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R il Ak - EER HiEE (daily growth increments ) o FAMH A YCE SR SR B A H A B
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BEHAHERE TR
BEMHEMEH (Pannella
1971) - GEFE BUEETE S
P AL e FMEEH > e
TR HA AR B Y A 1k — PR BT
o

19804 R Fe M H FH & 5 K
ARAMSIEARRENES @ pageRnaBR (BRs4mm) MWEERE DR -
HiEfy o SBHHER RS - BAMAS5100fE © scale bar = 10um - —{B R B EIE—ER RS
5 T 0 A A E £ 7 S (increment zone ) F—{EF:EHEH (discontinuity zone) - 2

RS AHY24/\0% » tEI BB - F—ERREEINEEL > B
e ARSI HEEURENE R e n SeaamnE 8B FTmN - AIEERIEE - 2HMES
W gk R sk mnyyy cRABERRBBEREIKRN  BXEABRBERIRE 0 MAPI5R
ES  BERAHaEREESHNRER - R REEEFERE
B MEFEERER  BRERTESER - 52 » BB&@mAFE
1990,1992) (1) < 1990F(CH]  piiRRER AR EAERT > (Tzengand Yu1988) o
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¥f% (Tzeng and Yu 1988,1989,
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BT M (SEM) HRELEREEN H ABERE Ar BBl - FHH ARSI
RAEHNAERE Y TR E I BT T & L ARAE (Tzeng 1990, Cheng and Tzeng 1996) -
FERRHFISEMARER T - thiER R BN SN E (Wang and Tzeng 1998, 2000 ) LS
FIRH 75 Rl R S A ATTHA A2 15 SR I BB & /92 (Shiao et al. 2001a,b, 2002)

H AR GUR BRI FE B X B A B H B R HE RS8R 4 H - #8300 A8 ~ 7H
T A REEDN - HEE T R R A IV RORHE - FERA T H A8 LR RS B AR AR R e (I A IV
1 LHERERFI#HT B RER ( Tsukamoto et al 2003 ) ©

K EA HEmEF R AENAES - AARE "TAEgSEHE . @ EARETEE
G R RERE R RB I SCE s ki) TREERE G, (E2) -

* Rosetta stone (& i& & #§) Elver

The stone was found
in Nile River, Egypt in
1799. It recorded 3

types of characters, Glass ccl
that lead Egyptian (Tt-m)
pictograph to be
interpreted by
Champollion in 1822 <Tm
¢ Pictograph in the Rosetta stone
Leptocephalus

...........

B2 (fA) EA0MEN—ERBRNSADBER (elver) » HERZIELEHMA2KED
HBEs o 7t HE#HEE ] E#IZEEE (primordium P, hatching check HC. first feeding check FFC,
metamorphosis check MC and elver check EC) &3 BEFEE: (embryo, yolk-sac larva, leptocephalus,
and glass eel) RFUEE: (Tm, Tt-m3¥ ) » EE HAENHEINGIEE R ORIEHEZHHIANEER
(Cheng and Tzeng 1996) ° Atk * BABEALLMA "HEERE, (£) @ REEELEZHN=
BXF  AILERECKEAETHRFN T IRERI % °
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BEAXEEHEYELER (Biomineralization ) FTf B HIMREIEAE L (H96% )
MOEREEY (3%) DIRBEITE (1%) Ak - e Dl H47fE 0% - BEA
I LEETT 22 A0 B e s FE R i BR B i @ > LB E YA IR - Rk EA{EE TR

A PR AR Py F1 828 m] DL AR A B 52 52 (Campana 1999)  © 1990 UE AHIME
To R I E T R IR BB ONAERERERRE - A HRRRF @ H BRI E

Fl (Begg et al. 2005, Campana 2005 ) ©

DASESSEL (Sr/Ca) HYFEF Ryl - F KRS R R 0T 08 148 7K I B e -+ 68 I 7
% B E O TEMAE - A B G RIRE R R ERRR SARAS & 0 BERIRSS  (CaCo,)
DIRERIE A L o §5 8T B R R SRS & B AR & e TR A L B B AR DR SR P

U » KB TR VKA 1001 - 8 SUBHEVEAGE A VOIOREIRS - EGHRESL
20
Type 1 Seawater contingent & ine-1 YErE [ 5l

(Sr/Ca)X1000
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3R 7K BY +lines PSS Az B

. . B3 (Z£) BFRE=ERNHENE QRSN
JEMEM (/) BXRE=FNFENTEE - BAR
0

5L ARSI 50 B ML BT LS B A S8R IRIE R 2 BB
IK -~ RIKFAIO =78 558 (contingent) (Tzeng

(Sr/Ca)X1000
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20 Type 3 Estuarine contingent e et al. 2003) o Contingent%populationL;L"F?’Jﬂ{ﬁ ’
§ 16 ETRED —— ;Ephenotype MIFgenotypefyFRIR i =¥ Olnp;Zid) oy=]
< 12 FA ! — ( Seawater contingent ) AYZEIR - 28 7 HFIE KK
S A 8 (Anguilla spp) —EEHE A KL EMTNEENS -
n

{&1E /& Semi-catadromous migration (Tzeng et al. 1999 )

8
'\‘ l f V\W It - BEIEIEIAEY ( Catadromous migration ) HYI% 7K B84

B Facultative catadromous migration ( Tsukamoto and
Arai2001) o
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AN o SGZ 0 RUTEE o 1994 FFIA A A E R % T4 (Electron Probe Micro-

Analyzer, EPMA ) HI%E H A (@373 8 0 Bom S5 L - A HOR KA irERg o - #Fk T

R H AR AT G B R Al v i e A D AR - EC I SE eI Ui 2] 22 8 i T T Y =7 ST B

T2 (Tzeng and Tsai 1994) - i HFEH H AN =R EA - 0 REFA LW -

FE /K BBt BE 52 Bl B AR U o - 2ROt T A8 SR R 1 I U TR 1T A AR R B SR EN 52
( Tzeng1996, Tzeng et al. 2000, 2002, 2003 ) ([&E3) -

AR EA 5885 F e F B fin 2 2B SN2 E R H B - RIS ER &K - S1ERI%EE
THE19874-4 H13-16 H S MNTE S Bristo LR R ERTHY " BN R HEEFEN R EE -8 A T
B/ & FREIFAC/FAO | #i - AR PEREr alidk 12k 5 fif B Dr. H Wickstrom - BEEE 1B
SRR R BRI S ERFSE (Tzeng et al. 1997) = FTBH T BIFSHIZE R - o2 BMERE
TEWFZ23E N8 (Cairns et al. 2004, Jessop et al. 2002, 2004, 2006, 2007, 2008a,b, 2011, 2013;
Lamson et al. 2006, 2009; Thibault et al. 2007 ) FIfE# ( Thibault et al. 2010 ) HFERIE A -
PZ B E] (Daverat et al. 2006, Panfili et al. 2012) 5 AR RAEDE (Lin et al. 2007,
2009, 2011; Shiao et al. 2006; Tzeng et al. 2007 ) ~ FZAF] (22011, Capoccioni et al. 2014 )
MEEH (Lin et al. 2011) FERZFEHESIEVIFEECNEE - H4 - B HASENIFEH AR

(Tzeng et al. 2003 ) -+ ELEPNE(EM4EIA/E £ (Humphreys et al.2006 ) -+ EIFEERE S1F
WF5Efif® (Briones etal.2007) - ELEBPHEFGIEIIFERS A (Tbanez etal. 2012) - BARgIEE(E
PR NI = B 58 (Lin et al.2012, 2014) FEANINFERSES - FIERAE
Wt AREEEBERE (SREED) WHERETE -

(1) 2004-2006% 2 & -1 fit #ff oo - 17 g 56 (7] & E 0T 8 0O S IR R S B Gt &

( Application of Genetic and Microchemical Markers as Implements for Diadromous and
Endangered Commercial Fish Species Populations Management, f&#% GMM project ) ° REFE
(EAMI R 5 SR B B Y S AE - B B S0 P A OT 1 R R AR BT RO
fEryUER] ([El4) - tHIL[EIFEEFREAFNIDNARER L (Shiao et al. 2006, Tzeng et al. 2007, Lin
2007,2009, Sruoga et al. 2007, Dalius et al. 2009, Ragauskas et al. 2014 ) ° A& 1EH BT
J& + 2009-201 14 X AERE | — (% R85 BB WA 8 T2 219512 (Evaluation of impact of
Nuclear Power Plant on perch population by means of genetic and otolith based analysis, &%

ENPP project) (Lozys etal. 2017) -~ E{THAMRYEE T LIyt - BRI E R g aE
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Sr:Ca ratio (x107)

) (a) Kot (c) for
w0 B (@) No. 1 No.3
;H 3 TL: 56 cm, Age: 11 yr ~B I TG an Age 9yr
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B4 RAGBAAUREEE QISR b 2 Z R @ ECAESRIRME @ BIFRTFHR - (a)
RGN E ARSI O B @RI F I LB RE R R AR BTOR BB R A TR EAL
BRZERVAIKIRIE @ N LR RIS LS ERTELFERAREEG LA KIS M Curonian Lagoon JEFEIR
RABHE - (b) 2 (a) BEABRENZH#IFHE - TREABKRTREENSEK - (c) BUR

SR B ARSI EBIRER (EC) ZEAMEIAKMIBKIDF{E4x107° » REBIGU R IEREZE
L:tﬂLLB'U?EiRWE"J/x7J</f%/EHCuroman LagoonBURTE R —EAIETE XK » IR EG Lk RIABAIMER
JAH#1T A o (Shiao and Tzeng et al. 2006 ) ©
VT R VA PET A DR s v G e NS = M= S [N

(2) 2006-2009FFH B & (F s R B LB B S A 5T (Main Uses of

the Grey mullet as Indicator of Littoral environmental changes, f&#MUGIL project) ° 3= {E&T
25 FH Bk nm 2 I PO s & 1 8 8 B 22 Fr i ik » Gt A 8E A 2L Dr. J Panfili - 58 (Mugil
cephalus, {58%Grey mullet) B2ZEEZEESE  HEATHA2HR - BERIEEH L
EeE S A E A5 L (Chang et al. 2004a, b)  Dr. J Panfilifl[E /2@ " BIFRH A&
g, WEIFEZEE - fTReAEGEE M2 EEZETE (Panfili et al. 20 persons, 2016 ) ° #%aT
EWBEIEIRERES - ffhdatabase, life history traits, migration, genetics and bio-makers * 435
TR - #E - 28 - 27E - EIFNERIRERZ HEE2 K g e X TIFE i
HMB & 7200 fE T ~ 6L L2 ELE(EGHE - ek T —2Em S (& #2009, Rodoph
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CN Rosel 2009, 852009, Brian WD Jamande 2010, #51:772011, Shen et al. 2011, Wang
et al. 2010, 2011, Wang 2014 ) - EEFFEHEBENE » REBUSFIFEER - ALBER
(SEEES) £V LR EEIRER TR L RE TS EE R SR EH -

H o faos — e B ARG RE M

e B EHE (Inductively coupled plasma-mass spectrometry, ICP-MS ) LR F- i
R - nTDUE E A 1lppmPA FRYBE TR » 9898 5 2 LRI ER IR YRS - ICP-MS
e A E RSB B AR TR G - B EEs R - AEDTEE T (B 2/
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i | 5 (@)
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Q_{ ; Cu/Ca “":'- 4
oA % 45
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s - @i 3 5 E 3 £
"H 4 = HL E
5 + DA 5.5
+ TK
& FO -6
‘e = = 0 2 a 6 g 10 : ;g' SA DA FO TS1
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B5: BRIEBTHRMEMRESELSFAOEMNRIEERNZER - (a) BAEBEERIEAN6EFE
Zh o (b) BERILEBuREMEM TLIAS6EIFE ISR 38T - KB EA KA L2t REmR
T—# o (c) BaZFEJRME © & China Coastal Current®ZERIFEEE/A [ (TS ~ TKand FO ) RIESISHIE
FBa/Ca Lt » B Kuroshiof/ AR EEAI (HLand SA) &= o (d) A% (DA) SEETXET
PRe 2 > 4818 B A Cu/CatbBBEES FAE A o (Wang and Tzeng et al. unpublished ) ©
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BE) NFE - HREEEN—E - B8 v HE o2 EEAE & - 20045 M A
AMETTRNERMS - MRAREERRHGEREIHE (SB-ICP-MS) HIEME A MFR
FOERE AR TR - TF9E HAT AR R e S B (7R 3EHm 2008 » Chang
et al. 2006, 2008, 2012 ) LS A FH 8 e B HY (& oo SR i B I =2 8 A Tl TR BR B 5 4
(%2018, Tzeng 2020) ([E5) -

FH MO EREEE (LA-ICP-MS) AYENTE IR H SB-ICP-MSH » {HA] DUAIE
ERIRFRE - RMFAHLA-ICP-MSHIE S A (FFE #2009 » #51:842011 * Wang et al.
2010, 2011) ~ HA#EE (H5£F52007 @ VLHE{E2009) -~ BLHEE (Tzeng et al. 2007 ) ~ 3
N (Jessop et al. 2011 ) FIENEEVER 7B (MAELE 2013 » Lin et al. 2012, Wang et al.
2009) FHEFHEVEOMETE - R HEMERIERE L - FMIHATIMSHE H A8 H A
ARSI E R 3R - DR H GRS (FRIEEE 2011) - i HEZHFEIDr. H Hoie &
{E - FIFEFE(IZE 7% (Isotope Ratio Mass Spectrometry ) JHI & E1E R 5 RGN H H
AIREFN R » BEEBEAIFRRIRES (52018, Tzeng 2020) - FAIEE LAY

SRRERNMIE - BRI FUR R BN E ALY TEE -

B B H O B e T RIRRS AE

B E A5t (International Otolith Symposium, 10S) 2B A 72H E i HE A5
FB o (IR E ] DUS R R RIRF 7E & R - RIS (RS2 E 200 - 10SH4-5F-H5 —
Ko BSEREME T ofE - 55— EI0SH 1993 F1E £ B F - RAGH N B - 28GR —E A
i B EERZ BRI SRR R E - NEEm ST 2 B R R o T
FEFZHE - 2018FHMFIE B ABIOSIERZE HB » 15 Z10SH & (B IR ATE] Z1 M
BTHEE T - HEFIEN - FEZIOSH B - EAatstERIEF hE - THEHEEHM
LB2rEm #EEEE () -

B TBEH ORI AN AR - 2010 F L ZARRRE - KRR AR SRR S5

(201208 (7)) A1 2018 FEE A—HRER ABERIMRL A S ) - AR - hEDERATA
B R E K E R B A K EF e DO - A E ORISR LA BUA SR E -
WEERGR " A AR AREER ) 8 - BESE T EE AT K HE -

W
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BHAFERBEITEEZEK300
ZARKREE > BHAEF
E=iE o (BERHEM:Prof.

Benjamin Walther) o

A0 fo B 4= #{l. (Bio-Geo-Chemistry ) SEIKAUHT BRI - HGMISCE 2%

1[1
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RHEEZEK - BRIBEAOAEZES  SOFERTAME A RE I B SR FRANERE - B

WHge R AL > BB ERmEE IR B G E TR ERAIBESE - o 7 RIS Ean
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i RS DAE A SRR 5 SR T AT R AR SR TS SR -

IR BIRHE 40 AR AR B H B - th B R S 2 EI 2% ~ Dr. Yoshiyuki lizuka ~ Jff$H
WEHEZ AR E B0 S HESEM ~ EPMAFIICP-MS{##s » BI4MF{T Dr. Jessop BM, Prof.
L Lozys, Prof. J Panfili, Prof. K Tsukamoto, Dr. H Wickstrém, Dr. G Williamson and Prof. AV
Yambot FHE M G AN ERE & F - IR —REFTHRyghE ML - RE=aSE2 4
5 B SRR SRR R - B E R EREE  BELRTge - A (Rl

REATRE] / e RHESRE A AR EET)

ik o o

[1] Tzeng WN and Yu SY (1988) Daily growth increments in otoliths of milkfish, Chanos chanos

Alumni Bimonthly No.139




EABMBEESRFHAHR

(Forsskal) |, larvae. J. Fish Biol. 32: 495-405

[2]1 Tzeng WN (1990) Relationship between growth rate and age at recruitment of Anguilla
Japonica elvers in a Taiwan estuary as inferred from otolith growth increments. Mar. Biol. 107 (1)
:75-81

[3] Tzeng WN and Tsai YC (1994 ) Changes in otolith microchemistry of the Japanese eel, Anguilla
Jjaponica, during its migration from the ocean to the rivers of Taiwan. J. Fish Biol. 45: 671-684

[4] Tzeng WN (1996 ) Effects of salinity and ontogenetic movements on strontium: calcium ratios
in the otoliths of the Japanese eel, Anguilla japonica Temminck and Schlegel. J. Exp. Mar. Biol. Ecol.
199:111-122

[5] Tzeng WN, Severin KP and Wickstrom H (1997 ) Use of otolith microchemistry to investigate the
environmental history of European eel Anguilla japonica. Mar. Ecol. Prog. Ser. 149:73-81

[6] Tzeng WN, Chang CW, Wang CH, Shiao JC, lizuka Y, Yang YJ, You CF and Lozys L (2007)
Misidentification of the migratory history of anguillid eels by Sr/Ca ratios of vaterite otoliths. Mar.
Ecol. Prog. Ser. 348:285-295

[7]1 Tzeng WN (2020 ) Otoliths as a chronometer and environmental recorder in fish. J. Fish. Soc.

Taiwan 47 (3) :169-190.

BEREFMER
B EARBRE  RHAKSBELS RENRESEE

gk o

BREEAMMRIBEEASL (1964-68) * ERIFFEMEL
(1970-72)  RRAZBEL (1977-80) °

FERE - S RBHE ~FEED  BIEUR BUR ISEEHIR RRIFRRTER o
RURERDEZEEER - BFABREERYIT &
EEfEniEASERMA o

#2158 | hERBEPILBMESEPILBMEELE (1991) 17
HiEERE (SHRREE) SHmM%RE (2002-05) © 1T
BirEZe /R FKBEEREFRATFE (2014) -

EE BANME  BREHEFE (RE) - #E (L
) (M) - fgREE (BEEEEL - FABKC ~

FAREEGE) - REER ' RRWMAIRIRLEES -
BER AREENER  KEFRS IBFR  RELRES 88
M2 - BERMILE

EARRERT, 20225 1 A%




