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Fig. 1

8.0 °C B&rf5 16.7 % FEL- » 1M 7.0 °C $HZEI-R
7.5 °C $HI 33.3% BHEEHIZE 66.7% » 6.5 °C %
ERFEL - ASKR MR T - Hoirm B A BRI
FE4¥ Ak 37.1 °C J% 7.6 °C (Table 2) -

Table 1 Mortality rate (%) of swamp eel elvers reared
under various temperatures for 7 days

ascending . descending .
mortality mortality
temperature (%) temperature (%)
O @
36.0 0 8.5 0
36.5 10.0 8.0 16.7
37.0 26.7 7.5 33.3
37.5 40.0 7.0 66.7
38.0 76.7 6.5 100.0

Table 2 The LTso values and their 95% confidence
limits for swamp eel elvers exposed to high and low
temperatures for 7 days

temperature LTso
(O (95% confidence limits)
ubper 37.06
bp (36.96 ~ 37.17)
| 7.58
ower (7.39 ~ 7.76)

The daily feed intake of swamp eel elvers at various temperatures.

T TAH A B

AR R/KRTT 1 °C BBRIE T > fRIgHR
BHEH 25.0 °C 1y 47.04 g FEE/KRITHE @ 16
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% - SREHERE/KR Y EIT TR > 34.2 °C IFHARE
4> 36.0 °C I & 1.44 g » 37.0 °C If58 &
NEREH - Hm s R AT 36.0 ~ 37.0 °C - [y
BE=E /KR TR - A SR WA - E 7K 16.5°C
B2 15.4 °C - BHIABAREIRY » 12 °C #fHE A
235g> 11 °C HISE 2 HEEH (Fig. 1) -
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5> 40 Table 3 fiiR » /MG FHHIRERE AT = 7E 30 °C
#HRy 6.28 g =il 25 °C #HIY 4.96 g~20 °C #HY 4.28
g > HEEE SR 15°C #11Y 1.24 g > S3AIK Rt =41
(9 1.27 £5 ~ 1.47 £5 % 5.06 £ - SEEFRGRLL 30°C 1
M7 9.23 cm fk > BEZEAH 25 °C #AMY 8.63 cm »
20 °C ¥ 8.05 cm Kz 15 °C $1Y 6.02 cm » £
EIRaEE [ 30°C #Hky 1.22 g - BHE KR 25°C #H
9 1.00 g ~ 20 °C [ 0.78 g Bz 15 °C #H 0.30 g -
30 °C fHIY R R R By 713.3% > RIlFI Ry 25 °C 4
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Table 3 Growth of swamp eel elvers reared at various temperatures for 6 weeks

rearing temperature
15°C 20°C 25°C 30°C
initial length (cm) 5.29+0.15 5.27+0.13 5.26+0.10 5.27+0.16
final length (cm) 6.02+0.51° 8.05+1.02" 8.63+1.00° 9.23+0.98¢
initial weight (g) 0.15+0.03 0.15+0.04 0.15+0.02 0.15+0.04
final weight (g) 0.30+0.08° 0.78+0.35" 1.00£0.37¢ 1.22+0.44¢
weight gain (g) 0.15+0.03? 0.63+0.01° 0.86x0.04 1.07+0.08°
percent weight gain 93.3+3.4° 420.0£9.4° 573.3£28.3" 713.3£56.5¢
average feed intake (gffish) 1.24+0.05° 4.28+0.91% 4.96+0.12° 6.28+0.06"
feed conversion rate 8.27+1.92" 6.78+1.29% 5.81+0.38° 5.89+0.41°
survival rate (%) 57.2.29.5° 68.9+16.8° 86.7+2.2° 89.3+1.1°
Means without a common superscript in the same row are significantly different (p < 0.05)
Table 4 Growth of swamp eel elvers fed with various diets (30 days)
rearing diet
live wiggler fr;)rz]snEgi(gj?(elter eel diet paste food
initial weight (g) 0.15+0.01 0.15+0.02 0.15+0.01 0.15+0.01
final weight (g) 1.35+0.46° 0.42+0.23° 0.36+0.20° 0.78+0.26"
initial length (cm) 5.27+0.11 5.26+0.1 5.27+0.13 5.28+0.08
final length (cm) 8.06+0.75¢ 6.54+0.90° 6.29+0.70° 7.77+0.75°
weight gain (g) 1.23+0.07¢ 0.27+0.02° 0.20+0.04* 0.63+0.01°¢
percent weight gain 820.0+47.0¢ 176.7+14.1° 130.0+23.6° 419.8+9.5°
average feed intake (g/fish) 4.83+0.04¢ 2.41£0.03° 1.67+0.03? 2.83+0.21°¢
feed conversion rate 4.12+0.11° 9.25+0.60° 8.71x1.71° 4.49+0.21°
survival rate (%) 78.2+1.6° 78.7+1.9° 77.5+2.1° 82.7+1.9°
Means without a common superscript in the same row are significantly different (p<0.05)
(573.3%) ~ 20 °C 4 (420.0%) K% 15 °C # (93.3%) 4.83 g EHFEENVEARETRIHELY 2,83 g ~ 2 HHHH
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Fig. 2 Growth in total length of swamp eel elvers reared at various temperatures for 6 weeks. Means without a

common superscript in the same week are significantly different (p=0.05).
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Fig. 3 Growth in body weight of swamp eel elvers reared at various temperatures for 6 weeks. Means without a
common superscript in the same week are significantly different (p=<0.05).

g8 (1977) $5H! - HABEIEERAILE 36 ~
38 °C - Sadler (1979) #& K BRIMESTEAE 1 ~ 3 °C
IR A8 » L B FE /KR By 23 °C B 29 °C-
AGRERHE R E KR TT 2 36.2 °C FHSABEA LA = iR
g > 36.6 °C HL L EL » M2 38.2 °C HI2ES
T HmE RSO A Ry 37.1 °C » /KRR
8.7 °C ZN4Z (k-3 - 8.3 °C IS -1 » 8.0
°C FBHIAE YR H 4 0 6.8 °C AIRERET @ fxii
FEGCRE Ry 7.6 °C - FUREEIB I E {7 /KR #iER
1E 10 ~35°C - [A]RFEITHYH AN - BT 35.7

°C BRth S HuHsHE > 36.2 °C HIRI-HE 5 ARG
& 4.0 °C MARFBAT - HABHIEStE L
iy A R 72 T H A {8 B W i o e 3 1
AR F R A T M i EC L

JERISE (1994) 5% & (Mylopharyngodon
piceus) ~ B (Ctenopharyngodon idellus) ~ i £
(Hypophthalmichthys molitrix) » i £ (Aristichthys
nobilis) ~ £ (Cyprinus carpio) ~ ffl#2 (Carassius
auratus) <5 B EAQI T IR E BB S R4 A
F539.9+39.4~39.7+~39.8~39.3 K 38.6°C » FE/R
fig g Bt SRR A S -

B (1977) fEHMB ALK 8 °C DU N &R -



80  MKRAE

13 °C DI _-BAATEEE - Walsh et al. (1983) 5 HISEH
B KIRAKRY 10 °C IRHE TR - 45 1L BRET - MRS
(2009) FRHEEBIERTT - e 1 °C BT - B
g (Scortum barcoo) 1F 16.5 ~37.0 °C #i[E N5
GEREHAT Ry HEHERAH /KRy 19 ~ 32°C « R
Rk EER (Fig.1) » MgRIHEE 1 °C 1B
T GEAEALE 12.0 ~ 36.0 °C HENEHHEETTR -
bE G B /KR AT HERE RN N - 29.2 °C
IRFBR R B ey - THE) 30.2 °C IfHI 2B N REHS
o TAE/KRUER 16.5 °C BiEifit 34.2 °C Il
EASE TR o Hix SR EAI7E 36.0 ~ 37.0
°C » MEARAIAE 12.0 ~ 11.0 °C » A {EHEGEEHET /K
IEELE 16 ~ 34 °C - fi Mgk BH 08 B 4 i s 2]
J& - {HIRBHEEAE SR -

Tzeng et al. (1998) FEHISEINABRIIE R S G EHAY
BOBCRAREE 737 Ry 28.33 2 29.0 °C - et EaE
FEAE 15~ 20 ~ 25 ¢ 30 °C PR AR T TES - B
SRAGR (Table 3) » BH/RERAGTE & BRI
A B E 7KIREIT e Hg R BRI
BN SEAE HAR R LB S - AL (Cyprinus
carpio.) (Huisman et al., 1979) ~ =58 (Sparus
sarba) (Mihelakakis et al., 1994) Jx H 7 T fi%
(Paralichgthys olivaceus) (Nakahiro ef al., 1994) % -
—f% - AEERTEDCT » Gk eR G RE R TSI
iy (Lancaster, 1991; Russell et al., 1996) - 21 (1999)
FRHHEA IR RUEAE 18 ~ 23 J¢ 28 °C /K HREEH » H
BAPRHUER L 23 °C Hiliwers) - 1 28 °C HHAURS R -
AeABE » 25 °C FHETRHEHREE Fy 5.81 0 HX
& 30 °C #HAY 5.89 » 20 °C #HAY 6.78 k¢ 15 °C #HHY
8.27 » A R A AR /K IR A A A B R AT e 22 »
BRI Y » B S ey -

R H A8 B 1 PR DA SRl 1T T
BIgH (55, 1971; #&, 2005) > (BIRE ST AR © F
PR RALEPRLZ W T - ARG B S VU AE A
BHETTEL - HIRASREUR (Tabled) EREHM
i E A R~ I ERI RS 0 3R 4.83g
820.0% » H R Fy'BiRERHH - 4331k 2.83 g
419.8% » 1 HHR I | B 68 FR) RHE & H 53 B Ry
2.41 g~ 176.7% » 8 & BaDRHH AR 23 11 Ry
1.67 g ~ 130.0% - BRig iR =i i -
TR B IR 2 - BRI 4 ppm S L& 2E
W 30 SR ERAOTE AR > KB RIEH - TR HLEES

BRER R Kt H AR A SRR AR 2 - 1517
REVEIRERIHAY 82.7% Foersn > HRB L BR
Wi BB FERC S EPRRE SR 78.7% ~ TG i
78.2% ~ SR A AR 77.5% - VYRS B
B o A IS TH F R AR IR A TR
PR (R FEIE S G REGs RN
LIWFSE o BpRHs R DGR i HH e 4.12 BEE

HREEIREPRHEAY 4.49 - IR EIEEA= R - H
R v BRI 15| B AR F U S B RHE S . ~ g
BRI o BeEREIREARIES 5 [T I B H At R
A TEPRHRELF - —RAE 10 28NS iR -

Ho Tl AJm i (E RS 7R3 80% > Hifi
AR RE - — IR MR AR
BRI S BRE - 75 5 [MRHGE  ARRR /K
IR > SRR B RRA R AR /K T S
RIS > T HRAE S ROKE  EES
HYEBRIRE -

A

AGABERENERSERK > AR AN EABRES B T S48 5L
FARABEIIE toh B 2 Bl ie ok - BB SE R BITIA
it ot - R EREGH L -

225 30

A+ (1999) 44 v ¥ OEEMES. BEHT,
18: 65-68.

T, AIRE, EEIL, KESR (2000) =fEER A
YEER KRS, JKEERRTE, 5: 3-4.

T8, R (1994) #4678 3 /K fa iR B AL HE(E
FORFZE. ZKEEEHR, 18 (2): 93-100.

PR A, HBIERE, 2IEE (2010) KRS 2 A HEEGE -
BRE SR . JKEEWTFE, 18 (1) @ 55-63.
g (1971) ikt = E kA AT

gespds 712,

FIEREA (1998) I R SE B fakH AR R A QR 4 B 2 F 5%
TTBEER R Z B SR T B R, 4
pp-

ISR (1986) ZEINR/KMAME. SEABINHRERER
REIEBHEHE, 183 pp.

BRERIE (1975) ZEEEMSY Anguilla japonica FJA- 1
ge. =2 A KRB TR, 25: 59-66.

BRIEENS (1977) ZRUBHGHEN & MR- /K ERHEEE.



Kk ELADRL B R AR N 0T - AR E 8]

WRHEERE T ARED, 149-151.

BREELE, 70017 (1999) EEUOK BT T FAREEE. 0L
WA VIYIREEIE, 287 pp.

Bkt (1977) @Sl R /K EFRIH 200, AR
HERLITARED, 307-310.

BI'E Ot (1999) 2 JH /K i B HE 5 R Ul (Morone
saxatilis x M. chrysops) ¥ E ~ BR KBS
L. BIOLEB ARV R,
168 pp.

B (2009) FERIEMB T [ - BAEHRE S
. BHEEERAR,12: 23

FEfPEE (2005) fBf. EEEEREIE, 179-184.

Finney, D. J. (1971) Probit Analysis (3rd ed.).
Cambridge, University Press, New Yorle, 333 pp.

Huisman, E., A. Klein, J. G. P. Breteler, M. M. Vismans,
E. Kanis (1979) Retention of Energy protein, fat and
ash in growing carp (Cyprinus carpio L.) under
different feeding and temperature regimes. In
Finfish Nutrition and Fishfeed Technology (). E.
Halver and K. Tiews eds.), Heenemann, Berlin, Vol.
I: 175-188.

Lancaster, J. E. (1991) The feeding ecology of juvenile

Ph,D. thesis,
University College of Wales, Swansea.

Mihelakakis, A., T. Yoshimatsu and C. Kitajima (1994)

Effects of environmental temperature of food intake

bass Dicentrarchus labrax (L.).

and growth of the silver sea bream, Sparus sarba (F).

Suisanzoshoku, 43: 491-497.

Nyman, L. (1972) Some effects of temperature on eel
(Anguilla)  behavior. Institute of Freshwater
Research, Drottningholm, Report 52: 91-102.

Nakahiro, 1., K. Kikuchi, H. Honda, M. Kiyono and H.
Kurokura (1994) Effects of temperature on the
growth of Japanese flounder. Fish. Sci., 60: 527-
531.

Russell, N. R., J. D. Fish, R. ). Wootton (1996) Feeding
growth of juvenile sea bass: the effect of ration and
temperature on growth rate and efficiency. J. Fish
Biol., 49: 206-220.

Sadler, K. (1979) Effects of temperature on the growth
and survival of the European eel, Anguilla anguilla
L. J. Fish Biol., 15: 499-507.

Tzeng, W. N., Y. T. Wang and C. H. Wang (1998)
Optimal growth temperature of American eel,
Anguilla rostrata (Le Sueur). J. Fish. Soc. Taiwan, 25
(2): T11-115.

Vollestad, L. A. (1986) Temperature-dependent activity
of brackish water yellow eels, Anguilla anguilla L.
Aqua. Fish Manag., 17: 201-205.

Walsh, P. J., G. D. Foster and T. W. Moon (1983) The
effects of temperature on the metabolism of the

(LeSuer):

compensation in the summer and torpor in the

winter. Physiol. Zool., 56: 532-540.

American  eel  Anguilla  rostrata



82  MRAE

Effects of Temperature and Diet on Survival, Feeding, and Growth
of Swamp Eel (Anguilla marmorata) Elvers

Tain-Sheng Lin"

Freshwater Aquaculture Research Center, Fisheries Research Institute

ABSTRACT

In this study, experiments were conducted to investigate the half lethal temperature, suitable feeding
temperature, and effects of different temperatures and diets on the growth of swamp eel (Anguilla marmorata)
elvers.

Swamp eel elvers were reared for one day at 25 °C, then cultivated further as the water temperature was
increased or decreased continuously at the rate of 1 “C per hour. As the water temperature rose to 36.6 °C, the
elvers started to die, and when it had reached 38.2 °C, all the elvers had died. When the water temperature declined
to 8.3 °C, a few elvers died, while all the rest had died by the time it reached 6.8 °C. The upper and lower lethal
temperatures were estimated to be 37.1 °C and 7.6 °C, respectively.

In another experiment, after elvers were stocked at 25 °C for one day, the water temperature was increased
or decreased for 1 °C per day. The elvers had the highest feeding rate at 29.2 °C. At over 30.2 °C, their feeding
rate slowed down, and at 37.0 °C, it had completely stopped.

In the growth trial, 300 swamp eel elvers were reared in four thermo-regulated recirculating tanks at 15, 20,
25, and 30 °C for 6 weeks. The elvers reared at 30 °C had the best growth rate (713.3%). That growth rate was not
significantly different from that of the elvers reared at 25 °C, but it was significantly higher than the rates for those
reared at 20 °C and 15 °C. The feed conversion ratio of the elvers reared at 25 °C was better than those of the
elvers reared at 30, 20, and 15 °C.

A 30-day experiment was also conducted on four kinds of diets for swamp eels. The group cultivated with a
living wiggler diet attained the highest percent weight gain (820.2%), which was significantly higher than those
of the groups reared, respectively, with paste feed, a frozen wiggler mixed eel diet, and an eel diet.

In conclusion, tropical swamp eel elvers can be cultivated successfully indoors when reared in controlled

water temperatures in the range of 25~30 °C and fed with paste feed.

Key words: swamp eel (Anguilla marmorata), temperature, feeds, survival, growth

*Correspondence: 111 Tai-Ho, Chupei, Hsinchu 302, Taiwan. TEL: (03) 555-1190; FAX: (03) 555-4591; E-mail:

I_t_s_1@ yahoo.com.tw
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