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Studies on the Daily Rhythm of Feeding Activity in Fish,
Especially in Goldfish, Carassius auratus (Linng)

Hachiro HIRATA**

Abstract

Daily rhythm of the feeding activities in fish was investigated in order to know the fundamental aspects
of fish behaviour and to apply those to the practical measure of fish cultivation.

Six types of automatic feeding recorders were devised. Especially, a waterproof type of contacting tube
was designed for both laboratory and field uses. Spawning behaviour in goldfish was also recorded by modifying
the field type of the recorder. '

Seven fresh-water and twelve marine fishes were used for examining the daily rhythm of feeding activity,
and the three types of the feeding rhythm were classified. (1) The diurnal rhythm of the feeding activity
was found in Carassius auratus (LINNE), Cyprinus carpio LINNE, Epinephelus fasciatus (FORSKAL), Girella
punctata GRAY, Halichoeres poecilopterus (TEMMINCK et SCHLEGEL), M ylie macrocephalus (BASILEWSKY),
Oryzias latipes (TEMMINCK et SCHLEGEL), Siganus fuscescens (HOUTTUYN) and Stephanolepis cirrhifer (TEM-
MINCK et SCHLEGEL). (2) The typical nocturnal rhythm of the feeding activity was found in Parasilurus
asotus (LINNE) and Triakis scyllia MULLER et HENLE. (3) Anguilla japonica TEMMINCK et SCHLEGEL,
Fugu rubripes (TEMMINCK et SCHLEGEL), F. poécilonotus (TEMMINCK et SCHLEGEL), Gonistius zonatus
{CUVIER et VALENCIENNES), Oncorhynchus keta (WALBAUM), Salmo gairdnerii irideus GIBBONS and Trac-
hurus japonicus (TEMMINCK et SCHLEGEL) did not show any distinct daily rhythm, at least in the present
experiment, though the cultured specimens of O. keta and S. g. irideus were found to be diurnal.

Analytical experiments on the rhythmic aspects were carried out using the goldfish “Wakin.” Effects of
the population density on the feeding activity were examined using eight groups of the fish with 430
liters of water in a concrete tank. The growth rate of the fish reared with each group of 3 to 9 individuals in
a tank was found to be relatively greater than the other groups examined. So, most of the experiments repor-
ted in this paper were carried out using those numbers of the fish per tank.

Correlation between the feeding activity and climatic conditions was examined throughout one year and
a half. Generally, goldfish showed an active feeding when the atmospheric pressure was upward. On the cont-
rary, the feeding became inactive on a cloudy or rainy day, and almost no feeding was recorded on a stormy
day. It was found that the solar radiant heat was one of the most influential factors on their feeding activity
during summer.

‘Water temperature appeared to be more effective than the other factors in the seasons of from autumn to
early spring. The idea of inflection point, d2T/d#2, was introduced into the analysis of temperature stimulus
to the fish in these seasons. The peak of the feeding activity in a day was found to correspond approximately
to this inflection point which was found to occur in a few hours before maximum temperature recorded.

* JLEBE R FRF R EE AT (Thesis submitted for the degree of Doctor of Fishery Science at the
Graduate School, the Hokkaido University, 1960)
** FEIR B K KEF A P7e%  (Laboratory of Propagation Physiology, Faculty of Fisheries, Kago-
shima University, Kagoshima, Japan 890)
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In early winter, the feeding activity of goldfish was gradually ceased at the temperature around 8. 5° C,
and in a short time they went to hibernation. The fish began to feed again in early spring at the temperature
of about 10. 0° C which was slightly higher than the temperature of hibernation initiated.

Light experiments were conducted with four light and dark combinations:12L-12D,12D-12L, 24L, and
24D. Rhythmic pattern of the feeding activity in 12L-12D showed almost normal daily rhythm, but the fish
reared under the condition of 12D-12L showed an atypical rhythm. Persistent rhythm was found in the cases
of 24L and 24D conditions.

Four hybrids of goldfish were tested in order to know their respective rhythmic strength. The higher
strength was found in cultured types of goldfish, “Demekin” and “Ryukin”, and the lower one was observed
in two types of “Wakin”, that is, the fish with two and three caudal fins. The wildness of the fish behaviour
concerning those rhythmic strength was discussed in this paper.

Spawning behaviour of goldfish was also examined with a modified contacting tube at the same time as
the feeding records were made. In spring the spawning behaviour was initiated from around 4 o’clock in the
morning, and the maximum spawning activity was recorded during the time of 5 to 6 o’clock. Their feeding
activity was found to be slightly weaken and recorded at 10 or 11 o’clock on the spawning days, while they
started to feed at about 8 o’clock normally.
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Fig. 1. Schematic view of contacting tube in the water for use of out-door feeding recorder.

A : spring made of copper wire; B :silver rod; B:silverring; C: cell; D: glass tube;
E : stopper; F: electric cord; I: 24-hour kymograph; J: recording lever; K : magnetic
actor.
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Fig. 3. Schematic view of cage type of feeding Fig. 4. Schematic view of open type of feeding
recorder for laboratory use. recorder for laboratory use.
A and A’ : stalk of food box; B and A and A'’:stalk of food box; Band B’:
B’ :silver contacts; C : food box; silver contacts; C: food box; D: fulcrum;
D: fulcrum; E: insulator; E: insulator; F:supporting pole.

F : supporting pole.
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Fig. 5. Schematic view of hook type of feeding Fig. 6. Schematic view of cage type of feeding recor-

recorder for laboratory use. der for out-door use.
A and A’: stalk of hook; B and B’ : silver A : food cage; B: brass net; C: cage bottom
contacts; C: hook atached food; D: fulcrum; made of plastic plate; D: contacting glass

E: insulator. tube as shown in Fig. 1; E: electric cord.
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Fig. 7. Schematic view of bamboo-fish-paste type Fig. 8. Schematic view of hook type of feeding
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A : waterproof contacting tube; B : plastic
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Fig. 10. An example of temperature recording with waterproof thermo-recorder shown in Fig. 9.
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Fig. 11. Activity and respiration measurement of fish. A : respiration and activity chamber;
B : waterproof contacting tube; C : plug for feeding route; D : bottle for oxygen content
measurement; E : feces collector; E’:feces sampler; F: stopper; F’:cord.
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Rz, REEBHL2EHET25E, RELUAOTE, FALXROWHEKTEHLRELARCEHEIL
BOTERXEGHEWIBEELHD. Zhil, ERAEELTELIRFALL, BERAOEE L2V L
T, A EKD, BEZCHIAWEISEBELLY, ¥, 3L, BfcAORERE A TLE
FxhitwX 5, REROMEL MBI TR I > TEFDEMRIGUREENELN
5D EELDRS. AFERT, KE¥X170X50x45cm OXKEE&BOBEY I0BKELT, &
LA OB CANEACMN ZREYBE L LA, ANERCIHT 2 onTEORER
EREMTSZ L LIELIERbRE. LiL, ZOBOTENL, 2RO CHEFCES b0
LIBRTEBDT, FWERTORBEHLELTIVWOTRAVWAEBbh3.
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BEOTHBERBRCOVWTL, $LOWEBECL>T, ThZhoFHBEMCIE ClcEr
XhTWws. Fhbo 5, SpENCER (1929), JacksoN (1953), Spoor (1946) BHDEEMHAD
EEEAMEANLORBE L TR, 4O, EHEXAURLEERHAOL O LLBEREL LTS,
L, AENAEBOASABEITAAFEY) YI/RHGEKPEEECTHD, ZRIASHI X
S THEBLZT L ENEAER V. KEX6.5X6X1m OHFA DK TEHAY A TERY it
LT\ 5B, B 30 ~ 40m/sec DFREUC b HB LA Z LMD - 7ch’, BRI X 5REHIILRED
Shishote, Lhrd, 1V FAADDE—A—TTh A £ HDFEWHEEHTHZ LIUETH
ot B, ZORBREAEOEROALLTMOBHOBETIMEAICHTE ST L2tz
TEl.

g2u EREGBOKRZE(COVTONIRHAR

BEBEOAEX XOMBER, ThAGKTREAFETHY, R, WThoFTRWTHIERS
nTEf (EME, 1953, 1954, 1957a,b; ScHLAIFER, 1938 ; ji§, 1956). LAsL, ZZ Tk, £
BORME A FE ORI T 5 WY R FREEHOKE S22 lcdic—  ZOMKRRER e

STz,

F1E KBMEGITHE

AERT, BB AERELTRENCH HRE EO%E L WERKE (170X 50X 45cm 7K & 34074)
A, B, CXU'D &M, 195645 Ahb 10 e Tk otk. Zhb 4 EoEBRKMT,
EERRRIRO/MYE (5, 6K LVT7TH) T, ¥h%h, 1, 3, IBIV2TETD, Ik, %
DB (8, 9% X100 A) TIE, ThEh, 3, 9, IbRIV2EBTFOHELL. £LT, FK
BMoKE, BHEBEREOEHEHZIZIFELHD, REEHIBANRESRY VTR, I
85, KRAMC 1 BTORESY L VO, RETHOABRREE L, TOTHOBELR I

> 7.

$2H RBREREIUEER

1BH-y, |RBoRGHERLREHELYEHRL, TOMKREYRI BB IV MIIRLE. &
nHORIT, Wi £ ERPMAELT, REFAELAGHERYRLICIDOTHS.

ChHLDOREBEL T, HEREERELOBFRLOVTRLE, 1B ) DRAIMERITA
EERCIR, T, BERTIRDBANTRZREDS XL, ThI VEETEIHL TH, o
THLRENREL RT3, i, BEREN 1BOBECLDORRDOELDIXL, by bh “&h
BUEE” (OpuM, 1953) BB S\ Tikiehn 5 b, ¥, WEREN 15, 21, 2T BLHx
BIEAONTHENE o TWW5HH, RERY 1 AESIY 1ATORELLDT, HEREKI M
2 BEONTEMBGERTDCEMTERL s Tcled TRV LB 5.

Wi, BREFEREAEKER L DEFT O OWTEHEER KT L, IRDOBATE, XD
BIEMNELFEAHTH Y, OB TRHEORBFRETRE—Th-T. FlziE, SRL2VELDOHE
T 5 &, METRREEECEIAKKEROFAPL, BETIE, Thiddre, REH
oL BEREREN S oTe. i, R 2~3BAERY o0 &b EABRELLD,
SIS 2EBULEDANFAKCHEBLTS, FORMEEFTLELEHRINDDT, BHRIGTED
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Fig. 13. Relation between growth and feeding frequency under the different popula-
tion density during May to July. White bar shows growth, and the shadowing
means feeding frequency.
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Fig. 14. Relation between growth and feeding frequency under the different popula-
tion density during August to October. White bar shows growth, and the
shadowing means feeding frequency.

Rt mAERE R LTCW B30 TikitvWwh EBbh s,

Lirl, UEBNIRERLD, PR LV HKBEREY IRMBICED D Z L4, AELBELXAVLE
REBERIBEETHLDOLHEE IR B0 T, BROERCIZ OBREDRE Y BV CRETSY
Az ik, ‘

$3E SAOKEBAZHOM

FEHAEBCBT 2 KRET OB, TOHRAESHMYL O TH B, BB\ IEKERLE
THHD LS T LOHENL, RRFESLEROIMI LIS T, BbEBHRMETHS.
AETR, SAOWENITKEAREHILEDO LS5 kGHTTRININEMBID, FOEH
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L ZOYBEHREER L OBIRERANC. £ LT, HERCRT 5 RBRERE, HREFRER
REBHDOBECOWTHENTLES LS THD, TR, e, $ADOKEHRFAEOMRAK
Bl & R BRAD 7o ) & % BEBUREY L 7.

Bl KBMEGSSIUVHEZE

AEBT 195549 B 10 A5 12 §10 B ¥ ¢, tEERFEKEFRRENCHD=2 v 27 ) —
B AV TR S S o, FOKEDOAE 213K E 140cm, §§ 70cm, X 45cm TH
D, B EIDHFKEKEEAL, LTORILHRBecm Lok, ARRWMEZELCT, <
DKiE 30 BDshém (k4 ~57A) 2BEEL, HO2LHH1H» AR 0T FAHIL
LT bERYHIA L. ik, RORMAEEHIPEHEEREETHLYAVTRELL.

BIEERE LT, KB SE HSESIOCEREREY L )T, ChDHOERDS L, RUE,
HEtE ¥ & O HBEBULKEZESR B 4 km BEL CRBHBESR A TRHEIALERTHS. &
¥, ERHEHIZA L OBE, KBOBAZAFCE W THEIR Lo, BRI > T2 ~4
FefEIR CEREZB L TRAILC.

F28 RBERGIUVER

AEBREET, Bd I AOhEREHRAMEOMEAR 150 A~C i, ¥, ThiRo ThE
BEELBELbh2ERALXR 16D A~C ik, htth, KE, AftE, HERERIOKELRE
DER LRI,

ThEDORE—RLTh25 X5k, REAAPRIACE > TEhEhE- TS, T LK,
BRELTED S99 B29H, 10 H11 Bk L0 10 A 12 ACi3REEA FME o FEH K
., chedL<T, 98200, 10 515 ks X011 A 24 HOFICixREFHED BELZIZEHR
Rl A Z R LTV 5.

: i
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Fig. 15. Typical examples of daily rhythm of feeding activity in goldfish. W.T.: water tempera-
ture in C°; S.R. H.: solar radiant heat in cal/cm?/hr.; A.P.: atmospheric pressure in mb,
D.S. : duration of sunshine in decimal scale for every 60 minutes.
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Fig. 16. Atypical examples of daily rhythm of feeding activity in goldfish. W. T.: water temperature
in C°; S.R. H.: solar radiant heat in cal/cm?/hr.; A. P.: atmospheric pressure in mb.; D. S. :
duration of sunshine in decimal scale for every 60 minutes.

*TC, T0X5 7 ARAHBOMEREIREREDROVWTHRE L TAB L, £, BN KRE
EHOFITIE, EOBETH, KEFHEEABAEELL > TELLTWS (K15, A~C). %7,
SEBE?PE L, TOfE (mb) 35 EROEMERL TS, #-T, REIETHY, HEH
BbH\v (RS EIY 30 ~60cal/cm?/hr). —7, ¥BARENBEHOMAL LTE HHF
9 AR DHE T, REHRAEHOLEINIELINL 11 B~15/KFTL, EIEBRCESR
TWaA, ZORRBTARBEEROE, UEBIHBEREI0Fh 134 B TH 1.
b, [IESET L, BSERELEL, KBXARERZRILWIET TR, L5, 20F
ReREBOEE Tl Fhe, REBENKRAERLRRWI10 A1l HOBATIE, iz, A
T S5cal/em?’/hr D AHBHRERTTS, KBIFAE—TE (13.6°—13.8°C) TH Y,
L2d, KEX 1033 mb 55 1003mb & &¥ie FAEER LT\ 5.

P ERN-EBRER» D, &RORMEAFPEL, KELLBERHARYRL, SEBRE
BpvphEl, BHBEOSVHRE T, TOMBMNKFlERZZ ENTEDLE VL LS.

TOXST b, MEOERC KT A REDABRHLRAT2H4, AHBECKREORE
LefER e LB THENE 5 paBik L5 2 C, FREE® T, L TEROLH
ZhHicote.

BAE RALCKTIREZTHOFHEL

REEBOFHHLOF T, LIRPIMECEIICIT 2 REFHYMD & L3, FohEE
RO ERFOEBHILEIMROZ &, T, BARKT ZBEEOEN S D CEERRY
BThs. TOHEOWT, FZERKXRMIEC KT 3 SADORMERH O, TTRHEL
T\ % (HiraTA and KoBavasHr, 1956 ; HIRATA, 1957). % #-3E Fi ki) % B HEEEIC O\WT
b, TTCRFERLICOT CGFH, 1958), zzTit, Fhbopbx LL, EHcET3ERED
REFEBCOWTHBRBZ L ET5.
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F1E XRHAECESTI2EROREEE

WRANERAHEREYHVT, MrbPRehld, ik, LnbPFECHT TE&ROREEH A
N, FORERIOWTIRT T4 LY (HiRaTA and KoBavasHi, 1956; HIRATA, 1957). Hfit, &
B2 L LTE&RDREFHIXKBERCAESELAIN DA, £OERRFILICA 5H]
EREMBERET BHE L CHENALR. Blb, RIEOBE TIL 8 5°C Rai e LTREITR
EEIERBC Iy, BEOBETINICCHLRETIZ Edbhroic (K17). Zhik, %<
DR OVTREEBR LI BRETT (1956) DO\ RENEEHEDOER K L 50Tk n & Bbh
%. KravuHiN (1955) it =24 OBREEHCOWVWTLEROC O X 5 RERERHTW5. i,
RS (1959) 47 = ¥ Eix 13°C t&IRic A b, 15°CTRETS Z L2 Hhc LTV 5.
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Fig. 17. Relation between climatic factors and feeding activity in goldfish during winter to early
spring. W. T.: water temperature in C°; A. T.: air temperature in C°; D.S.: duration of
sunshine in decimal scale for every 60 minutes; A. P.: atmospheric pressure in mb.; C. A.:
cloudiness (amount of cloud); circle with shaft shows wind direction and velocity in m/sec.

F2H HICHT2ELAOKEEH

REEIAE L F CERECHARNRERY AW THNE. ZoBRo—FiconwTdd Tk
L£LTWBDT (GEH, 1958), = Z TRAERERO—BIHFEIC OV TRNS.
Bresrs&A0REARME, 5729, HAIEVOR T, MOFELFAFCHRL 1
Sollx AT AP RLE (R18). i, REOH T, 0 HRMELAREL2ET %6
bAOh. ¥io, RELHLABCKPEERKER KER LY, BHEXIFANTCRZE, B
BRENTULT A 2 ORARRIGK & - C, BHEBFZEDO AR KREVDT, REEHL, O
X3 eREBT, RRREOC KRIEATREShEERZOFERX I FTHb0LELLRD (K
18) (FMH, 1958).

¥, REFHOBEREBCHHETE, FOEHIAHECHAEREREC L > TFEIhSZ



18 BREKRFKEEMICE F22% HF25 (1973)

temperature ( )

water

B
.
-
-------

t heat
=

(cal/em” /hr)
s

jan

solar rad
o

=0 -l
< 3
() B
'3'4;8 >
b 45 &
o B 8
a 201 14 &
4 °
g2 i I
go 108 42 %
g 10w ¥
3 X -1
&3 ol o 0

time of day (hour)

Fig. 18. Relation between water temperature or other environmental factors and
feeding activity in goldfish. Circle line shows percentage of feeding frequency
per hour. Broken line shows water temperature in C°. Dotted line shows
solar radiant heat in cal/cm?/hr. Solid line shows dissolved oxygen content
in ml/l. Semi-broken line shows free carbon dioxide in mg/l.

EBREL, KBRBERZOHNEIREL L b AMHLEL, b, KEEEOK], B4
FEKBRE ORI & - THEXZT TV 5 Bbhi.

FIWM SRAOEMNICHTZZOREABLL

SROEPIEHACT bR B LS 2 LRAMOEETHS. Lhrl, £OBIICST 25E
BEECOWTL, 7%, REIRTHRVOT, EHEbL bARES L ENTHEES L »6tH
LT, SRDEICIT 5REEHEER .

FEBUL 1958 £ 5 AT A & 6 ArhAic it RFKESMOE /M KM (650X 600X 100cm) T
BIigole. REBILOKEORAENSERFR ImPT oI 4BO BRIV TEIC8MEE
hote. ¥, ENTHARSBIKEOHRFOZRC 1 ERELL:. - oKXk 3Ke 4
BOBRY 60 BEE L BRERCRFE IR TH5Bbi e DD}, 2089, 15 208CH
LW DL LI, IRBEIMTERHHLZADO L ADORIZENNEALE, 10BFECHF LD &
L.

X 19 i REEER R L OCENTHOBALEILR L. 22 DB 1O, 2 REFFED 2
HHDOBETHS. CORGLHLIL SR, REBERLENTHE QBB ThFEhBES
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Fig. 19. Daily rhythm of spawning and feeding activity in goldfish. Dotted line
shows spawning activity and solid line shows feeding activity.

DI 20DWEE LTS, Bib, EITENL 4BELDRECERELY, LORBHERS ~
6 BT s\ T AN L, £ ORIEA 8RR ¥ CHkET 5. Tk, 10RERE TIRIX, £OfF
BT EELET X R ote. —7F, BRCHT 5L&ROREFENL A DOHK 2 ~ 3 ReBEER
THhORECERCE DO THHMN (E3ERR), 0X>kEEtR, EdLERTEN
KoThb, Bb, 10~ 11 BECRELHBTS X5 k-%. £ U TRERE L 14 ~ 15 KR
IELT, BY, HENESSROKTEA L. s, 2B, oEIRc T 5%RE
FEHIEROLTRI D ARERTH- 1.

TDX T Enb, EIMTEINRETEL ) SEEBNTHHI ENIh2bhD. Ik, &b,
ARONSON (1957) MAEDEITENC OV TIEFH LTV 54, BEOEINTEIHES % AV TLsnt
RLEBREIHENX5THS. FLROEREL LS L5k, KhEBEFIHAR X 5RBOERT
BHERL, ChboFFEsF5H LVWHRAEDPOED LWL LS.

$5% LAOKREARAE(LLKE HICEOEMALORR

InEE (1948) BEWOABESYEATAEERRTFL LCASERY L VAT T2, Z0OH
HEIRELABLD2DODEENDK->TWAEDT, BELEELEHSTTELRTRIE bR
V. 2hT, AETIRSRADKMHBEL L KE L OBIRIC OV TRE L.

BEOREEEH L KR EOBRIEOVWTL, T TRELDOMEERC I-THEZIhTW 3
(KRAYUHIN, 1955; LAGLER and LaTTa, 1954). LA L, 4% C, ZOBEKRIOVWT, hboD
BN LW I ELHLRAE IR LDORBAL V. Fhb0% X, flziE, HatHaway,
(1927) DBERLSND L5, H»5—TEDBEX NANCR - fBETRRER - T\ 5,
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The, 46, FEIER GBE) 0BExb &R, £A2AWT, *ORMBHAKEKEDHRE
kL DBRE TN,

ﬁ@%ﬁmzm@%Aéloomwikbf%xf mﬁﬂmﬁoﬁékkbﬁw LT,
REEEN D A AT ~DZ DFER L2 AT,

£ RBHHESIUFE

AEBRT 1957 4E 3 Ah b 1958 4E 2 Aicdbic b, A5~ 7 ARMkSE LT, ¥l ks KESES
DRETR I Lot REFHLHIMAIRER LA 1o BB & LT, £ 4 170X50 X 45cm
DRKEZIDA, B, IO ChD3KELRM B, X, 13T, AUKEIDAMGLYE
ATERZR IR T OBEL, RIS, BCRREOELV DL Wz tohl, KEFR—&
FECRELCHF LR L. ARV ARG TEREMAL, £0OKE XOERKTRHOTY
FEIThEh86g,kX0023.5g Thole. REIMIA, B, CHEAEOhRETCENEN 1 EK
TORE L. EROIL IRMHB RS Tk,

KBIXHESBTREHEL, TOHEEBITT 5D, FEHKECRESKERLEDEMC, s
DEIT X b T 2E & reflection point (BAR, FE) & bURHE 2 Tlibh T\ 24 H)
RBE LB, REEHO HRAE~DOLOFERERAALL. KEOEBHREL BRI BT 5 KED
FBEC X v C=AZ(T—T)VnT CTHE L. ZlAz—Rciig T = f¢) T 2T
[ BESDAR, HEVCIZAPDECETSE, B, &2T/d2=0 0ETHB. it F
L L-BE/RERED) OZRBHOWTHY, AT|4t OBETHS. $£-T, FOBLRKRE, 4635
5 FTH I BHEMRETEDLIRFER bW, LaL, Z0O#E: #4920, KB @
HENOBEA &S ERH R LRET 5L, 1Y ZOBMREE LTER LTI VWO Tt
WhriBbhd., TRATAETIRR?2], 221RLcL5Kk, 1M VT LRESLE
(C/hr) REREH L, £OFEEEACHEOBIEY KRS E i L.

F2ET X B OB R

FREHRAEL L KRECECKEL M S & OBk, ¥/, REHE L B ARTHKESCKBEEHER
BEOBRE TR ThATHhL. e, BENERO S ST B % & sk Ui KEZE A &
FREHRAZEL & BRI OV TiR, ZOMBHIBID @I ERKISFIE S & b BT, FEx ke
L.

$118 FEETE & BT EKE R S VI KEEBENK

1 AR B0} 2@ REHE L FHKE L DBREYR20KB LI UFE 1 ~4 1R L. g, BHizE
I & KBREBFRB & DBAGRR, A, B, C3 A RIT 24EL LEROBEEL bR L.

EROREFEH KRR IL 8 CHIET, ThUTTCRIFEHNBAELELELTWS. £LT, K
BA8~9Chb 24 ~25°C DEFANTIIR 20 R Lic kL 5ic, BREEE L FEHKE & D,
1, ERMECHBBEMIREIRTWS. LiLl, AEZRIMS, 2hIVEVEELRTES
XED X 5 IsHEBIA AR B igh o 7D T, BR O REEENC 3 XiFTHE ORI S5 TigL.

LA L, BFEKELKRERCEEZRLTVTS, REFECERL L LOLTHBANDL L, §
ZER1I~4D o — o HD X5, £ BOFHKRIAALERAUETHER b1rbLT, RE
BECZ 2 bOERNR LD, 2T, BEXZEEABL LTTRRLE L BROK
BEBHREY &L - C, REGEHLELh LOMBEAELMIRT 2L, ChbHERCBT 2REHETLD
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Fig. 20. Relation between average daily temperature and feeding activity.

Table 1. Relation between temperature variation and feeding activity of goldfish in spring.
T " feeding frequency per day | average average water coefficient of
month date - tank feeding temperature ter&g?;?itgge
A I B C frequency (C°) (x100)
15 30 10 70 36.7 9.1 3.0 T
16 90 150 60 100.0 9.1 3.90
3 17 200 100 170 156.7 11.0 3.6
18 50 60 50 53.3 9.0 2.6 °|‘
19 340 100 200 213.3 9.3 3.80
18 560 610 735 653.0 12.0 4.2
19 340 315 290 315.0 11.3 3.0
4 20 510 565 570 548.3 13.2 53
21 300 195 305 266.7 12.8 4.0
22 75 80 115 90.0 12.0 3.8
23 600 120 330 350.0 14.5 6.3
24 360 395 415 390.0 16.2 6.0
25 710 637 450 599.0 17.1 6.7 <I=
26 810 810 890 836.7 17.3 8.30
5 27 650 732 641 674.3 17.6 7.0
28 922 687 620 743.0 18.4 7.2
29 878 880 764 840.7 19.7 8.4
30 760 715 605 693.3 19.0 8.1
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Table 2. Relation between temperature variation and feeding activity of goldfish in summer.
monts | e | ST | e | v et | et
A B C frequency (C°) ?;11%6(;
20 1005 980 1100 1028. 3 23.0 9.2
21 . 965 873 1036 958.0 21.4 8.0
6 22 796 869 837 834.0 20.6 7.
23 526 768 697 663.7 19.8 7.8
24 993 783 844 873.3 21.6 8.1
25 760 707 631 699.3 21.4 6.8
15 1133 1314 1251 1232.7 25.4 9.5
16 937 733 1000 890.0 24.4 8.7
7 17 813 790 786 796.3 20.3 7.7
18 615 531 490 545.3 19.8 7.3
19 784 490 496 590.0 19.6 6.4
20 800 834 995 878.0 22.6 6.7
10 1115 1306 1020 1147.0 25.0 7.0
11 1022 1107 1074 1067.7 23.6 6.1
8 12 968 775 590 777.7 23.4 6.3
13 420 990 877 762.3 24.6 6.0
14 667 789 810 755.3 25.0 6.2
15 795 790 944 843.0 24.3 7.0
Table 3. Relation between temperature variation and feeding activity of goldfish in autumn.
month |t I
A B C frequency (C°) v?;llaoac;n
16 900 605 736 747.0 18.0 6.1
17 746 617 611 658.0 17.4 6.1
9 18 535 610 594 579.7 17.4 5.7
19 376 463 491 443.3 16.1 5.2
20 236 331 256 274.3 15.0 5.00
21 644 516 621 593.7 15.6 7.0 !’
10 226 316 285 275.7 13.6 5.5
11 444 494 390 409. 3 14.4 6.2
10 12 260 390 511 389.0 14.2 6.0 ‘I’
13 177 245 215 212.3 14.0 5.1
14 220 343 268 277.0 12.7 5.0
15 178 298 206 227.3 11.6 4.7
3 96 56 59 70.3 11.9 2.8
4 104 113 139 118.7 12.3 3.20
11 5 382 260 332 328.0 12.5 5.5 .!.\
6 174 212 274 220.0 12.3 4.10
7 67 128 95 96.7 12.3 2.9 l
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Table 4. Relation between temperature variation and feeding activity of goldfish in winter.

' \ R 7 =
ot | e e P e s v e
‘ A | B ! C l frequency (C°) V?;'fg(')c)m
5 ! 114 i 100 74 ‘ 96.0 8.6 3.6
6 36 27 22 28.3 8.4 2.1
12 7 ‘ 40 i 5 19 ‘ 21.3 7.6 2.1
8 | 74 | 55 %6 | 55.0 8.0 3.80
9 | 15 15 7 12.3 7.0 2.7
‘ 10 | 46 34 29 l 36.3 7.4 3.5
18 0 0 0o | 0 4.0 1.0
19 | o 0o ! 0 ! 0 4.7 ( 1.3
1 20 5 5 0 ] 3.3 6.6 2.3
21 6 5 | 20 10.0 1 7.1 2.4
2 13 0 o ! 4.0 | 7.3 1.6
20 | o o | o o |13 14
2 ‘ (. 1 3 1.2 2.5 1.6
2 | 2 0 | 0 0 0 ‘ 2.5 1.7
l 23 1 0 4 L5 3.0 2.1
2 o | o | 0 0 ‘ 2.0 1.6

EBREOMBE B L TH b, LLDOTFHKELDOHEL D L7 EVHEBEEFE,ELLRS
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Table 5. Feeding activity and rate of temperature variation.

L. feeding frequency per hour
month-date time interval tank rate of te.m.perature
of day A ‘ B C variation
5-28 1-7 1.1 i 0.7 0.3 —0.5
8-17 87.0 89.7 92.3 +0.8
18-24 11.9 9.6 7.4 —0.3
5-29 1- 6 0 0 0 —0.3
7-17 80.0 75.0 74.6 +0.8
18-24 20.0 25.0 25.4 —0.4
8-10 1-7 0.3 2.4 3.6 —0.3
8-17 65.6 70.0 57.3 +0.9
18-24 34.1 27.6 39.1 —0.3
8-11 1-7 0.6 0.2 7.6 —0.3
8-17 71.4 74.3 69.1 +0.8
18-24 28.0 25.6 23.3 —-0.9
11- 4 1-7 7.6 0 0 —0.3
8-15 84.6 88.5 91.4 +0.3
16-24 7.6 11.5 8.6 —0.1
" 11-5 1- 7 0 0 0 —0.2
8-16 91.4 100.0 89.1 +0.5
17-24 8.6 0 16.9 —0.4
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DTNIID, BiR L O E(LcBI LT 5 b D & #E % bh (BRETT, 1956 ; BROwN, 1959; SULLIVAN
and FISHER, 1953), BY#1TE)~DRIB &\~ 5 Bith BIEA EBIFE R T o7 (BAK, 1954).
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Fig. 23. Daily rhythm of feeding activity of gold-
fish on the first day of the experiment carried
on under 12L-12D light-dark condition.
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Fig. 24. Daily rhythm of feeding activity of gold-
fish on the fifth day of the experiment carried
on under 12L-12D light-dark condition.
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Fig. 25. Daily rhythm of feeding activity of gold-
fish on the first day of the experiment carried
on under 12D-12L light-dark condition.
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Fig. 26. Daily rhythm of feeding activity of gold-
fish on the fourth day of the experiment car-
ried on under 12D-12L light-dark condition.
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Fig. 27. Daily rhythm of feeding activity of gold-
fish on the first day of the experiment carried
on under continuous light condition.

7
Y
£ i O O B
8 197
§
£
0
)
5207
3
: Sl
K 3 [ 9 12 15 18 21 24,".

time of day (hour)
Fig. 28. Daily rhythm of feeding activity of gold-
fish on the fifth day of the experiment carried
on under continuous light condition.
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Fig. 29. Daily rhythm of feeding activity of gold- Fig. 30. Daily rhythm of feeding activity of gold-
fish on the first day of the experiment carried fish on the fifth day of the experiment carried
on under continuous dark condition. on under continuous dark condition.
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Fig. 31. An automatic measurement of water flow drew up by air lift pipe. A : air lift pipe; B : fulcrum
of water mill; C: air pump; D: float for supporting the air pipe to be constant level; E : beating
type of water mill; F: mercury; G: contacting tube; H and H’: silver rod as a mercury switch.
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I rVOREREIGI L > ThEh5d &) 2 Lkl abambhTuws (IR, 19215 KE,
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Fig. 32. Some examples of recordings with automatic measurement of water flow drew up by the air lift pipe.
Upper example (A) was recorded on fine day and the lower one (B) on cloudy day.
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Table 6. Examination of water volume pumped up with air lift measurement
and saturation of dissolved oxygen content.

52;“6?“8“ water volume 52;“6?‘8" } water volume s 53;“6{‘“(‘)).“ ‘ water volume
(%) (m//min) (%) i (m{/min) ‘ (%) ‘ (m{/min)
10 211 50 251 77 | 247
15 215 55 254 81 ‘ 250
30 224 55 247 : 85 ! 260
38 243 58 247 95 : 264
44 246 59 249 95 | 278
10 245 64 254 : 90 \ 252
15 234 66 250 86 ' 249
20 231 70 261 80 243
17 235 72 250 74 237
0 211 70 255 70 230
1 217 65 240 40 ‘ 253
5 219 60 237 : 85 : 225
10 219 66 236 5 95 | 237

234 80 262 |
7 248 75 263
10 244 75 256 i
38 248 82 282 ‘ {
40 253 85 260 H ?

W TE Carassius auratus DRIEIC L ZREEABFHOEE

A KB C Carassius auratus D 4 i, ¥ v=oe7F, 7F YV, Vo VvBIVNF A VX BE
HAAEDEHI LTS, BHECL 50 HAMROHELRSS L bhic. ZorED
B o tili~ice.
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SELTHBLTW D THS. WThoRETHIHAROERIZS ~17Tcm OKEWH DX A
[P} A

F2H RBERGIUVER

AERHMFR R ET BB 3FLIELRT, &, £0 3 flOERHBICTHREHEY
K, FvaerTF, vEY, VoFVvEIOF A VvOREHAMEX34, Bl
CRHDORE—RLT, ¥var7rRf&0REARAZELILY) 2 v RV EIVTAF VDL
LMAR LT\, REABEOHRESY, WKL O»LTHARILS ONLIRMEZ2OT 5 &,
DFAFY, @V av*v, OMEDIETHHEVZ XD, B, ¥VIr 7FRNEORET S
BRI E L, 1, REFEOC— 73 2~3KM#E LT3, ZhEXNLT, 72AFYRY 2
YT, FhEdde, 24 BEcls s REBRLENL, T HEAKOE - 2 13&D TH
Rchs.
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Fig. 34. Daily rhythm of feeding activity of an-  Fig. 35. Daily rhythm of feeding activity of selec—
cient type of goldfish, gengorobuna, in upper ted breeding type of goldfish, demekin, in upper
diagram and wakin in lower diagram. Solid line diagram and ryukin in lower diagram. Solid line
shows feeding activity per hour, and dotted line shows feeding activity per hour, and dotted line
indicates solar radiant heat in cal/cm?/hr. shows solar radiant heat in cal/em?/hr.

= D X 5 Carassius auratus O G, Bb, ¥YvIr7r, vFV, VavFV, FAFV
CI o TREARAEOHEOEANEFTR-TWH I Edibhotk. BIb, ISHRIKTWD
FAFvReY 2 vF VIEHAE LCHARGLETERZRL, REXESNERERY, #HERBEE
DTV, ThERLT, #var7727 VOB TRARBRECHT TS, KEETOR
EAEbR, TOABEINEL D ARARTH 2. 2D X ERLD, SRACEVTIHE
Thichf@E ERNELVCBRERYRL, M, RECGEVWSDIREZOHRAEATHIETHS &
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W2 DT AH b D% Y, Carassius auratus B 5L BB L ORIOFEE* D
EXZDOHREOHEREBEYEATA—REELLIS.

RETONS 19/ 20 o BFEORE A A, ZOHRESCE T, ThFholic ki
HERZ ORI, FECOWTOHEMEORIL L5 A bE L 5B, LROFARE LW
RECOL)LEOHRCHMIANRDZ LBALETHHI5BEbIS. Lhl, ERERLSHT
TH50I, BHREAL LTI, TOHBEZRTI LNTELRVDOT, o TIMERR LY
DTEE T F*,

F8E 19 EHOAMERZE B AT

BEOREHAPEZHELICT B L) & L3, FECKT HBARRLREBET OB X O ES K,
¥, BROGBE CREERLIPEFREORLG /K EADOIGAST I MHRDOZ &, BECTEEEY
RERBEDOERN ST THBDTERERIETHS. Lvl, EEIFHORRT LT
ZTOEBEYEBL TE Y, ThICOWTORENLFRRE L HARKER (1958) A EHL TV 5 X
51, hoBHOR &L HEL TERDTHEv. FhT, 46, fiEcht-REOREHAZEYH
W, WRAKRTELEERLECREAAMERN, ThbD ) Xax—veBkLi. i,
—HOBECIXREFEBH OB, WkTEHEL L LOHER TR, RELWRTEHEOHBEED
ERY BB L.

F1E RBHH&GLUHE

AERDS b, BEROFREHRAEIIL 195849 Ah b 12 Biehrid T, ME T STEBE KK D
K& X 150X 250X 70cm OEZE KL AGTE IR, T, RKADES I E RS KESD
DEEPCHHKE X 170X45X40cm D KR, 1957 4E b B 1959 Fichsid, £ E B R )
ELTkIigote. WTFhOBED, F1IECANCEHEATERYACTEH L. bk, £ER
Edh, BHEOFHABREY R I ooThb, 7 BHE, EEME L CREEHLRE LS, oo
Tk, FREOREH R OMBM LA & h b . BERIE 12OV TERY R L,
ThODOREARERTRRLICLE Y THD. FRADHEKIBERIGA L K 2 E5# 30 v
y M DEIGTEALL. KED B ZE(IL 18~20°C tifd, AW L& - H <1, 0001
y 7 ARIHTH Y, BhicHTIH 3,500 Ly 7 2 THo e,

¥, RKROHARXTESFITHY, BLBRRIBERDOHE LAKL, FhboAERIT
RTCRLE. ARBRTRIEABEORE, Hl2 X&fhE DERICILE O KECE  ErDHF K
BEALLRTERVR, 4r2=C<RA DX EAkEoBE I FOKIELES5~6 Y
v PLDEIEGT, BRLLEHFKERA LK. #-oT, WKL KT 3 BFEEKRTE ST
P78 12~15°C TH 523, IEKEH TR ERPESENR 14 » AR bloTEE oD T,
Z DOKBEZIAREL 13~25°C T, LrdbKBEARTIZ3I~T7°C Thote. ik, BEBE
RERICHB IV ESCH T, £HEhi15,000~10,000 35 & U 8,000~6,000 /L » 7 2 THh - Fro
tH, TDX5h—EOEROFTYHrHAKIVSATIE, Thih, A—KERCRELDS

* BPALE (Wildness): SRRZFERLEBFTHOG LR TV BEF4 TR (Wild type) (LI HES , 1959) & BRIZH 5
R, BHORAEHOTEFENEEE IR .
M3 O - DRI OV TRhythm strength DS %A L (HIRATA, 1973).
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Table 7. A list of fishes examined except goldfish Carassius auratus (LINNE), and rhythm
pattern of feeding activity. The figure number of the respective species in the text is
indicated in the last column. Patterns in parentheses mean indistinct ones.

Species name*

Rhythm pattern

Fig. nos.

Anguilla japonica TEMMINCK et SCHLEGEL

Chrysophrys major (TEMMINCK et SCHLEGEL)**

Cyprinus carpio (LINNE)

Epinephelus fasciatus (FORSKAL)

Fugu poécilonotus (TEMMINCK et SCHLEGEL)
Fugu rubripes (TEMMINCK et SCHLEGEL)

Girella punctata GRAY
Gonistius zonatus (CUVIER et VALENCIENNES)

Halichoeres poecilopterus (TEMMINCK et SCHLEGEL)
Mylie macrocephalus (BASILEWSKY)

Oncorhynchus keta (WALBAUM)

Oryzias latipes (TEMMINCK et SCHLEGEL)

Parasilurus asotus (LINNE)

Salmo gairdnerii irideus GIBBONS
Siganus fuscescens (HOUTTUYN)
Stephanolepis cirrhifer (TEMMINCK et SCHLEGEL)

Trachurus japonicus (TEMMINCK et SCHLEGEL)

Triakis scyllia MULLER et HENLE

nocturnal - (diurnal)
diurnal - (twilight)
diurnal

diurnal

twilight — (diurnal)
(twilight) - (diurnal)
diurnal - (twilight)
(twilight) — (diurnal)
(diurnal) - (twilight)
diurnal

diurnal - (twilight)
diurnal

nocturnal

diurnal - (twilight)
diurnal

diurnal

(day and light)

nocturnal

41
46
39
44
53
52
45
48
49
47
37
42
40
38
50

51
43
36

* affer MATSUBARA (1955)

**  after OKADA et al. (1965) : Pagrus major (TEMMINCK et SCHLEGEL)
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e 20
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§ 12 15

time of day (hour)

Fig. 36. Daily rhythm of feeding activity in Triakis
scyllia MGLLER et HENLE. Histogram shows
feeding activity per hour, and dotted line indi-

cates solar radiant heat in cal/cm?/hr,
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golar redisnt heat
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RN
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Fig. 37. Daily rhythm of feeding activity in Onco-
rhynchus keta (WALBAUM). Histogram shows
feeding activity in recording frequency per hour,
and dotted line indicates solar radiant heat in

cal/cm?/hr.
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Fig. 38. Daily rhythm of feeding activity in Selmo
gairdnerii irideus GIBBONS. Histogram shcws
feeding activity in recording frequency per
hour, and dotted line indicates solar radiant
heat in cal/cm?/hr.
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Fig. 40. Daily rhythm of feeding activity in Para-
silurus asotus LINNE. Histogram shows feeding
activity in recording frequency per hour, and
dotted line indicates solar radiant heat in cal/
cm?/hr,
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Fig. 42. Daily rhythm of feeding activity in Ory-
2ias latipes (TEMMINCK et SCHLEGEL). Histo-
gram shows feeding activity in recording
frequency per hour, and dotted line indicates
solar radiant heat in cal/fem?/hr,
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Fig. 39. Daily rhythm of feeding activity in Cypri-
nus carpio (LINNE). Histogram shows feeding
activity in recording frequency per hour, and
dotted line indicates solar radiant heat in cal/
cm?/hr.
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Fig. 41. Daily rhythm of feeding activity in Anguilla
Japonica TEMMINCK et SCHLEGEL. Histogram
shows feeding activity in recording frequency
per hour, and dotted line indicates solar radiant

heat in cal/cm?2/hr.

feeding activity

time of day (hour)

solar radiant heat

Fig. 43. Daily rhythm of feeding activity in Trac-
hurus japonicus (TEMMINCK et SCHLECEL).
Histogram shows feeding activity in recording
frequency per hour, and dotted line indicates

solar radiant heat in cal/cm?/hr.
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Fig. 44. Daily rhythm of feeding activity in
Epinephelus fasciatus (FORSKAL). Histogram

shows feedig frequency per hour, and dotted
line indicates solar radiant heat in cal/cm?/hr.

2
> »
3 o &
o u ‘t’:
g 0 3
3 ]
- 20 :;
10 3
‘@

time of day (hour)

Fig.46. Daily rhythm of feeding activity in Chryso-
phrys major (TEMMINCK et SCHLEGEL). His-
togram shows feeding frequency per hour,
and dotted line indicates solar radiant heat in
cal/cm?/hr.

solar radiant heat

feeding activity

time of day (hour)

Fig. 48. Daily rhythm of feeding activity in Goni-
stius zonmatus (CUVIER et VALENCIENNES).
Histogam shows feeding activity in recording
frequency per hour, and dotted line indicates
solar radiant heat in cal/cm?/hr,
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Fig. 45. Daily rhythm of feeding activity in Gire-
lla punctata GRAY. Histogram shows feeding
frequency per hour, and dotted line indicates
solar radiant heat in cal/cm?/hr.
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Fig. 47. Daily rhythm of feeding activity in Mylie
macrocephalus (BASILEWSKY).  Histogram
shows feeding frequency, and dotted line indi-
cates solar radiant heat in cal/cm?/hr.
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3. 49. Daily rhythm of feeding activity in Halic-
hoeres poecilopterus (TEMMINCK et SCHLEGEL).
Histogram shows feeding freduency per hour,
and dotted line indicates solar radiant heat in
cal/cm?/hr.
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Fig. 50. Daily rhythm of feeding activity in Siga- Fig. 51. Daily rhythm of feeding activity in Stepha-
nus fuscescens (HOUTTUYN). Histogram shows nolepis cirrhifer (TEMMINCK et SCHLEGEL).
feeding frequency per hour, and dotted line Histogram shows feeding frequency per hour
indicates solar radiant heat in cal/cm?/hr. and dotted line indicates solar radiant heat in

cal/cm?/hr.
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Fig. 52. Daily rhythm of feeding activity in Fugu Fig. 53. Daily rhythm of feeding activity in Fugu
rubripes (TEMMINCK et SCHLEGEL). Histo- pokcilonotus (TEMMINCK et SCHLEGEL). His-
gram shows feeding activity in recording fre- togram shows feeding frequency per hour, and
quency per hour and dotted line indicates dotted line indicates solar radiant heat in cal/
solar radiant heat in cal/cm?/hr. cm?/hr.

RN REEB OB Y, Wl 1 HORARRL, ALAOHMTEE L BBORAR LD
THBH.
$£11H BEAPROREE
ChOoDOREZEETHE, 22TEIBT R 9BORDREEHOAAR IRV, Bk
ENTRDIVEHGTEIENTES. (1), 74, 7TH~E, BT F, Fa—xv, &
B, 7084, aA, =84, 2FEIVA AR, ThbLEBCFOEBEHNERKL DD,
(), F7=X, FFFrigLD X5 (1) LB RECIERL REFHELRT O, BIU Q)
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UFE¥, aXVIS, $i, BHhI) KL, bS577, 2 ABLIVO=T S LTI, AERT
BRI Y R Az a bR otk R, I fVWEbIRHr RO = o= A TIREFHEY X

ARE— VR LT.
$21 REBBEIAEFHLOABEORE

SMIFETy 7 ks X OME DO REER) & WIkiEE) & © B A2 2 h FhIRK 54 %5 X 0F 55 12575
Lic. THhbDORML, MEDHE TR OWEEHO HAICIRA EERNZLRIH, w7 HE
BOGETIE, ThODRAKYHIET S L, BHn, EENZLRS. BIb, $RDOKREED
BLIOWREIIIThd, AHE 1~ 2RHE» D RECERCR D, 11815 15 BT
TEDE=7RHEbh%B. 2 LT, BRCESL RO THYZ OMEBARERC D, KRT
E—HRIEH LT3, LaLl, +rHEAOBETIE, £ADHAKD X 5 KBTIV, X
54 3 L U 55 R BHIEHNC & T, ZDRBEBHISZANC A BN BH, 1IBEYESE LT, ®HEX
DY HPOHNERTH o, —HIFKIEBHO L — 212 20 E LB O 3B EIL Zbh, Pk
EEE, REFEEHL P, LLARMOAVERTHS. ¥k, WKEHLBEL L5 HP
BEKL, RMRZOBEL L, FEAIEFEETEISRRBZEE2OF<<brTRL.
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Fig. 54. Daily rhythm of feeding and swimming Fig. 55. Daily rhythm of feeding and swimming
behaviour in Carassius auratus (LINNE), behaviour in Oncorhynchus keta (WALBAUM)
wakin type of goldfish. Upper diagram shows fry. Upper diagram shows swimming behav-
swimming behaviour, and lower one indicates iour, and lower one indicates feeding activity
feeding activity in recording frequency per in recording frequency per hour.

hour.

F3E AEARBROER

ARBRTHNI OEORBEDS B, FlxiE, APF, /v &, Fa—kv, +20HE, &4,
iR, FXRE OB LTI, TTRMOMRBC L > THREIRLTW5. FhbD
BELAERTEDNICHEB LY HBHRET 2L, £, v ADERBRAETH D EXHBRT
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WBR, ARBRTHCI FF¥ AT, Thi2{RAUERIBELORE. ¥k, 7HXFROWT,
BEIIKEEOKET, LOTEIIKRECEYL, APk T s ¢ LI LEBE L. KK
BRCTRREDFAECORFI D TR ok, Rikh, rOBELALI K, BAEOLD
THHELEBbRhS.

B (1956) %2 O 0 BRRAB 2 BEHKBEE TR LA, A VTR HPRERT, ®
XL NERTH D EBRTVBH, AEBOKEE»LS S, ThEMMUL S fHARALN.

KRIZ, 78 F4RDNTHRITLTARDE, BHD (BAE) 3, ~A7 IHBEET X - TR
B, /e S MRRTHTHIEBELTVS. TheL, #F5 (1952) 13, EFRbcE\WT,
FEREBZE, 7r XM ZHARRKRAETHBEREL TS, KERTIE, ZZRRARLAER
BbLLIPLM LIS, 70 L1 OREARABIETELZRLTE ), Bhd (FAME) oG L
BIERCHERABO R, HFD (1952) OEBBERC L ARERL, AERTHILERKE LD
HEA L LT, RETHLBKTHEO AAKOERY, FOFRRELELDhE. ML, Eitid
(FME) OHMERRI~AT7 I RBECIBIDOTHY, REBH OMBENR S Th TV 52, Hif
b (1952) OFA T, BRI KT HHERTHOAXBE L 0T, REERITEA EHEOR
B> TWig\. 0T, 7 v &4 DBFE, REHEH LEKESH L O BREIHELTVW50T
vt Bbhs (FAEH2HE2ESR) .

R, BEAED A% -2 TBRT 5 L, o HREY W OhoBeFTsZ &k, —
iz, FEAREFZE LT\ 5 A% (BRoOwN, 1954a; 1957a, 19576, 1959; BrOwN et al., 1956, 1958;
HARkKER, 1958; Park, 1935, 1940; AR5, 1952; infE, 1948; #1945) it L » T, KBk
bhTwWaZ L Ths. AEO B AR OWTE, #FEDL (1952) Rrofy, ORMIEEME
DHD, QEMEEBEDLD, BIV@ORIEIEHTHLIOLD3IDEHT TS, Lhl,
SERELLEREADS D, =22v7 S, V577, =U<R, $rHALETE, Th5H0DE
BERAROC— s X AOH ERBROERELh S EWVWIBERE2EL. #-T, BREOBAKD <
2 —vERBEHEHTHE, #EDS (1952) ofFk320RoiEse, EHicAOHE AROEI Y
=7 BBbh A REHO AR RTIONRS B LD, HbeTHIRTHONTYTHS LEDL
ha. ,

HOME2HETBNAL O, FrHAOHE, REAALLBXESHOLhENR,THSE
WHRBRERLR, ZoBHEonT, AR (BE) dbrERCI S ERERED TS, ¥,
W & #HERIT BRI Bk (Schooling) L, HRIC T 55 ek Milling) 35 & L2 Hoar (1955),
PR (1948) HHBMELTWBH, AERTLEFD XS5z ¥ BELL. —J, PriNe (1927)
Ty - < 20K, BEIDSHUEC L - THERETHLBRNTVB. 20X HBENLDLD,
rOMBRDORELGRTEHCARAEDOERN S DD EELZDRS.

—75, BHOBILEREDFIET, FDV XA —VYRBERZZ LHAEFRLETHELLT L.
e, v - < 2E0 AT A BMOXMEBREF L TH B L, BL THE TIXEB#EERN
%<, BETIEFRETH B LOBMENSH . CDZ LRFEBTLREFCHIELAEBLEES Thdo
LR EBPEEDEDEBbIS. FLERTRERNLEA LRI - TY Xatg — VOHRIILD
Y, WThoB&TLBRABRTE % — VAR&hik. Lirl, BENKEBEREOELLL
DOBSE X ERT B 1D RH & B REBFIER O Rita b MR LicT s by (B 9ERR).
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FIFE BRECSIICADERRHBEBEORBELESVICRECSLET
XiRRat 0

Uk, &80REMEBREEANERICOWTERNCH, Ibic, 05 AR ERIREY &
BLT, HMeRERBORENAORBANANCERIh s 2B LT hE b, L
L, ZOEBEENREBETH DM, 22 TRLO—HE LT, SRDERMIC X 5K NE R ORH
FIZLE DWW TR T A, ¥, TTCRBE L= ~AMAORMEA FE T B XEFT XER
St & (KosavasHr and HiRaTA, 1957) #9213 b2 T, FDObbF LA BBz et 5.

Bl SAOKEICL MR ABBROZHLE(L

BLIBETRANCEHOEHTRUEEB LA THEREIh T3 “@R0=%" ¥ 52 THAFL,
BE I EDLHEHL LThDRO BEFRTERY S hhofc. 8B, Ik X0 10 Bric B
BEYFN, 10815 11 E coMBEbiz-T, HRBELANLHEDANB LA L S
CLTHYEX., TORIMKM«RTHBIABEEL WELL. 7k, ARBRIX11A230-24
ARIF v, ERPOKERILTF / DEERBIC X - T 12~15°C 0 HEAMNICFES X 51 L.

ZDISR LTHEEERERAYESIRLE. 20EMD, AEECIIEEEER L VL, EEE
11 23 BT AR, ¥7cZz0FA TR IMNERE > THrbBENEBO HINT AEENL LRI,
SHOREDHFHE R OB » TRkE L, 1BEEE, 8~ IBMETh bREEHD
T BEED 5 i,

Table 8. Effect of food supply on oxygen consumption in
Carassius auratus (LINNE), wakin type of goldfish.

time of day

oxygen consumption (ml/kg/hr)
food supply ! observation ‘ November 23 November 24
8:00 34 58
9:00 23 52
10: 00 10: 00 31 49
10: 20 10: 20 29 -
10 : 40 10 : 40 34 -
11: 00 55 64
11 : 30 43 -
12: 00 55 58
12: 30 86 -
13: 00 65 109
14 : 00 115 121
15: 00 113 138
16 : 00 109 129
17 : 00 90 109
18 : 00 107 -
19 : 00 45 95
20 : 00 86 90
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BREEHI VS, LA, BRHEC, BRHEEOERENADIIEOIX, Wb DEREIE
A GDA)XBDTRIehA . b, AfxERLCERRERC, =310 —REHTED
C—IhBok b EBbDEEBbRS.

REK, KEBYOFRAFECL, BRRBTRIL) ONRETHHHBERERTIIEL Sl TF
BexfloteDT, RO X 2 KFBEERFEROBIN IS 2 L3ELONBDT, HELEEHOD
X5 AR ERBNERATHDIME 3ROV TIE, ELRSEERYERRF T LbIW.

ZZTRERDRBIFD LR E DOBRDIZAIANIe oS, D HEAMDO NIRRT &
LT, Breifft, BN, Bt/ —EOoMRHNEEIhS. Lhl, LOERERNLD, £RADOEH
EMEBEBIHEYANTHD BRHBC O BROMMAL b, ZhiE 10ETE ) HIF i
R ORKBELRD BRI B D LBbh 3.

28 —CvAMAICKTZ X BREOZE

AERER T D\ T, T CI#4E Lk (KoBavastr and HIRATA, 1957). & & CiE, F0H b %
LIZoWTBRRB L, £FR6 R LI 5, XBEXRELTHLHSBRE, FoMEEN
Zbhtc., R, ROTRLK BEAD 2 —viAZ 5L, HBREK T Bdrdi& L
HEC, = <A EEORMEH BN R SR, 100r 3 X0 500r T 1 B ORREHFEIN R
EoxrhXvdL, Lhrd, FORRHOY— 27 AdoRicibh, BOTRBELALH-
fo.

Bolf, BAHEAEMFOMENBERIhB X5y, X BBRHOFECETAMEL E1Th
CEE L TREAESHIEINS. FORBREYDOWA WA BBCHEY S JIFT 2 E0nT
TRBE IR T\ 55 (KoBavasHr and HIRATA, 1957), A ERFEEMNOAER I FDO—D L E % b
ha. #-C, AFERCACCALREEHNES L, X RBHREC I 24BAROFEARY
B3 2THLERAKLDOTHBZ oo N TkL.
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Fig. 56. Recovery of X-ray irradiation in the rainbow trout, Salmo gairdneri
irideus, in view of feeding activity,
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Fig. 57. Effect of X~-ray irradiation on the daily rhythm of feediing
activity in the rainbow trout, S. g. irideus.

FUE K § £ B8

WEETHEIR T 280 BRAMCBET ML %25 L, LTOFRA EN—BIEE LFAT
\~% locomotive activity @ H B ZF{LC# 5 (BOULENGER, 1929; HARKER, 1958; fpjE, 1948). *
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