N oo OGBS A pEsE— W

1B O BRI ,Fﬁﬁﬂ@@ﬁxi@& O JEE Y
B oEEICHIETEEC DT

IR THE « AR FT - MB B piHES

Studies on Culturing of the Japanese Loach,
Misgurus anguillicaudatus (CANTOR)—VII.
Yield of the Loach Fry Cultured in Ponds, with Estimation of
the Suitable Stage to Transferring, Suitable Ingredient
of Artificial Food and the Promotive Effect
of Mud Covering the Bottom

By

Zenziro KusoTa, Machiko Kuca, Tsru Oxamasa and Tatsuo MAEDA

Few papers dealt with the culturing of the loach at the early stage in the develop-
ment, in spite of its indispensable importance to securing the fry supply. The
authors conducted, therefore, several series of the experimental culturing of the
loach at very carly stage from the prelarval to the young, in an attempt to esti-
mating the suitable stage to transferring to pond, suitable ingredient of artificial
food and the effect of mud covering the bottom. Then, based on the results of these
experiments, the authors gave some conjectures as to the pattern of the mechanisms
of organic and inorganic environmental factors on the yvield of loach fry, chiefly
from the standpoint of the pond culture.

The results obtained are summerized as follows:

1. Results of morphological observations, as well as physiological and ecological
ones, showed a good correspondence of the developmental stage to the body
length: the individuals less than 4 mm in body length are at prelarval stage, 4
o 15 mm at postlarval stage, 15 to 50 mm at young, 50 to 80 mm at immature
and those not smaller than 80 mm at adult.

2. Food supplied was detectable in the alimentary cannal of the fry as early as 44
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hours after hatched (3.8 to 4.1 mm in body length), although they still have
yolk remaining. ‘

3. The individuals at postlarval stage preferred predating zooplankton to taking
artificial food supplied sufficiently.

4. All the fry could survive as long as 4 days after hatched without any supply of
artificial and natural food. But they began to die 5 days after hatched and none
could bear 10 days without food supply.

5. The fry Z to 4 days after hatched, especially 3 days, was at the stage estimated
to be the most suitable to transferring to ponds.

6. The best results in respect of increase in weight was found in the group supplied
by the flour for trout with liver oil and mixed vitamins.

7. The flour for carp was better than that for trout in the growth of weight, when
they were not supplied with any supplemental nutrient such as liver oil and
mixed vitamins.

8. Better result was obtained from the pond of yellowish green or green water
than not colored, in respect of the growth of weight.

9. The semi-quantitative examination on plankton population in the pond water
clearly showed the facts in support of the close relation of plankton population
to the color of pond water consequently to the growth of the loach fry.

10. Better result was obtained from the pond with mud than from the pond without
mud covering the bottom.

11. The concentration of oxygen dissolved in pond water related closely to the
mortality, and especially a concentration of lower than 3 cc per liter caused
sharp increase in the mortality, which suggests the necessity of aeration for
preventing unfavorable results caused by short oxygen.

12. But culturing is better in still water than in running water, since the indirect
use of the supplied food —— through conversion to plankton was more highly

expectable in the former than in the latter.
13. The pH value higher than 7 was desirable for the pond water to keep the fry.
14. The most significant factors on the yield of fry were thought to be the ingredient
of artificial food supplied, concentration of oxygen dissolved in pond water and
presence of mud covering the bottom. The conjectured pattern of the mechanisms

of environmental factors on the yield of fry is schematically illustrated in Fig.5.
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Variety of ingredient and daily ration supplied to respsctive groups under comparison of growth.

Table 1.
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; TF, Four for trout ;

CF, Hour for carp

Note :

V, vitamin mixture ; O, Alaska pollack liver oil,
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BT 2008, 0.072 8, #LTHETIZ 100,
0.036 g DA P TiioMi~, ZhFNHEEEL
125
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IOWHEHE L, A, B, C, D 8L E 0%
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S EEE LR U TK 2 0BG CRES, EBL
TH, BEIT 30 RE - TR %z 5 55T
AN

v 2 M & 2 4 RS OME L OEA Y 4
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2B pH 2 — 5 —T, ZAZNIEL T2

FZEOBEEAEREORENT, 7 B24HI$T<TO
RRPEHL, SEICBRAEER, BRe LA
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b ORISRy HHERR, WKL L OBERE R SR UGERTRE LI,
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A. B1EROFER

a ALBEORBEEEFEOBTEOELEIPEHEOFE

RIS OKIRIZ 22~28°C Th %, SMUEHOFEI, AEH 1.9~ 3.7 mm, 47 2.83 £ 0.06 mm,
SEHIATEDS 0.29 mg T, # 7 AKFEOEMICHEE, BILL T, 20EFRA 4 v » 7 iciTEHY,
IS SRR AL E TICh iz b, ZORIE, RS TIIZIZEIE, B TR BT, BRI,
PR OMERELSITR X b B OTEE 2 a0 A RIEREICT LT h Y 2581 59.0~62.7 % T, 24 DHE
(FEfS, 1947)18) kb 3Rk x1, BERIERELTH LT, Kz, BUTH 2, HLER, BHLE
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253.52mm T, %< Ok T 5 AKFEOREBEIC BT 6 - TS, BEL Tz, SR, LD
SN, RIS 2518335 % 70 b, ZOIFIRHRE L D LRFIE OGS TH L, (OhicEE
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Fig. 1. Survivor rate of fry kept in starvation.

ZOBFTERECAL, @EEPEL, ZOXMED D I HIEFTTHOTHERONT EUTHFAELIZ. &
OB T b, MEERTEERSEL ReNeh o1z MU 27 T, BELLLCA, 10
H, REDT SN2 BY S b TOROER 2R, sAMUBUERTE, AEN 3.8~4.1mm, g
3.96mm T, SREICREAL Tuiz, FREEIERICM, ®REah, ZOMEBEOEHIEEIC T 2H
B T.4% Th ot COBBNICIE 3 LWL, INESEEZCENINTHZNE»bbh 67,
ILERIZERITIE I N T, CORBOFRICKRET S &, 5~ ROBRICTNTOREPERL. 2
[ 56.5 B C1E, HEIRYE4.38mm L7z, FIEIRSERCHEL, HILERIKESE  OBRIDED &
Hhise b 68 R TI, RBELTHDE 3~5081IT, TXTOREBEREHIBLIC, AU 168 B
Tk, TEKER 4.73mm C, AMELEMNIEY, T, BER JURELEORER, oL T
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Wi 1203, AU 15 AT, BEM 12.2~12.3mm &g h, FIROBEIZIENHRE LT, S 1T
HTiE, R 13.6mm t#L, SIS MEL, BREIFEL VR O» SMEH, BEICE
THYD, ZUTREERO LT, Fus 2itFEO LMNBESHIIL, KK, BMEICEWERELE L T,
ET AT, ORI~ 2R L 28D Moina macrocopa & % RARHCEZ 3 &, KERS OIS
DEHE, &HDIMADERE, ERFECESL>T, IPAEERZHAL, PROMBEKIZTY, BEC
BNTHIEE 288 LT,
b EREKRETCHBFZ3FADIMEBOBRBENEEEREOER

BIRCE 5 s, FREIAMBEAHBETETNTRBETH S0, 5H LI UY, 108 TEHET %,
LMo DFRICEEI 2T D1 2 &, 5 B CRIEENCHEE LY, 20K T, BIESKEsh, sBHT
B EAE DI o1,

B. B 2EBOKR

a HAERELIVAORRE

FAEHEFCS Y 5 FRIOMKOZEKER, FREBE» SRTHICH T T, Stz R LS,
6 HITE L1BHB X077 H2 HTRERICHE L, 72, 6 HI9HD 5250 T Tlb -7, MEEREARICE
BRI ORI 33.5°C, Bt 22.3°C2 LT 27.0°CTH B, L 25T, DEHCK 3HBOKE
W, T A2 HNT, MUK L, JKEEDSKS 10em 1wz oz towiT, 36°C FTEL T,

B2RIT LA &, ARtOMKO pH 13, 6 A20HINIZ7.40~9.41 T, C BipEA,>S0WT F, E,
G, H, D, B ZUTAH, $7, 7HI13HIC28.05~9.82T, H BBEA>SVT G, F, E, A,
B, D LT C MOMEMT, WEH: I, WFhb 7un VEZRLTO 3, R0 pH E% 6 A

Table 2. Showing that the pH value differs according to presence or absence of the mud on the
bottom, and that when liver oil is added to food, the dissolved oxygen decreases.

—~— ftems
T pH Oy (cc/l)
\
\ Date J Julv 13 Jul
Group \ une 26 uly 13 uly 13
A 7.40 9.38 2.25
B 7.78 9.25 6.46
C 9.41 8.05 3.31
D 7.89 8.75 5.42
E 9.09 9.40 6.95
F 9.30 9.60 7.07
G 9.00 19.70 6.50
H 9.00 9.82 7.60
Water replenished 6.70 6.70 2.81

260 &7 HISHITDWTIHNA &, CEZIRNT, HBEOHVHEIZ L D K&, BB v h v M
DTN 5, 28I, MECRL2MATZA~EDSBERE2E0 S o F~HD 3B E Blhz &
pH fEix, 6 H26ICIIRIHB T7.40 ~9.41, $BET9.00~9.30, %72, 7 A13HIIZEL  8.05 ~9.40
LT 9.60~9.82C, HHAIEH & $BIBEDOTHHEE LY /NI WEESRED 5N b, 21T, K,
BEHETH %,

M2 B L7 AIBHEB T 2 SHOMKDOBEFRERIL, 2.25 ~7.60 ce/f T, HEMREE, 550
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TF, E, G, B, D, C ZUTAEDENTDH 5, BEPINATH -2 3BHCH ) AMKOEFESRRE
136.50~7.60 cc/f T, BEPHENT-5BHTBITA2.256~6.95 ce/d L b FBEOEENNIL, L
YEOOMEMVED LN L, IRERESRIL, A~EFE OSEOS bR, TEERRESYS I VB IUOIFHE
(ﬁibnbumo;@cﬁim ZNZFN2.25 celf & 3.31 celd T, HHDIBCHIT 5 5.42~6.95¢cc/d &
Db, I, WK TIZ2.81cc/d T, ABRIRATITRTOBICE ITA L D L, 2hZ bz,
“>Dm;océ@K@m@i EBZRNT, SMICEEE SEHEBERE TIEHTS 505, BEO
BIZEST, BERERD, ILRBRRE TS, BRILIZERD > 5, B3 Aokl X
z»*%cba%éﬁu;c, B, C, D, F, G BICHOZKHTE, SO IRIEGET 1721 B, AR TRERE
TI0HZLUTERTIBAE NI EBET24 BTh 5, MKPBHED LT3R BHTH ~2AEE, EH
VDL, DONTARDIsH, DEMSH, B, FEIUOHOD IEMW4H, CEM3H, 2L TGEN
2HTH B,

T O T Eg ow e

July

Fig. 2. Difference of the ponds in respect of the deys showing color of water

favorable to the leach culturing.
Note : @, green ; A, light green ; O, yellowish green : [], grayish
green ; /\, not colored.

KBTS > 7 bk, 6 HIBEIRETABOMICHIAL, 20T McidzLHK L, 2T, 6H20
HiZ@fhd> 5 Moina macrocopa % F, GBIFHOSEOMA~BIEL 2. 208, 6 A25HICE, A,
B, C, DB ICEBOEMIC , SRCEIHL T, 6 A29H» 5 7 H23F £ TOMBAICI T 2 &K OE
%’VE?"? 7 b DR % 5 3 PUTR L T,

Ieds, TOBEITIT 5 BRI RERENT 6 BRI TR - B L Tze Tsb b, mﬁﬁ]&k TEDHD

TLE% cce, MOETMICEES co, MO ICLEE ¢, AULDBE r, CLOBD 1, L BE
URNEHERTERVER rrr CLUTHDU, 7927 brBid, SR ERERE ElfPE 7Rt A~
4HETIEZL, ZRUBTRES LTV S, 7B 5220 T, ~2BRfs5AD, E,
FHLOGHETIE, BUMINL TV A, {RBOMKICHSIT A 75 7 F o DFERY, BRCLLOENR
HNIZERTY > THET 2 &, ZOBEHIE, GENs HTES, DTV TABIUFEM7H, ER 6
H, B LODEF4H, CEVWIHZ LU THEPBETEDTH B, £iz, PR LTE® TS5
P URET AEAVARS VEEDN A, 0% hEIEEKRAY» S 7 BI0B £ TOMTE, RBhERN
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DT s b oFSERE, ABDERS, O3V TR, C, DEIUEBROIEMNTH %,

7 H20B W EABOMTEEINTIER T T v 7 F il Ta-5 &, Scenedesmus spp. 133 ~T DMl
RN, DBEIFHOMB 2R TEBCELEE U TED SN, F12, Pediastrum spp. XA, E,
FBIOGRTR AN, DETCIE Coelastrum spp. WELEETH -1, &2 AT, EEOHMOMAENTL,
Spirogyra sp. WEBICEHEEL T,

1 5 10 15 20
July

Fig. 3. Relative abundance of zooplankton in the culturing ponds.

Note : @, ccc ; B, cc; A, c; O, r [, rr i AN, rrr.

RIIHERY 2 EROB T, SHDT/RINTDIL, BEAERRTEI L1005, 6 HOHT AL
3, ORISR cHR I, 2OMEoRIL, KEVWK2.5cm T, HBEL TH» 5K 10 ~ 20 SHICH
REFHEELL, 2L T, SMECEBEBSDER N, 208, ROTERIMOBEL, FLAL
TANTCOMPFEEIIESEE LY, RuJiEL o1, BRSO TEBERESE LN IZOR AR T,
7H9H, 11BB LTFIBBD3HBTS %,

b ERBIUHERELEELELOBR

Table 3. Summarized results of the experimental culturing.

] At transferring to pond At yielding Increase Des Total amount
Group Total Number Total Number of in total indiviejuals of .FOOd

weight(g) of ind. weight(g) ind. weight(g) supplied(g)
A 0.108 300 179.6 94 179.5 206 246
B 0.108 300 173.8 211 173.7 89 246
C 0.108 300 181.4 194 181.3 106 246
D 0.108 | 300 160.4 80 160.3 220 246
E 0.1C8 300 156.7 219 156.6 81 246
F 0.108 300 65.9 111 65.8 189 285
G 0.072 200 80.3 161 80.2 39 212
H 0.036 100 19.6 28 19.6 72 131
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HEERS X O ERETRICE Y 25BORFEREL JOCRMIIE IHIWRUILEY TH 5, COEPHE
BRI 1 2 B O EEMRE, HEES L OEERE 2R 10 (F43),

PR, HER S L OMERMREE, ENAREORGRMUTE T AL n 5, DI, B L OVETE R
L, b 3 DDEE & DHAEBERIC DN TR S,

i) €8N sHEloEEMEZL A A, B, C, DBLEDSBITHIT 2 HELERIT 1424 ~ 1648 T, C
BEDSER, D SWVWTA, B, D2UTEBOIENTH 5, T5bb, MERAEIL, T8RcESEYL Y
ERFEREIIATZA, COWED, ZNo2RMUSHh-TiBEIO3BI b EL, 351, Thb 2HD
BT, FEEEUT2ABS2ANIICROTY, 24 ABRE2PE5ATZABLD RS0, D¥IT,
v ARREIT IR 5AERE, 2NCEAY LI v RNATDEBICES Y2 2 v EFMAEINATZCEE
RN A, EEERECENER, DS TD, EBOIEMNT, v ORI I h RS WEER
ZI AT EWhD A, T, FEEISIAREUBREER AN &, BERINEOFVEELD
pRE, SEILTaAANEORY2BREL Y, TIONRAEERL TV, CTHIEER -
ZR(1964)20 DOEBFERE T 5,

Table 4. Three key indexes to fish culturing.

Group Yield in gram per gram of Ffish transferred Mortality Food quotient
A 1632 68.7 1.37
B 1579 29.7 1.42
C 1648 35.3 1.36
D 1457 73.3 1.53
E 1424 27.0 1.57
F 609 63.0 4.33
G 1114 19.5 2.64
H 543 72.0 6.70

WEERIZ, B, CBIPED 3B TIE27.0~35.3% T, A BIEDOMEITIIT 5 68.7~73.3% &
h AL /NS, T, FEEUOBE, FRARBAEY 2 B ICHE2RMU B 21023 &,
BEOHFVEEE LD B REN,

2EEDEDEUEEOE, 1.36~1.57 C, CEDE/, 25 TA, B, DZ2UTEMOEMNT, IMEREEN
KEVLEHIE /DI,

bbb, REBCHERULZERCE > TREWEBERR T 2ER I, WMEERLERHRETH %,

i) EE MBICRRMASh -7 F, G ICHOD 3BRTKH T 2EBERERE, 543~1114, T2, W
T 19.5~72.0%, SLCEEREIE2.64~6.70 TH B, LNBDEMEE, ERU ZHEIIEL 200
AIHEORERIL s L, TMEDMICE, WEMREEHREICSOWTELOERESED LN S, Tk
bbb, HEEE-SHOBESIEEALA—T, BEEVHEHELTWAE, 250, EB2MATCHLUD
OB L RPE s T F BERZEICONTHNA E, FEO2HIIBREOR L b § IEMSRINY
2.7F 8 RE L, EREED S L, WER T, RERERL S 3ELE T s, 2ULT, Bt
BIATZA~EDSEIL, #N5 & ) bHEBEDNSVERED, BL2ELEh o1t F~HO 38D
WEN X b B, BEMSERAS L, EEGRERNE N,

LD X5, EEEEEREEL JOCERREE ORI, BESERVED SN 5.

i) VAGEMEE REBRERLBERL TV ADORBERTH B, D BHCBIT 2 R EEICE N,
CHRBTRUI- X 51, MAKOESITE Y, KEM36°C TR ER LA DEHET S, ARH
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s BAFE (1950 T kB &, Fooa vIIOAEAREDRRAVKE 31°C T, DEHC BV TESKE 2R
v Bz, AMEB1BEHEBEYL, COBEAOTRETH, SIEEEET 2 EFIXE L, 2ok
B, ZLOMEENEBIELIIEDOEBEALLING, TDLD f;@mm L, DEZROTIATERER SHER -
DEAFZERYD, B4HICRUT, HEOBEREHETHRD SN, WERIBEFHEENN S/l TTRE
T 5,

IR BB RR L ERERE & oK, EBENZEREIED Sz,

%
100

80} \

o
e}
i

B
<O

Mortality

[\~
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1]
11

b
0 1T 2z 3 4 5 6 Teyy

Dissolved oxygen

Fig. 4. Decrease in mortality at high concentration of oxygen dissolved in pond watsr.

iv) K& KEDFENERAPE U CENELZ L, 2J0WTB, D, A ZUTEW, =
1z, HEE® "‘bta,zsc ARV ES, 23 TC, B, DZUTEHRTH 2, INLOMEME, HERN
HICB BIEM 12T 89 A, —F, MuKASERD, BEEETH -IHBG, ERVES, D50 TA,
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Table 5. Size variation within each group of fish at yielding.

Body length (mm) Body weight (g)
Group Standard Coefficient Standard Coefficient
Mean - o Mean . L

deviation of variation deviation of variation
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Fig. 5. Conjectured pattern ot the mechanism of organic and inorganic environmental Factors
governing the vield of Fish, chiefly from the standpoint of the pond culture of the
{cach.

Notes : N, mortality ; F, crude efficiency of food conversion ; W, growth in weight.
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