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1.1 ODO00OO0DOOooooo

oo0ooboOo,0b0b0ob00oob0ooboobooboobOoobogoooyoooon,
gogobooobooooooobooboboooo,ogoooboboobooooooboboboog, b
gogooooboooooooobo,bbbbooooobobbooooooboob,0oobobo
000000000,00000000000000 (Lucy 2001; Pryce O 2004)0

ggoooobbooooo,ggoobooboobobooo,0ooooooboobbooooon
00000000000000000000 (Dematawewa O Berger 1998; Haile-Mariam
0 2003; Kadarmideen 0 2003; OO0 2008) 000000000000 OOOOOOO
oo, joobobobbooooobobobbooooobob bbb, ooooobobo
gogoboooobobooobog,ggoboooobbooobobooobbooobobog
00 (LiuD 2008)000000000,000000000000000DOO00OOO, O
000000 20070000000000000000000O0C00O000 (International
Bull Evalutaion Service (O O Interbull), 2008)0

go,gobboooooobboooooobbooooboobboooobooboboog,oobon
000000000000000000000 (00D00D0O000 2007),0000000
000000000,0000000000000000 (Atagi O Hagiya 2005, 00O
2008)000,00000000000000000OOOOUOODODOOOOO, 0000,
0000000000000 0D (D00 208, 0000000 200800000000,

goboopoboobooooboon



1.2 ODO0OOO0bOOoOooOoo
121 0000 (interval trait)

011 0000000,0000000000000000O00O0bOOobOOnb

(1) calving interval

: (2) days
: open (3) gestation length

(4) days from calving : : (5) days from first
to first insemination : } ) i; to last insemination
|| | || |
[ I [ I
AT AI first AT AT second
calving calving

birth

011 0O0O0OO

000000 (DFS: days from calving to first service), 0 0 0 O (CI: calving interval)
0000o0oo (DO:daysopen) 0, 000000000000 O0OODOODO,00000
gogoboooboog,buogooobobobooooobbobooooo,oooooobobo
0000000000 (GL: gestation length) D0 000000000000, 00000
000000-000000 (DLS: days from first to last service) 0000000000
0000000,0000000000000000000 (Interbull 2008) 000000
00,000000000000000 (DPR: daughter pregnancy rate) 0000000

000000 (VanRaden O 2004):
(DPR) = 0.25 x (233 — DO)

122 DOO0OOODOOOOO
oooooooboo,20b0000bD00ob00oDO0bOboooooooogobooooo
00000000,0000 (NS: number of services), 1000000 (CR.: first service
conception rate, 00000000000 1, 0000000 0), 0000000 (NR:
nonreturn rate, 0000000000000 (560,90000)0000000000
00 1, 00000000 0000o0o
oo 1o ioooogogogogogooobobo,b0bbbbooobooo

ocoooob, 000000000 1, 0D000000D00O0O0DOODODOODBODO



(conception rate) D000 O0000O (Averil O 2006)0 OO0, 0000000DOOO,
0001000000000000000000 20000 (longitudinal binary data) O

gooo

123 0OODOOOOOOO
00000000000 0D000,000000000 NS,CROOO NROOO,O0O
0000 (AFC: age at first calving), 000000 (AFS: age at first service) 00 00

0000 (AC: age at conception) 00000000000 0OODO

124 0OO0O0OOO
gobo,gbboobooobog,bboobo,obboobbooboooboo

000000000000 0O0UO0O0oOoUoUoOOO, Thaller (1997)D00000O0O0O,

goo,gobobobbooooobobooboobogo,bboooooobobooooooobog

googd

1.3 O000OO00OOoooooboog
131 00000

oooobOo,0b0b00oobOobOoo0oob0opbOoboUoobDOoDbUooOoobDOoOo 120,

O00000Oo2000000000000 DOOOOOOODO

0.9
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012 00O0OO0O0OOO0OOOO

NSO DFSOOODOO,0000000000D00000000

oooboo0o,0ob0booobobooobbooobobooobboooobooooo



obobooooobooboooooboobooobobobo,bobooboobobooooo
goooooobooboooooooo,ooooobobobbbbbo0oooooooo
DFSOO00000CO00O00OO0OO,DO0OO0ODOOOO000NO0OOOOO0OOOO, 00000
gobodoobooboobobo,ggbooobuoobobooboooobooboooobog,

ooboobobo0obooobooboboooboon

1.32 DOOOO0OO
goooobobo,bbodd0oo,ooobbbbobo0oooobobbboooOoon
gooboboooooob,ogoobobboooooooboboobobooooboobbog,bob
gooboooobob,bogobbooobboobbboobobooobboooboboo
gogbo,dgobbobboggoooboobbooooooobobobbooooobobob,bbb

gobooobooboboobooobooboboooo

1.33 0O00O0OO0D

0o0000000000O0o0o0oo00O0,0000 (DODO0oOO00)UDoooO,00
ooooooooboooooobogo lpbooooooOo,booo0obbooboooOobo
gooboooobobog,gobobooobboooboboooboooobobooobbo
gooobobobooooboboobobooooo, bbb booooooboobob,boboo
gobobogoobobooobboooboboobo,obobooobooooboboooboobo
gojooooooooogog,bbbbobbbbbbbbbbbbbbbooooooag,
goboobobooboobbooboooboobboobooobooboboooboo
000000000 (Kadarmideen 0O 2003), 00000000000 ODOOOOO,000
000000000U0DoU0oU0o0ooooogd (Interbull 2008)0

ooboobobooboooboobbooboo,oboooboobboobboon



14 DO0OO0ODOODODOObOOoOobOoboo

0000000000000 000000, Smith O Legates (1962) 000 O, 1950 O
oooooooOoooooOoOooOoOoboO0OoOOobOOOOOOOOO0,000000B00O
Ooo00oooo0ooooO00ooO,0000000000000000000D00O000
bcoooooobooooooooo,bobbo0o0oo,b0obobboooooooooOoooo
0000000000000 0D000ooooDoooO (Philipsson O 1994), 00O
oooooco0O,b00000000000CO000 197200000000000000O
(Andersen-Ranberg 0 2005)0

19800 000,00000000000000000000, HansenO (1983) 0, 00O
oooO0O0O000000000O00OOO0O00O00O0O0O0,00000000000000O0
ocooooO0oOooooooooooooooOobOObOOOOOOO,oo0oooOob000000
oo0000000ooOoo0O00000n

19900000, 00000000000O0O0,0D00000000O0,00000000
0000000000000000000000000 Dematawewa O Berger (1998) O,
oooo0oooooooOoOoooooooo0oooooooOoooooooooooo
O REMLOOOO0OO0OO0,0000000000000000000000000000O
ooo000ooon

0o0oo0o0ooo0oooo0ooooUoo, (1))oooooo, (20000000
0000000000000 (000D 0000),3)00000DUo0O0oOoO
00o0o0o000,000 (4)0000000000000000000000000000
ooooOo0O,0000000000000000O0000O0O0O0C0OOOOOOOOOO
ocoooooooo,booo0ooobobo,bo0ob0b0b0bbbbobOoOooooooooOoOoo.
ooo

Oo,00000000,0000000000O000000O0C0O000O0O0C0O0O00O0O
00000 (1981), 000 (1996) 0 AFCOUOOOODOOOO 0.32,0.100000,000

00 (2006) 0 AFC, 00 ClIoUOOD 20 Clo0DO0ooOoUOoOO 0.12,0.06000 0.050



000000000, Atagi 0 Hagiya (2005) 0 DOOOOOO0OOOOOOOOOOO 0.05
o00o01l00000000,0000000000000DOO CIDOOOOOOOO

goooon
15 ODO00O00DOO0O0OOO0bOOo0obOobODooboobooooo

oooooOoo, 20070 2000000000000 UOOODOUDOOOUOODOO
goobooobobooobboo,oobbooobobooobboooobboobobo

000000000000 (Interbull 2008):

e T1 (HC): DDDDDODOODO (Maiden Heifer’s ability to Conceive) O, CR O
jooooooooogooooooooooboobobbboooooooooo
O0,DLS,NSOOO NR(DOOO 560000000000 NRs6)ODOOODDO
ggoo

e T2(CR): 00000000 DO0DODO (Lactating Cow’s ability to Recycle after
calving) 0, DFSO 0000000000 OODFSOODOOOOOO, DO, CIOO
ggoogooo

e T3 (Cl): DDDDODOO (Lactating Cow’s ability to conceive 1) 000000
Oo0odoooooopoo,CRONROODOOOOOODOOOO

e T4 (C2): DO0DDODOODO (Lactating Cow’s ability to conceive 2) D000 OO
0000000,0000-0000 (DLSOOODOODOUOOODOODO)DOODO DLS
0000000000 0OooONSOOO0oooooooooooooooooood
O0oooooo,boO0cCl000D0U0dOoooooDoooooooooooDbO
O Clooooopoo, T3ooooooooooon

e T5(IT): 000000 DDO0OO0O0DODOOODDD (Lactating cow’s measure-
ments of Interval Traits calving-conception) 0, DOO CI10 000000000

goboood



000000000000000,0000000000000000,00000000
0000000000000

0020080 8000000000,0000,000,000,000,0000,00
00,0000,000000,00000,0000,0000,00000 (000000
0),00000000,0000,0000 (00000,000000000000000
0),000000 (000000000 Red Holstein) 0000
0000000000000000000000 1.100000NROOOOOOOOO
0000000000,000000000000000000000000000000
00000000000, 00000000000000000000000000000
0000000000000000000,00000000000000000000
0000000000000 0100000000,00000000000000000

gobodbboobdad



011 oDoooooooo !

oooo
oo oo? o0oo0?2 00O oOoo OO0 4000
gooooo 1-3 CI 0.05 oo MT-AM, 000000, 0000
00000000
goood 1-5 DPR 0.04 oo ST-RP-AM
oood 1 NRb56 0.02 oo MT-AM, 0000 DFS, NS, O
Cl 0.03 0ooO0O0o BCSOO
ooooog 1-5 NS 0.02 oo MT-AM, NSOOOOOOOODO
0,20050000000000
oooo 1 NR56 0.01 od MT-AM, 0000000000
DFS  0.06 S
CI 0.04
oood 1-3 NRb56 0.02 oo MT-AM, 0000000000
DFS 0.08 000000000, 2000 30
CI 0.04 00000000000, 000
ooooooo
ood 0 NR56 0.03 oad MT-RP-AM
O NR56 0.04
DF'S 0.07
DLS 0.08
DO 0.11
good g NR56 0.01 od MT-AM
DFS 0.06
oood 1-5 DO 0.05 oo ST-RP-AM
ogod 1-3 NR 0.03 ood ST,300000000000
0O
goooo, 0 NR56 0.01 od RP-SM
oooooo, 1-3 NR56  0.02
goooono DFS 0.04
DLS 0.02
DO 0.03
gooo, 0-0 NR90 0.02 oag RP-AM, 000000000
gooooog, oo
Ooooooono
gooooood 1 PM21 0.05 od MT-AM
2 CR42 0.03
ooooo 0 NRb56 0.03 oo MT-AM, 0000000000,
1-4 NR56  0.04 20040000,0000000
DFS 0.07 oooooooo
gooo 0-3 CR 0.02 oo RP-ST-AM, MT-AM
1DI]DI]DDDDDDDDDDDDDDDDDDDDDD,DDDDDDDDDDDDDDDD
O

20:000,0: 0000000

3CLOD000,CR:0000000,CR42: 0000 420000000000, DFS:
000000, DLS:00-000000,DO:0000,DPR:00000,NS: 0000,
NR56: 56 00000000, NR90: 9000000000, PM21: 0000 2100000
ooooo (20)

48T:000,MT: 000, RP: 0000,SM: 0000000, AM: 0000000



16 DOOOODO
goopooobobo,b0bbo0d00ooobbbooo, 0o bobboooOoon
ooooOdoO0obD 2000,00000000DO00,00O000DOOOOO0ODDOO,O
gooooooobobobo 3000, b0bob0ooo0booDoo,bobooooo,
goOoo0obOoU0oOOo0obDOoU0obOOoU0obOOoU0ObDOo0ODOOU0ObDOU04000,00DOODO
gooboobo,0bobbo0oooobobobbooooob,ooobobbooooooboobobo

goboopoobdad



020
oogoouododbodbtoboboboououod

21 00O

O0o0,00000000,000000000000,NTPOODOODO,DO00D000
00o000o0o0o0DO0o0o0o0ooDO0o0oO00O0D0o0O0O0O0DOUOO (ooo
0000 2007)0000,000000000000000000O0OO0OOOODOOOO,
00000000,000000000000000000000O0O0O0DO0O0O0O0OOO0O
(0DODOooOg 2008)0

J00000000000O0oO0oO0oU0oO0OO0oUOUOOOOOODOOODOOODODDODDO (De-
matawewa 00 Berger 1998; Haile-Mariam 0O 2003; Kadarmideen O 2003; 00 O 2008),
000000000000 000000000000000000O000 Nebel O
McGilliard (1993) 0000000000000, 000000000 O0OOOOOO
o0, ooooooooooobooooooooon

g, dgdguoobbooooobobbuodooubbboooo,ooobbbuoo
00000000 (PryceD 2004)0000000000000000 1980000000
goooooo,bbobooooouobobbbooooooobobo,b0bbboooooobobn
gooobooooooboboooooooobobobo,0bbooooobooboboooog, O
goooooooooooobbobobobbbboobo,oobooboobobobbobbbobbn
goooooooogo

gooobg,bboboooobobbodooubobooooobbboooo, oo
goooooooooooobobobobbbb,0dggoooooooooobobooobon
ooo0oO00oO0O,0000000000000000000,00000000000000

goooopoboooboon
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22 0OOOO0OOOO

(0)00000D00000000000000,1990000 2003000000000
0000000000000000,000000000000000000000, 00
000000000000000 (AFS), 0000 (AC)0000000000 (CR)O,
000000 200000000000 (DFS), 0000 (DO)0O0O0 CROODOOODO
00000000000000000000000000,00000000000000
0000 2% 00000000000,0000000000000000000000
0,00000000000CROOOOO,100000000000000000000
0000,000000001000000000,0000000 10000000000
000000000000,00000

000000000,000000000000000000000500000000
0,000000000000000000000 (00000000)0000,000
00000,000000000000,1990000 19940,1995000 19990000
2000000 200300 30000000,0000,00000,000,0000000
000000000000000,SASO GLMOODODO00000000000000
O0O0CROOOOO SASO LOGISTIC0000000000000000000000
000,0000000 GLMOOOOOOOOOOOO0000000000,GLMODO
00000000000000000000000

000000000000 (30000),000 (31000450)000000 (46 O
00), 0000000000000 (—=500kg00), 000 (50000 500kg), 00O
(500kg00)00000 30000000

000000000000,0000030500000000000000 3050000
000000,240000305000000000000000000000000000
00000000000000000000000,0000 3000000000000
0oooooooo

oooboooooobobogooobooobo,20000O000oO,00bbooobOoboboOo,oon
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obobobobob,0o00booboobooooooboobo,b0ob0oboobo,0oboboo
O0o00oooooooooooo,bO000O0OO 2000000 200000000
O0,00000000002000004300,200003200005H000000
00000000 ooooog, AFS, DFS, DO 00000 0D0OO0OOO0OGO 321000
10820,21 000 2000,21 00041000000 1000 10000000000DO
good

goo,odobbobboooooobobbboboooooboobobb,bbboooOoon
oooobOoooOooOo,bo0 200000000 bDO0bOboU0oOoOobODOoOoboUODO,bo
gooboobobbooooobobobboooobbobboooooob,oobbob,bbo
goboo,gobooboboobboobg

0000 ACOO0O AFSOO0D0OO0OO0OO0OO0O0O00oOooooon

Yijke = Li + S + (L x S)ij + REYy + FY My + eijre

000, yre 0000, L, S;, (L xS)y;, RFY, 000 FYM,00OOOOOODODO,
0000,000000000000000,00-00000,00000000000,
eije 0000000

0000 CROOODOOOOO0OOOOOO0O0

Yijktm = L; + Sj + (L X S)z] + RFY, +FYM,+ FA,, + €ijkém

000, Yijkem, Li, Sj, (L x 8)ij, RFYy, FYM, 000 eyjre, 00000000000
O0,FA,0000000000O0O0O0O0OO0O0OOOO0OOOO0OO0O0OO0O0, 140000,
1500,1600,1700,1800,1900000 600000000

00000 200000000000000000000000

Yigkemn = Li + 55 + (L X 8)ij + RCYy, + CY My + CAp + €ijkem

DDD,yz‘jkgmn,Li,Sj,(LXS)”‘DDD €ijkgmDDDDDDDDDDDD,RCYk,CYMg
000 CA, 0000000-000,0000000000D0000000000000

ooooooobOo0oCoOobooooD,200b000bD 4300000040 00000006
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oooD,2000000000000000,3200000500000040000

oooooooOoooodg

23 O0OO00OO0OO0O0
0o0ooooon

ggooooboboog,0gggoobooboobboooo,ogooobobbooooon
oooboO0obDoOoobooobooobo 21,0220000 23000000 210000,0
go,ggoboboboboooooobobooboboooo,booooooobbooooooobooboo
00000000,0000000000000000000000 50% 0000000
goooboogooob,bdgobobooobboooobbooboboooobobooobobo
o0o,0000bo0ob0boobboooboo

0220000,000000000000O00DOO00DOODOOOOODOOO, 199 0O
00oo0ooooooobon,19000000b0b000,0000booooooooon
gogbobogoobobooobbooobboobbooooob,bboooboboooobon
000 10% 00,000000003% 000000000000000 230000,0
gogbobogobbdooobbooobboobbogoo,gobboooboboooobn
go,od,oo,og,0ggooobobbooooobooboob,bb0bbbooooooboobobo
0000000000000 000D000000 (DD)00U0O00O (O0)00O 45% 00
gooboobbooboobbooboooboobboobooobooboboooboo
gobuodgbbogobooobobg,gbuogobuobbooboobobooboooobg,

goboopoboobobooboooboon

021 000O0OO0ODOO0OO

00O 0o
ooooo  o0oog oo (%) ooo 00 (%)
1990 — 1994 7,901 27.1 7,620  85.2
1995 - 1999 6,358  33.6 6,257  90.7
2000 - 2003 5,527  40.0 5,361 94.0
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022 000O0O0O0OO0OODOOODOOODOOOOOOOOOO

oo oo 0oo oo
0ooooo0 000 00 000 00 (%] ooo 00 [%)
1990 — 1994 0 O 1,157 26.9 1,061 84.7
0 0 1,004 27.6 958 86.2
O O 526 27.0 513 82.8
0D 0 1,305 273 1,249 844
O O 1,460 27.3 1,440 85.3
O O 880 26.4 869 85.8
o0 0O 452 215 429 838
0 0 618 26.9 611 86.6
O O 499 26.3 490 86.9
S1995-1999 O O 705 278 672  87.6
0 O 866 37.3 849 92.1
O O 705 39.3 695 91.7
o o T2 293 685  88.7
0 0 1,018 33.4 1,010 90.8
O O 1,008 34.5 998 91.7
o0 o 25 299 255 88.3
O O 475 33.4 474 90.7
O 0 622 34.4 619 92.0
120002003 O O 466 339 430 91.6
0 O 723 43.3 687 94.1
0 0 569 45.7 538 94.6
o0 O ’21 3.0 505  93.1
O O 1,049 40.7 1,035 94.2
O 0 1,092 40.7 1,078 94.6
o O 156 368 150 931
0 O 392 38.6 387 93.2
O O 559 38.7 551 95.2
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023 000O00O0O0O0O0O0OO0ODOOO

ooo oo
ooooo0 00 o000 00 (%) ooo 00 [%)
1990 — 1994 0O 219 19.2 210 66.9

oo 123 16.4 117 76.3
oo 457 16.9 448 88.8
oo 139 27.1 137 89.2
oo 130 14.5 126 81.4
oo 203 24.4 189 90.7
oo 194 40.6 188 87.2
oo 149 34.9 142 82.9
oo 1,832 18.8 1,764 87.2
oo 988 27.6 949 73.7
oo 1,123 33.9 1,081 94.3
o0 1,446 36.3 1,401 85.9
oo 628 23.5 607 82.2
oo 270 34.7 261 86.3
19951999 OO 0 162 185 157 712
oo 95 15.2 93 78.4
oo 367 14.5 361 89.1
oo 108 27.4 106 93.8
oo 93 12.6 92 84.4
oo 157 20.7 155 92.1
oo 141 45.7 137 94.8
oo 131 414 128 86.5
oo 1477 30.1 1,459 92.8
oo 759 36.2 741 90.5
oo 979 51.5 963 96.0
oo 1,176 33.7 1,162 89.5
oo 464 28.1 456 84.7
oo 249 39.8 247 89.7
120002003 OO 119 180 117 91.3
oo 82 17.8 80 85.3
oo 289 13.2 276 91.3
oo 89 30.4 87 96.1
oo 75 13.5 70 83.9
oo 137 22.9 130 94.9
oo 119 51.4 119 96.7
oo 123 44.1 117 89.7
oo 1,291 37.2 1,265 94.9
oo 616 45.7 601 95.9
oo 925 58.0 880 96.3
oo 1,001 41.2 982 93.8
oo 432 35.7 409 89.9
oo 229 38.2 228 93.3
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gooobooobobooobbooooboooboboooobobooobboooobog, b
goboobogoobobooobboooobobooboboooob,bboooboboooobo

oobooobooboo

024 00000000000 DOOO 'ooooooOoOon 2

AC AFS CR
ooooo ooo oo ooo oo ooo oo %)
1990 — 1994 92,363 553.1 505 533.6 495 76.2
1995 - 1999 114,882 550.3 485 523.9 485 69.1
2000 — 2003 105,216 533.6 475 501.7 455 63.5

TAC: 00D0OO,AFS: 000000, CR: 0000000
20000 100000000000
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025 000O000O00OO0ODDOOOD 'oDooOoOoooO ?

DO DFS CR
ooo0oo ooo oo ooo oo oOoo oo
1990 — 1994 213,943 1164 67.5 81.9 67.5 57.1
1995 - 1999 222,346 128.1 72.5 84.8 62.5 49.8
2000 — 2003 178,993 129.9 67.5 83.5 67.5 47.4

'DO: 0000,DFS: 000000, CR: 0000000

0ooDo 50000000000

026 2000000 2000000 'ooo0o0o0oOo00 2

DO DFS CR
20000 ooo oo ooo oo ooo oo
1990 - 1994 164,090 116.0 72.5 81.2 72.5 56.4
1995 - 1999 174,264 128.7 77.5 83.9 62.5 48.8
2000 — 2003 141,297 134.2 77.5 84.3 62.5 45.0

'DO: 00O00,DFS: 000000,CR: 0000000

0000 50000000000
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027 0000000000000 0O0ODOOOOO*000000000 2

oo oo AC AFS CR
ooooo ooo 00 oOoo oo ooo oo ooo oo
1990 — 1994 O O 7,384 558.2 505 540.3 505 78.0
O O 11,537  564.9 505 544.6 485 76.0
O O

10,846  568.9 525 547.6 525 73.6
D D 7150 5434 505 5261 505 786
O O 13,823 550.8 505 532.0 485 76.9
O 0O 15867 556.1 515 535.9 495 75.4
D D 4591 5454 495 5260 505 76.8
O O 9,209 542.1 495 522.8 495 76.1
O O 11,956 540.1 485 520.9 485 76.0
©1995-1999 O O 5058 5634 485  539.8 465  73.3
O O 12,795 569.0 505 542.7 485 69.9
O O 20,000 567.4 505 539.3 495 67.0
D D 4638 5540 485 5202 485 727
O O 12,296 549.3 495 523.6 485 70.7
O O 26,662 5475 495 519.9 495 67.2
D D 2810 5457 505 5225 485 740
O O 8,276 540.8 495 515.9 485 71.4
O O 22,347 5285 485 502.8 465 68.8
120002003 O O 4218 5468 485  516.7 455  66.8

0 O 3,278 5378 475 507.0 475 64.6
o 0 9,602 535.7 485 504.5 455 65.6
O 0 27,124 5290 475 496.9 455 62.8

O O 2427 5306 455 5005 475 658
o 0 6,818 530.4 475 4982 475 64.3

O
O

21,808 513.3 465 483.3 455 64.1
TAC:0000,AFS: 000000,CR: 0000000
20000 100000000000
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028 0000000 ODODODOOOOOODOO'0D0DODOOOO0 ?

oo oo DO DFS CR
ooooo ooo 00 ©ooo oo ooo oo ©oo oo
1990 — 1994 0 16,090 115.0 67.5 83.4 67.5 60.9
0
O

24,006 114.5 67.5 80.8 62.5 58.1

Iy |

1995 -1999 O 0 10461 1260 725 864 725 54.6
O O 22794 1263 725 844 625 51.1
O O 34281 1245 675 822 625 50.1
D D 9922 1337 775 901 725 5L5
O O 24276 1296 67.5 863 675  49.8
0 O 52,779 1266 725 833 625 496
0 O 6314 1370 875 915 725 496
O O 16,582 1333 825  87.7 675 482
0 O 44,937 1287 725 843 625 483
12000-2003 O O 7,599 1302 675 863 675  50.5

0 O 4,286 141.5 77.5 90.6 77.5 45.8
0 a 11,605 136.0 77.5 87.7 67.5 46.2
g d 39,652 130.0 72.5 83.0 67.5 46.3

'DO:0D00,DFS: 000000,CR: 0000000
0000 s50000000000
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029 00000000O0DOODO0O 2000000 '000000000 2

oo oo DO DFS CR
20000 ooo 00 ©ooo oo ooo oo ©ooo oo
1990 — 1994 0 13,143 118.1 72.5 84.0 72.5 59.2
0
O

19,081 115.3 72.5 80.0 57.5 56.6

Iy |

1995 -1999 O O 8,783 131.1 775  87.9 725 51.7
O O 18847 1286  77.5 838 67.5  49.7
O O 27,527 125.7 775 813 625 489
D D 7893 1353 0 775 900 725 503
O 0O 19269 1294 775 847 675  49.1
0 O 40,166 1273  77.5 827 625 483
0 O 528 1339 775 85 775 501
O O 13,092 1317 775 856 67.5 482
0 O 33404 1286 775 834 625 474
120002003 O O 6245 1376 775  87.9 725 473

0 O 3,407 141.9 77.5 89.6 77.5 46.1
a a 9,350 136.4 77.5 86.6 67.5 45.6
O O 30,334 133.2 77.5 83.6 62.5 44.4

'DO:0D00,DFS: 000000,CR: 0000000
0000 s50000000000
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0210 O0O0O0O0O0OO0OOODOOO 'ooooooooo ?

AC AFS CR
ooooo oo 000 oo ooo oo ooo oo
1990 - 1994 OO 1,607 534.2 485 520.8 485 84.2

oo 748  550.2 525 534.4 505 80.3
oo 3,187  556.3 475 539.4 475 79.2
oo 1,340 5384 495 514.5 485 74.6
oo 431 5314 475 518.3 475 83.8
oo 1,939 539.0 485 522.5 485 79.7

0o 2,629 557.8 505 538.1 505 78.1
0o 1,753 531.2 495 517.6 495 81.8

oo 17,215 540.6 505 524.0 505 79.3
o0 11,498 558.9 515 541.4 505 79.5
oo 19,797 570.3 915 548.1 515 71.2
o0 19,222  546.2 495 525.9 485 75.9

0o 6,164 559.5 485 539.8 485 75.4

1995 -1999 OO 1,430  522.9 475 503.2 475 78.1
oo 762  553.7 515 534.2 515 77.0
oo 2,440 558.3 485 539.0 465 78.5
oo 1,191 563.8 495 532.6 495 70.5
oo 326  536.8 475 518.4 475 81.0
oo 1,421 5279 495 507.8 495 78.7
oo 2,727 559.9 495 535.0 475 73.8
oo 2,213 530.0 465 509.9 465 78.0
oo 27,448 536.2 495 512.3 485 69.7
00 14,545 564.0 495 538.7 485 71.3
oo 29,849 562.2 495 531.0 485 63.3
oo 18,825 542.9 465 519.3 465 73.3

2000 - 2003 OO 1,008 515.4 475 493.6 475 74.9
oo 732 558.2 485 523.4 465 64.2
oo 1,743  548.2 455 521.2 475 72.2
oo 871 541.9 465 504.5 465 61.1
oo 201 521.6 475 500.8 475 80.1

00 1,144 5258 445 499.2 445 65.3
00 2,300 539.5 495 509.1 465 66.2
00 1,945 500.8 495 4774 445 72.3
00 25247 528.2 475 497.2 475 62.2
00 14,229 546.6 465 516.1 465 64.9
00 28,420 537.7 455 502.4 455 60.4
00 16,788 522.0 455 493.3 455 68.4
00 6,307 5294 455 495.9 455 62.4
00 4,281 5534 495 513.8 455 57.9

TAC:0000,AFS: 000000,CR: 0000000

20000 100000000000
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0211 OO0O0O0OOOOODOO 'ooooooooO ?

DO DFS CR

ooooo oo 000 oo ooo oo ©Qoo oo
1990 - 1994 OO 4,459 116.2 77.5 87.0 67.5 64.4
oo 2,458 117.1 72.5 85.6 72.5 61.6

oo 11,749 1174 67.5 82.4 62.5 56.7

o0 3,005 120.2 72.5 83.3 72.5 55.7

oo 1,851 118.5 67.5 83.9 67.5 58.7

oo 4,882 115.6 72.5 84.0 67.5 60.4

oo 4,270  120.1 72.5 86.2 72.5 59.4

oo 3,178  113.9 67.5 88.5 77.5 68.1

oo 59,359 117.2 67.5 82.0 67.5 55.8

oo 22,460 114.9 67.5 82.0 67.5 60.4

oo 37,784 115.7 72.5 79.1 62.5 53.6

oo 34,639 115.6 72.5 84.0 67.5 60.6

o0 15,246 115.0 72.5 78.6 62.5 53.6

1995 -1999 OO 4,615 129.7 82.5 92.6 72.5 59.1

2000 - 2003 OO 3,562  128.1 77.5 88.0 67.5 55.6

00 11,563 129.6 725 80.5  67.5 45.1
oo 7,750 1371 875 83.1 625 42.6
'DO: 0000,DFS: 000000,CR: 0000000
20000 50000000000
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0212 00002000000 '000000O0O00 2

DO DFS CR

20000 oo 000 oo ooo oo ©Ooo oo
1990 - 1994 OO 3,141 117.2 77.5 86.9 72.5 63.3
oo 1,818 120.0 72.5 86.6 62.5 59.6

oo 8,624 117.1 77.5 81.0 57.5 56.3

o0 2,307 123.3 72.5 83.1 72.5 53.0

oo 1,484 118.1 72.5 84.2 62.5 57.6

oo 3,610 117.5 77.5 83.7 72.5 58.7

oo 3,298 1194 77.5 85.6 67.5 59.6

oo 2,462 113.7 72.5 90.2 72.5 68.6

oo 46,478 1179 77.5 81.3 57.5 54.2

oo 17,623 112.5 72.5 80.2 52.5 60.1

OO0 28,510 114.8 72.5 78.9 67.5 53.8

oo 26,680 115.5 72.5 83.8 72.5 59.5

oo 11,586 1134 77.5 77.5 57.5 53.9

1995 -1999 OO 3,531 130.7 97.5 90.8 82.5 56.2

2000 - 2003 OO 2,873 133.5 67.5 88.2 67.5 50.6

00 22,861 133.0 775 86.5  67.5 48.2
oo 9,190 1332 775 80.4 625 42.4
00 6,010 143.0 775 84.1 675 40.4
'DO: 0000,DFS: 000000,CR: 0000000
20000 50000000000
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0213 0000000000 ODOOOO'oooooooon ?

00 AC AFS CR

00000 000 000 00 2 000 00 000 OO0
1990 — 1994 1 7,380 553.2 485 534.7 485 76.6
2 7,054 549.7 505 532.8 485 78.7

3 8,511 549.7 495 534.3 495 80.0

4 9,074 548.0 485 531.6 485 77.1

5 7851 5434 505 526.2 505 76.0

6 7,188 548.1 505 527.1 505 72.8

7 6,404 5528 535 528.4 485 70.6

8 7,268 552.3 495 530.6 495 77.1

9 8,060 5558 515 535.0 495 76.7

10 7,701  560.8 515 539.7 525 76.2

11 8,071 5625 505 541.6 505 75.6

12 7801 560.8 505 540.1 505 75.3

19951999 1 8749 5586 525 5327 505 704

2 8,119 559.5 515 534.8 515 71.7

3 10,957 555.0 495 531.7 455 73.0

4 11,644 548.8 465 527.3 465 70.3

5 10,280 541.2 495 517.2 485 67.4

6 9,605 543.0 505 516.6 495 66.6

7 8,009 548.8 475 516.5 465 62.8

8 9,334 546.6 495 517.2 495 69.5

9 10,191  549.9 515 522.1 485 70.8

10 8,676 552.0 505 523.1 485 69.2

11 9,378 5523 515 525.3 485 69.1

12 9,040 550.6 485 522.9 485 67.9

2000 - 2003 1 8821 541.8 485  509.5 485  64.1

2 8,092 540.3 465 510.1 465 65.8

3 10,078 5383 465 510.5 445 68.7

4 10,741 533.0 455 507.1 455 65.2

5 9,312 526.1 475 497.7 475 62.9

6 9,755 523.4 455 492.8 455 61.3

7 9,321 5285 455 492.7 455 58.4

8 9,019 5294 475 493.4 455 62.7

9 8,522 5314 495 498.0 485 64.4

10 7,027 5351 505 499.8 465 61.4

11 7,330 5412 515 504.1 455 62.4

12 7,198 539.2 495 504.7 495 64.2
TAC: 0000, AFS: 000000,CR: 0000000
20pQgQo 100000000000
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0214 O0O00O00O0OOODOOO 'ooooooooo ?

DO DFS CR

ooooo ooo ©oo oo ooo oo o©Ooo oo
1990 — 1994 1 16,580 115.0 67.5 81.6 67.5 57.7
2 15,673 117.4 67.5 82.5 67.5 57.2

3 21,141  120.7 72.5 84.3 67.5 56.0

4 21,833 120.8 72.5 84.3 67.5 56.0

5 19,288 118.2 62.5 83.5 62.5 57.0

6 17,771 115.9 72.5 82.5 62.5 56.9

7 15,596 113.4 72.5 80.8 67.5 58.1

8 16,781  110.0 67.5 78.1 62.5 59.7

9 18,573 111.8 67.5 78.1 67.5 58.4

10 16,491 115.7 62.5 80.6 62.5 56.7

11 17,301 1179 67.5 82.3 67.5 55.3

1995 — 1999 1 16,917 1295 725 854  67.5 50.4
2 15,873 130.6  67.5 85.8  62.5 49.1
3 22,110 134.1 825 88.1  67.5 48.4
4 23,532 133.6 725 87.8  62.5 47.5
5 20,642 129.6  67.5 86.5  62.5 49.0
6 19,682 127.6 775 85.5  T7.5 50.0
7 17,631 1234 725 83.0 67.5 51.6
8 17,973 119.7 625 79.8 625 52.8
9 19,352 121.8 725 80.4  67.5 51.8
10 15,759 126.6  67.5 83.5  62.5 49.7
11 16,674 128.7 675 85.0  67.5 49.0
12 16,201 1294 725 85.0  62.5 49.0
12000 - 2003 1 13,654 1322 725 842 625  46.8
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\]
ot
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11 13,408 130.9 725 84.7  67.5 47.2

12 13,193 131.3 775 84.8  67.5 47.2
"DO: 0000, DFS: 000000, CR: 0000000
2gpgoos0000000000
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0215 000002000000 '00oooOOOO ?

DO DFS CR

20000 ooo ©oo oo ooo oo ©ooo oo
1990 — 1994 1 12,642 114.4 67.5 80.3 57.5 57.3
2 11,691 117.0 72.5 81.3 72.5 56.7

3 14,565 118.1 77.5 81.6 72.5 55.3

4 15,048 119.2 72.5 82.4 67.5 55.5

5 13,618 118.9 62.5 82.4 62.5 54.9

6 13,725 119.6 77.5 83.9 67.5 54.3

7 15,205 117.1 72.5 81.8 72.5 55.5

8 15,049 111.8 77.5 79.5 57.5 58.3

9 13,406 112.0 72.5 79.7 57.5 59.3

10 12,474 1145 72.5 80.6 52.5 56.9

11 13,270 1144 72.5 80.5 67.5 56.6

1995 — 1999 1 .
2 11,918 130.0 775 83.4  67.5 48.7
3 15,248 132.7 775 85.1  67.5 47.4
4 15,914 1321 775 85.0  62.5 47.4
5 14,815 134.2  67.5 86.2  62.5 45.6
6 15,906 131.7 825 85.7 725 46.5
7 17,493 1277 725 84.2 62,5 49.0
8 16,668 123.8 775 81.8  57.5 50.8
9 14,323 125.3 775 82.0  62.5 50.0
10 12,777 1259 775 83.0 57.5 50.1
11 12,716 1274 775 83.5 725 49.6
12 13,019 127.1 725 83.4 675 49.9
12000 - 2003 1 10,763 1344 775 845 675 459
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11 10,734 134.3 775 85.1  67.5 45.3

12 10,887 136.1 72.5 85.0  67.5 44.9
"DO: 0000, DFS: 000000, CR: 0000000
2gpgoos0000000000
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002000

0000000 R200000,0.018 (20 CR)DOO 0.071 (AFS)000,000000
000000000000000000000,0000000000000000000
000,AC, AFSO000000000000000000000,CROOOO0 2000
000000000000000000000000,000000000000,000
000000000000000000,00000000000000000000
02160000 2170,00000000000000000000 20000000
000000000000000000000000000000000000000, O
00000000000,027000216000000000000000000000
000,00000

20 CROOO0O0O0O0O0DO0000000O000000000000,20 DFSO0O 2
0DOOOOOOODDOO0000O0ONONDOO000000O0D,000000000000
0000 (P<0.001)00000000000000,AC, AFSO0O0000 CROOODO
00000000,00DOO0O0OODFS, 00020 DO,DFSO00O0 CROOOODO
00000000000000000000000,0000000,000000000
0000000000,000000000000000000000000000000
0000000000000000000000, Pryced (2004) 00000000, 00
00000000000000000000000,AFSO00000000000000
0,000000000000000000000000000, 00000000000
0000000000000,00000000000000000000000
CROOODDOO000O0O0O0O0DOO000,000,000002000,00000000
00000000000,00000200000000000000000000000
000000000000000000000,00000000000000 20000
00000000000,0000000000000000000,000000000
00000000000000000000,00000000000000000000

goboooboobobooboooboobboobooobooboboobboon
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obooo,0bgoobooboooboobooooobooobooobooobooobD,bOon
ooooboobooooboboooboooobobooobOobD 20boboOoOobOobDOoon
ooobooobobooobboooboboobobo,b0ooobboooobooooboo

good

0216 D00D0O0OO0O0OD'000 2000000000000 2000000000
00000D00o0ooooooo %)

0o AC AFS CR
L 72.6 73.7 11.3
S 18.2 19.9 20.8
LxS 5.4 3.7 9.2
RFY 1.6 1.2 23.0
FYM 2.2 1.5 13.8
FA — — 21.9
TAC: 0O0D0O,AFS: 000000, CR: 000
oooo

’L,S,LxS,RFY,FYM, FA: 0000000
0O0,0000,000000000000000
0O0-00000,000000,00000000
oooooon

0217 0000000 '000200000000000020000000000
0000000000000 [%)

oo 20

oo DO DFS CR DO DFS CR
L 23.1 5.6 79.7 3.3 0.9 27.7
S 17.4 31.3 2.6 8.7 19.3 1.3
LxS 1.9 1.2 3.7 0.0 0.1 0.8
RCY 0.4 1.8 5.3 0.3 1.2 5.2
CYM 1.2 1.7 1.6 0.6 0.5 2.6
CA 56.0 58.4 7.1 87.0 78.0 62.4

'DO: 0000,DFS: 000000, CR: 0000000

2L, S, LxS,RCY,CYM,CA: 100000000, 0000,000
0D00000000000,00-000,0000,0000000000
0o
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030
oot obobouououogn
Jobobobobouobougogon

3.1 00O
0100000 2000000000000, 000D00DO0O0O00ODOOODOOO
goobo,0oobobboooooooboobobogo,bbooooooobboooooooobog
ggooobobbobobogo,bbbooooooooooobbbibooooogoon
(Interbull 2008)0
goobooooobooooobbooog,gobboo0ooobbooooobobo,bon
goboooooobooboobooobooboobobobooboo,bgboooboon
0,00000000000000000000000D000 (Dematawewa O Berger
1998; Haile-Mariam O 2003; Kadarmideen O 2003; DO 0O 2008) 0000000000
g,jooobbobbooooobobobboooooobobboooobo,bgogoobobo
gooooobbooooboobo,bbbobboooooooooob,0oooobbbooooog,
0000000000000000000000000 (Hansen O 1983; Muir O 2004;
Andersen-Ranberg O 2005)0
00,00000000000000000D00DO0O0O0O0ODOO00O (Haile-Mariam
0 2003), 00000000000000000D000000O0O0OO0O0O (Andersen-
Ranberg 0 2005; Jamrozik O 2005; Kuhn O 2006)0
gogoboo,bbbbodgoooobobog,bbogooogbobbboooogn
go,ggooboobboooooboobooboboooooob,oobobbbooooooobobo

00000000000 0000000
32 OOO0OO0OOO

0000,(0)000000000000000O00, 1990000 20030000000
0o0000o0o00oO0O0o000,000(0)000D0000O0O00O0OO0ODO0OODOOO0OO

goboogoobgon
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000000,000000000000000 (AC),000000 (AFS)00000
00000 (CR)O0O00,0000000000000000002000000 (DO),
000000 (DFS)000 CRODOOOOO0OOODO00000 200000000

0000000,00000000000200305000,000,00000000
0000000000 30500000000000000 3050000000000, 240
000 305000000000000000000000000000,305000000
0000

0000000,200000000,00000000000,00000000000
0,0000000000000000,0000000,000000000000000
0000000,DO0OD0OOO00 2000000 20000000000,000000
000000000000 +£30000000000000,0000000000 200
000 4300,20000 320000 5900000000000000000000,
AFS, DFS, DOO0OC0OO0O0O0O0OO0O0O00D0D0 321000 10820,21 000 2000, 210
0041000000 1000 10000000000000000000,00-00000
0000000 20000000000000200000000,0000000000
0000000000000000,000000000

00000000, 000000,000000,000000,200000000 2
000000000000 308,238 00, 626,899 00, 710,980 00, 490,265 0 00 0 O
578,210 000000000, 000000 62.7%, 65.5%, 65.8%, 64.5% 000 65.3%
000000000000000000,00000,000000020000,0000
000000000 2000000000000000000,000000000 200
0000000000000000000,000000000000,00000000
000000000000000000000,0000004000000,200000
20000000000000000,000000000,00000000000 300
0000000000000000000000000000000,000000000

0000000 669,02200 764,534 000,200000 370,13800 442,7020000
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opooo
CROO00O0OO0OO0OOoOoOOoO0oOoDOo,0d00ooooooooooooooooon
OOACODODO AFSO0O0OO0OO0OO0OOO00O0O0ODODODOOO

Yijk = hfy; + FY M; + ay, + e

000,y,;0000,Afy; 0000000000000, FYM,;0000000000
U0, 000000000, ¢ 00oooonod
0000 CRODODODOOOOOOOOOODOOOO

Yijkt = hfyi + FY M; + FAg + a; + e

000, hfy, FYM;, aj, e;, 0000000000000, g, 0000000 CRO
000000 (lability), FA, 0000000000000 00000000000000
00,140000,1500,1600,1700,1800,1900000 600000000
000000000000000000000000000000

Yijkl = hyi + CYMj + CAk +a; + €ijkl

000, y;» 0000 (CROD)0O0O0OO0O0O (CROD), hy; 000-00000000,
CYM; 0000000000,CA, 0000000000000, 000000000,
e 000000000

00000000000000000000 20000004300000040000
0000 6000000,20000000000000000000 3200000 590
00000400000000 700000000

000000 2000000,00000000000000000000000000
00 2000000,000000000000000000000,200000000
ooooooo:

y=Xb+Z hy+ Zsa+e

O00,y000000000000O00O0,b0000000000,Ay 0000000

0000000, e000000D0COO000O0OD,e0000DODODOO,00 X, 2,00
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0 Z,0000000000000000,000000C0000000:

hy ~ N(0, Hy® 1)
aNN(O, G0®A)
GNN(O, R0®I)

ooo,

2
g Ohylhy?2
_ hyl ylhy
H, = Y 2
Ohylhy?2 Ohy2

2
GO _ |: Oa1 Ua1a2:|

2
Tqla?2 T,2

2
0.1 Oecle2

Oele2 ()}

goog,boboboobbobboooo,oooooobobobobbbbbbbbbobbbbbon
00 AODOOOODOODOO,I00000,O00000000000O000O0000,0
Doduooood opinee D000, 0000000000 ogooooogon
o0boo0o0oo0ob00o 1gboboooo0oO0,0boboo0ooboobobooooooo
go,b0ogobooobbod

0000000000000, 000000000000000000 Gibbs sampling
0000 THRGIBBS1F90 0000 O (Tsuruta 0 Misztal 2006) DO 00000000
ooboooooooboo,bobooboo0oboobobobooob oboboboooooboo
00,00000000000000 200,0000 Gibbs chainO OO0, 000 50,00000
O0OC burn-in 000000000000 OODOOOOS000,0000 30000000

ooboooboobooooboon
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33 000000
oDoooo

0310000 320,000b00000b00O00obDobobo0oboDoobobnuoobUoo
ooooooo0ooo0o 200b000bOO0O0,0000O00DOOODODOODOODOODO
O CRODOOO,0000020 CROUODODODOOOOODOD,00000DO0OOO0
0000, 0000000000000000O0oUOo0OUO0O0D (0: DoOOOO
00000oU000)00o0ooooo

0330,00000000000000000D000CROOODOO, DOOOO DFS
00000000,00000000000000000000000,AFSO00 ACO
goboobo,b00b0bo0oboooboobobooboooboooo

0310,00 CRODODOOOODOOOODODODODOUOOODOOOD-ODO00O0OOO
0000000000000 0D00D0O0O000DO00DOooOOO0OooO, Oikawa O Sato
(199700000000, 0000000000000DO0OO000O0O0OO0O0ODOOOO

oobooobooboboobo

goo

00000000, 000000000000000000 3400000CROOOO
0010000,000000 CROODOOO,000 CROOOOOOOOOOOOOO
0, Jamrozik 0 (2005) 00 00000000000000O000OOOOOOACDOOOO
0012000000, Hansen O (1983) D0 UOO0OD0DO0ODODOODAFSODOOOO 0.128
00000, Jamrozik O (2005) 0000 (0.13) D00, Hansen O (1983) 000000
O0O00D0O0O0DACOODO AFSO0O0O0O,000000000D000D0O000000O0
00,00000D0000C0DO00O00DbDO0O0OOOD 400 500000D0OO,00D00
goobooobobooobbooobboobobooo,ogbboooboboooobo
gobooobgooog

DOUODOOD 0090000000, 00000 (Dematawewa 0O Berger 1998;

Kadarmideen O 2003; Atagi O Hagiya 2005; D00 2008) 000000000 ODFSO
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0000,0000000000D000, JamrozikO (2005) 0000000000000
0000000000000000000, JamrozikO (2005) 000000000000
ooobooboobooooooooooDoobog,bbo0d0000d0dn extreme category
problem (HarvilleO Mee 1984) OO0 00000000, 0000000000000O0O0O
oobooooboono

O00000D0D0o00ooooooOoOo,000o0,0d0 DFSO CROODDODODOOOOO
gooboobbooboobboobbooobooboboobooobooboboooboo
Ooo0Oo,DbFSO000C0C00000D0ODO0O, 00000000000 0DoODOOoOOo
O00,0000000000DFSO000O0OODODOOOOO,D00000000000
gogbobogobobg,ogobboogobbooobbooobooooboooboba
goooobooooo,goobobbooooobobboooooobob,0oobobob

goboogoogo

gooogooog

20000000,0000D00DOO00O0O0ODODOOOODO 300D OODODO
00000000 oooooooo, ACO AFSO0O0 CROODODO0Oooooooooo
0000000000, CRO AFSO000OD00OOOOOOOOOOO —0.11000 0.05
gogoobooooo,gooooboobobbooooooooboobog,boooooooobo
oob0o,00bo0o0boobobooboooboooboooo

00 DO, DFSO0O0 CROOOOOO0,20 DO, DFSOO00 CROOOOOOOOO
000,DFSO CROOOO0OOOOODOOOOOOOO (DODO —042,200 —0.25)00
gogbobogobobooooboooobooobobooo,gobbuooobobooobo
0, Kadarmideen O (2003) 000000000000 O00DO0ODOOOOOOOOOOO
ooopooooo,DFSOO0000ODOOCO,CROOOOOOOO0O0OOOO,0000
0000000000000, 00000o0oooooooo, bDFSooooo, CRO
000 DFSO000000000000000

000 CROOO CROOOOOoOO 074,000 CRO 20 CROOOOOODO 0.69
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0,00 CROUOD 20 CRODOOOO (097000000 ODOODOODACOOOO
AFSO00000000O0O0UODOO0O0 —-02700 0.24000000,CRUDOUOODOO
gooooobobooboobboboboooooogouoobbbobo,boooo0ooooooo
0 O Andersen-Ranberg O (2005) 0, 0000000000000 00O0OOOOODOOO
000 05400000,0000000000000 DFSO00O 02400000000
O0O0O00OHansen O (1983) 0, AFSO DFSO0O 035, DO0OO0O0 015000000
0000000 Jamrozik O (2005) 0, 00000000000000O00O0O0OO0O0OOO
0000 060,0000000000DDOOCOOO DFSOO0O 0230000000000
O000Kuhn O (2006) 0, 0000 CROOOO CROO 03900000000000
gogbbogobbooobbooobboobboooo,gobbooobboooobn
goobooobobooobbooobboobb, bbb booobbooobobo
goobooo,bbbooooooboobbooooobobboooooobob,ooobobo
ooboooboooboobboobo
gogoobbobbooooooobbobbbooooobobobobbooooooooooo,
gogbobooooboboooboboooo,obbooobobooobbouooobboobobo
oooobooobboooboboooobboooboboooobobooobbo,oboooboo
0000000,000000000000000000000,ACOO00 AFSOO0OO0OO
goooooooboo,0b0020000000000000DO0DbOO0OOObOO0OO,300
oobobooooooooooboob 200boboboooooLo,obob0obOo 200
goboooboobobooboo,0bbooboooboob0boobboobboOon
o000 2000000000000009000970000000,000000
00 Haile-Mariam 0 (2003) 0000000000000 0O0O0O,0000000000
ooooobo —-o07rCO0O0M4000000C00D00,D00DOO0DODOOOODOOO
oooooboooono —o0.0600 0000000000000 O0DO,0D00000D00DO
gogbbogobbooobbooobboobboooooboo,gogooboboooobo

gobooobooboboob,bo0bbooboooboobboobbOooboOon
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oobooobooboo

20000000,00000000000000000O000O0 360,000000 3.70
O00000d0000o0doooogooooooo,bo0o0oo DFSOOO0OOODO 0.33
00 050, CROODOOOODO —0.1700 —-03500000,00000 (Dematawewa 0
Berger 1998; Haile-Mariam O 2003; Kadarmideen 0 2003; 000 2008) 000,000
goodoooooooooobbobbobbbob bbb oooo,bboobn
Joooooooooo, oo oooooooooooooo
gogogod,boooooooouoouddddddgg,bbbbbbbboboobooo
goooo,00b0o00o0d00oooo, 0000000 oboooooooon
gogoooooooooooobbobbobbbobbobbboooooooo,bbbbobn
ggdd

O0OO0,ACO000 AFSOO0O0O0O0O0oooooo —o0.1000 —0.46, 0000 CRO
0000O0DOOo0OOooo o0070OoO0I8sO0OD0ODO,0D0O0DODO0ODODODODOoOoOoOoOooooOg,
AFSO0O000O00D0O00O0O0O0, ACO000DOU0DOO00OoO0ooooDoooOon
0000000, 2000000000000000000000000O0O00O0O0, AFS
0ACOO0D0D000O0O0DO000D0D0D0O0DODOD Andersen-Ranberg O (2005)
0,000000000000000O000DO00DO00DO000O 0040000, MuirDO
(2004) 0000000000 O0OOOOOOODOODOOOOO01200000000000
0,00000000000000000000 KuhnO (2006) 0, 0000 CROOO
oo0o0o00d0ooOooDn0 —-0.1900000000000000,000000 3000000
gogoooooooooobobbobbbbbbbbobboooooooo,bbbbobobn
i, oo ooooobobobobooooooon

00,0000000000DO00000DODOO -0.1600 0.17000D0DOOODOO,
Dematawewa O Berger (1998) 00 O Muir O (2004) DODO0O0DO0O0O0DOOODOOOOODO
goo,gjgoouboboodooouoobtbbuodoo, oo bbboooooobbo

gooooobbooooobobobog,booooooboobooboooo,0oooooboobo
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oobobobobobobobo
ggooooboog,0ggooooooboo,bboooooooboobbooooon
gooobogo,bo00o0oobobbooooooobboooooo,oooobo
O000000o0o0oo0oooooooooooooooo, DbDFSOO0O00O0O0OoOoono
000000000000 00 DFSO000000D000O0oOoO0ooooo,0o0o0go
gobodboboooboobbooboooboobboobooobooboboooboo
gooboobobooooobobo,0obbbb0ooooobobbooooobobobo,bbob
00200000000000C00DO0OOO0OO,0O00DOO0ODOODOOO,0D00DO
gobobooobobooobbooobboobbo,booobbooobobooobo
g,dggoobobobboogooobboboooooobobooboog,boogoooobobo
gogobooboooooobobob,0obbbbooooobobbooooobb,0oobobob

goboogpobogbbogo

031 000000O0000O00OO0O000

o0 ooo oo oooo
oooo 308,238 545.0 102.6
oooooog 308,238 518.6 84.8

0000000 (%) 308238  69.0  46.2

032 OJ0000O0OO00OOO0OO0DOODO

00 20
0o 000 00 0000 000 00 O0oO0o0
0ooO 400,016  124.6 67.7 400,009 126.2 67.2
oooooo 400,016  83.1 30.9 400,009  83.0 30.7
0000000 [%) 400,016  51.3 50.0 400,009  50.1 50.0
305000 [kel 400,087 7,249.4 1,420.2 400,037 8,550.7 1,681.8
3050000 [ke] 400,087  282.2 56.3 400,037  333.1 67.7

3000000000 [kgl 400,087  235.5 46.4 400,037  275.9 53.4
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033 00000D000000D00O0 ‘000000

ooo 2 oo 20
ooo AC AFS CR [%] DO DFS CR [%] DO DFS CR [%]
1990 — 1992 548.0 530.3  77.6 113.4 80.3 57.8 113.1 79.8 57.1
1993 — 1995 558.7 536.4  73.6 122.1 839  54.3 121.5 832  53.9
1996 — 1998 553.6 526.6  68.9 127.0 84.5  50.1 127.6 83.8  49.4
1999 - 2001 535.1 505.3  64.6 131.6 84.0 46.5 135.1 84.5  44.6
2002 — 2003 530.6 496.4  62.7 129.8 82.7  46.8 134.4 83.7 443

'AC=0000;AFS=000000;CR=0000000;D0O =0000;DFS

=0gooog

‘DooDOoOooOooOoon

Frequency [%]

N
o
1

[any
[$2)
T

[y
o
T

a1
T

0
0 5 10

15 20 25 30

Number of records within herd-year group

031 0O0CROOOOOOOOOODOOOODODODOUOODOO-OO0OOOOOO

gbobogooooo
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034 000000000O0O0O0O000O0 (o,),0000000 (02),0000 (02)
0000000 (R 000000000000 (000)

oo oot Tiny o2 o2 h?
000 AC? 3.893 (0.004) 1.254 (0.005) 5.326 (0.003) 0.120 (0.004)
AFS? 3519 (0.003) 0.910 (0.003) 2.651 (0.002) 0.128 (0.004)
CR  0.101 (0.003) 0.030 (0.004) 1.000* 0.027 (0.003)
00 DO?  0.251 (0.001) 0.413 (0.002) 3.904 (0.002) 0.090 (0.005)
DFS?  0.143 (0.000) 0.099 (0.000) 0.723 (0.000) 0.103 (0.005)
CR  0.076 (0.002) 0.058 (0.006) 1.000* 0.051 (0.005)
MILK?®  0.733 (0.006) 0.559 (0.008) 0.670 (0.005) 0.285 (0.004)
FAT?  1.207 (0.001) 0.690 (0.001) 1.008 (0.001) 0.238 (0.004)
PRO?  0.968 (0.001) 0.372 (0.001) 0.663 (0.000) 0.186 (0.003)
20 DO?  0.161 (0.000) 0.328 (0.002) 3.924 (0.002) 0.074 (0.005)
DFS?  0.118 (0.000) 0.101 (0.001) 0.726 (0.000) 0.107 (0.006)
CR  0.076 (0.002) 0.055 (0.006) 1.000* 0.049 (0.005)
MILK?®  1.055 (0.009) 0.631 (0.011) 1.021 (0.007) 0.233 (0.004)
FAT?  1.635 (0.001) 0.925 (0.002) 1.527 (0.001) 0.226 (0.004)
PRO?  1.244 (0.001) 0.447 (0.001) 0.936 (0.001) 0.170 (0.003)

TAC=0000;AFS=000000;CR=0000000;DO=0000;DFS =
00D0000; MILK =305000; FAT =3050000; PRO=30500000000
2p2000 1030000000
3p2noo 1080000000
4000001000

035 0000000000000 00O00O00O0OO0 (DO0D)0DDO00O0DOO0O0 1([I
00)0D000oo0ooOoooOoo (o)

ooo od 20
0o 002 TAC  AFS CR DO DFS CR DO DFS CR
ooo  AC 0.99  —0.97 0.24 0.1l —027 —0.13 —0.11 0.02
(0.00)  (0.01)  (0.05) (0.05) (0.06) (0.06) (0.07)  (0.07)
AFS  0.82 —0.11 0.12 0.16 —0.06 —0.18 —0.01 0.11
(0.07)  (0.04) (0.04) (0.06) (0.05) (0.05)  (0.07)
CR -0.85  0.05 —0.47 0.15 0.74  —0.17 0.44 0.69
(0.08)  (0.12)  (0.06)  (0.08)  (0.08)  (0.06)
oo DO  0.00 0.00 —0.01 0.87 —0.84 0.96 0.88  —0.85
(0.02)  (0.03) (0.01) (0.02) (0.03)
DFS —0.02  0.01 0.04 0.42 —0.42 0.87 0.97  —0.05
(0.08)  (0.02)  (0.00) (0.12)
CR -0.02 0.0l 0.05 —0.84 0.08 —0.76 0.12 0.97
(0.04)  (0.09)  (0.01)
20 DO —0.06 —0.04 0.02 0.13 0.08 —0.05 0.84 —0.76
(0.02)  (0.04)
DFS —0.06 —0.02 0.05 0.10 0.14 0.03 0.38 —0.25
(0.10)

CR 002  0.02 0.03  —0.07 0.00 0.11  —0.83 0.12

l000000000000000000000 0.0100
2AC =0000;AFS =000000;CR=0000000;DO=0000;DFS=000000
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036 D0D000DO00O0DOO0'000000000000000000 (0OoD)

0o 20

OO0 0O MILK  FAT PRO MILK  FAT PRO
ooo  AC -0.10 —0.15 —0.21 —0.37 —038  —0.46
(0.03)  (0.03)  (0.03) (0.03)  (0.03)  (0.03)

AFS -0.19  -024  —0.29 —0.31  —032  —0.41
(0.02)  (0.02)  (0.03) (0.03)  (0.03)  (0.03)

CR 0.07 0.10 0.13 0.09 0.11 0.18

(0.07)  (0.07)  (0.07) (0.07)  (0.08)  (0.07)

oo DO 0.43 0.39 0.43 0.39 0.40 0.37
(0.03)  (0.03)  (0.03) (0.03)  (0.04)  (0.04)

DFS 0.49 0.48 0.50 0.35 0.37 0.35
(0.03)  (0.03)  (0.03) (0.03)  (0.03)  (0.04)

CR  -035 —031 —0.35 —027  -026  —0.23

(0.05)  (0.05)  (0.05) (0.06)  (0.06)  (0.06)

20 DO 0.45 0.44 0.41 0.40 0.43 0.39
(0.04)  (0.04)  (0.04) (0.03)  (0.03)  (0.03)

DFS 0.46 0.47 0.44 0.34 0.41 0.33

(0.04)  (0.04)  (0.04) (0.03)  (0.03)  (0.03)

CR  -029 —031  —0.30 —0.19 026  —0.17

(0.06)  (0.06)  (0.06) (0.05)  (0.06)  (0.06)

'AC=0000;AFS=000000;CR=0000000;DO =000
O;DFS=000000; MILK =3056000; FAT =3050000; PRO =
306 00000ooon

037 0D0DO0O0OO00DODOO'0o0O0O0D0O0?%000

oo 20

oo oo MILK FAT PRO MILK FAT PRO
ooo AC 0.12 0.13 0.11 —0.09 -0.09 -0.07
AFS 0.00 -0.01 —0.01 —0.06 —0.06 —0.05

CR —0.06 —0.06 —0.05 0.02 0.02 0.01

oo DO 0.17 0.16 0.16 0.16 0.15 0.11
DFS 0.11 0.10 0.10 0.07 0.06 0.05

CR —0.16 —0.15 —0.16 —0.09 —0.09 —0.07

20 DO 0.07 0.07 0.05 0.17 0.16 0.16
DFS 0.05 0.05 0.04 0.09 0.09 0.08

CR —0.05 —0.05 —0.04 —0.16 —0.16 —0.16

'AC=0000; AFS=000000;CR=0000000;DO =000
0;DFS=000000; MILK =305000; FAT =3050000; PRO =
30600000000
0oDoOooooO0o 0.0100
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40
oot obobouououogn
gobogougod

41 OO

0 20000000000000000000000,03000000000000
0000,000000000000000000,00000000000000000
0000000000000000000000000000000000000000
0,000000000000000,00000000000000000000000
Philipsson 0 (1994) 0, 0000000000000000000000000000O0
00000000000000,00000000000000000000000000
00000000D00000000000000000000000000000000
000000000000000,000000000000000000000000
(Wall O 2003; Liu O 2008)0

00000000, Atagi O Hagiya (2005) 00000 (DO)000000000000O
0000000,000000000000000000000000000000000
00000000000

000000,00000000000000000000000000,000000
0000000,00000000000000000000000000000
42 0000000

0000000000,030000,(0)00000000000000000, 1990
000 2003000000000000000000000,000 (0)00000000
00000000000000000000000

0000000,03000000000000000,00000000000000
00 (AC), 000000 (AFS) 00000000000 (CR),000000000 20
00000 DO, 000000 (DFS)0000 CROODOOOOOOOOO,00000

goooooodooo 3pbooboooogboooboo0ooUoUoDbooD,b0 3000
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O,00b0b00obobo0ob0 4000000b0000000bDO0OOOOOD

00,00000000000500000000000000000,0 (200)00
00ooooooo (1965000, 1966 OO0 1970 0, 1971 000 19750, 1976 0O O
19800, 1981000 19850,1986 000 19900, 1991 0000 700)000, 1400
0000000000000 0D000bOO0o0bOD0O0ObO,00D000DbOO00DbDOd 766,514
00 822080 000000O

0o0o0ooooooobooboboobD,b 300000000000 ooooooboon
00 THRGIBBS1F90 0 0 00O (Tsuruta O Misztal 2006) O fixed var 0000000
0,00000000000b000b00b0b00bO0oobOooboOooDooboOooog 200,000
O Gibbs chain 0 000,000 50,00000000 burn-in 0000000000 OCOO
oboobOos0bO0,b0bOo 3oooibobooooooboooobooooooog

000D00DOO0DOO0ODOO0ODO0OD,00000DO00DO0O0 20000000,00000000
0000000000000 0000000000000OD 0.1% 0000oooooo
god,ddgdouooooon

000, 00ddobooob0 iooooooooboo0ooooooooooooooon
O0,000000000f00fdddoodo, oo ooooO
00000, 00000000000000000000000000CROODOOOOnO
0000000,000000000000D000, GianolaO Foulley (1983) 00000
O000oo0ooo0ooDoooO0oooDoooooooooooo,CRO 20000000
000000, GianolaO Foulley (1983) D0 000000 DOOODOOODOO:

P:1—<p(0—<f[y+MY+A+a))
—1-0 (- (MY +4d+a))

:@(MY+A+@) (4.1)

000, PO0O0O0OD 10000000000 00O0ODOO0OODO CR, 00000000
DDD,IDDDDDDDDDDD,hAyIZIIZIDDDDDDDDDDD,MYDDD%]DDD

DDDD,ADDDDDDDDDDDD,&DDDDDDDDDDDDDD,DI]I]I]DDD
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oobooobog CRDDDDDDDDDD,hAyDDD,MYDDDD*DDDDDDDD
DDD,ADDDDDDDDDDDDDDDDDDDDDDDDDDDDDD CROOOO
O,a000 19880000 2001 0000000000000ODO0O0O0O0OODOO,O0000
oopo0200 CROOOOO,a000 198600000000 1999000000000

ooboo0oboooboobobo,o0boon

43 0000000
00000

0410000420,00000000000000000000000000000
000

CR (0 4.1(c), 0 42(e) 0000 4.2(f)) 000000,00000000000000
000000000,000002000000,000000000000AFS, AC (0
41(x) 0000 41(b)000000000,0000 (0 4.2(a), 0 4.2(b), O 4.2(c) 0O
00 4.2(d)000 (00)00000000000000000,02000000000
0000000000000000,030000000000000000000000
0000D00000,00000000000000000000000000000, O
0000000000000 0000000000000000000000000, 00
000000000000,00000000000000000000000
ACODOD AFSO0O0D0D00 (020,024 000002000003000000
0,0000000000,000000000000000000000000000, 0
000000000000000000000,0000000000000000000
00000000000000000000000

00 DODDOO, 1988000 2001 00000 12000000000,19900000
00 20000000000000000 (020,025 00000000,20DO00O0
(10000000)0000000 (020,026 000000000000000000
000,000000000000000,000000000000000000000

oooooooo,DFSO 1980000000000 5000,200 400000000
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0,000000 (020,025000026)0000000000000000000
0,0000000000000,0000000000000000000,000000
00000000000000000000

000000000000000, WallO (2003)0 LiuD (2008) 000000000
00,00000000 Atagi 0 Hagiya (2005)0 DODO0O0000000O0O0O0000
00,0000000000000000 19700000000000000000000
00000000,000000000000000000000 (Andersen-Ranberg O
2005)0 00 0, Andersen-Ranberg 0 (2005) 00 000000000000, 00000
000000000000000000,0000000000000000000, 00
000000000000000000000000000

0 (41)00000000000 CROODOO,00000 —0.56%, 0000 —5.81%,
0002000 —423% 000,00000000000000000 20000000
0 CRODOOOOOOOD,00000000000 10%00 (024,0250000
26)000,00000000000000000000000000000000

0000000,DFSO00000000OC0OO0O0O0O0OOONONONOONONONOOOO, CROO
0000000000000000000000000000000000,0 30000
(00000000000, 00000000000)000000,0000000000

O0oodo,DbFSO00000D00000O0OOoooon
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Breeding Value

Breeding Value
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(a) 000000 (b)200000
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() 000DOOODOD (20000000
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COW  m—
015 F 0.15 | Bull s 1
0.10 F 0.10
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2 005 T 005t
= > nnv,"'l' .
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Year of birth Year of birth
() 0DDDODOOODO (f)200000000
042 0000000000 O0ODOOODO
googgo

0000000000000000000000000000000,00000 430
0004400000

0000 (O 4.4(a), 0 4.4(b), O 4.4(c) 0000 44(d)000000,00000 20
0000000000000,0000000000002000000,0000000

0,0000002000000000000000O0000000O00DODOOOOO0O
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0000000,0000 CROOOOOOO0O0O0O0000,0000000000000
00000000000,00000000000000000000000000000
0ooooooo

CR (O 4.3(c), 0 44(¢) 0000 44(f)) 0000, 0000000000000000
0000,00020000000000 CROOOOO,02000003000000
0000,0000000000000000000000000200000000,30
00000000000000000000000000000000000,00000
000000000000000000000000,000000,0000 Chang O
(2006) 0000000000000000000000000000000000000

gobogoboo,bbogbooobuogbbooboo
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Frequency [%)]
Frequency [%]

-200 -150 -100 -50 0 50 100 -200 -150 -100 -50 0 50 100
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(a) 0000 (b) DODOOD

30 T
Bull m—
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(c)0O0O0DO0OO
043 00DO0OO0OO0OOOODOODOOOOODOODOOO
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(f)200000000

044 O0O0O0O0OODOCOOOOOOOODDOO
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0000000000000000000000000000000000000000
00000000000,000004500004600000

00000000 (045),00000 CR (0 4.6(e))000000000000000
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Abstract

Insemination records are needed to calculate reproductive traits. In this study, sum-
marization for reporting rate for those records, estimation of genetic parameters for
reproducitve traits, investigation of genetic and phenotypic relationships between re-
productive and yield traits, and comparison of degree of genetic deterioration and con-
tributions from other factors in reproductive traits were performed.

The reporting rate for insemination records tends to be increasing, but that in heifers
were much lower than that in cows. Average reporting rate by herd size and herd average
milk yield suggested that the reporting rate in large or high-yielding herds were higher
than that in small or low-yielding herds. Also, there were differences in the reporting
rates among subprefectures. In view of bringing about change in attitude of farmers,
an effort is needed to increase the reporting rate. Summary statistics of reproductive
traits by calendar month, subprefecture, or herd size and herd average milk yield were
calculated. In all divisions, there were deteriorative phenotypic trends in reproductive
traits. From least square analysis, effects of month-year, subprefecture-year, herd size
and herd average milk yield were highly significant.

Heritabilities of reproductive traits were generally low. Genetic correlations among
reproductive traits were desirable, suggesting that by genetic selection of one repro-
ductive traits, genetic improvement in other reproductive traits will be achieved. But,

genetic correlations between reproductive traits in heifers and cows were lower than
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those among reproductive traits in cows, so reproductive traits in heifers should not be
considered as the same traits. Genetic correlations between reproductive traits in cows
and yield traits were antagonistic, implying genetic selection by yield traits has been
bringing undesirable correlated response to the reproductive traits. On the other hand,
genetic correlations between reproductive traits in heifers and yield traits were not an-
tagonistic, so selection by reproductive traits in heifers will enable the improvement of
reproductive performance without loss in genetic progress for the yield traits. However,
reproductive traits in heifers are probably closely related to early productive maturity,
suggesting that further investigation is needed about relationships between these traits
and early productive maturity.

No or slightly desirable genetic trends were observed for reproductive traits in heifers,
but there were undesirable genetic trends in reproductive traits in cows. There were
large variation in not only breeding values, but also in effect of management group, so
reproductive performance may be recovered by better reproduction managements.

But in all analyses, there may be some bias arising from low reporting rate of insemi-
nation records in heifers. Therefore, to improve accuracy of analysis for the reproductive
traits, and eventually implementation of a genetic evaluation, further increasing of re-
porting rate of insemination records is strongly needed.

To improve not only reproductive traits but also other functional traits, raising farm-
ers’ awareness of better management is essential. Genetic and environmental improve-
ment for the reproductive traits by farmer- or region-wide effort to raise awareness is

expected.
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