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REARING OF THE EEL ANGUILLA JAPONICA
IN RECIRCULATING AQUARIUMS

In-Bae K1M**, Yong Uk Kivm** and Jae-Yoon JO**

From August 1976 to May 1977, a series of rearing experiments of eels weighing over 5 grams
were carried out utilizing indoor recirculating aquariums and the results are summarized as
following:

1. The eels were instantly acclimatized in the aquarium when alive Tubifex was fed as food,
resulting in the food coefficient of around 5, and the daily growth rate of 2% or so (Table 2).

2. When mackerel flesh was used in combination with flour dough or commercial powdered
feed, the food coefficients were 4 to 5 and daily growth rates were between 1 and 2% (Tables 3
and 4).

3. The eels of 12.4-14.7¢ in average weight which had not shown any growth when fed
processed feed, grew normally when they were fed alternately with alive Tubifex and processed feed
with the results of 4.3-6.0 in food coefficient and 1.4-2.3% in daily growth rates (Table 5).

4. Experimental processed feed containing North Pacific white fish meal as the main ingredient
showed the food coefficient of 1.31-1.83 as dry material and this means that there is not any
significant difference between this experimental feed and the control commercial eel feed, imported
from Japan which showed food coefficient of 1.34 and 1.328 (Tables 6 and 7).

5. The feed cost may be reduced by about 459 (based on the domestic prices in the spring 1977)
if this experimental processed feed is used instead of imported commercial feed.

6. Uneven growth is markedly significant in eels, and those which showed retarded growth
gave very poor food efficiency as well as poor growth rate until they reach the size of about 32
grams. Thereafter they recovered both the normal food coefficient and growth rate,

7. Individuals which have been showing significant retarded growth may have some inherent
physiological factors but this poor growth might also be, more or less, results of some external
factors which are considered necessary to be investigated.
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Fig. 1. Diagrammatic drawing of the rearing
systems used for the experiment.
la: Top view of set 1
1b: Side view of set 1
2 : Side view of set 2
P : Pump
F : Filter tank
A : Aquarjum stocked with eels
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PROCESSING OF EXPERIMENTAL FEED

Flour (29%)
[ “— Waler{about 85 times flour in weight)

Mix well

|

Boil

|

Keep hot for 30min. (on weak fire orin autoclave)

while stirring until coaguiate

< White fish meal { 69 %)
Table salt { { %)
Cool to 50°C or below

= Vitamine mixture (1% )

v
Mix well

Fig. 2. Processing of experimental teed.
Ingredients after preparation (average
results of 11 examples) became as fol-
lowing:
Flour 9. 1%, Fish meal 21.5%, Salt 0. 3%,
Vitamine mixture 0.3 9%,
Water added 68.82;*

Rate of reduced water results from ev-
aporation during processing.

Table 1. Contents of vitamin mixture

Ingredient

Retinol (A)
Cholecaleiferol (D

Amount contained in 1 kg

5,000,000 1. U,
1,000,000 1. U.

Tocopherol (E) 3,750 LU,
Menadione Sodium Bisulfite 300 mg
Thiamin (B)) 300 mg
Riboflavin (B,) 5,000 mg
Pyridoxine (Bg) 1,000 mg
Cobalamine (B,,) 5000 ng
Calcium -Pantothenate 5,000 mg
Niacin 650 mg
Folacin 170 myg
Choline HCI 150 g
di-Methionine 100 g
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Table 2. Result of conditioning to aquarium by giving Tubifex as food for 18 days
(August 13 — 31, 1976)
(weight in grams)

First Last Growth rate(%)

Division(Feed) Average ——————-——— ———————— Gain Food ————————
W.T. Weight/No. (Aver.) Weight/No. (Aver.) coefficient Total Daily

€0D) (Wet)

1-1 (Tubifex) 27.3 81.1/10(8, 11) 122/10(12. 2) 40.9 4. 77 50.43 2,294
-2 ( » ) 2 81.9/10(8.19) 117. 3/10(11. 73) 35. 4 5. 90 43,22 2,016
-3 ( + ) » 151, 8/10(15. 18) 176/10(17. 6) 24,2 9.69 1594 0,825
2-1 ( 2 ) 28.8 56. 6/10(5. 66) 85. 7/10(8. 57) 29.1 4,98 51.41 2,331
2-2 ( » ) 28.7 53.2/10(5. 32) 86. 0/10(8. 60) 32.8 4.41 61.65 2,704
2-3 (4 ) 285 58. 4/10(5. 84) 81.0/10(8. 10) - 22,6 5.66  38.69 1.834

* The eels which retained from 1974 by retarded growth.

Table 3. A result of rearing for 30 days fed with combination of processed feed
and fresh mackerel flesh (Oct. 23 — Nov. 22, 1976)
(weight in grams)

A First Last 00d Growth rate(%)
e - Verage ————— e e ———— — . Food ———r—
Division  (Feed) W. T Wenght/No (Aver ) Weight/No. (Aver.) Gain coefflcxent Total Daily
> (Wet)
2-1 (Mackerel 25.9 158/10(15. 8) 232/10(23.2) 74.0 4. 66 46,83 1.289
mixed feed)
2-2 ( 2 ) 28.0 124/10(12. 4) 212. 4/10%(21. 2) 88.4 3.83 71.29 1,810
23 (2 ) 20.7 158/10(15.8) 282/10(28. 2) 124.0  4.30 78.48 1,950

* Escaped one is included at its initial average weight.
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Table 4. A result of rearing for 20 days fed with combination of fresh mackerel
flesh and dough from Dec. 5 to Dec. 25, 1976

(Weight in grams)

First Last Food Growth rate
Division (Feed) Ai‘\,/er’l‘ Weight/No. (Aver.) Weight/No. (Aver.) Gain coef?i(::ient Total Daily
) (Wet)
1-1 (Control 1)% 24.9  244/10 (24.4) 323/10 (32.3) 73 4.45 29.91 1.317
1-2  (Mackerel
mixed feed) 24.9 246/10 (24.6) 358/10 (35.8) 112 4.7 45.52 1,893
1-3*2( 7 ) 24.9 233/8 (29.1) 303/8 (41.5) 70 5. 85 20.04 1.322
2-1 (Control)*' 26,0 261/10 (26.1) 368/10 (26.8) 107 3.09 40.99 1,732
2-2 (Mackerel
mixed feed) 27.9 253/10 (25.3) 338/10 (33.8) 85 4. 69 33.59 1.458
2-3 ( 7 ) 29.9 237/10 (23.7) 289/10%3(28.9) 52 4. 71 21.94  0.997
2-4 ( v ) 25.9 133/10 (13.3) 175/10 (17.5) 42 4. 64 31. 57 1. 381
2-5% (4, ) 26.6  328/10 (32.8) 402/10 (40.2) 7 4. 81 22.56 1,022
2-2 ( 2 ) 23.8 125/10 (12.5) 146/10 (14.6) 21 6,19 16,80 0.780
* 1, For control, commercial feed for 1~5¢ eels (Kuroko) manufactured by the Chubu-

Shiryo Co., LTD. Japan was used instead of flour dough to combine with
mackerel flesh. When preparing into dough, 1.2 part of water is added to 1
part of dry feed.

* 2, Over two years old eels retained from 1974.

. This includes 3 dead ones which died from accidental aeration failure.

(L]

Table 5. Growth,by feeding with combination of Tubifex and processed feced, of those
which previously did not grow when fed only processed feed (From April 7
to May 18, 1977, for 41 days)

(Weight in grams)

A First Last Foo Growth rate(%)
.. I T T —— . Food W ———o—
Division (Feed) “yy- ’I‘ Weight/No. (Aver.) Weight/No. (Aver.) Gain coefflment Total Daily
w (Wet)
(Tubifex and
2-4 Control feed) 26.56 112/9 (12.4) 283/9 (31.4) 172 4.70 153.57 2,295
(Tubifex and
2-5 Exper, fcep) 26. 14 133/9 (14.7) 317.7/9 (35.3) 184.7 4.30 138.87 2, 146
26 ( » ) 26.27  112/8 (14.0) 200/8 (25.0) 88  6.07 7857 1424
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A fAERls 2-104 4.66, 2-204  3.83,  oF 26T L1 19 Jiflol A= MLy FL L& e}
2-30f 4] 4.30 ofgla, MMMIARIIHL 2-1e14  1.289  wole), e}, 29,91 9} 2-3¢) x}t £.3) ~\ 18 e
%, 2-2 o A] 1.810%, 2-3414] 1.950%41%}, HE e, ol & MY £ JT-R aeration

Table 4= 197643 12J] 5HE [ 250 7= 20
RO fafist gh0iale), 113k 218 275 oA A

o] F<tHel 387t Fx,

2 #HEq

A LI —"ljl“ & yk
Aow 1‘114 el m, 1-38 7T4ERE M

K OEEAOREREFLY TR HelE W, AE el Aol o ®e MEHANE ehil gt
B UARES fUNskel 2Tl el wbEel 4wl Table 5 & 4 THY¥E 55 18A7A 4R,
MTTRS R 1-3) 269 A Stamt MY .64 2 pifel ATME mem Ao 50 A9 RS

~48LGolgm, -1 2ol Bl AL 4458 e 2% e ATAAMHYS AxYelF
3.092He HUBE Ehilglvh REHRE Kol 23.8  wdlm Aol e (igreed Relw gl ok

— 119 —



RV BRMA

of Mol = MAFHE FRAMEE 2-4 KK
of i, 2-5 ¥ 2-6 Kol iz MBMAFES (tih
e, A =T OV 6CE 28 e UL
2R S, R Bl MaE = rupst

v}, 2}, 2-6o] Auke Kol okt vhokeh.

oy & JKbte] izl Aol vhm Aol i 4k
Migre2H pRiie)l MBL EH/LH R+).

3. EHIMRILERE

19764F 12J3 254 %8 19774 2J] 8[7+A 45M i
of A LF20 4 6 KNS FUMSS M
+ Sgleh o MINOE- ok kst 91 siio) YR F
firsta, webAl kIS AKiflel Welsle Ao} W
a2 g5 Table 6¢f 4
Mol Jw528. 8L 46232 o] RuF4ALx).

SISl Al 2-12 AR AR dimEHRe

SR vhek 2ol Mk

ity MFHe i, 2-26]4 2-674x19] Bk
Wiel £ JURAA MRS EAS A T W Aol
= 2-5o Ak 744pdt Wl el Al Ak Ml HARaol
A2 arle HkWeleh dekm = A Kl
AE o Bi-E SmETT el olel A WRY 2
il qhwakgis] W Eel i3 a2 R e

ol e LR Wk Rl 442 ool EF o
BEFHE =7 A det ek, 52 AL 4
Sglel ofFxk 2 zlolw, FAe] Fa AFo] i
I, TTHRNE 7B 2t Aolle ez Aty
t}.

ol Tl A Ak fpftdcel g, ¥
BpEel A s 1349 faRRIE Yed Qlow.
2-20] 2 LB 2-674x] 4% 1.65, 1.83, 1.31, 1,34,
1L.66 ol glv}. RIS aA F4& Fgovt Ak
ez RLEEE MY R0 0.9% A Eqdx).

Table 6. Feed effect experiment 1 (For 45 days from Dec. 25, 1976 to Feb. 8, 1977

(Weight in grams)

First Last Food coefficient Growth rate(%
Division (Feed) Average . o SN Gain g T AT Ty T~
W.T. Weight/No. Weight/No. (Wet) Dry Total Daily
) (Aver.) (Aver.)
2-1 (ControD*' 23.9 368/10(36. 8) 566/8%2(70.7) 198 (2.949) 1.340*% 53.80 0.961
2-2 (Exper. feed) 26.2  338/10(33.8) 462/10(46. 2) 124 (5.31) 1.656  36.68 0,697
2-3 ( 2 ) 26.8 164/7 (23.4) 247/7 (35.2) 83 (5.89) 1.837 50.61 0.914
2-4 ( » ) 25.6 175/10(17. 5) 273/9%3(30. 3) 98 (4.20) 1.310 56.00 0,993
2-5%( 4, ) 25.5  402/10(40.2) 620/10 (62.0) 218  (4.31) 1.344  54.22 0,967
26 (2 ) 23.2 146/10(14. 6) 223/10 (22.3) 77 (5.33) 1.662 52.73 0.946
* 1. Feed for eel size of 1-5¢ (Kuroko) manufactured by Chubu-Shiryo Co. LTD., Japan,
* 2. Two missing ones are excluded, which might have been eaten by large ones,
* 3. Missing one is excluded.
* 4, Test animals were those kept from 1974.
¥ 5,

dough.

In this feed added was 1.2 parts of water to 1 part of powdered feed when prepared into

Table 7. Teed effect experiment 2 (For 99 days from Feb. 8 to May 18, 1977)

(Weight in grams)

A First Last efficient  Growth rate(%)
... VeI, e e et T
Division  (Feed)  {yn'  yeight/No. Weight,/No. Gain \We)Dry Total  Daily
[€0D) (Aver.) (Aver.) .
2-1 (Control feed) 26.1 212/10(21.2) 567.4/10%(56.7) 353.0 (2.79) 1,328% 166.51 0.995
2-2  (Exper. feed) 25.8 236/10(23.6) 770/10 (77.0) 534.0 (4.77) 1.488 226,27 1,201
2-3 ( ” ) 26,3 244/10(24.4) 636. 8/10%2(63. 6) 386.0 (5. 07) 1.584 158.19 0. 963

General note : When growing vigorously, smaller or weaker ones are frequently attacked
by larger and stronger ones resulting in death or escape by jumping out of

the aquarium.

DD =

: Missing two are included by calculation,
: Missing two are included by calculation.

* 3: Calculated on the basis of 1.1

parts of water addition to 1 part of powdered
middling (Yochu : 5-25¢)feed.
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Table 8 Growth of over 2 years old eels in the experimental aquarium

(Weight in grams)

A First Last 1 Growth rate(%
. verage —————-———— ——————— . Food —>—-1--—"-——
Period (Days) Feed ‘3K \Weight/No.  Weight/No.  C%M coefficient Total  Daily
) (Aver.) (Aver.) (Web)

Aug. 13~

Aug. 31 (18) Tubifex 27.3 151.8/10 (15.1) 176/10(17. 6) 24.2 9. 69 15. 94 0. 825
Aug. 31~ Exper. feed

Oct. 10 (41) & Tubifex 27.5 176/10 (17.6) 199/9 (22.1) 23 21. 26 13.06 0. 300

Mackerel

Oct. 10~ mixed feed

Oct. 23 (13) 27.5 199/9 (22.1) 201/9 (22.3) 2 36. 00 1. 00 0.077
Oct. 23~

Oct.31 (8) »# 26.0  201/9 (22.3)  204/9 (22.6) 3 22,66 149 0.186
Oct. 31~ :

Nov.22 (22) » 23.6 204/9 (22.6) 218/9 (24.2) 14 12. 64 6. 86 0. 302
Nov. 22~

Dec.d (12) + 25,2 218/9 (24.2)  233/8 (29.1) 15 10.73 6.88  0.556
Dec. b~

Dee. 256 (20) 2 24,0 233/8 (29.1)  303/8 (37.8) 70 5.85 30,04 1,322

7z (#) » 26.6 328/10 (32.8) 402/10(40. 2) 74 4. 81 22. 56 1. 022
Dec, 25. 76~
Feb. 8,1977(45) Exper. feed 25.5 402/10 (40, 2) 620/10(62. 0) 218 D 4. 31 54. 22 0. 967

ry 1.344

W.T.

Water temperature
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