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Descriptions for full data sets of test day milk yields (kg)

First lactation Second lactation
Stage of Days in
lactation milk

N Mean SD N Mean SD

Total number of levels

Cows

Herds

Herd-Year of calving
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Partial values ( ) due to each e ect in least squares analyses

Stage of lactation

Lactation Source

First model

HY

A

AM

M

MY

Second model

HY

A

AM

M

MY

See Table . model : total model, HY : herd-year of calving, A : age of calving, AM : age-month of calving, M :

month of calving, MY : month-year of calving, : partial regression coe cient.
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p

p

p

p

p

R

R

P

R

R

R

b

b

b

C

C G

C

Table

,

+

,

+ +
+

,

,

,

,

+333

, -

+31-

,**/

-

* **+

* +3- * -./ , * ++/ * ,2/

,

, ,

* *+

.- /, , .+ /1 1 3

+31- +32, +323 +33,

, .

, -+ .. /

-* .3 , * *-*

* *-/

#

+ , - . / 0 1 2 3 +* ++

.-4*2 .041, /*4,/ /+4.+ /+4/2 /+4,0 /*42- /*4-* .34-2 .14,/ .24-*

-+40, -342. .,4*2 .-4*2 .,432 .,4-, .+4-/ .*4-+ -241+ -04/+ -24-,

+40, +420 +4/1 +4,* *430 *411 *40- *4/. *4.0 *4-2 *4-,

*4*, *4*, *4*- *4*, *4*- *4*, *4*, *4*, *4*, *4*, *4*,

*4-1 *42* *433 *422 *411 *41+ *41+ *410 *411 *41* *40-

*4*1 *4*2 *4*3 *4*2 *4*1 *4*0 *4*0 *4*/ *4*/ *4*/ *4*0

04.3 *4*2 *4-2 *4,2 *4+3 *4+2 *4+0 *4,+ *4.+ *4+0 *4*1

.34** //4*, /043+ /04** /.4,/ /,4+* .343- .140* ./4*, .+422 ..4-/

.*4+- .142+ .24/2 .1420 ./433 .-41* .+4** -1421 -.4*/ -*422 -.4..

+4.0 +42/ +41- +4.* +4+2 +4*+ *43, *42/ *42, *412 *40*

*4*. *4*- *4*- *4*- *4*- *4*- *4*- *4*- *4*- *4*- *4*-

+4+* +431 ,4+2 +422 +4/0 +4-* +4*, *421 *421 +4** +4*0

*4+, *4+, *4+* *4+* *4*2 *4*2 *4*2 *4*1 *4*0 *4*1 *4*1

.4-3 *4.3 *42, *4/3 *4.3 *4.1 *4.3 *40, *431 *4-+ *4+.

+
$

13 + 3 +2 ,**2 +,

«

«

«

,

F F F F F F
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a

a

a

a

Estimated additive genetic and residual variances and hetitabilities

for test day milk yields

First lactation Second lactation
Stage of

lactation

See Table .

: additive genetic variances ; : residual variances ; : heritabilities.

Estimated genetic and phenotypic correlations for test day milk yields in first lactation

Stage of lactation

See Table .

above diagonal : genetic correlations ; below diagonal : phenotypic correlations.

Druet ; De Roots

Fujii Suzuki Togashi Lin

. .

Fujii Suzuki

Meyer ; Pander ; Pool

: ,

a e a e

a e

h h

h

Table

Table

-

, , , , , ,

, , ,

+ .4*2 +14*. *4+3- -413 ,34,, *4++/

, /4-- +/4.+ *4,/1 .42* ,/4.3 *4+/2

- /40+ +-421 *4,22 /41- ,,4*+ *4,*0

. /40+ +,43+ *4-*- /42, ,*4-. *4,,,

/ /42+ +,4,+ *4-,, 04-* +34,3 *4,.0

0 /411 +,4++ *4-,- 04+0 +241/ *4,.1

1 04*1 ++402 *4-., 14*. +1402 *4,2/

2 04** ++4/0 *4-., 14*. +1423 *4,2,

3 04+0 ++403 *4-./ 14+/ +243* *4,1/

+* /411 +-4-, *4-*, 14-1 ,+4/2 *4,//

++ /4-, +.4.. *4,03 04/3 ,+423 *4,-+

+

+ , - . / 0 1 2 3 +* ++

+ *430 *422 *42/ *42, *412 *410 *41/ *41* *401 *400

, *40/ *431 *43/ *43. *43* *422 *42/ *42. *42+ *411

- *4/0 *41, *433 *432 *430 *43. *43- *43+ *421 *42,

. *4/+ *400 *41- +4** *432 *431 *430 *43/ *43, *422

/ *4.2 *40, *403 *41. *433 *433 *432 *430 *43. *43+

0 *4./ *4/2 *40/ *41* *41/ +4** *433 *432 *43. *43+

1 *4.- *4// *40, *400 *41+ *410 +4** *433 *431 *43.

2 *4.+ *4/- *4/3 *40. *401 *41, *411 +4** *432 *430

3 *4-2 *4.3 *4// *4/3 *40- *401 *41+ *411 *433 *432

+* *4-- *4.. *4.2 *4/- *4/0 *40* *40. *41* *410 *433

++ *4,3 *4-2 *4.- *4.0 *4/* *4/- *4/2 *40, *402 *411

+

+ ,**- ,**.

, +

,**0

++ , ,**0 -**

* 00 * -1

,**0 -**

+323 +33, ,*** 0

13 + 3 +2 ,**2 +-

-
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a

a

a

b

c

a b

c

Estimated genetic and phenotypic correlations for test day milk yields in second lactation

Stage of lactation

See Table .

above diagonal : genetic correlations ; below diagonal : phenotypic correlations.

Coe cients of determination for ten regression models fitted to the constant estimats

for fixed e ects

First lactation Second lactation
Number of
parameters

Function HY A MY HY A MY

L

L W

L

L W

L

L W

L

AS

L W

L

Showed as percentage ( ). : general mean ; HY : herd-year of calving ; A : age of calving ;

MY : month-year of calving. L : -th order Legendre polynomials ; L W : -th order Legendre

polynomials with exp ( . ) where is days in milk ; AS : Ali and Schae er function.

Wilmink Ali

Schaeffer

. .

. .

: ,

n n n n

t t

Table

Table

+ , - . / 0 1 2 3 +* ++

+ *43- *420 *412 *403 *403 *40- *4/1 *4./ *4-3 *4-1

, *40, *432 *43. *421 *42. *412 *41, *40+ *4/- *4/+

- *4/, *402 *433 *43/ *43, *421 *42. *41. *403 *40-

. *4.0 *40+ *41* *432 *431 *43. *423 *42- *41. *41+

/ *4., *4/0 *40. *41, +4** *432 *430 *43+ *42. *42+

0 *4-2 *4/, *40* *401 *41. *433 *432 *43/ *423 *420

1 *4-/ *4.1 *4// *40, *403 *410 *433 *430 *43+ *422

2 *4-+ *4.- *4/* *4/1 *40. *41+ *411 *433 *431 *43-

3 *4,1 *4-1 *4.. *4/+ *4/2 *40. *41+ *413 *432 *430

+* *4,+ *4-* *4-0 *4., *4.2 *4/. *40+ *403 *413 *433

++ *4+2 *4,/ *4-+ *4-0 *4., *4.1 *4/. *40* *403 *42+

+

$
#

, + 3/4/ 234, 3241 014+ 3240 1042 3142 /34-

- + 334. 3,4, 3242 104. 334/ 134/ 324* 1,42

, 314+ 3,41 3243 2241 3242 2-41 324, 224,

. , 334/ 3.4, 3343 3+4. 3341 234+ 3341 3+4+

- 324+ 3.4. 334. 3+41 334, 3-4+ 3241 3+40

/ - 3341 3/41 3343 3/4- 3341 3.40 3343 3.40

. 3243 3/41 3342 314* 334. 3.42 3343 3043

3343 3/4/ 3343 3-43 3342 3.4+ 3342 3-4.

0 . 3343 3040 3343 314/ 3343 3/41 3343 3142

/ 3342 3041 3343 314/ 3343 3/41 3343 314/

* */ #

1

, +

3+ 3 2. .

-

33 - 32 / +

,

, -

13 + 3 +2 ,**2 +.

/

0

m m

m



� �

�

�

� � � � � � � � � � � � � � � � � � � �

� � � �
� � � �

� � �
� � � � � �

� �

�
� � ��

� �
� � �

� �� � �� � �
� �� � � � � �� �

� �
� � � �

�
� �

� �
� �

� �� �
� �

� � � �
� � � �
� � �

� �
� � � �

� �� �
� � �

� � � � �
�

� �
� � � � �

� �
� �

� � �
� �
� � �� � �

� �
�� � � �
� � � � � �

� 	
��
�� �

�� ���� ����� ���� � !�" �� #�$%&'(%&)*( �+ �,%-
�./0 12��3�	415�678�9:��� 	;<�=1!>	�? " @	

� �? A	0 B=C>� �� �15DE F� G�HIJ� K�>�5 LM
NO� PQ?!>�R�51? S3T	U�? P0 V Q?10W 	�? �XB�Y �
� Z0 " " 51=1!>�Y["�? \ 	 V�]^	 _

> > 	`"�? 5 0XB�? " ab c P0
d �� 0 S3e" 3	ef5 X Tg� �h	ijT�k + �l �51? m

B� �	 � d 	U�5 G� n c � �opq !>e" r#s�
\ Pt uvw-� 	03�x� y�z>{| "�+ �} � V< 0W @x�� 	
e_ !>e" 3�	�_5678� ~ 	U� 
��
�	415 o�? �Q?
? ���=?!>�R�J� � 	
��
��d=�� �>�5 12

��3�	 �5�Tg � �
�R�J� � > �� �� 0

� � 0i� 	 �5�� � J�?� �2e= �e �=1!>� "e>=_ 
�����]^	 _5 ���� F� y�? " 0 	�15 !� �� �

!>e" �� %�� >�5� b�?!>� Z� i ����� 	
��? \ 	 	U�? � � � � > ��z� 	�=? �JP�

	^�	0 HI 	U �?� � �	41 �? A s� 	0 �� >�5 ��?>9
5 s� y��x�U �=���� >�5,% IJ�?
-	;A?!>�9�J�? �e�= � ��� ��-��	 �? � ~ 0
�" c Pl J�   =� � 	41 � � �	U � ~ ¡> ¢P�? LM
5 7 ��� ��
�� o� Z0B=C P0 s����3�	�15 £� 4���
3�	�f?¤ ¥¦§���9 0z>{|^�� �� � ~ �¨©	� �?>9IJ� i
5!=e_ LMP "e>=_ ./0 � � 	 �? ~ x	0¨©	 �=E��=1
� >ª=� �=�� ¨� !>�9IJ� � Z>\ � 
��� ��� ,%-	�? �«^� ��i¬�	 �? ~ � 	 C�¥¦

?h	 � = ­,%-�® �^� A�¯ = §��� PQ_ !>0 c 	�15 °
+ 	=?>Y["�? 	�� ~ � �R�a± >²
LMP0 �³5� ����	 �5� �, ´ " � ��51?>9IJ�? �>

%-�µ � � #	�15DE F�¶ 	 	 Tg 	 �? ~ � ·=¨©�
�C9 J� !�./0 � C� R� !>e" i ����	 �?¸ ¹ ºu
Z>\ � " " -0Tg	�_5 �C�=?>Y["�?

" !�0 i� � #� @�-��	0 Tg �»/�Y � 
	¼CU �? � �=�� �½ © � " ��� " 0 i �

q

���� �

� � 	
� � 

���

�� �� 	 � �
� �� � � ��� �
�� 
 � � �

��� �  
! "	 �# $ � % 
 & '

( ! "	 $ � ) �  *+ �
, - . � / 
 0 � � ����

�� 1 2 ��
3 ���� �

( 	
4 	
 5 	
4
6 	
 5 	
 7 0

�� 8 9 ( : ;� �� �� � <
�� � = 	 � > ��� 7 0 ?

;� 
 �� ��� (
� @ 	A 	
 5 	
 BC D �

EF . G H � I&� 7 0 J
� �

K � ( L �� 1
�  & D M �� 8 � G �� 1 	 �

� 2 
 N �
OP � L �� 1 � 	
� � �� 
 5 ( �� 1 D

�� 	A � 
 Q 	
R;) �� �� 	A 
4 ( �� 1 �� �

E � S TP �� �  	
 U

 �� 1 VW3 XY �
� �� ( K Z J 	
4

0 	
� 	 [ �� 	
4 ( �� 1 \
D � 6 ] � 
 �� ( ^ _

Q D
<> 9 	
� �� � 	
4 �

� G � 	
�N ^ ` ��

�a 
 �

�

�
�

�

�

�

� �

a

a

Eigenvalues and eigenvectors of covariance functions using th-order Legendre polynomials for additive

genetic covariance matrices estimated from multiple trait analyses

First lactation Second lactation

Eigenvalues

Eigenvectors

Proportions ( ) are in parentheses.

Rekaya

Legendre

Kirkpatrick Pool Fujii

Suzuki Togashi Lin Druet

longitudinal data

longitudinal data

Mrode

longitudinal data Wilmink

;

Danell ; Meyer ; Rekaya

;

Meyer Pander

: ,

Table .

/4-*, *4-.* *4*2. *4*-. *4*+- /40-- *42** *4+.* *4*0* *4*-2

3+43 /43 +4/ *40 *4, 2.4. +,4* ,4+ *43 *40

*433/ *4*.0 *4*12 *4*+1 *4*,2 *4321 *4+++ *4++- *4*+- *4*+3

*4*/2 *432. *4+0. *4*,1 *4**2 *4++* *433+ *4*** *4*1+ *4**-

*4*1/ *4+00 *43.. *4,+/ *4+1, *4++/ *4**1 *43-0 *4,2/ *4+1,

*4*+- *4*-/ *4,/3 *4/*1 *42,+ *4*+, *4*0* *4--- *42.. *4.+0

*4**3 *4*+, *4*3, *42-. *4/.. *4**. *4*-/ *4*,2 *4..2 *423-

+ ,

+333

,

+33. ,***

,**0 ,**0 ,**-

+ , 1

, / ,***

,

,*** -*/

,**/

, -

+321

+310

+321

, -

+32, +323

+333 ,**.

+323 +33,

13 + 3 +2 ,**2 +/
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Key words

Investigation of genetic and environmental factors for test day milk

yields on each stage of lactation for holstein cattle in Hokkaido

: ,

Yutaka MASUDA and Mitsuyoshi SUZUKI

United Graduate School of Agricultural Sciences, Iwate University, Morioka , Japan

Obihiro University of Agriculture and Veterinary Medicine, Obihiro , Japan

The objectives of this paper were to estimate the influence of environmental factors and genetic para-

meters on test day milk yields on each stage of lactation and to investigate the contribution of these e ects

to pattern of lactation curve for dairy cattle in Hokkaido. Data included , , and , , test day re-

cords from , and , Holstein cows calving between and collected by Hokkaido Dairy

Milk Recording and Testing Association for first and second lactation, respectively. The pedigree information

was provided by Holstein Cattle Association, Hokkaido Branch. Stages of lactation were defined at days

intervals from day in milk. Herd-year of calving accounted for to percent of total sum of squares.

However, age of calving and month-year of calving explained a relatively small variation. Heritability esti-

mates ranged from . to . and . to . for first and second lactation, respectively. Lactation curves

nested within herd-year and year-month of calving needed higher order polynomials. Eigenvalues and eigen-

vectors for additive genetic covariance functions showed that second order Legendre polynomials were

enough to account for describing variability for additive genetic curve in each lactation but pattern of the

curve di ered by parity.

: environmental e ect, genetic parameter, lactation curve, test day milk yield.
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