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Pigeons for All Seasons: Food and Water Intake Behavior in Long-periods

under Natural Daylength and Ambient Temperature in Pigeons (Columba livia)
Ken'ichi Fuji

abstract

The present paper describes the experimental and observational researches on the relationships between
food and water intake behavior and the natural seasonal cycle of daylength and of temperature. In the first
study, an ex post facto study was performed to confirm the relation between pigeons’ body weight and ambient
temperature. About the body weight of twelve pigeons (6 birds from the indoor aviary and 6 birds from the cage
room) and the room temperature, data during the three years and seven months were collected from the
logbook of the animal laboratory. The second study examined the relationships between food intake, water
intake and ambient temperature using long-term observations in the animal laboratory. The data were
collected from two pigeons maintained in the cage room of the animal laboratory. The length of the experiment
of two pigeons, one female (PX001) and one male (PX004), were 439 days and 839 days respectively. The third
study explored the interaction of food and water intake behavior and seasonal period of the daylength under
quasi-natural experiment conditions. A female pigeon (P908) was used. The bird was housed in the experimental
box with two response keys, one for food and one for water. The delivery of food and water in the box was
determined by the concurrent FR (food) FR (water) schedules of reinforcement. Under closed economy condition,
the quantities of daily food intake and water intake of the bird were depended on the bird’s responses in the
box. Results of 17-month experiment under quasi-natural conditions indicated that the response rates of food
were higher in the middle of the daytime than in the morning and the evening. In addition, the shorter
daylength, the rates of food intake were higher. Meanwhile the rates of water intake were not affected by the

seasonal changes in the length of the daytime.
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645 R D72 B H RGBT 5 b (Columba livia) DR L L FBKITE DKERE 75341

R CTdH 5 H5 FHEEY OHELO BRI BV THELTE) & EARTE) & BTN ) FITHh o 725
REIZH 2 o T do HARICH 2 BERHAB OB ETERLHEAKITEIL, 1RO 0OBEIZH B3~ D
ZHRIZE > TIHI SN TV B, FTHRBLE REOWHBEOERDVEETH 5F205. 5 TOH
ROBERIZL o ThroTwb, BESCHIESEILORVBRIZE VTR L2 BRBERR D, 4
O EBERHAFHOMESCAMRFE 2 L, B ECEHKOITEZ ME-72DTHAH TD
BEEATHRHEKITE & Rl 3 2 BBERCEREOWR & W) BRRERICE TN EE BRI L
Ty BB EZETH I ENTE 5,

S § % Bk HERiAY 234° A L T b 2 & o, M L OFERICEH NS 726 3, &
WOWFEIZ & o> THELREREN TH 5 imBEL HEREHIZ, BHAMZEIEZ R, RELOBHY
W25 2 5B e T AEMPNREO VO DL LT, iR 2HITHZ LA TE % (Calder, 1984)0 5
BRMFLI & Vo Z2NImEEIZIE, £, BRBEROSRIZ» b 6§ —E R 2 RO IR
DD Do NEBPUEIRE V) DS, 20 R FBRERFURE. T2 TREEFURE & v, b
BRI B LRI S A5 L BRIBIRAS ERRERFURE L D S S 222 THREEFHURE L ) K< 2 5
EVARBERIZMR T %, BRIEOKRTIZL - TH 20 SNLAHEO LAIZ, TOfED = 1)L F—
THEOWERIZHEDICHLDOTHY, fiRL LTHEAEOWMEAEOKREZ L7256, —F, B
WO FEAIZE o TH 726 SNAAHROWAIL, TR H 2 SR L 2 FRRATICEZ2DDTH
D, THHIFEROKRGTFEOHRKEZHE, HAKEOWKE LS TENS,

Kendeigh (1970) 3. B FTOEMERA FL A (0C) BRI TWS & XX, ZoR#=%
(existence metabolism) (FZAMHMEIE (30 C) IZH B & ZITHRT, AZXAHIZBVWTH 2[5 3
A XA BPANCBTH 7106 8512 EA$5 2 & /R L7z, % 7-.Boix-Hinzen & Lovegrove
(1998) 1. BHEIMOZAIZ L 2RO =74 7 Y EEH %2 I FY A</ (Phoeniculus
purpureus) \ZDOWTHR/zE 2 A, TREFFRELT (10CTE20T) TiE FAEOEEIH (o 1) &
WEH (p ) OWTNORERTTIZHE VTSI 30 C) ITHRTRBEDS EH/T 52 L 210
N7z,

kD AN F =L EWA L IZBW T RN DRY . COEEOREIZLEEZRT . W
WPEEIC BT, BRROE T I AV F -2 &, RERO LA XH 2T &
%o Yamaguchi, Fujita, Obara & Ueda (1981) (X, T v FOREIZHE) KERN & SERE L O
REME L7z, ZORE, MRS T 28 TUL) TIHMURSHO & S IZHATHRERMES D 2w
2l BERLEMKICERSEG T TR ILZEZRAMB LA, oo BETIE, UL 2 FY
& F¥ (Euphagus cyanocephalus) D5 & #HEITH) (Verbeek, 1964). IV~ M F (Zonotrichia
leucophrys gambelii) D5l & A E (Morton, 1967) 12V THRLN TV 5,

H R S B 0GB 8 2 LT TR L0 0 Lo TH Y, BB, R EE,
LHZZII L0 E L TELDHFIZBWTIHELR 2 ENTW5S (6213, Brown & Graeber, 1982; % |
1990; A7 H - AR , 2008; Reinberg, 1979 A4k - #ARIFR 1985; & b - #HH - H.L, 2003), HEFRMOZLE 7

NFoNF Y (Selasphorus platycercus) DIGFE & DBIRIZOWT, #2202 H OB EHLEE 21T >
7z Calder (1975) IZ X AUE, 7 b F B DD HORYNZE D S N 2 RENXIZIZEHIT (MCT,
morning civil twilight) RFZIZ. 72 ZDHDORBICHEIELREZNZIZITH O ARZNCFEHTT S L9
WZZ{b L7 %72, Daan & Aschoff (1975) X, X7 * 7 M) (Fringilla coelebs) (I 5 ¥ D B3
&L U 2%A (Tupaia belangeri) (375 3THOMAF L x5 L LT, HEFRRE & 2 OEE) L2 5
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P S N7EBRH & OBRE ., MEDORL 2 EREIZBWTHNTWS, Calder (1976) 13, ®ib
NDPEN) #4729 T H 7 MANNF VY (Selasphrus rufus) % WIEED S ESREEIZBIT 5 B4 EER
IO WTENENE M LGB & HRRH & OBRICOWTHN L7z, ZOMER. [HEREH
DOES3Z. HEFRM® 0.82 FIZHHIT 5 L) R %2572 —Ji. Cadée, Piersma & Daan (1996)
(& SERE T ICH B AN F (Calidris anutus) (22T, 1 HOBIREEY %2 LD12:12 (2R L
THERKRHOERMZHEH L7z 2 A, BAOHREBOERPI T ChIIHBLIT 54E 2 MO E
B GEE) DTHEL T, REOETH ) XLABHEEK LI EE2MELTW5,

OO HIETEZ A

BETHRHEKITH 2T 2B ERPEVEB 2 Fo06,. CORBENLTEH & OMRE
GHLE)ET2LE, 2O 2 EUCERFNELHET ST LA ZREOBRE TSI
2o THEERD, WhIE, HARBRBETICH A, B2 13 o178 & 0 R PLEREROT
HiW & OMARE A D &3 B8, 2RI ATIICHRE SNEBRETH L0 T2 THA
9T AEBEENOHERBICOVWTIZAKRLOTRICE ), BRIV TIZERO I
B X o T, BEENOBBWEET 2b BRI L TIEIEEH. 2% ) BROEMEO BB
FRBIASTRE & 72 2 FEBMT & 3¢Et L7zo S RIOFEBRSGHIE, Z2MIICI3ERE & v N LR T
H5HH, FERIICIE HROMAEES MR SN TWD v BEIRT, EHRGHE VW) 2 ENTE S,

BN b2 S % 5 GERBEER ETH L OBRIZOWT, IO 1 BER ) oI55
ok, BROD B —ALIZIZ L A EHFETE v, HATE & BARITEH TITREL b D HRBEE
HRPREVENZA LT 20ThNE, TORMEZELEREMNOHREL. TOMBOITE T —
¥ DG & o THD T, BEATH) L FRITHOBMNFEELHO N T LI LN TE L, T4bH, C
NS B ETHREAITEHZ BT 57201 VEENE, DEDDERTFTHAL Y Th b,

F I TEEDFWEBRETHO NN 2N E LEZ L OM%EZ. ARTIZUTO X ) ISR T
b ll L7z TFRMC RINCH: 250 EE L RELH L OBRICOWT, BIWITEIIZE
FOFERE HIEDORFKIIED T T o 72 FHE IOV TIHRRD, RIZ, HH O R, fHAKRED
I N T2 2PN EHANT, ZoHEHOEAER, HAKEBLOKRED, BRIICbH7: 2 KR
R % Wi L 72 BRI I O W Tab R B, Ief2lS, BEHRGME 25 & 9 AT ¥ M B
VT, HBIATH S 1 Fon FofgHOBERIL L FKUBIZOWT, 226 0E LS
kR, b %E AR I8N 2 & 2 % L 22 RIEREBRIC O W Tk 5,

BOSEIM I DFHIZLE) & 2N b ORELT)

RIEREDFEEE)
BRBERERG AR THET2TEIRICH V72N (Columba livia) 1\ VAFEEK S SCAF W)

EETR THHENFAFTED L VI — Y THE SN TW 2, EFHAFE 1.6 mW x 2.1 mD x
23mH) Tld, 1 H 1R, B EBKEITR o772 BEZIETHRO N S HEASE (3.59 keal/g, < v
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643 R D72 B H RGBT 5 b (Columba livia) DR L L FBKITE DKERE 75341

VAGE) ZHWT, 1 TS0 OKEEIH 20g L0 b L9112, FELHTHE L7z, HKIE. IR
ICEWZHKE 1 AT R o7z FIMIEIZEIICE DL WEEBLTBLZ15 T25 30
C O E o 720 WELIZHEH] L D25 7225, HFREEIZSB X £ 30 %025 70 % DHPHTH - 720
FHFEEIITHRBOCED D - 725, ZENOHKRH % 06:00-18:00 & L7z, 5l —2 (34 em
WX 34emD x 40cm H) (&, HAEFE B5mW x 52mD x 23mH) (Zi%E S z—F &t
KEYEEEE (720> v, k) BHFE) WNICKESIN-&EROr— T, L EOfi
fa MO T AR — VN ORGEFE LRI & TIT o 720 S OFERERIE, N FAOSBETHRAIK S X
%220 L EARDSHEH (828 mls) T AEFAI R o Tz SERIZZETNC X DI L7225 FEM%
HWLTBEZ20TCTHh 5 25 COHPHIZH > 70 REITHME T HBEIEZBLE25 %25 75 %
DHFPAIZ D > 720 FRIFIEEICD HRBOCED D - 7255 BNORIKER (06:00-18:00) (X% 1 ~—
WX DHIE L 720 AT W27 — 51k, WL d ayfi KRS SCFR B AT BT 78 = 0 57 % H 5
FMBOFZHHOETH ). T HICEDOTHBEGW 21T 720

SRE. EHATESLOENT - OREDEZHZTE

Figure 1 |2, {7 —% %/~ L7z M HENX, 3472 HM (200049 H 2 HA5 2004 4£ 4 H 10
HET) > THE L2142 HIE (3 — Y 0Aa 123 H) THolzo ERIFAFEB LM 7 —
DIREEE, AVEIRO FIINZALICFEI L TEIE L7z AR iR 16.3 T (B (R4 8.25)
THY . PFHREANZ 30.3 T, FHREANRIE 3.8 CTH o720 ERFAFTEOEFHMEZ 22.9
T (419 THH. PHkEFmE 31.3 T, FHRKKNREZ 163 CThotze T2 M —T 0
S 215 C (3200 TH Y. FHRMEIREL 27.3 T, FHRKIREEIZ 160 CTH - 72 4F
S D ARSI H A H IR O f s A H £ TOFIIT A #01% 208 H. F 7o s A H 2> 5 IR O i
K H E CTOPHIERIIL 157 HTH o720 LD SLEIC»IT TOIRE A O PR EL b= % K
Db E+0.13 T/d. FARICE 2 AT TOWMER T OVERELLREL KD L ~-0.17 C/d &
o720 ARIRAY5 C LA 2 DI2IEH 47 HIE 22D o 72012k L T.5 C TS 5 012134 30 H I
& R 2 IR & IR L7z,
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Figure 1. Seasonal changes of temperature of the indoor aviary, of the cage room and of the open air
from September 2000 to April 2004.
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RIERE EHKE
HEHFFE LB — T8I 5 % b OEKEZILEZ . Figure 2 & Figure 3 1Z/R L7z, T D@L
B OEHFF RO P RIE 23.1 T (3.94), wmE=EimA* 31 T, &E=EimA 15 CTH o7z,
PEEEOFYRRIE 22.1 T (241), HEREmAT28 T, &EEED 16 CTHh-72, EFHFERES
FOMER r = DN DOWFRIZBENTD, WEIREO FFICHE - TRESBA L, BRIEREDO T
R TRE DS L 72,
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Figure 2. Seasonal changes of body weight of six pigeons being kept in the indoor aviary from March
2002 to March 2004. No data were available for PX005, PX006 and PX008 from August
2002 to January 2003 because of the experiment participation.
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Figure 3. Seasonal changes of body weight of six pigeons being kept in the cage room from September
2001 to June 2003.
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EfFEDOY 1 X L FE~RERERMF

Figure 2 & Figure 3 7 — 7 230 %, Hilk & KEOMR%L Figure 4 (IR L7z, £RFEEL
XOMERr — Y OnFhofifhkd, BRERED B TREIZRA L7z 2512, Figure 5 12
IEEZALICH 3 2 REZLOEEOIRETH 5. EEL]1 CTH7zh (C) HfifkEDH-D (9 &
HELE (Ag-g'- T LHMEDOT A X CPhE) L OBRE, FFERERICR L7, Figureb
2o, BiROFHZALOD R ENEE O S A WE LA S ARERDEORE NI Lhvb
Nhbo HAIZ, AAXXHOWME EMAKREE ORIZET 5 Y EF/MBIZNZE TdH 5 Baldwin &
Kendeigh (1938) 2 47— %, Table 7 IZHOWTCHEZRFIH L2 2 A, KEX20g 225 30g
DAZAHIZBWT-0.003 205 —0.006 27205 ZOMdTabE 1 COMRELEAICID., KE
D03 %75 0.6 BHLUDOEKEINAT LI LEBRL TS, ZOfid, A XX HDHK 20 ~ 30 £%
DRFIZH N T 240 DN b (EHFER) OfE (-0.002 205 -0.007) OHFPHEFEZ > Tz, T0
P HARIMEIIBT 2 EFHFFLG ML, HAOBEERBEREREREZLIL L v HTid, HANM
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Figure 4. The relationship between mean body weight and ambient temperature. Left and right panels show the indoor
aviary and the cage room, respectively.
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Figure 5. Change rate of body weight of pigeons in relation to mean body weight.

CEREHSEORMERBEL TV BRI I ENTELTHA ),

% 3. Figure 2 & Figure 3 75, HHFEEOMEMAEL Y MG — T OMEKIZE T, KEDOZF
BZBPRE VL) IZE DNz TINZHRT 5720, H—EEKTHEFEFRHOERET—2 Db
BRDATNIONTHI L7z & T AH, RO RIG SNz THITOWTUE, LFEE YO
o1 Hd 7z BEamid, LaEdmicd 2 MEEROFEICE > THlf 22175 2 & (#, 2011a). %
HfAEREORROFHEAHPENFHETEL Y BRIV ELHRTLIEOEEbN LA, TORR
WOWTIEEAHTH S,

N MifkokE, EaRE, EKREORYMIZ D7 2 KL D54

EMEREERBE HYWHIENT 280 ZoREOMBOERRLAHOMFEOR L 72 5,
Peters (1983) i, Farlow (1976) @7 — # 2D WCHEEBY & WEEIY O EWEIEE (ingestion
rate) ERDH A XL OBRE T L72KER, BEWOBIGEE (Watt) 13AE (kg) @ 0.70 FIZHH]
THZE, HARYERNEIHY L IEVDRD SN o2 &, AHREEIOKRERE (0.82) &
BIEEFALTHLILERLZ, 6T COEWHEIEE (Watt) PLHREOAHE (Watt) O
WCHE T 22ROz TH, CORRIIEREDK/NMIERE S —ETH Y. WIRMESY TIEA 2.6
i, SHEVEEIY CLlIA 4 55 L AHREBI SR R R o 720 FE R AT RAVRE A B KT T R
IZOWTIZE L DA ENTHBY (B2 L, Fabry, 1967), ¥ & #il & v ) EARRER DS ~
LMADKRELET 2 AT LEROVEDTH S, HIE N MRk IO TOMBIHEEDE
# 7%, Seeland (1887) DS#HNTW 2%, 3 0HBIZH72 2 EBOK R, EHWHHATr T 2 —LO
N ONFIREINNEEDH 16 % TH - 72D Ly BB 2 5 72 b OB 22 % &
o7z,

KAPTE RS —EDRELZAMRF L T D56, TOEKRDOKGEEF (water economy) (25T
&, K (water efflux) & KZEA  (water influx) & 135 L < 20 KGRI NE, Ky
W OWRIIZAF LI TH D . KGRAONIRIFEK, EWIIETh T KG, EELEEY
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639 R D72 B H RGBT 5 b (Columba livia) DR L L FBKITE DKERE 75341

AL L 72# BT AREKTH B, BHEICBWTHIHFLHEIIBWTH, TOKREDHK 60 %AH Y78
{K/K 43T % (Calder, 1984; Calder & Braun, 1983; Walter & Hughes, 1978) . RN T DK 75T E) (water
flux) 12DV T, K% BRFEKR GV LIZEFRFERE W72 X 5 T FEBR=ET O A
e S THIGICB T 2 BEOKGEIIZOWTOMAZEMT A ENTE L, fIZIE r—2
MEAE Y1 (Degen, Pinshow & Alkon, 1982). 4L (Weathers & Nagy, 1984) . fibisi Hings & FEADEL
Hi7ii D B (Tieleman & Williams, 2000; Williams, Withers, Bradshaw & Nagy, 1991) 7% &5 %, K53t
Lo A X LOMBREHYOSEHELERB L IZESVTHN LB E LT, Nagy &
Paterson (1988) DHf5Eh % %o HAKIZ X B2 KFEIUIOWTIE, F 7 F /3 (Zenaidura macroura)
DRFEAHEFFZLE R 1 Hd72 ) ORBEFEREIZAREDR 7 %BHLTH S Z & (MacMillen, 1962) %,
1 HH 720 OBKEPMERDOTF A4 A 0.7 FlZHBITEH L Pinshow, Degen & Alkon, 1983; Calder,
1984) 2R ENTW5b, F7z, Bartholomew & Cade (1963) &, WD D KI#E1% O EREF AR
#H IOWTHIT LTz 2SR %E T LT, Table 1 IR L7zo KREBEZ 0D 2 KD FHTGE)
v TDERDTA ZDENI L > TEDLH BT H0%, —fFlE LTI100g & 1000 g DI
b\f%fﬁé‘% ERDE DB (GHERICI1E Walter & Hughes (1978) % Jiv:72), 4xfk/k4r& (TBW)
PMREISEHD HEA1E, 100 g DB T59.7ml, 1000 g DET610.8ml & 7420, ZNEIEREDK 60
% &1V AS 1 HOKGHAREIZ 100 g ©5T 12.6 ml/d. 1000 g ® 5T 70.8 mld & %%, K&
WI0REE o THRDMARIZS6RICEEFT STV AIEDNL, KOV A ZDOKRELTTHIKDMHE

Table 1. Water economy and body size in birds.
Component Reference

Total body water volume

TBW oy =057 m,"%" Walter & Hughes (1978)
TBW () = 0.603 m,""" Calder & Braun (1983)
Water flux
Wi ey = 1233 m,>%° ) cage Degan, Pinshow & Alkon (1982)
W ey = 0873 m,°%* ) cage Nagy & Peterson (1988)
W oy = 1.371 mbo'694 @ field Nagy & Peterson (1988)

W e = 1832 m,>"** ,  nondesert Tieleman & Williams (2000)

Wooe oy = 063 m,"%"7 ) desert  Williams, Withers, Bradshaw & Nagy (1991)

Wi e =0.748 m,>"** ) desert  Tieleman & Williams (2000)

Drinking
Wy, o e = 0.651 mb0'745 @ cage Pinshow, Degan & Alkon (1983)

Wh.o wie =590 Mbo'm (ke) Calder (1984)
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BENPLTLEMAIMTHE bbb, ZOLKKGEE 1 HH72) OKRSHEARTHRL2ME
% K53l (water turnover rate) & W\, 1 HIZERKGED ANEDLLEEEZ KT, 100g DR
TIE 21 % /d.1000 g DB TIZ 12 % /d & 7% %0 EHRKGEDOETHANED L DIZET ZRH (H)
i KRS EEROBETRO LN, TNEFNATHE 86 HE R D, Thbb, KITKREICEHA
ZAb, B Z I XREAAE U TR R o 726, RENZHRTMIOBEIIZ, #REL T
AFLRTNE RS 2 wAKGREIEID L THEL OO, ERITFRSNZRERNERHIPRnT L
ZR LT (Calder, 1984) o 7 3./ b DEKIKFULHRRIZ DWW TId Zweers (1982) 7% X M ssih &
FWTHM LR, MV IAR KR 7 (double-suction pump) HIUIHB TS Z &b o7z,
HREOFHEHL, BE - FRITHOTBHEOTHLEFH LWL LN TEL, ZZ T N
DL XVIZBIT 2 B2 HOKE, HAgR, FKEOLFHIIOWT, BT — 7123k
DI 7047 L 72,

)i ik

WERIA 2 POT v a/N b (PX004 (§).PX002 (£)) & H\ 7z FEERBAGGERED N b OHE g #E1d.
PX004 35 %, PX002 255 & Ch o7z, BB -RKERMSF HWAEII1IH36g THolo fakE
(& PX004 %31 H 27 ml, PX001 2536 ml T&H > 720 ENENOKAKEIT, KBERIKD B HIFEK S
TOVHEARIZHELWHRAKRTH D, ThE 100 BIEAKSRMEE Lize 20100 %iEAKSME. B
DFEBHMIZIN UTHE SN (BIZIE B (2007). 1 Hd 72 ) o AR & FKEIE, WEYHOH
LAROBERYE, IR RUOKOEEICHESCTEB L, SIRFHiB X 0= B E 5L,
BER A1 £ 2= O BRESHE M S 1H 12 e - 720

ok & #

PX004 (")

BHEME 200449 H 18 H2*5 200741 H 4 HE T» 839 HEITH - 7z, Figure 6 12, PX004 O
100 %#7KGMF (FIHIER +100%4G7K) TORE, HBARKOCEKEOZILE R L7, &b, MK
DI H CAHBIRR B R 2 2 BIAR KL Z T W 7225, AR Tl B I S 2RI o &k 2 o
ZEHEL LT, a =0.05 & L72GAEOEBERY (£1.96/n) Z MWz (B - #H - H 1, 2003).
TR (T) B OTPHETZ, 22.0C (1.98) Thorz. T OWHOMEREE = OFIMEB I,
VR BN FF T % & 9 2 BB 22 A 2 o 72

BEE (W) BIgIHOFHEARZ, 174g (4.90) Tho7zo 200544 1 HOW20320.3 g (4.42),
4 HOY¥¥7313.3 g (2.88). 8 HDO¥IA321.2¢g (3.07) Tho7ze TP 8 HUKDOE LRI, B4
B R L AR D Loz —h KOBED SHHOBARIIO W TIIERE W
JHIED B > 72720, HEROBETFHME (15H) L ZOHOEERE OEORERYIZ KDz, 2
DRI OV T HOHEREZFE L7728 2 A, Figure 7 IR L7 & 9 R BAERZH O 18 HEH
(ry=0114) 2RV L7z,
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R D72 B H RGBT 5 b (Columba livia) DR L L FBKITE DKERE 75341
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Figure 6. Seasonal changes of body weight (top panel) and of food or water intake (bottom panel) in a male pigeon

(PX004).
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Figure 7. The autocorrelation coefficient of food intake of a male pigeon (PX004). Dotted
lines represent the significance limits (two standard errors from zero).
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BIHIZ EIZHRECIE R, ShEEAROSENE I EFIEL TS D EEZX LML, HHOEK
BEEBOFRPEIC OV, HHOKREM L AEOBBFHME (15 H) LDkEE & o 72RERICD
WTHCHBEDH 21To72&£ 25, Figure 8 IZ/R$ X 91216 HIEW (r,=0.097) ZHRWAZL 72
TR (T) ZEICHESEERE W,) £8 ZhHEEAEROZNTNOZLEBOFRIMEZ RS 72012,
S A AT L U CRAMBO 21Tk > 720 ZNENEHOWEM L BEESYME (150) Lo
DRI Z W TEGEME 2 0 L72 L 25, RO EAT 1 HTHAREOMIZr = -0.163 DH
OB ERTZ. 202 ki, FHIDLHCRERZ > HOBARITHRD L, KOERZ- 78
HOBARIIWKT Z2BRICH LI L E2RL TV 5,

|AkE w,) TEICHESERE (W,) £ HKELETREL LCEAR L OLBORBIMZ,
REMBINC X 00T L7ze FBARRICHIRO D > 72 2005 4E 2 A5 10 HIZDWT, ZhENBEF
Wi 15 H) £ OEOKRYZHWTHM L72E 25, Figure 9 [ZR L7250, HBARDKITO

oa | PX004
\ Body Weight

0.2 \l . R /\1\ A
\\/ [N WA VAR
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Autocorrelation Coefficient
o

Figure 8. The autocorrelation coefficient of body weight of a male pigeon (PX004). Dotted
lines represent the significance limits (two standard errors from zero).
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Figure 9. The cross correlation coefficient between water intake and food intake at
several lags in days. Time series of food intake lagged behind the time series of
water intake by unit of day. The maximum cross correlation between food intake
and water intake occurred at a lag of 0 day. Dotted lines represent the
significance limits (two standard errors from zero).
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HCTEARL ORI, =0238 21872 2O &5 5, PX004 (3 HOE KR L E AR L ZFYLT
L CTWzZ Ebhroiz,

HEE W) ZEEICHIHE W) T8 HEARZLITEEL UTKREL O Z 20 2 5
FLELTHN L7z TNEHOBETIIME (15H) L DOEDRERINICEWT, HAREIT4HICE
WTHRE L OMIZIEOMB (r,=0.137) 23® o720 £ O HOREBKIILATS 2% 4 HATOBERD
BEIRIE L72BR0H 5 2 L 2R L T 4o

PX001 (%)

EREHAR 2004 4F 9 H 18 HA*5 20054 11 H 30 H TP 439 HTH - 72 Figure 10 {2 PX001
D 100 %FaARFEMETORE, HaEE R OHEKEOZILZI/R L7z, PX001 IZBWTIid, BIZHRHIC
FEIRABIEE S N7z 1 MO FEYIEF 2 H T 2 MO % A, PX001 O 2 oMM % &L EIiiisk Gi
47) \THEOWTHEB SN FHINEIR, 202g (079 Tholzo % B, 100 %Fa/KEMHIZE .- T
Blg s N BRSO EINELZ 8 i, FEINHREOHRRALZX 14 HTho7zo —T5. 100 %iaKSe
PECoREIRBIZ 27 ., EINHIEIX 21 HTh - 72,

TR (T) B OPFEERIE 22.1C (1.95) TH Y., HS5UROEEIE S 72 =R O B2 FH I
Lholz

BEE (w,) BIENBOTPHEARIL, 239 g (401) Tholo, HARORMWET)ICIZHR 2%
HEBE RS N 2o 7z, BHOBAEEOMBIIIENEDY D 572720, BEFHME (15H) &£
DOHOE AR L DEDRERINIOWTHCMHMEGH 217 -72& 2 A, Figure 11 (IRL72& ) 7% 14
HEW (r,=0.148) OEAELEHIBE I NI
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Figure 10. Seasonal changes of body weight (top panel) and of food or water intake (bottom panel) in a female
pigeon (PX001). Circles in the bottom panel represent the day on which laying occurred.
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Figure 11. The autocorrelation coefficient of food intake of a female pigeon (PX001).
Dotted lines represent the significance limits (two standard errors from zero).
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AT TOREIEYIEA 21 H & AHFEKSECOREINEN w14 1) O 15 fFIMELZZb D0,
FOKRORMIEA 14 H e B HREKSM T ORI & (IZF R 2 MR L7z,

FE (W, BISHROTFIEEIL, 4158 g (13.86) Tho7z. IR RMMFMHEIIL A <. Blg
W OREIZRA I o 720 REOBEGRYE BB TIIME 15 H) & OEDORERFIZOWTH
WA RD7-L A, Figure 13 1R L2 X912 14 HRMITH -7z (r,=0.146)

TR (T) ZEICHIERE W) B ZRZLTEREL LT ThZhoBEPHME 15H) &
DFAEDRERF) & IV TRAMBE 2 KDz 25, Fio%17T 1 HTADOHB (r,=-0.182) &, PX004
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Figure 12. The autocorrelation coefficient of water intake of a female pigeon (PX001).
Dotted lines represent the significance limits (two standard errors from zero).
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0.5

04

0.1
0
-0.1
-0.2

Autocorrelation Coefficient

-04

-0.5

Figure 13. The autocorrelation coefficient of body weight of a female pigeon (PX001).
Dotted lines represent the significance limits (two standard errors from zero).
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Cross Correlation Coefficient

Figure 14. The cross correlation coefficient between food intake and temperature and
between water intake and temperature at several lags in days. Time series of food
intake and water intake lagged behind the time series of temperature by unit of
day. A positive cross correlation was found for water time series lagging one to
three days behind temperature, and a negative cross correlation was found for
food intake time series lagging one day behind temperature. Dotted lines
represent the significance limits (two standard errors from zero).
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Figure 15. The cross correlation coefficient between water intake and food intake at several
lags in days. Time series of food intake lagged behind the time series of water
intake by unit of day. The maximum cross correlation between food intake and
water intake occurred at a lag of five days. Dotted lines represent the significance
limits (two standard errors from zero).

Table 2. Cycle times of food and water intake in two pigeons (PX004 and PX001) being kept in an individual cage.

food feeding condition ad libitum ad libitum

water feeding condition ad libitum equal to mean water intake
(ml/d)

number of data 51 439

Cycle time (d)
Food intake (W,, g)
Water intake (W#,0, ml)
PX001 (L) Body weight (W,, g

Cross—correlation coefficient between
Water intake and Food intake

Cross—correlation coefficient between
Food intake and Body weight

Cross—correlation coefficient between
Water intake and Body weight

13 d (ry5 = 0.248)
15 d (r5 = 0.351)
15 d (ry5 = 0.426)

Lag 4 days (r, = 0.337);
W,o preceeding Wf by 4 days

Lag 5 days (r5 = 0.390);
Wf preceeding Wb by 5 days

Lag 4 days (r, = -0.341);
Wh,0 preceeding W, by 4 days

14 d (ry, = 0.148)
15 d (ry5 = 0.147)
14.d (r,, = 0.146)

Lag 5 days (r5 = 0.347);
W,o0 preceeding W, by 5 days

Lag 6 days (rg = 0.278);
W,r preceeding Wb by 6 days

Lag 4 days (r, = —0.323);
Wh,0 preceeding W, by 4 days

number of data

Cycle time (d)
Food intake (W,, g)
Water intake (WH,0, ml)

PX004 ( Jl) Body weight (W,, g)

Cross—correlation coefficient between
Water intake and Food intake

Cross—correlation coefficient between
Food intake and Body weight

Cross—correlation coefficient between
Water intake and Body weight

51

3d(r;=0.268)
7d(r;=0.274)
none
Lag 0 day (rq = 0.610);
Wh,o0 preceeding W, by 0 day

Lag 6 days (rg = 0.402);
W preceeding W), by 6 days

none

839

18 d (ry3 = 0.114)
7 d (r, = 0.260)
16 d (4 = 0.097)
Lag 0 day (ro = 0.238);
Wh,0 preceeding W by 0 day

Lag 4 days (r, = 0.137);
W, preceeding W), by 4 days

Lag 1 day (ry = 0.226);
W,o preceeding Wb by 1 day
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EDMRELR M T TR, A AD PXO0L I3 AR, FREROEKREOHNIZ I3 H»S 15 HTHS—
Jiv A AOPX004 (FHAREA3 H, KRN 7T HEM L, FREIIRZENZ2RS 2ho
7o BaEEEIAELOBPIOT (iM% &, PX001 & PX004 D2 b5 HHAHVIE6 HIEAE
OO SEREDOFINEAT L TH ) EEREMO S5 HZ v L 6 HERIEKREAIBIL 720 —
Ji. BAREEBEARLOMBOFIE, A 20 PX001 TIZEAKED 4 HEERIRITT 2 HH 2R
L72DIZx LT 4 A0 PX004 TldfEkE & AR & IZFEH L T L 7.

ARG ZHIR L 72 100 %#KSFTid, 2 20 PX00L 3B AR, HARE, AEOWTILOMRE
WML AMBAEGOLELEEI4 IS 5 HTHY, TABARLAE, ROBEARELEERD
FMOTRH LTS5 HA S 6 HE. HHEARSMEFITHE UMHZEZHEF L. —H. 100%56K5
o+ 20 PX004 Tld, HBAEOHMIZ IS HE RS A, FAEOINT16 HER Lz, &
KEORIIE, HEBASLME LKL CELIE o7z, BAkRLEAR, BARLAEORNO
WHZED ZNZENEITOHE 4 HE %o Ty HHEBASM LIZIZFAETDH - 72,

F 2 D PX004 DB AEHNIIEAR L FH L TWBDIZx LT, A 20 PX001 TlEEAKEIZHH
RGBT IO eI i 14 H) LR L Tz, EARRIZEINOERT O 1 HHj
WAL TBY ., ZOROFYEARIZ 489 ml TH o7z HHFEALEFTIIRH 2 A T2 200%
A, ZOFHINEIL 202 g (0.79) THo72DO T, IPOEEH YT OKG % EIIO 1 HAENZEIRL
TWAH I LIl b, FEINTHEWEREIZRA T 2 DT, PX001 OEARE LAE L QR O$hasEK
BT 4 HCRAOMBZR L7z. ZOMIRIZ 100 %RARSMFICBVTOMERFSINTB ). EINHFE
321 H EARONT & #FUKEINE B R EEON G L FEL # 14 BRI S Twiz, 825
<y VNS 2 A 20N ORESREREZBUET 2 BBWERO O EDF, ZOBRBEIRTE S 1
H& 720 OBKBRKETH 5. 4lE. PXO0L O 100 %GRS ToRKFHAKR 36 ml 13 PX001 O H
HEK G TOFHREKE (489 ml) DF 74 %IZHY L7z. I HIEIKEE O REIN i b B 203 g
PORDEINE CORBIBARICHESNSL EETHEHI9HE 2D (14 Hx 1/0.74 X 1), PX001
D 100 % a7 TOFERMEIP G 21 HIZEWli L 7o 72,

HHERSME 100 BiaAKSME L OFWHD 72 5T HEAKRBELD /S — 12, I A 2 & F
EDEVERET A0, FKEOTHROLILIZEH Lz TNENOEMIIBIT A KEDE 1
orhr (Q) ZKe7zk TAH, A ZAD PX001 Tid 28.5 ml (HHIEASLME) & 29.0ml (100 %HkS)
THY, [ FEALECDE LoD LT, + AD PX004 Tid 24.5 ml (HHERSEE) 25 20.0
ml (100%FKEM) N L7z RO HIEICB W TH RO TH 722 &M b, F
A ® PX004 %5 100 %#57K S TlRIEAKE 2 2RI S 720125 LT, EIICH 5722 2D
PX0OL & BAKED FRAZE T IEL 2 L3 o720 77 F/% 1 (Zenaidura macroura marginella)
DFEIINRE D K GHEZI2O W Tid Bartholomew & Dawson (1954) 258 K LCTHB Y. F-EHELO
=7 M) oL EKEE OBICIEOMHMENDH 5 2 LIZDHEI2S/RENT WS (Jull, 1949), F 7=
Heywang (1941) (. &im& #KE, EPE. KEIZOWTO 1ERIZHLZZL=T M) DTFT—F I
FHDONWTC, G EATR > T\Wwb, Chapman & Mihai (1972) (&, =7 MY OREIIIHE 9 FEA KD
B, $4bb 1 Hb72) ORESZ)EAKE (ml-kg'-d) A% FFEIHIOR 1.7 FHIZHKT 5
ZE&RL7z.

SO N DT — 5 1d, FEINHICH 5 2 2 DFEARITH O FIATEZFEA ORI (i 14 H) 2R
LT, BEERMEIFAML 227, —h, T ATREAKEORUEOZILIIBE IS, HE
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wEMEFEP L THKT 22 edbhrolze 2O ENDL, N MIBITFLFEXITE ORI, M
A OIS CHEINICH 2 A A TH L0 ED) DEEZENTHLLEEZONS,

N b DL RO & H Rk H

BHEIZE->TIE, HOMEHOALRZZD 1 HOWHB ORI EMREDOHEREE R BREFLLE LT
WEELTWAZ Lid. HEOBIEN S L ERHICHETE L, hF T H Y (Branta leucopsis) X <
7'~ (Anser albifrons). 717 %4 NV (Sula leucogaster) X7 A7 ¥ 717 * K (Sula sula) ® 1 HD
BETHORH MOV TOBEMEIZ, Wind HOMER & HO ARRDIEERR E %5 T
W5 ZE%/RLTWAS (Owen, 1972; Ebbenge, Canters & Drent, 1975; Lewis, Schreiber, Daunt, Schenk,
Wanless & Hamer, 2004) . /N b & W72 FEEBREFRRIZB W, €0 1 HOWKRE M % LD12:12 & [H%E
L7236 OB ES DR 12D W Tt Zeigler, Green & Lehrer (1971) 2SiXTwW5 2%, HE
R OFFEALDORNFIZOVTIEFE R L TR, Cope (2003) 13ZDHAMHENIZET, 4+ P10
71"~ (Branta leucopsis) %% 1 H OFRIZH L5 2 H RIFM OFMZLISIS C TS L 2L 2
ML7ze AFF -2 bu—VLYAWMDKT T Y HE (Somateria mollissima) DR HHLHEFE
(Guillemette, 1998) 2 & o T, HALRER I 5 2 AR ORI 13 H RGO BHE (42) 2K )
mL. ME (%) CLVKTT 52 EAVREN/, 72, Piersma, Brugge, Spaans & Battley
(2008) 1. VD B TdH D43 F (Calidris tenuirostris) 122\ T H R OFHIZAL &l L7z &
ZA, IED OEFNIBIE SN A REMA L2 ) SRR AR 52 & & REABOHFR
WONANBEA AT B & 2R L7,

Z 2T N MAKROE R - FAKATE ORI REE 2 R 5 72012, Rk 24 REH FEER % 17 o
720 T2 THANBERE, FUKBIS T A b OBIEIC X 5B A R CHEUKATENIC KT AR 2 W65 %
72OV FE S N7z —HOFEER (. 2001, 2002, 2003, 2004, 2005, 2006) DFERD—FHTH 5,

ik

WERIE 1 PoOFr v a bt P8, ) EHWz, EERBABIFOMKEIX 398 g HEEERIT 17 % T
HY., EBRUEGROEINI L o7z, REREGH FEBREBEIZ, =7 MNHOTVIZa—-28oX
HIERI 7 — 2 (40 em X 50 cm X 40 em; FA%8Y) % 2ol L 7292805 2 oo FERFEIE LRICH 552
BENICREINTBY, EBFHANON MIEBRFHOTR P ORNADOMGRZ, BB LICHLZ LT
E720 2O0OUBF —1E, EBREORBM M) (I L 72 FEERF O 71 O I O 7 v 3 284 OV
(i) ICEREBEEINTBY, ZRENOF —D TFICHDOIRILE KOIRILE B3 o 720 EMOF —
X3 % F =00 & ARG FEHERTHIL L, GHOF—I1C8T 5 F—22 & & KR T
b L7z fHIERIE, 1 M@ biZowT0.24 g # BFOFRILICH L. KR 1 Hoifbizow
TROIRILOKIM % 3 MK TE KM EH ST, BROBEEZ G525 X912 L7, L
KOFORFEBEIZVINS AELZ (8, 200000 ZM%. Figure 16 1278 L7z

FEEHON P OBEROCEKIZ, BODORBIZE o THETAEELEROBEICOARE SN
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Figure 16. Exterior of the operant box constructed for the experiment (above) and interior of the box viewed from above
and front (below).

HEPRFUERE Tl bz, EREBNORINZIARCOATH ), BiEMEDWHE 21T%0b%
WIERH & L7z HMEKRKE, F—20 0 & LT BELFRMILA 7 ¥ 2 — )LD FR50 THR LT
BRAL L 720 AR ORIRIE, KF—2D & IS 2 [ 5@t ® FR25, FR50, FR100 }% UF FR200
DOV 1 DOl —EHEICRH W CTRUR L, it L7z, 4RloERYHIX, ZhZh i
7 BRI (B & AK) I Xk o THERFE SN B EWIIH L7 F =00 E U6 R 5NV T TR T
YINHEETHo T BEBIUHAKDOF—DDE LD 1 K Z & O BUSEL BOSAEFRIFZ] (kR
i) HRERLRIROFRIZ, $§ XTI Ea—% (MSX-2 Turbo, ¥+ =v 7 #) THlfH & itk L
2BV, EHICF =00 XU IZRMECERE I & o TRLsk L 720 15 H O BRI O HERRE DR 2
ERRERE, HHZOT— ) LB X CEREEOFEE AR, Eihoicskd, ElE L TP
9MEA 5 10 FEDMIZFEM L 720 2 OVEEDOFIERFRIZ. # 20 70 CTd o 720 FEERWIR X, 2003 4F 6
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HH»5 2004 £ 11 HETOR 1ESPHMTH o720

ok F #

T— AT OMNREE SFEBUMob T, HERRZZE L THET 2D 5 Vi3 @ik 20
MOWTNPIHY L, F—DBILAr V2 — VT2 AUEOF—s 0B s, 374
HBH2HANL5HE8ANS 11 H Lot Gib e Lz, FEL#R%Z, Table 3 IR L7z,
2ANP5 58 (BREHEOBEY) DRERE WHORIEITIHMTHY., HESNIEILA T
Y a—Vid, 32 FR50 () FR200 (k) A% ¥ 2 —)b (conc FR50 (F) FR200 (W)) THh o7z,
O OHFIEI BT 2 HRIEH (HOMIEZ2» 5 HOARZ  TorM, T, ) %, FEHER G
BB ENLR LA, 2003) ICHOWTEIELEZ A, HEFRRIX, 655 min 7*5 818 min IZHE L
720 72 BRIFEERMIE OO RKBEHEEIL, HEA64 % ED323 % MAT13 % ThHo7z. ZOWMIZE
I} %% (ambient temperature, T) (Z#) 15 TH 549 23 TAE EA L. HimOZ{LE1E +0.10 T/Ad
Tholzo BIZALOREEIEZ HOMBE TR E 2 A, 16 HEW 21572,

BEORESLVURIEE 2B~5A)

B (w) LEkE W) 1HHVEARE, YWEHN8 g THo72A 25 HHO I H X TITH
13g L¥IML7ze L2 L. ZORIEHEBISHA LTI HH-0EERIIN10gE ko7 —H 1 H
H72 0 FARREIZLMERH 12ml 25 15ml Z2/RL TV BABOBIIHET 7225 HOH 2

2o ZITFEAOREZ2ED) ZALETZ LT MHORIIEIFH 8m]l & &o/zs BZ 5 <, FR200

Table 3. Cycle times and the mean time lag in a female pigeon (P908) under natural photoperiod conditions. Data from
February to May 2004 (left column) and from August to November 2004 (right column) are presented.

Month February to May August to November
Number of data 79 88
Schedule of reinforcement conc FR50(Food) FR200(Water) conc FR50(Food) FR25(Water)
Daylength range (7 ) 655 min — 818 min (+2.06 min/d) 819 min — 639 min (-2.05 min/d)
Room temperature range (7 ,) 14.6°C - 22.7°C (+0.10°C/d) 33.1°C - 21.1°C (-0.14°C/d)
Cycle time (d)
Room temperature (7 ,) 16 d ( r5=0.252) 22.d (r9=0.210)
Food intake (W;) ? 31d (r4 =0.185)
Water intake (WH:0) ? 31d(rs =0.194)
Activity time of Food intake (7 ;) 20d (r 5 =0.222) 21d (ry =0.192)
Activity time of Water intake ( 7#.0) 11d (r 4 =0.294) ?
Cross—correlation coefficient between Lag 0 day (ro=10.988); Lag 0 day (ro,=10.983);
Activity time of Water intake and WH:20 preceeding W, by 0 day WH:20 preceeding W, by 0 day

Activity time of Food intake

Mean time lag between First response

and Sunrise (7ger — T sumrise)
Food intake 31.3 min 3.4 min
Water intake 123.9 min 124.9 min

Mean time lag between last response
and Sunset (7,5, — Tsynset/

Food intake 42.8 min —45.9 min
Water intake —45.4 min —29.0 min
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627 RSOz 2 HRGMNIBIT 2+ (Columba livia) DL & FKITE OIRERE55HF
(W) LWV EWEKRI A MIE o THABEOKTSAEL, HAEOBRIVPEERORT 25 &k
L7zeEz2zo6Nb, 2O LiE, %L OEATIHIZE. Bl 2 1353 (Bolles, 1961; Collier, 1969; Kutscher,

1969; Verplanck & Hayes, 1953) %, B (Cade & Dybas, 1962; Degen, Pinshow, & Shaw, 1984; Ferster &
Skinner, 1957; McFarland, 1964; McFarland, 1965a; McFarland, 1965b; McFarland, 1967; McFarland &

1440 P908
Food Intake
1200 |
—~ | T/ast J\ /./u\_'\‘\/_\_r,
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Figure 17. The first and last response times of food intake (top) and of water intake
(bottom) for a female pigeon (P908) with almanac sunrise and sunset
times from February 2004 to May 2004. Dashed lines indicate the first
quartiles (25" of the data) and the third quartiles (75™ of the data).
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Figure 18. The first and last response times of food intake (top) and of water intake
(bottom) for a female pigeon (P908) with almanac sunrise and sunset
from August 2004 to November 2004. Dashed lines indicate the first
quartiles (25" of the data) and the third quartiles (75" of the data).
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Figure 19. Food intake rate (top) and water intake rate (bottom) correlated with
time of year (months) for a female pigeon (P908) from February 2004
to May 2004.
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Figure 21. The activity ratio of W50% /T50%activity to W /Tactivity of food
intake and of water intake as a function of day length in a female
pigeon (P908). Solid lines: February - May; hatched lines: August -
November. Arrows indicate the passing of time.
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