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Fig. 1. Anatomy of vestibular apparatus. (A) Otoliths within the labyrinth systems of
representative teleost and ostariophsyan (cyprinoid) fishes (modified from
Lowenstein 1971). (B) Dorsal view of the vestibular apparatus as it sits in a
typical teleost. Top of head is cut away. Ast=asteriscus; Lag=lagenar vestibule;
Lap=lapillus; Sac=saccular vestibule; Sag=sagitta; sc=semicircular canals; utr=
utricular vestibule (Secor et al. 1992).
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Fig. 2. Anguilla japonica, Scanning electron micrographs illustrating external feature
and internal microstructure of sagittal otolith of an elver collected in the Shuang-
Chi River estuary on December 14, 1985. (a)Dorsal-distal face of right otolith
from a 58.7 mm total length (TL)elver. (b)Proximal face of left otolith from a
63.8mm TL. elver. (c)Growth increments in the otolith sectioned along anterior-
posterior direction and frontal plane of a 56.0mm TL elver. (d)Enlargement of
(c). Light (thick) and dark (thin) bands indicate the incremental and the discon-
‘tinuous zones of the growth increments, respectively. Abbreviations are (A) ante-
rior; (D)dorsal;(Ds)distal side; (N)neuron insertion areas; (P)posterior;(Pt)post-
caudal trough;(Px)proximal side;(V)ventral. Scale bar= 50 m(a,b,c),10 £ m(d).
(Tzeng, 1990).

P EAAE AR SIS M ~21~



=  BAHANMICBEEREENE Y RIBEAL

GE ) hE RS H AW (Anguilla japonica) » K¥IZEM )b & E 5 ~ 20
FEA > BERARIEIEI o 3 &IV 7 B B 5§ B (Mariana Island) 75 il ( A
FEARISE » RE 143 %) » FRANEBPLENE LEK > S48 BaWRE
& Bz » 73 53 B 3E fa (Leptocephalus) » 3 3% #8 (Glass eel) > #8 4% (Elver) » # #8 (Yellow
eel) & SR & (Silver eel) L EREE: - HIE AN > BRAR > BABE LEFERER » &i
3t 7R i& ¥ Wi (North Equatorial Current) & % # (Kuroshio Current ) M #ii2 > B % 3%
B PRAE - -BEEKAEASHONE EEHFNBAEPREHRE » 23— ¢
RZB  NBERMAUNKES > RERMEBHEAREAR - BHEH THOZ
B HERUEBOEK > ERMOIEEEES S8 > BE—FEX  NBEEERT
Fig > BHa8AR » (358 2 F (Tzeng, 1986) o S 4 A )l > BEBYE > B 5%
8 o KK - SHBHBHRIKG - B2 %5 &I (Fig. 3) ©

HAEE KM RBKEEE (CaC0,) » Ca 7E 5 Bk CaCO5 BF » & # M 7 4 £ M0 BL#Y St
IR MRBNSBERAEEE KRN EREEAMES > AEEG S/Ca kb iy
2t RETHRABEREBNEER o 848 F A Sr/Ca H i K /7 5 # (L (Fig. 3) £ F
7 M ERE WDX (8 R8s X KX ) Bl %E M (Tzeng & Tsai, 1994) » Sr/Ca 12
BAOZOENBZHEM > B THEKIORELENMERZE TR o AT K S
=R K % I %A - T H B0 AR R MR & B B % GAG(Glycosaminoglycans) [
SEEE HSIARBEOENT » BRBBLGAGHKL » HSINRIKEE N K KBIE >
HEAS/Ca LAMSE TR -MEL > BAS/CatbWy Bk » S57%M > Ens
00 f8 R K S8 o T EL L 3B BR AR o 10 TR BT A0 O TR O A A1 R R
/K 1% (Tzeng, 1995) o

CEEAREREBAREMINNEERRE

BAERETREEMNEN  RASMUBRBERANESERE > RT3z
WREARRM - o RE AN E E AT R o 58 A1 O I 52 E
B> BHEISA~ 182K o BEHB > F19116 ~ 138K » BERHHERE > AEARS
K Rz BMeE o AIHEET L5 A > 2838 db b 5 4E 343 % (Fig. 4A, B) o
HER > MILBEARWEZRRAG 2L RAEL  HEREHTIENE > AFZ 2000 %4
HeBBNFIRERPWR258H (62AH/RK) - UHBEHOUHER L LAY 2 XK
ERCFBNEBRKAE2I0AE - BEZ HBEARNELEZRRZHE 2
HRNEMAS AR AOEMREEYS c R R > BH4E 0 A8 0454
7 B JEH EE M M 4 (Tzeng & Cheng, 1995) o

~22~ THERE84F11A



[ L i fo e s S8y o e O g T8 R e Ut R d S O o COL b TT T g d

30°N

Subtropical Countercurrent

20°N

Man;,n a \s\a“‘\

R‘_/\

North Equatorial Current

f‘ic‘
x
<
(;; Edge!
@ Gl Ldge ) Il’l\n\l)“ldlum
0 2 4 6 8 101"14161520
No. of spots

Otolith Sr/Ca ratio

Fig. 3 Spawning ground and life cycle of the Japanese eel, as well as the changes of Sr
/Ca ratio in otolith of the elver. 1. Leptocephalus larva (55.7 mm T.L.). Migra-
tion to the mouth of the river. 2. Elver. Ascending migration in the river. 3

Adult. Descending migration to the sea. Migration to the spawing ground in the

sea(Kafuku and Ikenoue, 1983). Numerals in the circle in the upper diagram

indicate the leptocephalus collected, according to the location and daily age of

leptocephalus as well as current speed, the spawning ground was estimated in
the waters west of Mariana Island (Tsukamoto, 1992).
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(A) Age of arrival at estuary (B) Age of metamorphosis
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(C) Time from metamorphosis to arrival at estuary
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Fig. 4 Geographic cline in ages of elvers arriving at six estuaries (A), ages of lepto-
cephali at metamorphosis (B) and the duration from metamorphosis to arrival at
estuaries (C). (the six esturies, T, Tung-Kang River ( &M 8 ) ; S, Shuang-
Shi River (5#it# ) ; M, Ming-Chiang River ( BT > thg ) ; C, Chyan-
Tarng River ( $§4%iT » 1B ) ; Y, Ya-Lu River (PEIT > PE) ; and I,
Ichinomiya River ( { # ) (Tzeng and Cheng, 1995).
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