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Foundation Studies in Culturing of the Japanese Loach,
Misgurnus anguillicaudatus (CaNTOR)—IV.
Yields in Relation to the Amount of Given Foods*

By

Zenziro KUBOTA

The expenses of the fish culturing are classified into two large items:.-- one is
that of fry and the other is that of the foods. Among them, the latter occupied
as much as 39.5 2, in the eel (MaTsur, 1939) and about 60 % in the rainbow trout
(KaTo, 1955). Here, the amount of the fish production does not increase indefinitely
with the amount of given food, and when more than a suitable amount of foods were
given the excess was not simply unavailable but some harmful results may be induced
in some case, for example, this can be the cause of accelerating the deterioration
of the culturing water, which further induce a raise in the mortality. Because of the
above-mentioned reasons, the author planned a culturing experiment for the purpose
of estimating the most suitable amount of food for (0 age loach from the observed
relations between the amount of given food and the weight-multiplicating rate, the
mortality or the food quotient. And the results are shown in the below.

1) From the economic point of view in culturing of loach, the optimum daily
ratio of the foods to be given is estimated in weight to be about 20 % of its own body
weight in the loach of one or two months old, but about 5 % in that of about 10
months.

2) It can hardly be considered that the amount of given food has much to do
with the individual variation of the size of the loach culturing in the pond.

¥ KFERFEPTITE AR 83405, 19614 6 H2oH I
Contribution from the Shimonoseki College of Fisheries, No. 340.
Received June 26, 1961.

— 271 —



272 A B B OFE SO KGR 11 (1)

¥ A b &

SRR P OEREENS, FEEE S SR L CKUEN, 205 b, BEEEEECIUT, BT (1939)
WL B E D ¥T39.5%, MW(W%)Ciétmyvxﬁﬁw%w“w%o&Céfﬁwﬂgaiﬁﬁ
WENEEWAT 5D TRIZL, HRAULOBREA 5 L, HESNITERASOS  BS5ERI iR
HENDIde, SROMEICTT28REE Y, SBEPSROBSIMKOEE2ETLIHEGIA
BT, BENKE LD, LIt - TEEIITEEE 229 1C@ M Eod L2 BRUTTEIEIHRERO 3
ETREPEELE L TIZILE 300,

AERZ, Fooa TR LETANBICET 2 KX SIET L ARG, 0FREEL TR

BT, WEEE LOERENREUS & L OBIRRRY, CALh i DB BR R T 5 HAV TR
tjfpo
ABNCABITHIL Y, D % 5 - 1 R A HR MR B AL 72 O ORI IRTRE 2 (M TR
BRHEE L CRHOREET 5,

.

REOMHESIVRE

BN 1 SIS 2 BT, P05 A, B3I E 4 ERTE, enEnBE82 » H
>1ﬁ%®m%&mutocmem@i?%miﬁmﬁmlﬁi@%mmwmiémfﬁﬁﬁéﬁ EQMES
A MR TR U 128 S IR OFE T A TG T 20 U TE L NIcREE U2, ERRBERN & TERIL TH
BLIZ D TH D,

ERIZEE 1, 82, B3ERTIE, £3190.5em, [192cem OKEFEFOERLE, FNEFN4.
4B LN 3T 4i%fiW5Mm B40em, BEX 40cem OKFE I MR EH LT,

SEERHARIIS, 28 1 EENTI219564E 4 HisB 6 7 H25B £ TO99R M, & 2 EETiZ19574E 4 H16H b6
6 HIAH S TDe0H M, #H3ERTIZ198F9 HS5 Hpr 5 10H10H S Th36R 1, 3 5I1HE 4 FEMTIE1956
7 H3EMPG 8 A24H ETO25HET, (NSO OMM%E | EHRTE 5, B2ERTI3 40, 3%
T 2fliceENEFNE oL, $E 4 FERRIKRGURNTIOBORERTIE -1,

EERTEE FEIOEA 2 A I3RS, B 1 EETIX40.0 g, 2 EBTIE35.1~35.6 g, £ 3 KR
T2 30.0g, #H4FEEHTIZ10.3~10.8g HTRENFNIEIEAITIHL THEL, hb2 1 HXD O
ERAEECHT AHWERT L - T, £ 1FEHTIE 0.0, 5.0565082.58 %, RU {H2EHRTIE 10.0,
5.0, 2.036 1708 1.0 % B, 48 3 L TlT 20.0, mcwkﬁso%ﬁ,%4¥%cimomoomiaaf
WEHTENENX T UT, FICE 1 KB 1B (AFD) 1, HEROEFERROAEFERICE D X I
BRI eRAMNT, BT T BY Y NEMRGERD 20.0% 2iEHL, BENHLE T 1.3
% & Uize BMOTGTIEEMORK BTV, BINCAETRRCS LOEERE 2Ry, BEOMIER{TS
DIZNTZOEEHRELI,

R DR « WAL < IRET RS L OVEEE o B o BEEE o ERREORD B S, ARG
(1957) OFBEEE£{BUTH b,

ENIGEES L OTOREIZE L, 2, B4 EROTN GE 1 ERSE TR TH, #2B0l 0%
BB B OMB) ST E ,«m%mém%%mzbfxw,ﬁﬁ%i@%%@%@&ﬁ?ﬁ&@wm
BITIE o1, MRKIZFRE HCik L, %@@@BK*?émK&bko%%%ﬁ$®mﬁcom1i,%1
BINE2ERTIIE I XIT, EB3IERTRE 2N, S4+ERTIIEIHITENENT LU, T2h5HE

— 272 —



Fvos v oo lEE T 5N 273

S 30

=

% o]

e o5 SN,

= N/

= @

- A

=

= 20

2

=

£.<

B

= 15 1 !

May1l Junel Julyl

DATE

Fig. 1. Weekly mean of the water temperature of the ponds in

which the experiments 1 and 2 wers carried on.
Note : C, exp. 1; &, exp. 2.
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Fig. 2. Daily variation of the water temperasturs of the pond in
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which the experiment 3 was carried on.
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Fig. 3. Daily variation of the water temperature of the

pond in which the experiment 4 was carried on.
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Fig. 4. Increase of body weight of respective groups of loach with the periods
of the experiment | passing.
Notes : The weight represented by open circle is the total weight of the
group to which the food corresponding 10 % of total body weight was
given every day, that by solid circle is 59, that by x is 2.5 9%,
respectively ; while the group of the individuals represented by open
triangle was fed cn food corresponding 20 % of total body weight till

period [, then the daily ratio was suddenly lessened into merely as

much as 1.3 %.
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Table 2. Differences in the three important coefficients for culturing owing to the difference in the

amount of food given, obtained as the results of experiment 1,

\\\\ i} ltems Weight- multlphcatmg rate Mortality Food quotient
\\\\. o Ve et [ T
Poriad . Group 110.0%|5.0 %|2.5 %| A |10.0%|5.0%2.5% A 110.0%[5.0 % 2.5 %| [
1 0.3510.26 | 0.36|0.26| 6.9 3.6| 6.9 4.0|1.56|1.83]1.07 | 2.69
I 0.47 | 0.4510.19 | 0.55| 3.7 O 0 0 2.44 | 1.45 | 2.06 | 3.3t
n 0.48 | 0.51 1 0.26 | 0.41 | O 0 0 0 2.63 | 1.43]1.60 | 4.93
v 0.2: 1 0.12]10.22|0.06| 3.8| 7.4| O 0 5.74 | 5.58 | 1.78 | 3.10
v 0.06 | 0.07 1 0.05|0.02! 4.0 O 0 0 113.27 |8.01 {8.15 | 9.75
From Apr. 18 , )
to July 25 2.75 | 2.28 | 1.62|1.99 | 17.2 1 10.7 | 6.9 | 4.0 3.98|2.66 | 2.09 | 4.06
From Apr.
oo b 18 193 | 1.75 | 1.05 | 1.75 | 10.3| 3.6| 6.6| 4.0 2.38 | 1.49| 1.53 | 3.9
i |
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Table 3. Details of the body length and weight of respective groups of loach meesured at the end

of the pericd T in the experiment 1.

Range of variation Mean
Group i
Body length(cm) | Body weight(g) Body length(cm) Body weight(g)
10.0% 4.3~7.7 1 0.56~4.1 6.53040.104 2.0564+0.104
x
5.07 4.3~7.9 0.6~3.3 6.23340.124 1.9074+0.103
2.57 4.6~7.9 1.1~3.5 6.2114-0.115 2.063+0.101
AN 5.1~8.3 ;‘ 1.0~4.2 6.6256-+0.114 2.158+0.119
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Standard dsviation

Coefficient of variation

Body length(cm) Body weight(g) Body length Body weight
0.78530.072 0.78740.072 12.021:£1.636 38.278-43.991
0.936+0.086 0.7804:0.071 15.016+2.044 40.9024-4.329
0.86740.080 0.7644-0.070 13.96241.306 37.03343.830
0.8274-0.080 0.86040.084 12.48341.802 39.8514-4.458

Table 4. Details of the body length and weight of respective groups of loach at the end of the

experiment 1.

Range of variation Mean
Group
Body length(cem) Body weight(g) Body length(cm) Body weight(g)
10.0% 7.3~10.5 3.4~10.2 9.22540.121 6.2294-0.248
5.07 7.3~11.2 2.8~11.1 8.67640.152 5.3304+0.260
2.57 6.5~ 9.7 2.0~ 6.1 8.1224-0.101 3.991+0. 149
A 7.4~10.2 2.9~ 7.2 9.15840.094 5.02140.173

Standard deviation Coefficient of variation

Bedy length(cem) Body weight(g) Body length Body weight
0.876-40.085 1.803+0.175 9.394-+0.924 28.9504:3.050
1.128-40.108 1.93040.184 13.00141.259 36.2104:3.876
0.777-£0.071 1.150:£0.106 9.56710.887 28.81442.862
0.6844-0.067 1.258-0.123 7.468+0.730 25.05442.605
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Fig. 5. lncrease of body weight of respective groups of
loach with the period in the experiment 2 passing.
Notes : O, fed on 10 % of food on body weight ;
@, 5% X, 2%/, 1%.

Table . Three important coefficients for culturing, cobtained as the results of the experiment 2.

N Weight-multiplicating rate Mortality Foed quotient

Perio& OFOUP 10%| 5% | 2% | 1%  10%| 5% | 2% | 1% | 10%| 5% | 2% | 1%

1 0.6110.63 ] 0.60 | 0.21 0.0 0.0| 0.0} 8.7|0.79 | 0.55|0.27 | 0.57
I 0.28 10.39 1 0.26 | 0.08 | 0.0| 0.0| 0.0} 0.0]2.99| 1.37 | 0.96 | [.44
I 0.27 10.17 | 0.11 | 0.05 0.0 0.0 4.8|14.3|3.01|3.05]2.28]2.83
v 0.39 1 0.36 | 0.17 | 0.25 0.0 0.0 0.0 0.0|2.27|1.51|1.525.33

From Apr. 16

to June 14 2.622.59 | 1.620.73| 0.0| 0.0| 4.8|21.7  2.21 | 1.47|1.020.88

EEERREL, BT TEERLE S 1.0 T, ATEEDANG, HERD L FAEL TIZRREE 2
HHMEMAELIIC L 2RL, 2ERPE 2L CORKEZ, HEEOZ BT EARE L, 10.0% BT
5.0 %D 1.51%, 2.0% B0 2.2, 1.0%BD2.5FICFNFNHEY%T 5,

FERO BB & & TIICs) 2B DR E, EOVGHL 6 e b OEFREHIL, 87 «5H 8 T|ITUR
UICBY Th b, 7205 EHORER I OEREIIFEBEFBYITIZ 4N N 57.2~59.5mm, 1.54~1.72¢g
THEIT 205, EBFETEITE, #N&1176.2~88.5mm, 3.46~6.09 g CREEICER 2D, 10.0% FEE
5.0 % BRI KREL, 1L.O%BEYE/NTH D, TIEARORER IOEREOE R, ERBIRIATIX
ZNEIN7.86~11.08%3 L (N12.98~15.98°TC, FERICEZDOMBENA LN A DS, K THIE, BIETIRe.71
~7.83TIRFEL <, #ETIII0.0 % HA314 .04 THRANE, 1.0 % BW 1017THRAMERTRL, BHEEED0S
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Table 7. Details of the body length and weight of respective groups of loach on April 15,

the day before the beginning of the experiment.

wo E B

£

B KRB

1957,

Range of variation Mean
Group
Body length(em) Body weight(g) Body length(cm) Body weight(g)
10 % 5.1~6.7 1.0~2.4 5.95440.066 1.59140.031
57 4.4~6.8 0.8~2.4 5.9484:-0.078 1.6100.030
2/ 4.5~6.8 0.7~2.5 5.9284+0.096 1.7194+£0.036
17 4.4~6.7 0.7~2.4 5.7184-0.088 1.5394+0.034

Standard deviation

Coefficient of variation

Body length(cm) Body weight(g) Body length(cm) Body weight(g)
0.468-40.047 0.21730.022 7.860-£0.799 13.6394+1.414
0.53410.055 0.20914:0.020 8.977-+0.934 12.981+£1.371
0.6574:0.068 0.2481-0.024 11.0821.165 14.426-+1.531
0.624+0.062 0.2461-0.023 10.91241.095 15.984+1.629

Table 8. Details of

the body length and weight at the end of the experiment 2.

Range of variation Mean
Group
Body length(cm) Body weight(g) Body length(cm) Body weight(g)
10 % 7.6~ 9.9 3.7~10.1 8.846-10.085 5.52040.111
54 7.7~10.0 3.5~ 9.6 8.8524-0.102 6.0904+0.123
2/ 7.2~ 9.5 2.7~ 7.1 8.43040.092 4.590-0.088
7 6.3~ 8.6 2.1~ 5.1 7.622-4+0.084 3.4614:0.055

Standard deviation

Coefficient of variation

Body length(cm) Bedy weight(g) Body length{em) Body weight(g)

0.594+0.060 0.7754-C.075 6.71440.683 14.0394-1.456
0.693-£0.071 0.835:4:0.083 7.82840.815 13.7114=1.455

|

‘ 0.6144-0.066 0.5884-0.059 7.28340.776 12.810:41.386

i 0.52640.059 0.35240.037 6.90140.776 10.1704:1.155
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Table 9. Records at respective steps in the 36-day culturing of loach of 2 months old, carried out
to find whether the same relation as in experiment | can also be found in far younger stage
or not (experiment 3).
Days For At the beginning At the end
Period feedin Group Total weight Number Total weight Number
ecng (g) of ind. (9) of ind.
1 20 % 30.0 25 61.2 23
From Sept. 5 15 107 30.0 24 45.0 24
to Sept. 25 57 30.0 24 4.7 24
I 207 61.2 23 67.0 23
From Sept. 14 ior 45.0 24 48.9 22
26 to Oct. 10 57 44..7 24 46.2 24
From Sen. 207 30.0 25 67.0 23
B 29 107 30.0 24 48.9 22
' 57 30.0 24 46.2 24
Body weight(g) Increase in Dead Amount
of food
Beginning End weight(g) individuals taken(g)
1.20 2.66 31.2 2 46.4
1.25 1.88 15.0 0 25.9
1.25 1.86 14.7 0 15.4
2.66 2.91 5.8 0 49.7
1.88 2.22 3.9 2 29.6
1.86 1.93 1.5 0 15.7
1.20 2.91 37.0 2 96.1
1.25 2.22 18.9 2 55.5
1.28 1.93 16.2 0 31.6

Table :0. Differences in the three important coefficients for culturing of loach owing to the difference

in the amount of given food, obtained as the results of culturing in far younger stage.

\\\\ Weight-multiplicating rate Mortality Food quotient
PM Grour | 094 | 10% | 5% |20%|10%| 5% | 20% | 10% | 5%
I 1.04 | 0.50 | 0.49 | 8.0| O 1.49 1.73 1.08
I 0.09 | 0.09 | 0.03 0 8.3 8.57 | 7.59 | 10.47
From Sept. 5 to Oct. 10 1.23 0.63 0.54 8.0 8.3 2.60 2.94 1.95

BAETDH 7z, EPRVREUE SIS S THIE D S BB TSR x L, M 2@ U TofiEi 10.0 % &P

FoR, 5.0 % BSRINTS 5o
D. B4EROBR

ERERIENFRCRUITB Y Th D, T OEPLHEBEE 2 RD T B125), HMEMRIT 20.0 %EW
BR, 6.7 %BBE/NT, HEROZOEIEIERE L, BRI 6.7 %EBEEAR, 10.0 %EIEER/NT, HE
B OBICHEEEDE AV, IO ENRENT 20.0 LEEDIEK, 6.7 % BYS/NTHEROSENT Y,
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Table 11. Results of 25~day culturing in about one month

H & = R

old loach (experiment 4).

BIKEETTR

11 (1)

Days At the beginning At the end
Period EOrd. Group Total Number Total Number
eeding weight(g) of ind. weight(g) of ind.
From July 31 20.0% 10.3 23 16.2 22
21 10.0 # 10.8 28 14.2 27
to Aug.24 6.7 7| 10.8 27 13.2 25
Increase Dead Amount of
food taken
in weight(g) individuals (g)
5.9 37.6
3.4 16.3
2.4 8.7

Table 12. Differences of the three important coefficients for culturing owing to the differences in the

amount of given food, obtained as the results of experiment 4.

\ . .. . . .
\ Weight-multiplicating rate Mortality Foed quotient
Period Group 20.0%| 10.0 % 6.7 %]20.0 %|10.0 %| 6.7 %| 20.0% | 10.0% | 6.7 %
From July 31 to
0.57 0.31 0.22 4.3 3.6 7.4 6.37 4.79 3.63
Aug. 24

EEIORREE S,
EEROFRA S X O T I 2 EHHE R LN OERRRIIHE 13- BURITRUIZBY Th .97

D HIIEAE S L OB RRE, BB TREEOZERNED TS HH, BT, FIEICUT20.0%
2D, FIBEITHSINTI0.0 BEMEO 2B b § FL L REWERTRT, EHRRTHHOLRBRIU, 5k
BHDZ3UT L 53T, 10.0 %8B Tid k& 4, 20,0 % TiId#i/ha {, FUT6.7 % TIZRITE—TH 5%,

Table 13. Details of the body weight of fry on July 30, 1957, the day before the beginning of the

experiment,

Croup Range of variation Mean Standard deviation Coeiiicvi:;i;tion

20.0% 0.2~0.7 0.448+0.019 0.1384:0.013 30.803:£3.341
10.07 0.2~0.6 0.386£0.016 0.12240.011 31.606E£3.119
6.7/ 0.3~0.8 0.40040.015 0.11540.010 28.750-4£2.855

Table 14. Details of the body weight of fry at the end of the experiment 4.

Group Range of variation Mean Standard deviation Coeiiic\j:rr;gtion

20.0 % 0.4~1.0 0.73640.028 0.19440.020 26.3584-2.862
10.0#7 0.2~0.9 0.5264+0.028 0.21440.020 40.684-+4.305
6.7/ 0.3~0.8 0.5281+0.020 0.154:£0.014 29.16643.010
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WEIGHT- MULTIPLICATING RATE

=

FOOD QUQOTIENT-

RATE OF FOOD PER BODY WEIGHT

g.

0 } i
0 5 10

6. Weight-multiplicating rate of loach cultured
at respective rates of food per body weight
obtained from the results of the experiments

1 and 2.

TSR CERRMRE L OBIRIBIER TR S,

(%)

Note : @, exp. 1; %X, exp. 2.
4 'Y
//g
o
X
X
o
14 x/
x=
0 ] }
0 5 10

RATE OF FOOD PER BODY WEIGHT (%)

Fig. 7. Food quotient of loach cultured at respective rates

of food per body weight obtained from the results of

the experiments | and 2.

Note is the same as in Fig., 6.
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Fig. 8. Weight-multiplicating rate of loach cultured
at respective rates of food per body weight
obtained from the results of the experiments
3 and 4,

Note : @, exp. 35 X, exp. 4.
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RATE OF FOOD PER BODY
WEIGHT (%)

Fig. 9. Food quotient of loech cultured at respective
rates of food per body weight obtained from the
results of the experiments 3 and 4,

Note is the same as in Fig. 8.
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