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Fig. 1.

Sampling areas of the Japanese eel.
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BE(%FF (Condition factor, CF)
3(mm) x 10° ]

HGERs e (Gonadosomatic index, GSI) = [ 4E%#
JREE (g)/ #8E(g) x 100]
=) KERRYIF ¢ ATERRSHIRY Bouin's solution thE
A 48 JNEF - LIERER KR EIE - EERGET - 4
% 5 um HYEE - FIJF Hematoxylin B2 Eosin Zith -
BURRTY PR o SHARYT A CER BRI T PR -
A HIE IR TS9P/ (Oocyte diameter, OD)»
AR R AR BHRIR Miura et al.“Offultiz 75
EHILASHE - SRAHRER R EREE - RKRIR Yamamoto
et al. “VHTIil TR -
=) BEREHPMET - BABBEaRELS BRI
Tzeng et al.?? » HIFEANT - MAE A& LB
BEEEERT - SR EEREEMIER » DI ER
BEEE A OB IEERE - Z&REL 5 % EDTA
(pH 7.0) JSed#T 90 FRIAIR » KB UIHATEERZ
iy SRR TR A SRS O pRiD
B e Rl
) BERSSRZEIE - BARE LAY 2 EN
HITE  JHREE AOCSWYZ KEHE ik - Eig R AN
SIVE 1 DUSTHEE T PIRRE » B 3-4 g ARSLHAHLRET
BL105 °C #t#7 3 /NI 2 2 L1 200 ml ZBEZEEVEL AR
B 16 /)N - ZEBVHE 2 BRRAFAHERELL 105 °C Sz 8RR
K> BEEZELEETH KB S KAETZ=E
7 BERSE Fat (%) DL [ JERSE (@) / BRGLE (g) x
100 %) ZAFHEHE -

H) SRR IR - BAMBHISRIZE - B R
%1&1&(&%5@%5@%%%%@9@Eﬁﬂ&ﬁ (Han et al.
unpublished data) » It » ARFFELULREETFER
HARV AR P BIELHE - B SR I RIZ R 3
BEY HEHEBH ~ R 1k BT A
(Pre-silver stage) EASR{LHA (Silver stage) -

EREHR S NS - HASIE NG BT - IR
SHEASELR - e BRIk E - HIE
BTGB A (Chromatin nucleolus stage) » JRf& <
90 um - SRALETHA MEE - HAFEBRARAL. - JEEREHT
HERSRE - BRI EEAR - MBI R B
S SABEE M LA KRR - (EREE SRR RERIIN
EMsSEE HoMEREAREZCH

=[ #BE @/ 8BE

(Yellow stage)

(Peri-nucleolus stage) » #JHAIFEH AR E B REBALAHERH
T JIERKS 90 pm o TERIARERE O R E AR E
& ISR 130 um A - SMLERZ IS - HE
SRR G EEHERIAREARE > fofE R - HONH
B E B ATHTEH (Oil-droplet stage) » JIE > 130
um » R ChR MR B - EIRREEE 200 pm
% > HIFEAUNEHERERTHT (Primary yolk globule stage) °
HER s AL TEIR B E IR B R B - T BARAEOR
T4 > FLEAERRBOEEE CBE - MO REE
HABRSR(VHA 2 B EH - HBHC IS - HEHER
W A AREEEE RN - REERE
IS Bk FEB/ o SEHEZHEEME
(Spermatogonia) HyEKE N EHE THH RIS
AR - SRV T - HATE BB - B
HIRAARESR G - Mo B RFEIE KB KIE
SEREFMRNE RIS  FHETHRBZAMIH
VoS A AR -
) HEH T  ARIEERC B IMER LR
HERB DL Student’s t- test 5.7 HEBBHILL Tukey’s HSD
SBELEESZ - HEMZ AR AE (Correlation
coefficient) DLFEEZRIX (Pearson) EEHE - BURLIE
YME (Mean) = fEH#EERZE (SE) FRoRZ

R
— ~ SRR

R 133 ROASEAT - HHEE 116 B (5
87.2 %) » 148 17 B (/5 12.8 %) » MERILLERMEM AR
B (Table 1) - M EBILZETR S - BN
PSRBT R /B BREARTFTSLLE] BEEEEHER
= H/KEHSER (8250 %: H56 % &K
43 % % 25.9 %) HEVEIREIEL /AT
GRS » BRI RIE (F125%: E 0.0
% FK0.0%; % 13.6 %) 541 > SRICATERRIMESS -
NEEEARP RGNS  £ZRHERK (B
250%; B 31.6%: Fk17.4%;: % 2.5%) 470k -
H A g SR (LB ETE A S T2 ERIRHR -

T~ HAEAE S SR LSRG B BEE

EsR L RE T - i 7R GSI iRy BTt -
W EE MBS 0.1x0.0 - FERAMA LAE
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0.2x0.0 - HEEB/EHMBIAR 0.320.0 - FEIMLATHIR  FENE BB SIEROSE TR - H4HR
0.520.1 » 7ESRALHARI EFHE 13201 - KBEHCF  HEBEMEESRHTHRE/N (0.1-0.3) (Table 2), i H
B4 SRR S B EE AR (p<0.001, Table 2)- fES  BEEM{EHMEM:ERIE (p<0.001) -

Table 1. Sample distributions of the different developmental stages of Japanese eels.

Male , Female
Yellow Silver Yellow  Pre-silver Silver

Spring Feb. 1999 0 1 3 2 2
Summer May 1999 1 0 2 0 0
Jun. 1999 0 0 4 5 1

Jul. 1999 1 0 6 1 0

Autumn Aug. 1999 1 0 17 4 1
Winter Nov. 1998,1999 1 9 41 2 15
Jan. 1999 1 2 4 0 6

2 77 14 25

Total 5 1

Table 2.  Comparison of size, age, and fat store of the Japanese eel in different developmental stages with t-test
for males and Tukey’s HSD method for females, respectively.

Male Female
t-test Tukey’s HSD
Yellow Silver Yellow Pre-silver Silver
Specimens (n) 5 12 77 14 25
459.2+37.7 548.2+18.4 . 466.1+6.5 619.2+18.1  631.4£15.0
Y<S Y<P=S
Tt (mm) (362-591)  (441-631) (334-578) (504-709) (498-785)
BW (e) 121.1£29.7  269.8+28.3 | _c«» 141.9+7.7 411.9£41.5 43743418 ,_coer
8 (54.7-226.3) {(148.0-461.5) (47.4-371.4)  (182.6-702.0) (163.6-829.3)
1.2+0.0 1.620.1 Sk 1.3+0.0 1.7+0.1 1.6x0.1 .
Y<S Y<P=S§
CF (1.1-1.3) (1.3-2.0) 0.9-2.7) (1.4-2.0) (1.1-2.5)
9.0+1.3 17.0£1.0 11.020.9 18.7£0.7 17.6£0.7 e
%% Y<S Y<P=S
Fat (%) (5.3-11.2) (11.5-20.5) < (1.5-23.0) (14.1-23.2)  (12.5-24.6)
4.3+0.3 5.9+0.4 . 4.9+0.2 6.3+0.3 6.7+0.3
. Y<S Y<P=S
Age (year) (3.5-5.0) (4.0-8.0) (3.0-9.0) (5.0-7.5) (4.0-10.0)
sl 0.1+0.0 0.20.0 Ves** 0.320.0 0.5+0.1 1.3+0.1 Y<P***<S**
(0.0-0.1) (0.1-0.3) (0.0-0.7) (0.2-0.9) 0.7-22 * =
oD (1 m) 61.2+1.3 98.8+2.4 146.9+2.4 Y<P***<S**
pmr T (25-85) (90-115) (130-170)  *

Upper row: Mean = SE; lower row: range. Significant levels: *, p<0.05; **, p<0.01; ***p<0.001.
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= ARAEHRIAG R ~ PN Rl

M SR B Y TR B E 43 B A 631.4215.0 mm A
548.2+18.4 mm ; ZNIEEE S RIE 437.4x41.8 g
#l 269.8+28.3 g FHIEIEE AR 17.620.7 %
g1 17.0£1.0 % ; FHEEHSFIS 6.7x0.3 i
5.9:0.4 # (Table 2) - MM RBHBREBER

M 4R A8 B K (p<0.001) » IE M BIER Kk Filv
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(a)
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10 v Yellow

9

8 y=0.01x-0.44 .
® R2=0.48, p<0.01
g 7
=
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3
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4t
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y=0.03x-1.20
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Fig. 2.

HiMEEEZ =R (p>0.05) - HABERKARES
B . BT . BRASSR UL EIHIEARR - K&
B B e R B B ARRE R R (Table
3, Fig. 2) - EABERILTR > HTHBE -BE - BE 3
B BsRD R AR ERLAIEE (Table 2) -
SRALRTERZ el - H 9B R - B - JEmE - &
s &R DL R 4F 5 B 6R f8 3 M B E = R (p>0.05)
(Table 2) -

Female
(C)]
" o Silver
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v Yellow
9 .
8

Age (year)

y=0.01x-1.07
R2=0.64, p<0.001
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100
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v H v R2=0.24, p<0.001
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Regressions of total length, age, and fat (%) on each other in the male (a, b, ¢, left panel) and female

(d, e, f, right panel) Japanese eels. Dark circle: silver eel; white circle: pre-silver female; filled triangle: yellow

female; white triangle: yellow male.
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5 &
FRIE Table 2 RURRETHE SR - SRACATHISLERILHA 1

fig > TERTERETY - TGREE - ISR ER L B
BEER  BATERIERE - BT LaREST
o SRACHARHERS F IR EXRSE » HFEIIRy
147.0 um » ERLETHA BRI B £ EE = » HE
5S4 98.8 um (Table 1, 2) - HILHERR - RSB
REGTEE ZHE BRI ASLATH - W=
REMIRE - TERLBET  SHBaReRElt
EIERRPGE T o (HRER - O RIS RE e
BN > IR - EABHUERIL TR B SRR G {E
SR e TR IR L S » M HKIERIRES
Bl BB RS E AR (Han et al. unpublished
data) » ASERRIMEZVIIE R B IEEY - HRtEms s SRS
B SRR FAENT - H ARV Ea R
(ERERSE AT SRS TTaEAE ? —REY %
ELVRE B EASCR I E Bl > (ER RIS
HFRER » HAMS—EME » MESRERAAE
BN - HTTREF R RS/ BV ENEML, » (EREE)
SRILRISIEREREE - 1RE% Table 1 B9&EET > SRALATHIZ
SR - FEN A TR B E RN (HEHR
R HIRZ 5ok - B FRERE - At B
AEBRER IR (BfEEE 2 kBt (>307C) {4RT
AR BAF - R AR IR A AR BV H T 2 SR R AR B
HIRFETNE SRR - RS R FatfRER - JRED
FENFERRENRT R - RSB TERRE - A
AIREEREIERIERAL, » BN BUERIR N BV I R A T
JRE - '

fREE Table 2 HOMETHER  HEBHIRLBERES 44 -
63 cm > HEEBHIES 50 - 79 cm » HEABHSR(L BERIBRITE
RER/N - ILIER ST RONGE (48 35-41
cm ; fftf8 : 54-61 cm)”, ENEE (HEA8: 35-47 cm ;
HERE © 40-94 cm)"V DI R HAHS ([E48: 42-59 cm ; i
fig 1 51-71 cm) P RGIRSEAERATM, - R B A —XK
EIVE > BTIEIMTFROELE - MBHREFRIRIE
MBS EIR Ak (Size maximum) LUEHIZRERE » 42
B MEREFESRACAERY b 25 FE R ME RISl JUE -

BAESIRIb ) - bR TOMEBRER T IRER
TEMRARIBL S - TESRMCRB T - BN G > e B i
EBRIERL R AR 8-12 R8T 6-9 4F, UGS M
S BB HSR LRl - BIRS 19.3 88 12.7 £

" EBRITAE . FIAAS - HLMEA B AR SR T
FE AR 8.3 L8 6.4 £E2° » S5 ULBIIB IR TS
RISRAL AT BRI A & (K - AFFZE R8Iy SR LTS 1
FE LS E (Table 2) > Bk E g2 kue
(p>0.05) - BEFT A HIFEAERAE » FTRERMES »
EEEMATEN B A - N ENEEEE > FEHE
R i TSRS - H RS
BRI RE R SR A T - MR E R E
EBhAE - K - HERB BB AR L A1 T IRRAS R -
EH AR ERTEE - B B8 ARREE D
1 H SRS ETE S K (3-10 4F) » 180 T -5 {E0Yy
TRHESRGE » JRATRE S O I R SR A EE M 2= TR EAER
HREZ — -

Frisch and McArthur?” B4 H B HANSE e
BREZEIE KTHMN  [LEEREHE Ronnekleiv
et al.® EEBHEBEPNFEB LB ERE— Kk
AR - DB - Mg IR HS L EREEEE -
—RBEENFERY » 4 e A TR R S
NEERE AR Tt (R8N E B EHZ ISR
T AEFERT » S0 BESR IS SRL B BB A /) »
1B 1fE 68 S E BB 7P SRAVHA 2 Pt B S SR A M Bl 22
B BREBIER T REEAR AR L IR R e E
@ - DEERBEIARE - 8RR s e mipiens &
BIEARUICHR - TERINBIIHZE s - s8>
BRIERL Y 10-28% RV - AWfFCER - HA
fi8 . IBUR R ARG I AN 283 - HPgy = BTN
o THESE R IR BB R A 12-21 % » HERBH]
IMHY 13-25 % (Table 2) U 12 % ZEEgRBHEA
B SR MBI - BEREWIEROEL - K
RIREERGSHAEA SR FERERT - A1
i I RN ) IS S A o LA T R AR R N 1=
BB EANELA (12 - 25 %, Table 2) -

FHRTLE SR AT B E A8 SR EEZET - 487 -
FlLI R RIERE AR IR E— e R T
FRrBEF2E » 1T03E SR F 1 BERI A 2 B AHRE - 20 Table 3
Firs » 882~ DU BERE R A B EAERY > JRENE8
i RE S RGN N B R DR, B R AR ASRS T
HRGR N BEZEETMERE - H A8 AE R Z KRB
MEE N EE - BIERNEEERRYTE K2 #F
BEEE/KRIAR BRI RITRE B ErEael;
HiplifR e FEIGEY - b4 BIENBRESRIGER
IFEREE T » (E5F 2-3 ERIR IR BRI W B LAER 1L
(Personal observation) » SESRELKIREREE T ATEERY 4
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FELA L (Table 2) fE#E - #70L - HAMRZEE)
FERHZERTALERE - RE -

B AT STEFIRTEIBZRER - I RARIRABR A TERR
EEAREL > BIEH  FiNEE 4 & 0 HEHME
FEEMERER R EERFEERS - AL DRA

Table 3.

SREBET AR BWEPEIR - HRELUR
TEABETHERY » IREREIRIT URANIRABE - Ibo - 3
RIS ARER - RRE . A E 8L MR E
FASCIEIFYESR - (RIEL - DUSREEIREEA AIBESEFH N

Correlation coefficients among total length (TL), body weight (BW), age,

and fat components of the male (upper) and female {lower) Japanese eel.

TL BW Age Fat
TL 0.91*** 0.69™" 0.52*
BW 0.92*** 0.66** 0.64*
Age 0.80*" 0.65"" .30
Fat 0.62™* 0.58"* 0.49**

Significant levels: *, p<0.05; **, p<0.01; ***, p<0.001.
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The Silvering of the Japanese Eel Anguilla japonica : Season Age, Size and Fat

Abstract

This study aims to understand the changes in age, total length, body weight, and muscle fat content in the
Japanese eel Anguilla japonica during silvering, from yellow to silver eels, and their physiological significances.
Eels were collected from the downstream of the Kaoping River of southern Taiwan from November 1998 through
November 1999. The female eels were classified into three developmental stages based on external skin
coloration and oocyte diameter, namely yellow, pre-silver and silver eel stages. The male eels were classified
into yellow and silver eel stages only. The results showed that the occurrence of pre-silver females are found
mainly in summer (Jun. - Aug.), while silver eels was found mainly in the winter and early spring (Nov. - Feb.),
irrespective of sexes. The mean length and weight of the silver eels were 54.8 = 1.8 cm and 269.8 = 28.3 g in
males, and were 63.1 £ 1.5 cm and 437.4 = 41.8 g in females, respectively. The mean size of the silver female
was significantly larger than that of males (p<0.001). The mean age of the silver male and females were 5.9 = 0.4
and 6.7 = 0.3 years, respectively, and no significant difference was found between sexes (p>0.05). The mean
muscle fat contents in male and female silver eels were 17.0 = 1.0 % and 17.6 = 0.7 %, respectively, and no
significant difference was found between sexes (p>0.05). No significant differences of total length, body weight,
age and muscle fat content were found between pre-silver and silver females (p>0.05). During the growth phase
of the yellow eels, the increases of total length, body weight, age and muscle fat content were positively
correlated to each other (p<0.05). These results indicated that the onset of silvering in the Japanese eels was

season- related, and eels have to reach certain size, age, and muscle fat content for silvering to occur.
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