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SUMMARY

I. Title
A study of the carly life history and migration of glass eels in -order to predict stock

size

II. Objects of the study

The eel, Anguilla japonica, has been one of the important fishery resources in East
Asian countries. The eels have been cultured by growing the glass eels collected in the
estuaries because the glass eels have not yet been produced in the laboratory. Since
the glass eel catch has not fully supported the demand for aquaculture, the data on
their ecology is needed to assess and manage the eel stock. Little is known, however,
about the ecology of the glass eels in the Korean waters. In this study, we determined
some aspects of the early growth history of eels and ecology of the glass eels, and
proposed the future management of glass eel resources.

III. Subjects and methods

Some aspects of the early growth history of eels were determined by analysis of
length composition and otolith microstructure of Ileptocephali collected around the
spawning grounds and glass eels samples collected in the Korean estuaries.

The factors affecting the upstream migration of glass eels were determined by
analysis of daily catch data relating to the water quality and atmospheric data in the
Geum River estuary. Monthly glass eel abundances were estimated by the
mark-recapture method and the correlation between abundance and the catch rate was
estimated in the Jeju estuary. The effect of temperature on oxygen consumption rate of
glass eels was measured in the laboratory.

The annual variation of glass eel catch was analyzed using the annual catch data
from the three Asian countries and from the Korean estuaries, and one possible method
to predict the relative annual catch of glass eels was proposed by combination of the
results obtained in the study on the early growth history and the upstream migration

III. Resulls

A. japonica is known to spawn in the salinity front formed at the northern margin of
North Equatorial Current (NEC). Examination of otolith microstructure of leptocephali
revealed that the eels spawn during the new moons of between April and July and the
leptocephali grow at the rate of 045 mm TL/d. The number of daily growth
increments in  glass eel otoltihs indicated that the leptocephali began to be
metamorphosed into glass eels at the mean age of 129+#6.3 d (mean+*SD), and mean
duration of metamorphosis was 45+59 d. The glass eels are found principally occurred



from January to April in the Jeju estuaries, from February to May in the Nakdong
River estuary, and from late February to May in the Geum River estuary. The mean
total lengths and the number of growth increments in otoliths did not show significant
differences between glass eels collected in the different Korean estuaries

Daily glass eel catch data in the Geum River estuary by the fishermen during the
upstream seasons form 2001 to 2003 were collected and analyzed these catch data
relating to the water quality and climatic factors using the generalized linear model
The mean daily glass eel catch per net can be expressed by the quadratic equation
versus water temperature showing maximum at the temperature of 8-10°C. The catch
showed peaks during the spring tides at the new and full moons. The catch was
negatively related to the salinity and did not show the relationship to the wind
velocity.

The stock size of glass eels in the Cheonjeyen estuary was estimated by the marking
experiment with vital dyes. The stock sizes in February were estimated to be
15,745+6827 individuals in 2001, 6857+1271 individuals in 2002 and 9013+460 individuals
in 2003. The migrating rate from the sea to the estuary was high (R=2.78+2.48) in
March 2003, and became low (R=1.30+0.47) in April 2003. The upstream migrating rate
from the estuary to the freshwater was nearly null in March 2003 and ca. 30% in
April. The upstream migrating rate was related to the over flow of the sea water into
the freshwater reservoir through the channel during the high tide at night. The
estimated stock size was significantly related to the catch per person per night.

The water temperature was the most important factor on the upstream migration of
glass eels and their catch wvariations. The effect of thermal effect on the oxygen
consumption rate (OCR) of glass eels was determined using the automatic-intermittent
flow respirometer. The OCR of glass eels in the early pigment developmental stage
(stage VIAIl) maintained low value by 13.5°C. Thereafter the OCR increased gradually
till ca. 20 °C, and then decreased. The glass eels were sensitive to the lemperature
variation of even 1°C differences. These results indicated that the glass cels arc
sensitive to the narrow temperature variation, and suggested that the glass cels may
migrate in cold water during their migration over continental shelf to save energy
when they do not feed.

The annual catch of glass eel in the East Asian countries varied greatly from 50 to
150 mt. The Japanese catch decreased gradually during the last 20 years, and the
Taiwanese catch was low in the mid 1990s. The catch during El Nino years in
1997-98 was low in all the four countries. Korean catch did not showed a significant
correlation to Japanese or Taiwancse catches.

We analyzed the daily trade data of glass eels in the Korean estuaries recorded by
the small traders. The- glass eels in the Jeju estuaries began to be caught earlier and

the catch duration was longer during the years when the coastal water temperature



was lower than during the years of higher temperature. This annual trend was similar
in the Yeonkwang and Keum River estuaries. The annual catch in the Jeju,
Yeongkwang and Keum River estuaries showed a significant correlations between them,
suggesting that the annual total catch in Korea could be estimated from an estuary

catch.

1V. Future application of the results obtained.

The glass eel catch would be expected to be low during the El Nino years. Since the
annual catches in the Korean estuaries were highly correlated each other, the relative
annual total catch in Korea could be predicted from the abundance data in Jeju estuary
and the coastal water temperature off Jeju Island.

The results obtained in this study can be used for the assessment and management of
eel resources which has been known to markedly decrease throughout the world.
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gol 7] BEAF Ad7E Tulel Hlsk] ¢bA o, A Ade] g AT wuE
a

AAgolct, 531, kA9l 24, &7 £ AN Fo A Ade] AA FaAPL AL
Z ®olu}, of e @ A @ael izt AT mulstch Wae] A9 By @ Trio

)
4 RAe AN D A Wl g @ Aasy a7vh 248 27U

4. SUe] A 4+ 59

FHA = FEol B A #| A A3 Alte] wEt FAHQD FF Yol s}
o a2y, Bl et sE Hu, A Ak dAFHoE o wo] wWrh 53,
Ay BEE A D AR A= "Lﬂﬂf‘ﬂ- ite] 27¥ o] A d& ot 1¥dg
A, FuFAG AP AXPAY ogwe IR AT & U, ddFeR vn
2 AL =Y R 7hed AW &4FS 5T £ e V2 dTeE 38T Favt
At

Wgel Aols FEANLE wEt {87 W], AWEel7l dvteles 11€e4 24
Ato], dE EREMolE 129X 39 Ale] &A% AFEdE 1€5EH $E EF
Atel 24 5-¥ 3};@0 L 27 dqie, WAels 7] ABAE o= AL debatd dint
I dd FE, F2 AFEY ARA &4 ARE FE&Y R FHY 24Y
= Au7AE A58 5 S Joz addn.

= AT e 3A FAZ U] ARE s8] EYsly, 1 dRE FLe] &
FF A5 WkE AA A F

rlo

s |
2|
e

D w3l 27484 2 )
- @ e AYE ALRFeld AFRLEL ol4e] WATEE o4 AU
EECEE

— ghibe Folela ANE Awgeld AW RIS ol BATEE o 88 2714
A &%

2) WAoo A4 (4 3 )
— G Ex WF WS o) g% AF FAA sk AWF AdEF =3
i%%m

3) Aol oW WE (A 4 B
~ obAlok 4715 Awael o8P W
- U ST AWl ALF F) W

— g9 ANEE FHete] AWl 2UTL AFT F Ax YA AN
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A 2 & #Fyo{e =7 48A

A 1A AdF Faddeln ARE ALY A 22
oANe WATEE 048 VAUt AF 4%

1. A &

Wgol (Anguilla spp.) & WENA AetAwt vithe] A AA@ste] o715 HittelM W
ok, SaoM AZE v 4% 98 wrbEE vigR g fete] Adst S AeR
dHAA YU, YETE 72 ou|gh dof AFHA kol AT TAHLE FEA
WA ek Sk Wgo]o] ojzdt Holdt AMEAL wiEol 20 A7l 2HE HEeY el
g B d77F FHEHYoY obF] WA A 92 FEol o elM dA &2 u
ol At 3] f-3he WAaole AAHJAA R (Tsukamoto er al. 1998) AA JElA &=
ozl A7t et WAl MAEA ol AR BHle FHHA stk AP
2@, B3le] AF3t o]g] (Yamamoto and Yamauchi, 1974; Yamauchi et al 1976),
Z& A7} "‘?'%45101 o] AlFoll= AF3F3 2 (Tanaka, 1999), 2003 AdAex A
WAolZ He] & Fof HJE7EA] AT o Z HuHGoY, oy FH i AR E
B A7 a9k

FEoA oMt WA Anguilla japonicar BT HHF, dink, F3F, Shite 9 o
A AdAskel Matsui (1957)7F S22 Abaa-S AAIg of#fl, 1973delA 1989 A}
o] FAU MUAATAEE FHLE AFHHFANAN A7 FH Y AAFFE MatsuiZl
A3 AgEd d8 FEiYd Zolgtes FA A8E 38U tHTabeta and Takai,
1975; Tanaka, 1975, Tabeta and Konishi, 1986, Kajihara, 1988; Ozawa et al.
1989). 19919 6-7¢¥ TAY ALAT4E B9 155, T2 1405 FHY BI3E 3«
ot FEAIL BF T FH7 we A (front) AHNA 10 mm v|REE] A YW AGo]
s AR, o] s AdFor AU (13 3, Tsukamoto, 1992). 1L 9}
F Ags Aoz 140% & #Haolgle ol&o] AlVIE AL (Fricke and
Tsukamoto, 1998), 1998d IFH oz F£4 400 m7Hx] FFAo=z YU #HFsdx
2001—2002d 0= Al stz 4t F39 4 2,000 m7HA] ZAFII v ofF A
g5 Aol A 3R] Zalgith
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~~~~~~~ 4[]““ ‘

30°H

20°H

120°E 130°E 140°E

YO Ro{2 2ARE. HOl (mm)= XNSINMXA 1 HAM AHEE HE
O xoe] M. e = AW = 2HATIZ, of 2ot 2"
oM 2F FX 240t

Wgol ARF FAE A dTE A& A E HAE Fd o] ula TR o
& ATEAde WAl ARF 4o A skl HA A7 o)X FEFT] A%
A (i@, daily growth increments)©] AHo] 18 A ol& (Pannella, 1971) ©] “7&

o7 ZIIYEALE Weled de olfHa ok Xof oA dFEe = ¥
ol AP E7kA %‘T)r"é]ﬂr Zonzg ARVNE FAYE & AR, o1y AL A7
At vlelehr] dEe] d& ANe ForRE ATV AZES FPE & Uk 9]
ol9loll = oAl AL Zb /A A F =Ed WA BAE BolngE ol o]&-3y
g AAS #HA BEElEE FAE 5 e T o7 Ay 2 AH Aol g olgHu
9lt} (Campana and Neilson, 1985; Jones, 1986). ojg]gt AAHq 5 BF1 X o] o]
e 2 2717 #A-FY pm BE Yol HA Yo} oI fA gk &, ) 4
o] F2 Bt A sty rct A A (Kl pem) 7t Wol of4 AFo] ofF e AT
o) ARPE dUAME I o)go] BHASEA F3tal Aok WA o4 H I HvE

o J
flo

18



A glo]l AnlAod AR AP vnd 44 dFS AR 5 YAW grEo
o oML HAe qlo] vAlTERE BEsY] Ayt o4 wAgFR ]
Me 38 Auds "WE BEo FARAAuZ R BAstd B o448 Has & & 9
ot au, Ao o)A #E FA-FE ym AR A7) o)A UIR 3 2 FHEe] 10
m Wele] & HolZ] W] o ZHE Ave WE wEI|IVF 44 gk 2L sE9
ol Al WHE £ Hest] uEd AANE dA2 (Lee and Lee, 1989; Lee and
Byun, 1996; Lee and Kim, 2000), &ololx &3t} A7E st AUt

2. 415 9 Y

kg2 1991, 1994, 1995, 1998, 200239 F73 st s)%dAF4 Hakuho—Maru A
of AT XA F el AAE Ay WA ABE o]&3 T, 199839 He=
Suruga—Maru8] AEE o] &I, 3). RAE= 10-22 °N, 130-155 °E ¥ ol|A
o wel =2gton, iAoz A 9L 10-20 °N, 130-144 °ES ¥HAT
(X 3). A A71E 59 sheelld 9€27tA%l e, difie] Auaols 6-72< A
HAax, 4871 99q] AAEHJAHE 3). 19919 A8 F B Tsukamoto et 4l
(1993a, b)oll, 19989 AR &= Ishikawa er al. (2001)o] FE 5},

B 3. WHo| MEHY TGl 2 TAL VIR S MEE LAUTO D24 o8 HE 4
- -

ax|  =AF A7) by | oA EE OO
AR | ARA7 | Bas

1991}June 14— July 4|10-22°N, 137-155°E| 886 July 1-3 46

July 12 -22 |10-22°N, 130—-134°E} 71 July 15-16 13

June21—Jul
1994| June 16—July 7 {10—~17°N, 134—-141°E| 767 9 28
y

1995 July 7-30 11-20°N, 131-142°E| 123 | Jul 24-30
Sept.15-27 |11-15°N, 139-142°E 7 Sept 21-25
1998| May 22—June 2 [13—20°N, 141-143°E| 24 |June 10-27
Aug.17—Sept.14 [13—-18°N, 137—-144°E| 12 Sept 3—-5 12 Suruga
2001 July 5—Aug.15 |13—17°N' 137—-144°E| 25 |July 15—24 10

Aol A2 A g U 2AFE dote F& #Usn AFE FHA3A A, o
A B XEES 100% ogESo] Basielct, oMo ulAAdAMd B2
Lee and Lee (1989) % Lee and Byun (1996)9 2o upgict Fujgl
dujolx wAsHAA AZo)] Byt WS AbE(silicon carbide paper) 400, 800, 1%
005 (grit) 2.2 <dnlsly Adnlx oA} 1.0, 0.3 mS alumina powder® & Avtes AJAF
A (sagittal plane) 7kA] Arpsty Fel-& Ugich o]4 2] oy e] 9 vlAF2E Fstay]
7 (100, 200, 500) o] ukAbg s} FARFS o] g3ste] waalgly, ol4 el A e gty
7b v 2w of FEdn A e diekEv] A (ocular micrometer) 8 A 3kith. 0]

)
}rldl
|
]
1
o
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A FAL Fol Fol AR w5 FAEAAWA(SEM: Scanning Electron
Microscope) & & #H&3Iqtt, FAAAA ] H o7 #2AE o]AL ¢dnldS 0.3%2] FAr
fRer 3~5% T etching®d F FHFE AFHEG ARANFY. a1 ¥
gold—palladium =3 (FF%: 0.01-0.05 Torr, ion current: 5 mA, =ZA|7H: 6~8
min) & ¥ F 1000, 2000, 4000 uj Fellx #E3IAch F3 ofrlolik wizo] o] g
AL F3b olF dFFVIE FHHo] w7l Wl (Lee and Lee, 1989;
Umezawa et al. 1989), olAe] AMF2HE A@7|E HFAee] 3289} (Tabeta
et al. 1987; Tzeng, 1990; Tsukamoto, 1990).

olZ WA BEL AFY AA) RYWA] T ARo)7] Wi, Ao Aoz
58 AAE AX Awgole] Add-s FAssic

3. 4%

7t A =4

ZAF 717 B AR FHoA AdE dA AYwgels A% B¥xe a9 59 7o
1991492 3% Leg. 1olX& 7€ 1-49 Abo]l % 886 nia)rl AREoH, 7.7-33.4
mm HAYLeH, 3 Fe AF 2FSE FEFHUTH 7-17 mm Aol L A Eo]
PE-2& 2R 2, 20-27 mm HYo £ A7) AAEe] 28]z A 33.4 mm I
ube]7F A=A F 159 F Leg. 291 E 7€ 15-179 Alolo) 71 miglr} A
Ron, AF WY 16-22 mme 23-33 mme F FE Uy}

1994 ell= 6€Y 21-26% Atolells AR 13-27 mme] WYA 747 wiElrt AAH
R, 68 27LANA 72 29 AbololE 11-13 mm A WYA 2nte], 22-27 mm
Aol A 17 vig], 31 mm 3 wlElzb AYEH Y

1995 7€ 1998 649 ALE 1991 dol 19943} Zo] 10-36 mm AF W
el A 3789 APz FEEHAT. a8y, 19959 9¥ FeolE AHE A So]
29—40 mm<e WHPZ AL MAEe] AAEX g 19989 9¢€ =& 89 Suruga
Maru FAPAE 21-38 mm ¥ AR AASe] &8 6-799 AASETE: A, 9
4 sl B FAg
2001dols ARG ZALE FHIG oY T A T4 1425 Aol AA S vleloht
3|4t (Mariana Ridge)ollA] olFolRn o}, HgullAdels 3 vig]l® AFEHA i)
2002l % 1425 A9 i PR 3 vlge ARAEHA gy F2 24 137%
AdelA 175 AdolAE 20 mm o2 & MAEe] AAHAL 135 AdMe 1
mm "[e] 2HE JfAEo] A EHAh

. Atg7)

gl go] o] o] A4} (sagittal plane) & SEMO R #Aaatd, AN A <ok 10 um
FRZ 4 #AA FH9HTF 9. o & Fde ulxﬂ*wxaol EEET % o 5 m
AEe a7t #FHT, 2 dFe HEs] FEHE nlAdF A FHANCR wjdE o]
Atk A FLUmezawa et al.(1989)7F A @ Ao)A] K315 WAo] o]Xe] 77} o}
H Z

23w 47 Aew noln, 1 %ol 4L e waxoly] o 448 Row 23
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%]o] preleptocephalus zone® A AF Yo FF 10712 B nAdZ o] Fzd
th @d3E S5 olF HolE Hol AFEHA HUWFolde FIHoRE YFEo]
HEe A& 4 4 A 19919 2419 Legl 5 79 1-3Y9) F5d RE2 JA4d%
(£SD) 12.4%£1.59 mm$} 22.8%+1.209 ¥ A Fz=z ?fﬂaiﬂ}u% 5). o]ZFH
°F 159 < Leg. 2 F 7€ 15-18Y FEd RELS FAPAZ(ESD) 185*1.14
mm$} 28.9+1.98 mme F AF FI=E FEHJULE I ZAAISE F R 2 A
Z apoliz oF 10 mmla, 5 FAMIZE Ate] & 15¥Uzke] Z4+ AR #29 Ha AR A
ol ¢ 5 mmE, 7} A7) F AR FEst & 3k 2 HFoRE "HoWSE AlAbsTh o] 4]
o] dEFERE ARG A7 A A7l @Al & AR FEe 549 I5, A2
A 2= 69 18 AFZY

1994l 6€ 229U%¥ 7€ Alojo] HEo] FEHo] AAREE HE HAE EJS
U, A#dE 5¢ 180T HeE 19911401] Hjgto] W& Holglth 19984+ 7€
7 9¥9 HEAME A#7|E 5-7Y Alele] & AZFGx, 200299 AHA$% 5-7¢
T8I

.—V‘~

1 A EE DD IR G

15 1 10 20 1 16

‘?'&
BMay : - June dudy :
Moon phase m : - L ] o :
: L 3
Uy y, Lo/ 7
S, ﬁ"f@ * X, gy,
iy, Bar : 10um

|0

38 4. 1991 7€ 169 M2 ol AHEE HAYEO olMo oM TxE, I E oA
[e]

[,
UETE YozM HEZTUY), Fatd(H) & dtde FHE 5 ot
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July 1~3,'91

12.4 ¢ 1.59 (n=46)

—
E ]
F
h—‘-
’ 0
J o
] 0

| 'l 22.8 % 1.20 (n=6)
B m 0 ,

July 15~18, 'g1

1852 1.14 (n=13) 28.9 1.68 (n=11)

S
=]
L I ]

June 21~July 2, '94 ®)

21.2 ¢ 2.65 (n=27)

-
© -+ N W A O = N B A MO O O
PSR S SO S P SR T W : " .
-
O = N W A MO = N W A DO O O
| SO § IS RN FUD L

m——

||

—

—

_

M June 10~27,°'98 (Hakuho)
QOSept. 3~5,'98 (Suruga)

July 15~24, '02 [ (@] [ J o [ ] O

> >

© Q

c c

@ @

3 3

<3 =4 J

g I 8 I

w w

¢} 10 20 30 40 50 11 21 31 10 20 30 10 20 30
May June July
Totallength (mm) Date

O3 5. 199190 A 2002 AtO] #FO| MTHYFHOAM MU HAYFTO ol ZE
_‘?'_

EEo I 2E(ZHSY 0|49 AE+ZFE FHE LBI(R)

L= A B B B K e B
19983 793 9o AFAE dUdwiFolo] A W= 10.0-43.2 mmE XA 7| F
7 ol o] A7 E o]gste] AT ol AT BAE FASAT. AAA)H o
A ANARS L= 0.48 R +2.26 (r*=0.96)Z Axt2lozx folatA AU Y
6).
o] gidWAoe] el thol= 12-7599 WARE, AFL)S yol el distd,

L = 0.45 t + 3.97 (+*=0.94)
FrelshAl A (29 7) dAdWFolE 27l dY HA 0.45 mm/dE A A
4= Stk

(A
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50 50
=045t + 3.97
L=048R+226 @ L=045t+397 @

— 40 r2=096 - 40 r° =094
E . E
E ® E
s 307 < 30 °
o ] [ ]
S S o0 |
2 99 2
[ K
) °
10 t =~ 10 |

0 , 0

0 20 40 60 80 100 0 20 40 60 80 100
Otolith radius (um) Age (days)

12 6. 1908 7T 9 AEbE meioM & L8 7. 1098E 7D 9F M2HY FHOA A

T

HE HAWHOS HIL, mm)B Of4 dE LN AL, mm)2| Lol
U (R, m)2hQ BHA A (t, days)oll mE %4

2. AYRF] A dETERH FPT A7)

a® 8ol A A AT ARE AWl AF MAE ZASST AF AFE 1
AHo R fshAl HYm, AdAFEC] BFE 0.45 mm/dA7] WEl o] 4FES ol%
ated zk ZAF A7) ARE " AW Fel S ART1E e

19919 724 o4& dEst W] AAWZo e A7l 54N 68 Tw AFS
a, o143 34*‘ 3 X3 33.4 mm AP Y ARV)E 49 aAFoIUh BE =
A719) Be= A7) 590 78 Abol it
oldE FTHE AF/A AFF FAM ARE RAWFol o] A& 49 WelA 7
2 T Aolds & Aok AS7A AW = 544 98 Abole XH’QEI;}J— z
AL SGIE §4 1301445 APOlR AT AAlE B Qe YA ARE A
T AR7IE o] Ho ol R ik Iy 1991de] Ae ZA} 13147} %73
131-155%, ¥4 10-22% Ato]2 &3] yAdot RYPAolE 131-137% Abo] oA
FAHER, 1998 99l ARE RAWHlE T AAol 30 mm, Hol7k 60 ol
A ANAS ol AYH O, A japonicadl AB7)E B AN 2 WS AA Holy
2 oL Ao 7 FAH)

2 Aol FAE AT 499 79 Aol B 25 AFAch AT ARY 7
250 I AF Adste A wol dEA o, sigelFelN Iu dds M
ol MR ok o] s BF AR £30l o TR AR FAHHA o
g olfF 2 Wl Wl offdolm, Iw AF Ty Fwshe A AW
Boluh AdE A3 37 E ks SWFoGilver eels) el & 2EA Atk W&
104l 12¢ 378 Wy 5-971€el & A kmE S Fdted AdFe EDdo S

2

oﬂ

o K -N
N ) OHT
b >i mlu

¢ 4= gt} wiAo]7} sea mounts 5 o] To] A=A GFe FIFolA Atgste
2= obz FAlFow aelA QA 9t K& 3xA9 ultlolx] At AL £F gE
S Fol7] M= A At WAool "o dlth A, japonicad) AtdAow A A EA
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).

AL F 77wy e slgrt sste ROE dAAAbg o] v

2 ditiolt, wetA o & IF W E ol §3te] AgFToER AE9] w2
GdES HWE T A& ZeE FAAY WAl IF FA AMR  (synchronized
spawning during the new moon)& Y- &Udor] FA$ES Folu &} Aol 14
FES Fole S dgor fdd

1m

o 1991
30 - o
e
20 - e o 'ﬂ”’,ﬂ,,-* ‘r “EI*
10 - . ” . e ) ‘_,{1 e
C e _p-"”ﬂ
® ® e
o 1994
207 vg
10 1 ~ e 0
o ® ®
E N 1995
£ %0 I %
< 30 - "
Bh 20 - et -
2 10 e
® L s
o » & -
) 1998
40 1 *
30 - L !
20 e | P
109 e " . """!f;(* ”,,»J,,,.vf”"()f “v"a-.,-f"":l"‘
[ ) ® o
o] 2002
30 1 y
o - . g
197 T e ,9;»{
April 1 May 19 June 1®  July 1 ° Avg. 1 -
Sampling time
a8 8. 199110l A] 2002 AlO| B4Zto] At2bEFEHOfA] MMEIE A HAME
of AMIAIZIYE HE S of4 A EEo2FE FHE MIT|(AM)
A MEA O 2HEl AR 22X (X

of olMZ pHEIX| 28 EEZESS A3
o)

24



A2 A FEE FTolN APY ABANY AR L9 o4
WATEE ol g8 2748

1.4 &

guigo] = FRA|QE uel 3 f3te] gitt-Q 7y} o] o2 HAWolE W
3 F dE5ES gy IRsty Aol Egdete AR dEA Aok iy, Hdwd
ole HAL #Fd FRAL dFaA A=A A Fo AdWPFo= AF7HA
% 15 WA7F AP =AM (Tabeta and Takai, 1975; Tsukamoto et al.,, 1992, 1995;
Minagawa, 2001). HElE ulzl 27|dAe] AWPols & FF=a Gl A=7HA
ZF 9 JiAere] W1 E QS #oltl(Tabeta and Takai, 1973; Shojima, 1990). ojg}
o] QI Wgole] WerIFE AWl 7] @A At FEFdH, dFE AFIH A
ol IH o] 7|7HEete AeHle AL dEA YA Fon M FAt 3378'0101]}\15 22 A
Aolt}(Tabeta and Takai, 1975; Tsukamoto et al., 1992; Tabeta and Takai, 1973;
Shojima, 1990).

Audols HddWgolsl 2 &Adte dtTolA vlny A 2EE ANEE 78 F
Rel, oA HAFEE o] &% 27| EAL AT77F 1980 FHERE ALHo
t}(Tabeta et al., 1987; Tsukamoto, 1990; Umezawa and Tsukamoto, 1990; Tzeng,
1990; Tzeng and Tsai, 1992; Cheng and Tzeng, 1996; Arai et al., 1997). ©]g st
ArolA AWaro] o]Ae] ugdFd 7F Aol volgt Boiy By FAG A#AT|E

5ol A 11°J7/]'Z]§ A@d71zke] 6719 ol ol e, AFat 9 A A 7o upet ARREA
717y 24 33 Aok

53‘%1‘%‘%01 o] A e mlAAHL AAo] o] v|sl] vl Hitahy & FEHYH 7t
A 7A] BEo] Fhsdte] At volE FAE £ 3lom (Tsukamoto et al, 1998;
Lee, 1999) °]’“°] Tﬂﬂ;‘] ARE 7R 7R a7t £ ALl £3sk7] i

o] dEFE ol &S A7 FH= A 27t & RoE kg ct(Ishikawa et al,,
2001). eyt HY@golnt dg7]zto] A Aol o]Hoz FYg Adre A
BIAZ FHS AR o HE $0E AR =X ARAA7] 2 AFF el gE
o|7} AX, Aol o]Horg AHIg AAVIE FPsk=d EAH UEHA J&S
Al8ta 2tk (Lee, 1999; Cieri and McCleave, 2000).

st 3l Aol Aol g AgtE vHIgE Her, AFE HAA, G5, =
dold F A&7 T 2R IS AN AR Mx ti}‘?:l\_ Al (pigment
developmental stage) WH&& 243 ch 3}:1“11@ A WH3tE O3 FoA oEdh

Aol o]A el wiAldR S —r"ilﬁ}ﬂ 71E Aol ol4 nqdAHM AEEF Bl
?5}01 Amgo] o]AE o] & Aty F3 9 —r-/‘*ﬂz*° A onf, Awgo] o4 ulA

ZE olg3t FHEY & Ue WA 2| AEA FEE A BT

122 (%

2. Az 3 ¥4

Amte]l AEE 19989, 2001-2003d 4dzF 359 AFE HaAd, 454 281
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oA Auigo] F &2 A7) MY ¢ APHAASG. ol & A, M
1 Yol W3tz A ¢lo 1998d Az E EAsIGth Aol 2/
to &3Adol AstEz zF 99 I8 9 AP AFE "AA
F1 EA (dip nets) & ol &3 Akt ARl ol &H EA)
= cm A%oln] Wi (stretched mesh width)2 1 mm °|ch. JE 723
FAAE AwlFo] AF Y (bag—net) 22 AR =Y 2F Hole F 40 m A
T PYTE 20x3 m®2 2 FES 1 mm o
Awizrele] Mgl (pigmentation stage) & FA TW WA R3] wEt AR
th(Bertin, 1956). o]4°] Mz 9 ##FS A9 AW A 2 WS o] &
Aok AAAIZIG AGgFLed BE APgols A%, AN, dEF, "HuHE AT g9
A dEF vlosE EAMHA (two—way ANOVA) A A-E 3len oj9 #HE F
22+ SPSSPC*& o] 432t (Norusis, 1986).

bl

2% sw- A

e

&Y

grz‘.-{n“
T

2 ol P~
_gy,
fr koaf
ot Ho yg
o]

o
Kt
ML
tlo
=

=

S SN

o
)

\")
e}

|
o3
ol
32

|

Ot
—r

U

&

J
{

'y

3 43}
19984, 2001-2003 d A|71dZ A Aol s v g & Zo|7F &
Q3kA] 9oz ¥ 9) 1998 AEuHE wlw ¥4

7. AR B¥E

19989 1938 3974 AFTolA At Awaele] AFE 50.4~62.0 mm B
god, Hg HA(meantSD)L 1¥€0] 56.6%1.72 mm, 299¢] 58.3%2.22 mm, 3¥9]
56.9%1.93 mmzZ(IZH 10), 2¥2 H A&l 1, 3L vjgtd FskA "I
<0.05, & 4),

G2 oA AwAole] AAL 52.0~62.0 mm WFow, HF AF(mean*tSD)S
290] 58.3+t2.06 mm, 3€°} 57.2+1.70 mm, 4¥°] 56.5%2.14 mm&E(ZH 10), 2¥
o] B HAo] 3, 490l ugte] FelEA A 387 492 {FAT AojE HolA Ak
tH(p<0.05, & 4).

27 Awgols AAL 52.0~62.5 mm WR GFEZFH vEon, da AF
(mean*SD)L 2¢o} 57.2+1.92 mm, 3¥°] 57.2%1.89 mm=Z H7°] F4% A&
Bolx 9oty 49oE 56.1+£2.17 mmZ(1H 10) 2—-3¥ef Higtel faA AU
<0.05, % 4).

'~
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n

Keum River Nakdong River
2001
20 Feb
& 15
2 55.7+1.8
g 10
g
T 5
>20 Mar : N ]
215 54.6+1.8
§10 . l
& 5
O . B GO B S

' Mar
’ 55.011.8

E& &an

2002
20 Mar Mar
§15 - 52.841.8 55.8+2.3
310 -
st
0 ..
5122 [ Apr ) Apr
5 57.3+1.8  ° 56.9+2.3
310 " b]
5 ;
0 (S S Y '} i3 3
200
L2000 Feb
015 57.912.4
i}
310 -
£s|
]
>«20 Mar Ir Mar
g5 | 55.142.3 o 55.742.0
310 o Y
Es5} 5
0 Loy y )
20 Apr - " Apr
As 57.8+2.3 T
Jo ¢ i
g5t ‘
w
OL.I_X_I_I_- o I D N TN O IO N TN T Y T N T S G I S O |
45 50 55 60 65 45 50 55 60 65
Total Length (mm) Total Length (mm)
J8 9. 20014 5E 2003 A0} M= HMAA, 452 &

SO MYE HYFH

o MY 2XE.
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]

-2 WU W,

[ T R T R )

Jeju
Feb
54.8+2.3

Mar
55.0+2.6

;_L..‘-l._
[ Apr

54.41+1.0

[

N R O T}

Ll

Jan
55.7£1.7

Feb
55.9%1.7

BT VO T T W l L

Mar
57.4+2.0

r Jan
1 I 55.8+2.0

Feb
1 56.7+£1.9
0 Mar
54.612.2
45 50 55 60 65

Total Length {(mm)

=24 st F AT



rean: 566141.72
15+ (h=9)

107

mean: 831222
Bf =5

mean: 5591193
Bt ©=5

10r
5
0

DN BOERN DPH

T8 10. 1998 A Fof

= AAFA

T Lo

fmean: SB3HO(E
(h=5)

mean: 572410
h=5)

mean: 651214
(h=5)

|7] Set dHMa:,

METH 2Y o HF #3}

mean: 57121 P
1998 =5 198
Feb. Feb.
I
fean: 5724 80
Ma. ! (h=2 M.
I
[ e 14217
A, (h=5) Ar.
i
DR DRHDB DR 6
S o 3 oM BE=

B4 HMA, 454 Y 2L StFO0IM HHZ MYS dYEHO B ™A
& AM7|ZF HIR2. t—est, S: significant, NS: not significant

Sampling site Cheonjeyeon Nakdong R. KuemR.
Month Jan. Feb. Mar., Feb. Mar. Apr. Feb. Mar.
Jan.

Cheonjeyeon Feb. 8+ ¢
Mar. NS 'S .~
Feb. 8" NS =§.-

Nakdong R. Mar. NS =S. NS S
Apr. NS 'S™"'NS S NS
Feb. NS S "NS- S  “NS'NS.

KuemR. Mar. NS ‘§-°'NS S NS NS ‘NS
Apr. NS S+ N$- .S 'S - NS S S
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B 5 HMANA, 45Z U =¥ stF0M HEE Tt HYFO
Yz Mg AE otk ME A2 F-test Hja

Source SS DF MS F D
Sanmpling site 18.96 2 9.48 242 0.090
Sanpling time 185.74 3 6191 158 0.000
Sanpling (site * time) 30.33 3 1011 25 0.053
Error 1727.27 a41 391

Total 1470337 450

SS: sum of square
DF: degree of freedom
MS: mean square

19989 AF%E, SGE7, FHCA Lz /L8 AP Ax Awgold AZe
50.4~62.5 mm WY on HFS 57.1%£2.09 mm Kot 7+ FA AsEz A
Aigol Mg FHd2 A7) e Aol7h AUNSH (F—test: p<0.05), ARZtele At
o7} AAH(p>0.05, % 5). 23 AFAEE YEg vud »vY, AFre FE5HEY
29 "ol g A7y AFET So3A Hov, T4 499 AR AF 249, GEH
297 3¢, 27 297 399 AZET F25HA 2Zstc)

S VAO%])d VIAIIL SAI7HA B259ch. A% a7)A AR Ama
ol Aadgdis dEdstre FAsTe el uiE 2x M QAT
(VA~VIAW). AFEEZA 126l VIA; @7} 2okxul 293 390= VB w0l
7S wolch JE733 240 QAo wek AaueoAs) 2ok 296
39o]= VB w79 B]go] HolRon 4

gxmae] 7] WA VAZE F& ol £
gole Mawgairl ¥e WS By, & sl A wFol Fobath
411D

Mautedchlo] w2 FFAAe wzles VASRACA VIA, £ VIAy SA7ZHR] Ao
FolEtrt I o] FFEHE A E FAReY 7 Aawgdde g A%
HAZE W e Maddadiele] Agglel wol T AT AL RolA At
H(2E 12).

P 2
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Cheonjeyeon estuary Nakdong River Kuem River

&0 (
40 1998 1998 1998
| Jan. Feb.
- 50 Feb.
20 | n=50 n= n=50
° P M
60 1
b Mar. .
2] Feb. e Mar.
S 40t 0= 50 n =50 n=50
g !
£ 20 - lJ
(=3
w
]
60
Mar. Apr, A:;O
40 n =50 n=50 n
20
I T T )
VA VB VIAI VIAI VIAlI VAV VB VA VB VIAI VIAI VIAIN VIAV VIB VA VB VI VAN VA VAV VIB

Pigmentation stage
a8 11. 1998Y YO FAHAZ| S HHH, HEZ U 32 sF0M Y¥YE
WESH HYFo|o Mawe B wst

Cheonjeyeon estuary Nakdong River Kuem River
I
VA, g
iy, o 1998 3 1898 1998
Jdan. L Feb. Feb.
v, oo oW
=50
wie oemmse o P { “ n=50
ve ome 3 ® e o e
vA [ ] a1 1] oNINEDeS ¢
]
g Mar Mar,
" . =50
g ™ ngo =50
g w ® ™
3w woewes » L
5 w ®  CIme cUUmw @ t cscmwme® o (X 1Y
g vA o @ 4 ooGNENe © o0 e e o
’u__ N ‘ L
had [ [ Apr. Api
r [ ] . T,
Mar. i
ViAe r: ® =50 L o ® ) =50 n=50
w ® o o | ©0 00 ®® e o
A L LN [ X ] r o0 GWNe & L_X N BN J
v8 o & D ¢ o0 o (r 1 N X _J
VA 'Y ] oMo DS o
50 54 58 62 50 64 58 62 50 54 58 62

Total length (mm)

il

& SOl
A

T 12. 1998 MWFO| FAMAY S HHY, 45 U
AR B AYTO{O| MYT MAYUE TS

H

o} o] 9] nAFx

AW o] A9 AGHE WA Faye] o] wE gy ojglon 2 k7t
T Fo A3t o] FEHn A LA|of WAL (dark—field epi—illumination)
gtell A & =99 &%l (opaque zone) gt
23 7HAAeE o) EEPUE FREEHUAG(TE 13). Ad#HAo] o] oA #Aze Z7

o] 8 F99 BEWUE B3l F W3 FRU4X PAHT, 2 AFE FY FPAA

k=)
15 =% 9 (transluscent zone), 1



rr

BB giolmzale] A7) (leptocephalus zone)ol]l dAY Aoz AddA Qth(Tabeta
et al, 1987). 7Fdate] E5FHdls AYWF7} Aoz EH3P‘—£‘ ¢ HHE Ao
7 224 9o (Lee and Byun, 1996), o149 7batelole 271 &2 371 433 A
A (growth checks)ol #2H = MAEE AU (TH 13).

Scale bar: 10 um

Leptocephalus zone Metamorphic zone §

Metamorphic Gl I
Hatching  Yolk absorption ass ee
mark o p check mark Edge

8 13. SEM2E ZHEE o|Mol oM 7 =9t 7t 729 49 AT

SEMo = 23t Aol o)Al Al (sagittal plane) oA A{FHFE HY WA o
Mgl Zgtet FAAA A HM) ol FHE AAWFo7]o AHE FRoME= FAHE F1
H A AR AR TN o] BEEA FYAM o]FFEH HF 51.6+%
AR 1 *M}* Zol HA Yozt 1 FRE YFAe F2 Wiy
23t oAl FolA AA o R ARl Ty Zog ALY} FFH walx =
FTE RIAh B*EHZ* o] FHEl= AT Fo] A3 HolHow o)A ypAy 4AA
AQA(GO ol 7M7Y AEA Al A Fol FolR (g 13). o]4 2] He7] Fof A
€ o]y spgatelols Aol utel 2-3719] AFFAHA(GC) o] FAHH, o] &S 4%
Mol Fha A 5ol ol MAE ARt

A AdellA A" Aol o]Ael AMAHL 147.2~1904 me] HARLH H
161.68.4 m (mean*SD)9 g 7Hgich AFE, Y874, 74 Aol oM Al
74 BEL ztZ 160.7£7.5, 164.8+8.4, 159.3+8.3 /m= A7} Azt o4 Atk
9] zolE= URT(p>0.05). ol ANA T AFe] FAAAE AYFHoR Tr«]o}xl ok
kom At go wep AL Fod AADAE BUck oA AP A& Ets
| HE
]

RS

O
o

0

= AAFHoR fostx| oksron WHejAIZ Al o] 4REA (Rm) 7 ‘?J_"*(Nm) =
A9 A Aol 7F ANTHp>0.05, i 6).

AFE Awgole dgst 18629.0 7, F54 37 AWHY AEFE A%
191£10.3, 189+8.9 72 719 o]zt AUtH(p>0.05). Al A RF dF7F459 A

A3k AL feskA keH(p>0.05).
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# 6. 1998 AWZFO| F AHATI|SQ 37 stFHIM MR HYFoiol MF(L), ojMel it
F(R), HEAZ X MK ] HEHE (Rm)It AW F0] YUK S FEH(Rg), J2|3 R, Rm
2 RoZ7HA[OlA 2HEE 0NN

L R Rm Rg Nm Ng Ng-Nm N

Month {mm) Width (um) No. of Increments
Mean 56.7 156.2 101.8 146.5 129 12 45 186
Jan SD 1.5 6.0 6.0 6.1 7.6 4.0 4.0 8.6
(n=16) Min 53.2 148.8 88.3 137.0 114 5 38 171
Max 59.0 166.4 110.7 157.4 142 21 53 198
Feb Mean 59.5 164.5 105.0 153.2 129 15 45 189
(n=15) SD 1.6 4.7 5.7 5.1 8.6 4.8 6.0 8.3
Jeju Min 56.5 155.2 96.0 142.9 118 7 37 177
Max 62.0 171.2 114.7 162.3 148 22 57 201
Mar Avg 57.5 161.7 1041  150.5 126 1 45 182
{(n=158) SD 2.0 4.7 5.7 5.3 5.1 1.4 6.1 3.3
Min 53.5 148.8 88.5 136.9 17 0 37 160
Max 61.0 182.4 123.4 1721 136 20 55 195
Mean 57.9 160.7 103.6 150.0 128 13 45 186
Total (n=46) SD 2.1 7.5 7.2 7.7 7.4 5.4 5.0 9.0
Min 53.2 148.8 88.3 136.9 114 0 37 160
Max 62.0 1824 123.4 172.1 148 22 57 201
Mean 58.8 164.5 103.1 1529 129 15 44 189
Feb SD 2.3 7.3 6.9 8.0 71 4.5 5.7 9.4
{(n=16) Min 54.2 155.2 92.4 143.1 116 7 36 175
Max 62.0 182.4 120.6 178.1 143 24 58 209
Mar Mean 57.4 163.6 102.4 153.1 132 15 46 193
{(n=15) SD 2.2 7.8 6.4 8.8 7.6 3.7 5.0 10.5
Nakdong R. Min 54.8 152.0 92.3 139.7 119 9 39 171
Max 62.0 177.6 113.8 166.3 144 21 57 207
Apr Mean 56.4 166.2 101.5 152.4 128 19 45 192
{n=16) SD 2.6 10.1 8.6 11.0 7.9 4.4 6.6 11.1
Min 52.0 147.2 86.9 131.6 110 9 35 170
Max 61.0 190.4 117.8 172.5 138 28 59 218
Mean 57.5 164.8 102.3 152.8 130 16 45 191
Total (n=47) SD 2.5 8.4 7.2 9.1 7.6 4.5 5.7 10.3
Min 52.0 147.2 86.9 131.6 110 7 35 170
Max 62.0 190.4 120.6 178.1 144 28 59 218
Mean 57.2 1587.7 103.6 149.0 129 13 46 188
Feb SD 1.6 6.0 7.0 4.0 5.6 2.9 2.6 7.0
(n=16) Min 54,8 148.8 91.3 140.6 117 7 42 174
Max 59.8 176.0 118.0 155.7 136 18 53 198
Mar Mean 56.8 167.2 102.3 149.1 128 13 45 186
Kuem R. (n=15) SD 1.9 6.9 5.6 9.2 5.6 3.8 3.9 7.2
Min 54.0 147.2 92.1 136.5 119 7 38 175
Max 60.5 176.0 1115 172.3 140 21 52 203
Apr Mean 56.6 163.0 100.0 1525 130 19 43 192
(n=15) SD 2.4 10.7 8.3 9.7 7.8 4.1 5.7 11.1
Min 52.0 147.2 83.2 138.3 114 14 36 177
Max 59.8 179.2 113.5 168.0 139 28 52 211
Mean 56.8 159.3 102.0 150.2 129 15 45 189
Total (n=46) SD 2.0 8.3 7.0 8.0 6.3 4.6 4.3 8.9
Min 52.0 147.2 83.2 136.5 114 7 36 174
Max 60.5 179.2 118.0 172.3 140 28 53 211
Mean 57.4 161.6 102.6 151.0 129 15 45 188
Total (n=139) SO 2.2 8.4 7.1 8.3 7.1 5.1 5.0 9.6
Min 52.0 147.2 83.2 131.6 110 0 35 160
Max 62.0 190.4 123.4 178.1 148 28 59 218
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4, 9

7h. Aol A 9@ MauddA e XF ¥

gutse] HAQ, d5%, 54 oM F A7 MY B¢ 9EE AR AW
Bole] WAL 50.4~62.5 mm WARNLH FFAZFL 57.1+2.09 mm=, Zt Ao
AR 27 Zrel AR Aol7t e BAFE UAARA T AL A GIbe] 2po]E HolA ¢ksk
HE 7). S o7 Aol Hd AR Aoz AEFOZRE TR divte
Tung—Kang River, &% %49 Chyan—Tarng River, Shuang—Shi River,
Ming—Chiang River?} F2ZA|Q2 EFZHE 771 dE9 KagoshimaA| e Hag A%
v z1lon, EEaxE W dEO Ichinomiya River, Chibad B¢ A&} u]x=3dct
(Tsukamoto, 1990; Cheng and Tzeng, 1996; & 2002 YAl+=% %9 #=x). Z} 3+9
doll & FF X = AFE 29 A8E AQdtuEs Aol AUHA FgdAo] #
adhE S B3 dively A& she ¥ AWAe] A7 WMk AL F¥eE B
A} (Tsukamoto, 1990; Chen and Tzeng, 1996).

¢

Study Sampling “otal length (mm)
Source
area date (MeanxSD)
Dec. 1992 56.96+1.9 Cheng & Tzeng
Tung-Kang RR.
Mar. 1993 56.07+2.4 (1996)
Shuang-Shi R, Dec. 1992 56.84+2.31 Y
Feb. 1993 55.98+2.15
Ming-Chiang R. Mar. 1993 55.07+1.87 ”
Chyan-Tamg R. Feb. 1993 55.6+1.87 i
Ya-Lu R. May 1993 58.3+1.8 i
Ichinomiya R. Jan. 1994 5741123 "
‘ Dec. 1982 55.2+1.3 Tsukamoto
Kagoshima Jan. 1983 54.7+2.4 (1990)
Mar. 1983 55.3+3.1 .
Jan. 1983 58.2£1.3
Wakayama Feb. 1983 55.8£3.4 "
. Mar. 1933 57.3+1.2
Chiba Dec. 1982 57.7i’2.1 .
(Ichinomiya R.) iap"r'. '1222 ;fig?
Tanegashima Dec. 1996 57215 Arai et al.(1997)
Jan. 1998 56.715
Jeju Feb. 1998 59.5+1.6 This study
Mar. 1998 56.3+2.1
Feb. 1998 58.8+2.3
Nakdong R. Mar. 1998 57.4+22 "’
Apr. 1998 56.4t2.6
Feb. 1998 57.2+1.6
Kuem R Mar. 1998 568+19 "
Apr. 1998 566124

E 7. ek AAATIA e dfgele] dad A
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olgh e Ashe FEAQN s7te oz et Awolel A7zl Bl
W ez st A uok fos, 59 sTlE 277t 2 Welst wel w9
dohe Ag duisth FUA WRelE B wigeld st £ Wzt Hou,

Ao W FAFF 277 2 AuFolst 2m, 24 ANE 224 B

Aol A3tk @49}‘: 8] 523}R9 tF (Deelder, 1952).

wote}. *ﬂ%‘iE e @vuw ERANE —?3—3 12~16T2 4573 272uc

L IE 290 A ?-3-; Bo] o] A7jo] ¥& Mz wAY AR Breh FER
= AR be) o] AEaRon Yrvdas) solxm RXHIE ¥

B3}l Bertin (1956)& $#20o] 1

webq Aol AalTo] Toatel o] A4aH Az} uersls

32
_u o

S22 ol o>
X ool
e 2
2:.
o)
9,:

o K

¥

v @7 39 BAA

o] o]Ho] F AFFINE A VYol2 7HAste FA3 ATA 7= Agulato] o
Moz FAY AP7IRG F4d Uk AF7A AP oMoz A ABAT|E
59 A 1192, Aol A¥AA, Al7] & A7FH el wet & Ao]lE B YrHTabeta et
al,, 1987; Tsukamoto, 1990; Umezawa and Tsukamoto, 1990). QW&o e} &) 21 ) 2}
o] o]Mog FAH 477} ole} o] & AolE Holy AL AA T I o|MA
F Aol mE Aol2 AT 5 gl

o] A Wi A, Aol o]Ae] wiAAdAME WEold FE o] A F
o] wjg- FoH <05 ym) & n| A o] YL Yo}y WfEo FdAmPForEs HFM
& TEE Sl JAHYD dEFIE HA2GMEHAE Aol ATk dEFTE ZA Ho)
ol #A4AYstEYE O dEFE FAE ARVe ARG 2ojd 4 v flth

AzsAel wE 238 dolrry] g3 AWFel dEFE HA volE JHAs 1 "J
718 FASGA(LE. 14) Aol o dGFRZEE AA7E FHY o FAHE
HE gl $4 P For AFEFE #5332 &(Tsukamoto, 1990; Umezawa and
Tsukamoto, 1990)& A =7k vto} vjae) A Aejatgler], SEMe2 #ad Aa FolA
= 199003 Fub o] Ao At & (Tabeta et al. 1987, Tzeng, 1990; Tzeng and Tsai,
1992)= 9% F5 AAANARE dEFE AFS AR dEFV ?511«
(underestimate) R 22 ke o}, ulsLe]A]l T Alstgieh. & v A =1990dH F
oj39] nuA Qs dEF7F FAHE Chen and Tzeng (1996), Arai et al (1997)91 A}
aet B AT A5E o] &t
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y=093X + 181.7

330 |
o r2 = 0.96
E 300 -
e
% T
%§ 240 -
TS
L2 210 |-
=
E
- 180 |-
w
150 | 1 l I l |
-30 0 30 60 90 120 150

Sampling time in Julian day

29 14, Awigo] olHog FAHI Arie] AwAo AFA7ZIY #A (IR F
%, @ Cheng & Tzeng (1996), [] Arai et al. (1997), O ¥ 47 =&

APLdH} dET25E FHT F5d7e] BAAA 2 71&717F 09322, MFHA 7
e Fatdo] dASAG. ek AWgo] oMo AEFIE AWl HA rholE e
o] 1%, 149 Avtg wolseivtd, wiAdo]o Ayl 6944 1098 Atojoin, AW
o] 8] uole aA4dste Zoluk Alvldl BAIQle] v, d4F RIE MAsE dF AdE

7HdM 338 AdareE AR Z3dA e AWl oy
o] dEFolA FAE d#7] 4~7EE Y =oh E FRAL ERZNE IF7A
o] Aol #ARe] HegolF AWgojrt dtqte] =Ed wi7hA] 7)zko] )3 AL A
Aol dEFRFE YolE FAHS =Y EAZ &S Egoh

Ag7HA] Y HEH T ddWFol s 59 20~22%9] Elolgk Zset FRAJL &
Ao Mt Z=&8 35t 1(Tabeta and Takai, 1975; Tsukamoto et al., 1992, 1995; Minagawa
et al, 2001), &3l R TFIHAAT AJHA &uch e AdWFols 1294 3¢
/\}01 Z338] dF8olA M=o (Tabeta and Takai. 1973; Shojima, 1990), =< = 4o]
= %6}] WHEHo £g35t7] o]Mo] Aulgolz Wed AL & F Uk dYuAos
3"*01: HEdE of o] gHEo R o]y, WeolE A = Ao dA U
(Matsui, 1972). We]7]2F F<t AFI WS SA o)X A& zighzd], o|AL ¥
st T BY #1EH @idzdao] Auix® A2 BAdu(Pfeiller, 1991; Lee and
Byun, 1996; Bishop et al, 2000). W&ol ZoZ 2% F 0] 15T Ak ol2¢g
o} Mol 4F3t7] AFscHMatsui, 1972). ol4S W oA W/ B Bl

l)' r [

lo
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ARE 7120l AMAHD AAATE, AHE WAL FFF NFROL o5 T
8 AAT AR o140l x} GRS

% gt gl FHHA gob olde] B
= = Zob AlulFo]o] o] o]
A A4 F W ol F

Holof st U847t Wobok & Zolth.

ouREe Ao F% AolF molH

Aga B AFAME A eld o EFPule L3 WA HEE ol 7h]lste

N7I7AA S dEFol Fo@ Aol YNk o A AWl WMH ofF FTad %
dAcbedel FEE Ffiste T oMl Yol AXFAEE RAE-

Auigol7t Wel § FFE ] FE AR 7 T oAl A WA ¥

W ojMe] el F dEFE AA delit HE oo 7EdFoME AW o

ol & ABFE Al ol ARNI HEA ALUe] ol Ko YL AR uch

FAY %o oz wddEd wEkx Aol o] AFFRFH WA AAIE

Fl

¢

ZA% 4 glon FRAQ FHIYozRE W 7o AMFoUAdSFEH FAF Atre 24t
7} 3A ¢ Ao Aot

o W wje] ARAFA

AdAdo A A7t BHE dFddde 2 ddWFdel Asrt FAHEHAL
(Tsukamoto, 1992; Ishikawa et al, 2001), t%t, 5=, 4, &5 ZstelA Aol Z}
7} 2RHYeoy e @7 9ol avt FEste] Wl o WEE Ags F
F AU AgM Aol slo) oMo AL dutdoz AT A HHstng AW
folof ol Xl el WE A 7R 9 o4 nbA o] o] o] gt A 7 e
wA Aol tiQlstel Adulolst Weld wio o]&3 A 2% & AUt

Aol olA wlAFxolA, HElAZAAR Y HFHE 1026+7.14 mE, ALWF}9] o
ARAaA s Azatel wAlA L=048xR+2.26 o Y A¥, 8¢ AAHe = 423~61.7

ne u

F“d

ox
m?{_‘
r')J

ol
I
.

54
Q
‘_?:'_

oN
29
of

2 gum
] 2}

o)
b

4

o

I+

mm 2 37 51.7+344 mm oY 15 = 8). J‘i’j » 2 Cheng and Tzeng
(1996)¢] AR ol g3t We) wo AZL FAI A, dFL 494~544 mme] £EH
92 HF 523+1.65 mm o)At B A7 Cheng and Tzeng (1996) A5 2 FH ¢ W

o] AFEe MZ §og HolE Ho|x| kol HidwFeie] WE) AV ¥REAS Hel
g Sl A9 W W] AFL 20003 FEAL sidelM AFE A wpA g &
Aol HdAA 545:22 mm (Minagawa et al, 200D)ol = F93F Ao]& HolX kAt
(p>0.05), W F< wilwigo] HFAF 569:310 mm (Tabeta and Takai, 1975
Tsukamoto et al, 1992)°] ¢} 5 mm A= AR, TEFoM AFF AWdeler & <
R 7+ P APE AW FAuciE 47 5 mmet 6 mm &= 23
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E 8. HAWZTO| 27|, HEly|, dYFo{o MEte| pEgnt FHE WElT| HE

TL (mm)
Source
Range Mean+SD
Estimated TL at metamorphosis .
. 423~61.7 51.7£3.44 This study
(Nm) from glass cel otoliths
Estimated TL at metamorphosis Cheng & Tzeng
. 494~54.4 52.3+1.65
(Nm) from glass eel otoliths (1996)
. Tabeta & Takai
Observed TL of metamorphic
. 53.1~60.2 56913.10 (1975), Tsukamoto et
leptocephali
al. (1992)
Observed TL of late stages of Minagawa et al.
. . 51.3~57.0 545+2.20
metamorphic leptocephali (2001)
Shoji 1990
Observed TL of glass eel ojima { ).
. 53.0~61.2 56.5+2.64 Tabeta & Takai
collected in the shelf
(1973)
Observed TL of glass eels in .
52.0~62.0 57.4+1.65 This study

Korea estuaries

80
61.7 mm

Mean at metamorphosis

L:51.7 £3.44 mm
R :102.6 £7.41 um

.I\

60

|

Total length (mm)

20 95

40—
42.3 mm guaw

A
o H
rok
rec
4
N
2
lo ¥
(Rl
o

0 | \ | / 1 |

100 150 200

To| (@) olAmyizol ol Mol EE
Lol of4f Fuld Bz
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AL WFoI o] ol AR WFo] JHsdte, o4 vt P o] FAH) A9
237t & Aoz AZAHY ojAwiAI AZFe BAE OE AF Azs} olrt Ag
Al Augeje o4 miAlFRe] yehd WBEARHEL AFAA Fol #AAY] HelAxm
o] e 3 -]r—} AE Fol 2EEEY Z% ¥&(SriCa ratio)o] A7 Zadle R0 2A
2o & dAFoNA HZHo)(Cheng and Tzeng, 1996; Arai et al., 1997; Otake et al,
1994, 1997), _EH’\]’-‘J(@% et dole &7 9l& AR AZtE o9 ol gy
Folel oM Ao A AWl olMe] WA R FEd EAZE glohH, W
g mo] FAE Aol tgelA AFY wegFd AdWPA] AFRG S ads e
2 7KAZ A & 4 Atk AdWFol7t M3 u o]Xo] AR AFF HAUAS M4
3} o]Ao] AAstHA 3 HHod zlEkr] o} o)A wAL =As=d o7t AA W
o] o] 4% 7Hunderestimate) A& 7FsAd o] At

A2Le] 79, Cieri and McCleave (2000)= 574t Wi o}(A. rostrata)7} B EHsE F¢
Aol ERAL (A Fol o]Aed AP Aw il ST AR AN HAdE
AE 7HesA S A7IisI. ¥EEE 5o o]y 9 sAAE 7 A} E S (reabsorption)H 7)
wioll AWlgo]o) ofA vtz e WHEAI R L] w2 gl A)7)e) o]
A3 A g2A depd ¢ Ak e AA A AdWge] v FAHE o] dFIt
Zﬂ—?}"i‘* HAoA 2 Ao gadugole Ik AFo2NE Y Hey weo] AR

& i HAA HoLEHAS Hedel dnk v WElE 9 ol spgAe st AEs HA
thd Auligo] ojMo X e ste R JHZA Mo fEHolof =Y & AFAME
a9 2e EAdEES 338 £ AR “"’Eﬂﬂ T AFE Fo] thE AV
o2 Hol HelAl7]9 o|A7date] AFT 7heAd S BEAdo] AL Aoz fAud

FApe] S, WA oy -'?'—5} S i7l°ﬂ~ HAdez Aggrt AdFe o
Hol Mol <kzt whelx]xqt il Fo] ojAld A= A AW (sagittal plane)S #7] 4t}
ey, HE 7 A EE Viu—"_ g WAoo xR g A UEs gxEIF kY
W5t Al gt (Lee and Byun, 1996). Ao} ojde] A S wa} oA E FAsd %
ojAle] AAl Aol WA ¢o} ojutAol AA FAHA + Uk olHT olFE A
W7ol o] Aol A ‘*‘Eﬂ o] ez FAHH WAL gidoA AP W FL ALWF
oAt ozt FAl FAHJE AR ATHEY,

r

g 27182 A A ~AW3ol7] 3f 2 A7)

B AFoa] Ao} olde] uATRE A A, W Fite] P 129d
o] ZAztstd Wefsty] Alzsn ol AME HIAL F mm FE F2WF Hi AR
FRdr

Agulgolz WHEsHE Bt AR EZRE Fold: AAY 4 for AW dd 48
2l glycosamonglycan (GAG)9l 8] zH&% A7l W&ol o] o3t ¥ Aom A7

38



g, AF7HA digelA AR He] wbA 9 dAe] dPude] o] e T HAY
o] AFRT ¢ 24 mm Fgen WFolel 7+ leptocephalus 71 & AAE B3
e st 5 Aol 3HAsH(Lee and Byun, 1996).
TEIA oFE A Ay AWFols W w AT A e 75;‘7‘*—‘?’—5} B
q= ?\i “1 B AT A9 ZF el A AfE Aol ARLS FE s olA
Aol i 1 mm BAE 7 HEE v Nuu;g-q A A7) 7k
QF Aol *é’é}é‘}‘}‘li% Ao FAAY. 7oA APE 7] dAY Aol obF
234 (gastric gland)o] @g3l#] ol folA] HolE 43 ¢ AW Yoz F9Y
7190247 F(gut)el Az oA F4Eo] ddwgele o] Ao A {718 F5 7
PR3 e Aoz ez vh(Nakamura et al., 2001). wEhA], WE] o]F F£o] FL
e HEAY AW EL 7 QA S Aog wddnh Ao oy 73t
A BAA ol F A o] o] W FFE AR FHHY, AYold wt Aol
T AL 720 L Q9 #HEAA 7|39 1}01 Fd9d.

B2 AT A e ole vEhts WE o]F FAHd oA nAdFAT TN &)
F3 Aduste] F ool FAHCE Aol 3‘411- 2 A4S ARRgith. s E
FREAIQ Hohd FEZAL A (Kuroshio front)e] 41, 1 Bt} % HF
A d(coastal water front)o] @€ ch(Lie and Cho, 2001). —r\_°] P v
FEALS M9 XF £ 9F 20 °C, AAFHAL oF 15 °C I} AL
gAle] AwFolE 4 50~100 m FolA AFEH7] g ojFo] A F
TR BE AR dqaddn AFEe AuWde] F 24 AVE 292
7HE wE dojth E, AF F&0] ¥ divtely dE FHY F A ATIE
o] 7bd & mAirk oA AWt ¥ £E& wep FE T R Acks
SRS HsAE AASHL dut AFEAA FE AuFoldA Mirt X
Z1gA Agole] £ Wstd mMpE A4

Fa"h
Leko] AdAeA Wk, 135°C oA 29

M1 o

A
)

oft

O:
r

o X

o to do A

olr

L

é
2
o e
3

)
e

5

TR R oo 2
4
o

;-'LO L E
P
L

rlo
=3}

rO
ofN
fob Ay
o o

I

ot} Mk deE 3] AwFols & 25°CHA Ao o] A& FUhstd, %7)
Ale] Aulgolel & FAFE R tH(Lee and Kim, 2002).
o Aas WH AR E 23D o= HE AF AFTVde 1 F2 HeH

gl vjgte] MAXIE A B & AWgolE 135°C oldtel & Zeo] oy
A 2HE A2 £ A g W WFols dWAlR ety SEd 3
qoz o]FF o|FHE s =2 frtx] YolE 28 £ QU7 "ol o 7t T
el = YR ARE HasstAof 3t TEd 4 gle Aolr) wEkA, AWl F
F3F D AdFder] B e £88 wat TR IGotE Ror FAAL.

o] ool A, HEyl W AR T uRE gAEd 4% BAM e
32 el Fol F owlAl Aol wEdct oA dwAoist WHE nh $HE

of
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F5ZA2 3Hs 9WA 135C ol Fed HERD ARL dehls R 44
th 2 AT AU 5 el AFE AWl AA FFAFL 5712207 mm Qo
o, FZAL A HFE WH 2] RAEWAelT 569:310 mm, ¥E TrldE
545+2.20 mm, 183 FFFeA AAH HulFolE 565+264 mmE Aol7F JATHE
8). AIJA MAFE) AU, ZF AZ7] AA @& Zol7t AAN FAHoZ 1 Aol
Foa e AU, AFL #Fo] s BFole WEH vmad gy o
FEF 4 gk W 2R By) ddiFe}rt 24 mm A AL HE 5 Aol
102 HWldh T, ¥e Brig 5373 S dFste Audolrst
2 Aol AwFolE WHLY|RY 29 mm #AA, HEl o]F AulFo|s} of
AT Aoz mHelck E Ay Aol ofd sidxel 4FAAM o]F ujAFAM]
T 0~28719) MANL, FT2 1551 MATh A¥FoE HEE n F F£20] e

oj-gdt A& F glomz Augolrst W

>,\1

b3
2
X
rr
2
o
u
ok
RN
)
o
N,
ra r
1110 (

P 159 A= A o= %74514 Agolr W F A% F de F g
& 4 AT Lee and Kim (2002)8] ZA#E wFo] 135°C X2 FAAT AWFelr}
A F=2 135°C olate E4oz o9 IFotd A3rls HAR F71E THO| ¥
&7 W& dudele 4FE 3, oM A&

219 LH%—-S: sk, AWgo] olM e WAFT2E EAstd AU
2 e ¥ 135°C olate] o mE A /ne =AY

T 2
AL G Hagrtan Afgels Yol 3T 4 flE Aoz wddd(ad 16).

e
)

& & (mm)

v HElm Lol 129

v BIER & & 516 mun

v BlIEiDIZ2h: o 45

v >1357C
HRE Jl2h: A 152

v UHESIARIZG E+USOIH4EE )

a8 16, AWEO o|M2RSE WHO &7 4F 5F BAE
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A 3 dgoie o4 HH

A 1R F3 T AR &38H

Z 2 km, =4 10 m o3k, WlZ7] W Z3& 7.5 ml A3ty AF QA
8% 314A 7 st+5 FE& FAFIoed, $E HE o oF 2N A
Z33%d (Lee et al, 1999). 7% 3t7olA st75F AQ o]F AALF
£ o} Awigo] Lol Zaselth wekx] Aol X s7F A2
OOO:] 7‘401?4“’} A 709 Ho] 2-5¢ Afoje] Fd HE o]kl Y& dH1

:W.Slkunhg—*
—
o)
[de]
N
N
_orh

200 N2 U
32 Ay 2

WAol  Anguilla japonicars AHEQA BANA  ArFF(Tsukamoto, 1992), 3)#
(Tsukamoto, 1990; Tsukamoto and Umezawa, 1990; Kimura et al 1994; Kimura
et al. 1999; Kimura et al. 2001), 2812 AETH A+ (Cheng & Tzeng, 1996 and
therein) 7} @o] FaAE et m3h, AWAo] oj4o] velhts S ol &3 27|AF
A welEle olg] x¥o] QdAthH(Tabeta et al, 1987 Lee and Lee, 1989;
Umezawa et al, 1989; Tsukamoto, 1989: Tsukamoto et al, 1989; Tzeng, 1990;
Cheng and Tzeng, 1996; Lecomte—Finiger et al 1996, Tsukamoto et al, 1998;
Moon, 2002). i walo] (leptocephali) & AL s F9 F2AL HFS w2t gHFsh
e, 27149 S5 gk §2 sgoa] Aol (glass eels) 2 HHE st HFFE
A 2 Sol2th AWMAgol: tittelA 12€ A olFs) 2€d] FE ¥, =
Aol Z shele T2 38olA 59 Atole] mggtth gy AWt TR 3
shedl s F+ st Qo FaiAs ofF wEHAIA] @& HAAolth(Pease, 2001).

B AFoME AWAdele &4 dJE Wel7] flate] A FY], L, A% 2 71
gdsto] Aol dd AExFE EAMEAUTh

2. 45 9 4

4 sHelA Aol oJFAA 29 shedE 59 2&7hA] 2001d%E 20039
Atole] 37id Tt Adste AWACE ARRIIT 5HFT 2-37 1E)E °185Ho]
W Fok ofFGPeh(E 17). AW} MBAZTL FF WA 10x6 m®, T Ao
40 m, ZEF A7] <5 mmolw, F2 At "WE wj(hx7] FxA) 2-343F A= %"P
Z&d 2FE ol &3t gk o2E AWl WY Fokr 18T oF v
gAtatqich

Eﬂ oju} ¥ —frz.:
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© 2000 2
o c
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o
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5 g
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2
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2003
2500 [ v mm o m m e o ememmcieee oo o c s e 1 )
35
2000 =
“é 30 €
S ]
= 25 ¥
w 1500 o
g 2
i 1000 15 ’é
2 g
o N 10
O 2N @
500 A 2
r\// v 18
11 1/9 17 1/25 2/2 2/10 2/18 2/26 3/6 3/14 3/22 3/30 4/7 4/15 4/23 S/t 5/9 5/17 5/25

Date

a3 18. 3 st7olM 20010 2003 Ato] AMFO &4 It &

OF JHZ orztoll o2l UY HT of=l AL =AM Tk S
o £2(mztd), IE(524) & =X} HeH=FY)
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3. 243 9 B9

7b. Aol o AF wESs &8 84

Aol o 5T W9 24 209 2ol 17 Al#sgici(ad 18). o7 2
4 Bzl w41, 39 29 Ax7)de ‘;%%004 39 <9 Uzl 189
1,580vHel 2 7H ol olFEed amel 22 10Tt o o] F 18T o4
07 F&o] Aedte 54 FE olFol= A9 Cﬂﬂﬂzl skt

01717} A1 &tE & 299 FFFL0] 2001dE 2.9TC, 20029 4.0C, 20034 3.5C2
2 2001de] o] 7 whoka, 2002de] 7HE E3th 22 28 E o]F FUtsto
4%l 54 £ F£&0] 15 °C o]d22 FolNd 714 FalA Fgpth ALH F&o]
& 200290 o8 z7]d] AuiFoz @e Fo] ofHEHAT, 48 T olFde AY
AR BT 18). FAWZF B F7 sHFolA 2= 244-763 cm WYE I
5% BE9 AEd 237 2o

b 24 29

Aol Ao FTFSE F= Q9UASE B487] ste] Foltt o]dEF HF At & A
ol7}b ¢lo] dd 2EY HFE ol FFE AAlsle, £, gE, 5‘_7"]‘, T #AE
Generalized liner model (GLM)-& o] &3l dx¥E HAATH(E 9). SASS GLM

proram< ©]&3le] EAE Ay 2001 do= F4 olYole=, 20030l F&}F o] &
A ]l -n-—l?f} %%3\4 AL By ? test, p<0.01). 28}, 2002dE 23S A9
o3t ATAAE Holx] o}, dof ulel A4FstE Aol

ulm
o
l‘UO
B o
32
v

S el o

I 9. Generalized linear model (GLM)S O| &%t 440} O|Xl= 290! 24

20014
Parameter DF Estimate Square P
Intercept 1 6.6094 89.14 <0.0001
Temperature 1 0.2345 8.08 0.0045
Temperature® 1 -0.0169 14.61 0.0001
Salinity 1 -0.0799 17.13 <0.0001
Tidal range 1 0.0013 6.61 0.0101
Wind speed 1 0.0082 0.15 0.6960
20024
Parameter DF Estimate Square P
Intercept 1 5.2194 12.32 0.0004
Temperature 1 -0.2705 1.24 0.2650
Temperature® 1 -0.0066 0.20 0.6532
Salinity 1 0.0776 1.76 0.1852
Tidal range 1 0.0026 11.81 0.0006
Wind spped 1 -0.0053 0.03 0.8533
20034
Parameter DF Estimate Square P
Intercept 1 5.0226 115.22 <0.0001
Temperature 1 0.3683 16.73 <0.0001
Temperature® 1 -0.0294 35.26 <0.0001
Salinity 1 0.0294 8.79 0.0030
Tidal range 1 0.0007 3.40 0.0654
Wind speed 1 —0.0468 6.11 0.0134




(D) wyta x4 &
Aizto] o g @2 ol niate] yhel FostAl @2 dol AAHANT. BAATL kA
A R A LA oy AWFAE FZ ofgte] AT & £ AHIH 19). W
gAel Aol ofHFE F7F WstE Biled 2AF & AbE wjel] o &gl
& ¢ F Ak Tl AWAolE WES o8& F FHOE olFdte o
#l& o] & At ol sEH e

e K &

2001
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Date

J3 19, RO zAMo| ME Yo oY dHS

(2) 2ol BE AT
AW} 2HE Wk FEOZ o FHY] W, TE 2L BT ui 24 24
& AN et ek 28 FAsHs B e 2Ag Axuld

°§f§::% A sl7] Gl el F3 AwAole] kg AR Uro] EAEIITH(IE 20)
of ZRAN 1BE Baa B9 AR AwPolsl o ool 8-10%04 Ay
2 1ol o £8 WA FRATAN AW 24 HA FeUE U 5 A
2001
3000 125
Catch rate r\/’
2500 | J 20
S
2000 r /7 Temperature 15 qé
g
:E-_S 1500 '0;%
5
1000 o s 3
\“J //\,\,\/’\.ﬂ/ .-
500 \7 L Yo
0 ; : ' : : ; s -5
in 1/16 1/31 2/15 3/2 3IN7 41 4/16 5N 5/16 5/31
Date

33 20. =AM gEe HHE 2128 Sas TR0 MAY TE Yo ofE
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(3) =47 & A3 o
Fee Awgold &4 AVE AFHE, e BFI] B F95y] WE o
E A& F457] Yl o] QAES wlAgtoor 3. A AT wiAE @9 B
3% o ARE 14 d 01F BEFAE T WRE Tkl AR el
21). o] WAL AT B WEFoIY TEFIE oW ARIAE wolA g PR
I FEAE 7Y ARAAE Hodo ¥ 21949 Zo] Fio] wolxAY upgo)
A B F 2-39 Fo A ATl FokdE e B Yol R AR Fw ul
e AwAol o] B JFL F= AL I F A
Residual vs. Salinity
12 ponsme = m e R
10 }
30.00
8 -
T 6 25.00
N
g 4 20.00 >
e £
é o WV 1500 @
g T2
T 27 10.00
_4 -
1 5.00
_6
g L - 0.00
Date
Residual vs. Wind speed
12 - e o e e s 116
0} {14
8
4 12
“8 6
_§ 4 10'§)—
§ 2 ‘ A 8&
3
._S O - Il 1 1 I 1 1 1 Ml 6 ;
2 4 & 2 lk L
a 27 = S la P
4
_4 L
5 2
B L e e e e d g
Date
3 21, 243 22 JES HixN s YT T AL G2 ¥ 35249 A
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A 2 A F& uFe] BE Augels 42F H$
o] A7 AH WER

o) uH
=
@ 54 €5 B4 7
d¥ 9 24 5

1. 4 &
ZRolAr WA Anguilla japonicas ¥ F3He & 9
naed Aol wAR W su dAFY 2R 9
tidal g o2 7F €t} (Tsukamoto, 1992). o] AI7|5E AWiAols 2,
S TS Q2L A Wslel ot thekst Beld HEAEE AAA "o
olell 2 Aol & wald] B AWPeld g e wAE] dskel, A5TE =
3715 olgatol & WEo) e Awels dniul FHE AT,
2. Ag 9 ¥y
2 dAFoAEs 20009 3€, 2001d 5€ ¥ 20029 1€of sk AMEAQC AR F
I 9 A JZe] 34 el A" ARE YR AEE st
Constant datkness (DD)
—= Circular course - - #~  Circular course
during measurement phase during water-exchange
a8 22. At SEEFER MA.
1. 8oty 2, We IF YA 3 S HE ZHEX 4. =ZBH 5.
AtE HME X SFHAAHO S0l ojZElE HEE 6. HIIY HA
7. 03 2¢Hof MELS. 3 W W 9 0pauE Jjof HE 10. 2%
M 11 MAMA 120 5T 87 (12-1). HEl2 Y 13, 484
32 87|
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ek Afgols AgelX ALAH LR FAHE 2F AV Bstn 22T oFF ot
of #F4dol e AeA 54 Wl olge] AR AVl= 4 49 a5 W2 At F7]
Aoz At AQE AEe AR ALoM AH A5 & olgsto] 4F A7HA
BESGlon £ A A A FH %ka TrX]A]?iD} AWgole] ey ke A9
543 Nids 4 AFs N AFEEFEFA7IE AR AAsgled (a1 22), 4
WAoo 3Fe IdFSE & + Ae 94—1‘-4 }%‘# 2(gH-9 JF, 72 4 4 PE
AAZ A 2= 2Ho] AFEE BOD incubator WA @Sttt E A7t F
e 4 oAFE AHE ALY Hol FEel wE AW dAtEEE wiAA7]
71 8 A8 A 2 AF 71§ HolE FEEA duth .

T2 HFe] g AWgoe]s AtsiH 9 AdPLS I #2 W A
1A, AR A FARE F2olA AAAZE(F 3Y) GAF AeolA Aol Atas
H &S 548 F 1247 vt 1TH &8 4SA7IEA 29 Atady] Wes a3
itk A, AWAols AiAn] BF2 AF9 oAb HE R A =43 #d
12.4 Azke] F71)0] L}E}‘é T Atk wEA ol F71E MAAD A PR TAR
e 1T B 2T 7HE F718 o2 28 Aot zE W velds AWeeld AL

Al WSS B

Al

Ao

r g} m“‘

E

[‘J

3.4 3

F2Hste)] g o] o] A4y whEE el st 5AAE {71 YA 12
AlZE vt 1CH 22 AA79 oF 169 5 &2t SA3" A8 & 7MEols
Aoz AHelste] 3t 3 A (Y 23A), Aol ALAHES F20] 12.9T
T2 w7x] 0.10 £ 0.06 (7 £ EF83H) ml O, g! WW h™'& njasd @&
& AU 28U #20] A% F5Tel ugl Aaan&S AL Fre 21.5TC
AME Al A (0.28 ml 02 g8 WW h™hel E2atglon, 21.5C ol Foae

oAl st wmd A 27 stelA wRAE A, dueld Aasu]Sd 13
2ColM F7tak7] Al&sto] 20.7CellA A gto] FA2 F A #idte AFE R
(29 23B).
T2l F7IHoE A W e W& AW AthdH] ¥HEE B
ot AY A3, A AthdbleE 29 #F F7gk Ak dEez AYPEHT AN
on, 7hFolEHAFHLE EAS ABAME Abaiule Hd AF Atole vrehd A7k
F71e 47719 FHE g AATH(2E 24).

A AFI7IYG 2AFT| o] AA A detde FUAEBE tEA YR 7

ol
o
et

A wh 1T £ 2TY £2% /1408 45 EE SARS @ dehts 403
9] Arbanl WeE WG Aok AR A G FAL 1T 20 UF F3)
48] ol F AP BE 2 WEF/ (14N 9 AP dehgoh(ad 25).
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Q oy
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Q- 0.3+ o
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c o~ o
e) 02- £
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o 01+ .- Mean oxygen consmnpdon
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O3 25, ZMFT|(12.4 NZHE BIMAIZI L 7A2ZH Aot 1C £&
F28 o&SHUAFIH ZHESH AYFoS Al
_g_

4. 4 &
2 AT 97 Aluitk £2& ASATEA WPl Adsul WSS FAF 7z
13 olte] ol ApAole] han] YEe wid dn AP UE KA o

N

2 @ Aol A3 X}E"} £9 Tl g dAFeME #2 HYEs Foh Lee
and Kim (2001)& ¥ Ake] 20| 5~16T2 WY w AWzorl 2 ZFdsin
10~13TC 'HSoNA] 7}7‘L o 7H?<1]7]- AXEHACH= A9E B389l on, Desaunay and
Guerault (1997)% Auwigole] BES AFs= FA A 0]S Fo] e Al7ld A9 &

< HE AH=R 7‘1~°ﬂ HEETE 2 dFs olgd A AEe & AT A o
T Aol AL Zor Aztdh ANFOR E AT AYME F YELZEe] AuAols
F2ol izt Aol wigrzo g, A £ AAQM e F-EZRE olust YAFTFE WA &
< A AFE Z1A-AN A7 B B5E R A oy E ksl Hgelk A
717 2 ol 7K grEES GR 8 Ror Azbgtt(ellyman, 1977; Michaud et al,
1988).

TS B AT A AwFole] Ak AnjES 21.5C B2oM Hdigke Boen 21.5T
ol F& WM Fastes o] velwth olEldt A4S Tzeng (1985)2 A7 A
AH= ZF Yt} =], Tzengd A9, Taiwan estuaryolA] AWAolE 73k 2ol 4
23 AR A8E B4 A, 19T o] 20] AsetA Hd Augols skt ddAg

o Z2¥3tA| Yi=tiil Hasleit) ol2dk At AwlAo]rl 19T o]A) F20] Asslr] Aol
BHE OI%W}—E AE oJulsh= 7403&1 B A3 Aor 21.5C oA AtiAu] &9
71€7] W3l gt BE" 207 B of 19Ce) 21.5T9 £2& Awate] AAakel 3
F23 ATAdo] AZ e FH

] E}.
F713Q1 Sl g AE AdAsu] HESS A A¥), Aol 1T 213t
AT skl vl =, ol2ldk A2 Kim et al. (2002) 9 47 A3poME ZF vEhd

I Aok Kim et al (2002)2 A4 AR AWl S o] &sle] £ wF] g AW
gole] Abaiulgs SF An, AWatolrt £eust] Uz WHetE RE BuE

T
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oh e ANgels) AnanlE ZAFIG Q%719 Fugle] A8 BN 4L S
5 371(14 A SAHE AHCE AYHQEd, o= ATES AWFolY B, 1T
alAlg e AsllE AnHow UeA Bed + Yoks & AR Fi Asjolt,
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A 3A 99 A FF AL o4 AF AAA T AB
o) AT 373

1. A &

AWdols 77t Fot H2 XA (tags) & ol 83t7] oy HEE o83t N3
Wio] 2 AL2-fch(Tzeng, 1984; Jessop, 1997, 1998). o8] /Y ofF = x-zkA
& 54 987 €A dod, oftel wet Fahgo] a2 Aol AA ¢k @Rl
A tH(Bagenal, 1977). ¥ dAoME XEF7HA] €82 28 olfF EA HEES Aidsx
oA AlEste] Awidolo] wlX g, 47 A& AILE FAS T Ao FHE83
1=

Aol s vitholl A stto] Rt ohA] vittE FolvbA] o1 dHer 227 o

ol Sloz oot $2E AU ST A4 AAAZ & F AT AFE QA
A SFE MRy Wl B2, HFAT W AAAS HE £2E FAA 02 o
dso] olth. ¥ AT A Ho] MY $RE 122 AUW F ATAS sty vy

S

|

2. 45 29
i ZAAg 23 48t FF48 1A SHEVE oEE AXE ulE A¥olH AR

olgH o]}, o] §57 dg o]&Ho]x = Neutral Red, Bismarck brown, Acridine
orange, Sudan black® Toludine blue®Z A Ao|Ax AMAo]E GMsle] a3t A7
Sudan black2 4o} X 93t1, Toludine bluet Wzl H-&7t AHFROY + AIZE
Yol @AEAtH(IE 10). Acridine oranges 1/50,000 %o =%3519<S ] 24A)17F &
100%7} A48kt Neutral red$} Bismarck browna 1/50,000 s %oll 3087 22 A7)
& W AP EE 13, 3Y ol Ao] stEdke] o] F YEE ol g8kt a2y dF A
ez o]l 7 H85E 2¢ Fole 7 FEHA Yol 1Y F AzukE o] 83131t

AFE G o= 129004 549 Ale] Aol 7t yehye], £2 19014 39 Alo] YEk
ok 20019 2,38 2 2002 1, 2, 38 AF A TN F 24N 28 AF 5
& o] §-3to] AwigolE Fof XA WRAF S T3t AAZFE FA e
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E10. 28 Oo|F GM0| 0|85 &= 34 H29 s Y GM Ao IHE M J=2A 07 HS
Duration Behavior Persistence Colour of Mortality Reference
Dye Concentration
(min}) after staining of staining(d) stained fish  |rate(ind/d)
Acridine orange |17100.000 30 |Normal 1.5 Orange(snout) {0% /2d X
1: 50,000 30 Some abnormality 3 Orange 40% /2 d X
Sudan black weak _solubility X
Toludine biue 1: 50,000 30 Normal 1 Light blue 20% /2d X
Nile blue 1:450,000 24 h  |Normal 14 Blus = X
Methylen blue 1: 40,000 24 h |Normalto Irregular, 0.25 — 3|Blue - X
very abnormal
Nile blue 1:450,000 24 h |Normal 14 Blue - X
Biebrich scarlet 1:10,000 24 h |{Some abnormality 0.25 -0.5 Pink - X
Bismarck brown {1:50,000 30 Normal 3 Deep orange 0% / 3 days o]
Neutral red 1:50,000 30|Nommal 2.5 Light red 1%, 3 days [e]
3.29 4 9
7 24 A7) R g e ARAE AW (mark) S T2A BHFE F, 1A F FA A
(catch) & A ¥ (recapture) ¥ N E FE3ATH 37019 AA °ﬂ*1 AEEL FA- whet
o3t polE HolA] ool BX] WHE o]FEo] Blnd 1EA EAE Ae & F AAUTHE

11).
A 57

N g BAZ o &3] 23 A4

29 AAFL 299 o 50% AT

l
=

1 AlE] F7H& Chapmané] 4
g2 #2038 Aol E

2] gl 7HF A& JAor

FEolgith. 7 2AF A7) @9l

& o] &3ato] ALSATHER 12). 2k ZAL A7)0
BolA gk}, sfe] #AR] 1

392 299 30% A2, F AAA7]¢0 1~32 F
ZA ) 200239 ALz 2001d AFdEke] 41~44%
g} o} 88k (/man/day) & A3 A= 11 vjste] (1

W 26), B9 gol IR 25 A WM TS FAL ¢ e Aol

E 1.2 ZALAD) B GRS 400 ES

Year site St 1 St. 2 St. 3 Mean Dye
Date ' )'

2001 25-Feb 1.3 1.8 2.6° 1.9 Bismarck brown
25-Mar 24.0. 12.0 10.1 15.4 Bismarck brown
26-Mar 11.0. 7.7 7.9 8.9 Neutral red

2002 15-Jan 13.6: 14.5 9.6 12.6 Bismarck brown
17-Jan 14.3 34.2 31.6 26.7 Neutral red
15Feb 7.2 19.7 18.2 15.0 Bismarck brown
15-Mar 7. 19.5 27.0 21.2 Bismarck brown
16-Mar 8.8 20.6 25.5 18.3 Bismarck brown
16-Mar 10.5 17.6 35.2 21.1 Neutral red

Total ~ MeantSD 12.016.4 16.449.1 18.6111.7 15.747.4
12.018.0, 14.7+£7.2 15.5+9.7 14.116.7 Bismarck brown
11.9+2.1 19.8+£13.4 24.9+14.8 18.949.1 Neutral red
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E 12. 200143 20028 #X| YRMASM), MENA4() R Chapman 422 Zitst SIHA|
F(N) 3 M2 2 ZHCI)

Year Date C M (B. brown)M (N. red)r (B. brown) r (N. red) N Cl(a=0.05}
2001 Feb. 23 334
Feb 25 892 18 157451+ 6827 8918~22572 B. brown
Mar 25 727 418 720
Mar 26 721 54 96 5500+ 1385 4116~6885 B. brown
53671+ 988 4379~6354 N. red
2002 Jan 14 181 390
Jan 15 268 34 3005916 2090~3921 B. brown
Jan 186 600 697
Jan 17 300 75 2764+534 2231~3298 N. red
Feb 14 1072 1027
Feb 15 626 621 93 68571271 5586~8128 B. brown
Mar 14 393 388
Mar 15 545 421 119 1770%£279 1491 ~2049 B. brown
Mar1é 360 60 76 2497+ 567 1931~3064 B. brown
1978+ 389 1589~2368 N. red

«+» C: catch: M: marked glass eeli r: recapture N: estim ated populatuon: Cl: confidence interval
B. brown: Bismarck brown: N. red: Neutral red

20000

P = 113.3 CPUE - 264¢

’ =0.94 .
o 15000(
N
n
C
2 10000 |
S
e }
Q
5 o
5000
]
[ ]
O 1 1 L .
0 50 100 150 200

CPUE

8 26. XA SRlk=1T O Z(CPUE, 1208 1A2H AE JHA|

F 19 F Axste] FoHA)

200341 2499+ 2001-2002d3) @S W o g EX]
F(N£SD) 7} 9013+460 v it

20033 3937} 4¢¥o= Aol Bismark brown2Z EA gl Neutral red® 7
T GAte] AA dele YFHE FEste] AXFE AT 2201-2002d 3 200
3d 2€o& 3081 st 29 FolE @4 EHo] o] ofeH o), 20039 3Y# 4
Holl& FA7IZ-E 90% H4g A 29 Fo= 4'Ho] o]t

2003 2€¥9= F/MAIS(£SD)7F 20031460 vtel2 FH AT 3ol FAATE
4873167322 299 54% A=, 49w 3€RT}; S 39831412 ntE] 2 F3 5
Ak A™EL 399 1.01+0.228 1p 7R oY, 49olE= 0.67£0.0630. 2 Wk,

=
Z-r'
b=}
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FEEQr AmMgole) AJEL o]2FHoZ 10 7M7) ol st 49 W g AL Y
o g2 o o|Fs Aow B £ 9l 399 AL Rl AV AN R FRER
Bo] Jxy wol= dx]R gko}, Ko Ax® 1EoE AwFolst Fs|A gksir. 1
U 49o)E vy @ 22wk o R S 93 a, Kol AXE 28] 136 vl
Aol 7L AR E o] 499 Fe AREL BE Fato] AuAoirt stHoE olFd AR

& T Utk
710 & (Ros) & 39oll= 2.87+2.48% £, 49olE 1.3010.47% vrof, 39 )3}

o 490l JZTE TR Solor APt A& & F AAHE 13).

® 13. 2003 2"oiM 48 I8 A2l of X stTolM 4 K| Y7 YH2 R FHT AHE
(N), 4TE(S) ¥ 7IYER)

Time Marked Capture Recapture N+SD

02-Feb 1387 901312460

03-Feb 2103 323

Time Marked Capture N:ecaptureBB N, $12 Rz
02-Mar 520 - - - 1.01£0.22
03-Mar 1537 1543 264 - 4837673
04-Mar 706 94 173 2.78+2.48
Time Marked Capture BB NR N, Si2 Ry
01-Apr 1779 - - - 0.671£0.063
02-Apr 840 1200 358 - 3983412

03-Apr 1121 275 193 1.30£0.47
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A 4 & AdEgo] ol BlsS
Al 1 2 ofAlo} 47T Aol o] ¥F W3

Aol Abvfjulrl wol FAAoE RuYE A5 HAAL dFo sttt wet
A, 7 24 Azt F AEF ARE 7 9 FuxFol AA FAFe] ddd A= A
FoEHE FA Azoltk 7 F4 ARt AFEHI) AFAS drt Az Fek A
A A FAHSE A A, ol wWE WFe Fo] Ads] & Holth dE
o] A% 19803 AF 100 mtE HugS Holx 1 o]F ZrAasto] Zdole 20-30 mt
HATolt), =% A&z o] 1970dth Fote] AzFo] @Wekou 1 olF FAasto]
1980 HEl= 4-8 mt Altolo|t}. tf9t3} 25L& 53] dwls Fo] & Holrh(ad 27).
ofAlo} 37ME AR AEAe] oFF e FAAAE ANT A FF9 o FF 4
o} uute] o3 04 folst ABAAES Rolx] otk A kst AAAAE B
tHd 28). Y& Yutey o FFe o
Ane AREZE v, o 7k QRlE0] BiFow
A AARAE -%ZéoPlL ojglgo] Atk Yutzew : 2
o3 A&7t 1, 429 BF dAFo] ofAHY oFE Fdsto], A5 g HA
A= CPUE ‘:4 w7t e sy o] AARES T

fl

200
150
Q Total
100 | i
S S | Q B ? . FChma
50 L v 3 » ¥ -' O " \\ J.'
/ﬁ . ' A B\ gTaiwan
B v < O (A
-..\,\&a ot B Japan
M\A—A—i—f—‘/‘ N Korea
0 - 1 r e —

1970 1975 1980 1985 1990 1995 2000

8 27. 19708 OfF OAIO} 47452 HH TN 08T HS
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Catch (mt)

JO8 28. OtAJO} 37 = =8 AWHO o2y 249 &
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A 23 Y 37 A9F HxF FZ7] HF

1. A5F3

offFo] 2 AWl dAY AR FRAA wejE 1, FIHEE] o]
o] Aol THIM= 3 @Al AEHEES ARG (2 29). A d%7
RER %ﬂ'éw%ﬂ %Hﬁlw,%wQOHw¥LH%°7E%* g 7t
717F st e AA FRAAE g2t 7 71E ARE Qsste] FEskdth A
¥ 1991d oA 199 Aol %%ﬂrﬁﬁﬁvﬁf19 96 d oA 2002 Alo] A&
Atk FAAEL] 49 7Y AEE A F3 23 2ol Qg 5 QA e 2 Ex
g getste] hsdt WA AE AAEE ATk fevel dA) Awao] ojE&gd ¢

2l

AYAFEYel RuB 2 F4Fe 4D APPo] FORNE FPF AREF olf

Ol
=5

F{; i
= 4

2
R

o 2 30 2
L2 2o

ol
=0

5

ru{m
0 H1

Oﬂ.. ol

Elver — | Regional

-

fisherman | |ienee |gOUVErNMENt

l ol A P

47

v

Srmall traders

FA4G AR 4

l ,

WWholesalers—— | Eel farmers

0 29, AWRol REUFIY KME 42
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2. Aol AxFe &7 9 AWF

1991dellA 19993 Ato] A|FToA AAxg Awgdo]s] dd WFHF2 &l FAR0]

o SUAE 2 Ty AE AR A AEZIES Sl mEk & HES v
o 2 714 typel @ FEHATHZLE 30).

19919 typed 1€25E AWRo7l o]& 57| Alzste] 49 2713 oF 471€3 o
717ke) 71 FE, 92, 93, 95, 96d0] o]¢) FHr}. o]9} T2 o= YutFgor 14
o] $&o] 14 °C ojsl7t He ol @ sk 19969 o] 14 27H F2o] ¥
ol 53] o7 73te] Ao & s oF 174 2 58 27hA] o] F ATk 19949
type 1€ 2 F5H AWRo7t o HI] AlFste] FlF ez o]&7|te] #S AL
2, 97, 98, 99d0] o] Tt o] FLE do= dutFoF 1Y o 14 °C 0]

J

14eE Holx, ol 7i7 B¢ AR T Fgo] HL HEolTh
olsh we AT ok Mol & wste] ME A £E W Aol 2ol AW

b

Aozt FRAN FHTE HKE T W 4 Ho|Z HARK Febr] WEel A5
of MEe, #7714 °C A5 W AWRels 24 & R0z WIAck(Lee
H5a 29 BRE o

(o)
4% $20] 16 °C J=

off
L
ir

e}
57 AFst F20] 8 °C U2l 3¢9 HUiS Rolx
2 w7k HHUHIY 31). YFFS WY BEY 2B FURS Bel AFEY
A4 Gk olRe o MY B AWFe] ©r] WBeIA AR Rz Yol o| 2o
e AZE dgos UE u A7) wliEe oIS 279 S£xe #AV & Ao
2 23", d B2 WEe AFE gol 1996, 1997 U 2001de: Aoz
ol8)7]7to] Fol Aol feo] AWAold sate] AT T AL ¢ F YU

Auwizto]o] o]gt e wWizlte] A@Fgoz A BIAE FF Hudol FAH = B[
o] elutA o7 B 17% X AEY, El Nino dol& o] 8 AAol Y 7E7HX
2 S

Falgtths AFAS @S, El Nino dlo (SOI index7h W& &) ol FHof WA
o] g gko] dolx]x A4S HuddtH(Kimura et al., 2001).

U 370 7Y Awgoe] dnd o L sho] wel I oEAT AA R
1998 o ¥ & wich v, RE £33 7Io] Feol AV WEE sttt
227} 9ith. Kimura et al. (200D X% 1987'd9 2<% El Nino SldolE E+3st1
Ao R L T B3, 200339 A% El NinodlgdelE E7sta o &l »ls)
2 oS Bl SOI index®t #AIE TH3] AdliMe Go& AL AR 53 0]
Q7 H}

Y a7zt Ay ojHaky ART|AE BASAH (Y 32). AEVF F#HE T
W 370 37 a U dA o83 AR Fo% ABuAE Btk o] A s 8
T2 24k Aol ool ehdct metA AFEE A
3 a7 wo @y dH aAbsl7] W e AFEe] 7] Aol AAFE FAEHE A

AT a4de 1-2 AL 94 A58 + 98 Ror wwd

o
4
=
2
i)
2
o
3
2%
o
to
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Catch (No. of individuals (X 103)
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A 3 2 AfFe] ALF 45 W<t

L BAEAS(SOD S ABF ol YFHe] B

SEoMY WA Anguilla japonicas 48X T8 Aol T 140%, 54 155 d9
o] Marana Ridge ¥#<9] HHE #lF 59 QE&ddAN A@ste] 53T 7S uet
M2 o]F3 ¥ Kuroshio 3lFZ Eoj¢t EHolz gHach(a¥ 33, 2% 18 ##=x). A
FFoE 4 dE AL BHAE i okddelM AHE 1P FEAL #B7{I}
T A E. El Nino 3o MeElE e warm poolo] ZojErn d& AME AL 93
o8 olFdt] FEAL dAFE E0l2d HAE dFF] Y%7t Mindanao dFE wa)
FHbT Z0 7 ol 7H54dS AABITh El Ninodlols 4 dXo] dalste] oju]zt

FRAA 23] AHAY ofnrt AR FEHFAH TEdle] AP E QYRAM
< wet 3Rt HAHAoI FEALE o]l ¥o] HojA dx Aol o] F o)
FolE Aoz 9 Z5H3k El Ninodlol] SOI indexE® 29 &< 7FA™ =442 A&
FI A HEGF G AL FetA717] diEo] SOI index7F 23 &9 & 713 1998
A9 A sokrlol AA AwAo] ool Fdel 30% olst® FasA4y 23 FH
Z). 2, 19860y 20029 A9 SOI e &9 e 7oy g9 19874

3 200339 A9 Ao g% AA A ot A A= AT

O3 33. Yyoig 3wz
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2. 5% 23 A3 £23F7%9 &4
A} F2AL HRAL oIAAY ABYol2 WAT £, ARBOIE AFYL
s g3tel 7 ahel ol Bohed 28 F2). o H/7]

4 T¢ A4
A xska Aol H2E AUAE o] &t 3i{aty] Wil ¥ ﬁ‘—%% w2t 01%6‘%
Aoz FAAT 2 AFoM F2& W3 A7 ALLEFE S d3 Afgols
T2} wj-¢ Wgsty 5 °ColA 13.5 °C7HAl = AR o] A S #E &

Abae
A gke] Ao}z tiFEolA 13.5 °C olete] W& 25 wE sk JoE F45
AT 27). E, FHOME Afgol7t diwt, A& @ 8 AFEet B B &

AME F&o] W& AZd Ldsta, Sl Mg sholMe 240 £20] 5 °C oJoR
ok Ao sk Ao HH o2 AWt tFeolM ¥ F2& wet A&
e Ae T 1 991»4011*1 1999 7bA] 9zt AwAoie] ofd& &4 Aue] s}
149 At 20 14 °C olstE Y& w WA offFo] Folx| 1, 247 e
20| A &FEH LAFFE %jl, 2% 71 FokAle Zo] AFHUG U 272). wEA
AFE A 2 A3y APl 23%S F4ste A% E + Aok

2
S Awels 9Ed F olYge

thet 9 A2 of I FofFt FAAAE WO
A FRHF 12). o] Aoz AFEo A APF7E et divtolu A2
oz sy Aol 24%F dSo] oine g K. Iy AP ofF A
T AHEZE va, ARl Al wE7E Skl wE e oA eR HIlE oY 5
QoM AFE £ 23 ARE FARNS We vat ted FE Stk
ZU 9 AFE, 4 9 P 33 U % oA HE Mz Fod FHuAE AU
27). AF & shtele MdstT Bo of 1-2704 47 AWZort &dstr] wiel AF
E AW 23%s F4shd 1-2704 3 Ad st o] AWEol 2% AdEE o
£ + & ZAor Addr. 22y AFEE 20009 ofF AW spAo] Feet £

awgel zglol A Fusel Y a4 FAT Syl Gk AAD shpeld
20014904 2003711 F &4 712 L 94 LA 7 W ol83lo] a3l A
AFL FAFAL, o g %Y 19 ALFCPUE) S 98 4TI 1ol (3% 1
), A% ARE ol§T 4 9ol WAk

~

k.

4. A@7Zo A4F A5 Y

SIS W ASE SR, AP AULE AFA] AAAE SO index, A

= Y £UHE S ATEAN 24 21 DHFS] AUSE 3L A
°

T 24P HARE 232 F AL 3
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A6 ddgdne 284

1. && A%
7}, a8 AAA #w

- Augel dF gete FamstUdN AWA FUF 24 AT HANA Nz &
22 ol&% + Atk AAAAL el AR A% glo] old FARE o] Foel
gEstg o, & AT =28 Aol 4u AnE olgdw woh &Rt e 3
o]k,

- S Augel Al dg AAHA A7 Mulstgor), goz B AT ARE 0§
stel st % shdel wgel Adwe 7lx AR o4 5 ATk AANLZ oAF A
do] Zastn gom, 53 Wols 42T AU X A7 e A3 Yol 2
4 20 2 ﬂal:ﬂ— A% XA % AN, W BF Wl 0| &F F Uk,

}oged 5w

X ?wgow FARD WAl W], 7] A%, FL e Bahuy W
59 Aoz e 2oz o vor Aol B8 + Atk

S Y EA B W, AUl ol BATES FA S = WAE U, o By
g2 g o1FE 4uE Avsed 289 & vk
2. AT A3}

7 F9) ARHEA ATEE WE
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g = Worldwide decline of eel resources necessitates immediate action
5 & Québec Declaration of Concern
- SR
< gi s . 03 3 N 5
32 m@i The steep decline in populations of eels cult to monitor and identify the cause of their popula-
E&d {Anguilfa spp.) endangers the immediate future  tion declings. Thisis in distingt contrast with other
g}‘ﬁ of these legendary fish. With less than 1% of declinng fishes such as anadromous samon, whose
T major juvenile resources remaining, precaution-  spawning adults can be relatvely easlly surveyed
" ary action must be taken immediately to sustain  whan they return to freshwater to spawn, and
%ﬁj ¥ the stocks. Atlantic cod, which spaan relatively dose to continen-

Eels are cunous arimals, Despite decades of saien- tal margins and can be sunveyed by standard fishety
tific research, crucial aspects of their biclogy remaina  techniques. In the case of eels, which depend on
miystery. n recent decades, fuvenile abundance has freshrvater and estuanne habitats for thetr juverile

duclined dramaticatly {Figure.1) by 9% for the growth phase, anthropogenic impacts {e.g., pollution,
European edl (A. anguila} 80% for the habitat loss and migration bamers, fisheries) are con-
Japanese eel (A faponica) R futment of American siderable and may well have been instrumentatin

eel (A rostrata) to Lake Ontario, near the spedies’ prompting these declines. Loss of eel resources will
northern mit, has virtually ceased. Other eel species represent a loss of biodiversity but will also have con-
also show indications of decline. The causes of the siderable inmpact on socioeconomics of rural areas,

downaard trends are yet  where ed fishing still constitutes a cultural traditon.
undear, in part due to Research is undenway to develop a comprehensive
the catadromous Iife his-  and effective restoration plan. This, hovwever, will
tory of these fishes, require tme, The urgant concerni is that the rate of

(The International Eel Symposium 2003 at the
Quisbec City AFS Annual Meeting, convened by
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A A7l ¢ FELE AR BTt WAole] AHE ofF Anz ol &
ol 7ol Ao X]-T_Q AA ZAaste], WA (Anguilla anguilla) T 99%7}. F5of
A WO (A. japonica) = 80%7F ZAAstR o, Hulilt Mol (A, rostrata) & X8 &
el el e 9 AS A Azt UE F WA E o9 vlxd FFS HA
ov, olgldh A AT 94U ofA WIHAA Ayt ofA AR Ifshe W } 3
oAl AP Fo] Qo] HojEo] AFAoz FATUE AR [t 7he=A T7t
o], Add4E 298 Sty 0 AUdS BUIF ol oFolth doly Ae+= s
o7 AAbste] ARE) WiEol Aol AL4FE F3E 5 AL, TR AdelA AbEste]
A& BAE = o} Wapols)

A2 82 F45H7] oHoh
Jojst xojo) ek 8o ¥

|
, A7 A FES A o, e A4, 38 TR ARE + e A

o
o7

m& L 1110 H~l

513

[«} L4 1

ol Zaw AL FooZ BI Yok B A Hat BT AT FrhdAol 4
9ot g w7 9, WA ¥ it A AAFHoRE Agd 4L WA
of Al Afe BelE AT oW FAHA Zol(action) T AT AT Vet Arke

FU &7 Wael AU FTAM P FLE FAALoIo, A Fart AW
Aol Bska o] thE Nk AFe A FYHA R dA AAAHLE
FaE T Qlx ZujerAl WA AT 3 WA ol A] WAL Fo} ZHglol] T3t AT ETIA B
Ao =AU A BAT %7 o] F AR FYME AFF] A77t Ao F
o]},

72



150 ¢ SE0HUHEH] SO EOf
v s
60 SYWME \ o
| !
70
v 100} ad
w ¢
2 x
ol
o 501
o\o
o Ny w
B '3 2 2 Am

1850 19680 1970 1980 1980 2000
1960-70d 0] P WAo] ALF S 10002 BS o dxd 9% W

FU Ad @9 a3

FUCINE Biol Wil A Bela A Akl W TAYA FFweo] Wl
ok 2E WA MBS £E H3, A9 BAE AUHOE olggol Wn A% o
Y 48 Z4AE U Aol 2749 A& A ohlgk AR Ane HA
oz A T % 9o, Ad (2004 19)e] R R} ol ARyt FHEAAY
29 A7u Agoz Aol AU 4 L AAY WEel FR ATE *E“o}‘iic}.

SUel A Zhsts A4 % D BAS A, Fassan A Aol
A, ol% A 9 o= A S oA AR 00 o0 ek 2l o

e AT MER oAy zmoz A 2as Akle Faske] olnl wal 27)
Aelol A 3k Aol 1 Foln, T Fo, AFE D Adel & A 473
F A% NFBAAAE TRE FRAD *w} z4A0e Frjstel st ek 19
g A% S AUl 2%4 olF 24 oL EREA wn, wRels BT A
of W Alele elne] Tauel ZAE, AVE, FHE Sl WH BF ARG FY

dolt. A=(fif) e ¢ 2dZ o {7t e AR s L’_%
AeE o), Ko Ao E2F yrE] offst ol F IEHE FEE U=E 740\4 <
ol Fu 7Fatol W HrHEI Ao e B Bt AEEHUA E bt} Alo]lE
olE3te YHA o] if(diadromous fish)st %34 o} (amphidromous fish) (o138 %473
FZ )Y o F BRI A3 HAUTh FHA AF9) olFE d¥eA SV A& T
AR R3] o AX7}t FEH o 9lo) 7 e BE g e ojm=E HA

73



sta o, Al]l 37HE AEiA A AR HAletn ALE #E b AlgiR EHA] ol 1
At AA @ A7t g

TUele AW olF olx HAE 6}04 Wadde B8 ozt AU, 19714
FAAY BE® 12% 2% oE HA 2Fe] JAAMHJAL, 1976 79 FARY BEg12x
330z MAHYeH, 1996 12¥ —’FJ AY BHaw 2% 28 o fAFH] ox HxE
WEset AT 1980 olF UlitR e Seo] AAEWA BEAHo=z &3 94y ok
(1985\d), &7 sh% o1=(1987d), G454 5 o=(1987d) Tol AU, 1y,
g EEL FUl 79 SARY, & 7F 5) 2 oEE o8 F A= AEEY
B E e|stA &2 A AT sUATTANAME 198635 o2 A7)
ol AFHE AFsto ool g o]k o] & AA F7k A P 2y e 04?5
TRGYIL Ul oo thF WA Y AL W ool 2 ojoA FAYdA
AR AFE ARSI oE olg 7EE olfFfY F2A FE ude 5 AAFHn
FHQ ol AFE FHAY. 22U o] AFdAE ojxy 1 9 ¢~ A ol FE
Aste] 1 T2 AM AstnS wHS B ZF ofFo] g FAH el 93
XA 2l FA7NNTAANMNE FEL o2 E st Sl AjFsle AR an
E Bu Yo

|

MO{er

=

29 oA oEE dolg dgos Azslel fFYHol Woly RS Uz AXHY
1, FW A EE AT AdE Fus] FIYe] B o FE Ao YRR
47 AARYG AW olmE ol 4 & AE FUE WEO] olFE] £25 53
d 5 QES A Yot f#9Ho] F& o FE AYE Hol 98 5 Uk

Ad dgte] S5 247 2 sTel AXs] W4 Aol Am, £ FAHL
2 Fa% o)Fe Wl 2olg L fols WA A Solth FRRTH A QR
(Sanyoo e AL Weka WARE NEDECOAIA HA AlFsel, 4 sS40z
Wrol Awal, A B 2 A2 2 BANE AdEe dudon gus mad
2749 49 284 AT W, Fol, 2] Fol VI, AR FoF FAATIT. o
Sl AR Be Fol7t L2 AL BAY £ Atk 21U FTHe WY BhE @

At ole (MF HHAH st)

74



27 94 AW 277k e Aoy o

/1/1998 12:04)

FHATAE

ol o] Wgo] o] %

8, 50 aolM Waele A Fo] wWol *gEH&IE- FTasta, FAEAHe
2 F2% ofFAch o FolA = 19709 U1 7B FrdPe] g Wl Z2 F
& ddez AHE 1F S5 ¥Fo oEE AMstm I Zel o ATt
THHL ok 3 Az 20039 89 FAE HUle ez dMFE dAsE A
JE 52 7o AT 2(Sounders) FHTAA 9o WA oJ=E WESIAUT
o] o= Zeo|7} 800 m ol ol&H oEE w2} Atgo] tid F = FE7F AU
AU E S et HED F gl o=rt AAE A L Aol @ &
Fol ol d&S shwE Y Bdigian e AARRofled, d&ol A dA
ot 20 dd Wi =& AU o] olEE AFAF gutely, ojEdE F
dageon BE YR AE7IE ol Fob WA 227 44 AAFHAT. 2
S FAMG Aol ostd @wol 2 & wei= &Fol 50,000 v 7tA] L2 A9
#ZEUL, o] ol=F 2&d Hge AIZE2 50 cm o9 F WHol= dF
AE, 20 cm ©]3te] 22 WiFdolE 39 AE A= Fo] FRHAAT L It AbE
ta g2 7hune vse] 544 *ﬂ‘?lE 2z ol fAst F Ut FF
oz #gesy, AA Aol ol=& sy} Felwt HAH e, W= FHAME
A4 3oz T $39 Aoldn sk



RS Sy s A
. SRRL ¥
& a8
S

e A

B

¢
N

GRS

KB =
S
Gt

oA
R
R

el

=2
Z

A
z

&

L

PRI ety O

e
iRty

%
S

o IR

2

¥ ARAT
8 S f?‘%

s
-
-

.
£

drs
%
;
3

%
5y
=

2

<
e h
N

a&s
>
%

AR s, <,
eig, 2 S e A
Svseiand

-

et
o8
e

.
o P
L d eI

o e e 0 T

L L R .

e i e

S T ey e FU

Ler T

s

>

o

5 .
N N
A %
SRS
L
Ete gl N

IR
e

-
o
-

k.

!

AR
.
%

5

: .
2 o 0
Sl

S

o
-
Ry
«

.
.

i

= 0)5« &
-

.
Lt

.

ey

S

AV A Y
) @ipwm E\X\W%%\@H %o
e Wl o

%j e

5%

»%S/v% J

it el ,, P B O e C
. Lalplus grande échelle 2 angulles)

‘monde; la seule autre -

oLveE . gl ‘Japon. -

tr

AM2HA o YEo o 2T

76



ARTA B Yol ofEe| =

Aol Wi uFel fUTIINA W E 4
F

o]

|t Aol AT9] dArt Ax WAool g #AE Brr ol 20471 % 20
oo ZA gAY [elA WAZ] XolE FR3te] F7 WHo o AAo]
HollAl 6,000 kmtt Hold Holxd Ao Al27taaYE B3, oln 1970dd]
o & WA Ad YU E AAstd AdoRE wWFo] #A#MEGAE] R A4
HAE 9&te] we =88 7189 o3 Q) 3§ o7 Tg2diaE Ayl ox7}
Wgole AFelA ZSE AL Ayt ojxo] FrtE wiFo] oJrE REC 1
2o st HFeA 7o 5& e F Wge] Aol AA FAadH Lo,
St Ao ouE FIIR WE T A zbo] Ayl mE % U 4 ¢
dhzlol wiZto] zplefo] AA Frhste Aol dFHUL

77



P e S
& A3 Lo
Thoratg ¢ TPt
L N R

mapaol bt of Tof F7HE WO OJTREI WO OfF
Mz = ol XYY Sotel £E xiojel s

Wgo] AY Ao WF

T sAe) #do] 4T Tl We dTFel AN WPt 4

& Q= Brhol ZA ade] WAl Aol AA FaAYE RO L

ey Bl A9F Wl ulF FAMA ATE obF wug Aejolch Yol
Fauz 9B AAANA oY WA BF AAL o] AU mAel W@ 4

4 o= gleu wgol @Al A diste] WFFL 11 ol wHste] 2

e 27 2 e nadh

FFEo ARHA YR 95 5 U9 sART WFe] X2 FIho] ¥
oA Aoz B 4 vt o] ¥l A2 Fzho] WFo] o]l SAHHATH ST HE
eV old By AYE 58 F AUS Aolvh A el FEA o F T
g Wgole 7 AAF A7 B Fojoh AR AN WFele ;2 kel
109+ owo oF A At Hﬂ%oi 7} 4 10,000 13,0004 ¢} H 10 uH Broltt,

g de 7t
A Fe e WAo7t ARHOR ol=g 22 St J'ﬂd—% £ & Ao 28
i )& RE oxt F980] ZF oFE ez A= WA A
2 ooleg olgd # A AB-AATh wEkA FelA 9 & Az Ze] Hry

Sao st ol AAY FTHolut s mel of
o] & olEE 7z AMFGW W AUL =A &

78



Asta, Y AAE A ool & A& Badr. o] & HAME el W
Fol el TR L S shrel @i WPl olEE AA ATF F 1 5HE

AFsE AT Awe] AR,

79



Ag. 1974, AT DYoLl Sy FAG) B AT Ko BASUN WAE 2
Moz, ESe8lA, 7:11-22.

gan, 290,295, olHld. 2001, A8 oiw.ﬂ ﬂ- e A% W9 34
= ajekets SenEs 257, 119 2-39, w

ST 9 69l 2000, HHA D HEAL Bl °“’7lz At i’d—tffl AT, APFALAE
4 FEIA A7, 113p.

e, 2002. AWAo]l olA9 wATFzxE oF AEE
Japonica®) Z7] A@A}L Fgoista oishy wpARSRS =i, 111p.

olef <, #3el, AFH, FHE. 2001. EN EA IH WS o]&T AF HAQ T
Augoel A F4. 2001d FA @xALEEI] 2R 25, FHPFAIEFY
2001 5¢

A5W, FRY, FA2. 1971 Bl AW FTPYFANITY ARIED (TP
17— 36.

Aida, K. and K. Tsukamoto (eds). 1999. 'Life Cycle of Japanese eel' Kaiyo
Monthly, 18. 188p.

Aida, K., K. Tsukamoto and Y. Ymauchi (eds). 2003. Eel Biology. Springer,
Tokyo. 497p.

Boetius J, Harding EF. 1985. A re—examination of Johannes Schmidt's Atlantic
eel investigations. Dana 4:129-162

Campana, S. E. and Neilson, J. D. 1985. Microstructure of fish otoliths. Can. J.
Fish. Aquat. Sci. 42, 1014-1032.

Cheng, P. W. and W. N. Tzeng. 1996: Timing of metamorphosis and estuarine
arrival across the dispersal range of the Japanese eel Anguilla japonica, Mr.
Ecol. Prog. Ser. 131: 87-96.

Deelder, C. L. 1970. Synopsis of Biological Data on the Eel, Anguilla anguilla.
FAO Fish. Syn. 80. unpaged.

Desaunay, Y. and D. Guerault, 1997. Seasonal and long—term changes in
biometrics of eel larvae: a possible relationship between recruitment variation
and North Atlantic ecosystem productivity. J. Fish. Biol., 51 (Supplement A):
317—339.

Fricke, H. and K. Tsukamoto, 1998. Seamounts and mystery of eel spawning.
Naturwissenschaften 85: 290—-291.

Inoue, T. and S. Kimura. 1999. Migration mechanism of the glass eel—2.

Fluctuation factors on the glass eel transportation. in Symposium on 'The

30



present state of fishery management and conservation strategies for a
population of the Japanese eel, Anguilla japonica.' Ocean Res. Inst., Univ. of
Tokyo. Sept. 1999.

Jellyman, D.J., 1977. Invasion of New Zealand freshwater stream by glass—eels

of two Anguilla spp.. N. Z. J. Mar. Fresh. Res., 11(2): 193-209.

Jones, C., 1986. Within—season differences in growth of larval Atlantic herring,
Clupea harengus harengus. Fish. Bull. 83(4): 289-298

Kajihara T. 1988. Distribution of Anguilla japonica leptocephali in the Western
Pacific during September 1986. Nippon Suisan Gakk 54:929-933

Kim W. S., J. M. Kim., S. K. Yi and H. T. Huh. 1997. Endogenous circardian
rhythm in the rate of oxygen consumption of the river puffer fish, Takifuku
obscurus. Mar. Ecol Prog. Ser. 153: 293—-298.

Kim, W. S., Seong Jin Yoon, Hyung Tae Moon, Tae Won Lee. 2002, Effects of
water temperature changes on the endogenous and exogenous rhythms of
oxygen consumption in glass eels Anguilla japonica. Mar. Ecol. Pr. Ser. 243:
209-216

Kimura, S., K. Tsukamoto and T. Sugimoto. 1994. A model for the larval
migration of the Japanese eel: roles of the trade winds and salinity front.
Mar. Bio. 119: 185-190.

Lee, T W. & Lee, K. S. 1989. Daily growth increments and lunar pattern in
otoliths of eel, Anguilla japonica in the freshwater. Bull. Korean Fish. Soc.
22: 36—40.

Lee, T. W. and Byun, J. S. 1996. Microstructural growth in otoliths of conger eel
(Conger myriaster) leptocephali during the metamorphic stage. Mar. Biol.
125, 259-268.

Lee, T. W. and G. C. Kim. 2000. Microstructural growth in otoliths of black
rockfish (Sebastes schlegel) from prenatal larval to early juvenile stages.
Ichthyol. Res. 47: (in press)

Lee, T. W. and W. S. Kim. 2001. Thermal effect on respiratory activities of glass
eels at the different developmental stages. J. Taiwan Fish. Res. 9: 129-136

l.ee, T. W., H. Fricke and K. Tsukamoto. 2001. Spawning area and time of
Anguilla japonica. pp 21—23 in K. Aida et al. (ed). Proceedings of the
International Symposium on Advances in Eel Biology. Univ. of Tokyo. Sept.
28-30, 2001.

Lee, T. W., H. T. Moon, S.. D. Hwang and W. S. Kim. 2001. Fluctuation of elver
catch of Japanese eel (Anguilla japonica) in Korea water. /n Proceedings of
10th Annual Meeting of PISCES. Victoria B. C. Canada, October 5—13, 2001.

Lee, T. W,, S. D. Hwang, W. S. Kim and C. W. Park. 2001. Optimal temperature
range of glass eels. pp 180—-182 in K. Aida et al. (ed). Proceedings of the

81



International Symposium on Advances in Eel Biology. Univ. of Tokyo. Sept.
28-30, 2001.

Matsui, I. 1957 On the records of a leptocephalus and catadromous eels of
Anguilla japonica in the waters around Japan with the presumption of their
spawning places. J. Shimonoseki Coll. Fish. 7: 151—-167.

McCleave, J.D., R.C. Kleckner & M. Castonguay. 1987. Reproductive sympatry of
American and European eels and implications for migration and taxonomy. pp.
286—297. M.J. Dadswell, R.J. Klauda, C.M. Moffitt, R.L. Saunders,
R.A.Rulifson & J.E. Cooper (ed.) Common Strategies of Anadromous and
Catadromous Fishes, Proceedings of an International Symposium, American
Fisheries Society, Bethesda.

Michaud, M., J.D. Dutil and J.J. Dodson, 1988. Determination of the age of young

American eels, Anguilla rostrata, in fresh water, based on otolith surface area
and microstructure. J. Fish Biol., 32: 179—189.

QOzawa, T. Tabeta, O. and N. Mochioka, 1989. Anguillid leptocephali from the
western north Pacific east of Luzon in 1988. Bull. Jap. Soc. Sci. Fish.
55:627-632.

Pannella, G. 1971. Fish otoliths! daily growth layers and periodical patterns.
Science (Wash., DC). 173:1124-1127

Schmidt, J., 1922. The breeding places of the eel. Phil. Trans. Roy. Soc. Lond.,
B. 211:179—-208.

Schoth M, Tesch FW. 1982. Spatial distribution of O—group eel larvae (Anguilla
sp.) in the Sargasso Sea. Helgol nder Meeresunters 35:309—320

Shojima, Y., 1966. Report on a capture of an elver of Japanese eel, Anguilla
japonica Temminck et Schlegel, in the East China Sea. Nippon Suisan
Gakkaishi 32, 41—44.

Shojima, Y., 1967. Record of Japanese eel elver found in the offshore of the
East China Sea for the second time. Zool. Mgmt. 76:167—171.

Shojima, Y., 1989. The Japanese eel elver collected offshore in the East China
Sea by Seikai Regional Fisheries Laboratory. /n Absrtacts of the Annual
Meeting 1988 of Kyushu Branch, Japanese Society of Scientific Fisheries, pp.
3. Fukuoka: Kyushu Branch of Japanese Society of Scientifics Fisheries.

Tabeta O, Konishi Y. 1986. An anguillid leptocephalus Anguilla japonica from the
waters south of Miyako Island, Okinawa, Japan. Bull Japan Soc Sci Fish
52:1935-1937

Tabeta, O. and T. Takai, 1973. An elver Anguilla japonica found in the northern
part of the South China Sea. J. Shimonoseki Univ. Fish. 22:1-5.

Tabeta O, Takai T. 1975. Leptocephalus of Anguiila japonica found in the waters
south of Taiwan. Japan J Ichthyol 22:100-103

32



Tabeta, O., Tanaka, K., Tamada, J., Tzen, W. N. 1987. Aspects of the early life
history of the Japanese eel Anguilla japonica determined from otolith
microstructure. Nippon Suisan Gakk. 55: 1717—-1734

Tanaka S. 1975. Collection of leptocephali of the Japanese eel in waters south of
the Okinawa Island. Bull Japan Soc Sci Fish 41:129-136

Tanaka, H. 1999. Early life history of artificial hatching eel. im Symposium on
'"The present state of fishery management and conservation strategies for a
population of the Japanese eel, Anguilla japonica. Ocean Res. Inst., Univ. of
Tokyo. Sept. 1999.

Tanaka, H. 2001. Larval rearing and development. pp 89—-91 irn K. Aida et al.
(ed). Proceedings of the International Symposium on  Advances in Eel
Bilogy. Univ. of Tokyo. Sept. 28—30, 2001.

Tesch, F.—W., Kracht, R., Schoth, M., Smith, D. G. and Wegner, G., 1979. Report
on the eel expedition of F. R. V. " Anton Dohrn " and R. K. "Friedrich
Heincke " to the Sargasso Sea 1979. ICES, C. M. 1979 M6.

Tsukamoto, K. 1990. Recruitment mechanism of the eel, Anguilla japonica, to the
Japanese coast. J. Fish Biol. 36:659—-671.

Tsukamoto K. 1992. Discovery of the spawning area for Japanese eel. Nature
356:789-791

Tsukamoto, K., 1. Nakai and W. V. Tesch. 1998. Do all freshwater eels migrate?
Nature 396. p.636

Tzeng, W. N. 1985. Immigration timing and activity rhythms of the eel, Anguilla
Japonica, elvers in the estuary of northern Taiwan, with emphasis on
environmental influences. Bull. Jap. Soc. Fish. Oceanogr. 47: 11—28.

Tzeng WN. 1990. Relationship between growth rate and age at recruitment of
Anguilla japonica elvers in a Tailwan estuary as inferred from otolith growth
increments. Mar Biol 107:75-81

Tzeng WN, Tsai YC. 1992. Otolith microstructure and daily age of Anguilia
Japonica Temminck & Schlegel elvers from the estuaries of Taiwan with
reference to unit stock and larval migration. J Fish Biol 40:845—857

Umezawa, A., Tsukamoto, K. 1990. Age and birth date of the glass eel, Anguilla
Japonica, collected in Taiwan. Nippon Suisan Gakk. 56: 1199-1202

Umezawa, A. Tsukamoto, K., Tabeta O. & Yamada, H. 1989. Daily growth
increments in the larval otolith of the Japanese eel, Anguilla japonica, J.
Ichthyol. 35, 440—444.

Wippelhauser, G. S., J. D. McCleave and R. C. Kleckner, 1985. Anguilla rostrata
leptocephali in the Sargosso Sea during February and March 1981. Dana
4:93-98.

Yamamoto K. and K. Yamauchi. 1974. Sexual maturation of Japanese eel and

83



production of eel larvae in the aquarium. Nature 251: 220-222.
Yamauchi, K., M Nakamura, H. Takahashi and K. Takano. 1976. Cultivation of
larvae of Japanese eel. Nature 263: 412.



IH

A

)

]

=

g A= NS 9 sEol E

g

H]

oF

p—

Z
BK
L

<4

oig

B

o

ﬁo
-

AFoea soFatn

43

o
No

%

[

bo] AEF A5 AF

2974

AR A0l #14

&

—~
NH

e

XO
...wu
il
o
Lo
i

\)
"o

-

&

mJ
Mo

o] 4 &

13

H- AEAA

dAA s

A% 3

Cak:

ul
|

<0
~E

-

—.AO
TH
<N
_nwo

Bo

Kyushu o8}

T4

N. Mochioka

T.

Q] 1

J. Aoyama

85



	실뱀장어 자원 예측을 위한 뱀장어의 초기생활사와 소상 생테 연구

	제1장 연구개발의 필요성

	1. 뱀장어 시장 규모

	2. 실뱀장어 어획량 변동과 문제점

	3. 뱀장어 자원 관리의 방향

	4. 국내의 전망과 연구 목적


	제2장 뱀장어의 초기 생활사

	제1절 산란장 주변해역에서 채집된 댓잎뱀장어의 체장 분포와 이석의 미세구조를 이용한 산란일과 체장 성장

	1. 서론

	2. 재료 및 방법

	3. 결과

	가. 체장 조성

	나. 산란기

	다. 체장과 이석의 성장

	라. 댓잎뱀장어 체장과 일륜수로부터 추정한 산란기



	제2절. 한반도 하구에서 채집된 실뱀장어의 체장 분포와 이석 미세구조를 이용한 초기생활사

	1. 서론

	2. 재료 및 방법

	3. 결과

	가. 전장 분포

	나.
색소 발달 단계 분포 
	다. 이석의 미세구조


	4. 토의

	가. 실뱀장어 전장 및 색소발달단계의 지리적 분포

	나. 산란기 추정의 문제점

	다. 변태 때의 전장추정

	라. 초기생활사 해석(변태~실뱀장어기 회유 및 성장)




	제3장 실뱀장어의 소상 생태

	제1절. 금강 하구 실뱀장어 소상생테

	1. 서론

	2. 재료 및 방법

	3. 결과 및 토의

	가. 실뱀장어 어획량 변동과 소상 환경

	나. 소상 요인



	제2절. 수온 변동에 따른 실뱀장어의 생리적 반응

	1. 서론

	2. 재료 및 방법

	3. 결과

	4. 결론


	제3절. 염색 표지 방류 방법을 이용한 제주 천제연 하구 실뱀장어 자원량 추정

	1. 서론

	2. 재료 및 방법

	3. 결과 및 토의



	제4장 실뱀장어 어획량 변동

	제1절. 아시아 4개국 실뱀장어 어획량 변화

	제2절. 국내 하구 실뱀장어 채포량 중장기 변동

	1. 자료수집

	2. 실뱀장어 체포량의 단기 및 연변동


	제3절. 실뱀장어 자원량 예측 방안

	1. 남방진동지수(SOI)와 실뱀장어 어획량과의 관계

	2. 대륙붕 수온과 실뱀장어 소상량과의 관계

	3. 각 하구역 실뱀ㅁ장어 소상량의 상관관계

	4. 실뱀장어 자원 예측 방안



	제5장 목표달성도 및 관련분야에의 기여도

	제6장 연구개발결과의 활용계획

	1. 활용 전망

	2. 연구 성과

	3. 심포지움 주최 및 발표(산학연 관련 전문가 및 어민 대상)


	제7장 연구개발과정에서 수집한 해외과학기술정보

	참고문헌



