIFAE » B EIRE A WTHA4 7 51 BIFHIA Bl (Tabeta et al., 1987; Tzeng, 1990; Tzeng and Tsai,
1992:1994) o

RS FIFESE U B BRI ol PR SEAUIBAR - 1B BB AR B A RIS ML 4T » HE
BHE B R RERER > DUIRARSE NG K B8 1 R DTGB CHSE0 £ B -

HiEEXR
— BRI

BEEMRAENTNEER » =8 551 %% (Uticulus) X HI LA (Lapillus) ~ /N
(Sacculus) N1 (Sagitta) K 25 #(Lagena) HY 2K (Astericus)(Fig. 2) - B2 EWELIFA
(Biomineralization) T2 BURIIRER IG5 6L - B A& e SRR A RE RN N B M IR EiR e
> 7 RIHER B R R SEEREC st © At - B s RN RIECeREs - WLURAAIE SR HilG - £
s R R - BA LS - HSERR TSR T AR R AR AR
REMES - HEZEFR  IEREN—NIEER Pannella(1971)FHFEIE YR EA
FHRY - KR H IR - AV BREEH T REERNAEEY R EERRE - fMEYE
SRR AT ATEHE T — K (Secor et al., 1995) °



EEF

Posterior vertical canal
Anterior vertical canal

Utriculus

Semicircular ' Sacculus

Canals Sagitta

Fig. 2 Dorsal view of the head of a typical teleost with special reference to the location of otoliths (Asteriscus, Lapillus, and
Sagitta) in the vestibular apparatus (modified from King 1995).

Fig. 3 EAER#HRETEMNE T ERANENBERNE L (REA)IIEHI#EE(Wang and
Tzeng, 1998)  FHE AR EER - 7T LIEZIBHRE MR B Bk [Daily growth increment) » [ /E]
A —{ER R (Incremental zone » BEHS) I —{H B (Discontinuity zone » BT FTAHEHTEE
B #5& (Bipartite structure) (Tzeng and Yu, 1988) » —{ H F#a T RAIRREIAIGE 24 /NEF » FEH
H FEfRASE B o DS £ 38R H #5(Tzeng and Yu, 1989; 1992; Martin, 1995) - 534} » HA_ Lt A&
N EPEEPML AT THYED - AL - RF IR LREC) - H—XRERREFC) ~ 1EHIZER
52 BB RE AR AT T R A REER (MC) LUK B2 (AU AR R (EC) S 24 (B BRI AR, - ABRTE
R BT A (Yolk sac larva)Z B2 SE2K H REBSAY DN EERFAETE - A HIIRH iR FinRe
% AR —EH iR - FREINEARR > BRI S » B RrEbaif(Critical period)
RIERE A FAUHIEEL R, H S TSI RE H i - 8RB R Bl - IR
REFHAEIEHREA -
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Fig. 3 Daily growth increments in otolith and the growth checks deposited during life stage transition of an American eel .
elver (49.4mm) collected from Haiti (EC: elver check; FFC: first feeding check; HC: hatching check; MC:
metamorphosis check; P: primordium) (modified from Wang and Tzeng, 1998).
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HoA FEAREEI5(CaCOs) K JERBF Y7 #4ELE (Non-collagenous organic matrix)FT#ERY -
H st R oy 2%y CaCOs » M-NEET R Sm L0 EHES - Earh » fadtarll
HIE 31 RS EICE Th K Ra) > FEITTEBMR CaCOs89 C~ Ca . O » RETTES
Na - Sr~K~S N~ Cl K P(>100ppm) » DLk 20 &L EAYEEITTZE(<100ppm) (Campana, 1999) -
MEEMEKTS » CaCOsa(l 96.2% » HEYE 3.1% » REAMETTRESHIERE] 1% - REK
mE TENEEMAD - (B SIERE R AT L Al EEIEREENAE -

JKHETCR RS BRI MR RS - AR TR A L HERaT

(1) 2 (3)
VKB IK s % o IR B R HH
(FETER) FHTH) T E® (FHILHR)
FAJIR A 1pes FhenlER

KPR TIEE B By - TRAVEERG A YR - WRITREE EY(1)~CGHES ik
FHNFIREENE - HREELI) A RE(D, Distribution Coefficient)Z/RAT T

o BT 3 (%)
H kP HTETE R (%)

# D=1 i BRTEEE ARG D=0 I FTOKTN TR S MEEAT
77 Na K & ClZITZEN D<0.05 > SroA# 0.14 » LR o RS 025 5if 1.0 -

KRR EE AT A IR AR AR  BREEEITE - fI1 St FREEARyEE
53 CaCOs HhEY Ca [Fl2 Vi LT - M HBEF PR RAEREEAEL, - RESHUL Ca
MREAEE A Y7k FHy St RS 8.7x10°M » /KBS 9x107M » #HzE4G 100 4% - Kt » FHE
b Sr R RYRFE RIIEML - W LAABERE AR K KR K FERTEF R I 5 (Otake et al., 1994;
Tzeng, 1995; 1996; Tzeng and Tsai, 1994; Tzeng et al., 1997; 1999; 2000; Tsukamoto et al., 1998) -

EAWITRBENIE » &5 HIVESBEFHERE(EPMA, Electron Probe Micro-Analyzer) ©
EETHREVWETFRWAREITEEFAGUR L > SEEARE X-54 0 H—BHiE T
(Emitted electron) T A HOEE X-BHER - B B BEEHAYE MRS B 7 (Ejected orbital electron)|a]%]
JFARAOHNIERS - FTEE 4 RURFE X-G47(Characteristic X-ray) (Fig. 4) - {IFRER X-SHR00E FH{EL
% FERE X-BTERNOSE e BN L B ENE AT TR EE R EE R
47 EE(Goldstein et al., 1981) -
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Fig. 4 Generation of the characteristic X-ray of an element in otolith by EPMA (midified from Lin 1989).

= ~ B Sr/Ca [ERYEHL,

Fig. 5 BAEYOKA EREEEIHY-—~ B EE R 56.2 nnAVHRE 778y Ca F1 St 2 K Sr/Ca ELEYHE
[E1/751/##{k(Tzeng and Tsai, 1994) - B EHIZL(Primodium) EEHEE R4 - Ca J St HYIERIH
1K - bR CafROR EFHIE HAERAIAE © B Sr R B > EAISEfe e RS Rimeh > FER ™
T TR > RIRMERFAE(EIKYE - S/Ca [LEL Sr B8 MESE—2K - QURGATIL > Bah SrjRrngss
TR RETREE T Sr JRERYEML - S 2 - WIBERBYESNET Sr/Ca LLIFHRTE  BREL 1R A (KEE
FERIR RN, » B EOK TR ED > St/Ca ELEARA T » S84 AT > Sr/Ca ELEt#ER—
TERE/KHE - (AEL > B St/Ca EEEYEL AT DUALEAS S AN EREE o ECE B A H Flkg
% EFRLEYIZERRERERT H G -
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Fig. 5 Calcium (Ca) and Strontium (Sr) concentration and Sr/Ca ratio scanned from primordium to otolith edge of a
Japanese eel elver (56.2mm) collected from the Tanshui River estuary of northem Taiwan (modified from Tzeng and

Tsai 1994).
Fwm R E

RINEBA. rostrata) REMEB(A. anguilla){EAREIRISEEMTREDN » BRANE EERIHLEM R
RINEIPIEKIR A R - S EESME B (A E R o » B R (I L BB e B i PO 5
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o [EE RS L BAE W LIE S TEARERE ©

SN 8 K B NS Y FE TS5 A K1 S5 B b FR B B 5 2,000~3,000 N EBHISNEE » sk R isis
(Sargasso Sea)HUMVTEESY - — MG RATEEEND - (BRIIBAIEARE T » BETEERER
HAERERIEREREMEHS - TEIHE RS2 INIE K BB HIEE 7 A4 North Equatorial
Current — Gulf Stream —North Atlantic Current 43 BliHEE L35 R ERINES A 115 (Fig. 6) - RIREE 2%
NG ESEAGER] TALRIR R % BRI RR T TENAS B A R R P R R BB
B R b - (EREDNS RN LA EEIE S - (8 AN ZEME B R i SR I8 » I ZEAgry R
FMIEEIR > SRIEMEA - B PEvRF RIEBEER © JERE T (BRI T £ E AR REMNS - 1158
R R R BRI AR IR REAS > AR TR SRR IR I AR /KIS EE - TETREREEE AR
P& o PRILL - S RE H i oA aE SE YN8 BB St A b SE NSRBI A F A -

IOW 0w 30°E

T ¥ T
60°N I~ z‘lﬂ{ 60°N
‘ cwt
Ty s
40°N | 7 40°N
" ) -I» Spawlling ground
R2 GSargassn Sea)
20°N [ ~2\ 20°N
(H——-_—_
N. Equatorial Current
0N |= 8 1 1 O°N

90°W 60°W J0W oW 30°E

Fig. 6 Sampling sites of elvers of A. rostrata (R1: Haiti; R2: Florida; R3: North Carolina; R4: Rhode Island; RS: New
Brunswick; R6: Nova Scotia) and 4. anguilla (Al: Portugal; A2: France; A3: England; A4: Ireland; A5: Sweden), and
the distribution areas of adult eel ( || . A. rostrata; =, A. anguilla) (modified from Tesch 1977; Wang and Tzeng
2000).

BT EIHE B Bl BT SN RO R IR R M SRRV B AR AR (Fig. 6) -
FIFRTE 5 B Einsh e 5 Sr/Ca [ERYBMLRE R E ARV RBR(IE - AReh H w5
ST B TR M AU EE AR AR [ 5 (Tm) ~ SRR BRI (Tt-m) ~ 884RAVIKE HE(Ty LIRS
F7 £ 58(Gt)(Table 1) -
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sabie 1. Total length (I'L) and daily age of elvers of A.rostrata and A. anguilla at estuarine arrival (Tt), dailly age at metamorphosis from
leptocephalus to glass eel (I'm), the time between metamorphosis and estuarine arrival (I't-m) and somatic growth rate (Gt) of the elvers

(Sampiing sites in Fig.1) (modified from Wang and Tzeng 2000)

Sumpling sites TL (um) Age (days), MeandS.D. Gt (mm d'Y)

n MeantS.D n Tt Tm Ttem n MeantS.D.
A.anguilla

Al S0 68.6143.02 8 467712666  397.1126.98 70.617.30 2 0.14230.006
A2 100 66.7613.47 13 455444393 350.937.59 97.8+17.89 9 0.145%0.013
A3 170 64.9842.97 11 420013825 318512722 101511851 6 15740.017
A4 57 66364277

AS 63 68.112.58 24 444613900 346813662 104512355 5 0.15240.010
Overall (1£,) 440 66424301 56 447.7HAL6T  350.2+40.43 97.5¢22.44 2 0.149%0.014
A rostrata

R1 115 47.79£2.33 25 241611851 20932020 32.744.44 20 0.20130.024
R2 54 490312358 4 247811624  214.0%1435 33.843.86 4 019240182
R3 56 48.19%2.87 21 2204#3322  188.8425.14 31.745.84 16 021050021
R4 100 58.52%2.83 26 25181662  189.5£19.63 62.211.13 18 0.23240.026
RS 67 59.9943.i5 17 2723%1572 192742033 79.6114.07 4 0.21920.021
R6 9B 59.6442.42 32 283541818 211.442075 72241217 17 0.21140.026
Overall (1£;) 479 54224265 125 255313024  200.2£23.84 55.1421.85 89 0.21340.026
13(‘5“‘2333 12.20 192.4 150.0 24 -0.064
T Moo,

Probability <0,001 <0.001 <0.001 <0.001 <0.001

$eE LRI 2B A 2 1% > 754 200 KAATAEAPE P IEHISEIR S ARl R IEER - 3R
FHFEE 55 RIAAT » BREEAJT Il » Hh)ataR - SSuiieizih.o & > 499 255 R7ehA - BiATLL
PEEE IR e o (SIS B - BONMBAEENISEBREEY - W BRI I LT
VEFAREGN T IR o BONESIV AR H#G TS 350 K B LLIEYHABI T 150 K /A5 (Table 1) © £
PERBISHRE - 150 RIS THHEBONASIESEWRZIRIN o PN RfEig A/ i Bl A e
LB AR BRAR -

Stk R R AD FE B S ] i BN R (TR @ —HR1TT & > 35 5 P BRIV RS T R Bl R R 2
[ H(Tzeng, 1990) « FREMUBEER. » 7.2 B - BOMIBI R FSHEK(0.149£0.014 mn d”)BAFALD
SEPE8(0.213+0.026 mm d™) » #AF 7 » BRI AR SR HRAY /7 ASICEISEABRERRAYIRSH] -
LA AT R e B EE MR AR EE E B NI (Wang and Tzeng, 2000) » SERBMIG
W7 o B B SRS o (B E B 3 EOM YA B2 1 I 1 88 4R (66.42+3.01mm) AV L SE Y i 35
(542242 65mm)k - ¥ EEK EBINIBAYEEE T 447 4 RX)ELRMIBR(255.3 K)(Table 1) -
T SRRYE .

H 5l S AT R AR TSR A, » A - SERE L - R N BB I TERE -8
bR YESA A, » B R S A S e T B T B IRk - IR AR A LR D ERk
(FIMESRECEEE(CD ROM) » 5344 » BEFR{EREGERY - SyiAEREFNSETE  BE0=
4T DNA 3B EE RSN - Bt E  JUER R ERaTr Ehd R fa A B (Finger
print) « $I S~ - BAEGEEEL HOER - CETEAEEEKER RSO £ HA
SR RN TR » RS SRS - AAEMHEEE TEME - ETHEEIER
WSS B S5(HR-LA-ICPMS R RE A - B H ORI 2 A B RIS A -
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Segregative Migration of American and European eel as
Revealed by Daily Growth Increments in otolith

Wann-Nian Tzeng'

ABSTRACT

American eel (Anguilla rostrata) and European eel (4. anguilla) spawned in Sargasso
Sea in the subtropical northwestern Atlantic Ocean. Their larvae, leptocephali, are
transported by the Gulf Stream and North Atlantic Current system to the North America
and Europe, respectively. To understand the mechanism of segregative migration of the eel
larvae, daily growth increments (DGIs) and microchemistry in otoliths of elvers collected
from 6 estuaries in North America and 5 estvaries in Furope were examined. The age at
metamorphosis from leptocephalus to glass eel (Tm), age at estuarine arrival (Tt), the time
between metamorphosis and estuarine arrival (Tt-m), and the somatic growth rate (Gt) of
the elvers were calculated from the DGIs. The mean Tm of American eel was
approximately 200 d, but at these ages the European eel was still at the stage of
leptocephalus. The Tm of European eel was approx. 350 d. The difference in age at
metamorphosis between American eel and European eel was approximately 150 d. The
delayed metamorphosis of 150 d was enough to let European eel larvae to be transported
from North America to Europe by the oceanic current. Accordingly, Tm is considered to be
a key factor in determining the segregative migration of the eel larvae. The mean Gt of
European eel was 0.149 mm/day, approximately half that of American eel (0.213 mm/day).
European eel evolves the strategy to delay metamorphosis by reducing growth rate that
enable it to segregatively migrate with American eel.
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