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1.1 FBHFICET 3 hiRDER

FLEX, ERORENIEE, STRERGT S X CBHEER L4 RIBH CAHA I N 2 EELPE
Thb. %7, BMEZEHEIARNAL, ABCKEEGENE2D, ThETEWEARS
P THROUEDMTONTER., ZORFICLD, BEF 1HEY2) ORI, 1985 FD
5,640kg 225 2018 121 8,636kg & REEAICH L L7z (—BALEEAN J 212 2019).

FLA4TIE, 305 HALE X WS —EHMO7LES Bl L 2 EEN R VG0 &EHE Y LCH
WHNTER., THEMKT 2 HA4 OALEOHB ZIFLIRE W, FAREHOIEECHIER
BOERUI2 kA AR TEHASATVW S, iFLRRE, B2 Y4 TidDisliifie s 1 e L
TEREXN 2008 RNTH D, FAUEDATH BIZVEEN OHERE GEIGREIHIER) D
WKHIBHINTWS HVATBIEARE LR > & — 2017).

Brody & (1923) 1%, IFLOFSEICES ABDE T 2~ TSR (M = Moe ™", M;: #
B, ¢ MRAR, MoBXU k5 X—=%), TRETZ2ARME2HEL, 0%, L%
RIEAZHAEDEIMHD LFHE Z20%RO TREHAT 2XE2/ER L7z (Brody & 1924).
— D FRIBR & DG SN IR D 5 X — &%, SGREZOILEB L CIALEFE %R
T2 eMEINTWS (Gaines 1927). ZDf%, Wood (1967) &, > <BE¥%E W/
WILHIREIRIBL, TDRTIX—RDEERDF E(T- 7210, BEAE, Y—2 k20
BHEB IO -2 ABZRAMBRER T SEH L 2. Zh s 0ILihix, wih
BIFREET N TH o, —77, WILHRHREE TV E Y TED BTN, Al &
Schaeffer (1987) 1%, Wood (1967) @ % > ~B#, Nelder (1966) D “RXZHEAB L5
ROKEEIFE 7/UC X 2 IFLHRO FRIKE 2 L L, SEERETAPRDENLTNS Z
YRS Uz, %72, Wilmink (1987a) 1%, 704 H, HiAERES X CWALR 7 -1 X 25
BOMERBOERICHERER 2 HAAAEEFLEZ YV, Z20%, SO oHE %



7o 72 (Wilmink 1987b). iTHETIE, 87 X — X EOHEIMEKNERZIER TH % Legendre
ZIEN D WALIRICFHENZ L5k TV 5.

WELHAROJCHB & LT, ER, DMAERB X OB ERE Vo ZBREERZAIE L /2
ERALE (F-IEEAR) OBEELDH 5. I KD EMFO R 2 EED A HE L 72
2130, FHOBEEIERE LTHHATE S (EaARs 2013 ; E4ARS 2015). F7z, WTL
HifE, LA OZEFHOMEPTROMELHFE T 2 HWTHHAH XA TWS. Van Bebber 5
(1999) &, FHIFLE & ERALBDOEDKEWGE, FBIE, FRE X PRENT Y 2OHIER
THIREM 2T L7z, Yamazaki 5 (2009) &, FLEBEES v @EFOWMALMREFEL, 7L
BEEZGIEE I L0kl o 2 e L7z, Hostens & (2012) &, fE4T, H—
PR AR B X CEBERR RS OWMALMRE LR L, ABSHOFROG B b L,
WHENCHER L O RBEZHFET 2L 60 HEBABDER T T2 e R 2RE L.
ABEMUERE D FL A TERE 2 T  WFLEIAR & H 4 DRIEFL R O BERD & RH4 & MH ©
huE, XD FRHIONEATRE L 72 b HBE R L 21EE 2 R/ NRICHIZ 2 2 2 I8, 5.

WFLEIRRN, SEEHE D S FRITEROER £ CRIA < FIH X0 2§ 225 B E O A
RBERBEARRBIERTH 2. Y TIE DO L VIBALIIROFIA, BET 248 % RIEROM
FER bc 0B 2 - DIFEICERETH 5.

1.2 EREE=EOHTERE

LA ORFICHHE NS 305 HELEEZ, BHOREABOAEZHE L Zh 2 BT 20D
DD IEMEREHRGTIETH 20, ROINEICET 2 a R M E KIS 2720, ERNCIE
L7zalgk i HHEE S 2 DRI TH 5. 771tk 305 HREDOWAZ5%E T L7zadik/2 13 Tk <,
ZAUCT 7 72 WRERP DRSS S O FRIBITONTHE D, FHEPTELER S FHIE 7z 305 HEL
% 305 HIFFLE £ 2 3 IRFALE L WO, WL 2% T LR e XAl Tna.

305 HA O TS K CINRFIEIRL, TN ETITHARAENIRE SN TWS. Kendrick
(1940) &, MEMEZBEH OHE L 3% Calendar Month Method (CMM) ¥ #E H 237
elkd 1 3 HDHEE L7z Centering Date Method (CDM) #LEt#kL, AWIAKRE Wo 72
MEHICERS 2D % CDM THIETE 2 Z & 2#E L7z, Sargent 5 (1968) X, CDM
& M€ HREFEE (Test Interval Method ; TIM) DLt#EZ1TV, CDM ¥ TIM DFEEN[FEFRE
EThott, BARHIKRETS 2 Z L Z2iifEe L7z CDM &b TIM OSHHBEHD R
Pa—V YT EREND B Z A L7z, Shook & (1980) 1%, TIM IZB W TH#EAHEE IS
72 2 RIER  RERE D AR T T, BLXORMEE L 22 ¥ — 7 RDR D ZHIES
DIERE S L. £z, #EEPEEOILRICOWT, Miller & (1972a) 1%, 4 DL
% Lt#g U Pearson 234208 L 7z Method P ¥ Multiple regression (Van Vleck ¥ Henderson,



1961a) DFEIREDOEETHZ Z L ZME Lz, £/, Keown & Van Vleck (1973) 1%, £E
DIWHART — T LT TORMEIARED S 305 HILEANILIRS 2 (57E2 R/ —RIED %2 F v THE
FELTW3 (Multiplicative extension factors).

WFLHRE Z LD HTIZDIZ, 305 HARZHE T 2fERSETHD, Z2Ir6E0h0
Z2HEHOHAEOBMEZERNEMEY T2k 305 HAREZEH T 2 Z L A[HETH
%. Schaeffer & (1977) &, ##EFDEFE 305 HAEANILRT 2 3 MOFER L, JF
BIEOWAMRET VO THREENEN TS Z L ZHME Lz, 72, Schaeffer ¥ Jamrozik
(1996) 1%, Henderson (1984) H5/RU7=~RA XHEEZIGH L, WFLHIARE T L2 W T2
HEZ TR 2ZHEFHE (Multiple-Trait Prediction ; MTP) Z#&R L7, ZOFEE,
HAEREFAT 2 Z & TSP R VERED SR D D72 305 HABRD FRIDFRETH %
(&2, 1ELERT H HAUIWFLHRDE 5N 5, M4 BUE HEFRICERZMICHATE S, 56
2, RETGEOMTLHK S L WS R H 5. VanRaden (1997) 1, FEFERGEZISH L
MTP ¥ FkkDF R 2 Ho B FHliE (Best Prediction ; BP) 12 &% 305 HALED FHRIKEE
ZHE L. BP X, iz BEEAHE SHEHAEMO TR B L OMEHAE L
305 HELEM O HEBIfR2 5 305 HIELED Tl 2175 FIETH 5. ZDOFILIE, Schaeffer
¥ Burnside (1976) 1Z & - THEIZ Best Procedure ¥ L CTIER XN CTW/=. MTP ¥ BP i,
BlE (BEHLR) ORHEICHEAMNIDARETSH 5 AICBWT TIM K hERTHW2.

BifE, AR THwHsTW 2 BEALBORNTRE, TIM &b Z< 29 Mk, BP 2351
ik, MTP 232 fH#kCTH o7z, F72, ZDIF0 ICEMERILEIIRZ AWMl (Interpolation
using Standard Lactation Curves ; Wilmink 1987b) 2% 8 fffk CTHW SN TW3 (Bucek
5, 2015). HAHAETIIRBMAROEINC TIM ZHWT WS, MTP I X 2 FHIKE R D
HFWZ EZHRE DS (2004) AEELTWS. BIfE, BEHETT M X 2 el ERICK -
TWaH, BERZIIT D ZOBMGREB K CBEREE T, A AofMiiEELr LT305 Hew
5 BN 2k L CHW T WS, IFLEE O 305 HAAEERE D THRNZ, ERIEK & Vo TERESR
DODEBEREWCHRBERTHD, TOFINLZITRHRIED DD WTFHLIRD NS, [HRKD
THFETIE, MELHRDDP LR VKRICBIT 2RO KRE VWD, Hrlwv 305 HAEEED T
HWFEOMEIIZBETDH 5.

1.3 EAFOEHRES AT

A oEMIEEE, AENO FEME, FhEk, Vo RRBIl~vrn 7y —IhYok
BThHEENIEOREEE ShTW\Wa., JLEETIX, 1980 FEAICH L 2R LR &
BIC X 2 2B RRERGIEE SN, FEREICEB T 2RI OB O HIE b Bibhs X
nr-.



HIRENE, FLENANOMBEIRAZ 212 & D FLIRMO RIEDFHA T 2 £ 2D K LTH
M+ 2 ZeBMsnTng. Klllak e ALERICEESVEEN D D FLEOEN, FLit ok
YIDIRAB & CEMIKT & R AR Z 0 5 58 ERMEILE K, Moo AT
REM IR Z DR WGENBEEAERLTH 2. AP EET2Z2Icky,
PRIEIR 2 R & I WIBTEEILE R OB TR 5. LERZRET 2L, BREDF — X Tl
KIZORD 21D, IBFEIR L, AAOFEE, ZhbfE59)), ARDKTE XUCHLEOK
TIRAESHEEIRORF LT 4 REDIEIERBENRET S, O X5 IR, &
WCHEASS 2 - DBEROBLIIFEICEHVEETH 5.

RAIREEIE, BIEOEWAHE o TEBY EMAHERIRWED, 7F—XEHB XU
Hr DBz 30 Jiflil /mL LU N QEIE % HE e § 5 72 ¥ —E DRME o 2 B A AR 1
LM Z a7 (SCS) AZzofsfEy LTHwWSRTWS. LiL, —fTSCS &b
b IARHIRE DT DL BRAII TV B 7280, HhHlflgcE z0F 8t T3 Z e v d LR,
ZOHEIE, EMCEEOIZAMEFE AR HAwehs 2 D 5. FRBEICE W
TH AR SCS o7 THEEDTOITE D, dLiEEICE T % 2019 FORES 1 1Y
7= D R, AHIREEDS 203 TE /mL, SCS 232.5 TH 3 (NAAEMEAN LiEEHs 2R E R
A 2020). MNHEHEEF (2016) 1%, FEEMEBOERLEEZITV, 2012 FiBi) 54t
WHED L7 JLOFEEMRTE (194 T /mL) /vy =274 7Y RIZROTHEWT
05, ADOMENRIFTHZ Z e 2WME L. —77, 2015 FoduiEEIcEBT 5 SCS 5 MLk
DEIGH 16 %2 L2 Zeh s, EHRMIEEFOMNIEEITS e PEETHZ Z e 2R LT
W3, FLEY SCS oRfRIcOWTIE, LS (2013) AELEICHT 2 SCS ORREHEE L,
SCS DM VCHILEMET T2 2 BRI Z DK T OREDER L WMHAR T — Y DA
ORIV ERZZERELTWVWS.

HHIRB AR K RO 72 121E, HA OHABABEEICMZ, BENWBIC X 2EZ 2 b 05
TH3. BHETIE, "VIZIOEREDIE»A 1 BOFFREICE T 2 EARALREIC X
b, BEB X UKMEKD SCS ZHEZELTWVWS. %7z, ARz EENICKRET 3729,
FHME CINE LTz 7 — X &2 FWT SCS DERFH % 2003 4 & D HEfi L T3 (Hagiya
2019).

1.4 {FHERE R 37 LB KB T DEIGRIEE /5

HBEREGN X 2HAEEANDEZE I H S 2R THONTE /. Shaw & Beam (1935)
X, BB L BRIBO PN TRERDE L IR BEOARE KL, BEDE TR LA
FERDOFEADDIHEZ 5 Z & 2 Lz, White 5 (1937) X, 2 DU LD EIERT % &KL
DTEBIISCTARDETHEL S 2 e 2l L. £, FBERZESMOEERIZ 0.27 5



5 0.38 DEIHE XN TWS (Lush 1950, Legates ¥ Grinnells, 1952).

HERICER T 2 BZEILOHEX, A7V —=7 7 X 2Rl ORIEIC X DiTbhT
W7z (Read & 1969). AAMRE DG 3 BAREINCITON S L 512722 DX, FLRTHIE
EETOFHDRREIC R o T HTH S, Jones & (1977) X, 7 AV HDOAN—=I=7MNIcHB
W CRHIIRECRIE LR DB AR 6 » AR O4#E & AR O % s L7z, Kennedy
5 (1982) 1%, Sire E7AZHWTHIEH SCS OELEERE L N FLEE & OB nHRE Z T
L, WINBEWETH 72 2 2HE L=, Monardes 5 (1983) &, ‘FHoEHHE (B
fitr, &, FAMEEB XOCEAMNT), ZOREBICECLROFHMAB LU HoRT L vwo
BkA 7RSI X D B U 2 FLHE S R fliia R & SCS OEERIZOWTHE L. Schutz &
(1990) 1%, HMlfEE%E SCS NEHLT 5 Z 21T & DEEERD LFH UBER KIS0 M AR T
XML, 20k, MEHETANELGHEICH Y ONE L5125 (Ptak &
Schaeffer 1993), Reents & (1995) &, ZEREREIFMEH 7 =< /L€ 7 L% W T SCS
DBER BB OHETE 21TV, BERPERDEIMIHFENERTZ L, FEL 2 EY
BCHllPE e AE2 e 2WMELL. £/, Odegard & (2003) 1%, Z&MFEMEEHET NV
IEDLZYTETLORBEMREZERE L. 2D K912, SCS OB, WAFE L[
RRICHET FIROELICHVEREL, LFOREEOURDDZ DETHEMEEN S X512
Holz.

FToEICBNTD, ZREFMEHET AV ZEH LBEANPERINATED, SCSD
BIRE, SCS tIB LKL E & OBIMHEBELR EPImE SN TWS (ZH L8R 2006 ;
Yamazaki & 2013 ; Hagiya & 2014 ; Nishiura & 2015). %7z, Hagiya & (2020) 1%, 2
B OFHE 21T 512 H 7 b SCS OIRBEEEIC X 2 BIEREZME L TWVWd. 6D
i, WITAUZBWT S HEMER T RR L KBRERENRICFE — D% 72T A Z#EH L2 b D
THD2H, THOHBZHEYNCHAT Y 72T LD OWTIEZ BT ORMDEH 5.
F 7z, WHENCHIT S SCS DB, WELRENRE LEKEREHETLTHD 2
EELREDRZ RN Twiwy., RHIRELE, e Ems 2EHA23 D2 Z e o, EFLICE
Wr 23 ROEIGbRRICEI R DDEEEZIONS. BROEXRZZRE L SCS DiE
EAMEFEOIEL, FDENCH T 2 S o2t s X CEANTLE OMER O E D & 2T
H5.

—%, ERIE, TORBROIENHE L AT AP LR o722, AER L EED
B LHEHIED T — XD FHTE 2 X1 o722 2 b H D EmHiiZ S 2 ElZbHS
PTH ol KT, RN RERZRT 22EHS A 7408 R o SN, BIEFE
iR XN TE7=. Emanuelson (1988) 1%, AW = —F ¥ CTIVE X N7-5d k% F W CRFf
WNRE THHAMOIAMINEL 2 FERK L SCS IZTOWTOBELERBLMHBEZHEL, ILER
DEERPIFFE IR & B LUOHER &AM OBIHEBEDEEICE N & 2 W& L



7=.  [A#RIZ Rupp & Boichard (1999) &, 77 Y ADKINL AR A YFEIZBWTHAERDER
BHRIFFEIENZ e B I ABER TV SCS MOBEMHEBEAE W & 28 L, b
ZE—EELE ARELRVEORBRZR L. ABEROBE L, ZOBERIESH S
BEREMTRSEROILEZHAGDLETITONE Z 2. AERE —MHIZohmEI N
DIF, WFIEHE, SCS, AFEDEI LWV o LF M T2 IEEB X NERICH T2 IEETDH
% (Pérez-Cabal & Charfeddine 2013 ; Hagiya & 2014 ; Govignon-Gion & 2016). T T
&, PO, AR OEER A, RIS D 2 BEEZ B 7208 5 %7232 0f|
&, E—=27 02—y HEE Vo AHIRREEE 2 VR TN TWw5 (de Haas
5 2008 ; Koeck & 2012a ; Urioste & 2010). EAETIX, BERD = —XpEmEENY
7 bLOoD0H2H, HERDBEAIICONVWTOWNEHRE TV L, BEFHGD EfX AT
7. JEREZ, FELBREBHEAO—DIBRAONTED, LS OEEEENE, BEXRDLEE
WIERPRFED A LD T IR R D METH 5.

1.5 ZAHASEOEHB

REFZED HIE, FLAFOBREEOR EE2X 2720, JLEENOIMILLEREEYNCRETE
ZIBFLEARICOWTHET T 2 2 &, &5 IR E SCEBRFE S L2 MM LT SCS
DEEHIEENFHIE T V2L T 2 2 TH 5. WIHIH 2 HOME H LI IBILEiRE 7L
ZUTED, YTREEHDORILETNVOEMZ OMID &S HEDEVET L OME 21T o
7o. T TONHRERIE, KELEET 305 HAAEERO THIB X (ERFHE % 53 2 B Al
5 2 IFLERARETE O REER E Lz, 8 3 BTk, MTP ZHVTRET OsR» 5 KA 0O
305 HALAEEZ TS 21CH72 D, FHREEL R LS 2 HRiEHROFKEIC OV TR E21T-
7. H4EFETIE, SCS DMz FEhiis 21cH 7= b, FUHHNOKFRIBRSE 28 & O
AR B EYNCH T 2 ZBEFBREHETF MOV THRE L. 518 53T, AE
ROERPE L L THRMIRBNRERE R SCS Ot BEHVWTERL, ZWEETNMICEK?
FLE 2 DEAGFHIEE 7L 2 a7z,



E2E

RIVAZA D&EHICHET B RE L
LERERETIL DR

21 #EE

AT BT 2 WFLHFR ORI, EILECHEEREELDH L s, EEHOWE, £
FLAEEO TN, EELEG Rttt OWRESB X CEKBKOEREICFHINTE . 2hw
Z, D HZ L OWILHICEE T 25T, o T, RRNRIBFLHRE LTI
Wood (1967), Wilmink (1987a) B XU Ali ¥ Schaeffer (1987) OKETLABHIT SN 3.
Zofe LT, EVEryz A E o AL E T v oMbl 505 (Grossman &
Koops 1988). it Tlk, Wood DETILD X 5 BIWNEHEWIEREE T L Tld < (Jensen
2001), Legendre ZIHF\% Spline B % IGH L7220 ATH 5. Legendre ZIHAIE, E
REEATH 27D EREOBRBOSIAGTE 2 28, KBOELERLMOIBALIHMR L HHASDOE
5ZeBRHTHSZE (Fujii & Suzuki 2006), X 587 X —X B OHBENMENWzo, K
DFZARZ Y TIEDH 2 Z e N TE 20T, ElHED S DR D /NS WIBFLHFRZHEE T 2
ZEMTES.

BIEOEFLRENBE X, oMtk 62 HUARCHIE, 2ok, A1 (& 482 1E) o
MR CEMT 2 Z e 2 EARL U, MEHMREE (Test Interval Method) THHORfEFARF L
Ao E (R) MEESINTWS. £, AFEOEARNIBEICEES 2 HETIE, BEPH
{87 DR HEHE S 2 720, $IYKZHEBE (A S 2000) RHEHBROLERRY, XD
5 TR BBEEDBEAPBE INT WS, Lizh-> T, WILIIRE T L, Bic BBEH
FIHIGATRER E TN M T 2 08 HH 5. Silvestre & (2006) 1%, DHEPIEIMREH £ T
DHEB L ZDHOZMEHRRNAZVPEWEAE TS, Legendre ZIHEB X O Spline B
ZREATUE, JIEHICESEOEWVIBILHFROHEEDRIRETH 2 Z e 2L TV 3.



WHLHFR ORI, BENEROMICARE, PEXR, 75MA B X 08 A 7 Sk 4 RIREEE
K2 6B 2T 5. FIZIE, PIEOSE, WA ZE L TRAEFHICH 3720, 2 FEDL
o FL bR v e U CFLSE D & 2 ic B IR E /R LT3 (Stanton & 1992).
F72, WILHIROFIRGE, WIEEN oM EPREERNOZH & ¥ b2, HE, RAIKELLT
WEEEZOLND. ZD& I IIBFLEIRIE, BRRERIC XD ZRABRERT Z 200, 6L
¥ 75 2 REEIRFLERAR & IR I L TRUE I N2 B A2 V. JE4E, IhFLERIE, Z2HHE
THREREZHH LT 305 HEFEAERZ THIT 27201 SN S X 51272 57 (Schaeffer
¥ Jamrozik 1996 ; #A S 2004). X 512, WFLHFRE T UE, 28 (FE3B8E0 BlIREE
H7” =< AVETAOHTH7ET AL LTHIAINS X512k D, IWFLHROIRE BiIER
FHili§ 2 & 91272 572 (Schaeffer ¥ Dekkers 1994).

WFLHARIC B 2 A ORIMNCIE, BEEOYTEE Y ORI DEESHVLA TV 5.
Guo & Swalve (1995) 1%, HHPBARE L FIGHFRERZ Y TEE D ORI DiEE L L, WLl
MEFNLDEEMICONVTHEFEITo72. Guo ¥ Swalve (1997) 1%, MHEIRE, o
ABIUCREEAZYTIZE VORI OEEE LTHAL, WILREF L OEE IOV T
g EfTo 72, 2R LT, TFAOBBEICEDLO THIEXD 2 ELFED AR T —
2 OFEMEDECIBFLHFRZHEE TE 2 Z 2 25 L7z, Druet &5 (2003) &, P L
72, MBOCERE (In L), RhOEHRERE (AIC) B XUNA MEHRERYE (BIC) % H
WCIBFLHARE T L OB A OV THE 2T o 7. ZORER, FEELRE, n L BXU
AIC ZHWHE, "I X=ZBDZ VWb DIIZHEENEVET L L TGEIRI NS EHA %
RU7. —7 BIC WG EE, 7 X =B L TEWRF AT 453 bh, 7L
DIFIRIT 8T X — ZPUHAT U T MEA DR SN WEERIE L7z, X512 Druet 5 (2003)
X, WMHALHBEOKEIOWTHME 2TV, HTEEDORIDIEFLITTIERL, S
HE ORI T 2RO DREZI LRI R =R DT Y R 2T NDOERETSH
ZHE L7z, Lépez-Romero & Carabano (2003) 1%, In L, AIC, BIC, F/HiRZEDEE,
MRS L OB ES VT, MEHETLVORELY TEF AR L. ZORE,
In LIZEFAFRDNRT X —RBUBFELTWD 2, AICIZT — ZBHMEICZ WEEIC In
L kO ZRT 06, ETNLOFERIEEE LTI BIC A RETH L Z e L.
Liu 5 (2006) &, AIC % BIC O X5 2EMEHEOYTIIE Y ORI DIEHRZHAGDE S Z
TENLZREBLL, ETAVOEREEICHOWIAAZIRE L.

D X5, WMAHMBET NN T 2HEEMEDOMENE, HARYTEE D ORI DIEELH]
ALTITbhTWwa. Ao BIE, JLEEOEILRENIHED S15 5 N 280E H OIFLLER
EEAL, AE KSR (R) BIOMEHMEZa 7 (SCS) 12B1F 2 ik ingLiiRe 7L
DM EITS 2 TH 5.



22 MBBIUEE

7 — &%, HEENAGEER BREMRE R ICER I NG ERo T, 2000 4 1 A2 5
2003 4 9 A OHIPNT M L 7z RV A 2 A4 VAT BT 2HIED S 11 FEE TOMEHGSRTH
3. ZheodhT, WILHED 366 HYL EOMIEHESRE, AHcVEr o2 72, O
W& CEZ 24 BHCBEI L 256, @2 S0EEZ T 61 HMU EH 2558 XU0GR
HADFISREDS 7 SR T 058, TS DOERMC—DTHRY T 27D S IE I W EH
BRI, ZhoOAMCEENZ TN TORRESINCHAVWERDL /2. WEIC L > THHEh
7o RUE HRs8EUE, 346,221 SHOMEF 2> 572 % 5,645,976 iL#kTH o 7=.

ST LR, LR, FURR, ®EEES &, XV 0 BR, FARE, EBiEEES
BOARARIVERBIOSCS THS. SCSIF, KXoz k h A L7 (Wiggans & Shook
1987).

sccC
100
22T, SCCIX, fRMifas (FfE/mL) TH5. SCS &, NIAHIMNEMBEAAT S,
THEHHEXNZ 0525 9 QHEPEICHMHTZ2Ra7THD. 2750 721 9 OO HiPH %
R 75EE, 22N 0 72139 & L. R2.1.1QF, WM Uksdsz EXAN 58
L, SEEOVME, FEEREL X CRBREER L. B, b EY Lo, 5 EX LD
752 LTHELT.

SCS:b&( )+3

#* 2.1: Means, standard deviations and number of records for milk, fat, SNF, protein

yields, and fat, SNF, protein contents, and SCS(somatic cell score) by parity.

Parity
Trait

1 2 3 4 5 or more
Milk yield (kg) 254+62 294+86 308+£93 31.0+94 30.0 £ 9.3
Fat yield (kg) 1.01 £ 024 1.17+£0.32 123+036 1.24+0.37 1.18+0.36
SNF yield (kg) 2.27 £ 053 2.60+£0.72 2.69 £0.78 2.69 +0.79 259 £ 0.78
Protein yield (kg) 084 +£019 097+024 1.00=£0.26 1.00+0.26 0.96 £ 0.26
Fat content (%) 4.03 £ 0.64 4.07 £0.67 4.07 £0.67 4.06 £ 0.66 4.01 £ 0.65
SNF content (%) 897 +£0.39 887041 879 =£041 8744041 8.67 £ 041
Protein content (%) 334 +034 334+037 330=£0.37 328 +0.37 3.24 £ 0.36
SCS 25+ 1.6 28 £ 1.7 3.0£1.8 31+£18 33+£19
Records 2,122,642 1,576,590 1,013,151 528,642 404,951




7 22121, AOMITBWT, MEHRICH L THTIIE D OBREZHE Lz 23 HEOD
WHHARE T, R 2312, BETIVDERBD T X =22 R L. TUHDET NI
X, 1 X505 5 RD Legendre ZIHAZ Wiz 5 BEHOE7 /1 (L1, L2, L3, L4 BXULS),
Lidauer ¥ Mantysaari (1999) 38 X ¢F Jakobsen & (2002) 237RL 7z & 512, T4 5 Legendre
ZIHIC Wilmink OFSBEIB M Z 7z 5 MEO €7 (LIW, L2W, L3W, L4W B XU
L5W), X512 Guo & Swalve (1997) 237K U 72 08 EA%E & SCRHAR S fA G HE - 13 H
HOETADREENTWVWS. Wood B & Wilmink D€ T MZE, EVENERERODED
NI RX =R TWHMMERITZ 2R H2ID 5. LrL, TOODET L OHEE S NIIBTL
HiAE, ©—2fhak o ICEHZE ZZ T T VIBAFICB O THEAMEE NP KE R
DT, BHERILMRE L TR T 25812, Zho0Z#HEH o UHRIEHICEL W
NMERD o7z, ZHQZ, BERBXOWIHRAT—I 2B TR D 2 K D/ WEFRN R EEER
LR, EMFHNERZFODBDRIRXA—-ZDATHL ZePRETH 2 Z 0o, LR
L7 Legendre ZIHR, SHABIEE & VAL 2 llAEbEE TEMEZRET LIRS
L2RZBVDBOLEZLNDS. 72, Wood DETF M, IFREETNTH S -DMDET
WEFRRRDITNATER N b, HEETVSHARADDIIAHRETH L I, 3R 4 XD
Wilmink @€ 70U, LIW BXKF L2W IZHET 2 Z e REDHEHD 5, RO TIE Wood
B & & Wilmink D€ 72 DHR R SERIL 72.

AW TR, BibL 7 23 MEOWIMBRET L ZZ0ZNY TET L LTELUTOR
Ballw e 7 V2 RGE L .

Yijkit = HT'D; + CYj + f(Bkn, Dnt) + €ijut

ZIT, yijen EEHECBIZREHLSR, HTD; i BHOFE - REHY 727 7 2 %R
TREMRB XU CY; 13 ] FHAMFEOREGNIREZ R L TW5. FHEDRFIX, 2000 F2°
52003 FEET 1EBICA 7 7 RHE LU, B 1&, WA - EXNSGEAEY 727 7 2 k
KBTS n ROBEEIRFEEEZRLTWS. 2AIE, 1 A»S 12 HETD 12 7 7 RZh
FXhTWwa., EXRNDEAEE, FIPE (18-23 » Afn, 24-28 » HlEE X T 29-40 » Hii),
2 PE (30-36 » AliE, 37-42 » AlB X 43-52 » Alg) BLO 3 #E (42-49 » Ali, 50-56 »
AlB X 57-64 » Alg) WCBELTHK 4 300 ARRICHEL, 4L 5 M DY 72T
BHEBTHOE L o7, Dy i3, WA ICET 2 n ROBETH 3. f(Ben, Dnt) 13,
SRR - EEXNDMAEY 77 7 ADBWAMRERTEMTDH 2. £, e X, BEE
RYZEBMETH 2. HHciE, SAS (2004) B & U BLUPFI0 (Misztal 5 2002) % W
Joo 2B, SAS W X2 BWTHEE - MEHY 727 7 A%, FHHEOBETHORFITAA
(absorption) L7z.

WFLHARE 7L DEEITIE, AIC (= —2In(L) +2p) & BIC (= —2In(L) + pln(d)) ® 2>
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7 2.2: Names, abbreviations and expressions for 23 lactation curve models

Name Abbreviation Expression*
Legendre polynomial 1 L1 Y, = ao + a1 Li(zy)
Legendre polynomial 2 L2 Y, = ao + a1 Li(zy) + asLo(xy)
Legendre polynomial 3 L3 Y: = ao + a1L1(zy) + asLo(xy) + agLs(ay)
Legendre polynomial 4 L4 Y, = ao + a1 Li(zy) + asLo(xy) + agLs(xy) + asLa(ze)
Legendre polynomial 5 L5 Y: = ao + a1 Li(xt) + aalo(2e) + azL(wt) + aala(we) + asLs ()
" Legendre polynomial 1 e
: L1W Y; = ap + a1 Ly (1) + aze™ %05t

and Wilmink ¢ 0 1la(e) 2
Legendre polynomial 2 _

8 poly: L2W Y; = ag + a1 Ly () + ag Lo () + aze™ 0%
and Wilmink
Legendre polynomial 3

& ) p v L3w Y: = ao + a1 Ly (1) + agLa(2) + azLs(xy) + age™ 0
and Wilmink
Legendre polynomial 4 0.05¢

o L4W Y, = ao + a1 Li(zy) + asLo(xy) + agLs(xt) + aaLa(zy) + aze™ 00"
and Wilmink
Legendre polynomial 5 0.05
o L5W Y; = agp + a1 L1 (2¢) + asLa(2t) + asLs(x¢) + aaLa(zy) + asLs(xe) + age™ 0%
and Wilmink
. , ,1(1«)“00)—1)2 _
Logarithm-Model LM Y; = ap +ait + e 2 G (o =0.60)
Mixed-Log-Model T MIL1 Y; = ap+ a1Vt + as log(t)
’777777”777777”7"77”7”77"77”7”";”;:(7;;57)3 77777777777777777777777
Logarithm-Model T LM1 Y; = ap + a1t + ag sin a5 |7+ Fe (o =0.60)
ogqg(t)—1)2

Logarithm-Model 1T LM2 Yy = ao + art + agt? + 9o~ 3 (2249 (o = 0.55)
Mixed-Log-Model IV MIL4 Y; = ao + a1Vt + aglog(t) + az qln( >f2 (c = 65)
Mixed-Log-Model V MIL5 Y: = ap + a1Vt + az log(t) + a3 sm(%)t (c=170)
Ali & Schaeffer AS Y =ao+ a1 (%) + as (é) + as log< > + a4 log? ( ) (¢ =305)
Modified W-II MW2 Y =ap+ a1t + aq §1n<—>t2 + as bln(—)lﬁz + aqe0-055¢ (¢ =100 )
Modified KH-I MK1 Y; = ap + art + ast? + ast® + ay log(t)
NEWS5 NEW5 Y; = ag 4+ art + ast? + ast® + ag/t
NEW6 NEW6 Y: = ao + a1Vt + ast + ast® + agt's10®
Mixed-Log-Model VI MIL6 Y, = ap+ a1Vt +as log(t) + a3 sm( )t + ay sm( >t2 (e =100)
Mixed-Log-Model VII MIL7 Y, = ag + a1 log(t) + as tanh (log, (£))t + as sin (f) 2 + a4 sin (%) 3 (¢ = 80)

*

I ag, a1, az, as, a4, as, ag = parameters to be estimated in a model, ¢t = days in milking (DIM), z; = standardized DIM at DIM t

and Ly, Lo, L3, Ly, Ls = Legendre polynominals functions.
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% 2.3: Number of parameters for 23 lactation curve models by parity

Parity
Model
1 2 3 4 5 or more
L1 231,076 213,699 179,803 125,120 91,245
L2, L1IW, LM and MIL1 231,112 213,735 179,839 125,132 91,257

L3, L2W, LM1, LM2, MIL4 and MIL5 231,148 213,771 179,875 125,144 91,269
L4, L3W, AS, MW2, MK1, NEWS5,

NEW6, MIL6 and MIL7

L5 and LAW 231,220 213,843 179,947 125,168 91,293
L5W 231,256 213,879 179,983 125,180 91,305

231,184 213,807 179,911 125,156 91,281

DIEMERES X, TERK, FRREZMA L. 22T, LIZLERLK, pld o x—
B LS dITBRANERTH 5. 7 XA —XEX, BEBBIRET LV THS7DETILVOHEH
Ex AW, AIC & BIC &, MEIEOMICE £ 8T X —ZHB LU T X — 2B BE
BICE 2 RFAT A DBEBINTVWS. KRS, BIC K, EFAHDRTIA—XDOEHEX 2 57—
B DNZ Y ADBEETILVOMAEEZHW TE 2I8ETH 5. T2, WILHE 15 H
BICWAR T —VZREL ERAT—YDA20 H), FWART—IBICEE L.

23 BRELUVEE

#£2.4121%, ALEOMEHRE Y TCID 7z 23 FHEOWILMHIRE T ICEBIF 5 AIC, BIC
BLORERBDMEEER T NV — TR L7z, AIC B XU BIC OfflX, &4 &F/IMED S D
RAEL LTERL. KOO KL HITH 40 T2 5 200 Haegke WO KRR T —X 2 {HH T %
BEWTBWT AIC 1, Druet &5 (2003) B & U Lépez-Romero & Carabano & (2003)
XD HHIZRT X =R BDOZNE TR FEIREINZREADEH SN TWS. —77, BIC i,
Strabel & (2005) ZiEH & L7122 OMETHWOLATED, 72X D#EAEBLUOET
NOEHZ ZFARFICERTELDT, RMERETNZEET SDDEETHLILEILN
5. ZRWZ, ROWICB T 2 WARE S LSRN, £ BIC 2ffHT 22k
e Lz

FLEIZBWT BIC 23 o & /NS WIRTLHIFRE 7V, #IEDRS 5 EM Lo r—7
WHBWT LAW 2R S . ZOMRIE, BRIV — T BRI 2 IR 7 V2 /T
BT S FNEME B K VEMME O O b iFE LW I NS, LAW O X 572 Legendre
ZIARUC Wilmink OB E N 72 711X, Legendre ZHERDAZHWEEF L LD
BIC 2/ N&E o7 (LIW & L5 DAL, Guo & Swalve (1997) 2/RL7z 13 OET LDOH
TiX, LM2, AS OQJEIZ BIC 2V/N& o7, LAW BIUPLSW KD RERMETH o7, F

~12 -



% 2.4: Akaike information criterion (AIC) and Bayesian information criterion (BIC) and

coefficient of determination (R?) values of 23 lactation curve models for milk yield

Model Parity 1 Parity 2 Parity 3 Parity 4 Parity 5 or more
AIC*  BIC* R? AIC*  BIC* R? AIC*  BIC* R? AIC*  BIC* R? AIC*  BIC* R?

L1 77,643 75,759  0.5650 51,482 49,370 0.6794 38,518 36,769 0.7083 20,738 20,201 0.7304 15,986 15,462 0.7267
L2 64,975 63,543 0.5676 50,064 48,394  0.6797 37,658 36,335 0.7086 20,098 19,695 0.7307 15,532 15,140 0.7270
L3 42,848 41,869 0.5721 34,683 33,454 0.6828 24,423 23,526 0.7124 12,775 12,507 0.7344 9,501 9,239 0.7310
L4 28,355 27,828 0.5751 26,605 25,817 0.6844 17,576 17,105 0.7144 8,960 8,826 0.7364 6,644 6,513 0.7329
L5 10,085 10,011  0.5787 10,844 10,499 0.6876 6,213 6,167 0.7176 2,858 2,858 0.7394 2,065 2,065 0.7360
L1wW 12,361 10,929 0.5782 20,965 19,294 0.6855 14,158 12,835 0.7153 6,856 6,454 0.7374 5,170 4,777 0.7339
L2W 5,988 5,009 0.5795 7,883 6,654 0.6881 4,108 3211 0.7181 1,948 1,679 0.7398 1,310 1,048 0.7364
L3wW 3,834 3,307 0.5799 6,079 5,291 0.6885 3,180 2,709 0.7184 1,452 1,318 0.7401 1,053 922 0.7366
L4W 75 0 0.5807 346 0 0.6896 46 0 0.7193 0 0 0.7408 0 0 0.7373
L5W 0 378 0.5807 0 96 0.6897 0 380 0.7193 3 137 0.7408 7 138 0.7373
LM 6,110 4,678 0.5795 14,266 12,595 0.6868 10,054 8,731 0.7164 4,986 4,584 0.7383 3,848 3456 0.7347
MIL1 8,233 6,801 0.5790 9,332 7,661 0.6878 5919 4,596 0.7176 3,085 2,682 0.7393 2,429 2,036 0.7357
LM1 4,082 3,102 0.5799 8,440 7,211 0.6880 5,808 4911 0.7176 3,048 2,780 0.7393 2,400 2,138 0.7357
LM2 2,553 1,573  0.5802 3,725 2,496 0.6889 2,541 1,644 0.7185 1,507 1,238 0.7400 1,180 918  0.7365
MIL4 6,345 5,365 0.5794 8,061 6,821 0.6881 4,926 4,028 0.7179 2,564 2,296 0.7395 1,984 1,722 0.7360
MIL5 5,141 4,162 0.5797 6,990 5,761 0.6883 4,191 3,293 0.7181 2,181 1,913 0.7397 1,683 1,421 0.7362
AS 2,465 1,938 0.5802 3,677 2,889 0.6890 2,603 2,131 0.7185 1,436 1,302 0.7401 1,096 965 0.7366
MW2 7,013 6,486 0.5793 11,205 10,418 0.6875 6,500 6,029 0.7175 3,092 2,958 0.7393 2,185 2,054 0.7359
MK1 3,656 3,129  0.5800 5,865 5,077 0.6885 3,393 2,921 0.7183 1,673 1,539  0.7400 1,250 1,119 0.7365
NEW5 6,231 5,704 0.5795 8,565 7,778 0.6880 4914 4442 0.7179 2,366 2,232 0.7396 1,740 1,609 0.7362
NEW6 14,191 13,664 0.5779 15,727 14,940  0.6866 9,671 9,200 0.7166 4,796 4,662 0.7384 3,488 3,358 0.7350
MIL6 5,015 4,488 0.5797 6,785 5,998 0.6884 3,948 3476 0.7182 2,002 1,868 0.7398 1,502 1,371 0.7363
MIL7 13,897 13,370 0.5779 16,786 15,999  0.6864 10,614 10,142 0.7163 5311 5,177 0.7382 3,804 3,763 0.7347

* 1 AIC and BIC are expressed as a deviation from the best value for each model.

72, LM, NEW6 B X O MIL7 XA DETMZ, Legendre ZIHI & HEig L T BIC 2N X W E
MZR LUz RERBIE, BERIN—TL HITNRTRX—RBHHRKTH 2 LEW TRAMEZE
KL, RIRX—=ZPPRNTHS L1 Tr/MEZRLA. £/, L1, L2, L3, L4 BXUL5 &
W Z2[AREOMALIARE T, T X —ZEOHEIN & b 72 WIRERED LA $ 2 A58
Hohi. ThenZ e kb, Xb@EzET IV, WMAHROBIRICH L, B TEX D HE
NTWBEHDrHfEZINT.

BIC X hi#Rx N7z LAW ZHWT, FIEI V=T 15 3 EZV— T BT 2 AEDWTL
MEM 2.1 1R U (12 A%, #I%E 24-28 » Ale, 2 # 37-42 » AlE, 3 # 50-56 » A,
A8 - MEHB XUDMEOMRR, S/KEDFIGEEZFR). 4 ELL LD 7V — 7 DingLih
&, 3EINL—TLIZERICERERLZDRIR LD -7, ILEOMILEIRRE, WA HEK
40 HAETRRICHHIER Y =2 2 Hib, VIEI V-7 2 B LDV —TFTREZBIRERL 1.
BIFEZ N — ZOWFLHIERIZ, 2 EU LD 20— A 1281F 2 LR & i LT v — 7 (LB AR
{, E—2RDABWIDBRIZONITHELE VI HTREL B, £z, ¥—27Z0OHEK
WZOWThH, FIEI L= 40 HEDERTH 2D L, 2 EMEDZ L — 1% 40 HUHETT
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45 ¢

Parity 1(24 to 28 mo)
Parity 2(37 to 42 mo)

40 F ,'"“\ """" Parity 3(50 to 56 mo)

Milk Yield (kg)

15 1 1 1 ] 1 1
60 120 180 240 300 360

Days in milk

2.1: Lactation curves of milk yield classified by parities and ages at calving for the

group of calving cows on December.

HDHEVOFHADPFEE L. DAL 258, E—2MEL E— 27RO X DD
Foh, ZFESPICEVE - MEB L ¥ -7 ROEENED bz, DA X 5 EET,
WELIREERDOE LIFICk 2 DR KEDL 72, ZDLII1Z, ¥—27IXFHH%E b OILEDWTL
HIfRE 7S LAW Dl e Shic 2 id, ©—27 FTOMZ 233 2 Wilmink 5%
# (Wilmink 1987a) DY — 27 OFIREHBUNCFHAL 2720 E X s hiz. £z, BHIROIR
Mo, EHERFLHMRE RE T 2L, PR THERIN—T - A BICRE T 2 B
HHHbDEEZLNT.

2.2 ICHIEARICBI 2MAR T — I BOFRE% L4, LIW, LAW B X MK1 122
WT/R L7z, Legendre ZIHR DA EICIX, LAZE L CRAMNAREENZED bz, Z
NoOEHE, MOET A IO RKEIWMEICH D, FHIWAIHAOR D K E BAHEE T 5
R RO b7z, Guo & Swalve (1997) 27R LU 7 13 MOWFLHIRE T MITBWTS, F
BRI AN R EB SRS S, IS I3EOET ML, R EDOREIICETDE
EPFES 20 EHOAIIEM L TB D, Wy - 7R, WFLHE 225 BT, B X0
FLARINC B INHEE 217 5 A28 H 7z, L2, L3, L4, BXU AS BT 2 wmZEDEAN
RZENX, Jamrozik & (1997), Druet & (2003) B XU Silvestre & (2006) 12X > THH
HINTW3S. Legendre ZIHFUC Wilmink OFSEBEIBUE M Z 72 7L DOFEFEEE, LIW
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Mean residual (kg)
— = =
=} n =

1
L
L

_20 | NN N T TN TN TN N T T T N T N T T T N T T T I )

1 3 5 7 9 1113151719 21 23

Group for stage of lactation

2.2: Mean residuals between measurements and estimates from four models for daily
milk yields grouped by each stage of lactation on first parity. See Table 2. for abbreviation

of each model.

o L3W £ T 7L e FREDEHNZZH RO 5. LrL, LAW & L5W O
FHERAL, toET L IR L TEIPIEFE NS SR o7, £z, LIW 205 L3W ¥T
DETMIZ, KBODVLVETMIETMHA - Al 70— 702 & 2 28 WAL IR
oI, —F, LAW & LEW iIZiX, 778A - 7 Al 7 v — 12 X 2 2ZED D ok o
7. ZhUE, ¥—2BOZHOHHIIERDZHEADIMBETH o Tzled e HRIN. £L4D
ETFIUCBT B ETRZEDMENE, MHOFERICBVTHFEETH - 7-.
FLEICOWTWILIARE T L OB EMEZ AT LA, LAW & LoW &, #EaMEsEvE
TATH2eHRERIN. MEOEAHICKERERIED LNV L6, ILEDOWTLH
MET M, EOESRETLTHS LAW DHEYITHZ EZ NS, ZHuX, BICIZX
2 Wi ¥ —E L TWiz. Strabel 5 (2005) X, KAES T, B FEORICIMALY — 27254
LRI ANRE - B HTE2R—F Y FDORNLVLAZRA VEMIZOWT, 2 K525 5 KD
Legendre ZTENXZM#H L T, MEH 7 =~ /LEFLOREIIFICH W 2% 7EF L OME %
o7, ZOFER, 2R 3R —27 R IEMICHAERRZVWZ &, 4 XTERAHOERE
PRS2 2HHIC, RIK5 XD Legendre ZIEXAHWL TWB Z e 2R L. 2HIcH
W ERFH ORI R 2 S DD, ARIFFKET 6 XD LAW Z#EIR L7 Z 2 id, Strabel & (2005)
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PG LR EMET2d0eEZ 6Nz —7, FWAEORE HalskE, WALEI
D NEERENHEAK T 2HEAZED 51 b (Jamrozik & 1997 ; Druet & 2003). ZdD X5
BERNZ, XD ARG X=ZFDOZVET AT 256, WABRINICB T 2REDERELEH)
DB L CIBFLR IR D 2R 2 A C X8 2 A[HEED B 5 720, 305 HLUED 7 — & Dff
R OWTIIMHSDBHETH .

WFLHIRE T L OBEEMICOWTIE, FREOFIEE AW 7 EEICBE L TH a7 -
72, £25100F, ABEZELSHEICBEWT, BIC2#HT 22T, bodbEAHENE
WIBFLHIARE 7L & IREREUE BER 0V — TR L7z, EIEEE BB XU R V7 BER
WBWT, ot bEEEDOEVIBAMRET X, TRTOERIIL—-TEE LT, ZHh?
N LAW & L5W HNEIRE Nz, ZOMOBE T, A—WETH> THERIL—TITLD,
bo L bHANDENVET MCETOERIED bz, A&, FEE GEI V-7,
EIEEE BB KOO FRICBOVT, bo 2 bHEAESEVIBFLIIERE 7 11E, L4, L3W,
LAW B LU LW D X 5 72 Legendre ZIHA % 7213 Legendre ZIHFAIC Wilmink DFEEBIEL
PHABDINET AP ERI N, HAIEED 3EIL—FITBVTIE, MIL4 ERE A
72D, KIEMTH o7z L4 £ D BIC DEIFNShrote. —F, ARV ARZEARIIBOVTHIFE
=7 TIE L3 MEIREI NN, 2 EMED I V—T7TlX, NEW5S & MK1 »ERX 7.
SCSIZBWTH » & bESHESEVIBTLIIRE T UX, #WIEZL—7T LML, 2D 4 &
DEIN—TFTLM2, 5 EUEDZNV—TFTLM Tho/z. ZDEIIZ, ARV IERY
SCS 1B 2 WFLERE T L TIE, ZOMOEHE & Bz b MEEIEE X A YRR DM A4
FNETADERINBHHAZRL 2.

X 2.3 ICHERIZN—TFIC XD B ZEHEDOETADERINAMBREALX VIV ERDW
FLHHAR & FER 7V — THICR U (RREIMFIEK 2.1 R . FLAREOWFLEIMR I, #1ES
N—Te 2BEULOIN—T TR ZMEE R R L. £, VIE, 2EBLE3EI LT
OWFLHIARIE, B EHT2EB T OWIRERLD, 4 BV — T 5 B LY
V—FOWFLERRE, WAoo -2 BIRER L. 20 X 5 RIBFLER ORI,
XBOWNCZ RO o, HIEAGBEA S BER S (1989) KXo THMEIN TN,
&R AREROWILMIRE, WIFEZL—TL 2EU DN — T TRRZZBIRER L. #)
PEZ N — 7 OWFLEANE, WALHB 80 HiA TR IO Y — 2 2m Lehs, 2 EM ED 71—
7TIE, WALHB 20 HEHE TR O -2 %2Rz, LA L, WIhDIED X 5 LRIHMER
V=Tl Rhot. ZhoDZr kD, WEBIUERI LV—TICL D B3 3 REEO WL
METNUINERS NN, WAMBOIRICHK T 2 b D LI hi.

X 2.4z, FLASHR, MASER SR, ARV RZERE X SCS O WA EFEICOWT
DARLT. Zhs 4 TEOWFLHIRE, SCS DY — 7 HOMEE LN TERIC X 2 IRITK
EREDRD SN hr otz Fiz, FIEEE D &ROWILIRIE, A& FROBIRERL
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# 2.5: The optimum lactation curve models and coefficient of determination (R?) selected

by parity and trait

Optimum lactation curve model R?
Parit Parit;
Trait Y =
5 or 5 or
1 2 3 4 1 2 3 4

more more
Milk yield (kg) L4W LAW L4W L4W L4W 0.5807 0.6896 0.7193 0.7408 0.7373
Fat yield (kg) L4 L4 MIL4 L4W L4AW 0.5093 0.6006 0.6357 0.6705 0.6707
SNF yield (kg) L4W L4W  L4AW L4AW L4W 0.5859 0.6828 0.7110 0.7338 0.7320
Protein yield (kg) L3 NEW5 MKl MK1 MK1 0.5592  0.6380 0.6648 0.6925 0.6941
Fat content (%) L4W L4W  14W L3W L3W 0.3910 0.4140 0.4288 0.4583 0.4395
SNF content (%) L4W L5W  L5W  L5W  L5W 0.4587 0.4576 0.4579 0.4796 0.4458
Protein content (%) L5W L5W  L5W  L5W  L5W 0.5697 0.5838 0.6038 0.6239 0.5987

SCS (Somatic cell score) LM1 LM2 LM2 LM2 LM 0.2280 0.2848 0.3224 0.3662 0.3585

20
— Fat Parity 1
----------- Fat Parity 3
1.8 | - - - - Fat Parity 5
Protein Parity 1
L =mmmms Protein Parity 2
16 ‘v.,\ = === Protein Parity 3

Yield (kg)

60 120 180 240 300 360
Days in milk

2.3: Lactation curves of fat and protein yield for cows calving on December by parities.
Ranges for calving age on month are 24 to 28, 37 to 42 and 50 to 56 for first, second and
third parity, respectively (not classified in fourth or later parity).
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2.4: First parity lactation curves of fat, SNF and protein content and Somatic cell score

(SCS) for cows calving in December at 24 to 28 mo of age.

% 2.6: Coefficient of determination (R?) for fat and protein yield by parity

Parity
Trait Model

1 2 3 4 5 or more

L4 0.5093 0.6006 0.6359 0.6704 0.6704

Fat yield (kg) L4W 0.5094 0.6007 0.6360 0.6705 0.6707
MIL4 0.5092 0.6004 0.6357 0.6703 0.6704

L3 0.5592 0.6372 0.6639 0.6918 0.6935

Protein yield (kg) MK1 0.5592 0.6380 0.6648 0.6925 0.6941

NEW5 0.5592  0.6380 0.6647 0.6925 0.6941

TeDRIRL AP o7z, 206 5 IEICBWTERS V— 7 %@ L CH URBEOIILIRE 7L
MER X N-EHZ, IFLHRROIR, Ry — 2 BRPEN L Twa o EZ 6Nz %
72, FLIER, EIEEF D RBE LU SCS 2B WT, ERIL—FITE DRI ERL 2 EF AN
IR -EHEHEZ, C—27ROLHENICX 2D RN,

FLEDSL D 8 TEEICE T 2 WFLMIRE 7L O FIFREE, FLE L AR LAW & LEW 28
WTNE L BB EADERD Hh7z. BIC & DBEIRX Nz LAW & LEW LSO E 7L DR
2, WHARAT I EVETOEEPFET 25 AW L FAREDOETH 7. 7z, E
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RENC D RERAEEDRDONR o7, TAHDZ &Y, K25 IR LEET MIRER
ETILTH S eHEREINT:.

K26 ICERI N =TI D BB 2FBHEOET AERINLABR A X VRV HREOR
ERBUEFEXRINR L (WAL DERI IV — T TREE SNTZET IOV TDARL
7). WHE - ERIL—THIZBI 3 ETLBORERBDZX, ARBLAR Y RIEET
ZFNZHEAK 0.0003 BLU0.0009 THoTz. LRV ARIBRBOEDIKREVDIE, 2 EULLED
IN—FZBVT L3 OWERBPIENDTH S, 2O, 2EUA LD NV—TTL3
DA R T 2 Z 2 IR T2 b DRIz, Lo T, L3 22k
RIN—=FWZHTEDH 2 e iF#EHT TRV EEZ N, LirL, ARSI XY IH
B LI DETNMICOVTIE, RERKE XU FEREEICKEREEDRD SN o T2
e, ERXRINV—T@E L THEOET LV EHOCTHMEN RV DRI,

2T WHEI N — T DL 8HH 23 EFNWMIIEBIT % BIC L RERBER L. L4AW 13,
BIC 2k hiRZD 4 WHE (A&, WMIEEH &, MRS XOCREEESR) sERE .
BIRE N5 EICBVWTS, RERKE X CETRED S| L THTITE b IcHED
RWbDrEZLN. I DMEANK, MOEXRICBWTHRETH 72729, LAW I,
2E, 2ERETBLTHAEDEVWET LV TH S LRI N

WFLERNZ, WHEEERI L — X DA RIBIRER Lz, 7 VDA ZBET L
R, O REHZRIIFIRICIE, Legendre Z2IHR, v— 27 ZHioBRiciX, FEHEREB X
OB E EDETADEL TV S D e R N, /2, R e o EERug, X%
BIETZZIEOEAENRIOIEEZ DOEEZLNS. Hl21E, Wilmink DOFEEEIRL
X, -0.05 DERMEEETZ 22T, =720 HBOEREICHHEMRAREIC R 2 &2 5, X
BEARUZ, TR B DRSS 2 7= log(t) DIEFMANEZEE T2 Z 22k b4
E—ZIRICEHE S E 2 Z e AAREICR 2 b D E X HLT:.

RIFFETE, WARECHEET 2 8 BPEDOZAZIUIOWVT, dok dEAEDEmWIBTLE
METNVERRL. ZhSOET A LHEE SN S FHERFLEIRE, BEHBICB 2%0%
Wi B AR RS 272012, AFOMBERREOEEICHHT 2 2 TE35D L
Baxnr.
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# 2.7: Bayesian information criterion (BIC) and coefficient of determination (R?) values

of 23 lactation curve models for first parity

Yield(kg) Trait Content (%) Trait
Model SCS
Milk Fat SNF  Protein Fat SNF  Protein
L1 75,759 2,463 61,973 34,083 131,012 44,060 194,067 25,177
L2 63,543 1,820 44,443 5741 97,983 44,432 194,070 19,768
L3 41,869 906 25,514 0 58,155 41,657 173,487 13,548
L4 27,828 0 17,109 347 30,401 28,288 110,684 6,693
L5 10,011 332 6,031 725 9,772 10,938 47,546 2,978
L1W 10,929 661 3,121 11,437 6,423 28,498 116,108 1,714
L2W 5,009 668 1,937 3,330 2,412 14,905 53,511 958
L3W 3,307 988 1,928 426 1,055 3,711 13,566 433
L4W 0 95 0 800 0 0 1,621 769
L5W 378 385 441 1,175 409 211 0 1,241
LM 4,678 1,353 832 16,922 3,661 20,814 81,202 142
BIC* MIL1 6,801 1,947 1,641 8,988 9,548 18,478 83,014 2,607
LM1 3,102 1,392 1,023 2,584 3,373 8316 23721 0
LM2 1,573 1,448 754 4,429 3,034 7,373 20,242 129
MIL4 5,365 51 1,849 1,497 4,570 12,171 43,892 796
MIL5 4,162 310 1,534 806 2,923 9,338 31,362 309
AS 1,938 289 1,035 1,060 2,387 1,782 1,348 434
MW?2 6,486 837 2,162 2,587 2,745 16,533 58,106 1,053
MK1 3,129 1,080 1,800 402 1,624 3,047 7,856 207
NEWS5 5,704 905 3,404 406 3,290 6,008 20,518 653
NEW6 13,664 595 7,614 396 11,556 17,803 64,961 2,628
MIL6 4,488 326 1,927 1,187 3,154 7,954 27,969 683
MIL7 13,370 586 6,660 1,095 10,618 20,347 73,802 2,439
L1 0.5650 0.5084 0.5732  0.5518 0.3516 0.4468  0.5279 0.2184
L2 0.5676 0.5086 0.5768  0.5579 0.3617 0.4469  0.5281 0.2206
L3 0.5721 0.5090 0.5807  0.5592 0.3738 0.4477  0.5327 0.2231
L4 0.5751  0.5093 0.5824 0.5592 0.3821 0.4513 0.5465 0.2258
L5 0.5787 0.5094 0.5847  0.5593 0.3882 0.4559  0.5599 0.2273
L1W 0.5782 0.5089 0.5850  0.5567 0.3887 0.4510  0.5451 0.2272
L2wW 0.5795 0.5090 0.5853  0.5585 0.3900 0.4546  0.5584 0.2277
L3W 0.5799 0.5091 0.5854  0.5592 0.3905 0.4576  0.5667 0.2280
L4W 0.5807 0.5094 0.5859  0.5593 0.3910 0.4587  0.5693 0.2281
L5W 0.5807 0.5095 0.5859  0.5593 0.3910 0.4588  0.5697 0.2281
LM 0.5795 0.5088 0.5854  0.5556 0.3895 0.4530  0.5525 0.2278
R? MIL1 0.5790 0.5086 0.5853  0.5572 0.3878 0.4536  0.5521 0.2269
LM1 0.5799 0.5089 0.5855  0.5587 0.3897 0.4563  0.5646 0.2280
LM2 0.5802 0.5089 0.5855  0.5583 0.3898 0.4566  0.5653 0.2280
MIL4 0.5794  0.5092  0.5853 0.5589 0.3894  0.4553 0.5604 0.2277
MIL5 0.5797 0.5091 0.5854  0.5590 0.3899 0.4561  0.5630 0.2279
AS 0.5802 0.5092 0.5856  0.5591 0.3902 0.4581  0.5692 0.2280
MW?2 0.5793 0.5091 0.5854  0.5588 0.3901 0.4544  0.5576 0.2278
MK1 0.5800 0.5091 0.5854  0.5592 0.3904 0.4578  0.5679 0.2281
NEWS5 0.5795 0.5091 0.5851  0.5592 0.3899 0.4571  0.5653 0.2280
NEW6 0.5779 0.5092 0.5843  0.5592 0.3875 0.4540  0.5561 0.2272
MIL6 0.5797 0.5092 0.5854  0.5591 0.3899 0.4566  0.5638 0.2279
MIL7 0.5779 0.5092 0.5845  0.5591 0.3878 0.4534  0.5543 0.2273

* 1 BIC is expressed as a deviation from the best value for each model.

—90 —



E3E

ZHEFAEICK B EEPFES
OS5 D 305 HALEE=DF A

3.1 #¥8

1 A omFLRE h 2 /R HHE Y LT, 1935 4EIC American Dairy Science Association 23
TLTLLR, REIMICH-D 305 HALEERE (iR 10 » Ao RBEEALRE) »Z< DE 4
THHAZN TS (Voelker 1981 ; Norman 5 1985). OMEO4EHEHEET D AN TR
<, WHRENIEE LIT, BBIMEERIEMEL VWS ) TRONLMEHRE, 305 HALA
FEEICMTE N, BEMERLBIRAHERED & 5 RERe UCGEKEIK, fMEEHS XORE
FEE 2 ORISR AIIEH I ATV 5.

EHER 72 REIMUE (BUEMGE) T, HH 18, 1 HOWIAEB X UEWM LY > 710
ARG HEERET 2. ZhsOMEHTRICX D, 306 HIAAFEEZHE T S (Schaeffer &
Burnside 1976). #7E HREIE (Test Interval Method ; TIM) &, 305 HFLAFEE DH#HEE
FEDO—D2TH D (Everett & Carter 1968 ; Sargent 5 1968), 1990 FICZZ < DE 4
DRENBET—RICH VSR, BIETS OBEZECH» HTAHEIATHS. bAEN
B TAMO@RPE#ELLER? S 1 AMOALEERZ TH (GEKR) §28581&, TIM &R
DE AR O AAE &% FTHl3 5 Method P (MP ; Miller 5 1972a) OEIEEZMEAGD
B7-FE (TIM-MP) Z2EHLTWS (88K 1998). 305 HALAEZEEANDILRIE, MP Ofth
I Modified regression (Miller & 1972b), Multiple regression (Van Vleck ¥ Henderson
1961 a,b), FEAILRMAEE (Multiplicative extension factors) DFIF (Keown ¥ Van Vleck
1973; Schaeffer & Burnside 1976), WFLHIFRE T L DIEH (Wood 1967; Wilmink 1987a;
Congleton & Everett 1980) & X CHEERIIR A XIEDIGH (Jones 1997; Pereira 5 2001) &
W o T2 FIEDHRE XN TW5. Schaeffer ¥ Jamrozik (1996) 1%, Wood DIAFLAIFRE T LD
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RIRA=REWET 5 7= DITRBRNIANA RIETRESINZBEDER (FHillER) 2EMC
EH L7222 E L (Multiple-Trait Prediction ; MTP) %#Bi% L 7z. VanRaden (1997)
&, WIHBEETAZMHLZWAEE L TRETHIE (Best Prediction ; BP) ¥ L,
WY ERIERS G 2 5 hiUuL, BRIEBEOEZ T ZICH L THEDOEVWILEERZ THIT
xR EHME L. ZOTFEE, Best Procedure ¥ LT Schaeffer ¥ Burnside (1976) 12
IO BRCHREREEIN T Wz, Norman 5 (1999) 1%, MEMMRD R A RIME T 7 2k
BRESABEECHL, —HELTTIM XD b BP Ik 2 PHIE SV L 2HEM L. —7,
FAED (2004) 1%, DBEORT - a 7 —2ZHWT TIM-MP, BP XU MTP 7% ttig
L, MTP 2 & 3 305 HAEDO FHKENENATWS 2, 512 MTP CIHH 3 2 WLl
E70E Wood & D b Wilmink EFABENTNWS Z e 2WME L7z, MTP &, W%
BRI TW37DIHEHOAEERZHETZ 2720 TR, WEMODBEEHUZ FIH L
TWBDT, ARTORERBRNPRELTDH, HIEEORKELHR L2 oBHOIAKT &
ZTHT 22 EDARRICIR 2 L WO FIEDIH 5 (Schaeffer & Jamrozik 1996).

DHEICBIT 5 MTP 0FEAtIE, 2008 4 11 A2 & IFLFHE M O AR T 3 2 72
®, AEOWFLHH (Wilmink €7V) ZHET 2 7DICHHI N Z L hME—DHEHITH 5
(HEEEARELEEZEN 2009). DOHETIX, 2010 £ 5 WFLREN OB FTEL LTE
i OHEERBEIENIMEHE TV (Ptak & Schaeffer 1993) ZH#H L7z, ZHuce 0
WFLFH OB ISR, MEHET A2 0/ 0N BIEIZREENMRZRHAT 22 8o
72 GEEEAREREEFEM 2010). 2D X512, HADBEMLRIHES R T LDEEBIZL7z0-
TODEDBEHET AT LA, 305 HILAER LWV AL, BEFRCEAME AT
DWFLREN R TEAB L ALIERE LT, chx TR L TRAENS $ 0 L5
Eha. zhif, 305 HAAERDO THEOWRIZEETH Y, BEMHLTWS TIM %7
¥ TIM-MP & B L, BUEREBBDRCECERED? S X DBEOSWTHINTE 2 MTP @
FHRLZEELRFETHI EZoNS. LrL, DAEICEITS MTP O, WIEILRE
DWHMMRZHE T 2H5EICL Y E D, AMDESCHEMIER 27 (SCS) DWFLiFR= 2 FELL
BEDFINC BT 2 MFLHIROHEEREEICOWT, WER KD RABIMTORTWARWIRIIZ
H5.

AFRDOHINZ, DAEORENIBELRZMEHL, @& 5> MTP T 305 HLA
B2 THL7GEOREORR 2175 2 &, HAiTHMmOEFEEL MTP OREICE 2 508
ZRET 22, BIUMEMRE 1 HOBERBA IR 25k A4 RBETIEICHBIT S5 MTP O
FBEOMZIT5 2 TH 5.
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3.2 MRBIUVHEE
321 F—2ty Ok

SN U727 — &%, 1998 4 1 A2 5 2005 4F 11 AR AACTHER 2 RE A i
DWHEBEEINZHRNV AR AL VHEOREIBREICE > TH 1 BIORBTHREBDILEZD D & ICIVE
XA (ARG 25, E»S 10 EXTO 2 BFEALFE2MELE. 2hs
ORMEHFLEE, LR TR 2 FFICHEEI L2 00 ih 5 WIEIME H % 72138 80E H
DREkEA 61 A LD 2 B DICOWTAIAHNM THIFR L7z, WM Hidskid, 2004 4 4 ARH%Z
BFic2o07 =%ty b (DS1 & DS2) iIHEIL, #i& IFEMEROHEE, BREIIMIAHD
T—Zty b LTHIHLZ. DSLICEEN S, SO THAHEK 305 HET
WM EOREHGRER 2D DL L, ThLDEMEIME LRWESITMEIICE TN
TN TOMEHEREHIBR L. DS2 Tk, #EILHE 365 HF T 11 L EofE Hadsk
R 2 OMEILHE 305 HLERIC 1 DD EOMEHE A H 2 D DIWIHIR L. Zhbnsk
a7z IR VEAE, YHAMNO TR TOREHSEEZHIFR L. DS1 ¥ DS2 DA%
&, &4 513,306 HE 27,376 BHTH b, MEH DLEREIIE 4 9,360,796 iisk & 301,438 AL
FCTHotz. IR E LILHEE, L&, AR, WEEFS (SNF) &, XV VEE
BXUSCSOHWETHS. 3.1 £%£3.2121%, DS1 £ DS2 ICBIIZEXR LA L DRt
BREL, AL X O REEZ R L.

7 3.1: Number of records, means and standard deviations (SD) of test day yields for the

data set 1 used to estimate prior information’s parameters in each lactation

3rd or more

1st lactation 2nd lactation
Trait lactation
Mean SD Mean  SD Mean SD
Records 3,018,952 2,340,537 4,001,307
Milk (kg) 25.5 6.0 29.9 8.3 31.0 9.0
Fat (kg) 1.00 0.23 1.18 0.32 1.22  0.35
SNF® (kg) 2.27 0.52 2.63 0.70 2.69 0.76
Protein (kg) 0.83 0.18 0.97 0.24 0.99 0.25
scsh) 248 1.60 269 1.75 3.06 1.86

2) SNF is a solid not fat yield, ®) SCS is a somatic cell score
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# 3.2: Number of records, means and standard deviations (SD) of test day and 305-day
lactation yields for the data set 2 used to compare the multiple-trait prediction procedure

with the test interval method in each lactation

1st lactation 2nd lactation 3rd or more lactation
Trait Test day 305-day Test day 305-day Test day 305-day
Mean SD Mean  SD Mean SD Mean  SD Mean SD Mean  SD

Records 93,114 8,456 73,837 6,705 134,487 12,215
Milk (kg) 26.1 6.2 8,039 1,477 29.8 85 9,295 1,803 30.8 9.2 9,640 1,874
Fat (kg) 1.03 0.24 315 57 1.18 0.32 368 70 1.23  0.36 385 75
SNF* (kg) 232 0.53 713 132 2.63 0.71 818 158 2.68 0.77 836 163
Protein (kg) 0.86 0.19 263 49 0.98 0.24 305 58 1.00 0.26 310 60
ScsP) 2.50 1.57 - - 2.65 1.72 - - 3.01 1.80 - -

2) SNF is a solid not fat yield, ® SCS is a somatic cell score.

322 TIM, TIM-MP IC& 3 305 BALAEEESDHTES X
TIM 12 & % 305 HAAEROHETEIZ, RORUTEDITo72 (BHiK 1998) .
Yrive = Y1+ Y2+ Yn + Ye

ZZT, Yppy ETIMIC K S 305 HIELAER, yi 1370MW0 SHIRIMEH £ TOREAALER,
Yo IZY— 7O RIEAAER, y, IMEAMOREALER, v SHEAHE 305 Hick 3
HIOEROBEH? S 300 HECTORBALERTH 5. AT, HAHE 305 HLRE
W1 DL ERERRSRERD Z L BN LA R ORIEZRAT 5 ED D - Tz
TIM-MP 12 X % 305 HAAEEEO TR, ROKXITXDITo7% (BiAK 1998).

Yrive-mp = Yoo + (bO + b1 X yia) (305 — t)

ZZ7T, Ypymmp (& TIM-MP 2K 3 305 HELAFER, by BEL by 3REL, g FRARE
HoWMEHR, t 3HAHBKTHS. T2, y,,,, &, TIMIZXDFHE L0 & Ri&HE
HE¥CORBEALERTDH 5.

— 24 —



323 MTP Z{ERA LI LB DIEE T &

AT, IO 5 (2007) 12D %, OAEOILFLR DmFLHHRZ X < FifA$ % Legendre
Z I ¥ Wilmink OWRFLEHE (Wilmink 1987a) ZHASDOEUTOETFTAZHHE L /=.

= Z AgnXnt = g0 + 3g101(1) + ag202(t) + ag3¢3(t) + agaexp(—0.05¢)  (3.1)
n=0

T ZT, x¢=[Xot X1t Xot X3¢ Xat|' = [1 ¢1(t) d2(t) Pp3(t) exp(—0.05¢)]", ¢1(t) 225 P3(t)
SRt HEWCBI 2 1 X056 3 XD Legendre HH, exp(—0.05¢) & Wilmink O$5%ET
H%. ay = [ag0 ag1 ag2 ag3 aga] 1&, HE ¢ OFEIFIHIHIE T 2 WILHFRD S F X — KT
H5.
WFLHIRR D T X —21F, XA ZBEmZ ICH LU T B2 H U THEE L7z (Hen-
derson 1984).

(XRIX+C Ne=XRly+C e (3.2)

ZIZT, yiF, HEMFICBY S 5 IWEOMIEHLSR ER ISR OBHERY L TH S.
CIXHEBMEFITBT 2 5 TEHEOMWILHARENR T X — XD EEEZBRIZFOXRI ML TH D
(&= [/, ap a/s a/p a'y]). co % 5 TEE DI 5 X — X 2 HEL T2HADONRY M LT
23 (co=[a'yafpasa,ay]). 22T, m, f, s, pBXUIZ, zhzhili, FAMRHE,
SNF &, LAV 7 EEBXUSCS ZRLTWE. X IFEFTHITHTH 5. RIFWIART—
R L TR CTROWEZEZ DL EL, Cld 5 TWHE DAL ST X — X E DT H
b, BLPHODITHTHS. co, CBLCRIZ, BIHIOHEHIERTH D, #id$ 2751T DS1
»HEML, ¢ (3.2) 2 DS2h5HHT 3DICHW.

Schaeffer & Jamrozik (1996) 1%, FHIERZEX NS 2H BT, 70 CREFh 3K 85
A —=ZEDOHTEETRTO LFREL. HES (20040 b, ZOWEICHEIE C O
DEFE%® 0 LREL. LirL, ARFFETIE, Legendre ZIHHRDYTIEIDITEL DT X —&
B DMK, FRIFRZEDIIEM T 2 FROHRIE Uk o720 T C OIENAERITHLTE
2527,

3.24 FEAIBHROKE

eSS (2004) 1%, 74—V FEEIZ MTP 2IEH T 256, HA RBENROEEL>E R
TEL2HABEMERET S CHEETHD LIEHL TS, Z I TARIHFLTIX, Schaeffer
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¥ Jamrozik (1996) 23E & U 7= 007 & i A O HOBREM R 2 E R L - RDE
BETFTAEZHWTERI I o & R ZHEL7-.

4 4
Ydijkqt = Z hyinqxnt + Z CMjnqxnt + Aqu + Cdijkqt (33)
n=0 n=0

22T, Yaijkg \FHEA d, TEE q, 8 - DEIV—T 0, A j, AARILV—-T kB
KOHIHBt OV 727 7 RACBI 2MEHLIRTH 2. 2, ARt TBF 2 n HHD
ERIETH D, BEARINCIZN 3.1 OWMFLERTD 2. hying QIEE ¢ BT % i HFHOFHE - 5
WREE N — T HIRT n ROERRIFFHTH 5. 2iEFIE, 1998 205 1999 4 (CY1), 2000
25 2001 F (CY2) BX 2002 225 2003 F (CY3) D3 7 A—FWHHE L. CMj,, 1%
B q 2B 2 jEFHODMA Z RS n ROBBEIFRETH 2. AGr, BWHE ¢ 2BTF 27
WA V—T k OREGHRTH 2. DA, ERI W EAEDPRR 2720 Z OFM
R IBIRLZ. eqijrg BHRETH D, BAEDEE, WART I L TIE—HTHS L
RELT, #ALHE 285 HET 15 HRERT 19 27 2, A7 —Y DA 20 HRERE L, &
320 DWHR T — Z N —FITHITTHEE L 7=

13X LI Gibbs Sampling % (GIBBS3F90 Y1 25 4) %ML CHEE - pEIN—F
YR T A 0Bt R HEE L, Z0% BLUPFI0 7025 %2 M LT, HERDM
(hying, CMjng B AGy,) ZHEE L7 (Misztal 5 2002). co i, hying, CMjng BXU
AGr, ZRIRLT, BERZA—TF (G, 2 EBXC3EME) Zeic, 48 - SlET L —
7, A IN—T, AR N — T ORI DEE L. #E L RESBEL B, AL
HEWSHS 2 2 RENFIC K > TFEILL, ROERL Lz, CiX, H50 U DHMEKT IcHE
U7 MFLIARD R T X — X X D ERZ LB Lz, &40 305 HAEEREK, MTP 2056
B LI TR =& ¢ R FHOTTRILZIMALMIRICE T 2 1 HZ L oEEREZ 5% 305 H
FTHEMLETH 3.

HafEmE, MTP Ick > CTFHlxN 23 305 HALEROKEICKELBEELTWS. £h
W, KOWTIE, 32005 MEZL—F (CYL, CY2B XU CY3) HELEFRHI D&
HAiEHRZ FIH LT 305 HAAERO FRIFE 2 HHE L, 305 HILAER IS 2 HAiERD
BRSO BB L. ZOWE, B 1 271r—7 (CYD) OHEAMERIZRD HWERTH
D, ZOEFMEREMAT 2GS EEFMEROEFHIREBLRNEFHHL VS, —F, $3
ZN—7 (CY3) OFFIEHRIIEHOBEMTH Y, K HEBICEHNLRENEROEH 11D
NTVBRMZHHLTWS.
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7 3.3: Groups classified by calving age in each lactation

Group Lactation
1st 2nd 3rd or more
——— (month)

1 <20 <32 < 44
2 21-23 33-35 45 - 47
3 24-26 36- 38 48 - 50
4 27-29 39-41 51 - 53
5 30-32 42-44 54 - 56
6 33-35 45-47 57 - 59
7 36 < 48 - 50 60 - 62
8 51 < 63 - 65
9 66 - 68
10 69 - 71
11 72- 74
12 75 - 77
13 78 - 80
14 81 - 86
15 87 - 92
16 93 - 98
17 99 - 110
18 111 - 122
19 123 <

325 MTP ZERLT-305 BAEESEDOFAKBE

HO 305 HAEERZ, 7k 305 HE CoOMALMoEH, Ellxh-HARY BET
ZZrIE-oTatEEN S, UL, DAEOFHMEEEOLEX, @F, 1 » AR CHE
TIREPMTOND 720, HD 305 HAAEREZHE T 27D DERIFELTVS. KGHT
&, 1 » ARRORIE 11 o (305 HOZEMER) 226 TIM 2 L THEE L - EZ E
D 305 HALAEERY L. #BE5 (2004) X, W#HED 305 HEALE X OMIC 0.99 DEWAHRAS
HHZrERWMELTED, TIM ZHWTHEE L7 305 HELAERIX, BEo 305 HILAEERIS
RADAEER D D E X T-.

TIM-MP &1, 2o o&i&MEH £ TORBEALEEREZ TIMICXDHEEL, 28 305
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HE CTORMORBEAAERE MP OBEEREEHVCTTHT 2 FIETH 5. ERELERD S
TIM-MP ZffH L TFHI L7 305 HELAERK, TIM THEE L7 305 HILAER L FET
Hb. ZIT, SERGELERYE, % 305 H % T BRAEFLEFE R OHEE IS E 2 MOE IR RE
KHERTE 2oz Th 3. FHIOHELZRTHIEL LTE, TIM-MP %7213 MTP &
Ko TFHIL 305 HAEER L Ho 305 HILAER L OMEBRE, WD B X CFEF 53
ZDVHE (VMSE) W, @i, 305 HALERO FHME YL EOME L 020 FE
Y LTk VMSEZ, Bl oD% LTRDE. 7B, KOWTHA L MTP 5
51, 305 H SCS MR Pl 5. WEOFHMERETHHAIN TV S R SCS 1,
BREDFEME (HF¥ SCS) v LTitEINE D THS. MTP M L7zHFEH SCS
&, WAL EFHL TV 2 7-DEOEENRLRD, BEOFEL EHLKEITS 2T
N, AROHTTIE SCS O FHRIKEE DM 2 A L 7.

305 HILAEEDO FHIEE X, EEMELDINCEHYZHE (am-pm) E, ¥ (am) MEB
XU% (pm) MED & 5 BEEBRETHMEEIT 572, am-pm MEDLERIE, BHEMRED
FLERD HEE 72134 OMUERC IR E K H IS U CTIER L7z, 2085 1 [ H OME 28 £ 721%
A DWFTIUTT B0, SIS & o TEEAIGEIRL 2. FRIC, am BE L pm BIEDRLER
X, ZRENHADAL Y DADORBELLHR MM U TER L. S8EHDHALR, AR
BNCRGE SN MIERBEFH T2 22 ic k> THEE L7 GAIR S 2000). X512, AOHT
X, 2 » ABBTHREEDIROS LREIMEERITO>HAESMEL T, MEHKSR,»SRAZ
YT =X EMH L. 2B, 2 » ABROBEICBWT, DES 1 BoMEE 1 » ARR
DIEEHZZZ2EEHDOE S 52 RADHE L T 22013, SLEEGH L TEEAIGERL .
¥7-, MEHMROMGRT TIM-MP X b 305 HAAEERO FRIZAIRE TR D o il skid 54T
ORI LTz, ZORER, DHICHWIIE, WIE, 2 BB XU 3 EM ETEhEh 8,199,
6,514 B XN 11,843 TH - 7=.

33 BREIUVEE
331 ErBHROEHEREDOLE

# 3.4121F, PIECBWT, MTP,, OFAiIERE UTHEH T 2408 - HMESL—T D5
MR 7V — TR L CEBUERE TOMEHAED S FHIL 7 305 HELE L HoD 305 H
LB BRI, WY BEEVMSE 2R L7 BERE 1 EIcHT 2 MG, CY1,
CY2 BXU CY3IZBWTHK 4L 0.721, 0.751 BX U 0.769 TH D, X HFH LLAMES L —
7 OMBIRED E WEA R R LTz, S 2L — 712 X 2 HBIGRB O £E1E, BERB O8N
WEBHRWEA L, BMERE 7 EREMUREDLHIFE ACERNEDLNRL BoT. BERKL
1ENCBIF 2D IE, CYL, CY2BXU CY3 IZBWTHK4-473kg, -295kg B X U-151kg &
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TARTENMNCTHIZN, ZOHT CY3 DRI VRS NS Lot —77, TEHEEERD 5D 305
HAEDORH I, CY1, CY2 B LU CY3IZBWTH 4 kg, 15kg B X F 24kg LRI T
Xh, Z2OHTCY3 DR PI|DRKENo72. LirL, BRERE 1 EH5FHL= 305 HA
BEORD & iU, 2HES L — FTROSEIIEF TN oz, KIS VMSE &, BE
[\ 1 [E DS, CY1, CY2BXUPCY3IZBWTH 4L 1,127kg, 1,020kg B X F 957kg TH
D, CY3M|mB/NED o7 5EGEED 5 THIL 7 305 HALED VMSE 1%, CY1, CY2 B
FUCY3 2BV THK 4 108kg, 106kg B & OF 106kg 1WA L7z, 2o OMHBERE, ®h B
XU VMSE o, 2B &3 ELUED 20— 7T RBRERIZED 5.

Schaeffer £ Burnside (1976) 1< &3 &, WFLHIFROIRICE S 2 0BEEDBATING, F
HIEMRE BRI HERF T 2720, 1 RE 2FEMBTEIITEHL TS DELHZ Z L
EHEL TV, ¥/, MTP ICHH T 2 BHEMFLIIRD <5 X — & 2 58 8UTINE, 1
A BREA B BO TR E 2R T 2 2D ICBEETR T2 0EN D 5705, KA
HABUIBERFINC R X R ZEB 2RI ATREMESER N e 205, FlZIE 10 FREEORBTER T
B2 TI Ve T28ENDH S (Schaeffer ¥ Jamrozik 1996). KT IS DOMEIZL
7o, BHEIRFLHIARD 8T X — ZICB T 2 FRTERIC O W T 3 BEO RS L — 125
JTRREER AT - 7228, BADBUCE T 2 FaiERIEFE—0 b D& HH L 7.

OOEDEE, AREOBEAIVEENIF Y7 D 100kg ZHER L, FLKTRDOBEEHRE S 2K
WHEATWS M ATBIEAR SRR L > X — 2008). X 51274 il 2 B E VAL i & 24
EINOOHY, D& SRR ORBRERE D SERZ LTI FLERO IR E ZL X ¢
BER Y 2 3 AEEMED A, Ao ORERIE, & D DR VWHRERESD S 305 HILEZ Tl 2
%ia, MTPh, OFAIEREIEIDFH LV DZHH LB FHKE R LR TtEs 2
PR U7z, 20k, ERIEEZ, XD SEBICENINCERT 3 2 L Tyl 2 Tl
TZ53bDeEZ N,

332 HEOHEFIEmZERLI MTP ORE DS

F£34R351E, ZhPIWEB XU 2L 3 M EIcBWT, TIM-MP & MTPy,, ®
zhehzfHL, BMERB T TOMEHALED S FHIL 7 305 HALE X Ho 305 HAL®
Y OMBIFRK, WOBEEVMSE 2RL7%E. 22T, £3.512803% MTPy,, OH#FICI,
HEMHRE L TRHODGEFEI V—T (CY3) hoEELFHIE DT =K% g b L
THWE. £7:, R341TRLE MTPy, OFER, CY3 OFiRZH VT Z21To7. M
E RS 4 BT OB RENE, WTROEXRIZBWTSH MTPy,, AiEd o 7. HUEREL 1 [H
B B MTPy, OHBIRELE, #IED S 3BV THK L 0.769, 0.795 B XU 0.797 TH
b, TIM-MP ic5F 3 HERE L it LT 4 0.081, 0.062 B8 X1 0.086 B olz. Zhb
OB O ZERIE, BUEEE OB WD L, MEERS » 5 6 BlE#z 3 EIX
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# 3.4: Correlation coefficients, means of differences (bias) and roots of mean squared
errors (v MSE) between predicted and true 305-day milk yields® by the test interval
method combined modified Method P (TIM-MP) and by the multiple-trait prediction
with different prior information on herd-year subclass (MTPy,) classified by calving year
groups (CY1, CY2 and CY3)® in first lactation.

Correlation Bias VMSE
Test MTPy, MTPy, MTPy,
(no.) TIM-MP TIM-MP TIM-MP

CYyl CY2 CY3 CYl CY2 CY3 CYl CY2 CY3
1 0.688 0.721 0.751 0.769 —987 —473 —295 —151 1,457 1,127 1,020 957
2 0.849 0.861 0.871 0.877 —-553 —-319 -194 83 958 821 756 718
3 0.908 0.913 0.917 0.921 —461 —-252 —159 —T74 776 660 614 585
4 0.940 0.943 0.945 0.947 —-348 —-197 -127 —61 616 536 505 483
5 0.963 0.963 0.964 0.965 —-253 —153 98  —48 476 435 414 398
6 0.978 0.977 0977 0.978 -190 -114 -72 =35 363 345 330 319
7 0.989 0.987 0.987 0.987 —137 -79 —46 —19 262 265 254 247
8 0.995 0.993 0.993 0.993 -8 50 —24 ) 175 199 191 187
9 0.999 0.997 0.997 0.997 -31 21 -2 11 86 142 137 136
305-day 1.000 0.998 0.998 0.998 0 1 15 24 0 108 106 106

@) The true 305-day yields are calculated by test interval method and are based on all 11 test day records
collected by the standard supervised monthly 2 x testing scheme.

%) CY1 CY2 and CY3 show the calving year groups classified by the ranges of 1998 to 1999, 2000 to 2001
and 2002 to 2003 respectively

BRI D ZREINZE ALTHR L. BEo 305 HIALE L 5EMGsk» & FHl L7z 305 HALE
DIz, MTPy, ZfH L7355 0.998 L IEFICEWHEBEZ R L. 202 eid, ElEiek
75 305 HALEZ THIT 254G, TIM & MTP L OICER FREL R 2 ZR LW b %
RELTW5. FIEDOS 1 BIHOBREILRED S TIM-MP 8 XU MTPy,, 2#HLTFHlL 7%z
305 HELEIX, HEo 305 HALE X OMICE 4-98Tkg B L U-151kg DR D BH o7z, Zh b 2
O FHEDHT MTPyy, O DI, BE 1EHS 9 B E TOHIFET TIM-MP X h/NE W H
%2R U7, SERGELERD HHEE L7z 305 HELE DR D X, MTPyy IZBWTHIEDLS 3EET
D & +24kg, +34kg B LU +38kg TH D IEW /NS D o7z, PIFECBT S VMSE 1%,
SE 1 EH2 5O FHICE VT TIM-MP B8 & MTPy,, TZhZh 1,457kg B LU 957kg T
HY, TIM-MP & LT MTPyy 1< & 3 FHIKED ED 5 7. 305 HFHIAED VMSE
&, FIHTE 2RELHEDEIMN T 21T LWl 3 22" L, 20 X5 RIE[Z 2 ES
KU 3EL LOGRTORKTH o7z, WIE, 2EB LU 3 EM oKD VMSE 13,
MTPy, 2 M L7254, %% 106kg, 127kg B & O 136kg WK T L /2.

% 3.6 121%, MR, SNF BBXUAX Y X2 ERICEHL T, TIM-MP XU MTPy,, ®
Thehz AL, SHBEEBE TOREH GRS THlL 7 305 HELK & & Ho 305 H
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# 3.5: Correlation coefficients, means of differences (bias) and roots of mean squared
errors (\/W) between predicted and true 305-day milk yields® by the test interval
method combined modified Method P (TIM-MP) and by the multiple-trait prediction
with different prior information on herd-year subclass (MTPj,) in second lactation and

third or more lactation.

Test (no.) Correlation Bias MSE
TIM-MP MTPy, TIM-MP MTPy, TIM-MP MTPp,
2nd lactation
1 0.733 0.795 —1,112 —134 1,659 1,104
2 0.872 0.886 —669 —81 1,113 845
3 0.919 0.923 —562 —100 909 705
4 0.945 0.947 —413 -93 722 592
5 0.967 0.965 —-291 —66 547 484
6 0.980 0.978 —231 —47 426 388
7 0.990 0.987 —-167 —-27 306 301
8 0.996 0.993 —100 -8 194 226
9 0.999 0.997 -37 12 96 163
305-day 1.000 0.998 0 34 0 127
3rd or more lactations
1 0.711 0.797 —1,145 —93 1,751 1,138
2 0.855 0.882 —750 -79 1,235 891
3 0.912 0.923 —630 —86 1,000 733
4 0.942 0.948 —488 -84 802 611
5 0.965 0.966 —348 —65 608 502
6 0.979 0.978 —267 —50 473 406
7 0.989 0.987 —-197 —33 338 313
8 0.996 0.993 —120 —12 214 232
9 0.999 0.997 —44 12 103 169
305-day 1.000 0.998 0 38 0 136

@) The true 305-day yields are calculated by test interval method and are based on all 11 test day records
collected by the standard supervised monthly 2 x testing scheme.
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% 3.6: Correlation coefficients between predicted and true 305-day yields® for fat, SNF
(solid not fat) and protein by the test interval method combined modified Method P
(TIM-MP) and by the multiple-trait prediction with different prior information on herd-

year subclass (MTPy,) in each lactation.

Test (no.) Fat SNF Protein
TIM-MP MTPy,, TIM-MP MTPy, TIM-MP MTPy,
1st lactation

1 0.678 0.784 0.675 0.789 0.658 0.800

2 0.806 0.866 0.842 0.882 0.816 0.883

3 0.878 0.908 0.902 0.923 0.879 0.922

4 0.917 0.937 0.934 0.947 0.913 0.945

5 0.950 0.958 0.960 0.964 0.945 0.963

6 0.971 0.974 0.976 0.978 0.968 0.976

7 0.985 0.985 0.988 0.987 0.983 0.986

8 0.993 0.991 0.994 0.993 0.992 0.992

9 0.998 0.995 0.998 0.997 0.997 0.997
305-day 1.000 0.997 1.000 0.998 1.000 0.998

2nd lactation

1 0.715 0.783 0.720 0.807 0.704 0.812

2 0.825 0.860 0.865 0.888 0.842 0.885

3 0.881 0.900 0.911 0.922 0.887 0.918

4 0.918 0.931 0.939 0.945 0.918 0.942

5 0.951 0.954 0.963 0.963 0.948 0.960

6 0.972 0.972 0.978 0.977 0.970 0.975

7 0.986 0.983 0.989 0.986 0.984 0.985

8 0.994 0.990 0.995 0.993 0.993 0.992

9 0.998 0.995 0.999 0.997 0.998 0.996
305-day 1.000 0.997 1.000 0.998 1.000 0.998

3rd or more lactations

1 0.701 0.792 0.697 0.811 0.668 0.818

2 0.815 0.867 0.849 0.885 0.829 0.885

3 0.877 0.906 0.905 0.922 0.883 0.920

4 0.916 0.935 0.936 0.946 0.918 0.944

5 0.950 0.957 0.961 0.964 0.948 0.962

6 0.971 0.973 0.976 0.977 0.969 0.975

7 0.985 0.984 0.988 0.987 0.985 0.986

8 0.994 0.991 0.994 0.993 0.993 0.992

9 0.998 0.995 0.997 0.997 0.998 0.997
305-day 1.000 0.997 1.000 0.998 1.000 0.998

@) The true 305-day yields are calculated by test interval method and are based on all 11 test day records
collected by the standard supervised monthly 2 x testing scheme
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A &R e OMBRBEEXINR L7z, &) DROBIERE 5 FHIL 7 305 HILE D &
&, TIM-MP ¥ H# L, MTPy, 2/ L7275 ED 305 HELK D & & ORICHE ICE N ER %2
AUTe. BUEREL B2 6 MTP, 2 L TFHIL 7 305 HALR T B OV ED S 3 D
BfREUE, FLEERICBIL TH& 4 0.784, 0.783 BL U 0.792, TIM-MP 128 3 HEIHRE L [t
LT 4 0.106, 0.068 B XU 0.091 DAETEWERAZR L. A, MTP,, Z#HL7%Z
56, SNF BicB 1T 2 HEREIE, %4 0.789, 0.807 BX U 0.811 THH, TIM-MP 28}
ZHHBIRE  LEB L T %4 0.114, 0.087 BX U 0.114 OETEWEAZ R L. FLx o2
HR&OMBGREE, MTPL, 2/ L7258, FEICL T4 0.800, 0.812 8K 0.818 TH
D, TIM-MP 128 2 HEHRE & L L T 4 0.142, 0.108 B XU 0.150 DA TEWERA %
RU7z. RS MTPyy, Z2H LT 305 HALZ ¥ )2 BREEZ T T 2551, MEEEK 1 E720
TH, EXZHh2»boTEHOEE ORIZ 0.800 A EOEWHEBINFIE L. s MTPy, &
TIM-MP iZ81) % & 4 OHHBIGRBOZE, BERBDEMNST 212 LW hE kot F
O RICBEWT, MERBICHNT 2 HEFREOZ(IZ, 305 HAEZ TS 2858 2 EEL T
Wiz, 22T, 305 HIELA RO FHIFEE & UTHBIREO A2 R L7y, BEREIIN S
2MmH % VMSE OEMICOWTD 305 HILEZ TRl 2586 L UL = @20 & h k.
BUE R & D DI 0EERE 2 & FHIL 72 TIM-MP @ 305 HFLEE, MTPy, & #kL, ¥
LICKEWVRD AERD SN, AROWAM, HEHc EF L, 40 Hiifd T —
ZWEE LR, WA T 3 XD BIBIRERT A, SHBEIC LD ¥ — 2 ROEEMBIFE
325 (LES 2007). MTPy, &, WELEEEFIAL T 305 HARZ FHIT 2 FiETHE. —
Ji, MP OEIEKRIZEARERZ AW CHELLSRAARH LA 2 FHIT 2 5K TH 5. MTPyy
X, IWFLERERIA S 2720, E—20BIR (¥—20/X, ¥—2FTOEEBIU0Y—2
%O FRMER) ICRR XN ZHEAHBUC X 2R HEE L E BT 2 Z A ARETH S, X5
2, FHEC D o ZRIAT 2 22k D, FHFEOHBICH OO REETH 5. —F, MP
DEIEEEZ, =2 DR — 27 %DEE L Vo AL ABIC X 22 EBES, EX -
DA Z L CEE S NTARB L BAEBUE H OFLE B X CHFLHE D & EHEAREAT 5 720,
RIS T 2 RMEA R L TWB e EX oz, Zhil, TIM-MP Z{#H L TFill
L7z 305 HELRZX, MERBIDPZRVIEERDDBEFE L RELS Rod DRI,
Schaeffer & Jamrozik (1996) B XU#HKAS (2004) & MTP & TIM-MP %ZfH LT 305
HELEZ2 FHIL, Ho 305 HFLE & OMHBGRE L 5 MFEOHERE L MG L. £ ORE,
2o OMEBIRBUIARTSE & R ICH AT RE R BUE B O BN v ER L7228, MTP &
TIM-MP &, FUMERBTLE T2, 2o 0MBERBUCHEHEERARN LV LT
. HTE QWP THM L7 MTP OFFifEHRIE M & iAoV 77 5 A THhah
:ﬁﬁ,&%mmnTM?«f@T—&#6%%Lt—@ﬁ@hﬁf%5.ﬁﬁmkzwé
MTPyy &, %D 2 DOME LKL, & DBEREDRCEREH» SREOEW 305 HALE
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EFPRTES. 2oz, B EXRREERT S L TUHMAF O FIBERE L ¥ Y
WCHATE ML L2 HREREFHATE LI e AFERFERN e E X ohlz. Fiz, RS
¢ Schaeffer ¥ Jamrozik (1996) D% LB LI5S, LEDAL L THMEESLCA X > <
ZERTHRMRREILSRD NS Zeh 6, 305 HIESEEZ THT 25588, X lsat
U 7= HHilE#R % E 8 L7z MTPy, OF 5D OWBE R D BB 2> & —E DL EOHEE RSB % MR
25 A THMBRFIETSD 3 LRI, AREICBVT, REEKIZWGE O THIKEE
&, MTPyy & D% TIM-MP OB OThRMELEM o7, ZhUuE, EMEHED TIM o
EEZEDMEERE L TOMZTo I e TFELFRTH 2 e EZ N, £z, MTPy,
DMEEORIE B F/IERIC X 2BIEORE (FRFENADTZ) 2252 d—H
Y LTEZLN. LA, SERGEEICE TS MTPy, @ 305 HifEE i, TIM-MP 215
1.000 DR DY, RO & VMSE /RS WZ end, ZOEEEbTHTHHIEICRS
BRObDLHRIN, oD ehs, AMETO XY DRVEETSRD S 305 HILES
KU EE TR 2581, TIM-MP IZHART MTP,, BERL TV 3 LRI M.

333 BRGREFECRERBROLZE

am-pm, am B X pm OFZREX, HAFHEYDOEELL—FOHADAZMREL, FHlE
FRBEAHT 2 Z eIk o THEE L UE Hadsgkos A Y 722 (A & 2000). 24, Zh
5OMEHGHRIE, HU7D OMILEICTIRSNEET, BICREZZATWVWS. AT
F, TOXORBEZMHEIMEHAREDS 305 HALEZ PHIT 258 0REICOWTHER
BIkot., £3.7121F, am-pm, am BXL pm 2585 NSMERBMETOHYEZD D
PIELEZMHAL, TIM-MP & MTPy, 5 F#I L7 305 HEL& & Hd 305 HEL# & OAHEY
RE, MO B VMSE 2R U7z, REBESDROERETIE, TIM-MP & It#gL, W
NOMEFELCBOTD MTPy, OADECHBEZRL, Wb 2 VMSE 2/h& {HEE SR,
BYEMEDOLE L EM L @M% /R L7, am-pm, am B XU pm Dit#kd & MTPy, % ff
HALTTFHRIL 305 HALE x B 305 HELE & OMHEBFREIE, MEEE 155 2 BB WT
%% 0.760 7> 5 0.864, 0.764 2°5 0.865 B &K 0.757 225 0.858 TH b, EHERE DD
& TIM-MP Z{EH L TFHEIL 7 305 HALE (K 34128V T 0.688 25 0.849 OHHEE) XD
bEWHBAHEE STz, e, WE OMBIRENE, MERE 3 ETIZE AL ERNRLR
D, MOERE 4 B2 ETEMERE O TIM-MP OMHEBEIE S #HE XN, 20X S RER,
VMSE Tb BB k2D shiz. —7F, am-pm, am 3 XK pm OFigk» S MTPy,
ZMALTTHILZ 305 HELE Y ED 305 HARE DR IE, BMEEEK 1556 9EETOA
WHIFIZBWTH £-150 225 17kg, -176 2> 5 8kg B X128 225 27kg IZH D, FEHERTE D
F8E 5 TIM-MP ZEM L TFH L7z 305 HALEDRD, -987 2 5-31kg (£ 3.4) & Lt#g
TAUE, MTPyy BRD Z X D/PNSL T2 e TER. 2R, am-pm, am BLL pm I
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Lo THE SN2 BEHLRIZRAEZ GURLRTDH 523, MTPy,, 2#H T, TIM-MP
I OEDEW 305 HALEZ FHITEZ 2 b0 el I hi.

2 » AMIRCTEMT 2MEI1E, ElR L1 » ABRTITOME L L, MERBH D0
7, XVRBZHBTEZI2MEFELEZIONS. AT, REMREOMIZ, = 5I1HH
7ZMELEZ NS am-pm, am BX) pm ODFREEMHAGOLET, Zhzh 2 » AR
BRTHEMLI-EIREL, 300 HABDO FRIKEN N UHHFTE 2000 THRMEL .
7 3.8 121, FBEMEMUE, am-pm, am BX U pm OFMEE 2 » AR TEM L =HIERD
se#kH & TIM-MP & MTPy, 2 L THE L7 305 HALE L Ho 305 HALE & OB %
¥, WOBEOVMSE %2R U7 2 » AR TEM L - EEREDHE, BEREK 1 [
5 TIM-MP & MTPy,, Zf#H L TFHIL 7 305 HFLE & HoD 305 HELE & OMHBIRE, WD
BEUVMSE %, %4 0.754 ¥ 0.815, -768kg ¥-125kg 3 & Uf 1,239kg ¥ 868kg TH D,
MTPyy 12813 2 FRIOBENEWEAZ R L. IO bid, 1 » ABRTRERE 2 [0 5
IR TFHIL 2356 (3%3.4) OMBGE (0.849 £ 0.877), Wb (-553kg ¥-83kg) BL U
VMSE (958kg ¥ 718kg) Y LE#EL, #HTHIENS 2EMMRD Nz, 1 % AR THRE
[ 2 [\ 5 FHI L 7= 305 HELEWE, FIL 2 » ADEGE L RSOk ThH - Th, 2 HOMK
EDBRIN TV R DIHERESEWEAZRLZb D LRI, —7, BERK 1
26 FM L7 305 HALETIE, 1 » AL D H 2 » ABRO TS WEE T FHIT = 24
EoEohsz. 2 » AMBOMIEZ 1 » AMBOME XD, 16 HOHEHPWILY — 27138
W, 20U, 2 » ARERO 1 B HOMEX, 1 » AR L D ILifRoEms (EEED L NL)
PHETX 2 X5 RMEHREREZETD, 1 » ARKO 1 FHOME L L, SWEET
305 HALEZ THITE b D g,

2 » AMFCHERM L 7z am-pm O5E, BERE 1 H2 5 TIM-MP & MTPy, Z#H L T
TR/ 305 HELE 2 B 305 HALE L OMHBIRE, WO BEXF VMSE 1%, %4 0.722 &
0.802, -772kg ¥-129kg B & U 1,285kg ¥ 895kg ¥ 2 » FRIkETHM L 7-AZHEME L D b 45
TRV 2R L7203, fHi] e U TIEEERGE & AR MTPy, 525 FHIL 7 305 HALED
BENE»-o7. am-pm, am BLXL pm O XS ITREHFTEIGEVDEH-o7- LTDH, £/
E 2 » ABBOMEEZFEML 2L LT, BMERBDDRVER T, TIM-MP t LKL,
MTPy, 2L 7H2 & DAEEOE W 305 HIAERDS FHITE 2 b fiRI Nz, Z0k5K
MTPyy 226 T L7 305 HFLEEROREA B E OHEINE 2 EB L 3 EU Lo 71—
7, EHRBABSBETHRABCED 5N B 22 h 5, MTPLy FEXBEEOREICHED
53, 305 HAAEREZ THIT 25 AT, LHIPFICHHATZ2FETH LD LHERINL.

PlEozens, MTP I, &Aooz 55 2 @Y HiA© % 2 FalER e % E T 2,
DRCRERBOEMTD, XBEDE WV 305 HALEERZ THITE 2 Z e 2RI h .
F7z, MEFEOAHMPLHENMICL DROVREHENZREL TV RBIRICBWT, MTP
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# 3.7: Correlation coefficients, means of differences (bias) and roots of mean squared
errors (v MSE) between predicted and true 305-day milk yields® by the test interval
method combined modified Method P (TIM-MP) and by the multiple-trait prediction
with different prior information on herd-year subclass (MTP}, ), and using monthly test

day records collected by each of the three testing schemes (am-pm, am and pm)b) in first

lactaionn
TIM-MP MTPy,
Test (no.) :
am-pm am pm am-pm am pm
Correlation
1 0.658 0.662 0.655 0.760 0.764 0.757
2 0.819 0.819 0.815 0.864 0.865 0.858
3 0.880 0.884 0.872 0.908 0.909 0.899
4 0.920 0.920 0.907 0.938 0.936 0.925
5 0.946 0.945 0.935 0.956 0.954 0.943
6 0.966 0.961 0.956 0.971 0.967 0.958
7 0.979 0.973 0.968 0.980 0.976 0.969
8 0.987 0.981 0.976 0.987 0.982 0.975
9 0.993 0.985 0.982 0.991 0.985 0.980
305-day 0.995 0.987 0.984 0.994 0.987 0.982
Bias
1 —981 —1,039 —933 —150 —176 —128
2 —568 —617 —521 -91 —132 —54
3 —475 —503 —442 —84 —119 —49
4 —357 —373 —333 —70 —96 —41
5 —255 —268 —241 —53 —72 —-31
6 —189 —198 —178 —36 —51 —20
7 —133 —145 —123 —17 —-30 —4
8 —82 -91 —76 0 —11 9
9 —27 —35 —-15 17 8 27
305-day 7 -3 19 32 22 43
VMSE
1 1,483 1,518 1,455 971 970 973
2 1,021 1,049 1,002 752 756 762
3 848 856 847 628 630 649
4 681 691 704 524 534 564
5 545 558 578 445 457 494
6 432 457 470 369 391 426
7 335 370 390 306 334 372
8 252 304 329 254 292 333
9 183 256 282 216 263 304
305-day 145 237 261 189 250 286

@) The true 305-day yields are calculated by test interval method and are based on all 11 test day records
collected by the standard supervised monthly 2 x testing scheme.

b) am-pm, am and pm were the alternate morning and evening monthly testing, the morning monthly testing
and the evening monthly testing schemes respectively.
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# 3.8: Correlation coefficients, means of differences (bias) and roots of mean squared
errors (\/W) between predicted and true 305-day milk yields® by the test interval
method combined modified Method P (TIM-MP) and by the multiple-trait prediction
with different prior information on herd-year subclass (MTPyp,, ), and using bimonthly test

day records collected by four testing schemes (standard, am-pm, am and pm)b) in first

lactaion
TIM-MP MTPy,,
Test (no.)
standard am-pm standard am-pm am pm
Correlation
1 0.754 0.722 0.815 0.802 0.806 0.799
2 0.915 0.886 0.919 0.903 0.907 0.894
3 0.961 0.942 0.958 0.945 0.945 0.933
4 0.982 0.969 0.979 0.968 0.966 0.956
305-day 0.990 0.981 0.987 0.978 0.975 0.966
Bias
1 —768 —772 —125 —129 —158 —105
2 —421 —428 -89 —94 —121 —72
3 —234 —235 —61 —62 —76 —49
4 —123 —121 —28 —26 —34 —-17
305-day —17 —11 3 8 2 17
VMSE
1 1,239 1,285 868 895 892 897
2 732 807 596 648 641 669
3 474 551 439 498 498 537
4 305 383 319 384 396 441
305-day 210 289 251 323 342 386

@) The true 305-day yields are calculated by test interval method and are based on all 11 test day records

collected by the standard supervised monthly 2 x testing scheme.

®) standard, am-pm, am and pm were the standard bimonthly testing, the alternate morning and evening

bimonthly testing, the morning bimonthly testing and the evening bimonthly testing schemes respectively.

EHEA BRBETIRIC K > TR ONGRD S, X DEEOE W 305 HILAERO THIA A HER
FETH o7, 612, MTP I, BERMREIR WO TIM TIE—i#n L rREEZE N
TERVWEAIIBWTD 305 HEBEROHEMPARETH 2 2 v, R & 0IFLEhiR 2RI 3
52k, FMIEEHZIICDAAAEOTHNCHRILTEIeNTELZEZLNL L
Do, FHBRENOEAIDBERPHEMNEHATE 2EROREIHTEL DL
zgxn-.
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ILBEDRILAEZA ERBICEITS
MR 37 OEGFHEETILD
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41 HE

FHFEBNT, AT OEM, HENLERD? S DRI VT 1, LEEDET,
IGRE DFAESL KUOAARTREINZ ERR A e AR 2 BRFKICE 2 5. HlilaEug, BE e
BRICHEFRT 2 0MBRICE > THLPEWEETH 2. 2079, FlllaizE <Mz 27
DA E P72 T BRI RIC L 2 EN R ALN T E 1.

IR D 71X, HEIPRSBATED, ERDMEZHHR L LB EFHEFEZ Y TIED
DI E V. Do, FHlilaEuE, AfilER a7 (SCS:Somatic Cell Score) NZ#L
TEEFHESTHhbNTWS (Da & 1992). bHEICEIT % SCS OERFHEE, FIEDADK
EREHETVZHRHALTE D (MIATBIEARKEUR > X — 2013), MHINAVERTEHEL
HINT—ETH2eRELTWVWS. LaL, SCS OHEMMERDHIE, FLHNTEHL, £
DEZZERFET NV EZBMHAT 2 I ICXDHPATE 2 LT 2HMEDEZ < H %S (de Roos
5 2003 ; Liu & 2003 ; Bohmanova & 2008 ; Caccamo & 2008). Z&[MIFE T /LI, [H
IRDIINZ X D oST R —=ZHZACT 203, WY)RE TN DIRE D72 DI & 72 KETHEAT 2 i
DR DIFFEETIIZR V. van der Werf & (1998) 1%, FLHIZ WL D0 DWHLR T =129
HL, WHRT =Y T D EMART —IHOEp#EHE S 2 Z e, HoEEEE2 S
DI ETNERD D7D O I e 2WiE L. ZREFESADEHICED 1HZ
¥ OBIERPHEEAIREL 12 203, —RICARSI N2 DIE, 305 HIA L -FHEiETH 2. 20
AHEEIC B 2 KIE S DX, 305 HIRE OERR, WL HEE 0BG S X CREHETH
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2. bABEICBWTD SCS IKZREIRFEFLEZEMA LMERH D, WIS HIEES
R AKBIERENRICF C X OLERREIFZEH L TW55, 20T AHFLEAN O #i
EREYNHS 2 TWA20MEN LI TVRY. T2, 305 HEEOBERRIZOWTHH
M ENTVARY (ZJH LK 2006 ; Yamazaki & 2013 ; Hagiya & 2014).

AREFFED HINE, WIFED S 3 FEEORKEH SCS OB B D FLIHAN D HERS % E Y112 3t
S 2 Z2HA2MAE L, BEHHICRELRERAFREHETVEZRET S22 B LU SCS
D 305 HEOBEREWMET 222 TH 5.

42 MRERBLUVEE
421 SHTF—2

T — 2%, NI EENALER SR E R E R BB X N IBFLRE I OBERC SR & —
M ANHARIL Z X A4V BGaIbiE S R IcEB I NS V. oS E i
MEHSCSTHH, XOXEHNTHEEL .

SCS = log»(3¢) + 3

Z T, SCC kMg (FH/mL) TH 3 (Wiggans & Shook 1987).

EMEEED B OE D EIEEDHTE

F—&%, 1990 £ 1 A2 5 2011 £ 8 HE ToOMMICEBI NI 2R LA XA VE, RED
BER], 2 BB X UWIEDL S 3 FEE TORBRE AW, SERD A ORI WIEICE
WT 18 #» Bimd 5 35 » Aln, 2 FEICBWT 30 » B 5 56 » Aln, 3 EICBWT 42 % H
s 72 » A, X5 ZIFLHENX 6 B 5 305 HOZ&M 2 Tiieke Lz, K, i
27— (STG) %, WFLHE 6 H2 5 35 HET% STGL &L, STG2 25 STG10 £T 30
HERCTIWILHEE 7 2 A3 LzdDTH 2. sk, EXZcnEIL, FH— STG &4
Bt - DUED T D RIMAEDLEEL, F— STG ICEB O E ROk OV TIE, IMFLHE
DRZFVGIER L EICHIR U7z, £/, WMARAT—YOFECEIRIAEFTAE L. omicik, &
R a— FTRIEAICE 3 20% 7y bEMIEL, AFF9DY 7y b (3FEX 3)
FRHWEE. 2090 Ty oG T 2%V Ty bL—TFT L. STG
DODHIRB X UEY 7y MZBIT 2 STG Z & DG REEZR 4.1 AR L.

BinAHliICRELEERRRER €T I)LORE

AROHTITIE, 1982 4F 10 H22 5 2012 4F 11 A F COHARNICERBE I Nz 2 P /2132
M EowgEigort, O - REEIL—TF - ERXOV 727 5 R CEREREENS
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number of herds for somatic cell score by STG® in subset group I

# 4.1: Number of records (N), means, standard deviations (SD), number of cows and

First lactation

STG Subset 1 Subset 2 Subset 3
(Days in milk)
N Mean SD N Mean SD N Mean SD
1 (6- 35) 142,366 2.6 1.6 155,473 26 1.6 157,278 2.6 1.6
2 (36- 65) 146,302 21 1.6 159,244 21 1.6 161,092 21 1.6
3 (66- 95) 144,905 21 1.6 157,622 21 1.6 159,776 21 1.6
4 (96-125) 143,121 22 1.6 155,781 22 1.6 157,444 22 1.6
5 (126-155) 141,620 23 1.6 154,260 23 1.6 156,092 23 1.6
6 (156-185) 140,358 24 1.7 152,602 23 1.6 154,175 23 1.6
7 (186-215) 138,473 24 1.6 150,946 24 1.6 152,154 24 1.6
8 (216-245) 136,222 25 1.6 148,513 24 1.6 149,742 24 1.6
9 (246-275) 130,948 25 1.6 143,075 2.5 1.6 144,182 2.5 1.6
10 (276-305) 109,962 26 1.6 119,967 25 1.6 121,303 25 1.6
Number of cows 160,845 175,811 177,374
Number of herds 893 930 934
Second lactation
STG Subset 4 Subset 5 Subset 6
(Days in milk)
N Mean SD N Mean SD N Mean SD
1 (6- 35) 123,702 24 1.8 134,480 23 18 134,948 23 18
2 (36- 65) 126,322 20 1.9 137,376 20 1.9 137,551 20 1.9
3 (66- 95) 125,233 22 19 135,827 22 19 136,175 22 1.9
4 (96-125) 123,389 24 19 134,052 24 19 133,947 24 1.9
5 (126-155) 121,933 26 1.8 132,190 25 1.8 132,151 25 1.8
6 (156-185) 120,199 2.7 1.8 130,432 26 1.8 130,514 2.7 1.8
7 (186-215) 118,360 2.8 1.8 128,406 2.8 1.7 128,627 2.8 1.7
8 (216-245) 115,576 3.0 1.7 125,709 29 1.7 125,849 29 1.7
9 (246-275) 110,074 3.1 1.6 119,417 3.0 1.6 119,829 3.1 1.6
10 (276-305) 91,765 32 16 99,899 31 1.6 100,418 32 1.6
Number of cows 138,804 150,980 150,967
Number of herds 905 925 934
Third lactation
STG Subset 7 Subset 8 Subset 9
(Days in milk)
N Mean SD N Mean SD N Mean SD
1 (6- 35) 93,678 26 1.9 102,177 26 1.9 101,901 26 1.9
2 (36- 65) 95,787 23 20 104,110 22 20 104,124 2.3 20
3 (66- 95) 94,566 24 20 102,477 24 20 102,574 2.4 20
4 (96-125) 92,928 2.6 2.0 100,860 26 1.9 100,748 26 2.0
5 (126-155) 91,293 28 1.9 99,037 2.7 1.9 99,180 28 1.9
6 (156-185) 89,761 30 1.8 97,449 29 1.8 97,439 29 1.8
7 (186-215) 88,154 31 1.8 95,598 31 1.7 95,621 31 1.8
8 (216-245) 85,806 32 1.7 93,112 32 1.7 93,267 32 1.7
9 (246-275) 80,942 34 16 88,138 33 16 88,155 34 1.6
10 (276-305) 67,828 35 1.6 73,418 35 1.5 73,863 3.5 1.6
Number of cows 105,734 115,086 114,504
Number of herds 886 913 926

“)Stage of lactation classified by days in milking of parentheses.
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Y, Q%8 - MEEIN—T « FERDY 77 5 251k 25 H LN DL & 2tk 240 H L
BoitEratly, @AY 3L LESHD, 20N, 1T E 62 HUA, 2
DM 90 HEAREIC 1 i L e v S Rtz Saci 2 it U7z, hoskffix, 47k y
NN —=T T EFAETH 5.

ZZT, FEE - REES V- T, A4 B O mBAROENE (LD @) RS
RKIZVWHECHIROFEZHET L2 I DDELE (&K 3F). BIEN T X —XOHEE
W0E, AR LICEEAME L3000 TRy b (7Y 22— TF 1) BV £z,
BREMOHEE 2, 19824 10 A5 2013 F 2 A ToMicEEaN, 7ty b —
T L FROFEETHH L7 vy PO EH WL, 78y FAL—T TN 71ty
FOGEE 4 DD T =Xty FOHEBHEFHEEE 4.2 R LT

% 4.2: Number of records (N), means, standard deviations (SD), number of cows and

number of herds for somatic cell score by lactations or total in subset group II and fullset.

Dataset Lactation N Mean SD No. cows No. herds
First 1,834,315 2.3 1.6 198,416 1,000
Second 1,561,085 2.6 1.8 170,800 1,002
Subset 1
Third 1,186,217 2.8 1.9 130,937 999
Total 4,581,617 2.6 1.8 220,542 1,019
First 1,905,811 2.3 1.6 205,963 999
Second 1,621,388 2.6 1.8 177,135 1,008
Subset 2
Third 1,230,325 2.9 1.9 135,692 1,003
Total 4,757,524 2.6 1.8 229,603 1,014
First 1,847,137 2.3 1.6 199,453 997
Second 1,571,080 2.6 1.8 171,471 1,000
Subset 3
Third 1,189,550 2.8 1.9 130,963 989
Total 4,607,767 2.5 1.8 222,235 1,015
First 19,017,321 2.3 1.6 2,053,935 9,945
Second 16,114,361 2.6 1.8 1,760,119 10,003
Fullset
Third 12,182,000 2.9 1.9 1,343,132 9,962
Total 47,313,682 2.5 1.8 2,257,686 10,134
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422 FETFTILEDAE

HMBEESBOHESBREEDHTE
DX, UTFTOEFALEERL-.

ysjkmn - HY;J + CMsk + CAGEsm + bs(Xs - tsn) + Agn + 6sjkmn (41)

ZZT, Ysjkmn (&, STG s, B - WA j, DA k, 2RI V—7 m, {@kn O
HIfE, HY,; &, STG s, 8 - DWF j ORBEIR, CMy &, STG s, 77MH k ORI
B, CAGE,, %, STG s, DA N —7 m ORBEIER, b, 1%, STG s OIREIFHREL,
X, 1%, STG s OFWALAR, to, (&, STC s, Ak n OWFLEEL, as, &, STG s, fHkn
DOAEMIBEEZIER, esjpmn BIRAETH .

SUAEZ L — 1%, WIFEA 20 » HEGLUT, 2 A 33 » AU TE K55 » AlLLLE, 3
PEDS 45 » AELLUT, 67 » Atk 68 » HE XU 69 » AL L2 FR—271v—7 L, 20
DAE 1 » AlRE Lizzh 2 ait 16, 23 BX U 24 Y 77 R L. ZO0HE
&, DBEOSHICBOWTHAMTHZ. X X, %4 T3 STG OMWAHEHFA D H R E &
#L, PO STGL % 20.5 H, zans STG Zri230 HEMZ % 2 & THRiED STG10 %
290.5 Hx L7z, ZOEFE, BHEEHA (2008) 2E HILE DB T X — X DHEE
WHWET VR U, 580 e i H OMBEAERZ 51 A ORNRO AN EHL 728 D
ThHd. ETNAL ZITHRELT L EUATOLS 1T 5.

y=Xb+Zu+e (4.2)
ZIT, yBBIAMEDORZ v, b EEEBIRORZ b, w i 3HMEESIRORZ v, e

BERAEDRZ PAB LU X &Y ZERZNEEENR C IR EROFEITIITH 2. %
7o, WIRHE L E L 0BG T D L 5127 5.

ul| | GRA 0
Vm[e]_[ 0 R®1}
22T, GIZMMAERETEIETEITY, R BEETHIEDEITY, A E0FilifETsl, 11
HAIATH, @ 1& Kronecker ETH 5.
DERNE, ¥ Ty F Z—7 5 L0 AIREMLFOO (Misztal & 2002) % fv, B3
2200 STG ZERHELZ (STG-MT 77#r). $hbb, ZHTE320% 7y MIBWV
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TH4 220 STG Z 2 9 MHOMEMHIE SN2 DT, HEIMIGERSE L BATRITEET
27 DHEEMEDFMEE L TR L. STG-MT 73#7 TR & M7= A IIER 9 8L 2 BT TAI
1%, 4 XD Legendre Z2HN %2 Y T3, ZIUT & o THEE XN 0B RN I AL H B DRE
HECHE S FHIMPBE DB DR 2 BT 2 85 X — ZBERFTT 2 -0 ICEGHED R L7 (3
H & 3K 2008).

EEEHEIC R ELERERRER ET OB
ZOHHTE, ZRZHOERERR BWE L 272 LU FOZEREREIRREHE 7L
AL,

2 5 1
Yijkmnop = htdt; + Z HYP;qw(X)nopg + Z CM g W(X)nopq + Z CAGE 1,42(X) nopq
q=0 q=0 q=0

ul u2
+ Z penqu(X) nopq + Z anqu(X)nopq + eijk'mnop (43)
q=0 q=0

ZZT, Yijkmnop (&, A - WEH - B, 48 - BEFE I VT - BEX j, 7W%AH k,
IR — T m, Jkn, EXoZBT 2 p EEHOBIMNIME, htdt; X, T8 - BEH - #3L
M40 OZEBRINR, HY P \&, 8 - BREETNV—T - FER § O q ROBEENFRE, CMy,
X, A kO ¢ ROBEERGRE, CAGE,,, &, TR Vv—7"m O ¢ RO
BRI, penog W3MEMR n, PEXR o DIKHAIERENRZHAT 5 ¢ ROEEBEIRREL, an, (31
Kn, ERXo DMIKBEENRZHIAT 2 ¢ ROZEEIFREL, 2(X)nopg K, EXo D
p T HOBRMEC KT 2 WAL HE x 1B 2 ERBIEE 1 1L L 7z Legendre ZIHIZR
55 g B/HOHZER (x DHEHPHIZ 6~305), W(X)nopg & 2(X)nopg & D Legendre ZIHI
(g =02 HERARXE-1 £T) & Wilmink PIEOFEEFT T (exp(—0.05x) © exp 1F HAMNE D
&, ¢ =®mAXE) Z2HAEOELZHAOWAHB < I12B T2 ¢ FHOHZRE, v & w i
Zh 2K BREE R R & FHINAEEA RICH#E A U 7z Legendre ZIHKD I, €4 jkmnop 1,
PERWNMFLAR 7 — & TIF—hR725%%E GERNIBIHLR T —T D78 | 6~35, 36~65, 66~125,
126~185, 186~275, 276~305) TH3. ¥, EFL 43101%, B LA (2011) OHE
WHEOE HY P, 727 7 ANOFRH 2 &0, 1105 (2007) & IS E CM, %7
7 2 ANOWFLMIRE T N2 IEE L EXRZ MO T EEMED G o 7z 4 RD Legendre ZIHA &
Wilmink O E D 2HAGDELETVEH V. COETAETHIRLT U TO X
ST %.

y =Hh+Xb+Wp+Zu+e (4.4)
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T T, hid4aE - BEH - HAEBOZRNRDORY b, p 3KHRIERERNIRDO R b,
H e W idzhzh4RE - BEH - #ALRE KBRS R OFHEITIITH D, fhid4.2 &
FAMTH 5. £/, HMIFECIE L HTHIEIIUATO X512k 5.

y Xb
h 0
E|lp|= 0
u 0
e 0
[ h Io? 0 0 0
p|l | 0 P®I 0 0
Var |l 1= o 0 GR®A 0
e 0 0 0 IoZ
[ Py Pip Pig Gi1 G2 Gy
P=1 Pz P Poz |,| G2 G2 Gos
| P13z Paz Pgs Gz Gaz Ggs

DT, o WA REH - BILEEOM, 02 BERMIBILR T — os IKBY 2RES
B, PIEABIVERRE S BEEBUTAI TS b fidaid e FAskcH 5. £z, P& GiX, 202
Nul+1)x(ul+1)BXF (u2+1) x (u2+1) 1T Pa,a, & Ga,a, DO SH
% (dy & do \FERATHN R HER S 2 FER).

BRI RS X — &%, ¥ 7w b ZL—F 111 LT Gibbs Sampling & J6HT 52 2 &
THEE LTz, BRI A —XBLUOTHOST X =2 DWW iuex LT SEHFER TR 2 IRE L
2. BAHID 30,000 DY > 7% burn-in OHIF ¥ LTHEL, Z0#%D 20,000 fHDH > 7
NDSEEE TR T OHEEM Y L7z, EEOFHHE X, GIBBS3F90 F'v 27 4 (Misztal &
2002) ZEEOPMEIELLY 7 PV ZT A DITo%. ZOBIEDOHNIZE, HEOWRETHD
GIBBS3F90 & [A—DfERMI G NS & 5 IChE L7z, BiHfifEo# ek, 71ty o
7 — X 2 UL & A A ELTE (Tsuruta © 2001) 12X DEtE L 7.

BTV A3IZEENZWILHIREDOY 7T, KEHIEREIRIZ 1 KD 5 4 XD Legendre
Z A, MHIPBEEIRIC 0 X (KIEET V) 225 1 RD Legendre ZIHAZ HEX Y TIEHT
(ERk L 7= &t 8RB (4 FX 2 F) AR LT (AT, BADEFAE LPy 0 LEILT ).
BLUP % & D H#EE U 7 ki VEREE R IR L AHMAE AR O B LR RIFHRED 6, SCS I3 2%
305 EPRIRHIN (2o, S Zity o) 32 (i wortln) ) s pepeqiic

B, HEPABMOMMEMER L. £7, S2DTPIBY HlE) S sty Vutmn)
NSRRI & T AHEE (USE = S Yamn) ) £ gTGMT 4rH7 b
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L7z STG Z & IcBH LHBICHW ., B, AOothTlX, stEMERD0D0EFeIERKE L
T 64bit Linux OS, Intel Xeon Processor X5650 2.66GHz % i/ L 7-.

43 #HR

EIMEEED B OEIEEEDHTE

STG-MT 3#ric & W BH L7201, 2 EB XU 3 EICBIT 2% STG OHMAER S,
B2, MR EAEE BAESED STG Z ¢ OfEHEFE, B, Bz STG Hoi#
BB X BB BER 4.3 ~R U, HIMPEESBOHEPE, FI%E, 2ES X0 3%
TENZHN0.184 205 0.208, 0.245 225 0.276 B XU 0.229 205 0.275 TH H, AMHANOZE
B/ NEIFIEETH o . BRAEDTEIZ, FIED 212 206 2.28 LAWNTIEE—ERD
WXL, 2L 3FEIXZAEN 1.98 205 3.03 BXU 1.94 205 3.34 L LA O E T 34
EDKEL STG2 £7213 STG3 TY — 27 &R L7 RICHTIKIBAD T 2 #HB 2R Uiz, MHINiE
BAED STG Z b OFHERAX, W, 228 XU 3ETZAZHN0.004 225 0.016, 0.015
25 0.020 BXT0.007 225 0.017 2 IEFI/NE oz FRRITEREDTO STG Ik OFZH
RADYIE, 2EB XU 3ETEAZH0.005 225 0.039, 0.008 7225 0.034 B & 0.022 7
5 0.040 LIEFITNE o Tz, BIEROFPIZL, WIE, 2EBXIU3ETZERZN0.07T 225
0.09, 0.08 25 0.11 BXL 0.07 205 0.11 t —H L CTRWEIHEI N, £, 2EBX
U 3R, BREITHOLE 2 KL STG OETITHEWENT 2EHATH 7. B3 STG
B OBARMHBNE, WITNOEXRICBWTHRED &S STG HTRAL 2D, MUkKERERE B2
WKONT IR LRSEENL STGLI0 L DM TR/ o7z, ZOHTHRD KWVIBEHERBHEE
XNFzDiE, STG HORMARAL %5 STGL & STG10 t OITH D, FIE, 2FEBXU
3ETENZN0.756, 0.691 B LT 0.720 L \WFhd 0.7 BEDEIHEEINZ. DX
F72% STG HOBEEHBEE, EXERLT—EHL TEWEIHEE XN 2 EA2E8D 5.
EIEESENZ, B e FRO#ER 2R L, STG BoMEIEN 2 Icoh TN 2 51H
mzERL7.

STG-MT 73 #Ht OfEHR I, Haile-Mariam & (2001) 232 L72#IED STG Z & O5HTIcH
1 2 EARE (0.05 225 0.12) LEEMEE (2 BIEME L 7 BIEMET 0.70) LKL T, #i
ROFFNTH D BEHEDSPRPENMETH 72, T/, FEHETHE X -—EHB DY
SCS DEIRRE T 2 &, FRED SRR WELHEE S 7z (Emanuelson 5 1988 5 de
Haas & 2008 ; Windig & 2010 ; Koeck & 2012a). A#FFLTHE L7z SCSITBIF 2215
STG MDA, H#EH LA (2008) 23RS LHREDOZN L LT, 2 EUUED STG
B ORRSEN G E BN TEWETH -2, STG MOBMRMEEE, WALHEC X 28z
WHEN D ZERE KT 2. Zhd 1 X D/PAXWEEE, WA HEBICE VT 1 LT OE G
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7 4.3: Estimated additive genetic variances (diagonal), genetic correlations (above diag-

2
e

(SD) of 27 additive genetic variances by STG, SD of 27 residual variances by STG and
heritabilities (h?) for somatic cell score estimated by STG-MT analysis.

onal), genetic covariances (below diagonal), residual variances (07), standard deviations

Lac-  STG® 1 2 3 4 5 6 7 8 9 0 02 ——F— b
tation oy o;
1 0190 00944 0897 0870 0845 0822 0801 0786 0779 0.756 2.19 0.004 0.013 0.08
20190 0.200 0.982 0963 0.953 0936 0919 0910 0889 0.879 218 0.007 0.019 0.08
3 0170 0187 0.184 0.998 0.990 0983 0970 0959 0.941 0933 228 0012 0.021 0.07
4 0165 0.8 0.182 0.187 0.999 0991 0984 0975 0962 0951 228 0.010 0012 0.08
- 5 0161 0187 0.8 0185 0.193 0999 0997 0989 0979 0973 225 0.006 0.014 0.08
6 0159 0184 0184 0187 0191 0.197 0999 0993 0986 0.978 2.25 0.016 0.025 0.08
7 0156 0.8 0.8 0190 0198 0199 0.203 0999 0995 0.989 220 0.014 0014 0.08
8 0152 0184 0184 0191 0196 0199 0201 0.203 0995 0996 2.17 0.010 0.039 0.09
9 0152 0181 0184 0193 0200 0203 0211 0204 0.208 0.997 213 0.009 0.005 0.09
10 0145 0176 0177 0.8 0194 0196 0.205 0199 0206 0.200 212 0.007 0.027 0.09
1 0.245 00965 0935 0895 0854 0810 0788 0744 0711 0691 271 0020 0021 0.08
20239 0.257 0991 0970 0.947 0924 0902 0.857 0840 0.826 2.99 0.016 0.008 0.08
3 0234 0252 0.257 0994 0977 0966 0943 0910 0897 0.873 3.03 0.019 0020 0.08
4 0228 0257 0261 0.268 0.994 0986 0974 0938 0926 0.895 294 0.020 0012 0.08
ond 5 0213 0246 0254 0259 0.260 0998 0992 0971 0967 0945 279 0.019 0013 0.09
6 0198 0241 0254 0259 0.257 0.260 0.996 0.984 0981 0.959 2.63 0.015 0.030 0.09
70200 0241 0256 0273 0.275 0271 0.276 0.995 0991 0.976 244 0.018 0034 0.10
8 0184 0222 0243 0255 0.260 0262 0272 0.266 0997 0.990 225 0.015 0.016 0.11
9 0175 0215 0234 0247 0.259 0261 0267 0264 0.263 0.998 2.09 0.017 0.017 0.11
10 0162 0203 0219 0227 0241 0245 0.259 0.259 0257 0.249 1.98 0015 0030 0.11
1 0.229 0967 0937 0903 0889 0852 0823 0789 0748 0.720 3.07 001 0035 0.07
20245 0.275 0991 0973 0.962 0928 0916 0.883 0844 0813 3.34 002 0022 0.08
30228 0272 0.273 0990 0.982 0960 0932 0907 0866 0.841 3.33 001 0038 0.08
4 0214 0264 0259 0.255 0.995 0986 0971 0945 0917 0895 318 002 0.030 0.07
ad 5 0208 0253 0252 0242 0.247 0996 0988 0968 0946 0924 298 0.01 0040 0.08
6 0195 0237 0243 0236 0.237 0.235 0997 0979 0956 0.941 278 002 0038 0.08
70197 0247 0249 0250 0.248 0241 0.253 0995 0978 0968 253 0.0l 0026 0.09
8 0187 0230 0241 0239 0237 0230 0241 0.241 099 0983 232 001 0033 0.09
9 0.169 0.216 0.221 0.229 0.234 0.226 0.239 0232 0.235 0.997 2.11 0.02 0.034 0.10

10 0.160  0.202  0.210 0.220 0.227 0.222 0.242 0.227 0.224 0.230 194 0.01 0.038 0.11
@) Stage of lactation (See Table 1)

PIRETEZH2ZLRBMAFHREHET VORI BRLE L 12 5. £ T, 4 XD Legendre ZIHA %
FWTHDBBEBEHE L, TOEAHSME» SEEHE, F5RBLOCEERZ bLE2REHL
7o (R44). FE—FERTOFERIL, VIFE, 2EBIP3ETZEALN4.9%, 93.2%B XL
93.7 % L VWITNDERICBVWTHIEFICKREREEZ LD, RO THHENE? o7, RIEF
513, BT ERD ETTRERE 1T 99 WFEE (FIE 99.7 %, 2 7 99.5 %, 3 7 98.9 %)
R D REFHORMAEHA L. ZOFERIE, Druet & (2005) HIFIED KLV A X A FEIC
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DVWTHRE LR GE— R0 0% 5% 96.1 %, H TR FTORERFGE 99.6 %) &
FHETH D, Negussie & (2008) BHIED LT > ¥ —FIZOWTHE LR (B—FEHD D
FHHHE 84.9 %, H_EMDETORMEFEE 93.9 %, F-EWDT ETORMFEE 99.8 %)
EDE TR OHFEGRPE» o Tz, BHENY MU, #IEL 2 B ECTHENAERD, $F—
FERT DY T 2 EADEARNT L 72572

7 4.4: Eigenvalues, relative and cumulative proportions of eigenvalues and eigenvectors for
first three principal components (PC) on covariance functions using fourth-order Legendre

polynomials (LP) for the additive genetic (co) variance matrices estimated by STG-MT

analysis
1st Lactation 2nd Lactation 3rd Lactation

PC1 PC2 PC3 PC1 PC2 PC3 PC1 PC2 PC3
Eigenvalues 0.187  0.009  0.001 0.244  0.016  0.001 0.231  0.013  0.002
Relative proportions. % 94.9 4.8 0.3 93.2 6.3 0.5 93.7 5.2 0.8
Cumulative proportions, % 94.9 99.7  100.0 93.2 99.5  100.0 93.7 98.9 99.8

Eigenvectors
Intercept 0.999 -0.042 -0.018 -0.998 -0.034 -0.050 -0.998  0.001 -0.054
LP with First-order 0.034  0.930 -0.293 -0.023  0.977 -0.209 0.008  0.985 -0.075
LP with Second-order -0.025 -0.343 -0.650 0.053 -0.202 -0.916 0.045 -0.142 -0.592
LP with Third-order 0.006  0.127  0.256 -0.010 0.052 0.154 -0.022  0.088 0.293
LP with Fourth-order -0.015 -0.025 -0.652 0.014 -0.033 -0.302 0.027  0.048 -0.745

BGEHEICRELZEEFRER ETILORE

X 4.1 ISR FEREREIFBER T TV LP ), LPg2,), LP30) B&E LPy g BT BK
WERYBREE 2 L FRA WO e STG-MT 7947 (R 4.3) W THEE L 72 BRE D B H B &
PR ERXEF VIR, 22T, STG-MT S offilicix, % STG oz
AIiE 3 % HE (20, 50---290) & Wz, KiHYEREE 78 & RE DB OMOHERIE, STG-MT
DHTOIRAEDEE LKL T, WIFRDERIZEWTS LP o) TRENIERD, LP3 T
V= ZIHNC R D, LP3o) & LPy o) TRRIZFAROHEE Z R L. LP3o) & LPyo) &8
VF B IKAEIIBREE R & RO, ©— 7 R e WA e RO oK & XA T
DAERDED SNTz. LPy11) DKIIRE TR BRAETOANZ, BRLTWRWLD, W
NOREL (ul) 1IZBWTD LP,0) ERARDOIEREZRL .

X 4.2 .2 FERZREIRMGE HE TV LP30) , LP4), LP3 1) BET LPy ) & STG-MT
ST (R 4.3) IS THEE L 72 AHMEE B OWALHBIC X 3B EERZ L IR L. ZZ
T, STG-MT Z#t oMmiEEs oM, K41 2FAETH 2. HINERSBUE, K

48 —



45 4 First lactation 45 1 Second lactation 45 4 Third lactation
4.0 o STG-MT [40 - 4.0 -~
]
@ Jd e e i A ]
E z; LP 3.5 ~: 3.3 . "o._lo °
| 0 0 3.0 ~
- 25 : o o ”1 25 - ""u-_l ° o _f’ 2.5 ‘.,____'0 o ’41’
o o -5 -=—== -~ 1 _o.-
20 {° ‘q‘-~--~----1f—’q‘ 8o ho L2 o5 |20 . T %,
1.5 : T T T 115 . . . . . |15 : . . . "
5 65 125 185 245 305 35 65 125 185 245 305 5 65 125 185 245 305
Days in milk Days in milk Days in milk
4.5 |
First lactation 45 1 Second lactation 45 1 Third lactation
40 1 o STG-MT |40 - 10 |
8354 LPQU 35 3.5 +
§ .0) . 0. . ©
£ 301 30 £ 0 0 g 3o |0, %
25 G0 g ey
20 “b-‘:o °°=°D*ngp 2.5 1 oo 25 1 Qﬂ )
0 1% 20 Tie” 2.0 o o
1.5 . . . . s 1.5
> 65 125 (I8S M5 305 1T 5 s 25 185 245 305 5 65 125 185 245 305
Days in milk Days in milk Days in milk
4.5 First lactation 45 1 Second lactation 45 Third lactation
4.0 4 o STG-MT 4.0 - 4.0 -
835 = LPs; |35 - 354 4,
Z 30 30 4 o © 3.0 4 o
= (]
25 25 ° 2.5 | °
W“j—ﬂ'\ﬂ-—ﬂ—n-y
20 4 2.0 20 -
1.5 . . : : 115 . . . . . |15 . . T T 1
5 65 125 185 245 305 5 65 125 185 245 305 5 65 125 185 245 305
Days in milk Days in milk Days in milk
45 First lactation 43 1 Second lactation 45 Third lactation
4.0 o STG-MT 4.0 - 4.0 -
=¥ i o J
2 33 — LPuy 3.3 33 0.0
= 3.0 | 30 4 o0 3.0 \° o
E ') o
> 25 4 2.5 o 2.5 °
o o o o
2.0 2.0 2.0
1.5 T T T T v 115 . . : : . |L.3 T ! : : "
5 05 125 185 245 305 5 65 125 185 245 305 5 65 125 185 245 305
Days in milk Days in milk Daysin milk

4.1: Estimated residual variances of STG-MT analysis (see table 4.3) and estimated
permanent environment (PE) variances plus residual variances for somatic cell score in
first, second and third lactation (LP(; o) = multi-lactation random regression testday
model (MLRRTDM) with Legendre polynomials (LP) of order 1 for PE and repeated
for additive genetic (G); LP(2,0) = MLRRTDM with LP of order 2 for PE and repeated
for G; LP3,0) = MLRRTDM with LP of order 3 for PE and repeated for G; LP4) =
MLRRTDM with LP of order 4 for PE and repeated for G).
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0.45 First lactation 045 Second lactation 045 Third lactation
040 + o STG-MT 040 | 040 | s
LP(S.(N l.
£ 035 [*°°° LPyy 035 | 035 | ¢
.g LPg,,
g 0.30 esee LP‘“J 030 M 030 P e s e s oo osewT
&} o ° e
0.25 m/ 025 |o o ° 025 |g ©° °° ° .
020 F o 080 "% 02 | 020 |
] o ©
0.15 S | Y ... 015 —
5 65 125 185 245 305 5 65 125 185 245 305 5 65 125 185 245 305
Days in milk Days in milk Days in milk

4.2: Estimated additive genetic (G) variances for somatic cell score in first, second and
third lactation (STG-MT = STG-MT analysis see table 4.3; LP3) = multi-lactation
random regression testday model (MLRRTDM) with Legendre polynomials (LP) of order
3 for permanent environment (PE) and repeated for G; LP4 o) = MLRRTDM with LP of
order 4 for PE and repeated for G; LP(3 1) = MLRRTDM with LP of order 3 for PE and
LP of order 1 for G; LP4,;) = MLRRTDM with LP of order 4 for PE and LP of order 1
for G).

BB R OB (ul) ODEEERZ I RD o720, HIEEHIRO I (u2) Ik h #R

DEDONTz. w2 =0 (RIEETN) OBE, WIHHEWN S 2 MMM EESBOZE
STG-MT Z#i &3 WEIRIC IR o 72, F72, FHT 3 ERXBWTEZERZ R[] miﬁia%wm
MIPER T E STG-MT 941 & D & K& S HEE X fz.

R BUEH - HEELEEO UL, LP3o) & LP4g) TER2H 0.0626 B XU 0.0620 & 7%
D AR DEDHEE S i, FRAEDHUL, LP3o) OFIES 0.58 225 1.06, 2 A 0.49 55
1.36 B XU 3 FEAY 0.49 2> 5 1.46 DHFIFH, LPy o) DHIFED 0.62 225 1.03, 2 FEH 0.54 25
1.25 BXU3EH 0.53 55 1.36 O#HifAL 72D, 2 ELETHETOERIGED b/,

F 4.5 CEERERBIFIREHE TV LP3 o) OBIEEEERT LITR L. 1 HEMOE
mHIX, PIEH,»S 3ETZNLN0.08 205 0.10(°F# 0.089), 0.08 225 0.12(°F# 0.098) B
KT8 0.08 225 0.14(°F3 0.106) OFEFATH H, FEROEINBE K O 2 FELKEOIF HE DN
S BIRRO EREADRRD otz TOBE, LPyg RBWTHRMTH > 7. ABi%E
DFERIE, FUIIEED RV R X 4 VRN X 2 =/ & #3K (2006), Yamazaki & (2013) ¥
X Of Hagiya & (2014) OMGE LA TH o7z, £72, HARDANOEFNIIBWVTD Reents 5
(1995) &1Z & A R UEEH, %7: Haile-Mariam 5 (2001) & & fQdegard & (2003) 225
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W SN BRBOHFANTHE E N, LA L, de Roos & (2003) 23 L 72 P&
R (WIEIS 3ETENZN0.15, 0.22 BXU0.22) X D{&H» o7z, 305 HEHE DBELEHRII,
LP;30) B LPy o) DWTHBHIE, 2EB LU 3ETEAZN0.18, 0.19 8L 0.20 T
Hotz. B, de Roos & (2003) DI (0.237 225 0.305 OHifH) & D KWETH - 7=.

FERMDEEMHBNK, LP30) B & LPy o) OWTHbFIEL 2 ERA 0.90, WL 3 #
23 0.85 £ LT 2L 3EMD 099 THD, 2L 3 EMDBEMHEENIFEICENMETH -
7z. Thold, de Roos & (2003) 23 L7 HIEE L 2 PERID 0.64, WIPEY 3 EERD 0.53 %
LT2 L 3EMD 0.69 XD ED» o722, Druet & (2005) 8 X Liu & (2003) & [FfEET
Holz.

LP;30) BEU LPyg) OREHS 3 EICET 5 STG Zr D&Y ([RD) & FFHR
% (MSE) 222X 43 BEUOR 44 1R LE. ®OIF, RATD 0.02 BEDOKEXT
Hotz. T, TEFAEORY OEDKENHEIZ, RATS 0.002 UL FTHY, EHIT/NZ o
7z. MSE X, LPug DFids LPgo) & D/NSL BBMEADBH o7 LrL, ZDOETILHEOD
B, AT 3ED STG2ICBI 3 0.164 /NS otz LPg g BEU LPy g O
HEIRZRNR L kR BRIE RN IR O 305 HF-EFHlEIC 31 2 Bk % € 7V ORERMHBEHRE &
JERTAHBARENE, WIFhOMAGDEICBVTS 0.99 U EOIFICEWHEE o7z, LPj3 0
I & BRHIEEDRERHIE, LPyg O 7TERETH o7, AW THEHLET -2 BLUE
FRPAERIC X 2EHERNE, LPy o) OF 80 RENITH L, LPg o) A% 56 Rl & idr o 7z.

44 EE

AWFFED STG-MT 79#7 & D #EE L 7 I E IR e REDRUZ, STG H7=D 27 fHDHE
FEEDOEBDPIEFHITNE NI O LZELEPEEEIN TV DD LRI L. EAEED
fROFER, FHINBGE{R LA T 2 e B TR S 21213, mA TS 1 XD Legendre
ZHA T TH 2 eIz, £z, WIEL 2 ELETHNERIROMEEN RS Z
ORI, DR v PEL 2EM LTI THET 2R0ESNH L EZ .

ARBFFETHES LB BRHETE 712 BWT, KERVEREE 788 & AR AR 0L (LPw1,1))
1%, Legendre ZIHN %2 HW-ZREIFE T ILOREIC X D WA & RO 5K E <
7% o7eb D HEEZ NIz (Bohmanova & 2008 ; Zavadilovd & 2011). 7z, MHMAE{RITHL
&, FHT 3 EIZBWT STG-MT 2 & D RE D BERIC K 2 0HOBIPEMTH o7z b
Ezohl. ZoZr kb, ZEXEFTLVERWVWSG Z 2T, XD IEMEREMEERESBOHEE
DATREIC 72 5 b D RSNz, MET L 72 8 HHOBIERHIE T VO T, LP3 o) 70
LPug) #HYITH 2 L £EZ b7z, Odegard & (2003) 1%, HIIBHZHRIC I O 5% 72
13 1 XD Legendre ZIHI, /KFHIBREMNRICEN K D BROZIEAZ 4TI BIHEMT
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0.015 | First lactation 0.015 »  Second lactation 0.015 Third lactation

0.010 } 0.010 | 0.010
T; 0.005 0.005 0.005
% 0.000 0.000 0.000
g} -0.005 -0.005 | -0.005
-0.010 -0.010 | -0.010
-0.015 o LPay 0015 | -0.015
0020 L o LPuoy 0020 L 0020 L
12345678910 12345678910 1 2345678910
Stage of lactation Stage of lactation Stage of lactation

4.3: Mean residuals between measurements and estimates from two models for somatic
cell score in first, second and third lactation grouped by each stage of lactation (About
stage of lactation see Table 4.1. LP3 o) = multi-lactation random regression testday model
(MLRRTDM) with Legendre polynomials (LP) of order 3 for permanent environment (PE)
and repeated for additive genetic (G); LP4,0) = MLRRTDM with LP of order 4 for PE

and repeated for G).

1.2 First lactation 12 Second lactation 1.2 1 Third lactation
1o | o LPeo 10 | ] o b
E B LPyuy, Nl L M
£ 08 | q 08 | i 08 .
& Bl A - n ML M 1L
2 06 0.6
g . 6 H 0.6 |
W
g 0.4
B ’ 04 H 04 |
=
0.2 02 | m 02 | m
0.0 W LU g o 00
123456728910 1 23 4567 8910 1 23 456 7 8 910
Stage of lactation Stage of lactation Stage of lactation

4.4: Mean square error between measurements and estimates from two models for
somatic cell score in first, second and third lactation grouped by each stage of lactation
(About stage of lactation see table 4.1. LP3 ) = multi-lactation random regression
testday model (MLRRTDM) with Legendre polynomials (LP) of order 3 for permanent
environment (PE) and repeated for additive genetic (G); LP 4,0y = MLRRTDM with LP
of order 4 for PE and repeated for G).
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7% 4.5: Estimated heritabilities for somatic cell score from the multi-lactation random
regression testday model with Legendre polynomials of order 3 for permanent environment

and repeated for additive genetic

DIM® Lactation
1st  2nd  3rd
35 0.09 0.10 0.10
65 0.09 0.08 0.09
95 0.09 0.09 0.09
125 0.08 0.09 0.09
155 0.09 0.09 0.10
185 0.09 0.09 0.10
215 0.09 0.11 0.12
245 0.09 0.11 0.12
275 0.09 0.11 0.13
305 0.08 0.11 0.13
average per day 0.09 0.10 0.11
305d 0.18 0.19 0.20

%) days in milk

AR BDNEIMEE X2 ATREM 2 Ha L 7223, 20 X 5 RIEMIIARHEICB W TRD Sk
Do 7z. Druet 5 (2005) 1%, SCS OMHEMAGELRINFICZEREIFEMEHET V2 @A L 7H5R,
Z ORI —IEL o7 2 e MG L7z, [ABRIC Hagiya 5 (2014) 1, #IED SCS I 3 X
D Legendre ZHHRZ L U 724G R, BEEMIE—ETH S 2 & ZWE L7z, Bohmanova
5 (2009) 1%, ZREEFHREHET AV ZEH LB, TS 2 WA HEEHPIZIE T TZ o)
e RO DEOHKRT 2 2, THOEKRIDIRNE T ILEEFHME O % E M L7
e ERE L. Ao ERIC XU, STG HMoEEHEBEAE < STG Z & oMM ESL
DEPAATIEE B EZONZ 05, IRLDOMEEIAMEDHEREZIFTZHDT
Ho. Tz, HEDFRILRA XA YERZFIH L7 SCS OERFHET &, HINIEEL)
ReREETLE L TR OMZL e EZ 5N,

KBRS L, £, S 3 XL LD Legendre ZIHA D Y TIIDBRBETH 523,
ERDZHENZ Y TID TOHTREICRERAERPED ONL D o7, LP3 o) &, Wih
DEXRBELU STGIZBWTORNRETH Y, LPyg D MSE & DAERB/NE L, 305 HRED
BIERE X OEXM OB S LPy ) CEZRPRDONGED o7, T, LPyg D
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W BWT LP3 o) &, FTERMEAKICEN 2 XD, KEVERERIRICY TID 2 %1H
AF, EHLE 3 XD Legendre 2R TR ThseEZILNZ. ZhoozZe kb, SCSD
BIRFHIE 7 /U, LP;so) PEYITH2 LEZ 5N .

OOENCEBT % SCS DEEFHi, FIEDAZNRE L, MHIMPEEER & KBHIEREER)
REDIIREETLVE LTHkoTWS (BMVATBUIEAREWR > & — 2013). —fi&iZ SCS
DRMDIEIGMHEIE, FIE TR EXDOEM (hifn) iIEWEINL Tw ZeBHshTn5.
CHERML, FEREICBI2ABERIC K ZREEEIEE, PIELD D 2 EMBETHEI R T
W3 (AR AAGRER ZRERETHS 2013). %72, SCS ¥ EMMEICIZEEZBGRIH
D, @\ SCS & oFIFIk ST K RaEDK AL BH15 (Sewalem & 2006). T
DEIRRNEREEZ 5, SCS OBEMREHAIK, FIEZT TR 2EMUFED SCS EET 5
REWNDH B EZ NS,

AP THRE U 7B EFHEE 71X, MHIMEERR & A BHIREMIRICE N2 R 5K
BoZEXZ Y TED S22 T, FEaX 0fi/D, BELREC X 2 BERHBOHE (/
A ZDHUF) B XCBENRRBIC K 320K 20T 2 Z e AARETH S Z & 2o 0
L7z, X5, TOETNMICTE > THEE X N/= SCS OE MMM Z /A L 7/-%Ek L, 2 ELED
SCS DKk D Z B LB B ARE L 25 Z e 20 b, FIEDAD SCS OFER L N, 4
EOHELEZ@ L TRMEOHBERISOIIFTE 2 b D e #RINT.
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5.1 #®E

HERIE, AFOFERTIRO—D2TH D, LEMEOKT, mEREB X OHE I OENRY
W2 K BREFHERDFEAE T 2 - DBEROBLIIEFICEHWIEETH 5. FLERIC X 5FREEE
Elx, EROHIMHWIEMS 2 HAIRE SN TED (Pinedo 5 2010 ; 1S 2015), Z
DFIEZRD T E 2 Z e pRmEDA EA B2 3

HERICHET 2 8maHiE, BrRoiKkE e uEfiﬂY%O)%ﬁL S oI ERIEREE & ZIEE
THDITONS Z e DZ W (Lassen & 2003). iR 27 (SCS) &, BIEMEFLERICBEGE
TRHTRIFETH 5. FINTBIT 5 SCS oEMHGET R (Bl I FREERA) &, FLERE
HREED S EmWEHEEZRO Z e PlRE TN TS (de Haas 5 2008 ; Koeck & 2012a ;
Jamrozik 5 2013).

ALFREEE D Nordic Total Merit (NTM), 7+ X @ Lifetime Performance Index (LPI) 3
FUOAZ & 75X —ZD Dutch-Flemish total merit index (NVI) i2i%, ZEHET
MZE D Pl -AEROEREMAFH 2 TWws (Nordic Cattle Genetic Evaluation
2017 ; Dockes & 2018; Martin & 2018). JLEKFEETIE, FLERFFMOHRPHE L LT
o SCS DXRMFHBHNLNTVE. AT 0K 77X —ATIE, HREEL L THM
fal (SCC) ORBEFEZH WM 27 20X TWS. SCC DfEHEICIX, F
] SCS, R (SCC Hd 2 EAERMZ 70 5 720), HIEE (SCC HdH 2 EHELEZ 7-E15)
BIOUE—27 0P EENTVS. 22T, E—270REFINCBEIT 2 SCS DEARD EHIC
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Hoxhvrrand., AROSRTLIE, HFRIZBEWTHFEE SCS, SCS OFEHERFAES
L OEHZE W THE. 2 LTV 5 (Dutch/Flemish Cattle Improvement Cooperative CRV
2016; Nordic Cattle Genetic Evaluation 2017 ; Martin & 2018). £7z, 4 %V 7 Ti&, ‘F
¥ SCS, SCS mfEHEF2, EEEB XY —27 DD 57 % Udder health Index 23R XN
TW3 (Finocchiaro & 2018).

HATI, MEHREETLVEHWTHIED SCS OBIRFHE EHINCE RSN TNS.
ZZTiEoh 5 SCS o F Mo IZ - SCS 1w, SCS OHEE BRI IR LT
R"RIN, ZOHEEIRETEE (NTP) OFREIERT e LTIDATAS (REUR LV
& —2015). —J7, ABERICOVWTIE, FHBECHMEROBHHFICHE O ZEINTVEHD
DIF L AR ITHOA TV, Hagiya & (2014) 1%, REREELERRE SV EHWT
WIEDHERDEBIRR L ECHEZHRE L. LrL, HRDOFLVZAZ A YEMIZBWT 2 E
DAFERBLUTIER L SCS DBEMEBICOVWTIE, FEBEDB LRSI THR.

AHFRDBINE, HADKNVAZ A VEFNCBIT 2HEDID 2 EOIERDBIER L HFER
& SCS #iat BREOBELEMHBEZHE ST 2 Z b B L OEGEFHEICB I 2 REET NV ZERET
NOEMUZHKSTZITH 2.

52 MREBIUVGEE
521 ST —%

7= 2%, Nt EEAAGRER EARERE I RNEE L 1988 45 1 A2 5 2015 £ 3 A
WALBE T M L 72 R VA XA VEOBEHGRTH 5. oI, HIE»S 2 EEZTO
% 305 HLAN DFLER, 7%k H ks O FEFHAWIFE 18 » Alid 5 35 » Alks, 2 # 30 » Alh 5
56 » A, BEHOD SCC itz 7tk 62 HLUTIC 1 58k L3 X U0tk 155 HIA T2 3
R LR ORI E RN, 2, WIE 2 ESA R R W ERB X O SCC 28 500 (F
fidl/ml) %z 2 EERBTFET 2 DICHBE RIS SR D o TFREERDFEERZHIFR L /2.
Mgk, —MALFIEANBARRN R X A VEGFHRABE S RICEB S N5 E v .

522 SNEEDES

BOEDFRBE TR, ABROLREMERDOHFHICLD 2 OOBEKTINEL TS, —
DA OMELRRHICIRE SNSRI — FTH D, HERED 5 S EINE % TORICEE
FIDRZWT - IBEE ST DTHS. &5 2, FREROREMHa—-FTHD. 22T,
BUERHCILE RS S0, BEZ Rk L TRl e - WEan 2 v, KifFZEIC
BWC, ABERIE, HRa— FeREER - FZHWTIE SO Er0 2EEEE LT
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EFRLTZ. FBHIOHITBWTIREE T X, Koeck 5 (2010) 2SE Lz X5 ICHEE TV &
FZEDOTFHREEEZRLETE IR F /N Ehotz. TR, ABEREHEEE L LTHkKk-7-
MEH®D SCC 1k, XD %EHNT SCS N EHL 7-.

SCS = logg(%) +3

22T, SCC oHAE (TfH/mL) TH % (Wiggans & Shook 1987). AWML TIE, HER
fERIEE e LT, SCS OfEI&TH % 757tk 305 HE TD SCS D ¥ (avSCS), 1HUERA
(sdSCS) BLUHKME (maxSCS) D 3 D%k EFKE L. Z I T, sdSCS & maxSCS (X F¥5»
SDMAZRT.

523 BIEHNSXA—Z2DHE

BRI T X=X OHEER, 4TBE (AERL 3250 SCS #igt®) RFHIRITRT ZFE
7=V ETAERHOWTTo /. —DIF, ERXROGERE IR AR LI 4BERET? =<
JLETIL (multi-trait repeatability ; MTRP), & 5 —2l%, FERDiLErT RiZ 2 WH L A%
L7z 4 IWEZHER 7 =< /LE7 )L (multi-trait multiple-lactation ; MTML) T® 5.

MTRP €7 VETHITIRRL T 5 E LT D L 51272 5.

y =Hh+Xb+Zu+Wp+e

2T, y3BEEDORZ Mov, hIXFRE - 9 - EROZEEINRONRT bv, bl iheE
A XN A b7V — 7 OREGIRONZ Fov, u SHEMGERTHRONZ b, pld
KBS R DR bL, e 3EAETH D, H, X, Z & WIFFHETFITH 5. FAEDETIL
%, Koeck 5 (2012a) IZ&k > THMEINT VS, HOHRGEIILL T D & 5 IRKE L=,

h Ho®I 0 0 0

u | 0 Go®A 0 0
Var | | = 0 0 Po®I 0

e 0 0 0 Ro®I

ZIZT, QWEBIruaxyh— LHIHEMATH, AZSFIETHTHE. ZOHE, TXTD
HABATY Hy, Go, Po BE U Ry DXEUT 4 TH 5.
MTML EFiE, Wp ZBR\WT MTRP EF L ERIBETH O RD L H 1Tk 5.

y =Hh+ Xb+ Zu+e
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ZZT, y, h, b, et ZRIHIET 2 H & X1Z MTRP £EF L@ TH 3. uicld, FIE
Y 2 EDHMNEBLETIRNH 2 icE&En 3. HodEd MTRP E7 L ERBETH D RD

koW hk 3.
h Ho Q1 0 0
Var | u | = 0 Go®A 0
€ 0 0 R0®I

BHEEZ, WMATDOET LV TROZBIVEER DM ZIRE L. MTRP i LT, E(y) =
Hh + Xb+ Zu+ Wp, Var(y) = HHo@DH 4+ Z(Gy @ A)Z' + WPy @ DW' + Ry Q1.
MTML 123 L C, E(y) = Hh+Xb+Zu, Var(y) = HHo @ DH +Z(Go @ A)Z' +Ro Q1
(Wang & 1993). £ TOAE T X —XBIUETERT X — 210 U CHEEERT 9 & RE
L7z, BEOME, Wang & (1993) ICX D MEIN TV, BEN AT X —XOERIHD
i 121X Gibbs Sampling 2@ L, FHEICIE gibbs2f90 7’1 275 4 (Misztal & 2002) %
MU, 2BRGOHEIIE, V7 by =7 OflRD &4 HEN CEELMH L 2hzh
300% 7ty bERHWE., &3 7k v b 100,000 BHOY > DS EHDHD 50,000 fEH DY
> 7% burn-in OHIE ¥ UTHEZE L /2. Gibbs Sampling OINHHEE, FL—Z2 7w v b
KEXF77A®EE%Ekibﬁoh.i&%hi&ﬁ%@%yfwi #I7v Yy RIgBY

TEE DY > TN FHCTEHEAE LR 6 TEOBERBEHBEZY 72y + ZEIGHA
lja.%ﬁ7kybkﬁﬁ%@h%»7x—&®$&¥%t$&%ﬁﬁ§(ﬂ»m;5Hﬁ
YINDEE e BHEREY LCEE L. &3 72y s OFEERF & FRIEERZIZMLE - T
Wiele®, 2o 300% 7y F OVIEEE BRAENIZFRTE L FREERE L L TH5RO
DWW, ZhZ2h0H 7k y MgBWT, KA. P72 s 10 FEM DM
Froie s 20 TORBMER G EN. 2 LT, MK, 2R d 35 HEEKIEZ
Nz Y7ty M DIERIERE RAUEDHETEIEZ, 71ty b eIFEIBIEZR L
(£5.1, £ 5.A1, £ 5.A2).

5.3 HRBILUER
53.1 T—2DMKE

51170ty MBI 2IERBER, avSCS, sdSCS B & U maxSCS OFEHEZE R
L7z, K oABERE, BEHLROBERI — 200 Lk, ABERI|E X i3l
DIEHT, BREEHEE I — FOATIE ShLROEIEZ, VIE, 2EBLUGTEZLZA
6.6 %, 10.8 B XL 9.0 N THo7. HABERMEERIE, Urioste 5 (2010) AHE LD L
FRRICHIFEL D 2 FECE o 72, IHES (2015) &, HARDFRILZX A YEFIZEWT SCS
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% 5.1: Number of herds and records, frequency of observed mastitis (Incidence %), and

means and standard deviations of SCS statistics (avSCS, sdSCS and maxSCS) in the full

data set
First Lactation Second Lactation
Healthy® Mastitis® ALL Healthy Mastitis ALL
Herds 9,013 7,613 9,014 8,360 7,448 8,373
Records® 1,658,083 104,072 1,762,155 1,176,934 132,260 1,309,194
Incidence % 5.9 10.1
Means +  avSCS 226 & 119 299 + 142 231+ 1.21 246 + 1.31 326 + 1.52 254 + 1.36
standard sdSCS 1.00 £ 0.54 1.42 =0.72 1.03 £+ 0.56 1.15 £ 0.57 1.3 = 0.73 1.19 £ 0.60

deviations maxSCS 4.07 = 1.80 547 £ 2.11 4.15 = 1.85 4.38 = 1.86 5.74 = 2.05 4.51 &= 1.93
ALL Lactation

Healthy Mastitis ALL
Herds 9,013 8,091 9,014
Records® 2,835,017 236,332 3,071,349
Incidence % 7.7
Means = avSCS 234+ 124 314 + 148 241 + 1.28
standard sdSCS 1.06 = 0.56 1.48 £ 0.73 1.10 £ 0.58

deviations maxSCS 4.20 = 1.83 5.62 = 2.08 4.30 = 1.89

avSCS, average somatic cell score; maxSCS, maximum somatic cell score; sdSCS, standard deviation of
somatic cell score.

% Healthy cows.

® Cows with mastitis.

¢ Same as number of cows (first and second lactation, exclude all lactation).

BHWELD 2ETEWI EEZREL TV, FIED maxSCS X, Z0 22 %3534 35 HIL
NODREEERICHR L, D IZFe A CHF MDA T — 129 L T\ iz, 2 FED maxSCS
X, D DI e RIS HKR T 250 % o 72 (R 35 HLINAY 14 %, 5ifitk
246 H2 5 275 H2S 13 %8B X O3k 276 HA>5 305 HA 15 %) . 7ty MZBWT, £
PERIZHBIF % avSCS ¥ sdSCS, avSCS ¥ maxSCS 3 & ¢F sdSCS ¥ maxSCS [ o £ AUFHEE
&, FRZEN0.33, 0.78 BEU0.76 TH-7-. FkEIC, WIFEICBT2ERMEER, zheh
0.34, 077 BLU0.79 THo7-. £7z, 2 FEICBI 2 RAMEIZ, 2Hh200.31, 0.80 B&
U 0.73 ThHo7e. ABERL SCS Hiat &M ORI - 72 (<0.20) .

5.3.2 BE{EXRXEEHEE

MTRP & & &* MTML (2 & D€ L7z FLER & SCS Mal BBk E L HEEHEZ €1
TI#E52BXVHKS53ITRLT.
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# 5.2: Posterior mean (SD) of heritability (diagonal) and genetic correlation (above

diagonal) for mastitis and SCS statistics® from four-traits repeatability analyses

Trait Mastitis avSCS sdSCS maxSCS
0.03 0.66 0.79 0.82
Mastitis
(0.00) (0.04) (0.03) (0.02)
0.22 0.44 0.94
avSCS
(0.01) (0.03) (0.00)
0.07 0.70
sdSCS
(0.00) (0.02)
0.14
maxSCS
(0.00)

@SCS statistics are as defined in the footnote to Table 5.1.

% 5.3: Posterior mean (SD) of heritability (diagonal) and genetic correlation (above

diagonal) for mastitis and SCS statistics® from four-traits multiple-lactation analyses

First lactation Second lactation
Lactation Trait
Mastitis avSCS  sdSCS maxSCS Mastitis avSCS sdSCS  maxSCS
0.03 0.54 0.71 0.72 0.91 0.58 0.61 0.69
Mastitis
(0.00) (0.03) (0.04) (0.03) (0.02) (0.04)  (0.06) (0.04)
0.21 0.34 0.93 0.57 0.92 0.34 0.84
avSCS
o (0.01) (0.03) (0.01) (0.04) (0.01)  (0.04) (0.01)
irs
0.07 0.65 0.70 0.46 0.92 0.69
sdSCS
(0.00) (0.02) (0.04) (0.03)  (0.01) (0.02)
0.13 0.73 0.90 0.61 0.93
maxSCS
(0.01) (0.03) (0.01)  (0.03) (0.01)
0.05 0.68 0.68 0.79
Mastitis
(0.00) (0.03)  (0.04) (0.03)
0.24 0.51 0.95
avSCS
(0.01) (0.03) (0.00)
Second
0.08 0.75
sdSCS
(0.01) (0.02)
0.17
maxSCS
(0.01)

% SCS statistics are as defined in the footnote to Table 5.1.
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BIGER

ARIFRICBI 2AERDBERIZ, 0.03 25 0.05 OHEFTDH H IEF ITEWVEIHE XL
—77, SCS #iztBDOEMERIZ, 0.07 225 0.24 OEHIFHA L VFHDEFAMICBWTHAER LD
@2 o7z, MTRP OEEHRIX, WIThOBEIZBWTS MTML O EXF| OB & ELE -
TAEIHEE X7z, MTML IZBT 2 EXAIDELZRIE, Jamrozik & (2013) & FIERIZFERD
E R BIZONTHIT A% R L. 240U, SCS RFLFHilE & MBEOMERITH - 72
(Yamazaki & 2013 ; (U5 2015). ¥7z, 2 ELHIEDFELELE, HMPEZERIET 3.0,
SRR T LI BIURENRT 15 THo7z. ThoDZr &b, BAEDRLZRA VE
B 27 FER L SCSHatEOBENERNFIELD 2HETREVDO LHERINT.

ARIFFETHEE L7z MTRP 12 & 2 A ERDECEIERIE, FRRICERE RIELR Y L2368
HoHEM (0.01 225 0.03) 2[FETH -7 (Luttinen ¥ Juga 1997 ; de Haas & 2008 ;
Govignon-Gion & 2016) . MTML IZ X 24 L 2 EDHFERDELRRD FMEET L E
MW 7-sE s OHEEM (0.01 525 0.03) L [FAERTH o7 (Luttinen & Juga 1997 ; Carlén &
2004 ; Windig 5 2010 ; Koeck & 2012a; Jamrozik 5 2013) . L72->T, ABERDE
FEMDEHEE RN C e A RB X N i-. BMEE S LE2EM L5ETX, FIFEE 2 EICBWT
0.07 225 0.08 L OFTHLICKERMEEZRLMEVELEROEETH o7 (Koeck & 2012b ;
Urioste & 2012) . Koeck & (2010) i, #EET NV EHEE T L OHEBIZEWT, ZO Tl
WEICKERERPROVI L ZRELTWS. Z2hWw 212, fELEEE T LOMHIZFERN
TH 5 eHgEIN.

HAD AN AR A VRBIZBWTKIEETVE AW ABRIEREEOBEGRE T EMESh
TWZRW., MTRP I Xk % avSCS OEEHIX, Luttinen & Juga (1997) & X f de Haas &
(2008) Tk > THME SN 0.12 205 0.19 & D @b o 725 Zavadilovd & (2015) 23 L
7218 (0.23) rFAfEETH-7/. Z T, Luttinen ¥ Juga(1997) i, avSCS % MEZEHL
72 SCC ORI Big 2 EREITOIA 7TETAZEHLTWS. avSCS FIEICX LT,
Carlén & (2004), Koeck & (2012a) ¥ & U Jamrozik & (2013) 1%, 4 OHEEM (0.21) &
DARWVERER (0.11 205 0.14), Ptak 5 (2011) 1ZFRBEDEER (0.20) Z#HE L. Carlén
5 (2004) B X Of Jamrozik & (2013) 1%, avSCS 2 FEIZBWT HEWEEER (0.13 205 0.17)
ZHE L. 2o OHEEEIEFRA DRER K DK o7, B TEERIE-> T
WS HBDMEAD D o 7z, RIFFICBT 2HIE L 2 ED avSCS OEEHFEIX, FKHEDBEMLF
fifi RIZATEUEARBRR £ > & — 2015) B L f Hagiya & (2014) 238&E LMEHET L
IZBITF 5 SCS OEIEH (0.06 225 0.09) XD EWETH o7, Frhwis LHEREE, o
% 305 HE TOITRTOMEHLHRICH URBEET VEZEH L4 OLHTORR (0.18
25 0.20) REBETH D ZYRMETH 3 e#RINL (LEOS 2015). MTML 12 & % sdSCS
HIEY 2 EDBILEEIZ, Koeck 5 (2012a), Koeck 5 (2012b) B X f Jamrozik 5 (2013)
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D 0.02 205 0.04 &Y ED» o7z, maxSCS #IFEDBMLEIX, Koeck & (2012a) D 0.07 £ b
EWVMETH - 7=.

EGHER

FLER £ SCS #islt B OEEMHENX, MTRP IZBWT 0.66 225 0.82 OHIPITH - 7= (F
5.2). & bhbiF, sdSCS & maxSCS &, FLEXK L OB avSCS Kb @Er o7z, Zh
X, P DOREL LTHREINS SCS DAX—UIERD L EYIRIEETHE %
BELTW3. SCS OZ#NE, AEMNBRICEFRT 2AREEIRE XN TV S (Detilleux &
Leroy 2000) . SCS ¥l 2 0EMAHREIX, MTRP IZBWTCTIETHEEDLSEWETH D,
MTML 28B1F % 2 EOMHBI L LB > TWiz (R 5.3). HIFEICB 2 EEHBK, 2 2 L [k
DHTHPIENMETH > 7-. MTML OFR—TFEICE T 2 HIEL 2 EROBEEMEENE, wih
WZBWTD 091 M EDOBEWENSHEE XN, —JF, BARZERICET % R 3 EROEIE
B, 0.34 225 0.90 OHPFAT D o 7. [F—TFHEIZBT 5 iz 2 EXE O EWVEEHB,
FUAZHIEE & LTS BB RN e 2R L . £/, WIEOIERB XU SCS fist&
WA 2 EKIE, OBOERIIBVWTHFEAFOBLRNNRSIFTE 2 b DRI .
RIFFRIC BT 2HFER L avSCS O BEEMHEBIE 0.54 225 0.68 O#EIFTHH, ZhET
W X7z 0.48 225 0.80 DHIFANTDH - 7= (Luttinen & Juga 1997 ; Carlén & 2004 ;
de Haas & 2008 ; Jamrozik 5 2013). Z D#EHRIX, HLEXKD SCS tH—FHETRWVWI &
EXEL, EINEGIHEZ /TS BERH B 2 2R L TWS. MTML IZ & 2 ILERWIE
¥ sdSCS #IEDBEEMEEE (0.71) &, ZhFTIClwE TN 0.51 225 0.82 OHFNTH -
7= (Koeck & 2012a; Koeck & 2012b; Jamrozik 5 2013) . MTML 12 X 2 7LE 4 2 &
¥ sdSCS 2 EDEMEMERM (0.68) 1, TN EFTOWHE (0.69) HETD -7 (Jamrozik 5
2013). sdSCS &, avSCS Y [FERDERHEEZ R L2 & D, LEROIEREEL LTHH
Hik2 D eI, MTML IZ & 2 3LE RWIE L maxSCS #IEDEEMHEE (0.72) 13,
Koeck & (2012a) @ 0.85 X D {EWMETH - 7=. ARFFEICE W T maxSCS 1%, SCS #izt&
DI THER KD EWVEEHBEZ R L. £/, avSCS & OBEHEE S IEEICE» - 7=
(0.93 ML), F—IEEICBT 2000 ¢ 2 EROEEHBEICOWT, AL TE SR -FERY)
PELFLER 2 FERI MRS (0.91) 1%, Carlén & (2004), Windig & (2010), Urioste 5
(2012) B X &K Jamrozik 5 (2013) 23E L7z 0.59 25 0.89 X D EWETH - 72. avSCS
HIFE L avSCS 2 EROBERAAERE (0.92) &, #ERED 0.76 225 0.88 £ h @b o7 (Carlén
5 2004 ; Jamrozik & 2013). [FFkIZ sdSCS #IE & sdSCS 2 ER OBEARAMER (0.92) &, 74
WED 0.60 & D ED» o7 (Jamrozik & 2013). 5 DEWVERMARZ, FLE R OB
KBWIKEETADNERNTD S Z e 2R L7z

REFZETIE, AEREREEE LT3 20 SCS HiatBZ MWV, ZaA50/EtEIEE, Wi
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NBETHOAIICHET 2 SCSDL RV EFEENT 2N TE 5. SCS DEFHOK
X T % sdSCS 1%, SCS O L ULIZE T 2 avSCS & b FLEH & DB EHBED EW
fEAZ/R L7z, maxSCS & 72 SCS ELFH e HE L, ABRH&RDEHWVEMLEHBEZRL .
X512, avSCS & sdSCS £ OfIcd mVEEHEEEZ R L. Z8rET 2 2 D0fiEt&E
(sdSCS ¥ maxSCS) 1%, LERICHEET 2 SCS PRI LA T 2RENARIGERZ 5
N2 LAk, maxSCS 1, SCS DL~ L e 28 (CE v EHERZ) WA oMNE % i
W27 AR BIAEROIERNEETH 5 e R INT.

Z <L DEICBWT, BEEROMEICH D EBFEOEKE, BRI B 28— OB
By LTHABRETIEZINRTWS (Martin & 2018). Th o Didkd, EHAN B
WKHHT21I2H720, BEIRETHZ L MEZIN TS (Martin & 2018). Fix OWSET
& SCC Bl X N2 b D 6 FTIBERME D R WA BHER DGR EWIE L /2203, BRI
iV 23RO ETFIHOERICITZ SR IMAVMDETDH 5.

EROBEME, BEESIEFIEVLDEEENMENZ e TRINS. AERDEHE
1%, FLER L IETEWEEHBEATEET 3 SCS fMatE ¥ —fHIGB T 2 2 & TS
32 HHIRFTE 3. SCS ZHVWAABRDEKIE, LERNOREEHD X1, B BEX
IKBWVWTH SCS KL Z L TEFE/NILTE2THAS. £, A—HECBI20%EL 2
PERIODEEMHBED LIS LIz b s, RRZERERZZBEL L TR BEDRNT
DRI T,
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# 5.A1 Number of herds and records, percentage of observed mastitis (Incidence %), and
means and standard deviations of SCS statistics for datasets used in four-traits repeata-

bility analyses

Lactation Data set 1 Data set 2
Healthy® Mastitis® ALL Healthy Mastitis ALL
First 694 584 694 694 587 694
Herds Second 634 576 634 655 574 655
All 694 626 694 694 623 694
First 134,766 8,869 143,635 125,336 8,157 133,493
Records® Second 95,912 11,373 107,285 88,759 10,351 99,110
All 230,678 20,242 250,920 214,095 18,508 232,603
First 6.2 6.1
Incidence % Second 10.6 10.4
All 8.1 8.0
First 225 +1.18 294 +1.39 230+ 1.21 2.26 £ 1.19 3.04 +1.43 231 4+ 1.22
avSCS Second 244 +£1.31 3.21 £ 1.50 2524+ 1.35 245+ 1.30 3.31 £ 1.51 2544+ 1.35
All 233 +£1.24 3.09 £ 1.46 2.39 £+ 1.27 234 +1.24 319+ 148 241 +1.28
Means +  Fist 1 100+ 054 140+ 072 1.02+056  1.01+054 1444072 1.04 + 0.56
standard sdSCS Second 1.15 £ 0.57 1.52 +£0.73 1.19 £ 0.60 1.15+ 0.56 1.53 £0.72 1.19 £ 0.59
deviations All 1.06 + 0.56 1.47 +£0.73 1.10 £ 0.58 1.07 £ 0.55 1.49 +£0.72 1.10 £ 0.58
o Fist 405+ 1.80 540 £2.09 413+ 1.84 408+ 1.80 555 +210 417+ 1.85
maxSCS  Second 437 £1.86 5.66 £2.03 4.51 £1.92 437 +£185 5.80£2.02 452+191
All 4.18 +£1.83 5.55 +2.06 4.29 + 1.89 4.20 +£1.82 5.69 +2.06 4.32 + 1.89
Lactation Data set 3
Healthy Mastitis ALL
First 694 578 694
Herds Second 651 579 653
All 694 623 694
First 134,207 8,136 142,343
Records® Second 95,216 10,216 105,432
All 229,423 18,352 247,775
First 5.7
Incidence % Second 9.7
All 74
First 228 £1.19 3.01 +£1.45 2324+ 1.22
avSCS Second 247 £ 1.31 3.25 £ 1.53 2.55 £ 1.35
All 236 +1.25 3.14 £ 1.50 2.42 +1.28
Means +  Fisst 1004054 1424075 1.03 +0.56
standard sdSCS Second 1.16 £ 0.57 1.54 £0.77 1.19 £ 0.60
deviations All 1.07 £ 0.56 1.49 +£0.76 1.10 £ 0.59
Pt 408+ 180 545+£214 416+ 1.85
maxSCS  Second 4.40 £ 1.87 5.73 £2.08 4.53 +1.93
All 422 +£1.84 5.60 £2.12 4.32+1.89

avSCS, average somatic cell score; maxSCS, maximum somatic cell score; sdSCS, standard deviation of
somatic cell score.

¢ Healthy cows.

b Cows with mastitis.

¢ Same as number of cows (first and second lactation, exclude all lactation).
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7 5.A2 Number of herds and records, percentage of observed mastitis (Incidence %), and
means and standard deviations of SCS statistics for datasets used in four-traits multiple-

lactation analyses

Data set 1 Data set 2
Lactation
Healthy® Mastitis® ALL Healthy Mastitis ALL
First 601 517 601 601 485 601
Herds
Second 567 494 568 544 477 544
First 113,746 6,726 120,472 111,950 6,393 118,343
Records®
Second 81,836 8,438 90,274 78,745 8,166 86,911
First 5.6 5.4
Incidence %
Second 9.3 9.4
SCS First 228 +1.19 3.01 +£1.42 232+ 1.22 2.22 +1.18 3.00 &£ 1.42 2.26 £ 1.21
a
v Second 247 +1.32 3.29 + 1.52 2.54 + 1.36 243 +1.32 3.26 &£ 1.53 2.51 £+ 1.36
Means + 4SCS First 1.00 £ 0.54 1.43 £0.73 1.03 £ 0.56 1.00 £ 0.53 1.41 £0.73 1.02 £ 0.56
S
standard Second 1.15+£ 057 154 +£0.74 1.19 + 0.59 1.15 £ 0.57 1.52+0.73 1.18 £ 0.60
deviations scs First 4.08 £1.79 5,50+ 2.11 4.16 + 1.84 4.02 £1.80 5.46 £2.11 4.10 + 1.85
max
Second 4.40 + 1.87 5.78 £ 2.06 4.53 + 1.93 4.36 + 1.88 5.72 £ 2.07 4.49 + 1.94
Data set 3
Lactation
Healthy Mastitis ALL
First 601 516 601
Herds
Second 566 500 566
First 116,100 8,453 124,553
Records®
Second 83,515 10,247 93,762
First 6.8
Incidence %
Second 10.9
First 2.26 £ 1.17 297 + 1.37 230 £+ 1.19
avSCS
Second 242 +£1.28 3.20 £ 1.46 2.51 £+ 1.32
Means + 4SCS First 0.99 + 0.53 1.41 £ 0.71 1.02 £+ 0.55
S
standard Second 1.14 £ 056 1.52+0.72 1.18 £ 0.59
deviations First 4.04 £1.77 548 +2.07 4.13 £ 1.83
maxSCS
Second 4.32 £ 1.83 5.68 +2.02 4.47 £+ 1.90

avSCS, average somatic cell score; maxSCS, maximum somatic cell score; sdSCS, standard deviation of
somatic cell score.

¢ Healthy cows.

b Cows with mastitis.

¢ Same as number of cows (first and second lactation, exclude all lactation).
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E6E

6.1 MWILHFRDIER

#Lﬂﬁ% BLTELRZ, H4 OfEEH> S EROFHE E T4 2B THEASATY
5. H2ETIE, 23 oI ET L EHWT, A&, EE (), BMEEE R (),
eV VER (B) BLXUKMEZa7 (SCS) @ 8BHEICHLT, HEKOEVWET LE
NA XFEHREHALE (BIC) ICHEOXEE L. ZOMNR, Legendre ZIHIN % 7213 Legendre
ZIHUC Wilmink OFEHEBEHAGDERZET VI, ZLOFE - EXTHATOSWE
T LGEEIN. 2 TH Legendre ZIHK 4 /7(0\_ Wilmink OBz HAG HE
Te'TME, TRE, EXRZBE LU THHAMNCAHHTEZ 2 ET VT o 7.

B3 ETIE, L&, IERE, MEEE &, AX V7 HEEB XU SCS IKZHE TRl
(Multiple-Trait Prediction ; MTP) Z@EH L, &EHEOWILMMHZ THIL 7z, WwFLHHRE
TNE, FB2ETHE - BRI LIEELZET LTI 2EIC Legendre ZTHR 3 X
2 Wilmink OB EHAGDELZET L (L3W) ZHWEZ. ZhuE, fiEOSHFERIC
BOWTHEHAEI ROEWET VL L3W ORERBICKERERI LV 26, £IFEFRT
L3W ZHWTHHEEREEICREZREELZRIZT PRV DR L0 TH S, [F—
ETNLVOHRMEZ, YRAT L0 EHBXUET—XEHOWTHOREICBV T HIROVIE
Gz ) ERMSHET e AN S, MTP I X 280Ecsk 1[5 50 305 HFLAEERED
FHNZBNT, 2% 1 BIHOBELSR L D 2 [MHOMELSRE AW TR ED & -
Jz. 7z, B 1 BEOWIHLMBETIIY — 27 2FOFEICEWT Wilmink OB EHAG D
BT UPRINLEAPED HN. oDl &b, WIHHROTHINIB VT, ¥—
JRHAD R Z ORSHOHER 2 HMUNCHHT 2 T 7V 2FHT % 2 L BSlEA oM LIcEH
5HDeHEINT.

MTP Z#EBSZTIOHT 2 &, BED 7 MDA S0, R E et RHE
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HEDREL \Wo FHEEHOSEERE L UEHT 2 23 TE 5. wAHE»r /o015
F—RIFZHTHD, 305 HORBEERL I TR -7 FTOMEE, WILENMLR Y %2 E
#9522 T, WAHROBKREEEL T2 2 bAETH B, T/, 0 —F T 2IZibFLEN
RDNRGRA—ZDVER L 28T, ZOZN—T2RETZWAMBMOIEHBAIEETH 2.
BlIZ R, 305 HALEEE Z v B X UAERBREOHELR Y D27V — 7 X 2 IBFLEHHR
DIEFOHEHRITZL TS Z e TE S, AFKLTIE, H2ETHMKR 365 HE T, F3HEL
4 BT 305 H ¥ CoOHIMZ MGz Y Cldo . A 0FHEEE L UTEUS
LENTWVS 305 HE WO AL SHRBGIZHMEAVLA TV EEZ NS D, HED
WFLEE S ok B O T 2 E RIS FI o o EiEE 425 HE# X, ZhucthuidEzLe
b 360 HEHZ 2 X5k oTW3 (A S 2010 ; ANt EE LGS R ERE S
2017), ZO X5 RN» S, S#%IF 306 HEZ#E 2 720k HBUCBT 2 HALED TR E
WKk 2 ZeNTFRIN, ZOFRHERLEDBVILINCGHS T 2 AR O MG A NE T H
A9,

WFLARIC T 2 ZHEA DY TIEDIE, ZOXRBDEL BB IFCHENA LT 20, &X
W72 LETEaAX PRS2 1E0 B LFREZ S THIERHERZ RT I dDHD.
Dz, ZHADYTEIDIE, EHEEEETNLVOEBEXDONSI VAR ENEETHS.
Legendre ZHRAIL, ZOXRBEHHIIEETE 2L WHRHEDH D, HBTIED 58U
ERETT 2 DIAEETH . 4 ETIE, DEHEEBATIZHAT 2 X0 BB OHEEIC
Legendre ZIHRXZ HW, EHEDHEZE L CHEYIRZEBICOWTORY 2D, 20k
BZHEADOH A, EEHTLD SBGADICHDO W ThD/EICB VT B AIEEE L H e
2R POBFICHFET 2D EZX O,

6.2 {K#iReR 07 L LB R DB G

ABRICEERT 2 LA BDIKT, EIDOFERES X CBBRITH D2 BRI 78 k4 72485
DRAET D, £, ABERPIBELEVE ~ROLLEEFGEZES BT ICHEAE I 22157,
BRI OEROENY, ERFROEIAERL ERENRICOELE LG5 X5, SCSIF, AAER
TEROIEIREE L TRERICIAREEINTE D, Ll i7 & BUERE D 72 2 TIEH IR
DEWVHBIZ > TWns. ABZEMRLBAR2oRMEELZEHRLZHENS 7 FLDODDH
BLBMEICB VT, SCSRAFER L Vo 2P HDOLRIZ, ZDBERIMEND DDE LR
DAEE-oTED, BENRETO FXANKRDLATNS.

SCS A ERDBERIZ, EXOETIZHENCNTADEL R2EA2RHD, @HEEID Z
% PERDELT T 72D BRI S IR TR o e o 7z, RAUNTIE, ERDETITHED
LB R EMERDEIN S 2IHAD D D, ZDOEEEZT THh SCS EXDEIMI N EF T
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B D %. SCS B ROBIEOHBIE, EROETIEVCERN R EREI AT
5ZERLTED, ZOMENRANBEINCORNDD LRI, SCSBIUI
BERIZBT ZFR—TCEOE L 2 EROEEMERE, wihd 0.90 B2 2S5 WETH - 7.
AU, ERO TN 2 LIS > THRELSEDLRWI L EEKL, SCS v AER
& B ICHIERIC O N2 FHEEZ W72 B RS ATRE T H 2 D D e R I h 2. 2721, KVl
REPLEEENMEV A TFHEINS D, BROBICIIMOE b ZERICANS R ETER
DRETH 5. SCS L AEADBMRMEEIK, 55 FEICBOTHE L EEkiiliz a7
(avSCS) rABERDOBMCHHEN & Z DG EH 2 Z L BHK S, WiE OEEMHEEIE, 0.54 5
5 0.68 DHEPATH Y, F—TWHELARTIeDPHFHLVEHER Lz, —/FTHABER &AMz o
7 OFEHE(RE (sdSCS) B X UHER L AKMIIRZ 27 (maxSCS) OEMEHE, Zhzh
0.682°5 0.79 BXU0.72225 0.82 TH Y FIER L avSCS & D @WEDMHEE S 7z, sdSCS
¥ maxSCS 1%, SCS OZEEFZHHT ZILETH 2 Zh 5, avSCS k olt#kicB VT, ILE
REDBEABRBEDIROEHRE L. 2o kD, SCS OEEFMED A TIHERIESHEDE
ENRRZITS 2 23RN TRV B2 RB L7

DHETIX, SCS DBHIFEDADRKIEE F M & 2853, FLERICOWTIREEIHA
FERES TV, SCS I3 238k, FEXE OBEMEBE D & E KD A FMENKE LD
222V eEZONDH, ZOBELEISWALEIZEOEHEESHEMRTETVRVEE
ZoN3. BROEWEZR LXE512%, 2EUREDO T —XOFHICOWTHRFIDPHETDH
3. ZORBICIE, WIFEIZBOTRERERNDD HNRD > T KRR S L RAETHDO D
BB L 2 ZBICOVWTEERIDETH S S, £z, AERESIEORRICIE, SCS Ik
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Abstract

Lactation curves are critical to efficient dairy management and are used widely
for purposes ranging from feeding management to selection. Similarly, the somatic cell
count is an indicator of mastitis and is thus directly connected to the profitability of dairy
operations. An increase in somatic cell count is expected to cause lower longevity of a
milking cow because of a high risk of mastitis and reduced milk production. Information
obtained from lactation curves and from the indicator statistics for functional (health)
traits should improve herd productivity. Hence the main objective of this paper was
to estimate lactation curves and investigate methods of genetic evaluation of somatic cell
score (SCS) and mastitis. I conducted the following four studies in the Holstein population
of Hokkaido.

The objective of the first study was to compare the fitness of lactation curve models
for milk, fat, solids non-fat (SNF) and protein yields; fat, SNF and protein contents; and
SCS. Data consisted of 5,645,976 test-day records for the first to 11th lactations, obtained
from 346,221 Holstein cows and collected between 2000 and 2004 by the Hokkaido Dairy
Milk Recording and Testing Association. Lactation curves with the optimum fitness for
each trait were selected from 23 models as follows: Legendre polynomials of orders 1 to
5 (five models: L1, L2, L3, L4, and L5); Legendre polynomials of orders 1 to 5 combined
with Wilmink’s exponential function (five models: L1W, L2W, L3W, L4W, and L5W);
and polynomials of orders 3 to 5 combined with logarithmic or periodic functions or both
(13 models). Lactation curve models were compared by using an Akaike information
criterion, a Bayesian information criterion, the coefficient of determination (R?), and the
mean residual. Of these four criteria, the Bayesian information criterion was mainly
used, because it accounted for not only the number of parameters but also the number of
observations. The optimum lactation curve models for milk, fat and SNF yields and for
fat, SNF and protein contents were selected out of any one of L4, L3W, L4W, and L5W. In

contrast, the optimum lactation curves for protein yield and SCS were polynomial models
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with logarithmic or periodic functions, or both. Use of the lactation curve models selected
in this study would be profitable as standard lactation curves for feeding management.

The objective of the second study was to investigate the accuracy of a multiple
trait prediction (MTP) procedure in predicting 305-d production using early part lacta-
tion yields. Data consisted of 9,662,234 test-day records for the first to 10th lactations,
obtained from 526,603 Holstein cows and collected between 1998 and 2005 by the Hokkaido
Dairy Milk Recording and Testing Association. The true 305-day production was calcu-
lated by using the test interval method (TIM) and all 11 test-day records collected every
month. MTP and the TIM combined modified Method P (TIM-MP) were used to predict
305-day production. MTP with prior information for herd-year effect in each herd in
which this information could appropriately explain each effect of management (MTPp,,)
was compared for herd x 2-year period of calving effect. Test schemes that were represen-
tative of monthly (standard, alternate a.m./p.m., a.m. or p.m.) and bimonthly (standard,
alternate a.m./p.m., a.m. or p.m.) were examined to compare the accuracy of MTP and
TIM in estimating lactation yield. Unlike TIM-MP, MTP},, was able to predict 305-day
production with high accuracy and small bias from early part-lactation yields. MTPy,,
also maintained high accuracy when more fresh, prior information was used. MTPy,, re-
mained superior even when simple testing schemes were used. Prior information needed
to be subdivided and updated frequently to retain this high accuracy. Thus MTPj,, is
a desirable method of predicting 305-day production from early part-lactation yields by
using various testing intervals and schemes.

The objectives of the third study were to 1) determine the optimal genetic evalu-
ation model of SCS by random regression modeling in the first three lactations through
comparison of the additive genetic and permanent covariance structures of test-day SCS
with those of a multi-trait analysis; and 2) estimate the 305-day heritabilities of SCS in
Hokkaido’s Holstein cows. Multi-trait analysis assuming different yield traits at different
stages of lactation, as well as random regression test-day models with multi-lactation,
was used in the analyses. In the random regression analysis, variance components were
estimated via Legendre polynomials in days of the order of 0 (repeated) or 1 for additive
genetic effects and the order of 1, 2, 3, or 4 for permanent environmental effects. The
model selection criteria were bias, mean square error, and correlations of the sum of pre-
dicted additive genetic effects or sum of predicted permanent environment effects in 305
days, compared with the multi-trait results. The optimal genetic evaluation model of SCS

was Legendre polynomials with an order of 0 for additive genetic effects and an order of
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3 for permanent environment effects. The heritabilities of 305-day SCS were 0.18 for the
first lactation, 0.19 for the second, and 0.20 for the third.

The objectives of the fourth study were to estimate the heritability of mastitis
incidence and the genetic correlations between mastitis and SCS statistics, as well as to
compare the viabilities of different models. I used test-day records that included mas-
titis incidence and SCS data collected from Holstein cows calving from 1988 to 2015 in
Hokkaido, Japan. As indicators of mastitis, the average SCS (avSCS), the standard devia-
tion of SCS (sdSCS), and the maximum SCS (maxSCS) were calculated by using test-day
records up to the first 305 days in milk within a lactation. I compared a four-trait repeata-
bility animal model (multi-trait repeatability, MTRP) with a four-trait multiple-lactation
animal model (multi-trait multiple-lactation, MTML). The heritability of mastitis was
equal to, or lower than, 0.05 in both models. With the MTML, the genetic correlations
between lactations within the same trait were positive and close to 1. With the MTRP,
the estimated genetic correlations of mastitis incidence were 0.66 with avSCS, 0.79 with
sdSCS, and 0.82 with maxSCS. Multi-traits evaluation by using SCS statistics should
give extra reliability to the evaluation of mastitis because of the high and positive genetic
correlations among these traits.

The optimum model of the lactation curve differed depending on the combination
of trait and lactation, but a model that combines a fourth-order Legendre polynomial
with Wilmink’s exponential function can be used for general purposes. Use of a well-
fitting lactation curve model increases prediction accuracy. In contrast, the use of a
general-purpose model is practical and improves convenience. In selecting a lactation
curve model I need to consider the balance among accuracy, convenience, and calculation
cost. Application of information from the lactation curve, such as daily yield, cumulative
yield, curve shape, and breeding value, to feeding management and selection will improve
herd productivity.

The high genetic correlation between first and second lactations within a trait
implies that low SCS and low mastitis incidence could be selected by using breeding
value in the first lactation. However, the reliability of breeding value for selection against
mastitis will be low because of the low heritability of mastitis. Multi-traits evaluation
that includes evaluation of an indicator of mastitis is needed to improve reliability. On
the basis of the genetic correlations, SCS and mastitis were not considered to be the same
trait. This result suggests that selection by the SCS statistics is more effective in genetic

improvement for mastitis resistance than selection by SCS alone. The genetic evaluation
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models of SCS and mastitis proposed in this study should improve selection accuracy and

reduce yield losses by improving milk quality.
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PERZ TS 57D L. FHiflEme L THRMEISIRZ2Z B L7 MTP (MTP),) &
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%72, BH (B, WEHRH, WOARIEIEDA) BLUORA (G WKH, HOAZ
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