R 0 BEH > FEL 0 B—A°
' BEEKERRT K ERER

2 G ARG

(1997 #£ 6 H 15 H#EZ)

W ¥o.

TFRI

TAIWAN

1993
‘%"“’ts Ro"o(b

T RIBRIERE KRR Estradiol - 17 BEREREUNEBZ R RMBRETZ
RA R

R

BB T B Estradiol - 178(E2) SRS SIS - KALMERAAE
HERBIRAVEITRAG - AFELURISIE 312 11 g ZEONBHEIE T
BOKETERGE » 4 = HETHE: HIBEE Q2.5 kym2+ E2 (60 mg/kg BIFY
(225 kgim?) SURISHRE (7.5 kgm?) 41 - B SARSESETT - 63t
482 H - 7E55 312 FRAE » SHIR 2 BPSHIER HCG (1 1U/R) 2 K4 » iRt
PR EIEIY - #REE - AT (RS 62 F) - (L R
ERR BRI + E2 f 0 B 20- 30 AR - B - IS+ E2 417
PR LIRS AL » TSI OB A S L -

RHEEEA - BUNGG » Estradiol-17 &

ATEE - A RIREE H A8 8 e ol - v (B - LA
HEREREFCE BN BRELERA IR E
oa i BT ST - BEH P RRENE < By - B
Al > ZEHECNEEA RSN - TEARFT BRI B 2K
SR TEER - MR T EE AR EH
R WREERE REED I ER SOt
2o #E 1997 £ SECAERERACBEGE
fEsEE AL AERCNGE - FEERETE 1,000 M > THLEE
B ERHEIRA - RS EEOS . BEBREINE R
BRECE - AR BCEM TR SRR ST - 380K
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B LI - R ERHRY  HZKE Poole and
Reynolds™ WIRFFCERa HIRRES » IEH R Z RN H
PIERE R LB A - $RE8HH (Silver eel) &
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Chorionic Gonadotropin, HCG) ##2h - ZSIREEEH
HEMEAS 77% - MfEHEr: © BEAEREER 20% -
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Table 1.
on the growth of Anguilla anguilla.

Relationship of different stocking densities and feeding estradiol-17 5(E2) (60 mg/kg feed)

Stocking Harvesting
Tofal Average Total Average
Period Treatment weight weight weight weight FCcr (%) Duration
(kg) () tkg) (8
- 45.0 3.54 70.68 6.18 1.47 0.94
Tst 45.0 3.54 71.25 6.23 1.44 0.95 48 days
- 45.0 3.54 71.71 6.28 1.42 0.97
High density +E2  92.25 6.45 176.40 12.97 1.66 1.06
2nd  High density 91.32 6.22 180.87 12.97 1.56 1.12 64 days
Low density 30.07 6.64 66.32 13.09 1.27 1.29
*FCR: Feed Conversion Rate = Feed weight/Body weight increment.
*r%: Daily growth rate = 100xIn [(Final weight / Initial weight)/Rearing days].
2 - IgER B2 HENSMIR BT o EH B 2 H £ 1.08~0.56% -  0.97~0.51% K

RFEIERE R B2 EPRIETE 312 H (B TREEHAS )
% [REERER 10-15 BZfH > 8 1 58% > ETRIR
HCG {EEZERIR (1 1U/g eel) » Wi 2K fHIREHS FH1 55 1A

o E& HCG BHMRLLURER] 2-phenoxyethanol K
%Jki)%ﬁ%‘?ﬁuﬁ%ﬁﬂﬁﬁ PRI A T A g e
JEFL EJ5HT 1.5~2 cm BRIEA - A5 — K HCG R
<58 3GE - REIFTAEST > IERRR - fRERERE
g2 B EEREY (Gonadosomatic index, GSI)
(GS!: PEBREE X 100/88H) -

R

— ~ PAEEEER E2 IR
R HH

FERFHT 480 H oz s BaFSR15 %0 (Table 1, Fig. 1 &
Fig. 2) » fEMAR S B —MEER - = RRE % E
B MRS FCR WETAHR » W] 7 &2 IR
FE TR AKAESR RS RAF - MESE _REE S MR b
FEEHBREEHRREE  SRUMEEEHZ
R EE (r = 1.29)  SERMEEHR R EIHAE (FCR

= 1.27) (Table 1) ; i B HHEF (Table 2 : FE=K
PUREES) - mE R+ E2 M EE L

1.14~0.50% » FCR 438 1.60~2.03 » 1.82~1.70
K 1.64~1.98 » =fH o HIMEHEER - (HE - {55
TLREETSPEEL - =R A R AR A2 iR B
FEIE(r = 0.39% > 0.33% K 0.42% > 0.30%) »
MmeEE+ B2 /1 BREZEN r fi= 0.58% K
0.43%) (Fig. 2) - Mip=RMBEA - LIS &R + B2 #f
A TR REEEX S - SEEHB RN
(Fig. 1) e

=08 =1
5’/ ;ISE

C IRER B2 BIRIE TIRZB B

R R BREIE £2 fRlz & GSI
fl(0.75 + 0.34%) #REREI~E E2 fRhZ 54 (0.1
+0.13% }%0.09 +0.15%) B (t=2.14, p<0.05)
(Table 3) - i1 HCG 8 EAFTR . GSI 535015
0.34 + 0.34 9% K 0.34 + 0.33% AGMERAE =R
(Table 4) - ¥l Fig. 3 &2 GS| ZHEESARIGE > HE
& B2 EaRlz #5640 HMERASEE (GSI < 0.25 %)
ZHBEEE 90% DL MHREERE (GSI >
0.25%) Z LLBITMIE - s ~ (K% AR IR A 25 -
(2RI ER B2 faplsg  HIEMEIR KERS 9 C BA S
B &R 4~8% ZMRETEETE -
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Fig. 1. Variation of average body weight of European eel Anguilla anguilla
rearing under different stocking densities and fed with estradiol-174 (60 mg/kg
feed).
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Fig. 2. Variation of growth rate of European eel Anguilla anguilla rearing
under different stocking densitics and fed with estradiol-17 £ (60 mg/kg feed).
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Table 2.

Variation of daily growth rate (%) and feed conversion rate (FCR) of

European eel Anguilla anguilla in different period by different stocking densities

or feeding E2 (60 mg / kg feed).

period High density +E2 High density Low density

r% ( FCR ) r% ( FCR ) r% ( FCR )
1st (48days) 0.94(1.47) 0.95(1.44) 0.97(1.41)
2nd (64days) 1.06(1.66) 1.12(1.56) 1.29(1.27)
3rd (74days) 1.08(1.60) 0.97(1.82) 1.14(1.64)
4th (80days) 0.56(2.16) 0.51(1.90) 0.50(1.95)
5th (94days) 0.58(1.94) 0.39(1.96) 0.42(1.72)
6th (122days) 0.43(2.03) 0.33(1.70) 0.30(1.98)

SE]
FAHSY B RS » HEMER R R

Fo HEAEZRIE® o Chiba et al."”BL 25 F 50 mg
E2/kg feed ERETH AfE A. japonica 41 - 15 EIHHE
CESCE - Degani"® JRfgH > 50 mg E2/kg feed
5 0.5 mg MT/kg feed + 25 mg E2/kg feed FERERI
8 > FERESPEEBRESIE (0 mgkg feed) £
e PIEHEMT1 ~ 5~ 10 ~ 15 mg/kg feed J% E2
15 mg/kg feed BRPRIARAAIK FARTS 2 BRIMAB L > K5 R 4~
HEREZEM B B2 HEREESR - T
i > Degani and Kushnirov'"LIAN[E E2 && (O -
30 ~ 60 mglkg feed) 7 BAfRIET EBUMES i < FE R -
TR H AR 5 BNERIE R AT
AR HERATFERMNE A R < BTN
M BIERREREE  MERENREERES - K
Wgeld 2 SRS EE RS » Bt - HEENE
HHi Degani and Kushnirov!"ORi{ij 235 7 i5EATES
FIFESELL - BB RTHE - EREHARPZEENR
7.5~22.5 kg /m? » @A E2 ifEILRAEEERIRCE
T AN 7 5 o B A R AR/ NI TR SRR 2 {HFE
BRI BN £2 i BRERHREFEER
WiEETE (40 Fig. 1 F Fig. 2 ffism) o Degani and

Levanon® g4 » B 0.3 kg/m* .2 0.35 g 8 » &
1 kg/m? K 0.5 kg/m? H 2 WG > MHEKE
TERILR A R TEE AT AR RN R A Sl
R ERAEY) B R K/ NERLZ 53 F » ERIRR I
FE AR/ IN T CCR EL E BE AR - RS2 AR
FIE] - SERAWFR S EE K B2 EREAKC FCR
R A% B2 R FCR 1.52 K
1.66 FHB{E (Table 1) » HKERFHZ EFREAF]
FABEHHBA RS (L rhgeny) shgf -

Table 3.  GSi value of Anguilla anguilla rearing
in different stocking densities and fed with
estradiol-17 8 (60 mg/kg feed) (duration of
rearing after treatment was 312 days).

Treatment Sample no. GSI
High density + E2 30 0.75 = 0.34*
High density 30 0.11 £0.13
Low density 30 0.09 £ 0.15

*Significant, p<0.05.

PP T SR A B A FER 22 —fii
5 o M SR T e A A - R R R M e
Pl - @A MEIRIER] (Gonadal sex) {REBMERES
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2 (Gonochorism) 9727 K455 (Undifferentiated)
0D o L HAMEZ VERIFAYE S WI5C /i » Satoh et al.#?
Ko Chiba et al."” DU 4% & M 14 3% fal k)43 51 2
23.2~35.4% K7 95 ~100% ZMEMEEE 43R - BRNGEIR
ARCHIE S B2 ERHTA 70% (ZMEMERY - A
sest¥tig s GSIBLETERRT - IR SRER T IR
B2 Z Bkl B AR AL - HER & A 2 MEIR B A B
B M HAEHR R HCG ESMERRIER - R ARG
R HFEFREEERMST HCG 2 BIET 2 (ARH5E 1
IU/g eel = 100 1U/eel ; Degani and Kushnirov!'® >
380 1U/eel : Kushnirov and Degani“® » 800~1,000
U/eel )Ef8fC FRi /N (2 #0) 28 AHFeH E2
BE LR < VERR B By AN HA R A 0 HLIERE SRR
B2 ¥EOMESEF SR RRERFOEN - BER
SEMIPERI#ER FRE - TR R 40 om 7o HERRS
VR AB BT 1 ECR Y A kB2 N
(<150 g) > QUSERINES « BIEA AR E - HIt
A EARIANE - SH4% 0 Wikt P A T
LR IEESTPERRAHAR YT iz AT - DATRRE = AR

FRRryB LR 3L B -

R AR B A R R A B
SRR E 2R RS R - At
FEG AP ELMEER (<12.5 kg/m?) #5E > Hp)
1T AR EVEEA SHEME(L » SR B HERE M B 49E -
FEILEERET  BEARH R R BE - —
feimis - RAE SR REEET R - HERAERD—
TERLE - MR HARE R R T - (BAN{TAE
HRh PR Rrie IR < e DUMGER R - EHl
BB R - N LERZ BRI IBRARS B
ARG KL T BIILLUEEE - 541
FEEALR RS e RR B R - RIS L
INSREREER - BlE - RN ERE Z FST - A%
R IR R e B B BRI AR SRR 5 SIS
b HRE TSR R o B BN BT i Bl
WH9E - (e AR AR AT - I H R - DIESE
ZE MR - M o FEIMSRECNES G R FERET
gt FEFEE - DAMESL T FE A5l - D RERRIR E AT
FRREER R T ER RIRE -

Table 4. Variation of GSI of European eel Anguilla anguilla with
HCG injection.
Tank no. Treatment Before injection®  After injection
1 High density + E2  0.64 X 0.31 0.60 + 0.23
2 High density 0.05 = 0.03 0.07 £ 0.06
3 High density 0.10 + 0.06 0.13 £ 0.10
4 High density + E2  0.73 = 0.46 0.65 - 0.27
5 High density + E2  0.87 & 0.17 0.87 £ 0.32
6 Low density 0.12 £ 0.20 0.11 £ 0.09
7 Low density 0.06 * 0.06 0.19 £ 0.19
8 High density 0.17 £ 0.21 0.10 = 0.1
Mean 0.34 £ 0.34 0.34 = 0.33°

*Sample size of tank 1-5 and 8 is 10 pcs/tank, while that of tank 6-7 is

15 pes/tank. Accordingly, total sample no. of tank 1-8 is 90 pcs.

P-test, no significant (p>0.05).
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Fig. 3.  Distribution of gonadosomatic index of European eel Anguilla anguilla. a: before HCG injection.

b: after 2 HCG (1 1U/g eel) injection.

B

AERHAR - FIBRHE - ERE - HEW T AERE
T B - BHL  RIQAK - SREVIME - BREST - TR
E -~ B/ - HIEEE - RERNEEEAR TFL
ELEIC EH—HRTHE - X FHBRREE
EEEBMETERE L) > IR -

253U

1. #REMT (1997) HEMLEEGHRKRREE. 0¥

K AR P - R T R AR A E I RO AR L 1-
64.

Degani, G. and D. Levanon (1983) The influence of
low density on food adaptation, cannibalism and
growth of eels (Anguilla anguilla L.). Bamidgeh, 35:
53-60.

Holmgren, K., H. Wickstrom and P. Clevestam (1997)
Sex-related growth of European eel, Anguilla anguilla,

with focus on median silver eel age. Can. J. Fish.



28

R B

RSO B-A

10.

13.

14.

Aquat. Sci., 54: 2775-2781.

Poole, W. R. and J. D. Reynolds {(1996) Growth rate
and age at migration of Anguilla anguilla. ). Fish Biol.,
48: 633-642.

Rossi, R. and P. Villani (1980) A biological analysis of
eel catches, Anguilla anguilla L., from the lagoons of
Lesina and Varano, ltaly. ). Fish Biol., 16: 413-423.
Knights, B. (1982) Body dimensions of farmed eels
(Anguilla anguilla L.) in relation to condition factor,
grading, sex and feeding. Aquacult. Eng., 1: 297-
310.

and H. Wickstroem (1993) Sex
dimorphism in cultured eel (Anguilla anguilla L.).

Nord. J. Freshwat. Res., 68: 80-90.

Holmgren, K.

Holmgren, K. (1996) Effect of water temperature and
growth variation on the sex ratio of experimentally
reared eel. Ecol. Freshwat. Fish, 5: 203-212.

Tesch, F. W. (1976} Biology and Management of
Anguillid Eels. In The Eel (P. H. Greenwood ed.).
Chapman and Hall. London, 434pp.

Degani, G. and D. Kushnirov (1992) Effects of 17 3-
estradiol and grouping on sex determination of

European eels. Prog. Fish-Cult., 54: 88-91.

.Degani, G. and M. L. Gallagher (1995) Growth and

nutrition of eels. Laser Pages Publishing Ltd. Jerusalem,

Israel.

-Malison, ). A., T. B. Kayes, B. C. Wentworth and C. H.

Amundson (1988) Growth and feeding responses of
male versus female yellow perch (Perca flavescens)
treated with estradiol-17 §. Can. ). Fish. Aquat. Sci.,
45: 1942-1948.

Gannam, A. L. and R. T. Lovell (1991) Effects of
feeding 17 a -methyltestosterone, 11-Ketotestosterone,
17 B -estradiol, and 3, 5, 3-trilodothyronine to
channel catfish, Ictalurus punctatus. Aquaculture, 92:
377-388.

Woo, N. Y. S, A. S. B. Chung and T. B. Ng (1993)
Influence of oral administration of estradiol-17 8 and
testosterone on growth, digestion, food conversion and
metabolism in the underyearling red sea bream,

Chrysophrys major. Fish Physiol. Biochem., 10: 377-

15.

16.

20.

21.

22.

23.

24,

25.

387.

Zou, J. )., V. L. Trudeau, Z. Cui, J. Brechin, K.
Mackenzie, Z. Zhu, D. F. Houlihan and R. E. Peter
(1997) Estradiol stimulates growth hormone production
in female goldfish. Gen. Comp. Endocrinol, 106: 102-
112.

Donaldson, E. M., U. H. Fagerlund, D. A. Higgs and |.
R. McBride (1979) Hormonal enhancement of growth
in fish. In Fish Physiology, (W. S. Hoar, D. J. Randall,
and J. R. Brett eds.), Vol. 8. Academic Press, New
York, NY, 455-497.

.Chiba, H., K. Iwatsuki, K. Hayami and K. Yamauchi

(1993) Effects of dietary estradiol-17 B on
feminization, growth and body composition in the
Japanese eel (Anguilla japonica). Comp. Biochem.

Physiol., T06A: 367-371.

. Degani, G. (1986a) Effect of combined dietary 17 8-

estradiol and 17 «a -methyltestosterone on growth and
body compostiion of European eels (Anguilla anguilla).
Aquaculture, 59: 169-175.

. Degani, G. (1986b) Effect of dietary 17 A -estradiol

and 17 a -methyltestosterone on growth and body
composition of slow-growing elvers (Anguilla anguilla
L.). Comp. Biochem. Physiol., 85A: 243-247.
Kamstra, A. (1993) The effect of size grading on
individual growth in eel, Anguilla anguilla, measured
by individual marking. Aquaculture, 112: 67-77.
Yamazaki, F. (1983) Sex control and manipulation in
fish. Aquaculture, 33: 329-354.

Yamamoto, T. (1969) in Fish
Physiology, (W. S. Hoar and D. ). Randall eds.), Vol. 1I,
Academic Press, London, New York, 117-175.

Satoh, H., Y. Nimura and T. Hibiya (1992) Sex control

Sex differentiation.

of the Japanese eel by an estrogen (DES-Na) in feed.
Nippon Suisan Gekkaishi, 58: 1211-1218.

Kushnirov, D. and G. Degani (1995) Sexual
dimorphism in yellow European eel Anguilla anguilla.
Aquacult. Res., 26: 409-414,

Egusa, S. (1970) Notes on sex and growth of European
eels in freshwater eel-rearing ponds. Nippon Suisan

Gakkaishi, 36: 1224-1225.



ANEZ B IE A R B ER Estradiol -17 8 B ELER NG & sl K MEIRSE B LB 29

Chung-Zen Shyu', Shiarn-Chiang Chou', Hui-Wen )o\'m"’o,
Hsu', and | Chiu Liao? TFRI
]Department of Aquaculture, Taiwan Fisheries TA'WAN
Research Institute, 199 Hou-lh Rd., Keelung 1993 ¢
~ieg Res®

202, Taiwan.

" Taiwan Fisheries Research Institute, 199 Hou-
th Rd., Keelung 202, Taiwan.
(Accepted 15 June 1997)

Relationship of Different Stocking Densities and Estradiol-17 5 on the Growth
and Gonadal Development of European Eel Anguilla anguilla

Abstract

Most of the studies aimed at increasing the growth rate of the eels using hormone treatments were on juvenile
eels. In this study, European eels with an average weight of 3.1 = 1.1 g were stocked in a superintensive recircu-
lating aquaculture system in 3 treatment groups, i. e. groups of high stocking density (22.5 kg / m?) with or
without estradiol-174 (60 mg / kg feed) and a low density (7.5 kg / m*) group. The experiment was divided into 6
periods, having total of 482 days. After 312 days of feeding trial, samples from the 3 groups were injected with
HCG (1 1U / g) twice in two weeks and gonads were investigated. Eels in the low density group grew faster than
eels in the high density group with or without E2 treatment in the previous period (62 days after treatment) until
about 20 - 30 g each. Then individuals in the high density group with E2 caught up and grew faster compared
with the other two groups in the remaining period. The GSI of eels in the high density group with E2 was
significantly higher than the GSI of the eels in the other two groups.
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