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HA i R - B B

B AR RERTZE T — &
VORMVATEGE NS - BanESERUN R ST eRE T RSERR e v v —

2) College of Nature Conservation, Beijing Forestry University

C N )

& e T ZE T O R LR M A BT e S (BRATH L) o 3 NBUBUSCE i 0 JE HUM & 2 D BIREIC DT, 1999

205 2001 4F & 2003 4E2> 5 2005 E N EH G2 FE ST v TRV A5 10 A ORBGHRICH 1 gL,
Z ORI A T OB R AT ZEAT X GER0TrE) & BRI R X (B HFEES) OB h T oM
AR LB L THO NI L, 72 H LA RIS B O I X 2 AW S ARIEIR i EE B X OB 124
b LBGBANDE EIZONTHERE L, BaHINTIR ey Fah A HE 28, ¥ (a7 a3 Hifl6fE, v/ va
A AR 10 % & & I8 FASRLEE S 720 BEATH L @ Chao2 (Chao 1987) CHfwe L 7 I FfEL (184) (3% HAf G
(158) LRIAFBIIERLSmro72, HHFERM (111) X WV AEICKE» o7z, BAHILOESAMHEOMESLEE
(Shannon-Wiener D% HEEFR ¥ H') 131816 TR & <, HHEWEE AHYEBOEIMOMELHE (221 1.365
£ 1521) EHEL THEICRE D72, BEATHILOEBM TIIHAAE (dwellers) & 7R D JE (tunnelers) ¥ 1 7
DR OTERLAHER LT\ 7oy BT L2 AR L S0 & B 2R O FEAA & OFELE  (Morishita-Horn O #H
WUEEFRE) 13M&A > 720 SIS OFESE, HEMTHIL O RANIMO — D OB & (35 7% 2 25k TR 7 BEE AL
Ao TH Y, BAHIIEN AR EmIIEROSHREREOBEIr O EE LM TH L I LAVRS NIz, R
M0 #BROFEBOMABEIIE,SOEITTTEAL, 9H, 10 BIZRAT 2,88 — L EIZHA L Cilz 10
AW ERT B85 = RSNz ARROFHWELEROREOZNEFFLTBY, BFHLOZLES
ECOMIBOILBOEH NS — R LT D EEZ STz, AL o3 B O 6 4 0 OFE R 72 AR
BILELTBY, FFHNEE TR 10 AH 5 WCIZEIEGRDBS T 54805 5 00, ki
W CR7TzN T W7z, TASIIEMA IO HANIIED /RIS L 2B ERICEN G RELZ R L TWE 2 L ER
L7,

F—T—F DR ILRI AR R, R R, SN, S RRE, IR E

Be
= m

FHIEEIBTZERT (VT & 5hE) OferH Lo R YRR
e TRk~ IR TbI T & 72, 204 I3
—RIEEETH AMEDEERWH AL 722 &0
EIWOWHE - TANVF—IERICRD LML TH LA, b
b B ERTHE I RD WA - 005
T T & 72102089,

WHE I TIIREDEPREF L > THRlE S b o i

BEWIIZZOELFIH LM 28R (aF 4401
%} Scarabaeoidea D EHEMED BH) L HAERBLTBY,
1) BEHOESEEROMME, 2) TIFEHEOYEE, 3) /N
IEORAEDIN], 4) REONMHFERDWMD, 5) A
BB O, A iEt R L T0D Y, T
FH L T IE FRAT 24 %)) Nakamura® 12 & > THRIED 5
& O THEADAMDHRE SN TV 25, Gl 72 3 A
PRUMBIEICE L TofRIfTb Ty, £/,

2007 45 6 H 25 A
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MAECNSOEE LB E % LT\ b EBOEEMED R
LZOREVERELRMEE > TB ) W, Kok
WOLHEIC OV TOHPEHS 21 L TBLLLEND
5o

ATFFETIE 1999 4E 720 5 2001 4F & 2003 4F 72> & 2005 4E |2
AT U 72T LR ) AR RERF SR St 0 JE HUM & 2 O B8
IZDOWT, N5 O B EHOFAFER & L
LTS DICT %o F 7ML AR RERIF 78 55 b o> 3 AR
Mo RS et B L OB IERICMRD 2 3
FHNOEROBE IOV THELET L,

MR EVFE
RAEEM

s H LR R O F) dha D ¥ 28 (Zoysia japonica) TIH
Howh (Jbfi 36°55° 127, HURE 1397 577207, % 316m,
1976 i) % 4 HeX 120, BB (Bos taurus) B
10 TEATR A 1 AR TS A5 10 A ¥ Tl ik
AT o 7o BENT L FE 1 F HE 1974 SIS N T HH & L
THBL SN, DIABUE B R B & % 28 2 72 A F2 Bk h%
TN TEHD, 1994 FELIRIE ERei TN
HWALASK & 7z, 2005 4 IS A HH 2 140X & L C Rl BE%L
2 X B EERACEE L7,

HHL D 728012 1999 4E ~ 2001 4F (L FF N O 75 i 7E X
(It 36°54° 407, BA% 139°55° 527, 1% 308m, HERTHI
A2 5 28km b ), XLV=T VI 47T R
(Lolium perenne) IEHH 8ha, KWV A ¥ A > 21 ~ 25
SR & 2003 4R~ 2005 43T BE O 57 B R
ORHIX (bi 36°5 547, H#E 139°58” 48”7, 1% 303m,
R IFAAE 2 5 21km 7, XL=T V74 7T A
Filh 8 ~ 10ha, HIVAY A VEHRAHEILA 26 ~ 35 FHIK
e, 2001 AERCBCBLG) OB A A G L LT, &
BT VE Hb X D BB b (3 FR A B AR DA & AR 0 B B AT
biTwiz, F2HHFEBEBX TIEBREE A <L 2 s
F U HMER Sz,

KRR E PR O - R E, BRATELL 2
Vo 7 AF - aF T EEREN, EELIEBRG A
TE#EEY, 7AT AP EAAFEHB X R - it
Yoo NT R  SHEAVEHX . 7 A~y oFELHT 5
TURMR, BRE - SEMEYEYS, HE, SFy 7 BXUUK
M, BHFREEX  RE - FEEYEY (2004 450
—HB 2 PERL A O & LTI, TR AT
Mg, 7 2F - aF 785K, B, @i - s
Wik, &, BXUOKHTH -7z,

%85 (2008)

ERRAE

1999 4F ~ 2001 4F- & 2003 4~ 2005 4E125 H A5 10 A
FCTORBHIMEICHA 1| (199 45 H, 2003 45, 7
HI3E ) EROBEEBIHRAEEIT o 720 FHROFA
ELUTOHFN (R 2 7243 s 7 v THEE T T -
729, EFE20em, EE8em DT T AF v 7 DI & f%k
FCLPICHS, FLrofil EEF CRERER %
W72l T, FOEIC400g DELEER B, FEITT
DERF I E 2T e AR EHOL L) Eo, e
LCRYEICFES CHHE CRAE L, RIS L
7o NN T v FIEEHREEMICPT V27 MIZEST
#5110 mIFE T 3MHFERE L7z, B L7 24 BEMZICHE L
W ZERRLEEB)R - T, KD A7 7 VIZANTH
PRI 3F B L7z A RT3 < o TEREE L 72,

T — S

LU OfERT I FEEFAAR IS & 2 B ol $ & g2 2
DWTAT o 720 FRIMHORE OB, BEATHILIO
A (6 4F) (B EMEHIX (34E) 2 HHFERE#
X (34F) LHLL B o7zDT, fE-RIETF—FI12L2
Chao2?’ THEwE L 72 MifeflE e w7, F72&% Ml
BWOFEUEEAFR L T > TV A XEE 2T
Morishita-Horn @ 8L (similarity) 84012 & 0 -4l L
729, RO E, ML A (species diversity,
Shannon-Wiener D& =84 H’) B X U Morishita-Horn
D L8 B o BT & 13 SPADE  (Species Prediction And
Diversity Estimation) *’ & F \» 72 f£3A & & (dwellers)
%/ 7 ) 2 (tunnelers) LD HFEDOHIE IF Gtest™ T
1T > 72 Wilcoxon O 5§ 5 AL # € B & OF Spearman O JIH
NAHBIR B DRI IE IMP6™ & v 7z,

BREER

#EAMH

R VZHRATH L&D B O F I 35 L O H Y
X OERZ IR L 72, 1999 4E 75 5 2005 41220015 T
A L 72T L 3 B R Tk > - a
B2, ¥4 aryakrdk6M, <73 A HE 10
A & 18 MAFLER S L7z T OIS 4 2 o HEI 3
DRNSF I 7 5K~ 7V ah 3t Aphodius elegans
Allibert,  7-FHOEREIFAL D 720 OWH[H > 7)
YT =T A A Myrhessus samurai (Balthasar)
PES NIz, SOW, A4y Fahr, V) ahr,
IR FAAr7 AT K, FF TRV AT A, F
I rvaAfA, AV AN A, AT AT A,



HAY 5 i L A RS b D 3 AU O R & BTk 3

TENRTVATARBIYaT Iy a bl AL, Bk
WLy FYAMIIETONTWREWAL Y K1) Xk
e LTHITTWLEERFRbH ), FiCHOD 4113
MO EmEREP S RELEELETL2HETH
%W A H L ) f 4 CRLER S - RO
TEBE D H TP X & HH 2 B e DX oD iR it oD 3
AN TR S 2o 720 Bl 2 TN 4 X1H
DR W A 72012, Chao2? THEE L 72
Bk 2\R Uice BEATH IO MIFFRESL 184 1375 BT V6
WX (158) LWEHEICERL S o728, HHRFEAE

WX (111) XV AEBCKE o7z (p<005). F 7-HEfT
FH NI A AR TR L 72 m o 2 2 T h e d
HROMBDOLNEHD—DTH - 72 (Imura & K5
£)o IARBETIEIRECICINS 3HFHET B3N
55 AL SN TB Y Y, A 7 ¥R~V aF A
EAT TR AN IR ED D LRI CIEAREN
FLERE D 36.4% DOFEDSLBIL T 5,

JEAFH I3 AR OFEL 1% (Shannon-Wiener D £ B
feBH) 131816 & K& <, HEMHHIX & HHF
WX OFEBAHDO LR (221 1365 & 1521) &

R1. 4#EI5 v TTREL ZBEFHL OEBORAEBOZRE

B4

BREZ OV — 7" BRATHILN® AKX H AR X

Y F a7 A HE  Geotrupinae
FF X FAH A Phelotrupes auratus (Motschulsky)
X FaH A Phelotrupes laevistriatus (Motschulsky)
¥4 a2y a3/ AME Scarabaienae
Y ) A% Liatongus minutus (Motschulsky)
IR ¥ A7 AH A Copris acutidens Motshulsky
A RYI)VIL Y~ a7 A Onthophagus lenzii Harold
UYLV AH A Onthophagus ater Waterhouse

7 NH KL =AW A Onthophagus fodience Waterhouse
I YI)VLE Y AH A Onthophagus atripennis Waterhouse

~ 7V a4 HE  Aphodiinae
F A~V aAH A Aphodius quadratus Reiche
TAT TR A A Aphodius comatus A. Schmidt
ATV A A Aphodius rugosostriatus Waterhouse
TFr =7 AN A Aphodius urostigma Harold
a7 a4t Aphodius pusillus (Herbst)
<7V 3% Aphodius rectus (Motschulsky)

AN/ A= Aphodius pratensis Nomura et Nakane

IR~ TV AW A Aphodius sordidus (Fabricius)
F YNV aAH A Aphodius uniplagiatus Waterhouse

Y AA QYT A A Aphodius sublimbatus Motschulsky

O

I
OCO0O0OO0OOLOOLOO OLLOLOOO 00

OO00O0
00 OO0 O O 00

DOoOogOogos
O0O000OO0O0OO O

Lo
D (EdHE) /T UGWEhB) !

18 14 11
1.00 n.s. 1.33 n.s. 1.75 n.s.

RV E T, EAAE D,

NI L 723E X ) k7 ¥ KD~ 7 3 A A Aphodius elegans Allibert 25ER4E S 7z, BEHIOWE |G 7Y LX) ar v

") A9 A Myrhessus samurai (Balthasar) 255R4E S 1172,

CEESICHX ORI T 7 b Py = a B A RESNIz, £ F I T ADPEEMANAET 72 b 7 v TTRES N,

“ns.: G-test 12X 5 3MAEIOETMOD / THIOKBKTHEES L,

k2. BREHL, SERAENX, BRFEREMXOBKERICH (T 2EREOSHEMER

SR HEATH 1L BRI HX F 47 el 7 il X
e B EMERRE OSRIEWIXM  HEEE BMERRE oSWEEIXM MM BRMERRZE 95%EHHIX I
% 18.4 1.1 18.0-25.3 15.8 2.4 14.2-27.4 11.1° 0.3 11.0-13.3
i . 1.791- ) 1.327- . 1.550-
SRR 1.816 0.013 841 1.365 0.019 403 1.521 0.01 1514

' Chao2 ®) CHEE L7 TR, f£—AfET— 2 2 AV CElE, Rl 5MEIAEED D (p<0.05),
? Jackknife #: 12 X % Shannon-Wiener DIE BN B OHEEE Y . BT HIIAEAED D (p<0.001) ; A5 KHEIE Solow *° @ boot-strap

HECHEE,
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HELCOAEICRE o7 (p<0.001) (£ 2),
HERIFEZFAT 2 HHEICVLOPDI 14 THEDY,
BRIV — 7 EIFIEN TV B 27, ERH L o3 B,
Bl S N7z MROFEDOHIZA > THEHA LEINT 5 H6E
W—"7 (HAARE, dwellers ) & FD T OLITHERE -
THRDE) S EI L EORA, TNIIIZ EA TR
B THHEE 7 IV — 7 (R D |2, tunnelers) 125515 5 11,
HIE I RERE O IS 7 Hs, B2 3R O IR AR 72
Wik CTEL T 5287, FAARLREYEOEKO I
(D/T k) EEERFIHIIT 100 TH Y, FEMEHBX & H
H2EFE R IE 2 2 1.33 & 175 THEAARDEE T
HHH, ZHHEEROD / T HRICHKFAEREITED S
Y (G-test, p>0.05), 72D :T=1:1%75bAHHEICTEHE
LTB5T (G-test, p>0.05), ZOHIBLTIE = DDFFES
V=T OB TIRIEFAPOMHPELLTVDLEF RS,
ELLDOREZ NV — T DEBTEIZ L 5 TH ZOHIRDK
BELAHIAEBIHE L TWA T LA RIBL TV,
RERTEIL B X O L 7= =0 O B Hh o> 36 diAl o 3
B % Morishita-Horn 85" CEHi L 72 (¥ 3). $8E
FEF P HX & H S R X 0 3 AU 25

x3. BEFHHL, SEMAEBRSLVCEHRZERBEOKNE
12 T B EHRIED Morishita-Horn 1584(C & 2 FLIE

BERTHIL FEDIHX A HA R R X

FEATH 1L 1 0.304 0.413
H ELF P X 1 0.827
F 27 [ e i X 1
10,000
1000 }

by T H Y B R+

%85 (2008)

A5, AR FH 1L 0> 3 UM TR 35 B & O BB AL 2 &
R L7z BEAMTHINOFERANZIE L 720 > DK
DOFERM & TR DI L HERE Y > Tnb L F
Zho

ANV F v agh~raT 4 KROS5
ENTREOFEL LD PRSI N TENEFIH T 53R
DHEAF, BERCEERE Y5252 pmshTn
% 11185638 5y 2 R R XA BRI A N x 7 F
UHFEH SN T, FOFBMIIERRIEICL 5T
WBEZIT T REEND L, L LAV AT F
DOENOFE IO FEZIILT LS HFETHR N DH,
FREART HH LI D O B 0 3 A Z S M s <, 7o
W R BEERR E H o TV A DL, EREFE R D%
EBFRDR A SN TB ) B0 IR HRE A E W
Zr (Imura 5REFR) &, BZLHERE LTO
BRI & (FEMOFS TH 5 1941 £REOE
FHFFEHTRC 2 AN D LAY 60 4F) 052 DB 72 L HEHl &
Nh, INHOFERDPS, IO I Z DK
WA O RCTEME MRS 5 L CERLAERZ L

EED

[EES €S

BRI OERD + T v 7472 ) kg (RO Mk
BaET—VL7) OFLER IR LT, F-ED7-
DI HAZHRA L 7= 5 HATE X (1999 45~ 2001 4F) B
LA MR LK (2003 4~ 2005 4) OB o 3
OB % X 2 127~ L7z AT HTIL o0 3 o> 2

ﬂWﬂ\NM

678910 5678910 56789]0/\/ 6 8910 5678910 5678910
1999 2000 2001 - 2003 2004 2005

1. BEHURKEBICE T 2EREGFY (FFvTEHEY) OXE. (HHEEERE)



AT 5 o AT T L R A RE A28 553t D FEHUH O i & B 5

1 7 AR B I E» S B TERL, 97, 10
AT B8y — 2 EEISHA L T2 10 2 BEF§
HoXF—URR BN, LxDEIZOWTH L E, a<
safrbd A= s anrIFL, AV aAn
reFERTVaABTREI6~TH, Tl vV~
IAFEFThO IS EEEDS S R S 7
(1X13) o [FAR DN FEBLY 22 AR D Hi 9 ZE B 134t
oI O F L 0 3 B T b i S LT B 0
AT H 11 O 3 AR RS D 6 SR DRI E) /Sy — 21
XIS I OF R HIX 3 & OV HYE R X 03
y—vEEMLTBY (K1, K2), EEHEoEHE

10,000

BEERAEEK
1,000

‘TZQAJJ

Foy T LHUE S+

%R L7z (Spearman O JIEALAHBIEREL 0 =0.584, p<0.001) o
C DR VBRSO F T Z B 13 HIg Y 12 W3 L C
BY, BATHILOZEEEZ OO IEOLEE) Sy — >~
ERLTWBE EEZ BN,

At 145 SEM OB IO A & & o3 dufE ks (-
F v 74720 ) OFIMEILFE H A L 7S AT X F
I EHHFERBEBX OF AL, FIEBRECCRHIE L
7 AR S D ZE B MR LR FE 1L & His U C 5 ST b X 1
K&, HHFRBEHXITNS 0572 (F6d)o Lo LR
L & 3 B 0 U o0 3 oo PR R & ZEB DK &
SIHEIYICE B R BEVITRD O N e o7z (), F

BHFERHHX

678910 5678910 5678910

6 8910

5678910
1999 2000 2001 2003 2004 2005
-8

5678910

X 2. EEMEBX (1999 F£~ 2001 ) & HHEYEEHEX (2003 £~ 2005 F) ORKEICEH TS
HREFS (M5 v 7YEY) OTEL (MEELRE)

1,000 r

100 ¢

) A H+1

3. BEED T v THE ) EFROFHIZE.

—8— HETILITaHF
= A= FAATSUIfR
—— 7Sl
—8—IFsrvsvatix
—O—a=svatzx

—<& =xyVAtx
—W—Aesvatiz

(&8I B DL 2000 5, 2001 &, 2004 5, 2005 FEDFHE)
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%85 (2008)

R4, EEHLUESEREBX (1999 £~ 2001 £F) s LUEFMEL S BRZERBEX
(2003 f£~ 2005 ) ORI EHDERDEFBEEIDHE

¢ T AT FH L &R b X
ZERONET T FER S T e FEDMES
1999- e fRE 41.4 10.1 73.7 46.1 p>040 n.s.
2001 LENREL 101.9% 30.4 261.5% 169.5 p>030 n.s.
AT FH L 2 X
2003- RS 41.4 10.1 73.7 30.4 p>070 s
2005 A 101.9% 30.4 261.5% 437 p>060 ns.

Y& H D 3 T O ER R

P B REL D P8 & BRI 2212350 BIERBIRE L & DRHERE 2,
EASLE Wilcoxon OFF 5 NARARE, ZBIRIIZIEMIIAT T B EAGE L 72 - BE #s

TR BOFEHZETEH 5 b OO, RO BE
HHD 6 FBDEREBILELTBY, ZOEDRK
T (BAD3F > TVDFY) OLEHIETRS &,
Wb D% o72653/ N T v T (200148 ) Lk b % i o
726677/ N T v 7 (200446 H) LoIZ 10215 THo
7oo A DT &, RIEY BOEREEID %\
W, BARRARBOAI ST AN A, 7V alrB X
CF U7V A TRIREREEDLS N HUHH
FEDSTRAE—E CEROF AR 2 & (F#) B3 %E

LTwa I, #AE->CTTFE2ETCHOIRMY BEDHE
HUIFEIR DS T v 0 ) 2 L SRR D e E % b 72
LBLTWAERTHS LHEMENSY, FERIZZH > ¥
I EHE O CiT - 72 5 ER O IRET, BT L
DB DO FEREALIT D B ERRT WD, L
L, Doube ® I ZE 7 7 V) 7 OFFFAREX ORI B & iin
WLUE (rollers, #ERZ/E- THEAYL CTHED, #h 5 B
N H IO TTFR2ETE IV —7) HESS 5E MM
D 5EBORET, RDE L REEDOFHEIELT 126
BOREBERNEH*ROTEY, TIE2ILER%
BENCEDLDTH D ERRTVE, kiR X5 15k
DRI TR O ZLE Sy — 3@ L T2
&%, Doube © OIS b A G &M H3 3 RAKE DO FE
B - FERINEBNC EE 2 B % 52 T 5 1 HEM: % /R
LTWaH, &M NP LETH 5,

FREAAT FET LIRS 2 0 3 HUAH 0 AR SR 2 IR AR 2 B 13 ¢
ELTBY, FFEHNEH TREKEED 10 (FFI12
X o T8, 9 ) IMEEED AT 2 4EDH B DD, BE
PRI S Rz Twiz, TEBILARIY B E
AR BEDEBIOBEL I IITFH 2 ANED ) HS
N723, WEERE 7 )V — 7 OFEEK O 13 L Tz,
FAVORBIIEZ ERDLZTTRL, EOTADHIA
R L > THERODHZRAE L, HAZIEIHEY |,
BRI ERAAEDOHEORE W EPFEO LN T W

532, INHOZ EEREMHINOFEBMITEDO I L
HESEERICO AN LB E R L TNWDL I L ZREL
TWb, T2 ORED ZOHEN* LR L TWwh,

i

ANFFEIL BRI HERBR B HE R (1999 4~ 2001 4F) B
K OE TSI 7E [ HFUR T OF) F B Rt e | Bl
Ty 7 (2003 4E~ 2005 ) O—H & L TiTbi7z,
WFFEI T & Bl 2 7o 72 W7o BRIV RS B L O
BT — 8 2 W22V ER, Tt TRo
TWZZWalE+ S AL BIFART S AEHRT
5o FURBIFEF B & A HiE (IR S L THREZ 2
P N ARV AT ATV

5| Xk
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Fauna and Temporal Dynamics of Dung Beetles of the Fujinita-Yama Pasture,

a Long-Term Ecological Research Site

Osamu IMURA, Nobuo MORIMOTO " and Kun SHI *’

Ecosystem Functions Research Team
Y National Agricultural Research Center

2 College of Nature Conservation, Beijing Forestry University

Summary

Dung beetle fauna was surveyed on a Zoysia japonica pasture in the Fujinita-Yama long-term ecological research site of
National Institute of Livestock and Grassland Science at Nasu (NILGS-Fujinita) once a month during grazing period of May -
October from 1999 to 2001 and 2003 to 2005 using a dung-baited basket trap. Dung beetle fauna and its temporal dynamics of
the Fujinita-Yama pasture were characterized by comparing those to those of two neighbor pastures (within a distance of 3
km), the west pasture of NILGS (NILGS-West) and the south pasture of Jiyuu-Gakuen farm (Jiyuu-South). Eighteen species of
dung beetles were collected, representing two Geotrupinae, six Scarabaienae, and 10 Aphodiinae species. Species richness of
the NILGS-Fujinita fauna as estimated by Chao 2 was 184, significantly larger than that the 11.1 of Jiyuu-South. Species
diversity (Shannon-Wiener's H’) of the NILGS-Fujinita fauna was significantly larger than those of NILGS-West and Jiyuu-
South. The Dwellers/Tunnelers ratio based on species number was not significantly deviated from one. Similarity analysis
among the faunae of the pastures by the Morishita-Horn index indicated that the dung beetle community structure of NILGS-
Fujinita was different from those of NILGS-West and Jiyuu-South. The results suggested that the NILGS-Fujinita pasture was
of conservation value for dung beetle diversity. Seasonal change in number of dung beetles in the NILGS-Fujinita pasture had
two patterns over six years: a population increase from spring to summer followed by a decline to a low number by October;
a decrease in number in midsummer followed by an increase until October. The seasonal changes in insect number of the
NILGS-Fujinita pasture highly correlated with those of the other two pastures, representing a pattern that was common in the
local dung beetle communities. The population dynamics of NILGS-Fujinita fauna during six years was stable. The dung
beetles that were generally abundant in number might contribute to effective decomposition of cattle dung and thereby

nutrients cycling in the NILGS-Fujinita pasture.

Key words: Fujinita-Yama long-term ecological research site, Zoysia japonica pasture, Dang beetle fauna, Diversity,

Temporal dynamics

Present address : " Kan-nondai 3-1-1, Tsukuba, 305-8666, Japan
% 35 Tsinghua-east Road, Beijing 100083 China
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26 E 27V, AL L 720 7275 L, 1992 41350 A

Table 2-1. The average of parity and body weight of dams
at the start of the trial

Year Traits Parity Body weight of dams
(times) (kg)
1991 PR 5.0 610.0
+ 0.0 + 102.8
T-0 4.7 637.0
+ 0.6 + 237
1992 PR 6.7 613.2
+ 0.6 + 89.5
T-0 6.0 602.3
+ 0.0 + 125
Means
+ SD
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B, MowE, Mo, +oeites, BLE, WEAE, wEiE, s
Mg, B X OEHOBEZITV, HEHIEMIC DWW T,
1991 4E1E WX OV ANE U CTdh - 720C, HEORIEIIFT
blaholz, FEES (1956) (XAERE, HEFLREIL M &
BHEHEO T REL, HErRMESALNIZE LT
Whe LA L, RRERD 1992 4F CTlEBHAR L > Tz

A%, WX OAE L EMICAEZIEOONT, 72,
FIEL72METH PR, T-ORXIZBIF A2 HEEITFRO SN
Lol T, WIZEAMWIEIZT DT, FEEOFHE
THGET L 72,

3) HREBLVEE

(1) BFORELEREE, K713 07433 A

a7

BRI o O B DR EHERS & BB A O R E %
100 & L7=#8ECm L7z (BB 21 1K), 1991 4ECld, X
&L MEORGEIZ L b R, ARE DRI AME T
RL7co ZOWPOREIIT - OXTRRKED 72,
1992 4E 281 %5 PR X ORI L, #AEIC  BRE aG ks
DEEEMHEF LTI L, T 0K TIE, HERMY
DB THREIRE WD L7, E22HIC, BF0H
PeFE OHER % 7R L7z, 1991 £ Cl, SHEHZTTT -
OX DA DOEIRIFIFIEPRIX & ) IEH 57225, ZDJE
XIS E D S AT L, BEEIZIE PR KOS
E B DB o 720 19924E TR X & b BAFEOHIE
RIS BRI 2@ U, A3 B2 5 7zh%, PR
KIZWRTT - OXKIZBIT 2 ZDE S OFAFEEAK &
holz, MERRGROTIRGEIX, PRIXE T-0XTIX
HETWE D020 000% ) DENHY, T-0XoOM
HETBELZRTH > 720 D728, 1991 FEI2A SN2
T-0 X COBMRMBED 23R, V=T VT4 7
FAHEWE M=V T AT - F—F ¥ — KT AEHH
SOBRGEINENREE > TV Z LD ERE LTS
E2012, T-OX TR 2 FERMEN 25T & 5588 T
PRBE S N7 REVEDS IR &35 2 5 7z, RERBARART O
JEHEAEE L 2 bNrz/z0, 199248121, K712
YTAvarAa TR LIE T A, 1992 4 OB
TR IZ B 2 WIRIGE X PRIX 12mm, T-0 X 11mm &
ZIEF LT, Aa7dPRIX73, T-0X75¢&, #@ED
BHICETAON P57, L L, BMERRKTRICIE,
AaT7HRPRET1IHRA Y PEL EFHLZDOIZH LT,
T-OXTIZ05~1HRA > MR L, sRERBIGEE O
FiEZ 1 L2BIRIELS T-OR OB ML <, L
72ho T, T-0 R TOERERDLERLEDWAIEEL
LCESEREORALICLEbDEEZ BN,

(2) BHEOIMmTE S

LT 27V 3 — 2 EE IR X 12 B\ TUELE 70me/d] B
DIETH Y, EFHOHMPANTHR L7 MG & E iR
FEL M7V 2 — R L FICH T ) EHIEALNLT,
WX R X o7 (55 2-3 ),
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Fig. 2-1. Changes in body weight of dams during trial period. The vertical axis shows the
rate of increase of the body weight. When the trial started (0), the rate is 100%.
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Fig. 2-2. Changes in backfat thickness of dams during trial period.
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Fig. 2-3. Changes in contents of glucose and protein in blood of dams before and after calving.
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Fig. 2-4. Changes in digestibility and daily intake of grass in dams during trial periods.
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DO, PRIXTRRLEARLE , T2, BOEOHLED
BRI %238 L C PR XAYR CHERS L Cwn/ze S ORR,
PR [XTid 1991 4F, 1992 4E & 12T - O KIZHR, Hw»
TDN, DCP e 2% % /R L, PRIX T X Y 2 L 7238450t
WA ThbhTtwizeEzbhiz, 72720, bz a—

AR EPVEREZ XWX & S IEFEOHPHN THR L,

F MK B ICRELA SN, WX OESIEIEDE
% MRS 2> S S IR 2 S e o7z, T, fit
R DORBEIUCED D> T, ZORIFBEIIBWT
AROFRETFERELC X O MR S IR #PAN ISR 72 B
EcH b L&, lREIREVEZDEEZLR, 4
%, MEMICE LTI, 564573 B/EPLET
bbtEZLNL,

(4) BRGHRLAE

55 22 R\ O B & R L7z, 1991 4 TIE PR
X25T - O KK LT, 535 0h%EEE TOHK
TH6H, Dih 52l E TOHMTHIAHED - 7277,
1992 £ TIEHIZ T - O XK S FEEE TOHETH
13 H, 5%k E CORKTH S HEr 572, L
LD, WEFRHMXEICAEZEIBO LN LD o7,
F 7RO BB Z, 1992 4E O & O B340 &
WL ThH (KRS, 1993), 7582 SRS HE £ TOH
HUZEIIA SN Lo T, 12721, ARBROBEHELS
LGB SZIHE TOHBUIFICL o TRECE LR -
720 TOFRKFIZOWTIEHS TR WD, ANTIED
T, NARZLOLEZ LN,

(5) FHDREIRGE

5 2-3 RIS TFR O LR L HEALE DR E B X ORI 2
i /R L7z AERFRE L 1991 4F, 1992 4E12B VT PR X
DFBT - 0K LY HA 3~ dkg Eh o 7278, HHEAIT
A HNT o7z 191D EROERLIEEIZ OV TIE
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Table 2-2. The days of postpartum intervals to estrus and to conception, and number
Al services to the conception

19

Year Traits Intervals to estrus  Intervals to conception Al services
(days) (days) (times)
1991 PR 46.3 81.0 2.0
+ 6.0 + 30.3 + 0.0
T-0 52.7 95.0 2.5
+ 8.5 + 39.6 +05
1992 PR 42.7 54.0 1.0
+29 + 12.1 + 0.0
T-0 30.0 49.0 1.0
+ 3.0 + 4.6 +£0.0
Means
+ SD
Table 2-3. Growth of the calves
Year Trial group Weight Withers height Body length Chest girth Chest depth
1991 PR 354 £ 27 71.1 £ 1.7 60.4 + 4.5 754 £ 2.1 31.6 5.6
At birth T-0 31.2 £82 68.1 £ 3.6 63.1 =25 74.6 = 5.7 28.0 = 14
1991
. PR 221.8% + 6.2 104.5 = 0.9 113.8 =49 141.5 £ 2.1 49.6 = 0.9
At weaning
T-O 187.6% = 2.9 102.1 = 1.4 107.3 = 4.7 136.5 = 7.5 483 + 1.9
(6 months)
1992 PR 36.1 £24 714 £44 63.1 = 6.6 77.9% + 1.7 28.3 + 0.8
At birth T-0 328 =20 71.0 = 2.6 62.0 = 3.0 74.6% = 0.5 27.0 = 1.0
1992
. PR 249.1 + 10.1 108.3 + 2.2 120.4 + 3.1 1423 £2.3 50.8 £ 1.2
At weaning
T-O 2212 £ 6.2 105.2 = 4.1 1154 £ 1.9 140.7 + 3.1 504 £ 1.3
(6 months)
Chest width Hip heigh Rump length Hip width Thurl width Pin bone width Cannon circumference
15.1 = 0.1 753 £ 1.4 21.6 £ 0.6 16.5 £ 2.1 189 £0.8 9.8 £ 0.6 9.6 = 0.1
144 =35 72.6 £ 1.3 209 = 1.3 153 £ 2.0 179 £24 95=* 1.8 94+ 14
332 £ 09 109.1% = 2.4 424 £43 332+ 20 35.6 +0.9 233+ 04 149 + 0.6
304 £ 2.0 104.8* = 0.9 373 + 1.8 35.1 £35 33.0 £2.6 20.6 £ 2.1 13.8 £ 1.1
145 £ 0.5 732 £7.0 216 £ 14 169 + 1.2 20.0%* £ 0.2 102 £ 1.2 114 £ 0.6
149 £ 1.5 729 £22 214 £ 1.3 15.6 =04 18.8%* = 0.4 102 = 0.5 103 = 0.4
327 £ 0.6 113.6 = 3.8 419 + 1.0 33.6 £0.7 37.6% £ 0.6 229 £0.8 16.5 + 0.9
31.9 £ 0.7 110.1 £ 2.3 402 + 1.2 329 + 1.1 352% £ 1.0 21.8 £ 0.1 153 £ 0.7
# P < 0.05, **: P < 0.01
WX CHBAE R D> 72758, BEFLRHIRE & 550 090kg THEIZ PR XA% < (P<001), F7z, 19924 d

WWHBEFROLIN, WINOHKDOEEEDL PRXOK
DR E D> 720 1992 413 LR OARTIAIE T PR KO g
P & EiEAE & (P<0.05) ICKEH o720 LaL, BESL

CIFTEIED AAEZE (P<005) DA SNz, 426
BT DR~ 6 20 HliBERLR o H k& (DG) &R
L 720 1991 4F @ 3 DG & PR X %5 1.04kg, T - O [X A%

PR [X T 1.18kg, T - O X T 1.05kg & PR XD 758
RO LNz PRIXE T-OXDEIZONWT
KEwTay 7 ERE L2EME (FHE, 1982)

7538

=13,

EL72EZhH, PRXKOFDPEEIS

PEIC X BHIE (BB &2

R |
, ARBRAE
MEQF

[_J (P<0.05) ZD
F, 1967) DA HEIZZEE

ENTHETH 72, THEOIEIX, 1991 £ TIEERET
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OX % EMAMEINAR SNz, = OEAIE 1992 412 B\ RARIGE L7z, 191 4E 0 WIS B 5 F HZALEE
THEKETH o720 THEDODGIZOVWTAL L, WX & PR X C122kg, T-OKX Tlllkg TH Y, PREKIZBW
b 1.0kg AT O BT 2 8k 055: 5 N 7228, FEIZ PR XOF- TEEIIE» o7z (P<0.05), L2, 1992 D4 HF
HT1E1991, 1992 4F & 12 1.0kg % E[Al Y, 4xfid F1 /3 YHZF = PRIXT1l1lkeg, T-OXT113kg TH Y,
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Fig. 2-7. Changes in daily milk yields which were suckled by the calf.
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FFIZIEPREDRR L[> Tz oo, BS7kmiEt
RO mrol, TOZELY, BFDHENTHD
RHEIWCEHEICEAE L TWwL EEZ 5N,

4) /v 1F

NXL=T VT4 7T A (PR) Bk 12ha & b— L
TIAY - F—=Fx¥—=FZF A (T-0) FEHEH 1.2ha
I ZNE MR & F O HT-T2E0 3 % WhBh R
HERRG-CRAMUL L, MR BT 5 B4 0 ZhE S,
Moy, hE, 23e, FRORFOWREL 24EI12Dh
7o THEMGS L7z FRICEHOREMRRE L LT
B HILES = (TDN) &g L&A (DCP)
FREL, TNOEOMICHE L CHEO R E 1T -5 72,
1991 4F & 1992 4R I2 B\ T, B O BAHRLRE, MIRAS 12
DOV B TH BRI Do 7285, BT o
BHOBEFIE =V T2 A7 - F—F ¥ —FTF A
BEHEHZHRTRV DT VT A 7T AT 7%
, B OFBESMEEEIIOVWTHORLZTVIAL T T
AR B B FH LAEROBEE DD ol 72, F
FoH#kE (DG) EMmiE#h e b, 09kg Ll L& mno
72, RLZT NI AT T ARIZBWTHEEIELTWY
720
DLEo#ERrn, B EEHERS S OB T iz B0
LI E LT R IC BV TiE, 2ol
FHEEHOLEIIHLTEVIEAERELEL Z LM TE,
2, RVZTNVI4 7T ABEERTORKICE > T
M= T 2R - F—=Fxv—F7T7AEFEHIHERT,
L) RBMGESTRL, BFOEREHMR LWL T4
RS L TE B Z EURIE STz,

2. FHFRUECT TORZMERS OWMILEES DEM
1) LIS

HAAMILOS A, WMo Ho%E L, #4005
HIRWBEEZIT L 2 EE S (AES, 1976),
MHICBWTHFRBOEHNPRE SN T VD, Lk o
T, HFOBRARB IR TEHLRICT S I LI,
T EOREENE L THORE L OME LT 29 2
TEETH D, ARFTORAEICONWTE, RESDE
(William &, 1979 ; H78 & 7%, 1989 ; B H 5, 1990)
DIFNIZ, FEORMEKED S MBNICHET 5 HE (GF
M5, 1979b) SHEENTw5b, L L, IS Icow
TOWEIL, THEZMAL, HhdEcllE L6 (§
k5, 1963) ARz E A LR L, BRMFLHh 0B
DFLBLGT % IEMECHIE T 2 H B ST v, £

72, ZOMERE (BEMMEX RNV R Y 4 fE) ML, Hefd
SR X B BN EIRE ) 2 R D, FRICEEA
FEE ) QWFMEICENTVDE E b, & ORI
FoRAEIZOVTE, WDh0HE (K5, 1963;
WG & ERE, 1989) 25 7S, EIAIFLE O MR O
FLBE & FEMLCARGET L 72 1313 L A LA S v,
Z T, ARBUIIZALER LI AER ST THRILL
72 EDOIDOBGE AT, BT d D WIEA T % BRI
LU T2 MR O FLR T OWFLIIC B 5 2L %
AL 72,

2) MEBLUEFE

HEEA1E 1992 4570 5 1994 4R 2T TIRMOKES Bl
BT 3~ 5 FI L, BUCEMRCHIZE S 7z sch
& (REMEXRIVASY A ) M 22 5T, ZONR
THAHFE 16 36 CF¥EXR53), RTHEF 68 (°F
WiER 65) Thbo

BRI, THORESEZICLV RO, T4abb,
SRtk 2, 4, 6, 8, 10, 12, 16, 21 B X " 26 H 121
HiZ% (16:00), % (22:30), ¥ (08:30) @ 3al, ey
% 2 HM ORI OKE 2 e L7z, itk 4, 8, 12,
16, 21, 26 HOIZFLERARIZ, 1 HI2 3 EHZILERTB
FORABEZROIHEETH S, JITHHEICTRY THLE
% 50ml FREL L, FRAMES T2 (Milko-Scan 133B, N. Foss
Electric #1) 12 & o THB 2 MlE L7z, $72, 4, 12, 21
HEHOBRILEFAE, 0830 205 16:00 F THURT-% 4
HEL, 16:00 ICFF O R & e m T D) TRILL 720 FLES
FFUIERE, FLEEE, FLEE, mIREES (SNF), 2R
SOWEEE R E L7ze 1 HONFHILE TR IZRO &9
ZRD72o Thbb, BAMBROBT OVHMEICIZILE
EPFCY, H, HOKT LT v RO E T R
B, ZOGFEE HIRA=TEH - TR 72,

3) BEBLIUER

HKERWI 2@ U8 > 7)) Y VK (¥, &, #) ©
FLBT IR O I, BEFRE A CIERLIRI 23 % FLan
2R A 2 ~ 5o oo FLEIVE S, $RILAT
LV EABOTTRRMEL D, FLHE DL & 7L
BTN R A o 720 SNF b2 FLAT & 0 #ILBE DT A
02~ 08% 1% <, &I, LT & VIZFLEOHH
3~5%E o 7ze BTME N TIE, FURMIZAZD )
PEFLETO 3 ~ 9 ffm <, B HHE A TIRHEFIHE IS
W, FUIRBGEEE 232 7LAT T < (P<0.01), 2L
W (P<0.05) D AR SNz BTHEFOLEAHE,
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FUBE & SNF 13, 3L & VIR0 SR RE (, 2F EIEL, 20RBBA L. RTWEFOHEZAER,
T FLAT & I LA DR OB IRIT L T-HE 4 & [k ABRBAMARE D> & 83 ¥ T 14kg Hifa THERE L 7272, 20IC
DDA BTz (55 24 52) 6 W LT, AERWIE &l U7 EY il B IR TR R

E28MD &), HPME SO HIA =3RS (9.7 £ 24kg) (2, BUTHIEF (117 + 32kg) 29A
%, DWEBOBEDSED IO THIL, 12 BRI Tk B (P<001) %ol HMYWHEFOHEIALEL, FL

Table 2-4. Composition of milk sampled before and after suckling in crossbred beef dams

Evening term Night term Morning term
Before After Average Before After Average Before After Average
suckling  Suckling & suckling  suckling & suckling  suckling &
Dams with single calves:
1.52 6.36 4.0 2.87 6.68 4.8 1.69 6.90 43
Milk fat +1.14 +1.72 + 1.0 +0.97 + 1.64 +0.9 +0.88 + 1.50 +0.8
3.32 3.14 32 3.23 3.13 3.2 3.24 3.05 3.1
Milk protein ~ + (.25 +0.29 +02 +027 +£031 +03 +0.23 + 041 +03
4.44 4.17 43 423 4.17 42 4.41 4.13 43
Lactose +0.46 +0.30 +0.3 +0.54 + 043 +04 +0.52 +0.32 + 04
8.75 8.32 8.5 8.45 8.29 8.4 8.64 8.13 8.4
SNF +0.53 + 0.40 + 0.4 + 0.64 + 047 + 0.5 + 0.62 + 0.36 + 04
10.26 14.64 12.5 11.21 15.00 13.1 10.32 15.00 12.7
Total solids  + 1.14 + 1.63 + 1.0 + 1.00 + 1.71 + 1.1 +0.81 +1.48 +0.9
Dams with twin calves:
0.82 7.35 4.1 2.50 7.36 49 1.17 8.11 4.6
Milk fat +054 +185 +0.8 +0.60 +1.92 + 1.1 +0.45 + 250 +1.0
3.38 3.01 32 3.31 3.01 3.2 3.26 2.90 3.1
Milk protein  + (.35 +0.30 +0.3 +032  £030 +0.3 +040  +0.37 +04
4.85 437 4.6 4.59 437 45 4.79 430 4.6
Lactose +0.24 + 0.25 +0.2 +0.26 +0.22 +0.2 +0.20 +0.21 +0.2
9.20 8.36 8.8 8.89 8.29 8.6 9.02 8.19 8.6
SNF =+ 0.41 +0.39 + 0.4 +0.27 +0.53 +0.3 + 0.44 + 0.50 +05
10.01 15.71 12.9 11.37 14.71 13.5 10.02 15.77 12.9
Total solids 4+ 0.69 =+ 1.93 +1.0 +072  +208 +13 +122  +218 +19
[Al [B]
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Fig. 2-8. Changes in daily milk yeild and milk composition during 26 weeks after calving. [A]: dams with
single calves, [B]: dams with twin calves, &—® : milk yield, : fat, —0: protein, A—4A:
lactose, %—% : SNF, ¢—@ : total solids.
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AR L7270, REEE TR LSRRI
NELLAEL, 2O O FHfiE R HEMERL
I, FURSE L SETEGIRE TRWEIC R 272, 2

23

i, RHBOMRAD, 4F b ABn el
FEER L TV W7zl oLt 2 & TR L &% -
cZ bk, PRI K ZWFLRRG & T & B PEFLRNM SR
7o 72 (Dawson 5, 1960) 72t EZz 5N 5,

—fE I FLII AN T & ZFLE OISR, FLE I E
WET A ENRMONTVAS (FAS, 1963) #%, &
HERTIE, FLMDHEA T HIZILATHR O T I EILZ
B, BICHTHE LT, RSB L, 2
DI EB LIS 2 5, HHBIEEZ LT B HE
T TE, B O2ZNLLEONTFHENTRER 2 &3
EZ Nl 72, ARMILD OZMERE L2 & T4 05
AL TVl HEEE0A 2 HIL, ST EllE L
7oER (BANIS, 1993) T, fALMCEE L2 T
RSB —BIHER L2 LR ME SN TVE, 2D
ENHREAFR OZME T REOBLTHLOH, £h
EDRBTHEDBENIL DD HONIHLNTIE R L,
ARDOF B RE P LETDH S,

4) N FF

PR RV Ry A UFf) OFL g, #Hho
FE DOFF I L7225 o THEHMBWISEL T 5 2 L &
NTWD (MK SR, 1979b; BH, 1987,
BHS, 1990; ERINS, 1993), 7z, MEICBIT 2%
SO, BEMAE LR EICL) TR
NELDLZENREINTND (KBS, 1974), 2D
EDOARRERTIE, BRI OZHERE (REMME X &

Table 2-5. Comparison of milk composition in milks sampled by different methods

Milk fat Milk protein Lactose SNF Total solids

Dams with single calves:
4.3c 32 42 8.4a 12.7
Daily average +0.7 +0.2 + 04 + 0.4 + 0.8
Average of before and after 4.0 32 43 8.5 12.5
suckling in evening term + 1.0 +0.2 +0.3 + 04 + 1.0
Evening 3.6 3.0 43 8.4 11.9
handmilking + 0.8 + 0.5 +09 + 1.1 + 1.5

Dams with twin calves:

4.6d 32 4.7 8.9b 13.4
Daily average + 0.9 +04 +04 + 0.7 + 1.6
Average of before and after 4.1 32 4.6 8.8 12.9
suckling in evening term + 0.8 +0.3 + 0.2 + 04 + 1.0
Evening 33 3.1 4.7 8.9 12.2
handmilking + 0.7 +04 + 0.2 + 0.5 + 09

a,b Values within a column with diffrent supercripts are significantly (p<0.01)
c¢,d Values within a column with diffrent supercripts are significantly (p<0.05)
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WVAZ A CHE) WIS O W TR L RILB O S EET
ODHAEY T G e L, WL TR L 72 7Lk
G DHERE & ATz

ZORER, FILHIHR O X B3R DL 1R,
CORNVAY A HE L BEMEDFLES O3 P RHME &
holze ZOIEB LIS DS, MR ZELTY
BAWEDLTGTE, B2 220 EONFHE DT
BB CENER HNTz, WARMERICTHRY THe&E
PR L 727L1E, REALETHE Lo/ R EIH_E L
A%<, 2070 ORI
N, FURER & EEESRE TRWHEIC R - 72, 2,
KRB OMEAA DS, 5 F T D ANB L HEILE R L
TWRWEDIZHAFEFOAIT & THR Lo/l &
&, THIC L AWFLR L T X 2 AT R o 72
oL EZ LNz,

D EHI, NAWMEILIZERL TV 2 W25 0
SRVEILICL > TH 7)) s 5E, EBRICT
PEML 72780 b7le, RSB L eEEs a0’
B RAHTEEDTH L LEZONS, LD >T, HE
Wi 7L O 2SRRI 2 D FLECT & BRI HEE T 5 72121,
FHEDIZE > TEIFIMT 2 L 0 b, BiLFRICLED
AR C, ZOVHEE RD 7R &S
726

. JeBedil g < O SSHEREME T 0> B Wi ¥ RE & #li )
BRHRG 5 DO Bt

1. RFHBICLUXHEERF IR T 2REFD

%
1) FL®IC

MR (REMMEX R 2 Y A V) o fiiEEiiE
T A ASFL R T4 1 X, B ET B ISPk,
21 79 (CFRC44E) 2258652 790 (CFK114E) &
%Y, ZOTHETIEUEOKIELRBEMAASNS (B
MR 2, 1999 FEARIKEE 4 5 i 7 & BERE BT R, 2000) 6
C D) LIRS, B L L CER R R R o
TWV2LIZbhhbod, BRHICMHING 2 L% CEEIE
BENDLIENELL, ZORNESRIET L 2 L3P %0,
SOMEREME L, BREMEL ) SWALESEL L, WERE
PENTVD I ERRHECTHL NI L, $72, MM
BUZ X0 SRV - BHERE D O LI C &, Mg
THRRORIEE R EEDSTRTH L EEZ HND,
A FER KT B 720121E, — K E L TE VA
FHEIRE S L R 2 RO T4 ORI EZ 6N D05, &

%85 (2008)

MEREME - 2 258 & LTI 42 8T, ALHEOF
B 206, ANNCEBEOTHEENTRETH S
CLERMECTHLMILZ, ChETORETIE, AT
MG L 7 SR A (AR AR SR IR 2 JB W EERE S 5 2
ST X Y, BREEEICH LT 110% %8 2 5 AR
BB LEDPIRENT VD (KD, 1996), F72, 54k
Tl ;2 BB L, HA7% 5 Bl fRHERG 5T
bEFANOTELEFEORENRADLZ L, WTFTD
FEF N CTHENEWEEIEONL L EMEICBNT
S22 L7z,

Z ZCARMBRTIE, MM & IR 22 & CHE
ENRTTEed e L b, BAOERN
RLHRAIRIEDHERS & B ORI DB L WET L 72,

2) MEBLUTEFE

1996 4F- & 1997 412 B 7% 430 L 72 2 e 2 17 9 (°F
Yk 76) wftalL, B &8 10 4 (1996 4 5 4
1997 £ 5 4) & FHE~ORIF IR 5-X (DU B v
X), #& 0D 7HL (1996 4£ 54, 1997 4E 2 4) % T F~D
SE D RHIERS 5, O RO R L FEHRG 5-X
(DT LX) & U7z, BEEBT 13010 1A
POMERRE L, 4 A5 11 H M E ohitdicfit L7z,
AECX TIE, #18ha DXL =T IVT A 75 A TR
TR, BAICIRRIESE 2GS L s o 7273,
FIIT R B L 72 B0 it Rk C - B U R R
(DCP15%, TDN75%) = HHIR L S &7z, M LAWX T
W&, RHEREHLT-% 09:00 ~ 16:00 DRIV =TIV T A 7T
A LA —F Y= NI ITREAT)TVITAT TR
ORIEE M IR L, BAICIEHE 1 ~ 2kg ORIE
filkE (RMOKES B TE E R A fDE © CP12% |
TDN70%) % #5459 % 72012 16:00 ~F 09:00 F T/S K v
7 WTHEFE L 720 B L X ORISR Al kL 2 530
BB OME L2, FARICREvER 275 L s
Holee BT B REBREOREMMIE, WXL
IR S R 6 P H £ TTH 572,

WiFLEx 2, 4, 8, 12, 16, 21 B LU 26 HH#GIC1 H 2
M2 B>, ARESE (BH, 1990) THA L7z, B
FORFIRFEICOWTII A L[, AELERFE, K
TA4AYTATarAaT (K, 1989) xlEL,
‘L7z, WHRIGIEL, BHte s 12 ~ 13 hEM oz
5 FAL7EMO 10em FRA7 % B350 WiEEdE (Super
Eye SSD-500, Aloka Co. Ltd.) 2 & D ifll%E L7z,

I 5E B DO IETIX, SAS 12 X 55850 (PROC GLM)
F ot VTt 72 (I, 1995),
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3) BREBLUEER

1947 ) ofFLEl, Bl [X (CIX) TlE58 ~ 6.4kg,
BLEWIX (NCX) TIE52 ~ 72kg D#HIFHICH Y, 21-
26 B E BV T LAWK OB h o7z (431
). KERWIM %238 U TP, JEVIXA1H
IO EFH TS 6.1kg (T BB 1LY
12.2kg), ¥ LA\ [X 7% 6.6kg (7] 132kg) FETH Y, Hi
W RIS, 1993) DEfivs T T-ME 2} o
Wiggle (159kg /H) I LThmdo7z, ZIUTH
Y fF T COESENET B L OER e —H
EEZLN, 51T, I - B LEWOMX & b i
W2 L SR AL, B TR, FRICH LA
WX T, ERBEO KGR RS 4 1A b
RE, BREERTH 7 L LB L EHEENL,
WIS SRR B 2R, H ARG EEYE
(2000 4EhR) 12 & B HIAEF-4- 50kg I, 75kg Ik, 100kg
I, 125kg ¢ 12 H B MR & 1.0kg # 5T 2 123 R T 5 &
Lz 5Nz,

THEOREL, FhBE—FRICEAT 26 ERL, Bl
AW TIE, 5300 6 2 A2 IRIE R DR E D 5 ) T0kg

WAL, BV TIER 120kg A L, LAV
WAORESKED o7 (31, KT1ar74 3

YAaT7BIOERBEDS, REZAL & ko R AME
ZRL7z (B32M),

WLAWX TIERLEORE, 713742 a v A
a7, WIRPIE RIS NRIZIN, K E %A % R
L7278, 7L TV IX &) &h o7z, WHFOZ
FLEE, B0 iR§s=e, TDN O 5kl SO It
BT v (FFH S, 1979h) L wbilTWw 5%, TDN
wHRT R TR T LR GG S 7z & TDN AR D
4= T, TDN AEFF & 52 5 N7z E O EIZ D L
7208, FLEIIEED o7z b iy OkHE S, 1979;
SFHS, 1979) b & 5o LA TIE, WL HE 4
DFIVE Y OFEFINC & ) FUERED I GE S, B
L7EGECTERLET ZEALT RN F =249 72012k
Peiios# B s s (M, 1987) LvwbhTwi, 77,
SENIC T ANV F—DECEIRZ RV A Y A VITHRE L
THARITEE L 2 WA, FREFEICZ AV F — DOE fi
Bafgd 5 LD 15kg / HEGIIL, RIS
PRI 5 @ T oAV F — B 2 455 L 72X CTld, oG

Table 3-1. Changes in volume of suckled milk (kg) per one calf

Ages of calves (week)

Trait

2-4 4-8 8-12 12-16 16-21 21-26
C 6.2+0.8 6.4+0.9 6.3+1.0 6.0+0.9 5.8+1.6 5.8+2.0 ke/head/day
(n=20) (n=20) (n=20) (n=10) (n=10) (n=10)
NC 6.7+0.9 7.2+1.5 6.6x1.2 7.0+1.1 6.9+0.5 5.2+1.0
(n=14) (n=14) (n=14) (n=4) (n=4) (n=4)

Values are mean + standard deviation (SD).
C : Calves were fed concentrated feeds, NC: Calves were not fed concentrated feeds.

(%0)

120
- -8 C (=10
_-% ok O~ NC@m=7) 10 pr=a— =10
= 9= O~ BCS(NC) -9
> = @ FAT(0) -~
2100 f= g 8 ~O~ FAT(NC) =18 E
8 3 & =)
e S 7 -7 =
= 2 &£
E 90 | § [ \ -1 6 'E
T 18%
.E 80 |- §4- -4 2
5 g 3} -3 &
= > ool
8 70 = E = - 2 =

1= -1 1
60k L 1 1 1 1 1 1 1 1 ] 1 ] b 10 v vy vy d,
0 1 2 3 4 5 6 0 1 B 3 4 5 I3
months after parturition months after parturition

Fig. 3-1. Changes in body weight of dams (ratio to the Fig. 3-2. Changes in Body Condition Score and thickness

weight at parturition).

C: Calves were fed concentrated feeds, and dams were
not fed, NC: Calves were not fed concentrated feeds, and
dams were fed.

of backfat in dams.
BCS: Body condition score, FAT: Thickness of backfat.
C (n=10), NC (n=7): See footnotes of Fig.3-1.
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X&) b5k OBCS LREDKTAALNS Z LA
HENTWVD (Grummer 5, 1995), SO E05H, i
MMED X ) RFLEE) DE WA TIE, RESRNGT T,
FHADHER & ) FLEN D HREE B SN D 2 L & RE
LCWD 75, MRS BT 5 B4 53 kiE L 2UERED
BItRIE, AAREMZZMETI AL E N5,

Pibo X5z, Zehefdd 4 52 & L7z A & ok
BIBWC, RTHEDWRETH L7, THEREEIS
DZHDAT, HEEKE 1.0kg DFEE % T 5 DX
e EZON, 72, BEHOKEIZL - TIE, 8B40
REB L ORI Rah s, BHEAOR Lk
IOV THRET 2 LENNH L L E 2 b,

4) /v 1F

SOMEREIMES O BB B B T ERES) & BEEA
DRERFER A E G L 720 1996 420 5 1997 412200
T, OXRITHMONF L ZDREA2 RV =ZTIVIA 7T A
FARE R R 1 BB R SR L, TR0 3)
VR A GG T AKX (BIfVX) & TG 5E 3R
EANDRIGLFINT B X (3 LEIX) 12501, WAL=,
BHEORFIREZ A L 720 BHIFVIX T, OX10410
BT B L, T BN o B il i TRl
VR HHIRE S 70, B LAWK TR, ONT7H
DFT-% 09:00 ~ 16:00 DN s L, FFIZIEHET ~
2kg DIRIBFRL Z G5 L7z, 2 OME, oW
H& 104 ~144kg H 1), 150472 52 ~ 7.2kg AL 72,
NS5, SSHREMEE % R & U770 & ez
BWC, HTHELWRETH S LhRENTDS, B
DFFIRFER, MXICBOWTEL 25 ERL, BL
FOWK TORBRAEINTEECTH -2 00, Sk
FORERDHBE 2 EHIC BT, BEA~ORBIE
BOGPLE L Z 2 iz,

2. X¥BEMF 2BFELABTFRET TORF
FHDERE

1) I FL®HIC

MR (REMMEX RV 2 Y A V) o fiiEEilE
FEICID L CRIERBEMA A SN D (RS,
1999 ; AR ER B HE R & ERRE I, 2000), 209 BAL
MEAEMEAR L, BEMAEL D QWAENS C, WEIEHA
BIRTWD EFEZ O, MMEMEI L0 R - #5HaE
OmEAHIRETE, BBz T RhRN 2 IEE F4E
EDNTRETHLEEZOLNDL OO, Bt L%
ENBHIEEHEN LR, BhEhE - WHERE IOV

%85 (2008)

TOREM L FZE IR 7 v,

RIEICIE, MR &9 ZWFLEE I OEmWETIE, K
KRN T CRROMEFE L VI ED D HFEEE SN
HDT, MF%#HHE LT DEAMERRE OS2 IRRE I
W DIRRE I B 2 520 F, 3 LRGSR C b 1K
BEBLORTFTA 20742 a v ORBPHPELL L ik
Nz 70, AROMFFEPZEN TN HEKE
10kg Z A ICIIARRT A I EARBENT, ZD120
TR EREG 513, FRORE ICEE R ERE
ForEzonhs,

Z 2 TARRERTIE, W FAe st L & b2k
KL, FHEORESB L OFFORECEEHEAETEI? 5,
BB BT 5 BACE B OER E B X OREMGED
B EBGET L7,

2) MRBLUVFE

B TR L 7 28R 8 1 10 A1 (1996 47 5 41, 1997
F5H) & FENORECEERGGX (BT X),
T 7L (1996 4 54, 1997 4E 2 M) %A BIf
FARHEERS 5, OB OB L CERHE G- IX (DT 1
LEWX) &L, 74 4 EHORE, HfEEHERATE
AP 72 TR 34 B 18 BHASHEHIME T, 16 PHAAS
MAE (SRR X R LASRL) CTdh o 720 M ET 0B
WM & Ly, Gl RN RTETICRER L 722 B Y T
HDo T, 1996 4E1x 32 A E T, 1997 4E1d 6 5 H
i F TR O G E L7,

WiFliEix 2, 4, 8, 12, 16, 21 B L U 26 HHGHIC1 H 2
Ml 2 B>, ARESE (BH, 1990) THALZ, F
FOBREI, WILENEHEOEEY W72, &8, 740
PB L OERICE SR ENAONE o720 T, K&
DWIEXAT Do LA L, HEEREIZOWTH,
0-4, 4-8, 8-12,12-16,16-21, 5 & U°21-26 MiEh D Z N 2N D
M S L 1RkD 728 2 A, EREEREICE T OMED A
b7z, 22 TZOMMOLET, 0-4 BkHHH O A
Y H BRI EEDS A S N2DT, HEMEEIZOWT
FAERAED L VIFEBIEOENIZL LD EAR LT
PEWHIE (REIRY L ARRE, 1967) %ATo 72 TA-OEIE
ERE 32 HEB L 056 2 BT - 726

T R I EHE AT B AR 13 06:00 ~ 18:00 D [H,
HHUC X 2 A0 fRHEEATE) B & OFPRHEIUR [ o)
SE, RERMROEREIC L 2 EIE RO E 27w,
1996 4213 9 A 30 H (E¥ 56 Hih), 10 A 23 H (F34 79
His), 11 H 14 H CF35101 HiG) 12, 1997419 H9H
CF¥109 Hil) & 10 H 16 H (CF¥ 136 HilG) 1217572,
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FEROATIE SAS 12 X 45 E5#F (PROC GLM) & 72
FtEE AW T T 72 (I, 1995),

3) BEBLUEER
FEONEEIZ, BUE VXIS B W THR T 28.2kg,
3 2 HislC 94.7kg, 6 % H iy 1488kg # 7Rk Lo 1 L&
WX O, Al 269kg, 3 7 A#EF 915ke, 6 4 H ihEE
139.7kg &, VT NDHE b B X O AL 2 )
ZRL7z (32%),

THOFE HE R E L, 04 B CIEH LEWIX O
JinAHE (P<0.05) IZ@EH - 72708, ZOKITEIL T T,
MENKOFAEHER L (B33%K).

Table 3-2. Changes in the body weight of calves

Age of calves

Trait At birth 90day 180day
C 282439  947+10.6  148.8+19.3 Kg
(n=20) (n=20) (n=10)
- NC 269+4.1 915599  139.7422.6
(n=14) (n=14) (n=4)

Values are mean + SD
C: Calves were fed concentrated feeds,
NC: Calves were not fed concentrated feeds.

27

FROEENL, EREOKGEE 3 2 H iR OEE AT
FRECTH - 7245, 6 7 A M CLEBIE X O ) A7 L fi
WX LD RRKEWEHINICH D, 5126 2 Ao T
AEWRDOFHAE (P<0.05) ICKE»o7z (55343,

TR O A HREDS, 0-4 B CldH LAWK T
B o 72D1%, B LAWK ORI RE R 2G5 L
72720, AWK ORL XD RILENR R L o727
DTHY, O LTI T TCORT-TFOMIRFEE R
FZ, RO U\ & B TR ORI %
BHRPENTHL I L 2RE LT D, —J, Bl
X OT-4-T 21 i £ TOMFLELS, ¥ LAWK L)
ol lld b b, 4K Lo H R E AT
LEIWX O L) BIFCTHo7-0l%, FIfEERNC &
B TEANOEFEFEMG I BE % A L COMBENSRE
I, ZOREFTRHNIEEZREL TS,

55 3-3 MU BIERIE A (06:00 ~ 18:00) Bl fil > i FHHE
W Z /R L72bDTH B, MFE L HIZ, MEFHAERT
R ORI IS WIS 2 W05 s - 7225, A
AL ON CHERUEEEASEM L, BRI % 8 U T
BT B D N7z BT O F-H4- 0 B fil v fil LR
FATENE, 1996 4, 1997 4E 0 2 [ D FERR & b T-E0 Hifh

Table 3-3. The daily gain of calves with or without supplementary concentrate feeds

Group 0-4 4-8 8-12 12-16 16-21 21-26 (week)
C 0.80 0.65 0.73 0.75* 0.73 0.73 kg/day
+ 0.09 + 0.19 + 0.16 + 0.11 +0.13 + 023
(n=20) (n=20) (n=20) (n=10) (n=10) (n=10)
ONC 00t 0s6 061 045" 057 o2
+0.22 +0.21 + 0.20 +0.26 +0.24 +0.22
(n=14) (n=14) (n=14) (n=4) (n=4) (n=4)
Values are mean + SD
C, NC : See footnotes of table 3-2.
** Means in a column with different superscripts differ(P<0.05).
* Corrected by sex adjustment
Table 3-4. The body measurements of calves at birth and 3 and 6 months after parturition
Part Wither hight ~ Body length Chest width Chest depth Thurl width ~ Rump length Heart girth
Trait C NC C NC C NC C NC C NC C NC C NC
At birth 66.1 650 572 603 136 136 249 250 17.0 168 198 198  69.0 682¢m
,,,,,,,,,,,,,,,,,,,,, 25 23 £89 £50 F16 £ 14 £16 £14 +12 £10 £10 *£14 *£28 £44
3 months 855 864 861 855 21.5 205 39.1 387 262 258 299 296 1050 1029
+£29 £25 *£50 £43 £19 £21 £19 £12 *£16 £13 *£13 =16 £52 £40
"";r;l;r'l't;"""993""'9'616""i'o'iﬁ%"'i'd()ﬁé"""z'éﬁé(""292{""24'&8""45?6""'é'iﬁi""56:6"""316""é'ziﬁé""i'z'éféfi'z'dféb' """""
+32 £15 £56 £51 *£21 £28 *+14 £14 *+21 £13 =10 £13 +38 *£6.1

Values are mean +SD
C, NC : See footnotes of table 3-2.

** Values with different superscripts in the same row differ significantly (P<0.05).
At birth and 3 month, n=20(C) and n=14(NC) and at 6 month, n=10(C) and n=4(NC)
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Il 56days of age (n=10)
[] 79days of age (n=10)

%85 (2008)

1996 Il 109days of age (n=10 (1997
B 101days of age (n=10) ( ) ys of age (=10) )
[] 136days of age (n—= 8)
10p= 10
Ol = 9
Sh= _ 8
T 7 M
= =
=]
-g 6 | E 6 u
5 P 5 — —
i 4
3 3
2 = K 2
1HE | (
ol LBy [l ) Ry Ey By Bl BB 0 HIMEIN INErErein irsin irmin
6:00 8:00 10:00 12:00 14:00 16:00 6:00 8:00 10:00 12:00 14:00 16:00
time (hh:mm) time (hh:mm)
Fig. 3-3. The number of calves eating concentrate during observation time.
Table 3-5. Mean frequency and duration of concentrate intake of calves
Year 1996 1997
. . 9/30 10/23 11/14 9/9 10/16
Date of observation (month/day) (n=10) (n=10) (n=10) (n=10) (n=8)
Age of calf (day) 55.6 78.6 100.6 109.0 136.0
SD + 133 + 133 + 133 + 35.0 =+ 30.6
Eating frequency (times/calf) 52 7.4 6.9 7.6 17.4
SD + 2.8 +5.0 + 47 + 4.8 +42
Eating duration (min. /calf/one time) 2.8 32 5.5 6.0 4.6
SD + 0.9 + 0.7 + 1.5 +19 + 0.5
Total eating duration (min./calf) 15.7 24.1 35.7 41.3 79.8
SD +93 + 17.1 + 21.5 +21.7 + 22.1
Amount of concentrate eaten(kg/calf)* 0.15 0.47 0.99 2.00 3.83

Values are mean + SD.

*Total amount of concentrate feed (kg)+Numbers of calves.

PEDIZONT, JfVER OB, &, B X O
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HO TS (BB &R, 1967) Z &ML TW A,
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TWAEAIIE, 70 —T 74 =T4 2 T OMEDITRD
ENTHY (REMIKE A 23 FH )7 1970 ; Scarth 5,
1968), HARMHFL TR T, A% 1AM 2 5 BIF VER O
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LEWT BIX (3 LEWX) 1250F, MilE, Bfo%
HIREDB L O TR ol R O B AATE) % P4 L 72,
FEAGX T, OX10MOBT &2 BRI L, T4
TBCHCHE P 0 1 il v Bl C B R A B R S T,
LAWK T, OXTHOBT % 09:00 ~ 16:00 O ik
BL, BFICIEHE] ~ 2kg ORESZHRG Lz,
DFER, BV TE, FEORECEROEAITE &
RS 3 20 H s AR CREZE 128 L 720 T 0¥ H
BRI, ¥ LV OTD 04 Al CHEICE D -
7203, ZORIZNEFCK DS HE S HER LTz, FHO%k
B, HndsE S 2D THIENA X 258 L\ X % F
LIEAIZH Y, 62> HimO KB A B X THEIZK S
Mofee TOXHNT, MR OB TR & B BT
HWHEICBWTIE, RTOMELWTRETH 55, THD%
B ESEL720120E, FHENOWBIFRORS-H W
EThbHIEIRENT,

V. ZHEREMET o B PEDNC 35 1) 2 HEBEPEIC DV T

1. WERIEIRF DIEROEFRIE H LU € D4
1) FUBIC

BIEORRN S, ZSHEMME 3R 2E T OB
BHURETH 2 I LATRME S I72HY, Suzuki 5 (1998)
&, SRR HEEIZ XD, WTF 0T OBFERD
25% & W (17%) ICHARTIHEFICH N L2 HE LT
Wb, MOBIZEE b RIS T L0 b3 B) &
T AHELEEIEH NI & &R LTWA (Anderson 5, 1979;
Gordon 5, 1962 ; Guerra-Martinez 5, 1990)

FTIIAMATNICRIRPET S 2BHLPHENTEY

(Graf & Petersen, 1953 ; Porterfield & Olson, 1957 ;
Ewbank, 1963), Z®ZALZFIH L 72557 MDA,
HwiE SN T2 (Dufty, 1971; i & 1982; FEA 5 1988) .
F 72, PURFESREE A RIS 5 720 NI T T —
FHHALNT VS, HEAS (1983) &, BHFoIMEEH
TUY A7y EARROBERTIIHEG S S L& L,
—7J7 Lammoglia & (1997) &, 3WRi 04 OEKEATIE
PARVEY (PR ATHY, TANTIF =17 B
nE) LIFEENZERIEEVELTBY, SO
IR T OB RBHOL I TH L, T2, BUIRITIR
DI O IR & AR 112, 2 OoRERICERI L,
HRIEIRA: & R L 72 13 A 4725 20 v,

Z ZCARITIE, AURIEIRA: & IR IEIR A O AIRZ AL
DY & T DECZFEMICHET L, M40 HER D4
ML x BROHER 2 SN 5 2 L 2l h 7z,

2) MRBLVFHE

(1) BEROFH

S 7 HET2 56k £ C, IR O IR % 24
=2 Lo TEHIIL, 7— % 0¥ — (Data-logger
1.820, Unipulse Inc.) & I\ TIUE L 72, 121, 7—
yaH— % AN R BICOT T abE T, BEN L
Y= IIEBS o THO T 2 EbE THRINEIXL T
Hbo LU —DRIHIIEZT T AT 4 v 7 HIN— Tt
BLZEMAIZH Y EITT, £ — DR 25em &
WIZHEA L, BEICHEAIE L AR CRlE L7 (541
), BERIFESZEICHEL, 20552 L OFHELEL
FElL7oe T I T Ul —ICERL, SRSy
yu—FL7, 36C UTORERIE, ¥ —DikiiEs
PNERENDTEAEANEL, HEEOBHECHMA B 7 & AR A
DL —fiE LTHIBR L7,

(2) HEEkEN

MERE (BERMEX RV A Y 4 VFE) T, AL
2K, SHIVBREE 23 F O R A DY HET
e L7 Bl & 5 BRI IR 2 L 72 BER &5
WAL 41 RISR Lo 40 i3 BB AR,
MR (REMBEXANVAY A V) $7213F12702A
(BEMBEX M) CTh b, BROER T — 571358
6 Har (d-6) 254 %H (d0) FTO6RFHMULELDOTT —
TV EHDOS DM L7z, 18 A HIGITIR
T, 13N BRIR T > 72 18 Firh 8 B I3 HLRIEIR T
MG (M), 10 BHISMERR ¥ (F), 13 B 4 B3R 1-°
HFLORE <7 (MM), 3 BEIZHEE Ol T-<7 (FF)
T, FRYD 6 BHILEME (ML HEFM) O T O BB
RTH o720 T OILEBEIZ W% (Super Eye SSD-
500, Aloka Co. Ltd.) T, #4530, 60,90 H H IZHERR L 72

The data-logger in the bag

Thermocouple
Crupper

Themocouple sensor

~ T “Thermocouple sensor t
1
8
o
£

Plastic tube cover.

Plastic tube covered thermocouple sensor
Data-Logger was bent approx. right angle.

Fig. 4-1. A diagram of cow instrumented with data-logging
apparatus for measuring vaginal temperature (VT).
t Thermcouple sensor covered by the plastic tube was
firmly bonded to the vulva by the elastic bandage with
adhesive.
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Table 4-1. Maternal body weights and parity just after parturition

Maternal wt, kg

Parity times

Pregnancy status (n)

Avg SD Avg SD

Singles
M (8) 539 66 6.6 2.0
F (10) 539 67 6.0 2.9
Total (18) 539 64 6.3 2.4

Twins

MM (4) 533 58 8.8 0.5
FM (6) 577 63 7.7 2.3
FF (3) 534 59 7.7 2.3
Total (13) 547 56 8.0 1.8

M = male, F = female, MM = male twins,

FM= one female and one male twin, FF = female twins.

Ja 7 OMRNE R HERR L, FrE TR ERRE (B
FofrE) 2EHIL 72, RFolea, [MEEM] &3,
[ UREA2 6 1 O5 T E N7 U714 2 BEO LR
REOME£T,

BEERA1Z 58S (3m X 3m) THEEL, F4ICE, #
) m oK & k&GS L7z,

(3) MatFiE

iR, B H A EHEL 32506 HAG (dO, -1, -2,
-3,-4,-5,-6) T Tl > T, ZD5EE SASIZ X V) fEHT L 720
RILERE LT, 6 HAg (d-6) 255 %H (d0)
T, BRICEES5 2 2B W22 T PROC MIXED
MODEL O Tukey’s 1% 247 o 720 2 DR, H ORI
L BWENPALNIOT, HI D% PROC GLM T
Scheffe’s test % f#ivy, Chronological variation O 4T % 17 -
78 ZAh, M3 HET (d-3) 2254586 Hii (d-6) F
TR HOFMIZ L B BN ALN o] 2T, d-
36 d6 FToORERTH, BFortI ikl
FERE & B ofER L OS2 TV, HBZ kD72 (5
445%),

3) BWRBLUEER

HRFD ) B, MBI LBV EDSLET
H otz Ao, WAL b EHEES L FEVHIT Sz,
PR DFRE & ERICIE, MRIREE (HIa2BURORI% I
ToMW) ICLAEETAON P72 (B415K).

FORRICHEEL S5 2 2 ERIIHAH B LHESNT
W% 2% (Kelly, 1974;Chikamune 5, 1986;Mosher 5, 1990) ),
RAFRTIE, BFOSMBEOMRE, R, 5L 7256

(H), BFolk BFORE @41 FosREE,
BT DA IERER) &5 E TOHBRDOREEE B0

I EA 52 A ERE L TR L7z, ZOMEE, d-6
75 d0ETOREIRICIE, HOREIZ L 2 EEZITHA
Bz (P<00l)e 22T, d-67205 0 F TOREIRE LKL
LzkZh, HIATIE, [d0vs.-2], [d0vs.-3], [dO,-1
vs.-2,-3] £ [d0,-1vs.2to-6], MIETIX[AO,-1vs.2to-6]
ZEDSAELNT (F425),

d375d6 X TOIERICERIASNL N >720DT,
ot e d-3 25 d-6 F TORFOREREOEKREY
844 FITR LTz, BB CTRBEOBRICBETOME 5
R A8 (P<0.05) LCHBYH, METRETOMmLRE
T-OHEMREDFE (P<0.05) LTz, MOBERICH
BEawBEALN Do, HIETIE, B4R 3
AL 8ATENALNTIZ, METEZITIRL TW5 25D
R AGMTH o7z, BHFDORERE A Z & OBEEE
BEOPHE R L2E 25 (343 5), HRIEIREEY:
DHERIGBREHREE & 59 VMBI AT A S 17z (r=-0.7, P<0.05) o
L L2dss, Hlg, BUGH O RR & BRER
BEDOFIIZIHERBEIA SN LD >0 8 AGHOD
2UWE RT3 M A IE T OBERICEE 2Bk <,
F - BB IR OBERICB VT, BToM M2 F 20)
2L BEVIIED SN o720 TEDOEREEDFY
ZHTE, ZIZFETH 572, FF & FM O BI213 2%
(P<0.05) A5 5 N7z25, BUGHEIRF TR B O fgER &
JEFoMIZ L DiEwIzA SN L o7 (544 5),
Lammoglia & (1997) 1%, 043Uk 56 ~ 144 g7 O
HIRDSMERG T & 0 R T O idsEm o 7z L it LT b,
RIEBETIE, [ HE 56 ~ 144 BRI O IR & BT
MBI % 504 LT hIDS, EiEZASNEo72, L, H
TFIETF-OUEAR VT Y HPRFOIERICEEEZ B XIZLTW
5D7%61E, AEOREOSHEEE, 6 OB HE
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Table 4-2.
single and twin fetuses

Changes in vaginal temperature (VT) on the day before expulsion in cows with

Vaginal temperature, °C (Means + SE)

Days before expulsion Singles’ Twins’
0 38.02 = 0.001 37.92 = 0.002
-1 38.41 +£0.001 38.28 = 0.000
-2 38.64 + 0.001 38.54 = 0.002
-3 38.54 +0.002 38.56 = 0.003
-4 38.62 = 0.002 38.61 = 0.005
-5 38.42 +0.004 38.67 = 0.005
-6 38.50 = 0.004 38.30 = 0.010
— Comparison of the day before expulsion =~ ——————— Probability”
0vs. -1 <0.01%#% 0.69
0vs. -2 <0.01%#* 0.09
0vs.-3 <0.01%* 0.96
0, -1vs.-2,-3 <0.01%** 0.09
0,-1vs.-2,-3,-4,-5, -6 <0.01%* 0.04%
-3 vs. -4 0.94 0.99
-4 vs. -5 0.24 0.99
-5 vs. -6 0.99 0.91
-3 vs. -4,-5,-6 0.99 0.99
-4,-5vs. -5, -6 0.44 0.99

* P values by Scheffe’s multiple range test.

* VT in the cows with single (n = 18), *VT in the cows with twin (n = 13).
d 0 =0 to 1420 min. before expulsion, d -1 = 1440 to 2860 min, d -2 = 2880 to 4300 min, d -3 = 4320 to
5740 min, d -4 = 5760 to 7180 min, d -5 = 7200 to 8620 min, d -6 = 8640 to 10060 min.

Table 4-3. Average of maternal vaginal temperature by month of parturition from 3 to 6 days before parturition and environmental

temperature

Pregnancy status

Month of parturition (number of cows)

Mar. Apr. May June Jul. Aug. Sept.
39.1° 38.5 38.4 38.4 — 37.8° —
Single
%) ) (5) (2) (0) (2) 0)
39.7 39.8 38.6 38.8 38.2 38.4 38.5
Vaginal temperature, °C Twin
M (1 (2) (1) (2) (3) 3)
39.2 38.8 38.5 38.5 38.2 38.2 38.5
Whole
(6) (5) (N (3) () (5) 3)
Environmental temperature, °C 5.5 10.3 14.9 19.5 22.8 229 19.6

** Values with different superscripts in the same column are statistically different (P < 0.05).

METHRENLIETTHD, L2LEHS, MM & FF
DENEVIEIA LN o7, TNEDFER2L, IEH
BT, BEOERICEEL W LTRSS T,
—J7, PURIEREFORER S, MM (r=091 ; P=0.09),

F (r=0.89;P=0.30) X O°MM |2 FF %Nz 7 (r=0.84;
Rﬂ%)éﬁ%ﬁkﬁ,ﬁwﬁ@ﬁ&%hto%®*ﬁ
TFM 74O AERREL, BEokR & SHBEPA LR
o7z (r=-026; P=061),

FM #0R4- O 7203 U, HEfR T & MG T 0 A (R R
&, ZFNENFOBRIGEEEL 52 TBY) (B44 ),
HERG T 0 AR E L, B OREIR & EOMHB (r=043,
P=053) 25% % %5, WG T OERMRE X4 O iR & hh

WEOHR (r=1082 P<0.05) #& 57z,

BB OMENE T 0 9 B 80% LL B2, [RIIE O HENT-
W DORERYZITTEY (Gregory &, 1996 ; Marcum,
1974 ; Shore & Shemesh, 1981), 7V —~—F Y Ja¥IZ
BWTIZH W 2 #g (Vigier 5, 1984;Rota 5, 2002;
Clemente 5, 1994), AJlesE OHREREER, VW 2hD
TRV E A4S (Randel &, 1971;Parkinson 5, 2001;
Dominguez &, 1990) b5 T4, KREETIE, FM
LT, MHTORESEGEEZ BRI 5 72,
XHEAGIZ, FF 2 MM 4 Cld, — BB RKEMNDE T
ERFoRiRIEE 7 o 72 Schroder & (1988) 1, i
WOMPTEDHE 2, BT 5 OBOEA ORI
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Table 4-4. Correlations between sex and birth weights of single calf or twin calves, and vaginal temperatures (VT)

of cows at days 3 to 6 before parturition

%85 (2008)

Variable
Prztg;irslcy Sex of calves (n) VT (°C) Birth wt, kg Correlation coefficient Probability
Avg SD Avg SD
Singles
M () 38.6 0.64 36.4° 4.6 0.03 0.94
F (10) 385 0.39 35.8° 6.3 0.44 0.21
Total (18) 38.6 0.51 36.1 7.8 0.24 0.35
Twins
MM 4) 385 0.54 55.8" 9.8 0.91 0.09
FM (6) 38.6 0.67 57.2" 4.6 -0.26 0.61
FF 3) 38.5 0.34 50.4 8.3 0.89 0.30
FF + MM (7) 38.5 0.44 53.1% 9.1 0.84° 0.017
Total (13) 38.6 0.60 54.2 7.5 0.26 0.10
Among FM
Male fetus of FM  (6) — — 29.8 4.9 0.32 0.53
Female fetus of FM  (6) — — 27.3 3.9 -0.82" 0.047

**¢ Values in the same column with different superscripts are statistically different (P < 0.05).

" Sum of weights of two calves in the same litter.

¥ Pearson correlation coefficients between maternal vaginal temperature and fetal birth weight by fetal sex, and between maternal
temperature with isosexual twins (FM) and birth weights of male or female calf ("P < 0.05).

M, F, MM, FM, FF : see Table 4-1.

WEBEEZHZEEFEOEFTVTHELTBY, BFH
RELL ML, BTOBROKED, ZOREMGED2D
RIS, BN 2RSS ), TS0
iz LA SEB EEZ LN,

INLOMERIE, 7)) - —FrTOTEY AT
YRIA MY > OREARE, b L IUHRHE DR
Wb LN\, ZORBL AT 57201201, 2512
WO ILBIRE R 7 F-HE A 0 R S L BT H B o

4) /v 1F

31 BEHDZHEE (BEMMEX KV Z Y 4 V) D56
Har (d-6) 255 H (d0) F CalkiyicgiRk % il e
L, #0fi%F— % 0 h—|JIUES W72, BFIEES &
HITRA- & Cld, 406 HAETA S 3 HATOKEIR T
ANz, BEOMERIE, SBREOKRE, EX,
JET ok, BTORE G474 045mEE, RTo
HFEFBFROREON) OFEXZ T b o7, L
L, BT FM) 2BV HRTF R Lo T (MM)
WL OMF (FF) O¥f, Wb OREDOHILRE
o i & mVIEDO M A 5 4L (r=-0.84, P<0.05), MM
EFF O OBREIBTORENKREL 2 LHIEE LA
L7z —J, BT (FM) OERHMREZ, fF0fk
HEMBED AR SN (r=-026, P=061), FM % #k L T\
B RFORERIE, WT0) bl O EREEIKE <
HAHIIEET L7 (r=-0.82, P<0.05),

2. tERFRHEARG F M DRI T A DIRET

1) L SIS

DOFERZ TMST 22 EATEIL, SBONBIE
BHICTEDL L) D, FRHIPFERT DML, 72
HHIEBHCTH 225, 1208 E LTIETH S DES
B O A FE AR AT E T 5 2 ERETH B L
HENTWAB (Comline 5, 1976; Hunter &, 1977; Adams
5, 1998), ZD7:%, THEERETRFICBU % ARG
WEOBRERRND 2 LId, SO, KRFofEs
AT LDGFE, BT OFRFEEMRB X ORTBOMEIEH
REWT 29 A CTEETH L, BTomiEeFrks L
PRIEIKIL, KA BEREEA LTV 2 HEHLGEMTHY,
INFETIE, BT EBRICBT 2 FEN ORIV E BiE
&, Bl S Twb (Comline 5, 1976 ; Hunter 5,
1977; Adams 5, 1998), L& L, ThHOH&E, &
FRIEIZ > TIRF~ND A =2 b —2 a Y &f7->THY,
2 BRI G 2 R R B L Ch b F 72, iR
W O~ O F% (Runciman 5, 1985 ; Hogevold &,
2000) #E2Th, RIS =2 —2avid
YRR, B FEREVZ L, MAT, Thb
DEHIIEM PR SR EICELTO I 7 — 7V OFAM
FBHREN TV RV, 22 TR T, RFTFREETIC
BWIRT L HFOBIRICH T =T VR EET 57200
FAT i L BT RIS e b #i L 72 h 7 — 7 VO FEM
IR L7z
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2) MRBLUVHE

1) ftrEmE =2 — 3 Ui

15 SHO MR (RTEME 8 UH, HEFFEX AL X
ZAUH6HE, RIVAZ A 1) 2 L7, 564
5 RICTFAMREOMEIR H i, R, X% L, MF0RE
MERL, BEAT— T VFHROBEIIRN (542 X)
2 L 7zo U 239 ~ 262 HIZFAli 2 47V, FHAl7 48 W
I HAEE, 24 ~ 16 FERIAT 2 DK 247 o 720
[CIIFLEE LT, Flf 1RGSR D72 012F ¥ 7
Vv 20mg H RIS L7 7Y N A CIEERE (05%
Marcain, Fujisawa Pharmacetical Co.) |2 2% D ¥HE 7' 1 % A
VWA 32 TRAE LTSN X o THi L 72 R AT R
(RHERERE VR & B IS EHERR I & 12 R DML A &
b)) TC, LMD 25 25 30cm O E S THRE LA
UL, TEEOAIOZML TRTOREZ®EELT,
BT =T NVERFORD HVIIBFEOEIRICIFEA L7z,
THEZMESEL20, FROBE, BFOFMRIZY b
R HEEE (39 4 4 g/min/kg, Sigma-Aldrich Japan Co.)
NI — AT 2 VET R LR 72,
FENBEREE 2o, FERE =YY >
(150,000LU.) & A ML 7 h< A ¥ (015g) % FEKB
K OTRBRICEIL, EBB L OREL %A L CHEL
Too MBEMELT, Ff22WVWL3AKETT v EY
) > & B2 1800mg/18ml,  Hf 12 200mg/2ml $25- L 72,
T/, ¥ M7 U7 2 400mg wHESEAI L L OB
H L7 #HFE58HE Bm X 3m) IXH— 7 TH L
BRL, #UZE0fE L KkER/E Lz, HRfbEeT
FEERE) 54T (Animal Care Committee, National Institute of

Withheld feed — 48h, before operation.
!
Withheld water « 16 to 24h. before operation.
l

Pretreatment (xylazin as sedation) «— 1h. before operation.
!

Anesthetizing (procaine hydrochloride and bupivacaine
hydrod’[luride)

Incise skin, muscle layer and peritoneum at left
paralumlbar fossa

Exposure of uterius with fetlal limb through the indision

Incise uterine wall, allantoic and amnioic or chorionic
membranes
Exposure of fetal limbs through incision in uterine wall
Cannulation of vein of fetal limb
l
Cannulation of amnioic and allantoic sac and dosing
the merlnbrana
Closing uterine wall, peritoneum, muscle and skin

Injection of anodyne and antibiotics « 1and 2 days after operation.

Fig. 4-2. Operating procedure for fetal cannulation under
regional anesthesia and care for animal bofore and
after operation.

Grassland Science) (2iy> T, ANICHEL A& Bz 2172,
2) AT =T, MEFEEAYTF VA
EAHIRIMNE 20K E & LREDNEIC 4 FE O

FMHA T =T VERE Lze 7=V “A” &, 4

BEXMNE (mm) 2515 X 097 H %\ 1F 1.2 X 0.7, 70cm
BOHEMAR) CZ VEOET, ARFITEHALZ. 4
7—7 ) “B” &, FMEXHE (mm) #7127 X 086, &
2 100m DEFEH AR ) AF L v F 2 — 7 (Intramedic

Polyethylene Tubing, Becton & Dickinson Ltd.) CH&F 1 58
W L7z A7 =70 “C" &, ATV 3HHIZ4DH LW
(& 5Fr. (MEXPIEE, mm i FNZFI1.27 X 0.86 & 1.33
X 095) T, & & 15mDLfEH 7 — 7 )V (Medikit Ltd.

Japan) ZfH L72o #7—7) “D” &, 5French (Fr:
SMAIE PR O BAAT, AMEXARE, mm 13 1.33 X 095) K&
1.5m D077 7 — 7 )V (Medikit Ltd. Japan) 12 A7 » L
AP A T) v 7 F 2 —7 (Sanwa Spring Ltd, Japan) %
77— T VDY) 25em & R\ CHE L C, THOBT
W L7ze 57— 7 VIZIEE5EE. (Unitika Ltd, Japan)
EFAur Ay aTHML, BRHEEEHR L REER T
DA 720 17— 7 Vid, K 25em & @RISR L, IR

AR A O EERT, BPRICEZEL, #vwolti:
(#43,4X) o ZETOHT—T N, TEEDSFHAD
PRENFE L, ZOMmE T &l S8z,

FRFK, RIEKORBUZIE, 146G, & 14m Dk M
EHEED T — T VOIS, Bk AR T LT 588
BegElL GB45M), 2L T, 7 —T VOlkimh
5#)25cm D & Z A 2[5 B (Unitika Ltd, Japan) % [
A LR AR CEE L, FRENED B W IZSRIERE 2 A
L7co BT =T WVHERENED 5 ITRERE> HIKIT%E D
BWVWEIz, EEEDLEITEED LWL, REEZES
L, FEBESEEED LECH U (armbEd,
2000-372724, ¥#HA 2000-372725) o

BHIEMOEZ LWL, BT —TNVDRAYTF 2V ADT
B2, BRFIMA A7 —F Vid 2ml OFEWE (~=31)
¥ 100LU/ml & A L7 b= A 100 pgml) 20
P2 AR SRR TR L, R THUE R (=
1) > 100LU/ml & A b L7 b~ 4 2> 100 pgml) &%
U 2RI 7R AR K & T — T VI L
TH#% L7,

1HHOBEF (n012) ([22oWTDH, i 2 [k
wRAD (rt-PA, 1,200,000LU/2ml/time) % 71 7 — 7 bV D A
YT F YRR Lz, MOMTIE A T — 7 VR R
f5i - EBOK A 7 — 7, PiAEWE 2R L 72
AR BRI EE K A L7
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S The fixing tool

= PE R ZE A B S
[e]
Approximately 25 ¢cm —| o

The part was inserted into fetal vein.

Enlargement of the fixing tool

/ Instant adhesive
B! Suture ligature

Nylon mesh as reinforcing

End of catheter
Intenal structure \
-

|
\

Enlargement

The angiographic catheter

Spring tube
/h

Thermal contraction tube

Patent pending : No.2000-372724 japan

Fig. 4-3. Datails of the catheter for collecting fetal blood.

Fetal imb e

Instant adhesive _\

The fixing tool g
made by rubber

Suture ligature

Suture needle ‘o
—_—

Fig. 4-4. lllustration of catheter fixed to fetal limb.

Fetal vein
Patent pending : No.2000-372724 japan

(3) ¥RM Lot

6+ Tid4iM < 28ml/ H, HF T 20m/ HZ1H1
~ 2[5 E T, B X OTIRETR IS ORI 2 1T -
7o B LFAETEL ORI, HEEHIRE VITo 72, I
W 7vid, EDTA %A T, EH124C T LoHET
Bon-miEr, ST 5 FT20C P TRFEL
726

BT =T IVEEFMOLELRL72012, BELE
FoMmER VTV — Vi =g L7z, gL
' — Vi 12 RIA (Ortho-Clinical Diagnostics Inc.) CTilllE
L, &CHOT—% % t E TN L 72

3) WRHIUER
IEHEFRIA D3 ~ 5 pgminkg D)~ K1) v R
AR ISR 5 &, TEAEEISHIRT A

/— The fixing tool
The tool of prevention

from tube obstruction
by sucking in chorion

N

Enlargement of the catheter's top

The catheter Plastic tip with slits _\

Patent pending : No.2000-372725 japan

Fig. 4-5. Catheter for fetal fluid with tool to prevent sucking
chorion and with fixing tool to prevent catheter
from slipping out of uterus.

& E: (Fujimoto &, 1983 ; Block %, 1989 ; Laifer &
Rauk, 1993) ENTWw5b, KB BWTL Z2DE4EL
FRRLS, TEHBBLICETONEZO0A, BTOLES%
HETE 513E, FEIITETITMMRE L Tz, a4
A% 278 + 7 (mean = SD) HTH# L, ZHITIETR %
IR OFPAN & Z 2 57z (545 %),



T T MR 2 & B RRI 2 AR

HT—=TIVA, B, CTIE, &COFTPFME3I AL
B CHT =T VRO EMT AL I3 TELRP o7, 2
W, SRTOREDI SV — 2 ¥ OFEB L OSER) A9
#%2~3HUMICMAEL, EEFOHMERLERIZL > TH
T TG ERPNIZY, JETLTHELLEEZS
Nb, LaL, #7—7 VD %MHLZ6EHNFIE, T
Witk 7 HEL LMY > 7V 2 RIT E 72, SO 6HHD D
B 1HHIE, 4% 36 BRI AT F TR % 3RILT &, 3 BHILS
WRT30 DN E TIRILT & 720 AT —F VDI, A7
YTFa—THPWEINTVEDT, MIEEICESINTY
JEMS 275, BT L2 L Ehwv, SOROAT =TV
D TRIEFOIMLEY >~ 7V % 3 HUL Ll THRIT & 5
T AR STz,

LA L REAIZOWTIZ T H 1[50 $ TRAaeI2iR
WMCTE0p38, 1 F72132 2BV CZIZEARIT
E72ON2HTH -7,

AT =TV LML -MEEfE LzE 25, B4
ERRFOMAER IV T — VIR, FHERITERY
EVIEE T D o 7275, itk 24 BRI LIS B & B ol
2BV THEME (Comline 5, 1974 ; Hunter 5, 1977)
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? 10ng/ml DL 24 L7z (P<0.05) . ZALidf%2 ~ 3
HOMEY >~ 7z, FHRORX ML ADOFENFIT LA
Enl, ST A EDNTELIEEZRBL TS
(45 46 [2) o

JETF-OIMAER IV F 7 —)id, i 1 ERET2 S B
MUit®, TNEBFOEEL ) bR, I72ERET
Hotz (FHATH),

ANTV - VIREOY — 7 HIE, 3SHOWKT/ HAT
BTG 853 £+ 7.2ng/ml (mean + SD) Td - 72, KM
DBERNZINTF T = VIEEN Y — 7127 50, HHE
BICE— 7 X B bW\ 7205, BiEDOAHEICIXBIR
B9, F2, Wb aVF V- VIEE— 7 ICE L1,
ST (29 ~ Beng/ml) L7z, BHICBIF S 2T
VoVRED Y — 7 ORI TNE, ZOBO MR
/A%, Hunter 5 (1977) % Comline & (1974) 12 & » T
bEEEICIRE SN T b,

HT—TIVDEEELIZTHEHOD L 20, B
NI AR B L7A, SURIZBIERLEL L o7 2O
THOD ) 66O ATL, FifiERELTTxTHy, £
Tea&l ERICKE L, LPL, A7 —TVDX T+

Table 4-5. Details of catheters and animals

Outside x inside

Gestation Type of .. Duration of Duration of Gestation
diameter and Gravi . . B.W.of .
Cow length at catheter . . collection of collection length at Sex of Condition of
length of Position of catheter uterine . . neonate
No.  surgery for fetal fetal blood fetal fluid parturition neonate neonate
(day) catheter for fetal blood* horn (day) (day) (days) (kg)
¥’ blood (mm) Y Y Y

1 258 1.2x0.7, 700 A A hindlimb vein# Left 1 NT — — — Death for infection
2 258 1.2x0.7, 700 A An artery on chorion Left 3 NT 283 M 19.0 Normal

3 239 1.5x0.97, 700 A An artery on chorion  Right 0 NT 286 F 46.0 Normal

4 255  1.5x0.97, 700 A An artery on chorion  Right 2 NT 269 F 30.5 Stillbirth

5 255  1.27x0.86, 1000 B An artery on chorion Left 1 NT 272 F 23.0 Normal

6 262  1.27x0.86, 1500 C An artery on chorion Left 3 NT — — — Death for accident
7 262 1.27x0.86, 1500 C A hind limb vein#  Right 1 NT 276 F 21.5 Normal

8 253 1.33x0.95, 1500 C Aleft hindlimb vein Right 1 NT - —  Death fot dehydrating
9 257  1.33x0.95, 1500 D Aleft forelimb vein ~ Right 15 24 281 M 30.0 Normal

10 251  1.33x0.95, 1500 D A right forelimb vein  Right 3 NT 267 M 26.0 Normal

11 260  1.33x0.95, 1500 D Aleft hindlimb vein  Right 12 11 271 F 19.5 Normal

12¢ 262 1.33x0.95, 1500 D  Aright hindlimb vein  Left 18 18 279 M 21.0 Stillbirth

13 262 1.33x0.95, 1500 D Aright hindlimb vein Right 11 29 291 M 345 Normal

14 255  1.33x0.95, 1500 D A left forelimb vein Right 19 NT 273 M 33.0 Normal

15 262 1.33x0.95, 1500 D  Aright hindlimb vein Right 23 12 283 F 315 Normal

F : female, M : male.
# : Right of left not known.

NT : No tested.

& : treated with rt-PA.
*: A : Polyvinyl tube for indwelling in humans, B : Medical tube made of polyethylene,

C : Angiographic catheter without spring tube, D : Angiographic catheter covered with spring tube.
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Change in plasma concentrations of maternal and fetal cortisol after operation.

(mean=S.E., n=6), * P<0.05 or ** P<0.01 vs respective operation time (0 h).
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Fig. 4-7. Mean changes in fetal/neonatal (O ) and maternal
( M ) plasma cortisol concentrations before and
after parturition.

VAN rtPA R L 72 1HEIE, AT IER 7257212
b LTHETH > 720 ZOJET-OMAER VT — )b
IEEEIAHNNCEB) L, 2 0omiRETH Y, FHMEEH
BEDURETEDSE 2 H 7z (France 5, 1988 ; Ishikawa &,
1997 ; Vesce 5, 2001), D728, rt-PA X, BET-HHIRT
HF—=FNVDA YT F 2 ABHEHLZWEFET L
LEZ LN,

D ED#ERD» S, ZoFMGEREFI=2L—T 3
YICHERITH Y, JETHEIRNDO S T — 7 I)ViE, 5Fr, 15m
DOUNEA T =T VAT v I Fa—TE2HEELEZLOD
WHholbBELTWEIEPHLNE L o7z, T2, Z
DI FETHRIL S Wz, FEMICB T2 aLvFr—
VIBEHER S EEHOGHETHETE 2205, Fo
JE RN BT B A BIE Y E OFREE F5ET 5 L THRD
ThbERDLNT,

4) /v #E

TR ICA U B Rk 4 e AR PG R B TAHE R 2 I &
PIZT 5720021, BB X OB T ONG W L % fEhy
IR Z 2L EDP DL, €2 T, HRKEHORKRTINE B
KO - JRIEWEIC D 7 — TV EEAH L2DS, i <
BEM IR T-10 & 2 - RIBUK & FRIUT 2 2 i 3N,
H B ORBET %2AT o 720 MEIRA - 15 SHIZ BAHERER AL £
72\ EMERR I R PHE R I 2 LA G DR THL, %)
BERS L CVMOFE TN T - T NVEETREZIT - 72,
JETF- ML, 4O S 7T —F V&R L, LIRS
HT—TNVIZAT) Y 7 Fa—TEWEL, RENTET
JE TR CEE L7z d o7, 7 B b L CHRIAT B
THolze ZDH) L AP E THRIMWEETH o 72,
FREARIZOWTIE, 1I5BEHRSTHIZH T — T V&35
L, 3THTHME TRAITIRNT & 72, MEE SR
WP 278 HCole L, (D& 7 — 7 Vv & V72 7 3HD
I, BWIhEEE L 2BEDIMIARS B TH 5 72,
Ja T MAR R 2 95 L2 b o (1 5H) (ZFERE L7225,
6 BEIE P& D IEHW CTH o 72, JAFIMEEFR I F v —
VIR TFAE RS <, itk 24 R CRET L, Tl
DA L AR DB S, DA FUR 2 47 1 it
THILEHNTEDLLEZ LN, D% Hunter 5
(1977) % Comline & (1974) O & Ak DHF#E % 72
ENGIRICE 5 720 RIFFEICB W TRE S - Tl b
KO - JRBKH A 7 — 7 VIS RIS b 72 B 3R
BIZEZTH O, FBETFMORBIIE, LIRILE >
T=TWVIIZAT) 7 Fa—T%WE LIS DI RE T
HHIEHRENT,
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1. XHEBEMFOERICEK 32 FREMOBR
1) BUBIC

Ao X OB B, SRR c X 5IREE
FHEEOREN EOD, MR ETHL, LrL,
BT FHUC X 2 HETF ORI E L, £,
ENEF DD IGEEIIIL L D IIPLETH 5,

F72, SMERAOTME, SiROFiL, #id
FHBLUOBFOREIHEMNTH L, FTRWHTIZR
BPABKRTTAHEPTMENTEBY (Graf & Petersen,
1953 ; Porterfield & Olson, 1957 ; Ewbank, 1963), Z ®
ZALZ MM L 720t PO A&, Dufty (1971), g
5 (1982), #EA S (1988) 12 & o TIFhNL TV 5, Redden
5 (1993) & Mosher & (1990) (&, EERASEHTAHZ L
THMEICLT, EEER2HATYS, LL, #id
7 — % 25 DT A% W RE & T 5 FHEICR T 5 ik
EE VAR

METHL2II k-7 B, BRITEETLERE &R
FRAEIR: O S IR BRI 1B WD A SN, FlR DK
&E, X, BTot, BTorE T FodrikE,
BT DA ZFEETEOEEOMN) 2L 2H) bALN
RIrolz,

Z 2 TARMBTIE, EfHRERT — 7 55 D5k
ZNFHOHF L\ FEHEDFET % 3l 72

2) M¥BKUHE
(1) RO

Srigwn 7 HNS D720, ERR IR O iR % 2B &
Y=L o TEHIL, 7 —% 14— (Data-logger 1820,
Unipulse Inc.) (2R S 72, FHIBER D235 3BV
OISR A AR Lz RIS T EICHEL,
05T LD FHEXFLEF LI, T2 kT —suh—
WCER L, Sliklcy oy — R L7z, 36C ML T OER
X, £ —DRITELCEREANDOEEANR, B0
FHPHMAR % EDRNO L7 —fE& L THIBR L 720

(2) HEEkE)

TR (BREBMEX ANV A 4 ) #&EST, AL
Bk, SHBINBME 72320l 2 A Ghe /i
e L7- 8RS 5 W BURIHEIRF 2 L7z, F40m
THIZEBTEMEE, 2 (REMEXAVASY A ) £
7ZIEF1 70 A (REMMEXZHER) Tdh o7z, BEiRO
M T — Z 356 Hay (d-6) 22540%H (do) £C

REEL LD LT —F =7 D3I LR NE %
B L720 SNH0 ) B I8 HIGITIRT, 13
R CTH > 720 HRFIE5ME Bm X 3m) THEL,
WY R EORE R ERG Lz, b0y b, MiEs
VI ESLETH - 7255, B, ML b evEfise
A S SN VR = A

(3) MatFi&

BRI, i E & HEME X T A5 6 BT (dO,-1, -2, -3,
4,-5,-6) £ T#HloT, ZO4HE SAS 12 & 0 fFIT L7z,
MULELE LC, e Hal (d-6) 2264%H (d0) £
T, BERICEE T 5 2 5 %K 122w T PROC MIXED
MODEL O Tukey's #i%E % H*F 72, D55, HOFSEIZ
LB EBEPALNT-OT, HIZ LDt % PROC GLM T
Scheffe’s test % fiv>, Chronological variation D f##T% L 72
LA, i3 HE (d-3) 2546 HEl (d6) T
EHORMBIZ & 2B AR SN Do Tz, HRHEIRS &
BUBHEART: O 5 BT BRI IE WA A S N, Sk o
RE, EXR, lBFotk, BTOKRE A4 o4rE
=, NFOHEAIFABFFOREOMN) 12X 5HY b A
SN dhoilz,

(4) 53T D 725 DR HHT

SLIEDF- DR TA D WG 7R 6, i 9% %
TORMZIHRA L7z, 5T OBIRAMRT LG 2 X
X, Z“OoOHPFETHE L, —2IF “Same hours method
(FEEEZNEE)” ¢, i H & FFZoER ik L, Bk
7503C & %\ F05C LR L 72 0REEDS 3R EA e
Wik I, BEAMKT LBz L {2 5iETH
bo d-6705d0 FTORIRIZ, BIOH & FEEZ (00:00
5 2340 £ T) OERE 20 5T LICIERL, TADIA
O EZEB L2, b9 —2l%, “Maximum-minimum
method (fc K- /M) €, RiH (00:00 25 23:40 F
T) OREROBRKEL? T -3RMEEZ, YHORKAED
SAwidfMiE zhentilze &, 03C HH Wi
05C LLEKF L7236, BERAMK T L7z, LHEr+ %
FHiThH b, ZOREDNS, “FRLET CHBERTAY
E LD TH S 36,48, 60, 72 RRILAN, F 7213 “Bek - i
AMETE T 48, 72 BRI LLPIIC 31 BED DM H & A iR %
FH L7z,

(5) MM FETE

4 GO BRI IRA AR 2 v, “FREZE” € 03C B
FREIRAME T L 72 WF 2 60 BEIDAN, “Heok - /M
T3 0.3C DL RIEIRAMET L7z & 12 72 BE DL IS
WHREZ B E D RGE L7z, BEIRE, ST EHOTH
Wb 7F—suA—CEL, 7—FIZHICTEH L
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T, BiHOF—% LDl E4To 72,

3) BEHLUEE
JERZ & 2 F D531 F 50

Redden » (1993) & Mosher &5 (1990) X, # D H ®
A%, 3 HATOMERIZI~, e LT 3KEMELE 03T
FRLZBAICHBET AL HEEICLT, BERER
kAT AREETIE, MO0 EZRIBH LT, BiRS
A L C 3L KT 95 & 2 IgIERT IS B B
KT oL L7,

HRAHEIRECIE, 03 7213 05T PLEEEAMET LG

D 5HDIE, KT 2183 (36 KR 23 4) 7213 1782 47 Fil
(29 B¢ 42 53) ©, BURIEIRACIE, 21241783 (29
BERT 43 4) F 72131501 43 (25 BEf 143) Th o7z (56
51%). INOORRIETHOM, ERAES G
BB DFENC L B EITALNL P57,

EIRAMLT LI T L R0l 4 % £ T2,
ENLK BVDREM D LEETH B 02572012, “[F
WL 2o C, 31D FOHEEF M THELFTE L
7z (5552%) . HiHOFKEZIOEIRIC < THEfE LT3
REEILL R 03C DL EERAME N Lz & &, BRAMET L
TG TH 5 60 R LA &AM L T 72,

K - R/MEEE” TERETH oK, F 73 EME
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HEHEZNENHLRT03C D ERT LG, &
T2 REELAAIS, 92.3% A% 48 RF I LA Il L T 7z
(5652 %)

COFERDPS, ENENOTETRS HOEHROHE

Table 5-1. Average of the starting time from expulsion,
when the vaginal temperature (VT) was decreased
over 0.5 or 0.3C

= 0.5°C = (0.3°C
P Fetal
regnancy - Fetal ) Minutes SD  Minutes  SD
Status sex
(Hours) (Hours)

Singles
Total  (18) 1782 503 2183 697
29.7)  (84) (364) (11.6)
M (8 1464 638 1577 460
244) (10.6) (26.3) (7.7
F (10) 1517 417 1887 615
(25.3)  (7.00 (@314 (102

Twins
Total (13) 1501 471 1783 574
(2500 (7.9 (29.7) (9.6)
MM (4 1966 903 2000 799
(32.7)  (15.1)  (33.3) (13.3)
FM (6) 1700 212 2452 863
(28.3) (3.5 (409 (14.3)
FF (3) 1707 428 2030 863
(28.4) (7.1 (33.8) (14.4)

M = male, F = female, MM = male twins, FM= one female and one male
twin, FF = female twins.

Table 5-2. Number of cows calved within 36, 48, 60, or 72 hours, after the decreasing of vaginal temperature was detected by “Same

hours method” and “Maximum-minimum method *”

Number of cows calved (Probability)

Status (n) Within 36 h Within 48 h Within 60 h Within 72 h
= 0.3°C = 0.5°C = 0.3°C = 0.5°C = 0.3°C = 0.5°C = 0.3°C = 0.5°C
Same hours method
Single (18) 15 15 17 18 17 18 17
(83.3%) (83.3%) (94.4%) (94.4%) (100%) (94.4%) (100%) (94.4%)
Twin (13) 8 8 10 13 10 13 10
(61.5%) (61.5%) (76.9%) (76.9%) (100%) (76.9%) (100%) (76.9%)
Maximum-minimum method
Singles (18) ~ Max.* - - 8 - - 16 8
(—) (—) (72.2%) (44.4%) (—) (—) (88.8%) (44.4%)
Min. ¥ — — 12 9 — — 14 12
(—) (—) (66.7%) (50.0%) (—) (—) (77.8%) (66.7%)
Max. or Min.* — — 13 — — 16 13
(—) (—) (83.3%) (72.2%) (—) (—) (88.8%) (72.2%)
Twins (13) Max.* - - 11 10 - - 12 9
(—) (—) (84.6%) (76.9%) (—) (—) (92.3%) (69.2%)
Min.# — — 3 2 - - 10 5
(—) (—) (23.1%) (15.4%) (—) (—) (76.9%) (38.5%)
Max. or Min.* — — 12 10 — — 13 12
(—) (—) (92.3%) (76.9%) (—) (—) (100%) (92.3%)

T To detect maximum and minimum values of the day, the number of cows and the probability were caluculated “within “48” or “72” hours”.

within “36” or “60”.
£ Method to select data.

Not calculated
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HEHCT, EBRIIHMTMERAAIzE TS, “FFH
B ClRAEEO R, K- RMEE” T, 5% 04
DM AT A LR TH -7 (B5535), 45
F3HNAT, S EE T AN LOBRT -5 %
UECTE, Y 1TSS HBE L2 IUETE eh o7z, A
A T, SH LA WT— 2 55 bIERIK TR A >~
MR T E 7oA IR - R/MEE” T, BT E %
"o 1z,

Dufty (1971), #hiES (1982) L kA5 (1988) X, 4
I cofkine 1 H 20 (FesyhkEozkH) 7205
BHFHILTWD, ShooiETIE, HMEE, Beo
FIZEoTHRLRY, WEIRE, MEEEBICL-ThE
BhEAZITLIEERLTWD, 2D, X 0)IEEICY
W 2T 27201218, LDV ELDF—FHPLET
Hbo RABETIE, ComEgEL, “FEAEE" 13 &K
K- R/MEE L0 OEWABTHELE SN, S
DRIRAL T BAAREZ] D 3 AL ORGRE TR C & 720 IR
BEICEAOFEZZIF 50T BEHS, 1984), KR
HF—=A 74T ) XIS AEATE) (FRIPE S E AT )
ko TET 2 LM S N, b L, BROYF—7
TAT Y RALDHAZALT 5 L9 THIUL, miHOME
e 2050 LAY B CFRRNET T, BIROMKT
Pldix M TA5 2 3L WTHA ) LFHSN, &
512, “FRZE ik, fIHOBRL OREDzD,
I —DhER LT — Y BLETH Y, R
M DFERE, FEICHA RV — AN — VD L9 i
HENTVRWERE ) BE, LITLITESRORRESF
WSS Z B TREMEA D - 720 “Iek - /MR &, “F
B 2, —H oM T — 7 2L
L%\, 27, “lk - /MEE" OF55, “[FARH]
XD OHEMTH L LSz, LA LEDS, K
FREABRCTIE PRSI LT, “FREZNE" 12X ) 24 THD
A & IR T BRG] & Mo © & 720 IR - /Ml

Table 5-3. Details of animals used for the verification
experiment and prediction probability of the
parturition time by “Same hours method” and
“Maximum-minimum method”

Number of cows calved

(Probability)
Numb Maxi -
umv e Maternal Parity Same hours a.x1.mum
of X minimum
wt, kg times method
COWS method
Avg SD Avg SD Within60h  Within 72 h
4 3
4 570 117 40 3.6
(100%) (75%)

FOF, R AERE T — S I BT o 7o’ e
Flta 50 H £ T, k4 HU EOWEHMALET
Holco SO0, K- F/MEE L, “FREZIE
DN R EZETHA T2 TR REER SN2,

4) /1
SIBHOZH M (BBMBX ANV A 1 ) D516

Har (d-6) 25408 H (d0) T, Sl BR%
WE L, SaiOBERETORER% 220 F L -
THHM L 720 121 “Same hours method ([7] %1 3:)”
T, AiH & FEZOBRE KL, KR 03T &5
($05C DLEART L 72dRAEAS 3R LA B 72 & & 12,
EIRAMET L& W32 HikTh b, b9 —DI,

“Maximum-minimum method (3K - fe/IMiii:)” T, #i
HoOBRO G AMEL? 723/ MEICZ NN L T,
Y HORKED 5\ I3 HR/MEDT 03T H 5 \1E 05C DLk
ICF L2561, BIRSICT L7z LT3 2 HiETh %,
COTOONEE o TEHRBREfTo72L 25, “F
WRERIVE” O J5 H3 5 AL TEEM IR AL T IR & e 5 %
ZEMURTHY, T2 mK - RAMEE LD bEW
e T T IS RE T dH - 72,

2. THEMF OEREREIC K 2 5L S
1) BUBIC

FORRDPFHATNIALT T 5 HL I E-r Mo TH
) (Wrenn 5, 1958 ; Ewbank, 1963 ; Dufty 5, 1971),
MHITIXZOBHLEFAH L72a5e F 7k x s L.
DX ITHFOKIRE, OB EET 5 L TEE
THDHH, HFRITHBEZEICEI ) RECEH LT
ORI ELBLIZTERNIIZED S (Yarney &,
1982 ; Pennington & Albright, 1985 ; Stevenson, 1989),
F0OH)HLO—DIXHMTH Y (Lowman, 1981 ; Jeffrey,
1989), HHFEEZ & o THOGMHDER IR A 2 & A
HEIN TS (Lowman 5, 1981 ; Yarney 5, 1982 ;
Stevenson, 1989)c L2 L7255, ZDOFEHEIZH S A2
NTBLHT, FoBmE ERERAIEER RV E V)
i (Edwards, 1979; Pennington & Albright, 1985) %
Bho 7o, HIRIIIUHAMEZ KW (Gazzola ©, 1995)
T2 Ewbh, BIRICE > CEBEKRIRZ 2 (Dufty,
1971 ik 5, 19825 HEA S, 1988) DT, EHT 51k
MG U728 8) 2 Tk s LT H % o

JERI IS T 57— A/ NIk o Tat g
> HI#RI224 Tld @ 5 Cosinor 3, Halberg (1969) 12 & -
TSN, W) X 2 og & lEFHhE £ oI ER
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THY, mETRIMERLCIHBEDOETICE CHWENT
2% (Ichimaru, 1993;Tabata &, 2000;Halhuber 5, 2002),
o)L, BT 57— ¥ ORI T &,
RO L) IZEHT 27— OFHITHEL TWbE EFbD
NTWD (FH S, 1984; Mk &, 1994;Giuseppe & Giovanni,
2002)

ARHETI, RBITREREZ D IS e B &
T OPHRPEREEL, SBETHED S XD REEIRYIZ5)
WRREG 2 T 2 ik s sz, £ LT, BiEOfE %
ATIREL L 72301 & o T, FRETIRES 23 - 1 Re ) 1 - o 2
THERZMEH L, 512 Cosinor #: % FIv: TIRIED 4
W) X LENT ATV, SRR O F8HE & 9 %
Jitkakat L7z,

2) BB LVHE

(1) fitEhy

69 B Hillhd A VIS BUBIEIR L TV % 2R (BRI
TEXHRIVAY A HE) #REdB & U6 T O RAEE M
Hg v 7ze MEERIEHIE, HEERENY % 85 O 551
(3m X 3m) T LI L4 ML, BokhE, it
AEPERLZVE ) BT 2R L7, fkF o
R, RE L SR & FLEk L7z RRERTIE, S
122V T07:00 225 19:00 F T B[, 19:00 %> & L 07:00
FTRAEME L7,

(2) AEGHEAER & BRIX

BRI I, HARFIZERENE - 2R (2000) ¥R
%724 £ 9 % TDN O ik 2 /5 L7z,
FEEBIILL T O & B0 IR E L7,

(1) 1H2MHHREE 1 HD S B 08:30 & 15:30 1K L,
PERRAR 1L 24 BE R IS BTS20 © DR 2 JB LS 5
ZENTE,

(2) MR FIRHIEH 1800121 HEEY —f5L T
5L, ML 18:00 20 5 3 08:00 F T L 2k}
REITEY, FREE, KKEEbo Tl hvE
THolens, BRIk Lz, BT, &M
FEEE OB 15:00 ~ 22:00 & EAS® - 72 (Lowman
5, 1981 ; Pennington & Albright, 1985 ; Jeffrey,
1989) DT, ARERTIE, KRGO %2 20
MEDIZITHH O 18:00 1Z7E L 720

FIRLOREBUI LT O X 9123 E L 72,

(1) HETE %% 1 HO TDN &0 5 B 70% ¥4k
(F=F X —FrZo92FLBA5VT V475
AHZED) T, 30% ASEC A FELCHERL S A7 iR

(2) BLAHIE%ZH:1 HO TDN &0 9 © 40% 7SHLET ¥
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T, 60%2SHC A fl R CRERL & L7z ik,
FEEEER 3 W — D f R G Th R LD
10 HEL R 912 L, WG 50113, &To
WERAE 1 B 2 DA ZAa fRL 2 40 G- S Tz, SRHR
R ERERIX, BN O FEMI S 54 RITR L7z,
ARERK AT RO & 9 1ZFkE L7,
trial 1 0 19 86(3 1 H 2 MPHEEZAE (TR X) 246
L&, BEMFEOMEIR I 285 H (Shimada &,
1992 ; Suzuki &, 1998) LM SN Z DD/ T
Hbo DO (Suzuki 5, 1998) T, B &
O HIBIFIR O MR- DT & A LS, 2 275
~ 289 & 290 ~ 294 H DITIRIIE T d o 720 #GHFRER
M7 LB 10 HULAT ) 7290, HRIERS:Cid5
Wy Ho 10 Hal, BUGRIERS: TP EH O 3
ARG 5 RO G- 24T o 720 I3 20
W UG, fRtch ), MaFmLiEBa W
HZENPTET,
trial 2 : 19 O % HEAE A 12 4 O ORBRFEHEHTIX 12
HOEoe 20 HLATHIIFHE TS PE—)
LR OF E, 102 AL (TRX) %
Mfoe L 720 BUHIL, RHFAEE CHIATEZ 4G (NR[X) T,
5831 H 2 mRC G @R Z4s (TCIX), £ L T7H
TEA R4 CRIFREE (NCIX) 21T- 72, #9
WBEX OLRL IO S E TlES N, BHWE
Rz enTEl,
trial 3 : &4 (n=37) (Z7&M (1800) IZHEE S,
TEZBIZ20DRBXICH W IRb Nz, D9 52450
THLEEZAE (NRIX) T, DD 1380 (9 B 65H
ZRAERES) BECAEFEZ (NCIX) Tholze £
NEZNORERX OB SHRERX e L, BH
WA Z BT EE ol tial 2 TEFER L
BT AR SN T, trial 3 Tld trial 2 &
DAGETRER 2 B CBIMA L, HIREIR 35T 3
JARIET, AURIEIRA 50T 52 4 BT & L7z,
(3) EROME
HE T R ORI, BESE - THlEL,
7 — % 1 % — (Data- logger L820, Unipulse Inc.) THUE L
7oo BRI T EICHEL, 2052 L OFHHEE R
FElL7oe T I T Ol —ICERL, SRy
yu—FL7, 36C UTOERE, oy —DikiiEs
REBEANOEERR, HEBEOBBLHMAR S Eo T
T —fHE& L THIkR L7z,
(4) Mo B fEAT
BT — 7 I EFO RS % LT\ 5 7% D'Agostino &
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Table 5-4. Composition of diets, feeding time, parity, body weight of dams and time of parturition in trial 1, 2 and 3

41

Time of parturition

Day Night
Composition of diet Feeding time  Treatment’ (N) Parity Bw, kg Term of treatment N* (%)t N¥ (%)*
Ave. = SE Ave. + SE day, Ave. + SE
Concentrate : Roughage
% TDN
Trial 1
30 70 Twice daily TR (19) 59+0.5 537+ 16 17+13 9 (47.4) 10 (52.6)
Trial 2
30 70 Twice daily TR (4) 45+x2.1 567 =35 26+7.3 2 (50.0) 2 (50.0)
30 70 Night feeding NR (3) 63+22 552 +30 18+23 1 (33.3) 2 (66.7)
60 40 Twice daily TC (5) 7.6 +0.2 548 £ 29 18 +2.0 3 (60.0) 2 (40.0)
60 40 Night feeding NC (7) 5.1+1.0 554 £33 17+£23 1(14.3) 6 (85.7)
Trial 3
30 70 Night feeding NR® (24) 6.2+0.7 560 + 18 22+ 1.6 19 (79.2) 5(20.8)
60 40 Night feeding NC® (13) 32+ 1.1 600 + 27 18+ 1.6 5(38.5) 8 (61.2)

T TC = the cows fed twice daily high-concentrate diets; TR = the cows fed twice daily high-roughage diets; NC = the cows fed a high-concentrate diet

at night ; NR = the cows fed a high-roughage diet at night.
+ Number of cows.
# Rate of day or night parturition within same dietary treatment.

b Treatment with different superscripts are different rate of day parturition by Fisher's exact test (P < 0.05).

Pearson test (D’Agostino, 1986) THE L, 1L 2 5
Cosinor ¥ (Halberg, 1969, 1980 ; Hildebrand &, 1984) T
AT U720 ARSEETIE, cosine HifEz kD X 512K L,

y=M + Acos (wt+ 6 )

T RR/AAFRETHE TS, HEY X435 8
7 A — % (MESOR: midline-estimating statistic of rhythm,
amplitude, acrophase & bathyphase) 2 & o> TEFK L7z,

Z o)A TM I “MESOR” : Al FHE A F L,
MESOR (3 amplitude (3R18) % 50E19 2 EICHL T 2,

A (3 “amplitude” (JRIE) T, HAME & R/AMED 5512

MM$ 5, 0 1% “acrophase” T, A LD AE % L
% W T, “bathyphase” 1&, fx/ME % B 5 Wi 2 £ 3

(Tabata 5, 1999; Giuseppe & Giovanni, 2002). acrophase
& bathyphase (X, Bl XL 51 KD L HI2, IR I
MoKz &, ZNENUTRO THRZIT>72. o
EARWKT, VALEENIBT) S B 1AM

RS A, BEEOHEY X LIRSS 5 2
EEREZELT (BEH S, 1984, A5, 1994), fHEMK
Boftilx, FMEET 721210 Ki2 5 36 B F T 20
T e R o 723 EREH (trial period) %24 Tldd 7z,
Z LT, ERBPIRAMEIZ % o7z & & DM BRI fE
A L7-RBEN 2, liicd o & bEaEIEWESE L
T, “periodicity (FHi)” & L7z,

Cosinor Hi#i1%, zero-amplitude test (Tong, 1976 ; Nelson

5, 1979 ; Halberg, 1980) THiE L, iri0 _FHIN 5
A% KO 72 (Nelson 5, 1979; Ichimaru, 1993;
RS, 1994) s ZOBAZEL0.05 & D/hS vl =, i
F#EALTWD EHT L, BT L7z,
iR T — ¥ AR E & SO 720 ICH A EE L Tw

T ENTFHEA (Wrenn 5, 1958; Ewbank, 1963; Dufty
5, 1971 ; HkH 5, 1984 5 MK 5, 1994), FEEE, 24 1
M @ single cosinor ¥ & ) &, FEMFAUZAL % cosine TR
IS S B LENH T2, £ 2T, BRHTXEDY,
WM T DT —% %4 Tid® 5 (Halberg, 1980) /578
BEAELZ0T, RAETIE, 48 R serial section 22

(Halberg, 1980; Cornélissen & Halberg, 1998) TH##i%
To7z BREHMOT— 2MEMLCEHET L L &3, 72
X, ML THHOT -4 2iHT 5 & &, F
HENTMBMONT A—51% “FH8 HEl (d8)” kit
U720 RO ST 7 HEG (A7)” OF — %1% 24 B D
BT LCH7256 HEOT— % 2 L7 (56
511K) o A ues) &GRSR & DBEFRIE, cosinor HIFED
INT X =8 OFALTHHT L 72,

(5) #EHFRERHT 2 O IR AL O AT

I B BRIA T 12 O IR O ZAL BT T 5 72012,
trial 3 @ 37 B H 20 HOFOREIR %2 10 H e L TIUE
L7zo AREHRABRBAAG 2 HATA d 2 & L, 72 WA AT B
GH%Z d0, BEAEHHERMG 7T HkE d7 L LTwa,
HHEMGE T i, M43 1 A 2 mHGRE% 1720 A DL ER
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Fig. 5-1. An example of the observed and estimated vaginal temperature. The actual data are one cow that

was calved at night-time under night-fed treatment. Estimated data are calculated by cosine curve
that fitted actural date with 48 h serial section, shifted with 24 h intervals. Solid line represents the
curve line passing through the points of the data that were estimated by the cosinor method with a
serial section of 48-h time series. For example, the estimated data in gray zone were calculated by the
use of actual data from d 8 to 7 (48 h). Similarly, data in gray checkered zone were calculated by

actual data of d 7 to 6.

HanTwiz, 1 H 2 EHERZHEOE, KEGHT
HLEE 481X (NR [X) 12, 1 H 2 BIEAFRZHE DT,
WIBCAEFRIZHRIX (NCIX) & L7z, BIROMITIE, &
FEIX % 53R & L 1243 THT > 72 I NRD X (n=8) ;
NR [X TR L7224, NRN X (n=4) ;NR [X Tt
L7224, NCD X (n=3) ; NC X CERf4i L7-4 (158
DARAEE 2 &), NCN X 3 NC XTI L 7=2F (2
FHORBEF % ED) BRI E o728, NRD
[X, NRN [X, NCD X & NCN X351 H &%, <
NZEN 20 + 24, 29 69, 16 £ 43, 19 £ 09 (F¥H+
SE) HT& - 7z, Serial section V=D F, #AfHEr 2
HEi7225 1 HATE ToO7F— 713 d2, a1 HEih o
WWERERFIAH £ TOF— % % d1, HRERERBGH A
SHEREE I HE0o 7 — 4% d0 (T d7 ETHRLE) &
L7z

(6) il o> 73 W AT Z2AL. O fRAT

trial 2 TR X 4 (n=17), trial 3 » NR X 4 (n=11)
ENC X4 (n=7) oA 5 10 HAj (d0 5 d10) T
L CRIR Y PUE L7, BRIEGHRANIC L - T, &
X % 530 RN 2 47 o 720 TRD:TR [X O F TR 51

(n=8)o TRN:TR X » /|~ TH# 434t (n=9), NRD : NR X

DTV 5551 (n=8) o NRN:NR XD - TH 431 (n=3)
NCD : NC[X D 4= CTRE3 M (n=3, 9 L 2T K-
NCN : NC KO TR (n=4, 9 b 2 BEHITRFE) . 1
FEERERFIAG AT P2 D IR ZE L D AT & MR IS, 231 8 HAl

(d8) L 7HHEI (A7) DT =% &ffio7zlai3 d8 Ll
LTty %,

(7) #DMOFEH T

trial 1, 2, 3 DER &ARE, BN (HE) &
SAS (Statistical Analysis System, SAS Inst., Inc., Cary, NC) ®
ANOVA & tHREZ & 0 FRAT L 720 /BRI 53Uk & 3 i D BE
$1d, Fisher’s exact test THEL L 72, O MHRIRICHE
G2 2 BN 4 H 5 L S TW 528 (Kelly, 1974;
Chikamune 5, 1986 ; Mosher &, 1990), AERTIZ, B
K, ot hE, RERBE» S OF#E H B X 005t
FCORMAK T R E LTHET L7zo FERRPARE, H
Bofks, KBROL ) NI A=y IIwBL52 5%
PR & Z 6 OMEAEH L SAS @ PROC Mixed Model @
Tukey’s studentized range test CTHFHT L 72, SERIX B 3=
SRR I slice 7Y a YR L7z, MERIXNOH I
£ 5737 A — %13 PROC Mixed Model @ contrast statement
|2 % B i @ Scheffe’'s multiple range test % fl & &b,
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REMIIAR SR 2 AT L7z HEIC X 2 ZNEND/NT X —
YO EIRA B0, /8T A—F LIGIE 2 L7z
H¥, /87 2 =% L5 0a HEB DOMBIRE E SASD
PROC CORR Tl L 72,

3) BREHLUEE

(1) #GEEDENA RN B LT 8

RERXCH (trial 1 ~ 3) ICBW TR 0FE, R
BB R & 2 R O IE A S Nk b o 72 (5 5
45%), trial 1 © 19 BEH 9 BEIZEMIC A L (474%), ¥%
D DI L 72 (526%) o trial 2 TIZEM 38R @ 7K
aid, TC X T 60.0% :40.0%, TR [X Tl 50.0% :50.0%,
NC XTI 14.3% : 85.7%, NR X Tl 33.3% : 66.7% (%
543) Thorzo EEPEEFEO trial 3 T, NRIX
7D 792% %%, NC X0 385% AVEMIC A U720 % LTk
B+ AHEBIENRE DS ANCIK X ) %oz
(P<0.05) (5554 %),

HE#E (Pennington & Albright, 1985) D4t & [FAEIZ,
trial 1, 2 Cld 1 H 2 O 135 s S 23 a8 & 77
ZIEM L CTh o 72e —F, trial 3T, BEAF O WM
(Lowman 5, 1981 ; Yarney 5, 1982 ; Stevenson, 1989)
LIRS, RERRETIC X DIZE A LDV I L
720 LA L, trial 2 CTlX, HHFREEICS 200 63, M
B S REA TR Z X S B S AR 5 Z L 257
Mol fiREGZ SN TWARWED, BIfEhTwn
H W7230G, FRICZEERM 2 R A HGREEL25, B
A5 20N TwA SRR S, BLCHELZ,
trial 2 TUE, BRI L > TEBIZOEZ RS S 2
LIETE LD o7ehy, THEIHEWNA ML ADHEKTDH
LUREMEDH Do TD720, trial 3 TIEETOLZ KR
BT L2 & 2 A, 792% DAV Ik L7z (55
54 %),

£ (Sharafeldin &, 1971) &5 v b (Bosc 5, 1986) T
(&, AR % AT 2 LRSS D v b
VO HED D B A, FRORER & OS] & O RITR
ERRET L2 IR RS2 5 v, SO0, trial 3 Tl
SR 252 O RIS G- 2 % 0 &9 R L 72
Sharafeldin & (1971) (&, fEAREMIZTHATE Z D124
WOLE, SN 2SR SATE (ShudtF
N YOBREICHET AT LS v oS e HE T
%) BERLTEY, ZOROEIEIBIET S EWV)
EERBSLTWD, MZRT, fFOWBEYMEIRIED
KABICEEZBIIFLTWAILIHEENL TS
(Deswysen &, 1978), A#E& T, HLAIE L4 O H

KR C LB B B B R A 15 & 7z, RGO
) BHERE SR SN 240E, 1B AEPER P ETIC
S L TRE AR E 5Tz, ZRICHN, R
ZAEOFTIE, £ DENPG 2 SN ) LEAH
BT BIEBAEL, 2O0bELENFE CHEAZPHRIL
7zo ZDW, BT IR O E AL L 0H o7z,
trial 3 TOREFIEAER I X > TR BT b B W5
RSP BAERIE, NS OBEBATEICFEREASH 2 1 HE
WA H 5, ¥72, Lowman 5 (1981) (&, 22:00 D& EFE
T 79% DRI L TH Y, ThHDFIEFEIC
LI 252 0 B MLEDR 2 JERL L Tz e s L Tw
bo LD S, EES) AR & i) & o
WEIZOWTIE, BEEAA L—VZRBKLAETOR
Bro#mE L2475, &2 CHudgens 5 (1986) 1,
WBMIR AR 7 B kL 2 5- 2 T O g ic e B d %
Molz LA LT 5, BAEEZ S8 L 72 HiREC
X, BRESEDBIRS 2V ORPITONTIE, A%
DLETH A,

(2) WBEEDENAFOREIRICE 2 2 5

KRR ERBA AT 2 OB LT, iR 1L
WHRONT o 72D, —T, HERIZST 2 —F R, KBk
KIZBUI BEERDO/INT A — 5 L EROMENEH L
BAOLNT LDLEDS, RS LEESDI/$T
A—=FIEEALNT, HEBEXHICERDED A5
Neho7z,

trial 3 \ZBW T, &I periodicity (&) 121X, H®
Tl L AREEO R EDT A S (P<0.05), 72 HAA B PG RT
TIEWSALNT (d-2,-1vs.d]1,23,4,5 ;P<005),
amplitude (FR0E) (%, FRETIC X 2REHD A SN (P<0.01),
MEMEHOBEBEOMAIRD A DS N7z (P<005).
acrophase TlX H O #%# (P<0.05), bathyphase (X, H®
il (P<0.05) &#EE (P<0.05) ORIENAS NI,
SHHEDZED - T 5 6 HET, periodicity, amplitude,
acrophase & bathyphase (&, H O #% # 0 52 2 % < ¥
(P<0.05), FNHEANZZB L7z (555 %),

NRN X 4 @ amplitude 1%, NRD [X (P<0.01), NCD [X
(P<0.01), ZLTNCN[X (P<001) OFIZH~TEL,
72 NRD [X 13 NCN [X 4 (P<0.05) & 0o 72,
¥ 72, NRD [X @ bathyphase i&, NCN [X & V) 3 % - 7z
(P<0.05) (%5567, 5552 X),

E 52 ET O B Tk, MESOR A% H o % i#
(P<0.05) L #hfE (P<001) D&% 21F, amplitude &
DB A 2 72 (P<0.01) (4557 %),

NRN [X 2> MESOR IZNRD [X (P<0.01), NCN [X (P<0.05),
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Table 5-5. Probability of main effects and its relationship between the parameters fitted cosinor curve for variations of vaginal
temperature around the initiation of night feeding (2 days before to 8 days after), and comparison the elapse of the day for

the parameters in the Trial 3

Probability for parameter

Effect of factors{ Periodicity MESOR Amplitude Acrophase Bathyphase
Day 0.0860 0.9964 0.2421 0.0155* 0.0130*
Treatment 0.9785 0.1431 0.0001** 0.1462 0.0438*
Day and Treatment 0.0155* 1.000 0.0017* 0.3945 0.8859
Comparison of the day before and after changing diets (day versus day) for parameter
Parameter
Periodicity MESOR Amplitude Acrophase Bathyphase
-2 vs. 2% 0vs. 7% -2 vs. 7T -2 vs. -1*
-2 vs. 4% 1 vs. 6* -1 vs. 6* -2 vs. 4
-2 vs. 6% 1vs. 7* -1 vs. 7% -2 vs. 5%
-2 vs. T 2 vs. T* 0 vs. 7% -1 vs. 6%
-1 vs. 7% 3vs. 7F 1 vs. 6* -1 vs. 7%
2 vs. 3* 4vs. 7" 1 vs. 7% 0 vs. 7%
3 vs. 4* 4.5 vs. 6,7 2 vs. 7T 1vs. 7%
0 vs. 7°* 5 vs. 6,7°* 3 vs. 6° 2 vs. T
1 vs. 7% 3 vs. 7 3 vs. 7%
2vs. 7" 4 vs. 6* 4 vs. 6**
3 vs. 6% 4 vs. T 4 vs. 7
3 vs. 7 5 vs. 6" 5 vs. 6*
4 vs. T* 1,2,3vs. 4,5,6,7* 4vs.5,6,7*
2,-1vs. 1,2, 3,4, 5% 4vs.5,6,7 4,5vs. 6,7
1,2,3vs. 4,5,6, 7 4,5 vs. 6, 7 5vs. 6, 7"
4,5vs. 6,7 5vs. 6, 7
5 vs. 6, 7

#* P<0.01, *P<0.05.
VS. @ Versus.
TEffects of elapse of the day (day), dietary treatment (treatment) and both relationship were analyzed mixed model procedure.

Table 5-6. Parameters of the cosinors curve fitted to variations in the vaginal temperature over 10 days around
the initiation (2 days before to 8 days after) of night feeding pregnant beef cows (Data from trial 3)

Parameter Trearment* Nf Mean SEM
Periodicity, hours NRD 8 (70) 22.6 0.42
NRN 4 (32) 22.7 0.63
NCD 3(27) 22.5 0.70
NCN 5(39) 22.4 0.57
MESOR, °C NRD 8 (70) 38.43 0.07
NRN 4 (32) 38.28 0.10
NCD 3(27) 38.58 0.11
NCN 5(39) 38.53 0.09
Amplitude, °C NRD 8 (70) 0.3054* 0.0137
NRN 4 (32) 0.4430° 0.0203
NCD 3(27) 0.2938 0.0224
NCN 539 0.2259¢ 0.0184
Acrophase, %7 minutes NRD 8 (70) 1363.4 26.5
NRN 4 (32) 1371.8 39.3
NCD 3(27) 1308.9 43.2
NCN 5(39) 1272.7 35.5
Bathyphase, 73" minutes NRD 8 (70) 683.5a 19.6
NRN 4 (32) 689.9ab 29.0
NCD 3(27) 632.4ab 31.9
NCN 5(39) 600.7b 26.2

ab.¢ Values within rows with different superscripts differ significantly (P < 0.05).
“Number of cows (number of observations).
#NRD = cows that delivered during the daytime fed a high-roughage diet at night; NRN = cows that delivered during night-
time fed a high-roughage diet at a night; NCD = cows delivered in daytime fed a high-concentrate diet at a night; NCN =
cows that delivered during night-time at a high-concentrate diet at night.



HA T SCHEREME T K 2 AR e A R 45

or Period

re
[
&
u
o

peratu

3850

al tem,

3825

Vagin:

38.00F

Y 1] NS PR TSP SEPINE S S S SIS S TP |
- 8

0.7 5

=
)

Vaginal temper ature
=
Iy

2 -l 0 1 2 3 4 5 6 7

Amplitude

02:40p

Time (hour)

Time (hour)

23:20¢
20:00
16:40¢

13:20
-2

13:20

-
=
=
=

08:20F

My Batyphase

—O—NRD, =—€—=NRN, —O—NCD, —@—=NCN

Fig. 5-2. Changes in means of parameters of cosine equations fitted vaginal temperatures of cows which fed
high-roughage diet and calved at daytime (NRD; n=8), fed higt-roughage and calved at nighttime
(NRN; n=4), fed high-concentrate diet and calved at daytime (NCD; n=3), and fed high-roughage diet
and calved at nighttime (NCN; n=5) before and after the night feeding started (d 0), From d -2 to 0, the
cows fed the diets twice daily. And, the cows were treated night feeding from d 0 to 8.

TRD X (P<0.05) &£ ) AEIZML <, NRN X amplitude
(¥ TRN X (P<0.05), NRD [X (P<0.01), NCD (P<0.05)
IVHEBEIIE,o72 (B5TH, 53K,

JEilE, RICE > ThH, fMEEFHIcE-oThH, K&
CHEZE %24 50T, (G ENRZ 54 DERE 3
MU T 2 2 L IZRHETH 5, WICEST BRI
WL, BT 57201208, B ZHEHLESLETSH 5,
COREETIE, SO ) TV s v a VBT, 1L
AEDRERT— 25, A4 YHFIZSTEE 572, N
2T, ZOMHTT, FOsru ORIRIT 2 IR S
ZENTE 2, I HMENTARIRAZE T 52 2 & 130
BiE VSN TBY (Graf & Petersen, 1953; Porterfield &

Olson, 1957; Ewbank, 1963), = ®¥{%i%, MESOR OZAL,
IZEoTmahz (5E53K),

¥ 7z, periodicity, acrophase & bathyphase & V> 7z/%
7 A= QAL S, BRALET 5 7201213, Fa (]
¥, WERE, BERD) 2ETEL T E b THIINE
THAbI LHPRENT,

WG ECHEE 24 (NRX) O 17HOFDH B 5
96 (NRN) 720575, ZEBMIZHEEL 2D THAH I b
NRD 4+ amplitude (&, #ERAGEIBILGE:, KT A 1EAH
HHNT (BE52K), AHEAYIZ NRN 4@ amplitude (&,
D FBRIX1C s <, MESOR (3, o iERIX 12~
Krosz (52, 3M), INHORRIE, HMHHT
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Table 5-7. The comparison between the parameters fitted curve in the experiment for variations of vaginal temperature prior to

= PE R ZE A B S

parturition (from 10 days before to the parturition day)

%85 (2008)

Effect of factors’ (Probability)

Parameters Treatment® N# Means SE
Day Treatment Treatment and day*

Periodicity, hours 0.4365 0.3798 0.9905 TRD 8 (52) 22.4 0.9
TRN 9 (56) 22.8 0.6
NRD 8 (48) 242 0.8
NRN 3 (25) 224 0.6
NCD 3 (20) 23.2 0.6
NCN 4 (39) 23.5 0.7

MESOR, °C 0.0427 0.0022 1.0000 TRD 8 (52) 38.62* 0.10
TRN 9 (56) 38.51 0.08
NRD 8 (48) 38.76* 0.08
NRN 3 (25) 38.16° 0.12
NCD 3 (20) 38.52 0.14
NCN 4 (39) 38.65* 0.09

Amplitude, °C 0.9989 0.0001 0.9767 TRD 8 (52) 0.2390 0.0226
TRN 9 (56) 0.2577* 0.0192
NRD 8 (48) 0.32922 0.0195
NRN 3 (25) 0.4563° 0.0270
NCD 3 (20) 0.2614* 0.0324
NCN 4(39) 0.3139 0.0213

Acrophase, 77 minutes 0.9400 0.4336 0.9995 TRD 8 (52) 1337.3 37.2
TRN 9 (56) 1317.0 31.6
NRD 8 (48) 1408.2 32.1
NRN 3(25) 1383.8 44.4
NCD 3 (20) 1360.3 533
NCN 4(39) 1346.5 35.0

Bathyphase, 4J- minutes 0.3055 0.5371 0.8754 TRD 8 (52) 665.6 26.5
TRN 9 (56) 632.3 22.5
NRD 8 (48) 681.9 22.9
NRN 3(25) 691.2 31.7
NCD 3 (20) 661.9 38.0
NCN 4 (39) 639.7 24.9

abe Group with different superscripts are different (P < 0.05).

T Effects of elapse of the day (day), dietary treatments and both relationship were analyzed mixed model procedure.

¥ The number of cows (number of data).
# Effect of relationship with dietary treatment and day.
& See Table 5-6.

BT B2 H BT, fTHPERWZ E2RRL TS

(Gazzola 5, 1995)c MA T, @AM LT, RO H
FOIRMESIRKE L DLV ) FI e P THESINTED

(Rutkowska &, 1996 ; Kim & Tokura, 1996 ; Park &,
1998), Zhid, HHIZZIT2HHHEDA P LA (BEER
I, RERIE) AEEMAERICERT AT L) EhEE
WM E 2525 DEK E 2 TWwb (Frubstorfer
5, 1988; Akerstedt & Froberg, 1979), A#ERTIZ, NRN
FIZBRALDOA ML AD, K MESOR, & amplitude %
bzb L7ceEZOLNL, B, 571, A
FLAZZFRT L, NRROLNTHZ0 L) %425,
FEEEERIC X o C, DRI BE X T ko lz0h

LN, UL, 207 KL+ YEREDIK
FLTIL, Sharafeldin & (1971) OWEXFHHTE L VWD
T, A% OBBOMIICIE, 3% N EIRFZE A2
ECHhb,

4) /N 1E
5HEOWE (RERMEX RV RS £ L HE) O
WAL 720 i o 72bEH, L, HERLO R & AG T
ENTAFALD, BEVERLL Z LTS LB THE
L7cHidr, AR 2 2 L3 ah ol —77,
HLEEL 245 (TDN 25U C 70% 25425, 30% AL f L) %
BRI (18:00) SAU, MLORL - ZASEREO 4 &
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Fig. 5-3. Changes in the means of the parameters of the
cosine equations that fitted the vaginal temperatures
of the cows that were fed twice daily before
parturition and have paraturition (d 0) at daytime
(TD; n=8) and night-time (TN; n=9). Moreover,
under night feeding, changes in the means of the
parameters of cosine equations fitted vaginal
temperatures of cows that were fed high-roughage
diet and calved at daytime (NRD; n=8), fed high-
roughage and calved at night-time (NRN; n=3), fed
high-concentrate diet and calved at daytime (NCD;
n=3), and fed high-concentrate diet and calved at
night-time (NCN; n=4) prior to parturition.

BB Z eI, 792%DFAER (700 205
19:00) 1253 L7z 2 LT, MERZE ORI, BEH
K24i (TDN ZEHET 40% AW H, 60% ASEL AR D4
0L BESMEIE» o7 (P<0.05), L Ladss,
HMETE % 248 L -G EE T, 580 D 208% D4EE
MWL 2 r o 72,

NS OIFHRY DR % Cosinor #2102 & » THAAT L 72
L2 A, TE AL DRERT — %13 48 FE serial section 722
12 & 5T cosine MFIZHGSHE DI ENTEL, 2Ok
EaflioT, FONMARAOBE (GiE AR
T3 %)% cosine B0 /3T 2 — % O—>Td 5 MESOR

(midline-estimating statistic of rhythm) Tz % Z & A1)
RETd o7z HEE L0 % 1 H 2100 (08:30 & 15:30)
KRR S BIFA AT (18:00) | ZHARHEES] & [l & 255 L 72

Btr, AT S 22 b L7z (P<0.05), 77 [IFAEECHl
FE LRI b b, Bak Lz Tld, BiRO
amplitude (JEME) 2MBOFFEEX D12 HRE < (P<0.05),
MESOR A3V (P<0.05) fE[AIASA 54172,

NS DOFRERDS, RN IAE R < Sl L O HE B
W BEZIT 5 2 ER ST, 72, MEEICL-T
DURRERI AT B E 21 v &9 B, BRIE AR
Wb ENIRENT,

VM. &

MR (REMMEX RV A Y 4 V) MR, FAE
EOWINIPE -, FREBDHEZ TW205, ZORFWY
BRI EZA S T Wi, KEFFRIE, MR o
ZOHALHICEAL T, —#HORBETo72bDTH S, T
bbb IETIE, M2 Ee LT, Byt
~NOHERED L OBl Z S 212 L, FLMETIE, N
FFANOUFERE & BT O Lfv s L OF4
DR CFROLEREEZH S 2T Lz, BVETIE, B
FEATIR AN D E BN EAL 2 R 2 5 7200, R OM )
FHEE X OBERZ LR ER B S 22 L, BRI
RS LIz BVETIE, BFEED DO,
A6 OV S W IR Ay ORESE & Mt L 720 2 OfER, DT
DI EDH LN 572,
(1) BAEFE I B 2 2K F O BT IHE B & 0%
JlEEIZDWT

ORVZT N T A 7T AL T O R F-IE S
W2 D PERELZ D TRRBRZ AT o 7o, SCMERTIE
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Studies on Efficient Calf Production in Crossbred

(Japanese Black X Holstein-Friesian) Beef Cows

Mari AOKI

Y National Agricultural Research Center for Hokkaido Region

Summary

The utilization of crosshred (Japanese Black X Holstein-Friesian) beef cattle as breeding cows is not well known, though this
has increased with the increase in demand for beef cattle in Japan. In the first chapter, an examination was conducted to analyze the
reproduction ability and the nursing performance in crossbred beef cows under grazing. First, the crossbred cows with their single
calves were grazed without supplemental feed. The results indicated that crossbred beef cows had sufficient ability to nurse their
single calves under grazing without supplemental feed and the performance of crossbred beef calf may increase on a pasture with
nutritious grass, for example, perennial ryegrass. Subsequently, in order to analyze the ability of nursing the calf in a more elaborate
manner, milk composition in the crossbred beef cows with suckling calves was estimated using the average of milk sampled before
and after suckling. The milk composition in crossbred beef cows with calves was estimated by possibly using the averages of milk
sampled before and after suckling irrespective of the number of weeks after calving. Based on these results, it was inferred that the
crossbred beef cows were able to nurse twin calves. The aim of the next examination was to evaluate the nursing ability of the
crossbred cows for twin and the effect of supplemental nutrition on grazing calves or their dams. It is suggested that supplementary
concentrate food for twin calves with their dams under grazing is effective from the first month after parturition, and the supply of
the concentrate is required for dams grazing in a pasture where supply of grass is inadequate.

The crossbred beef cows producing twin calves were proved to be more effective and economical in productivity. However,
twin pregnancies in cattle tended to result in a difficult parturition, and the loss rate of twin neonates was higher than that of
singles. In the second chapter, we reported the difference in the characteristics of maternal vaginal temperature (VT), and
attempted to analyze the physiological changes perinatal parturition of cattle, predicted the time of parturition using serial data
of maternal VT, and its control by feeding management. We defined the time when the VT began to fall before parturition. We
concluded that “same hours method” was useful for predicting parturition time in cattle with single and twin pregnancies by the
serial measurement of vaginal temperature. In next paragraph, an experiment was conducted to analyze the physiological
changes of parturition in cattle by collecting fetal blood and fluid via long-term catheterization in order to elucidate the
interaction between the mother and her fetus. Our method of fetal cannulation would be beneficial, and the sample collected by
this method was useful for endocrine study during the perinatal period in cattle. Subsequently, attempts to control the
parturition time using the feeding management were undertaken for more proactive and convenient nursing at parturition.
Seventy-nine percent of the cows, that were fed a proportion of the high-roughage diet, were calved at daytime under night
feeding. We suggest that the time of parturition in most beef cattle was influenced by the feeding time and the diet composition.
Moreover, our results implied that such cows as calved at night-time in spite of night feeding had lower temperatures.

In conclusion, the crossbred beef cows have an adequate ability to nurse not only their single calf but also their twin
calves under grazing conditions. The production of twin calves using crosshred cows provides an opportunity to increase both
reproductive and economic efficiency. Apart from contributing to an understanding of the physiological changes in the late

gestation on cattle, the results of this study are also useful in reducing work and trouble at parturition.

Key words: Crossbred Beaf Cow, Predicting Parturition, Night Feeding
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