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STELLINGEN 

1. Voor een nauwkeurige voorspelling van de melkproduktie is het 

gewenst te beschikken over de geschatte gemiddelde produktie van 

koeien die lacteren op hetzelfde bedrijf en die op gelijke leef-

tijd en in dezelfde maand afkalven. 

Dit proefschrift. 

2. Selectie op het lactatiedeel tussen 90 en 180 dagen na afkalven 

van vaarzen leidt tot een grotere genetische vooruitgang per jaar 

in 305-dagenproduktie dan directe selectie. 

Dit proefschrift. 

3. Bij het extrapoleren van deellactaties in de fokwaardeschatting 

voor stieren hoeft geen onderscheid gemaakt te worden tussen lo-

pende en afgebroken lactaties. 

Dit proefschrift. 

4. Doordat geextrapoleerde deellactaties meegenomen worden bij het 

schatten van fokwaarden voor stieren, is het publiceren van doch-

tergemiddelden van 100-dagenprodukties verwarrend en dient achter-

wege te blijven. 

Dit proefschrift. 

5. Dat K.I.-verenigingen in het kader van kostenbesparingen stop-

pen met het verzamelen van gegevens over voederconversie en groei 

van centraal opgefokte stieren voor selectiedoeleinden, kost de 

boer geld. 

6. Het toepassen van embryo-transplantatie dreigt een dans om het 

gouden kalf te worden. 
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7. De extra opbrengsten door het verhogen van de produktie per| koe 

nemen a£ met het toenemen van de gemiddelde produktie per bedrijf. 

8. De grote belangstelling voor het gebruik van somatotropine otn 

de melkgift te stimuleren staat in geen verhouding tot de beperkte 

bedrijfseconomische betekenis ervan. j 

9. De gepubliceerde fokwaarden voor exterieurkenmerken nemeq toe 

in waarde wanneer met behulp van selectie-indextheorie de fokwaar

den voor lineair gescoorde onderdelen worden samengevat in de 

bovenbalk. j 

10. Gezien de toenemende behoefte aan het beoefenen van duurspor-

ten zijn douches in kantoorgebouwen geen luxe. 

11. Het beleid van de KNAU om de recreatiesport te stimuleren 

dient ook afgestemd te zijn op investeringen in de kweety van 

topatleten. 

12. De verpleegkundige is het oog en oor van de arts. 

Proefschrift van J.B.M. Wilmink 

Studies on test-day and lactation milk, 

fat and protein yield of dairy cows. 

Wageningen, 20 maart 1987. 
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INTRODUCTION 

In The Netherlands, about 1.8 million or about 77% of total 

population of dairy cows are recorded (NRS Jaarverslag, 1985). 

Individual milk samples are taken at 3 or 4 week intervals and 

results on milk, fat and protein yield are sent to dairy farmers. 

On completion of a cow's lactation, farmers receive a summary with 

1) all test-day yields in her last lactation, 

2) cumulative 305-day and total lactation yields for all her 

completed lactations and 3) her predicted breeding value. 

Because almost 80% of farmer's income originates from milk 

production, data from milk recording forms the basis to control 

herd management and genetic improvement of cows. With respect to 

management, a lactation index is given to the farmer in The 

Netherlands that is based on predicted 305-day milk, fat and 

protein yield, standardized for age and season of calving. The 

lactation index ranks cows within herd phenotypically on future 

production capacity and is, among others, used to decide whether to 

inseminate a cow. In addition a herd index is computed for the 

whole herd by averaging test-day milk yields, standardized for age, 

season of calving and stage of lactation. The herd index controls 

feeding and management of the dairy herd. 

Van Arendonk (1985) demonstrated the need to account for age at 

calving and time in lactation when using the lactation index to 

decide whether a cow should be inseminated. New guides were 

developed to decide about whether a cow should be inseminated and 

about optimal replacement of cows. These guides represent expected 

profit in case of conception and future profitability respectively 

and are based on predicted milk production of a cow. Adjustment 

factors for age and season of calving are involved in calculating 

these guides. 

With regard to genetic improvement, breeding values of bulls and 

cows are predicted for 305-day milk, fat and protein yield in first 

lactation. Breeding values should be predicted as early as possible 

to keep generation interval short and to reduce prediction bias by 

selection (Danell, 1982). 



The basis for calculating management guides and predicting breeding 

values as early as possible is correct adjustment of milk, fat and 

protein yield for age and season of calving and prediction of 

future yields. Because level of production has increased 

dramatically in the last decade, new adjustment factors may be 

required. In addition, it was necessary to have more precise 

adjustments and a procedure by which these adjustment factors can 

be updated easily if production level changed. These issues have 

not been investigated thoroughly although a number of studies have 

been carried out with regard to adjustment of milk and fat yield. 

Moreover, results with regard to adjustment of protein yield are 

very scarce in literature. 

Prediction of 305-day yield can be improved by using correct 

averages within classes of herd by age by season of calving (Van 

Arendonk and Fimland, 1983). Methods of estimating these averages, 

have received no attention. 

Extended or part lactation yields have been used to predict 

breeding values for early selection of bulls (Danell, 1982). 

However, a number of other information sources in first lactation 

are also available to allow early selection. The aspect of which 

and how information sources in first lactation should be used to 

predict breeding values for 305-day milk, fat and protein yield as 

early as possible with high accuracy and low probability of bias by 

selection of heifers has received little attention in the 

literature. 

This study was to improve procedures for correcting milk, fat and 

protein yield records, to improve prediction of 305-day yield and 

to develop a procedure to predict breeding values for 305-day milk, 

fat and protein yield in first lactation as early as possible. 

In chapter 1, the adjustment of 305-day yields for age at calving 

is treated. The use of mathematical functions and the relation of 

age correction factors to level of production will be discussed. 

Chapter 2 deals with use of functions for adjustment of test-day 



yields for age at calving and stage of lactation. Prediction of 

305-day yield and estimation of means will be studied in chapter 3. 

In chapter 4, genetic parameters for cumulative yield in different 

intervals in first lactation and predicted 305-day yield, and their 

relationship with 305-day yield in first lactation will be 

presented. Annual responses in 305-day yield, when selection is on 

alternatives for 305-day yield, will be discussed. In chapter 5, 

the effect of including incomplete first lactation records on 

genetic parameters and on extension of part lactation records will 

be studied. A general discussion and a comparison of predicted 

breeding values for the different alternatives will be presented in 

chapter 6. 
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ABSTRACT 

The influence of age at calving on 305-day milk, fat, and protein 

yield in relation to herd and population level of production was 

investigated and a procedure for age adjustment was derived. 

Age differences were estimated by a repeatability model for 49669 

complete 305-day lactation records (kg milk, kg fat and kg protein) 

from 27965 Dutch Friesian cows calving from 1-6-1979 until 

31-5-1982. Several mathematical functions were applied to the 

estimated age differences. The best fit was by a second degree 

polynomial for lactations 1 and 2 separately (R2 <0.995) and a 

linear function including the log of age at calving for third and 

later lactations (R2 = 0.967). 

One set of adjustment factors was found to apply to all herd levels 

of production. However, age adjustment factors were different from 

those found by Dommerholt (1975) where the population level was 

about 1000 kg milk lower. A more accurate age adjustment would be 

obtained by updating the mean production of heifers at 24 months of 

age and using mathematical functions for computation of age 

factors. 

INTRODUCTION 

Apart from genetic influences, a cow's 305-day milk yield is in

fluenced within herds by age at calving. Age explains from 20 to 40 

% of the total sums of squares as reported by Auran (1973), 

Dommerholt (1975) and Cooper and Hargrove (1982). After age and 

herds, 305-day milk yield is affected by month of calving (about 1 

% ) , number of days open (about 3 %) (Danell, 1982), preceding dry 

period (about 1 %) (Witt et al., 1969; Hoque and Hodges, 1980) and 

interactions like age * season and year * season. Therefore correct 

age adjustment factors for milk, fat and protein yield should be 

available if 305-day records are to be preadjusted for use in the 

genetic evaluation of bulls and cows or comparison of cows within a 

herd. 



In The Netherlands multiplicative adjustment factors for age and 

season at calving, developed by Dommerholt et al. (1977) are still 

in use. With regard to age factors, Dommerholt (1975) showed a 

relationship with herd production level, which resulted in one set 

of factors for different herd levels. No interaction was found 

between season of calving and herd level or age at calving. 

In the years 1975 to 1984, the average production of the Dutch 

Black-and-White population increased by 724 kg (jaarverslag NRS, 

1985). New multiplicative age factors and additive season factors 

were shown to be required (Wilmink, 1985). The need for continual 

updating of correction factors was stressed by Keown and Everett 

(1985). Multiplicative factors, however, are dependent on level of 

production. 

The objective of this study was to investigate the influence of age 

at calving on the 305-day milk, fat and protein yield in relation 

to both herd and population level and to present a procedure for 

age adjustment. 

MATERIAL 

After screening of milk recording files, 49,669 complete lactations 

from 27,965 Dutch Friesian cows, calving from 1-6-1979 until 

31-5-1982 in 732 herds drawn at random, were extracted (Data set 

I). Screening included at least 280 days in lactation, at least 22 

months old at calving and at least 4 paternal half sisters per herd 

level in order to avoid disconnectedness between age and sires. 

Furthermore cows had to remain in one herd, to allow for absorption 

of cows and herds in the mixed model equations and were not 

required to have a first lactation. All lactations longer than 304 

days had a known 305-day milk, fat and protein yield while 

lactations shorter than 305 days were extrapolated to a 305-day 

equivalent using the formula proposed by Poutous and Mocquot 

(1975). Herds were split into low ( < 5250 kg), medium (5250-5750 

kg) and high ( > 5750 kg) level groups according to the average 

305-day milk yield per herd in the above calving period. In 
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Table 1. Overall means and standard deviations for 305-day yield 

dataset I dataset II 

mean SD mean SD 

kg milk 

kg fat 

kg protein 

calculating this average the records were adjusted for age at 

calving with factors determined in a previous study (Wilmink, 

1985). Grouping was such that 50% of herds were in the medium 

level, resulting in 10544, 26060 and 13055 records for the low, 

medium and high level groups, respectively. Groupings for milk 

yield were also used for fat and protein yields. Data set I was 

used for the study of the relationship of age at calving with herd 

and population levels of production. 

To study the validity of the adjustment procedure, data set II was 

formed consisting of 305-day yields from lactations, 280 to 310 

days in milk, for 5108 Dutch Friesian cows in 227 herds, randomly 

chosen from the above 732 herds, and calving between 1-6-1982 and 

31-5-1983. No restrictions were made with respect to age at calving 

and sire identification. Again herds were split into 3 levels 

( < 5400 kg; 5400 - 6200 kg (50%); > 6200 kg) based on the average 

age corrected milk yield of all cows in the herd. Numbers of 

records per herd level were 909, 2887 and 1312 respectively. 

Overall means and standard deviations for 305-day kg milk, kg fat 

and kg protein in both data sets are in table 1. 

METHODS 

Estimation of age and season effects 

Age and season effects were estimated in data set I within herd 

level and trait with a repeatability model (Henderson ,1975a) 



allowing a simultaneous estimation of fixed and sire and cow 

effects: 

yijklmnop = Ui + hYij + aik + mil + 1±m +sin + cino + eijklmnop<1 ) 

where y = 305 day kg milk, fat or protein; 

H-L = overall mean for herd level i; 

hy-ji = fixed effect of herd-year j (j = 1, 2196); 

a^k = fixed effect of age (k = 1, 17); 

m^k = fixed effect of month of calving (1 = 1, 12); 

lim = fixed effect of lactation length (m = 1, 10); 

Sin = random effect of sire n with expectation zero 

and variance equal to a|; 

Ci n o = random effect of cow o with expectation zero 

and variance equal to cr2̂ ; 
eijklmnop = residual with expectation zero and variance 

equal to a|. 

All covariances between sires, cows and residuals were zero. 

Further covariances among cows and among residuals were zero. Sires 

were related by their sire and maternal grandsire. Years were 

defined from June to May. Age classes 1 to 17 were defined for 

22-23, 24-25, 26-27, 28-29, 30-31, 32-34, 35-36, 37-38, 39-40, 

41-42, 43-44, 45-50, 51-56, 57-68, 69-72, 93-105 and > 105 months 

for age at calving respectively. 

With regard to lactation number, age classes 1 to 5, 6 to 11 and 12 

to 17 were considered as lactation number 1, 2 and greater than 2, 

respectively. Lactation length was divided into 10 classes as 

follows: 280-299, 300-319, 320-339, 340-359, 360-379, 380-399, 

400-439, 440-479 and more than 479 days. The tenth class consisted 

of cows removed from the herd after their lactation, and considered 

to be non-pregnant. 

The effects included in equation (1) were a result of a pilot 

study, (Wilmink, 1985) for which age * month of calving was found 

to be non-significant. 

Age and month effects were estimated by solving the equations: 
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X2Y 

Z'Y 
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(2) 

where X-| , X2, Z and W are known incidence matrices and hy, i , s, c 

are vectors of solutions for y^ + hyji , other fixed effects, sires 

and cows respectively. A is a matrix of relationships based upon 

sire and maternal grandsire (Henderson, 1975b) and I is the 

°1, CTi, 
identity matrix. In calculating k ( ' o|) ancj t ( ' a2.) 

a heritability and repeatability of 0.25 and 0.53 respectively, 

was used for all traits in all herd levels. 

17^ 12^ 10. 
The restrictions Z a ^ = Z m^\ = £ l^m 

k=1 1=1 m=1 
0 were imposed. 

Data were ordered on herd-years, sires within herd years, and cows 

within herd-years and sires for absorption of the hy and c 

equations. Per cow, S^ = I - H(H'W + tI)~1W' was first computed 

followed by x\ S WXT, X I S W X 2 , X ^ Z , X ^ Y , X2SWX2, X ^ Z , X ^ Y , 

z'^Z and z'^Y. 

i i 

The matrices X-| Ĵ W-] to Z ̂ Y were then accumulated over the cows 

within a herd. After a herd was processed the 3 year equations were 

absorbed into the f and s equations resulting in: 

'x2HX2 

Z HX2 

X2HZ 

Z ' H Z + kA~1 

' f ^ 

i> s ; 

X2HY 

\% H Y ; 

(3 ) 

where H = S^ - S^X-^ (x\ S^X-\ ) ~ 1 X-js^. 

The matrices in (3) were accumulated over herds. Approximate 

effective numbers for the effects in f were on the diagonal of 

X2HX2. After obtaining solutions for f and s, the hy equations were 

solved, 
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2196 „ 
giving an estimate for y-j_ by the restriction £ hyii = 0 

J = 1 

Relationship between age differences and age, herd and population 

level 

For the influence of age at calving on 305-day milk, fat and pro

tein yield, three equations were fit to the estimated age 

differences a^ - Si2 (k = 1, 17): 

acj = a + bx + ex2 (4) 
acII = a + bx + clnx (5) 
acIlI = a + bx + ex2 + dx3 (6) 

where acj, a c u , aclll = a?e differences for 305-day yield with 

respect to 24 months of age, 

x = age in months, calculated as 

the weighted average age within an age 

class, 

a, b, c, d = parameters 

In = natural logarithm 

The parameters a to d were estimated by ordinary least squares. 

Equations (4) and (5) were used for lactation numbers 1, 2 and 3 

and higher, and equations (4) to (6) for all parities. Comparison 

criteria were the coefficient of determination (R2) and mean square 

error (MSE). The function giving the best fit to all age 

differences (acf) was then used. 

Age adjustment factors were calculated per month of age by {\ij_ + 

aCf)/( Pi + acfr) where acf was fit within herd level and acfr was 

the difference at reference age, chosen to be 96 months, the base 

age in The Netherlands. Adjustment factors for different herd 

levels were compared. For the relationship with population level 

which may change with time, the age differences calculated by acf 

per herd level were compared with the differences found by 

Dommerholt (1975). In Dommerholt's study, age differences were 

estimated in a fixed model, as given in equation (7). 

11 



Validity of adjustment 

The v a l i d i t y of age adjustment was t e s ted in data s e t I I by a f ixed 
model, using LSML76 (Harvey, 1977): 

Yiklm = P + h l i + ak + mi + (a * h l ) i k n + e k i m (7) 

Here yiklm represents 305-day kg milk, kg f a t and kg p ro te in 
adjusted for age, and h i i s herd l e v e l . C r i t e r i a for comparison 
were the F-var iable and the l e a s t square constants i f an e f fec t was 
s i gn i f i c an t . 

Table 2. The estimated differences (a^k - a±2) between ages a t 
calving for 305-day milk y ie ld (kg) with e f fec t ive 
number of records (n e) 

age class 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

"e 

314 

655 

324 

134 

74 

78 

478 

455 

225 

113 

71 

773 

352 

766 

676 

201 

128 

low 
Sik -

-115 

0 

170 

295 

434 

643 

713 

862 

912 

1 ,035 

1 ,086 

1 ,248 

1,419 

1 ,528 

1 ,600 

1 ,512 

1,335 

herd level 

ai2 ne 

696 

1 ,763 

797 

326 

164 

173 

1,221 

1 ,146 

549 

295 

169 

1 ,939 

943 

2,036 

1,762 

453 

267 

medium 

ai k - a 

-116 

0 

156 

327 

421 

714 

840 

938 

1,090 

1 ,161 

1 ,216 

1 ,415 

1,557 

1 ,653 

1,707 

1 ,613 

1,459 

i2 ne 

405 

880 

409 

155 

67 

120 

674 

557 

243 

122 

74 

1 ,010 

399 

1 ,010 

881 

252 

148 

hiqh 

*ik " si2 

-112 

0 

122 

312 

514 

818 

953 

1 ,045 

1,194 

1 ,353 

1,429 

1 ,550 

1 ,716 

1 ,797 

1 ,925 

1 ,885 

1,810 
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RESULTS 

Equations f i t t o the age d i f f e r e n c e s 

Age d i f ferences (a-^ - ai2> with the e f fec t ive number of records 
per age c l a ss a re given for milk y ie ld ( t ab le 2 ) . At mature age the 
d i f ferences from 24 months were 1600, 1707 and 1925 kg milk for 
low, medium and high herd l eve l r e spec t ive ly . Level of production 
for age c l a ss 2 was 4225, 4798 and 5414 kg milk r e spec t i ve ly . 
Equations ( 4 ) , (5) and (6) were f i t t o the age d i f ferences for the 
medium herd l e v e l . Resul ts a re in t ab l e 3 . Considering the f i t of 
a c j and a c n within l a c t a t i on number 1, 2 and 3 and h igher , R2 

ranged from 0.899 t o 0.996 and MSE from 345.4 t o 2160.8 kg 2 . Func
t ion ac j gave the bes t f i t t o the age d i f ferences in p a r i t y 1 and 2 
and a c u t o the age d i f ferences in l a t e r p a r i t i e s . When a c j , a c u 
and a c j u were f i t to the age d i f ferences over a l l l a c t a t i o n s , the 
bes t f i t was obtained by a c m with 0.998 and 1055.5 kg2 for R2 

Table 3 . The coeff ic ient of determination (R^) and mean square 

e r ror (MSE) for f i t t i n g a c j , a c u , a c j u 3 ' t o the age 

differences (305-day milk y ie ld) for medium herd level 

l a c t a t i o n number 

1 

2 

3 and h igher 

1 

2 

3 and h igher 
a l l 

a l l 

a l l 

equat ion 

a c j 

a c j 

a c j 

a c u 

a c u 

a c u 

a c j 

a c u 

a c i l l 

R2 

0.996 
0 .995 
0 .899 

0 .995 
0 .994 

0.967 
0 .956 

0 .995 
0 .998 

MSE 

429.5 
345.4 

2160.8 
469.5 
387.7 
708.1 

18586.6 
2191 .5 

1055.5 

a) acj = a + bx + cx^ 

a c u = a + bx + clnx 

acju = a + bx + cx^ + dx-3 

where x = age in months 

a,b,c,d = parameters 

In = natural logarithm 
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and MSE respectively. When function acjn for all lactations was 

compared with a function, called acf and consisting of acj for 

lactation 1 and 2 separately and a c n for later parities, the mean 

square error was 1055.5 and 547.7 kg2 for a c i n and acf respecti

vely. The average absolute standard error was 22.0 and 13.8 kg 

respectively with maximum values of 66 and 26 kg milk. The closest 

fit of the age differences was therefore by acf. 

In figure 1 acf is plotted against the age differences derived from 

model 1. A very close fit of acf to the age differences is 

demonstrated for all traits. The function acf was chosen for future 

use. 

Relationship with herd level 

Parameters for acf per herd level are in table 4 for milk yield. 

The pattern of age differences within lactation 1 and 2 was convex, 

except for lactation 1 and high herd level. This was mainly caused 

by the differences S31 - £32 and S33 - S32 (table 2), which were 

smaller for high than for medium and low herd levels. 

KG MILK 

2100 r 

300 

KG PAT 

105r 

45 75 105 135 

AGE AT CALVING (MONTHS) 

KG PROTEIN 

70 r 

30 

45 75 105 135 

AGE AT CALVING (MONTHS) 

45 75 105 130 

AGE AT CALVING (MONTHS) 

Figure 1 The relationship between age differences for kg milk (I), 

fat (II) and protein (III) and age in months. 
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Table 4. The estimated parameters in aci = a + bx + cx^ for 

lactation number 1 and 2 and a c n = a + bx + clnx for 

lactation number U in fitting age differences for 305 

day milk yield (kg) 

herd 

level 

low 

medium 

high 

a 

b 

c 

a 

b 

c 

a 

b 

c 

lactation 1 

- 2723 

145.3 

1.365 

- 3300 

188.5 

2.168 

560 

- 113.2 

3.677 

lactation 2 

- 3133 

161.3 

1.476 

- 5130 

265.6 

2.748 

- 2707 

135.1 

0.912 

lactation 3 

- 8666 

38.52 

3047 

- 7335 

34.62 

2696 

- 6292 

27.31 

2372 

A reason for this may be better rearing of heifers in high level 

herds. On the other hand, age class 5 could contain some second 

parity cows. If lactation number was greater than 1 , the pattern of 

acf was in all cases convex upward. 

Multiplicative age adjustment factors for 305-day milk are 

presented in table 5. These factors were computed using acf and the 

average production of heifers in age class 2 within herd level. At 

the medium level, age adjustment factors increased from 0.717 up to 

1.000 for cows of about 7.5 years old. Age factors for low and high 

herd levels differed from the medium level by only 0.017 at the 

maximum, if cows had not reached mature age. According to Lush and 

Shrode (1950), one set of multiplicative age factors for all levels 

would be sufficient. Thus, similar to Dommerholt (1975) age 

differences were proportional to herd level of production. 

Parameters for acf for 305-day kg fat and kg protein are in table 

6. The level at 24 months of age is given so that age factors can 

be computed. 

15 



Table 5. 

Age class 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Multiplicative 

yield per herd 

low 

0.704 

0.726 

0.751 

0.776 

0.799 

0.833 

0.851 

0.868 

0.884 

0.899 

0.912 

0.945 

0.962 

0.985 

1 .000 

0.988 

0.952 

age adjustment 

level 

herd level 

medium 

0.717 

0.739 

0.762 

0.784 

0.803 

0.846 

0.867 

0.882 

0.901 

0.915 

0.925 

0.959 

0.972 

0.990 

1 .000 

0.988 

0.960 

factors for 

high 

0.724 

0.738 

0.757 

0.781 

0.809 

0.850 

0.867 

0.885 

0.902 

0.919 

0.936 

0.954 

0.968 

0.984 

1.000 

0.999 

0.984 

305-day milk 

maximum 

difference 

from medium 

0.013 

0.012 

0.011 

0.008 

0.006 

0.013 

0.016 

0.014 

0.017 

0.014 

0.013 

0.014 

0.010 

0.006 

0.000 

0.011 

0.024 

Relationship with population level 

Age differences for 305-day kg milk with respect to 23.5 month of 

age at calving were computed with acf per herd level and compared 

with the differences found by Dommerholt (1975). In that study the 

contrasts were based on 4000 lactation records of Dutch Friesian 

cows, calving from 1-7-1970 until 30-6-1971. Level of production 

was about 1000 kg lower (table 7) than in the current study. 

For medium level herds, the maximum age difference was 1765 kg in 

both studies, but mature age was reached earlier in the present 

study. For cows, varying in age from about 25 - 60 months, the 

differences were about 150 to 250 kg higher, with an exception for 
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Table 6. Parameters in the function acfa' describing the pattern 

of age differences with regard to 24 month age for 

305-day milk, fat and protein yield (all kg) and medium 

herd level 

kg milk 

kg fat 

kg protein 

level at 

24 months 

lactation 

1 

2 

£3 

1 

2 

4-3 

1 

2 

£3 

a 

- 3300 

- 5131 

- 7336 

- 147.88 

- 158.33 

- 330.36 

97.22 

- 166.01 

- 240.35 

4798 

b 

188.53 

265.63 

- 34.62 

8.509 

8.210 

- 1.645 

5.435 

8.933 

- 1.202 

201 

c 

2.168 

2.748 

2696 

0.099 

0.077 

121.46 

0.059 

0.095 

89.88 

162 

a) acf = a + bx + cx^ if lactation nr = 1,2. 

acf = a + bx + clnx if lactation nr £3. 

x = age in months. 

In = natural logaritm 

cows around 31 months old. The differences between both studies for 

low level herds were as for medium level herds. In high level 

herds, Dommerholt (1975) found age differences which were about 100 

200 kg higher than in the present study for cows older than 60 

months. 

With respect to age adjustment factors, these increased in 10 years 

with a factor varying from 0.068 to 0.021 (table 7), indicating 

that age differences were not proportional to population level. 

When level of production was updated and Dommerholt's differences 

were used for computing age factors, differences with the age 
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Table 7. Age differences and adjustment factors for 305-day milk 

yield (kg) found in this study with acfa* and by Dommerholt 

(1975) 

Dommerholt (1975) 

herd level 

average low 

age (months) 

23,5 0 

26 -30 

31 379 

38 706 

44,5 926 

52 1216 

71 1412 

95 1669 

meanc>3479 

medium 

0 

64 

568 

800 

1093 

1437 

1687 

1765 

3884 

high 

0 

198 

711 

1064 

1605 

1742 

2069 

2208 

4178 

This study 

herd leve 

low 

0 

194 

531 

931 

1188 

1434 

1651 

1614 

4214 

medium 

0 

203 

528 

1062 

1315 

1584 

1765 

1719 

4785 

1 

high 

0 

172 

654 

1177 

1566 

1730 

1950 

1986 

5425 

Adjustment factor 

I 

0.687 

0.699 

0.788' 

0.829 

0.881 

0.942 

0.986 

1 .000 

II 

0.730 

0.740 

0.817 

0.853 

0.897 

0.950 

0.988 

1 .000 

sb) 

III 

0.736 

0.767 

0.817 

0.899 

0.938 

0.979 

1.007 

1 .000 

a ' see t ab le 6. 

b ' For medium herd level 

I : Computed from Dommerholt's d ifferences and level of 3884 kg milk. 

I I : Computed from Dommerholt's d ifferences and level of 4785 kg milk. 

I l l : Computed from the difference in the present study and level of 

4785 kg milk. 
c ' a t 23.5 months for age a t calving 

fac tors computed from data s e t I var ied from 0.000 to 0.027 for 
he i f e r s (up t o 33 months old) from 0.041 to 0.046 for second parity-
cows (34 - 46 months old) and from 0.029 to 0.019 for cows aged 
from 47 to 80 months. As a r e s u l t , Dommerholt's f ac tors were c loser 
to the age fac tors derived from data s e t I , when l eve l of 
production was updated. 

Validity of adjustment 

Lactat ion records in d a t a se t I I were adjusted for age and month of 
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calving. Age factors per month were calculated with acf and level 

at 24 months as given in table 6. After adjustment, age and herd-

level * age were not significant (P<0.05). Although not signifi

cant, least squares constants for age showed a slightly higher 

production for young cows when adjusted to mature age (30 kg with 

respect to overall), which could be explained by genetic trend. 

DISCUSSION AND CONCLUSIONS 

The disagreement between the age differences, found to exist in 

Dommerholt (1975) and the current study, revealed that, relative to 

mature cows, heifers produce more now than they did in the early 

seventies. Reasons for this may be better rearing of heifers and/or 

selection on first lactation yield. Breeding and rearing programmes 

have been emphasized in farmers' educational/ advisory programmes 

in The Netherlands. 

Adjustment for selection bias may not be complete because all 

records for some cows in data set I were not available (Henderson 

et al., 1959, Thompson, 1979). However, selection bias will be 

reduced when using a repeatability model instead of the gross and 

paired comparison method, presented by Lush and Shrode (1950). 

Gross and paired comparison methods have been applied for the most 

part in literature. The repeatability model used was a mixture of 

gross and paired comparison methods. Age factors tend to be biased 

upward in the gross comparison by r(m'-m) and to be biased downward 

in the paired comparison by (1-r)(m'-m), where r is the 

repeatability between lactations and m,m' are means of lactations 

before and after selection (Henderson et al., 1959). An analysis of 

305-day yield for the high level herds in data set I, adjusted for 

half the sires breeding values, (computed from best linear unbiased 

predictions in the May 1983 run), with computer programme LSML76 

(Harvey 1977) and a model containing fixed effects for herd, year, 

age and month of calving, did not yield other age differences. 

Age differences were proportional to herd level of production. As a 

19 



consequence, one set of age factors can be used for different herd 

levels, which is in agreement with earlier studies (Miller, 1973; 

Dommerholt, 1975). With regard to population level, no proportio

nality was found. Cooper and Hargrove (1982) found relatively small 

differences ( S 0.05) between their age factors and those reported 

by Norman et al. (1974). 

Difference in population level was about 200 kg. Keown and Everett 

(1985) reported that age factors of cows freshening during May and 

June tended to be lower and during the remaining months higher than 

the factors reported by Miller et al. (1970). An update of average 

production for heifers, aged 24 months, in calculating age 

adjustment factors may be worthwhile. 

Using the age classes defined by Dommerholt (1975) i.e. 22-24, 

25-28, 29-35, 36-41, 42-47, 48-59, 60-71, 72-97, 98-132 months for 

class 1 - 9 respectively, age adjustment with Dommerholt"s factors 

(table 7) resulted in a highly significant 27.8 F-value for the 

effect of age in model (7) for data set II. 

When the average production of 24 month old heifers was updated, 

the F-value decreased to 10.6 but age was still significant. Cows 

in age class 1 - 5 were strongly favoured (+ 250 kg), whereas cows 

in age classes 4 and 5 were over evaluated (+ 130 kg). This means 

that an increase in accuracy of age adjustment can be obtained by 

updating production level of heifers. However, age factors need to 

be estimated, for example every 10 years, because the age 

production curve can change due to breeding and/or 

management/feeding. 

For practical purposes age adjustment factors can be computed by 

( Pi + f(x))/( \ij_ + f(xr)) where \i± is production level of heifers 

aged 24 months at calving and f(x) is a function of age in months 

as given in table 6. Base age is represented by xr. Age factors can 

be updated by changing p^, if production level of heifers has 

increased. 
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ABSTRACT 

The objective of this study was to develop a method for the adjust

ment of test-day milk, fat and protein yield for age at calving, 

stage of lactation, and month of calving. Test-day records of 14275 

purebred Dutch Friesians were analysed by generalized least 

squares, (GLS). Functions of days in lactation and age in months 

were fit to the age differences for different stages in lactation. 

For both milk, fat and protein yield a close fit to the GLS means 

was obtained. From these functions, adjustment factors (CFagej) 

were computed depending on the cow's age in months and number of 

days in lactation. A multiplicative adjustment for age and stage of 

lactation by CFagex was compared with an adjustment using factors 

derived from the constant estimates (CFagejj). Comparison was on 

the F-variable and constant estimates for age after adjustment. 

When CFagei was used instead of CFagejj, lower F-values were obtai

ned and the constants showed a more regular pattern. Additive 

adjustment factors for month of calving were derived from the GLS 

constant estimates. After correction, month of calving was only 

significant for protein yield. The adjustment of test-day yields 

for age at calving and stage of lactation was improved by using 

mathematical functions. 

INTRODUCTION 

A cow's test-day yield is influenced by systematic environmental 

effects such as age and season of calving, stage of lactation, 

herd, and number of days open (Danell, 1982a) A standardization of 

test-day yields for all these effects, except herd, allows a compa

rison of cows within herd which is useful for management and selec

tion. In the Netherlands, for example, test-day milk yields of 

cows, recorded prior to 250 days in milk, are standardized for age 

and season of calving, and stage of lactation. The standardized 

tests are averaged to give a herd index which is used as a manage

ment guide by the farmer. Test-day records of cows longer than 250 

days in milk are not considered because the effect of days open 
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increases substantially in that part of the lactation (Auran, 1974; 

Danell 1982a). 

Test-day records of heifers collected in early lactation and stan

dardized for age and season, offer a proposition for an early gene

tic evaluation of bulls and cows for 305-day yield. The possible 

advantages of an early evaluation are described by Danell (1982b). 

Adjustment factors for age and season of calving for test-day milk 

yield have been developed by Auran (1973), Dommerholt (1975), 

Schaeffer and Burnside (1976) and more recently by Danell (1982a), 

who also developed factors for test-day fat yield and percentage. 

Age and season adjustment factors for test-day protein yield were 

not found in the literature. 

Age and season factors for test-day yields are dependent on stage 

of lactation. Dommerholt (1975) showed that age at calving accoun

ted for about 46 % of the variation in daily milk yield at the 

beginning of lactation, which decreased to about 5 % at the end. 

Season of calving accounted for about 1 % at the beginning which 

increased to about 8 % at the end of lactation. Traditionally age 

and season factors were presented for classes of age * stage of 

lactation. The accuracy of adjustment depends on the size of 

classes defined for age, season and stage of lactation. Because age 

at calving has a major effect on test-day yields, it might be 

worthwile to develop a new method using functions for the adjust

ment of age at calving. By these functions age factors can be 

computed for each age at calving (months) by day in lactation, 

resulting in a more precise adjustment. 

The purpose of this paper was to develop functions for age factors 

and to present season factors, for standardizing test-day milk, fat 

and protein yield. 

MATERIAL 

Individual test-day records of 14275 pure bred Dutch Friesian cows 

calving from 1 June 1981 to 1 June 1982 in 721 randomly chosen 
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herds were extracted from the milk recording files (Data set I). 

Sires of these cows were known and each cow had at least 7 paternal 

halfsibs in order to avoid disconnectedness between age and sires. 

Lactation length was between 280 and 340 days. Because individual 

tests were taken at variable intervals, new test-day yields were 

calculated by inter- or extrapolation of the two nearest tests to 

day 10,..., 290 post partum with 20-day intervals. From these new 

test-day yields, 305-day yield (Y305) was computed by 

15 
£ 20 * X-L + 5 * x-| 5 where x-̂  was the i-th test-day yield. 
i = 1 

Table 1. Overall means and standard deviations (SD) 

for test-day (xt) and 305-day yield (Y305) 

in data set I and II 

kg milk 
x 70 
x150 
x230 

*305 

kg f a t 
x 70 
x150 
x230 

Y305 

Data s e t 1 

mean 

24 .2 

19.7 

15 .3 

5865 

0.960 

0.811 

0.687 

248 

kg prote in 
x 70 
x150 
x230 

*305 

0.763 

0.669 

0.558 

199 

number of records 

14,275 

SD 

5 .2 

4 .2 

3 .6 

1096 

0.219 

0.167 

0.152 

47 

0.164 

0.139 

0.126 

37 

Data s e t 2 

mean 

24.7 

20 .0 

15 .4 

5941 

0.978 

0.826 

0.700 

252 

0.770 

0.671 

0.558 

200 

4,664 

SD 

5 .2 

4.1 

3 .5 

1098 

0.218 

0.168 

0.152 

47 

0.159 

0.136 

0.123 

36 
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The correlation of Y305 with usual 305-day milk yield, as computed 

in the milk recording files was 1.00 for kg milk, kg fat and kg 

protein and there was a difference of 2.0 kg in mean 305-day milk 

yield and no difference in standard deviation. 

Data set I was used for the estimation of effects for age and 

season of calving. Another data set II was formed with 4664 

purebred Dutch Friesian cows calving from 1 June 1982 to 1 June 

1983 in 227 herds, chosen at random from the above 721 herds. 

Lactation length was between 280 and 320 days and, as in data set 

I, new test-day yields were computed by inter- and extrapolation. 

Data set II was used to check the validity of the adjustment 

procedure. In order to test the age * herd level interaction, herds 

were split into low ( < 5400 k g ) , medium (5400-6200 kg) and high 

( > 6200 kg) level groups according to the average 305-day milk 

yield, corrected for age, season and breed (Dutch * Holstein 

F r i e s i a n ) , of all cows in the herd with a completed lactation. The 

correction factors used were from Wilmink (1985). Grouping was such 

that 2 5 % , 5 0 % , 25% of the herds were in low, medium and high levels 

respectively. Overall means and standard deviations for test-day 

yields at 7 0 , 150 and 230 days in milk and the 305-day yields are 

shown in table 1. 

METHODS 

Estimation of age effects 

Age and season effects were estimated for each test-day milk, fat 

or protein yield separately by a mixed model (model 1 ) . 

Y i j k m n o = v + h i + a j + m k + l-m + s n + e i j k m n o <1 > 

where Y = test-day milk, fat or protein yield 

P = overall mean 
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a3 
mk 

effect of herd i (i = 1,721) 

" age class j (j = 1 ,10) 

" season k (k = 1 ,6) 

" " lactation length class m (m = 1,3) 

" sire n (n = 1,244); E(sn) = 0; var(sn) 
eijkmno = residual; E(e) = 0; var(e) = a§. 

All effects were assumed to be fixed, except for sires and resi

duals. Covariances between sires and residuals and among residuals 

were assumed to be zero; sires were related with their sire and 

maternal grandsire. 

Ten age classes were defined, corresponding to 22-24, 25-27, 28-32, 

33-37, 38-44, 45-56, 57-68, 69-92, 93-104 and more than 104 months 

at calving. Seasons were defined for two month periods, starting 

with June-July and so on. 

Three classes for lactation length were defined as 280-299; 300-319 

and 320-340 days in milk respectively. 

Estimated age effects were solutions of 

*1'X1 

symm. 

xi 'x 2 

x 2 ' x 2 

X-] ' z 

x 2 ' z 

Z' Z + kA~ 1 

fi 

f 
A 

s 

X1 

X2 

z 

•Y> 

'Y 

•YJ 
(2) 

Here the matrices X-| , X2 and Z are known incidence matrices, n-̂  is 

a vector with solutions for V + h^, f a vector with solutions for 

age, season and lactation length and s a vector with sire 

solutions. Matrix A represents the additive genetic relationship 

matrix between sires and their sires and maternal grandsires. A~1 

was computed according to Henderson (1975). Scalar k represented 

°e/a|r which was set equal to 15 for each test-day yield. 

In solving (2), the fi equations were absorbed into the f and s 

equations and the restrictions 
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1 0 6 3 

£ lij = 0, I m^ = 0 and I lm = 0 were imposed. 
j=1 k=1 m=1 

Approximate effective numbers for the age solutions were taken from 

the diagonal of the coefficient matrix for the age * age part after 

absorbtion of n. The y in (2) was estimated by substituting f and 

s in (2) by their estimates and imposing zfii = 0. 

Fitting functions to the age effects 

The generalized least square (GLS) means y + a-j for milk, fat and 

protein yield, were fit by 

LEVEL(x) = a + bx + ce-°'0 5 x + dx2 (3) 

where x= days in lactation and a, b, c and d are parameters. 

The p + a-| reflected the mean test-day yield adjusted for the 

other effects in (1) of heifers in age class 1. Equation (3) 

represents the level of test-day yields, based on cows in age class 

1, necessary for computation of multiplicative adjustment factors. 

For older cows, the age differences for age class j (acj ) were all 

defined as Sj - a-| . The acj were fit by 

DIF(x,t) = at + b t x + ct e-°-°5x (4) 

In equation (3) and (4) factor a is associated with level of 

production, b with production decrease after peak yield, c with 

production increase towards peak yield and the factor -0.05 with 

the moment of peak yield, i.e. about 50 days post partum. Both 

equations were a modification of the lactation curve function in 

Cobby and Le Du (1978) 

The parameters (at, b^, c^) in (4) are a function of age at calving 

(PARAM(t)). 

The relationship between these parameters and age in months (t) was 

described by 
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PARAM(t) = p + qt (5) 

and 

PARAM(t) = p + qt + rln(t), (6) 

where ln(t) is the natural logarithm of t. 

Equation (5) was for parity 1 and 2 separately, whereas equation 

(6) was for higher parities. Age classes 1 up to 3, 4 and 5, 6 to 

10 were associated with parity 1, 2 and 3 or greater respectively. 

All constants in equations (3) to (6) were estimated by ordinary 

least squares. 

Adjustment factors 

Multiplicative adjustment factors for age at calving (CFagej) in 

month t' and day x' in lactation were computed as follows: 

CFaaeI = LEVEL(x') + a(t') + b(t')x' + c(t') e -0.05x" 
(7) 

LEVEL(x') + a(tr) + b(tr)x' + c(tr) e -0.05x* 

where tr represented the base age, which was taken to be 96 months. 

Let a cow be x' days in lactation and t' months old at calving. 

Then the level of production (yield/day) for the class x' days in 

milk by t' months for age is estimated by LEVEL(x') + DlF(x',t'). 

Using (5), when a cow is in the second lactation, DIF(x',t') = 

a(t') + b(t')x' + c(t') e -0.05x'f where a(t') = pa + qat', b(t') = 

Pb + qbt' a n d c(t') = pc +qct'. 

Likewise the level of production is calculated for the reference 

class x' by tr, or xr by tr when test-day yields are adjusted for 

both age and stage of lactation. In fact LEVEL (x') + DIF (x*,t') 

represent the lactation curve of all cows which aged t' months at 

calving. Age factors were multiplicative because age effects were 

found to be proportional to herd level (Wilmink, 1986). When 

correcting for stage of lactation, x1 in the denominator of (7) was 

taken to be 50 days. 

In deriving adjustment factors for month of calving, month effects 

were computed from the season effects in model 1 by interpolation 

and smoothing, using routine ICSSVC (IMSL, 1980). Adjustment was in 

30 



an additive manner, because the effect of season of calving was 

independent of production level, as reported by Wilmink (1985) 

Validity of adjustment 

Test-day milk, fat and protein records in data set II were 

multiplicatively adjusted for age by CFagei and additively by the 

smoothed constants for month of calving. After correction, test-day 

yields in data set II were analyzed by a fixed model (model 2): 

Yijkl = P+ hli + aj + mk + (hl*a)ij + e i j k l , 

where hl^ is the effect of herd level i. Analysis of model 2 was by 

LSML76 (Harvey, 1977). There was chosen for model 2 instead of 

model 1 because of saving computer expenses. Besides, an adjustment 

with multiplicative age factors per age class 1 to 10, derived from 

the constant estimates in model 1 (CFagejj) was examined. CFagell 

was calculated as (p + aj)/(y + ag). Both methods of age adjustment 

were compared. The advantage of CFagei should be that the 

adjustment factors are different per day in lactation by age in 

months, while they are different per lactation stage by age classes 

for CF a g e I I . 

In order to get a better insight into the validity of age 

adjustment, in model 2, 17 instead of 10 age classes were defined 

as follows (in months): 

22-23, 24-25, 26-27, 28-29, 30-31, 32-34, 35-36, 37-38, 39-40, 

41-42, 43-44, 45-50, 51-56, 57-68, 69-92, 93-104 and 105 and 

higher. 

RESULTS 

Age effects 

In table 2, the results for fitting LEVEL(x) (equation (3)) to the 

GLS test-day means in age class 1 are presented. Plots of LEVEL(x) 

and the GLS means are shown in figure 1. In all cases, the coeffi

cient of determination was close to 1, and the test for correlation 
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Table 2. Estimates of the parameters, in the function3) fit to the GI£ means 

of heifers in age class 1 

milk/day fat/day (kg*10-3) protein/day (kg*10_3) 

a 
b 

c 
d 

R2<%) 

DWD> 

20.7 
-0.041 
-4.00 
4.42*10-5 

99.9 
2.19 

771 

-1.000 

-21.23 

1.23*10-3 

99.9 

2.14 

595 

-0.376 

15.05 

-0.45*10-3 

99.9 

2.34 

a)i£VEL(x) = a + bx + ce-°-0 5 x + dx2 

where x = days in milk 

b>EW = Test for serial correlation of the residuals. 

(significant (P<0.05) if EW<0.82 or DW>3.18) 

among the residuals, (Durbin and Watson, 1951), was not significant 

or inconclusive (P<0.05). When heifers commenced their lactation, 

level of production was 20.7 kg milk, 0.771 kg fat and 0.595 kg 

protein per day. Milk/day then increased until about 50 days post 

partum followed by a decrease (figure 1). Fat/day and protein/day 

decreased over the entire lactation. 

KG MILK/DAY 

32 r 

KG FAT/DAY 

1.50 

200 300 

DAYS IN MILK 

KG PROTEIN/DAY III 

0.96 

200 300 

DAYS IN MILK 

200 300 

DAIS IN MILK 

Figure 1. Plots of the equations fitted to the GLS means ( • for first, o for second and A far higher 

parities) for daily milk(I), fat(II) and protein yield (III). At 50 days post partum, the lines 

from below to upper refer to age class 1 to 8 respectively. 
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Equation (4) was fit to the age differences expressed as a devia

tion from age class 1. Estimates for the parameters a, b and c for 

milk, fat and protein per day are presented in table 3. The pattern 

of the lactation curves was strongly affected by parity. The 

b-values, for age differences after 50 days in milk, were rather 

similar within first, second and later parities with a maximum 

difference of 0.53 * 10- 2, 0.25 and 0.13 for milk, fat and protein 

yield per day, respectively. Between parities differences in 

b-values were 0.93 * 10 - 2 , 0.40 and 0.32 at the minimum and 0.41 * 

10 _ 1 , 1.67 and 1.23 at the maximum for the three yield traits. 

The a-values for milk/day increased from 0.0 to 1.7 kg in the first 

parity, from 6.74 to 7.82 kg in the second and from 10.45 to 12.32 

kg in higher parities. For fat/day these increases were 0.078, 

0.316 and 0.496 and for protein/day 0.040, 0.268 and 0.410 kg 

respectively. The R2 for all second and higher parity cows was 

higher than 99.5%. In the first parity R2 ranged between 32.2 and 

95.5%. These values were lower than in later parities, due to the 

Table 3. Estimates of the parameters in the function3) fitting the lactation curves at different age classes 

relative to the lactation curve at age class 1 

Age 

class*5 n e c 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1110 

1108 

325 

1203 

817 

1429 

1090 

1206 

289 

249 

age 

23.5 

25.7 

29.3 

35.8 

39.7 

49.4 

61.6 

77.8 

97.6 

117.5 

milk 
a t 

0 

0.58 

1.70 

6.74 

7.82 

10.45 

11.82 

12.32 

12.21 

11.27 

(kg) 

bt 

0 

-0.0009 

-0.0027 

-0.0241 

-0.0266 

-0.0359 

-0.0398 

-0.0408 

-0.0412 

-0.0383 

=t 

0 

-0.17 

-0.12 

-0.24 

-0.40 

-1 .10 

-2.33 

-3.10 

-3.82 

-3.20 

R2 

0 

87.2 

95.5 

99.9 

99.8 

99.9 

99.9 

99.9 

99.9 

99.7 

fa t (kg*10"3) 
a t 

0 

32.3 

78.1 

271.7 

315.9 

423.7 

476.1 

496.4 

484.9 

435.2 

bt 

0 

-0.063 

-0.139 

-0.919 

-1.023 

-1.416 

-1.578 

-1.645 

-1.667 

-1.537 

c t 

0 

3.7 

45.3 

42.6 

84.1 

91.1 

106.7 

55.3 

30.1 

3.9 

R2 

0 

86.8 

85.3 

99.7 

99.8 

99.8 

99.8 

99.8 

99.6 

99.7 

protein (kg*10 
a t 

0 

5.4 

40.4 

244.9 

267.6 

350.5 

392.0 

410.4 

389.5 

377.3 

bt 

0 

0.033 

0.008 

-0.799 

-0.793 

-1.110 

-1.204 

-1.235 

-1.218 

-1.171 

-3) 

<=t 

0 

17.5 

39.5 

78.6 

63.8 

47.9 

15.6 

- 9 .3 

-12.8 

-39.6 

R2 

0 

32.2 

53.7 

99.8 

99.8 

99.8 

99.7 

99.7 

99.5 

99.6 

a) DIF(x,t) » at + btx + cte -0.05x 

where x = number of days in lactation 

b) age classes 1 to 3 refer to parity 1, 4 and 5 to parity 2 and more than 5 to parity 3 and higher. 

c) effective number 
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fact that b was almost nonsignificant. 

The parameters in table 3 were fit by equations (5) and (6) for 

parity 1, 2, 3 and later giving the relationship of a, b and c in 

(4) with age at calving in months (table 4). Thus when parity and 

age at calving are known, equation (4) can be applied for that age. 

In figure 1 the total sum of LEVEL(x) + DIF(x,t') is plotted, given 

the weighted average age in months (t') in age class 1 up to 8 in 

data set I. Notice that DIF(x,t')=0 for age class 1. The GLS means 

(k = 1,8) estimated from model 1 were also plotted. Figure 1 shows 

that LEVEL(x) + DIF(x,t') where the parameters in DIF(x,t') were 

estimated by equation (5) and (6), fit the age differences well for 

all days in lactation. Compared with 24 month old heifers, older 

heifers produced more over the entire lactation. Second and later 

parity cows had higher test-day yields than heifers up to about 250 

days post partum. The differences were greatest at the beginning of 

lactation and were almost zero or even negative after about 250 

days post partum. 

Table 4. Parameters of the function a>, fitting the at, bt, ct values of the functions in table 3 

by lactation number 

parity 

1 

2 

2 3 

P 

q 

p 

q 

p 

q 
r 

milk (kg) 

a t bt 

-7.05 0.01134 
0.299 -0.00048 
-3.05 0.00155 
0.274 -0.00063 
-45.8 0.11720 

-0.205 0.00055 
17.0 -0.04630 

=t 

0.350 
-0.017 

1.24 
-0.041 

45.3 
0.141 
-13.7 

fat (kg*10"3) 
a t 

- 318 
13.6 

- 131 
11.2 

-2033 
-9.34 

748 

b t 

0.56130 
-0.02403 
0.02805 

-0.02646 
5.4850 

0.02456 
-2.0800 

c t 

-200 
8.27 
-355 
10.6 

-98.7 

-2.52 
82.8 

protein (kg*10-^ 

a t 

-161 
6.87 

-34.3 
7.13 
-118 

-5.60 
459 

b t 

0.01727 

-0.00098 
-0.26910 
-0.01242 

2.4960 
0.01234 

-1.0590 

) 
°t 

-43.0 
1.77 
26.6 

0.509 
1004 

2.72 
-283 

a) PARAM(t) = p + q t if number of lactation is 1 or 2 

PARAM(t) = p + qt + r l n t if number of lactation is 3 or higher 

where PARAM(t) = at, bt or ct 

t = age at calving in months 

In = natuaral logarithm 
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Table 5. Generalized least squares constant estimates of daily milk, fat and protein yield for season 
of calving (model 1) 

Days in lactation 

10 

Milk/day (kg 
J,J 4 
A,S - 3 
0,N - 6 
D,J - 2 
F,M 0 
A,M 7 

Fat/day (kg * 
J,J -53 
A,S -19 
0,N 37 
D,J 19 
F,M 2 
A,M 13 

30 50 

* 10-1) 
- 3 - 5 
- 7 -11 
- 5a> - 5 

0 2 
4 7 

11 12a) 

10-3) 
-53 -46 
-28 -33 
31 28 
26 28 
18 28 
6 - 5 

Protein/day (kg * 10"3) 
J,J - 7 
A,S 16 
0,N - 7 
D,J - 8 
F,M -15 
A,M 21 

- 1 - 3 
6 - 6 

-13 -12 
-12 -10 
-10 4 
30 28 

70 

- 5 
-15 
- 3 

2 
10 
11 

-45 
-32 
33 
27 
28 

-11 

- 4 
-23 
- 9 
- 7 
19 
23 

90 

- 8 
-16 
- 1 

3 
12 
9 

-44 
-21 
33 
29 
18 

-16 

- 8 
-33 
- 5 
- 3 
31 
18 

110 

-13 
-15 

0 
7 

14 
6 

-46 
-13 
34 
36 
12 

-22 

-20 
-33 
- 2 
12 
34 
10 

130 

-19 
-12 

1 
11 
15 
3 

-53 
- 5 
34 
34 
11 

-21 

-41 
-27 
- 1 
26 
34 
9 

150 

-21 
- 9 

4 
14 
13 

- 1 

-55 
0 

41 
28 
8 

-22 

-55 
-26 

6 
37 
30 
9 

170 

-20 
- 7 

8 
16 
9 

- 6 

-46 
2 

45 
22 
6 

-30 

-57 
-25 
21 
36 
25 

- 1 

190 

-17 
- 5 
13 
16 
4 

-11 

-32 
3 

44 
23 
2 

-40 

-51 
-22 
34 
37 
21 

-19 

210 

-14 
- 2 
17 
14 

- 1 

-14 

-23 
8 

42 
24 

- 3 
-48 

-44 
-17 
45 
35 
15 

-34 

230 

-12 
3 

19 
10 

- 7 
-t3 

-21 
22 
44 
18 

-20 
-43 

-41 
0 

51 
30 

- 2 
-38 

250 

- 9 
9 

18 
5 

-12 
-12 

-15 
33 
38 
13 

-38 
-31 

-34 
22 
45 
24 

-22 
-35 

270 

- 5 
14 
13 
0 

-14 
- 9 

- 6 
39 
29 
3 

-45 
-20 

-25 
39 
36 
14 

-34 
-29 

290 

1 
17 
8 

- 6 
-13 
- 6 

10 
42 
18 

-16 
-44 
-11 

- 7 
47 
26 

- 4 
-40 
-23 

a) Entries, underlined as — , are the effects of months October-November on daily yields regardless of 
date of calving. 
Entries, underlined as , are the effects of months May-June. 

Season effects 

In table 5, the GLS constant estimates for the season effects in 

model 1 are presented. With respect to daily milk yield, spring 

calving cows produced relatively most in early lactation, whereas 

autumn calving cows produced relatively most in late lactation. 

When looking at the effect of calendar month, regardless of month 

of calving, daily milk yield increased by about 1-2 kg in May and 

June (underlined with ) and decreased by 1-2 kg in October and 

November (underlined with — ) . For example, the effect of October 

and November on daily milk yield of cows, calved in June and July, 

is about -2 kg. These cows are then 120-180 days in milk. 

A similar pattern was observed for daily protein yield. For daily 

fat yield, cows calving in April to July produced less than average 

over almost the entire lactation, whereas cows calving in October 
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to January produced more. With respect to the effect of months, 

there was a tendency for yield to increase in April, May and to 

decrease in September and October, regardless of date of calving. 

Validity of adjustment 

Test-day records in data set II were adjusted multiplicatively for 

age with CFa„ej (factors derived from equation (7)) or CFagell 

(factors derived from the constant estimates in (1)). Adjustment 

for month of calving was additive and for stage of lactation multi

plicative towards a base of 50 days post partum. The adjusted 

records were analyzed by model 2, using LSML76 (Harvey, 1977). 

Results are in table 6. Age, month and stage of lactation were 

found to be significant. The least square constants for age ranged 

from -0.8 to 0.8 kg milk when adjustment was by CFagej, and from 

-1.0 to 1.0 kg milk when adjustment was by CFageII* T n e 

corresponding F-values were 2.3 and 2.8 respectively. For daily fat 

yield only age was significant. Least squares constants varied from 

-0.041 to 0.041 and from -0.052 to 0.065 kg fat if age adjustment 

was by CFagej and CFage I I respectively. The F-values were 3.0 and 

3.8 respectively. The constants for age at calving for protein 

yield/day ranged between -0.027 and 0.030 and between -0.031 and 

0.029 kg when adjustment was by CFagei and CFageji respectively. 

Corresponding F-values were 2.7 and 3.1. Month effects for daily 

protein yield were found to be significant. The interaction 

herdlevel * age was non significant in all cases. 

DISCUSSION AND CONCLUSION 

In this study, equations were fit to the GLS means for test-day 

yields in different age classes. These equations consisted of a 

function of number of days in milk, describing the level of 

test-day yields in age class 1, and a function of number of days in 

milk and age in months fitting the age differences relative to age 

class 1. Using these equations, age factors for test-day milk, fat 

and protein yield can be computed (CFagej) for any combination of 

age at calving and day in milk. An adjustment for stage of lacta-
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Table 6. Least squares constants fear age and F-values for age and 

month of calving, and stage of lactation after adjustment 

(model 2) 

Milk/day (kg * 1(r1) fat/day (kg * 10"3) protein/day (kg * 10"3) 

age c l a s s 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

F-values 

Age 

Month 

Stage of l a c t a t i on 

ia 

7 

- 3 

3 

8 

1 

3 

-4 

-1 

2 

-6 

1 

1 

6 

- 3 

-7 

-1 

- 8 

2 . 

2 . 

2 . 

3 C 

2 

3<= 

l i b 

4 

- 4 

5 

4 

5 

0 

- 5 

- 2 

0 

- 2 

10 

- 2 

9 

- 4 

- 8 

- 1 

-10 

2.8<= 

2 .2 

2.4= 

II II 

41 

3 

11 

10 

14 

18 

- 6 

5 

18 

-31 

23 

4 

18 

9 

41 

23 

41 

3.0C 

1.0 

1.1 

24 

- 6 

22 

- 9 

30 

3 

-10 

2 

13 

-13 

65 

-14 

29 

-13 

-45 

-25 

-52 

3.8C 

1.0 

1.1 

30 

- 9 

12 

19 

20 

15 

-10 

1 

12 

-27 

- 4 

- 5 

9 

- 9 

-25 

- 6 

-24 

2.7C 

2.9C 

2.0 

20 

-11 

18 

8 

29 

11 

-13 

- 1 

8 

-16 

21 

-11 

16 

-12 

-28 

- 8 

-31 

3.1C 

2.9C 

2.0 

a) Adjustment for age with CFagej 

b> C fage l l 
c) P <0.01 

tion can be carried out, if required, by simply replacing x' in the 

denominator in (7) by a reference day in lactation. As an example, 

using the values in table 2 and 4, the factor for standardizing a 

daily milk yield to mature age (96 months) and 50 days in milk, of 

a cow which is 150 days in milk and 36 months old at calving, 

equals (15.54 + ( 6.814-3.1695-0.00013)) / (18.43 + (12.110-2.0665-

0.30330)) = 0.681 
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In table 6 age at calving was significant for all traits after 

adjustment. Similar results were found by Dommerholt (1975) and 

Danell (1982a). Both authors reported that small age and season 

effects remained after adjustment. A reason for this may be that 

the aim of age adjustments is to remove age effects. Because sires 

were not included in model 2 genetic differences between different 

age classes should still be present. A small negative trend in age 

differences was observed with increasing age. A confounding of age 

with season of calving might be another reason. In The Netherlands 

heifers younger than 27 months generally calve from January to 

April, whereas heifers older than 29 months generally calve from 

June to October. Nevertheless, a more regular pattern in age 

contrasts was found when adjustment was by CFagej than by CFage Ij. 

The F values decreased when using CFageI. Adjustment of test-day 

yields for age at calving was improved by using mathematical 

functions. 

Month of calving was not significant for daily milk and fat yield 

after adjustment. The reason that month of calving was significant 

for protein yield might be due to herd-year-season or year-season 

interactions. An attempt was made to improve the adjustment for 

month of calving by using functions. Functions of calving date and 

days in milk with sine and cosine terms were fit to the GLS estima

tes for season in model 1. In most cases a poor fit was obtained. 

Functions for season adjustment were not worthwhile. 

Stage of lactation was not significant after adjustment for fat and 

protein yield but was for milk yield. Daily milk yield at 70 days 

post partum was 0.5 kg higher in data set II than in data set I. An 

interaction with year of calving may play a role here. Differences 

of 0.5 kg milk for lactation stage after correction were also 

reported by Dommerholt (1975). 

Adjustment of test-day records for environmental effects is useful 

for early selection of bulls and cows or for farm-management pur

poses. In the Netherlands, first sire selection, based on progeny 

performance for milk, is carried out on an average of the first 
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test-day records of the daughters. A best linear unbiased predic

tion of sire contributions on these records, preadjusted for age 

and month of calving and stage of lactation in a model with herd-

year-season effects will substantially improve the unbiasedness of 

selection. For farm management a herd index based on standardized 

test-day milk yield records at the last test is used. In this index 

fat and protein yield might also be taken into account, giving a 

better reflection of, for example, the amount and quality of feed 

given to the cows. By mutually comparing the herd indices of 

successive tests, a farmer can observe possible changes of environ

mental conditions within his herd. 
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ABSTRACT 

The prediction of the unknown part of a 305-day lactation is 

usually based on regression models. For these models the relation 

between known test-day yields and remaining lactation yield as well 

as their means within classes of environmental effects have to be 

known. Due to environmental changes, means may vary severely. In 

this study a procedure for estimation of the means is presented and 

single regression (SR), multiple regression (MR), and factor analy

sis (FA) models for prediction are compared. Both MR and FA use all 

known test-day yields as information sources. Method SR uses the 

last known test-day yield. Lactation curves were estimated per herd 

on all records, adjusted for age and season of calving. By back-

adjustment for age and season of calving, lactation curves were 

obtained for a group of cows pertaining to a certain class of herd 

* age * month of calving. Means necessary for prediction were cal

culated from these lactation curves (type II). Correlations with 

means, which were directly calculated in the data set (type I), 

ranged from 0.61 to 0.78 for test-days and from 0.51 to 0.69 for 

remaining lactation milk yield. The average difference between type 

I and II means was almost zero. 

Using type II means, no differences were found between SR, MR and 

FA. The correlation between predicted and realized 305-day milk 

yield was 0.87, 0.88 and 0.88 respectively for parity 1, 2 and 

greater than 2, when the last test-day yield was known at 50 days 

post partum. The use of type II means resulted in a more precise 

adjustment. 

INTRODUCTION 

The prediction of a cow's 305-day milk yield is important for early 

breeding value prediction and for farm management purposes. Many 

methods have been applied to the prediction of a 305-day milk 

yield, e.g. a single regression of the remaining part lactation 

yield on the last known test-day yield with and without an 

intercept, a multiple regression of the unknown part on known 
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test-day yields, and the use of functions describing the lactation 

curve (Auran 1976, Schaeffer et al. 1977, Congleton and Everett, 

1980). In general the last known test-day yield provided the most 

information about yield in the remaining lactation. 

A single regression method using only the last test-day yield was 

recommended by Dommerholt (1975), Wiggans and Van Vleck (1979) and 

Danell (1982). In such a single regression method an intercept may 

be included, which, according to Dommerholt (1975), results in a 

more accurate prediction. With the intercept, the remaining part 

lactation yield is estimated by multiplying the deviation of the 

cow's last test-day yield from the mean test-day yield with a pre

diction factor and adding it to the mean remaining lactation yield. 

Such means have to be known within classes of environmental effects 

such as herd, age and year-season of calving. Prediction factors 

are based on a ratio of covariances between remaining part lacta

tion and last test-day yields, and variances of the last test-day 

yields. 

Means for last-test day yields are very sensitive to environmental 

effects, and means for remaining lactation yields are not known 

when predicting a 305-day milk yield. Ratios of covariances and 

variances are much less sensitive. While level of 305-day milk 

yield increased by 1000 kg, the correlations among test-day milk 

records hardly changed from 1975 to 1985 (Dommerholt, 1975; 

Wilmink, 1985). A procedure for the estimation of means within 

classes of environmental effects would be worthwhile, if a regres

sion model including an intercept is to be used for prediction of 

305-day milk yields. 

In this case a multiple regression model would theoretically'result 

in the most accurate linear prediction, because all available test-

day yields are used. If factor analysis is used, the correlation 

matrix between test-day yields is approximated, the accuracy of 

which depends on the number of factors used (Harman, 1970). For 

practical purposes this may be of interest because of a possible 

further decrease of the sensitivity of the approximated correlation 

trix and prediction factors for environmental effects. 
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The objectives of this paper are a) to present a procedure for 

estimation of means and b) to compare the multiple regression, 

factor analysis and single regression methods, using the estimation 

procedure for means, with regard to unbiasedness and accuracy. 

MATERIAL 

Test-day records (kg mi lk/day) , taken a t va r iab le i n t e r v a l s , of 
30185 complete l a c t a t i on s from purebred Dutch F r i e s ian cows in 
about 700 randomly chosen herds were ex t rac ted from the milk r ecor 
ding f i l e s . The data were s p l i t according to date of ca lv ing , i n to 
se t I (1 June 1981 - 31 May 1982) and se t I I (1 June 1982 - 31 May 
1983). Data se t I was used for computation of c o r r e l a t i ons between 
t e s t -day r ecords , p red ic t ion f ac tors and means, while se t I I was 

Table 1. Overall means and standard deviat ions 
per data se t for t es t -day milk y ie lds (kg/day) 
xj- (x^) a t t days post partum 

xi ( 

i= 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

305 

xt-
t= 

10 

30 

50 

70 

90 

110 

130 

150 

170 

190 

210 

230 

250 

270 

290 

-day yield 

number of records 

Data 

mean 

24.6 

25.4 

25.2 

24.2 

23.0 

21.9 

20.8 

19.7 

18.7 

17.6 

16.5 

15.4 

14.2 

12.8 

11 .4 

5885 

17607 

set I 

SD 

6.0 

5.6 

5.5 

5.3 

5.0 

4.7 

4.4 

4.2 

4.0 

3.8 

3.7 

3.6 

3.5 

3.4 

3.5 

1107 

Data 

mean 

25.2 

25.9 

25.6 

24.5 

23.2 

22.0 

20.8 

19.8 

18.7 

17.6 

16.5 

15.3 

14.0 

12.5 

10.9 

5903 

12578 

set II 

SD 

6.1 

5.6 

5.5 

5.2 

4.8 

4.5 

4.3 

4.1 

3.9 

3.8 

3.6 

3.6 

3.5 

3.4 

3.5 

1096 
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used for comparison of prediction methods. Lactation length was 

from 280 to 339 days (data set I) and from 280 to 319 days (data 

set II). Incomplete records and records of heifers younger than 22 

months at calving were removed. New test-day yields at day 10, 30, 

50...290 post partum (p.p.) were calculated by inter- or extrapola

tion, providing estimates of 15 test-day yields at equal intervals 

within the lactation. Overall means and standard deviations are 

presented in table 1. 

In order to test the procedure for estimaton of means, herds were 

split into low, medium and high level groups as described by 

Wilmink (1986). For computation of the correlations and prediction 

factors, classes were defined for age and season at calving. Age at 

calving was divided into 10 classes for months 22-24, 25-27, 28-32, 

33-37, 38-44, 45-56, 57-68, 69-92, 93-104 and higher. Age classes 1 

to 3 were defined as lactation number 1, 4 and 5 as lactation num

ber 2, and from 5 onwards as later parities. Seasons were defined 

as two month periods, starting with June and July. 

METHODS 

Prediction methods 

In order to compare the different methods, the mathematical rela

tionship between multiple regression (MR), single regression (SR) 

and factor analysis (FA) to be used for prediction of a 305-day 

milk yield is shown. A predicted 305-day yield (Y305) can be writ

ten as the sum of production in the known part lactation (YQ) and 

predicted production in the remainding part ( Y R ) . When p test-day 

yields are known, YR can be estimated according to 

14 
YR = I XJ * 20 + 25 * x-,5 (1 ) 

j=p+1 

which is the sum of 15-p predicted test-day yields ($j ) multiplied 

by the length of the corresponding intervals. Note that x-| 5, i.e 

predicted test-day yield at day 290, is multiplied by an interval 
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of 25 days. The Xj can be predicted by a multiple regression of Xj 

on the known test-day yields x-̂  (i = 1,p): 

P 
XJ = XJ+ I bij (XJ_ - x.j_) * aj <2) 

i = 1 

where the b-M are partial regression coefficients, and x^f a± are 

means and standard deviations of the i-th test-day yield respec

tively. For the situation where the last q test-day yields are 

regressed on the first p test-day yields (p+q = 15), partial 

regression coefficients are estimated by: 

znq = znp °pq + Enq (3) 

where Zng = a matrix with standardized 

observations and dimension n*q 

Bpg = matrix with b^j (i = 1,p;j = p+1,15) 

Eng = matrix with residual elements 

n = number of observations 

Bpg is estimated according to 

Bpq = <zpn z np)~ zpn znq = spp spq (4) 

where S = 
spp spq 

V. sqp sqqJ 

Here S is the correlation matrix between the test-day yields x^. 

For a single regression of Xj on the last known test-day yield, 

Xp, equation (2) changes to 

x-i = x-\ + a-i * bD-i (xD-xD) (5) 

a P 

Estimation of bpj is similar to (4), 
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From (1) and (5) it follows that: 

14 r 14 > 
YR = z X j*20 + 2 5 * x 1 5 + 

j =p+1 
2 0* z b p jO j + 2 5 * b p 1 5 a 1 5 

J=P+1 . 
op Op 

(*p-Xp) 

= YR + b*(xp-xp) (6) 

where b = regression coefficient of YR on xp. 

In a factor analysis model, each standardized test-day yield can be 

represented by a sum of several common factors, which are mutually 

independent, and a unique factor. The common factors account for 

the correlations among the standardized test-day yields, while each 

unique factor accounts for the remaining variance of that standar

dized test-day yield. The weights of the common factors are called 

factor loadings. 

When using a factor analysis model, equation (3) changes to 

znm = Ank B km + Enm <7> 

where Zn m = matrix with standardized observations and dimen

sion n*m 
Ank = matrix with factor scores and dimension n*k 

B*]cm = matrix with factor loadings and dimension k*m 

k = number of factors 

m = total number of tests, which is 15. 

B*km i-s estimated in S = B * ^ B*]im + K2 according to the principal 

factor method (Harman, 1970). For the i-th standardized test-day 

yield, the diagonal of matrix K2 represent the unique variances e^ 

and the diagonal of B*mjc B*]im represent the communalities (̂ j.) i.e. 

the variance which is shared in common with other standardized 

test-day yields. Total variance (=1) equals Aj_ + e^. The number of 

factors ,k, was determined by the number of eigenvalues of S 

greater than 1. 
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A can be calculated if p test-day yields are known. In that case 

(Harraan, 1970): 

Ank = Z n p SpJ B*pk (8) 

The remaining q test-day yields can be predicted, using (7): 

znq = Ank B kq-

Combination with (8) gives: 

znq = znp s~ pp B pk B kq <9) 

where B p^B ĵg is an approximation of Spg. In (9) a test-day yield 

5j is predicted according to 

P 
Xj = XJ + E bij (Xi-Xi) * 0j (10) 

i = 1 
°i 

where bij is an element in S~1pp B p^ B kg. Equation (10) is of 

similar form to equation (2) 

Criteria for comparison. 

The correlation matrix S was calculated in data set I within clas

ses of age * season of calving. Correlations were then pooled with

in lactation number 1, 2 and greater than 2. Data set II was used 

for comparison of MR, SR and FA. 

The criteria for comparison were the mean difference between Y305 

and Y305, the standard deviation of (Y305-Y305) and the correlation 

between Y305 and Y305 and between YR and YR. Furthermore, the 

methods of prediction were compared with theoretical values for the 

criteria, in which means do not play a role. 

In order to calculate the theoretical values of the criteria, let 
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Y305 = a'x ; YD = p'x ; YR = q'x; YR = q'B'x; 

where x = a vector with test-day yields 

a = a vector with ones and 1.25 in element 15 

p = a vector with ones and zeros 

q = a vector with ones and zeros, but 1.25 in element 

15. 

B' 0 0^ 

Furthermore, let C be the covariance matrix of x, then var(Y305> = 

a'Ca, var(YD) = p'Cp, var(YR) = q'Cq, var(YR) = q'B'CBq, cov(YR'YD) 

= q'B'Cp and cov(Y3Q5, Y305) = pCa + q'B'Ca. 

Consequently r(Y3Q5, Y305) = p'Ca + q'B'Ca , 
(a'Ca)2 (p'Cp + q'B'CBq + 2q'B'Cp)2 

r(YR,YR) = q'B'Cq 

(qCq)5 (q'B'CBq)2 ar»<3 

var (Y305-Y305) = a'Ca + p'Cp + qB'CBq + 2q'B'Cp - 2p'Ca - 2q'B'Ca. 

Estimation of means 

The means in equations (2), (6) and (10) are influenced by environ

mental factors such as herd, year, age and season of calving. 

Furthermore, means for future test-day yields or remaining 

lactation yields are not available in practice. For the estimation 

of means, test-day records in data set 1 were adjusted for age and 

month of calving as described in a previous study (Wilmink, 1986). 

The base was 24 months for age and Februari for month of calving. 

Lactation curves were fit per herd by the function (Wilmink, 1986): 

yt = a + bt + ce-°-0 5 t (11) 

where y^ represents an average test-day production per herd, t the 

number of days, e is the base of the natural log and a,b,c are 
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parameters, describing the lactation curve. The parameters a and c 

represents level of production (at t = o ) , c the rate of increase 

of production to the peak and b the rate of decline thereafter. The 

factor -0.05 determines the time of peak production, i.e. about 50 

days p.p. in this case. 

Herd lactation curves in data set II were computed by the regres

sion of parameters in (11) on the mean test-day yield per herd at 

50 days p.p. (X50) and mean 305-day yield per herd (Y305) in data 

set I, both adjusted for age to 24 months and for season at 

calving. In (11), the decrease in daily production after peak yield 

is linear. Therefore mean X50 and Y305 per herd were the major 

factors in determining a lactation curve. For example, in data set 

II the parameter a in the herd lactation curve was calculated as 

u + VX50 + wY305' where u, v and w are regression coefficients. 

Likewise parameters b and c were calculated. Notice that data set I 

and II comprise records of cows calved in successive years. From 

X50 and Y305, obtained in the previous year, herd lactation curves 

for heifers can be calculated in the current year. Lactation curves 

for an age by month of calving subclass other than the base within 

the herd were obtained by a back adjustment first for age (multi-

plicatively) and then for month of calving (additively). 

From these lactation curves the desired means x't and, after 

summation, YR per herd * age in months * month of calving subclass 

(Type II means) were derived. These means were compared with the 

means xt and YR, directly calculated in data set II (Type I means). 

RESULTS 

Estimation of means 

Lactation curves were fit per herd on age and season corrected 

test-day records by (11). Mean values of the parameters are in 

table 2 per herd level for data set I. Higher herd productions were 

associated with a higher level of the lactation curve and a slight

ly lower persistency. The coefficients of determination (R^) were 
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Table 2. Mean values of parameters in herd lactation 

curves (y = a + t + ce~-05) per herd level 

for milk yield (kg) for data set 1 

v305 
a 

6 
c 

SE (a) 

SE (6) 

SE (S) 

R*a 

/MSEb 

nc 

low 

4090 

17.0 

-0.028 

-2.043 

0.268 

0.001 

0.794 

0.97 

0.380 

141 

level 

medium 

4622 

19.9 

-0.029 

-2.043 

0.264 

0.001 

0.783 

0.97 

0.374 

294 

hiqh 

5233 

22.1 

-0.030 

-3.819 

0.273 

0.001 

0.811 

0.97 

0.388 

151 

a) Ra = coefficient of determination 

b) MSE = mean square error 

c) n = number of herds 

all 0.97 while the standard deviation for the residuals was less 

than 0.388 kg milk. Coefficients for the regression of the 

parameters a, b, c in (11), on the mean X50 and Y305 per herd in 

data set I are presented in table 3. The R2 values were 0.91 0.72 

and 0.19 for a, b and c respectively. In fact, factor c was not 

important in determining the mean x̂- and YR for prediction if a 

last test-day yield beyond 50 days p.p. was used for prediction, 

because c was associated with the lactation curve in the first two 

months p.p. Factor 'a' was mainly determined by mean X50. The 

correlation between 'a' and mean X50 was 0.95. 

With the coefficients obtained in data set I and presented in table 

3, lactation curves per herd for data set II were computed. After 

back adjustment for age and month of calving, type II means were 

obtained for each herd by age in months by month of calving 

subclass. In table 4 these type II means are compared with type I 

means, directly calculated from data set II. As t increased from 50 
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Table 3. Coefficients for the regression3> of the parameters a, b 

and c of the herd lactation curves on mean test-day milk 

yield at 50 days post partum (X50) and mean 305-day milk 

yield (Y305) per herd 

u 

V 

w 

R»b) 

/ MSEC) 

a 

0.05090 

0.12706 

-0.00079 

0.91 

0.598 

b 

-0.003020 

-0.000818 

0.000027 

0.72 

0.003 

c 

6.29810 

-0.06774 

0.00074 

0.19 

1.829 

a) a,b, c = u + v X50 + w Y305 

b) R' = coefficient of determination 

c) MSE = mean square error 

to 210 days p . p . the co r r e l a t i on between type I and type I I means 
decreased from 0.78 to 0.61 and from 0.69 to 0.51 for mean t e s t -day 
and mean remaining l a c t a t i on milk y ie ld r e spec t i ve ly . The b ias was 
neg l ig ib le but the standard devia t ions of type I minus type I I were 
high. This might be caused by the fact t ha t type I means were often 
based on 1 observat ion. In t o t a l there were 8743 herd * age in 
months * month of calving subclasses based on 12578 observa t ions . 

Table 4. Comparison of type I and type I I mean tes t -day milk y ield 

a t t days post partum (x^) and mean remaining l ac ta t ion 

milk y ield <YRt>a) 

*50 

*210 

*R50 

*R210 

type 

mean'3' 

25.6 

16.4 

4366 

1106 

I 

SD 

5.3 

3.5 

809 

264 

type 

mean 

25.0 

16.4 

4369 

1092 

II 

SD 

4.2 

2.4 

630 

187 

correlation 

0.78 

0.61 

0.69 

0.51 

type II minus 

mean 

-0.6 

0.0 

3.0 

-14.0 

type I 

SD 

3.3 

2.8 

591 

234 

a> Type I: 

Type II: 

b) kg 

calculated in data set II per herd * age (months) * 

month of calving. 

calculated from the estimated mean herd lactation 

curve after back adjustment. 
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Table 5 . The e i g e n v a l u e s of t h e pooled c o r r e l a t i o n ma t r i x between 

t e s t - d a y mi lk y i e l d s 

l ac ta

t ion Eigenvalues 

number 

1 10.83 1.65 0.80 0.52 0.32 0.23 0.18 0.14 0.10 0.07 0.05 0.04 0.03 0.03 0.01 

2 10.54 2.09 0.80 0.48 0.30 0.22 0.16 0.12 0.09 0.07 0.04 0.04 0.03 0.02 0.01 

3 10.12 2.13 0.95 0.56 0.33 0.24 0.17 0.13 0.09 0.07 0.05 0.04 0.03 0.03 0.03 

Therefore the standard deviation of differences might contain 

considerable random error variation. 

Comparison of prediction methods 

The eigenvalues of pooled correlations between test-day milk yield 

are presented in table 5 in descending order. These eigenvalues 

correspond to 15 new independent variables, explaining the entire 

Table 6. The factor loadings for the test-day milk 

yields (x^) in lactation 1 

days post 

partum factor 1 factor 2 

0.34 

0.44 

0.40 

0.36 

0.27 

0.19 

0.10 

0.00 

-0.07 

-0.15 

-0.26 

-0.34 

-0.40 

-0.44 

-0.38 

10 

30 

50 

70 

90 

110 

130 

150 

170 

190 

210 

230 

250 

270 

290 

-0.59 

-0.80 

-0.84 

-0.86 

-0.88 

-0.89 

-0.90 

-0.90 

-0.90 

-0.90 

-0.88 

-0.87 

-0.85 

-0.80 

-0.70 
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correlation matrix. The variation explained by such a variable is 

represented by the eigenvalue. The variation explained by the new 

variables 1 and 2 was 83 %, 84 % and 82 % for lactation number 1, 2 

and greater than 2 respectively. The third eigenvalue was less than 

1, and therefore the factor loading matrix consisted of 2 factors. 

The values of the unrotated factor loadings were close to -1 for 

factor 1 and ranged from 0.44 to -0.44 for factor 2 (table 6). In 

the middle of the lactation factor 1 was -0.90 and factor 2 was 

zero, indicating that factor 1 was associated with level of 

production and factor 2 with persistency. Similar results were 

found by Van Arendonk and Fimland (1983). 

Theoretical values for the standard deviations of v305» Y305 a n d 

Y305-Y305 and the correlation between Y305 and Y305 and between 

YR and YR for MR,SR and FA are shown in table 7. With regard to 

these statistics the three prediction methods were not different. 

The correlation between Y305 and Y305 increased from 0.83-0.89 to 

0.99 and between YR and YR from about 0.73-0.78 to 0.83-0.85 as t, 

the day for the last test p.p., progressed from 50 to 210. Standard 

deviations for Y305-Y305 were then decreasing. There were, however, 

Table 7. Theoretical comparison of multiple regression (MR), factor analysis (FA) and single regression 

(SR) for the prediction of a 305-day milk yield (Y3os)a> 

Lac ta t ion 

Method number 

MR 1 

2 

2 3 

FA 1 

2 

2 3 

SR 1 

2 

£ 3 

SD 

<*305> 

750 

913 

955 

750 

913 

955 

750 

913 

955 

Las t t e s t 

SD 

<*305-*305> 

379 

481 

528 

380 

482 

529 

380 

482 

529 

a t 50 day pos t partum 

c o r r e l a t i o n 

(Y305/305) 

0.86 

0.85 

0.83 

0.85 

0.89 

0.83 

0.86 

0.85 

0.83 

<*R,Y305> 

0.78 

0 .75 

0.73 

0 .78 

0.75 

0.73 

0.78 

0.75 

0.73 

Last t e s t at 

SD 

<*305-Y305> 

118 

139 

153 

121 

143 

157 

121 

140 

153 

210 day pos t partum 

c o r r e l a t i o n 

<*305,?305> 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

<*R,*R> 

0.85 
0.85 
0.83 
0.84 
0.84 
0.82 
0.84 
0.85 
0.83 

a) kg 
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small differences between lactation numbers. The 305-day milk yield 

for heifers was predicted more accurately than for older cows with 

all methods. 

For comparison of MR, FA and SR in data set II, the criteria are 

presented in table 8. The means, x-̂  and YR, necessary for 

prediction were of type II. The correlation between Y305 and Y305 

increased from about 0.86 to 0.99 and between YR and YR from about 

0.78 to 0.86 as t, the day for the last test, progressed from 50 to 

210. There were only slight differences between lactation numbers. 

The 305-day milk yields for heifers were predicted more accurately 

than for older cows. 

The standard deviations of Y305-Y305 decreased from about 390 kg to 

120 kg, from about 460 kg to 137 kg and from about 501 kg to 148 kg 

for lactation number 1, 2 and greater than 2 respectively for both 

MR and SR. 

Table 8. Comparison of multiple regression (MR), factor analysis (FA) and single regression (SR) for 

the prediction of a 305-day milk yield3' (Y305) in data set II) with use of type II means 

method 

MRb 

FAb 

SRb 

SRC 

Lactation 

number 

> 

Z 

> 

i 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

*305 

mean 

4944 

5836 

6374 

4944 

5836 

6374 

4944 

5836 

6374 

4944 

5836 

6374 

SD 

777 

940 

982 

777 

940 

982 

777 

940 

982 

777 

940 

982 

Last test at 50 days post partutn 

*305-*305 

mean 

- 75 

- 96 

-148 

- 75 

- 92 

-147 

- 76 

-100 

-147 

- 79 

- 98 

-147 

SD 

390 

460 

501 

392 

460 

502 

390 

459 

502 

384 

459 

501 

r<V305.$305> 

0.87 

0.88 

0.86 

0.87 

0.88 

0.86 

0.87 

0.88 

0.86 

0.87 

0.88 

0.86 

r(YR,YR) 

0.80 

0.80 

0.78 

0.80 

0.80 

0.78 

0.80 

0.80 

0.78 

0.81 

0.80 

0.78 

Last test 

V305"Y305 

mean 

-20 

-21 

-29 

-14 

-12 

-19 

-21 

-23 

-30 

-22 

-24 

-30 

SD 

120 

137 

148 

125 

141 

153 

120 

137 

148 

120 

137 

148 

at 210 days post partum 

rdf305.*305> 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

0.99 

r(YR,YR) 

0.88 

0.87 

0.86 

0.87 

0.87 

0.85 

0.87 

0.87 

0.86 

0.87 

0.87 

0.86 

a) kg 
b' prediction factors were pooled within parity 1, 2 and higher 
c' prediction factors were per age * season subclass 
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For FA, the standard deviation of Y305-Y305 was slightly higher if 

the last test was known at 210 days p.p. The bias was negative in 

all situations, indicating an overprediction. If the last test was 

at 50 days p.p., this overprediction was more than 100 kg for 

lactation numbers greater than 1. There were no differences between 

the methods MR, FA and SR. This indicates that the use of the last 

test only (SR) was as good as the use of all tests (FA, MR), which 

is in agreement with Dommerholt (1975) and Van Arendonk and Fimland 

(1983). 

Considering the sensivity of prediction factors, correlations were 

pooled within parities. Using SR, mean prediction error and its 
A 

standard deviation and correlations between Y305 and Y305 did not 

change when different sets of prediction factors were used per age 

* season class (table 8) 

When looking at the validity of type II means, the standard 

deviation of Y305- Y305 for SR and second or higher parity cows was 

found to be about 20 kg lower than the theoretical values if the 

last test was known at 50 days p.p. For heifers, the theoretical 

value was 10 kg lower. When the last tests were known at 210 days 

post partum almost no differences were found. Theoretical 

correlations and those from data set II were nearly equal. In table 

Table 9. The prediction of 305-day milk yield3' (Y305) at high and low level herds, using the last known 

test-day yield with single regression (SR) and type II means 

herd 

l e v e l 

low 

high 

l ac ta t ion 

number 

1 

2 

2 3 

1 

2 

>3 

*305 

mean 

4361 

5062 

5583 

5509 

6583 

7119 

SD 

604 

703 

770 

718 

869 

895 

Last t e s t a t 50 days post partum 

*305-*305 

mean 

-114 

-120 

-154 

- 18 

- 52 

-137 

SD 

351 

382 

450 

419 

514 

537 

r<v305.*305> 

0.84 

0.85 

0.82 

0.82 

0.81 

0.81 

r<YR,SR> 

0.75 

0.75 

0.72 

0.73 

0.70 

0.69 

Last t e s t a t 210 days post partum 
v305"*305 

mean 

-18 

-16 

-24 

-17 

-15 

-30 

SD 

116 

135 

139 

123 

146 

156 

r<*305»*305> 

0.98 

0.98 

0.98 

0.99 

0.99 

0.98 

r(YR,YR) 

0.83 

0.81 

0.82 

0.84 

0.84 

0.82 

a) 

56 

kg 



9 mean prediction errors with their standard deviation and 

correlations between Y305 and Y305 are presented for SR at low and 

high level herds. Mean prediction error in first lactation was -114 

and -18 kg for low and high production level respectively, when the 

last test was known at 50 days p.p. Difference in bias was 

therefore 96 kg between both levels. For second and higher parity 

cows these differences were 68 kg and 17 kg respectively. When the 

last test was known at 210 days p.p. almost no differences were 

found between mean prediction errors for low and high level herds. 

Correlations between Y305 and Y305 were slightly lower than for 

overall (table 8). 

DISCUSSION AND CONCLUSIONS 

The unrotated factor loadings, presented in table 6, showed that 

factor 1 was associated with level of production and factor 2 with 

persistency. Test-day yields between 130 and 190 days p.p. were 

most important in determining factor 1, whereas yields at 30-50 and 

250-270 days p.p. were most important for factor 2. The weights in 

factor 2 for yields between 130 and 170 days p.p. were almost zero. 

From the eigenvalues, factor 1 explained over 72 % of the total 

variation of all test-day yields for heifers. Therefore the 

variation in Y305 was mainly determined by the variation of 

test-day yields between 130 and 190 days p.p. Factor 2 explained 

another 11 %. Because factor 1 and 2 are uncorrelated, a selection 

for factor 2 as an alternative parameter for persistency, 

independent of production level, might be interesting from an 

economic view point. 

This study has demonstrated that SR, MR and FA are identical, both 

theoretically and in dataset II with type II means, for the 

prediction of 305-day yields. For practical purposes SR is 

recommended because of its simplicity. With type II means, a use of 

prediction factors within parity 1, 2, 3 and greater or within age 

* season of calving classes did not reveal differences in 

prediction with regard to bias and accuracy. Prediction factors may 

vary among herd levels. However, prediction factors were computed 
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as a ratio of variances of two variables multiplied by their 

correlation. When herd level of production increases, the variance 

of production increases as well (table 9). Dommerholt (1975) showed 

that the ratio of total and part lactation milk yield was 

insensitive to herd level of production. Therefore prediction 

factors are expected to be insensitive to herd level. 

With regard to the estimation of means (of type II) the standard 

deviations of Y305~Y305 f°r SR and second or higher parity cows 

were in most cases lower than theoretical values. Furthermore, the 

differences in mean prediction error between low and high level 

herds varied from 1 to 96 kg. The difference in mean 305-day 

production between low and high level was 1148 kg for heifers. 

This indicates that means per herd * age at calving in months * 

month of calving subclasses were rather well estimated. The fact 

that mean prediction error for low level herds was higher than for 

high level herds may be caused by year influences. Adjustment for 

differences in production level between years for the estimation of 

mean last known test-day yield might be worthwhile, by using 

rolling population averages for cows of the same age, freshened in 

the same season and in the same stage of lactation. Further 

analysis showed that mean prediction error decreased by only 

20 kg (Wilmink, 1985). 

Mean X50 and Y305 Pe r herd were used as the main factors in 

determining a lactation curve. When the parameters a, b, c in (11) 

were regressed on mean X50 and X270 per herd, slightly higher 

values for R2 were obtained which were 0.94, 0.93 and 0.23 

respectively. However the correlations between type I and type II 

means had the same values as in table 4. 

Disregarding the lactation number in calculating the criteria for 
A 

comparison in data set II, the correlation between Y305 and Y305 

was 0.91 for all methods when the last test is at 50 days p.p., in 
A 

which case 0^305^305) was 468 kg and level of production was 5903 

kg. Because of the proportionality between mean Y305 and the 

standard deviation of Y305-Y305, a measure of the goodness of 

prediction would be 100 * a(Y305-Y305)/ (Y305) which was 7.9 in 
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this study. In Dommerholt's (1975) study the value was 9.9 and 7.7 

if the last test was at 30 and 70 days p.p. respectively. In the 

study of Wiggans (1980), using test-day production, herd average 

and level of the partial record as information sources, a value of 

9.7 was obtained for lactations of 35-64 days in milk. These 

results indicate that accuracy of prediction is improved by 

estimation of type II means. 

In conclusion, the estimation of means within herd * age * month of 

calving subclasses improved the accuracy of prediction. No 

differences were found between multiple regression, factor analysis 

and single regression of remaining yield on the last known test-day 

yield as prediction methods. For practical use the last method is 

recommended. 
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ABSTRACT 

The objective was to determine the efficiency of selection for 

different cumulative milk, fat and protein yields in first lacta

tion, which was defined as the ratio of correlated and direct 

annual response in 305-day yield. Cumulative milk, fat and protein 

yields for different periods in first lactation were calculated 

from test-day yields of 20260 Black- and White cows, sired by 204 

young and 97 proven bulls. Heritabilities and genetic correlations 

with 305-day yield were calculated from the between- and 

within-sire variance/covariance components estimated by restricted 

maximum likelihood. 

Genetic correlations with 305-day yield were close to 1.00 for 

180-day milk, fat and protein yield, extended to their 305-day 

equivalents and for cumulative milk, fat and protein yield in a 

period between 91 and 180 days post partum. Heritabilities for 

extended 180-day yield and cumulative milk or protein yield between 

91 and 180 days post partum were close to heritablilities for the 

305-day yield, which were 0.309, 0.372 and 0.331 for milk, fat and 

protein respectively. The heritability for fat yield between 91 and 

180 days post partum was 0.318. 

A selection for 305-day yield could be replaced by a selection for 

milk and protein yield between 91 and 180 days post partum and 

180-day fat yield extended to 305 days, in which case the annual 

response in 305-day yield would be increased by 5, 6 and 4% respec

tively. 

INTRODUCTION 

The advantages of using part lactation records of dairy heifers in 

predicting sires' breeding values for first lactation yield are 1) 

shortening of the generation interval, 2) reduction of bias by 

selection and 3) saving in expences for housing and measurement 

of other traits, for example milking speed, by an early culling of 

bulls with low breeding values for milk production (Van Vleck and 
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Henderson, 1961b; Danell, 1982b). With regard to bias by selection, 

Fimland (1983) pointed out that the largest potential for non 

random influence in sire evaluation was related to culling of 

heifers. 

Traditionally part lactation records have been extended to 305-day 

equivalents, when predicting breeding values for sires (Famula and 

Van Vleck, 1981; Danell, 1982b; Tandon and Harvey, 1984). Other 

methods base sire evaluations on part lactations such as yields 

from day 0 to 100, day 101 to 200 and day 201 to 305 post partura 

(Lederer and Buthman, 1982) or yields from day 0 to 90, day 91 to 

180 and day 181 to 270 (Agyemang et al., 1985b). In the 

Netherlands, breeding values of sires are predicted for milk 

production traits in the first 100 days and subsequently in the 

first 305 days of first lactations (Dommerholt and Wilmink, 1983). 

A selection of young bulls is then carried out in two stages. 

Danell (1982, b) pointed out that a disadvantage of extending part 

lactations to 305-day equivalents is that level of production may 

vary in time resulting in biased predictions of 305-day yields. 

Wilmink (1986) presented a method in which different means, being 

the greatest potential for biased predictions, were estimated from 

averages within herd in the previous year. It was shown that 

accuracy of prediction was increased and that sensitivity for 

differences in production level was greatly reduced and was only 

restricted to differences from year to year. 

However, extended part lactations of different length are 

essentially different traits. Genetic correlations are less than 

one when lactation length is shorter than 200 days (Auran, 1976b) 

and therefore, problems may arise in comparing extended lactations 

of different length within a herd-year-season. In addition, little 

is known about the validity of prediction methods to extend 

incomplete milk, fat and protein records. 

In the method, proposed by Agyemang et al. (1985a), extension is 

only required over short periods. Factors were presented for the 

extension of part lactations to 90, 180 or 270 days post partum, 

giving trimester milk and fat yields. A multitrait best linear 
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unbiased prediction (BLUP) analysis was performed to the trimester 

milk yields by transformation to canonical scale (Agyemang et al., 

1985b). This effectively reduces a multitrait to single trait 

analysis. However, no adjustment can be made for selection since 

all trimester yields of a cow should be known. If no linear 

transformation is performed a multitrait analysis for 3 trimester 

yields becomes difficult when used for practical purposes because 

of the big increase of the number of equations (Agyemang et al., 

1985b). It might therefore be worthwhile to reduce the number of 

traits to, for example, one or two cumulative yields over a period 

in first lactation such that the genetic correlation with 305-day 

yield is the highest, potential of bias by heifer selection has 

reduced and the annual response in 305-day yield is increased. Such 

a trait might also be useful for the selection of cows. 

The purpose of this study was to estimate heritabilities for 

cumulative or extended milk, fat and protein yield in different 

intervals in first lactation, to estimate genetic correlations with 

305-day yield and to calculate ratio's of annual responses in 

305-day yield when selection was for cumulative or extended yield. 

MATERIAL 

Test-day milk, fat and protein yields in first lactation of 24692 

Black and White cows, calving from May 1981 until June 1984 in 663 

herds, drawn at random, were extracted from the milk recording 

files. All cows were between 21 and 33 months old at calving, had a 

minimum lactation length of 270 days and were sired by A.I. 

If lactation length was less than 305 days, lactation yield was 

extended to a 305 basis, using the formula proposed by Poutous and 

Mocquot (1975). 

All test-day records were known at an approximately 3 or 4 week 

interval with an exception for the holiday period. The first test 

was carried out when a cow was at least 10 days in milk. In order 

to calculate cumulative yields in different periods, firstly daily 

yields at 10, ,310 days post partum (pp) were computed by 

inter- or extrapolation of the two nearest test-day yields, which 
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were coded as normal. Abnormal codes were assigned, for example, if 

a cow was in heat. At the end of lactation, an extrapolation of 

daily yield was performed if the period was not more than 10 days. 

Cumulative yields in different periods are designated as M^_j for 

milk, Fi_j for fat and Pi_j for protein, where i and j refer to the 

number of days pp., reflecting the lower and upper limit of a 

period. Predicted 305-day yields are designated as PM-| _j , PF-| _j and 

PP-|-j for milk, fat and protein respectively. 

Cumulative yields were calculated by summing the daily yields, 

multiplied by 5, 10 or 20 days. In this case the first interval was 

always 20 days. For example, M-|_3Q = 20 * x-| g + 10 * X30 and Mi _so 

= 20 * x-|o + 20 * X30 + 20 * X50, where x-| Q , X30, X50 is the daily 

milk yield at 10, 30, 50 days pp. respectively. Predicted 305-day 

milk, fat and protein yield were calculated according to proce

dures, recommended by Wilmink (1986). Prediction factors and 

factors for estimating the mean herd lactation curve for milk, fat 

and protein were derived from the test-day records of all cows, 

used in that study. 

Table 1. Overall means and standard deviations3' for monthly and 

305-day milk, fat and protein yield 

Days i n 

l a c t a t i o n 

1 - 30 

3 1 - 60 

6 1 - 90 

91-120 

121-150 

151-180 

181-210 

211-240 

241-270 

1-305 

m i l k 

mean 

582 

599 

578 

553 

523 

499 

467 

441 

403 

5080 

( kg ) 

SD 

103 

97 

96 

95 

94 

94 

95 

96 

96 

831 

f a t ( k g * 1 0 " 1 ) 

mean 

244 

239 

229 

221 

213 

208 

201 

195 

187 

2142 

SD 

53 

43 

40 

39 

38 

38 

38 

39 

40 

346 

p r o t e i n 

mean 

190 

186 

183 

179 

174 

169 

162 

155 

145 

1701 

< k g * 1 0 " 1 ) 

SD 

35 

30 

31 

31 

31 

31 

32 

32 

33 

272 

a> based on 4554 daughters of young bulls 
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Genetic parameters were estimated by half-sib analysis of daughters 

of test bulls, requiring an inversion of a matrix with dimension 

equal to the number of sires. Records of young-bulls with less than 

8 daughters or of proven bulls with less than 25 daughters in the 

data set were removed, resulting in 4554 records of 204 young and 

15706 records of 97 proven sires. Total number of records was 

therefore 20260. Overall means and standard deviations for monthly 

yields and 305-day yields, based on 4554 records of young sires, 

are presented in table 1. 

METHODS 

Estimation of variance/covariance components 

The model, applied to the data, was: 

Yijkl = hYsi + b rj + b1a9el + b2a9e? + sk + eijkl <1> 

where yijkl = Mi_j , Fi_j , Pi_j , PMj._j , PF-ĵ j and PPi_j of cow 1; 

hysi = fixed effect of herd-year-season i (i = 1,4221); 

brj = fixed effect of breed j of the cow (j = 1,4); 

b-| , b2 = coefficients for the regression of yijkl on age at 

calving and age at calving squared (in months); 

Sk = random/fixed effect of sire k (k = 1,97 for proven 

sires, k = 98,301 for young sires); 
eijkl = random residual effect. 

Proven sires were considered as fixed because their daughters might 

originate from selective matings. 

For young sires E(sk) = 0 and var(sk) was set to a|. Thus only 

young sires were considered in variance component estimation. Fur

thermore E(e-jikl) = 0 and var(e-Mki) = ae-

Young sires were assumed to be unrelated and uncorrelated with the 

residuals. 

Seasons were defined from February through August and September 

through January as is done in the Dutch sire evaluation programs. 
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This resulted in 7 year-seasons. Breed classes were defined for 1) 

100%,2) 87.5, 75.0 and 62.5%,3) 50 and 37.5% and 4) 25, 12.5 and 0% 

Dutch Friesian. All crosses were Dutch * Holstein Friesian. Lacta

tion length was not considered in the model. A preliminary analysis 

showed that the maximum least square contrasts with respect to the 

overall mean was 6,6% for M-)21-150 an<a 8,8% for M-|_305. As 
M121-150 is n o t influenced by pregnancy effects, differences in 

yield between different lactation lengths were mainly caused by an 

earlier culling of low producing heifers and/or allowing more inse

minations for high producing heifers (Van den Broek, 1986). An 

adjustment for lactation length would therefore eliminate some 

genetic variation in production traits. 

As all traits were observed on all heifers and the design matrices 

were equal, a transformation of the original traits was performed 

to canonical scale in estimating between- and within-sire varian-

ce/covariance components. Restricted maximum likelihood (REML) 

variance component estimates were obtained for variaties on canoni

cal scale and, after back transformation to original scale, the 

variance/covariance components for variaties on original scale. 

Computing algoritm is described in Meyer (1985). Iteration was 

stopped when the change in estimates between successive rounds was 

below 1%. Standard errors were obtained from the inverse of the 

information matrix. 

Priors were taken from an univariate analysis for model 1 . In that 

analysis REML variance components were estimated and covariance 

components were calculated from 1) the correlation between sires' 

breeding* values or between residuals and 2) the estimated variance 

components. In the multitrait analysis with canonical transforma

tion, on maximum of 4 traits, which were not too closely related, 

were considered at one time. Consideration of more traits led to 

divergence when iterating. 

Genetic variance/covariance were estimated as 4 times the estimated 

between sire variance/covariance. Phenotypic variance/covariance 

was equal to the sum of estimated between- and within-sire 

variance/covariance. 
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Efficiency of selection 

The annual genetic gain (Gy) in 305-day yield by selection for y 

(see model 1) in an A.I.-breeding plan, was calculated by 

(Skjervold and Langholz, 1964): 

Gy = Rgg + C-P)RSD + RDS + RDD 

Lgg + <1-p)Lgo + pLYD + LQS + LQD 

where R = genetic response in 305-day yield after one generation 

selection for y for the paths sires to breed sons (SS), 

sires to breed dams (SD), dams to breed sires (DS) and 

dams to breed dams (DD); 

L = generation interval for the paths SS, SD, YD (young bulls 

to breed dams), DS and DD; 

p = proportion of first inseminations with young bulls, which 

was taken to be 0.2. 

The genetic response, R, is equal to i.r.r„ 0fj, where i reflects 

the selection intensity, which was set to 1.4, 2.06, 2.66 and 0.50 

for SS, SD, DS and DD respectively, r the repeatability of the 

estimated breeding value for y, rg the genetic correlation between 

y and 305-day yield and ° H the additive genetic standard deviation 

of 305-day yield. The repeatability, r, was calculated as 

(n/(n + 4 ~ n ))2 for the paths SS and SD, where n is the number 
h2 

of daughters, which was taken to be 50 and 30 respectively, and 

h the heritability of y. For paths DS and DD, it was assumed that 

selection was based on a cow index including cow's own performance 

for y and the breeding values of her parents. The repeatability of 
2 2 J_ 

this index was calculated as (b + 0.25 (rgo + roD>)2, where b is 

the weighting factor for cow's record in the index and rgo, TQD a r e 

squared repeatabilities of parent's estimated breeding values 

(Moen, 1978). The term rpp was set on 0.397 for all cases, whereas 
2 

rgo was equal to the repeatabilty squared for path SD. When selec

tion was for 305-day yield the generation interval L was equal to 

7, 6, 4.5, 4.5 and 2 years for paths SS, SD, DS, DD and YD respec

tively. For other traits and paths SS, SD and DS, L was diminished 
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by a factor (305-j)/365, where j is the last day post partum of the 

partial record. The effect of shorter generation interval for path 

DD was not considered, because R Q D is rather small. 

Efficiency of selection (E) was calculated as the ratio in percen

tages between correlated response/year for 305-day yield when 

selection was for y (Gv) and direct response/year for 305-day yield 

(G). 

RESULTS 

Heritabilities and variances between sires 

Heritabilities and estimates for variance components between sires 

for partial, predicted and complete lactation milk, fat and protein 

yield are presented in tables 2 - 4 . Heritabilities were 0.309, 

0.372 and 0.331 for M-|_305, F-|_3Q5 and P-|_305 respectively. Addi

tive genetic standard deviations were 340, 15.4 and 11.0 kg respec

tively. Considering monthly milk yields (table 2) the heritabili

ties increased from 0.159 for M-|_3Q to 0.304 for Mg-|_-|20 followed 

by a gradual decrease to 0.250 for M211-240' Heritabilities were 

highest in mid lactation. Between sire variances increased from 312 

kg3 for Mi_3Q to 410 kga for M61_go and Mg-|_i20/ followed by a 

decrease to 302 kg* for M211-240- F o r monthly protein yields, the 

heritabilities and between sire variance component estimates showed 

a similar pattern as for monthly milk yield (table 4). Highest 

values were 0.302 and 0.40 kga respectively for P121-150- T n e fat 

yield estimates (table 3) showed a somewhat irregular pattern. 

Heritabilities ranged between 0.131 and 0.325 and were lowest for 

F"i _3Q and F241-270- Between sire variance components ranged from 

0.48 to 0.86 kg2. 

Heritabilities increased for cumulative yields over a two months 

period. Maximum values were 0.314 for Mgi_-|5o, 0.332 for F31_go and 
F151-210 a nd 0.345 for Pgi-150- for both Mgi _-| 59 and P91-150 the 

heritabilities were higher than for the 305-day equivalents. Consi

dering cumulative yields over a 3 months period another increase in 

heritablities was observed. For partial lactation and predicted 
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Table 2. Heritabilities, genetic and phenotypic correlations with 305-day milk 

yield, between-sire variance components3' and efficiency of selection (E)b' 

for cumulative (M^_j)c) and extended part lactation (PM^_j) milk yield 

h2 se rg se rp se o| se^' E 

M !_ 3 0 0.159 0.044 0.611 0.128 0.661 0.008 312 85 76 
M 31- 60 °-252 °-049 °-882 °-071 °-828 °-006 3 8 4 7 4 " 
M 6 1 _ go 0.288 0.063 0.942 0.046 0.867 0.005 410 89 104 
M 91-120 ° - 3 0 4 ° - 0 6 2 ° - 9 5 3 ° - 0 4 6 ° - 8 7 9 ° - 0 0 5 4 0 9 8 2 1 0 4 

M121-150 ° - 2 9 5 ° - 0 6 9 ° - 9 9 4 ° - 0 4 1 ° - 8 8 9 ° - 0 0 4 3 8 6 9 0 1 0 5 

M151-180 ° - 2 8 6 ° - 0 6 3 ° - 9 9 3 ° - 0 4 3 ° - 8 8 6 ° - 0 0 4 3 6 6 7 9 1 0 3 

M181-210 ° - 2 9 3 ° - 0 5 6 ° - 9 4 9 ° - 0 4 3 ° - 8 7 5 ° - 0 0 4 3 6 8 6 9 1 0 ° 
M211-240 °-250 0.049 0.892 0.057 0.845 0.005 302 59 93 
M241-270 ° - 2 5 7 °-°52 0.800 0.078 0.780 0.007 313 63 87 
M 1_ 6 0 0.221 0.046 0.777 0.086 0.784 0.007 1374 286 90 
M 3 i _ go 0.292 0.060 0.921 0.054 0.880 0.005 1602 327 103 
M 61-120 ° - 3 1 0 0-065 0.945 0.045 0.895 0.004 1638 339 104 
M 91-150 ° - 3 1 4 0.066 0.976 0.036 0.914 0.004 1560 326 105 
M121-180 0.305 0.063 0.996 0.029 0.911 0.004 1502 307 104 
M151-210 ° - 3 0 1 0.062 0.980 0.036 0.911 0.004 1423 293 102 
M181-240 °-276 0.055 0.931 0.051 0.886 0.005 1286 256 96 
M31-120 ° - 3 1 3 0-066 0.935 0.046 0.908 0.004 3607 756 104 
M61-150 0.326 0.068 0.965 0.036 0.925 0.004 3597 745 105 
M91-180 0.320 0.067 0.985 0.030 0.933 0.003 3390 706 105 

PMT. 6O 0.251 0.052 0.853 0.070 0.832 0.005 14089 2910 97 
PM-|_120 0.282 0.059 0.960 0.039 0.926 0.004 19287 4004 103 
PM-|_180 0.292 0.058 0.993 0.020 0.968 0.002 23270 4594 103 
PM!_240 0.294 0.062 0.999 0.009 0.992 0.001 26097 5476 101 

M-|_ 60 ° - 2 2 1 0.046 0.777 0.086 0.784 0.007 1374 286 90 
M-i_i20 0.280 0.057 0.897 0.053 0.899 0.004 5574 1126 99 
Mi_180 0.304 0.056 0.955 0.034 0.953 0.003 2191 2235 102 
M1-240 0.302 0.057 0.989 0.017 0.985 0.003 1963 3666 101 
M1-305 0.309 0.060 1.000 — 1.000 — 29104 5631 100 

a) kg> 

b ' ratio of correlated and direct response/year for 305-day milk yield 

c) day i to j post partum 

d) lower bound for large sample s.e. 

305-day yields the heritabilities and between sire variance compo

nents showed an increase to the values for 305-day yields, as the 

length of the partial record increased. Heritabilities increased 

when 60-day records were extended to 305-day equivalents. 

70 



Table 3. Heritabilities, genetic and phenotypic correlations with 305-day fat yield, 

between-sire variance components3) and efficiency of selection (E)W for 

cumulative (F^_j)°) and extended part lactation (FFj_j) fat yield 

F 1 - 30 
F 3 1 - 60 
F 6 1 - 90 
F 91-120 
F121 -150 
F151 -180 
F181 -210 
F221-240 
F241-270 

F 1 - 6 0 
F 3 1 - 90 
F 61-120 
F 91-150 
F121-180 
F151-210 
F181-240 

F31-120 
F61-150 
F91-180 

PF1- 60 
^ 1 - 1 2 0 
^ 1 - 1 8 0 
PF1-240 

F 1 - 60 
F1 -120 
F1-180 
F1-240 
F1-305 

h2 

0.131 
0.269 
0.294 
0.274 
0.245 
0.275 
0.325 
0.280 
0.227 

0.229 
0.332 
0.322 
0.297 
0.290 
0.331 
0.325 

0.349 
0.332 
0.318 

0.268 
0.309 
0.365 
0.366 

0.229 
0.333 
0.347 
0.369 
0.372 

se 

0.023 
0.055 
0.055 
0.056 
0.051 
0.056 
0.056 
0.052 
0.026 

0.045 
0.055 
0.063 
0.060 
0.058 
0.060 
0.064 

0.076 
0.065 
0.063 

0.054 
0.060 
0.071 
0.072 

0.045 
0.061 
0.066 
0.071 
0.072 

r 9 

0.832 
0.916 
0.950 
0.975 
0.999 
0.999 
0.970 
0.916 
0.873 

0.883 
0.942 
0.969 
0.992 
0.998 
0.994 
0.955 

0.951 
0.983 
0.998 

0.930 
0.975 
0.999 
0.999 

0.883 
0.919 
0.972 
0.998 
1.000 

se 

0.064 
0.063 
0.046 
0.044 
0 .033 
0.037 
0.040 
0.055 
0.070 

0.070 
0.055 
0.044 
0.035 
0.025 
0.040 
0.048 

0.044 
0.034 
0.021 

0.062 
0.036 
0.022 
0.009 

0.070 
0.049 
0.029 
0.016 

— 

r P 

0.645 
0.780 
0.805 
0.827 
0.839 
0.838 
0.834 
0.810 
0.768 

0.757 
0.842 
0.851 
0.879 
0.871 
0.876 
0.850 

0.881 
0.897 
0.907 

0.800 
0.907 
0.962 
0.989 

0.757 
0.879 
0.947 
0.985 
1.000 

s e 

0.006 
0.006 
0.006 
0.006 
0.005 
0.005 
0.005 
0.006 
0.006 

0.007 
0.006 
0.005 
0.005 
0.004 
0.005 
0.005 

0.005 
0.004 
0.003 

0.006 
0.004 
0.002 
0.001 

0.007 
0.005 
0.003 
0.002 

— 

Si 

71 
86 
76 
62 
51 
57 
67 
59 
48 

341 
343 
287 
231 
223 
254 
259 

703 
581 
519 

2130 
3249 
4793 
5529 

341 
1290 
2407 
4026 
5978 

sed) 

12 
17 
15 
12 
10 
12 
11 
11 
6 

66 
60 
56 
51 
44 
48 
50 

134 
113 
102 

428 
632 
922 

1072 

66 
235 
451 
770 

1146 

E 

83 
99 

101 
100 
98 
99 
99 
93 
86 

94 
103 
103 
101 
100 
101 
98 

103 
103 
102 

100 
102 
104 
102 

94 
100 
102 
102 
100 

a> kg2 * 10-2 

b> ratio correlated and direct response/year for 305-day fat yield 

c) day i to j post partum 

d) lower bound for large sample s.e. 

Genetic correlations 

The genetic correlations between cumulative partial or predicted 

305-day yield and 305-day yield are also given in the tables 

2 - 4 . Cumulative yield in mid-lactation was highly correlated with 

305-day yield. The genetic correlations were equal to 1 for all 

cumulative monthly and two-monthly yields between 121 and 180 days 

post partum. Genetic correlation were lowest at the beginning and 
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Ifeble 4. Heritabilities, genetic and phenotypic correlations with 305-day protien 

yield, between-sire variance components3' and efficiency of selection (E)b' 

for cumulative (Pj_j)c> and extended lactation (PPj_j) protein yield 

P 1 -30 
p 3 1 - 60 
p 6 1 - 90 
p 91-120 
p121 -150 
p151-180 
p181-210 
p211-240 
p241-270 

p 1 - 6 0 
p 3 1 - 90 
p 61-120 
p 91-150 
p121-180 
p151 -210 
p181-240 

p31-120 
p61-150 
P91-180 

PP1- 60 
pp1-120 
Pp1-180 
Pp1-240 

p 1 - 60 
p1-120 
p1-180 
p1-140 
p1-305 

h2 

0.104 
0.183 
0.228 
0.294 
0.302 
0.264 
0.251 
0.202 
0.186 

0.177 
0.245 
0.292 
0.345 
0.318 
0.290 
0.245 

0.295 
0.341 
0.351 

0.203 
0.302 
0.327 
0.317 

0.177 
0.266 
0.324 
0.328 
0.331 

se 

0.033 
0.042 
0.045 
0.054 
0.056 
0.051 
0.052 
0.044 
0.043 

0.038 
0.053 
0.059 
0.069 
0.064 
0.060 
0.051 

0.062 
0.068 
0.069 

0.045 
0.062 
0.066 
0.065 

0.038 
0.055 
0.064 
0.067 
0.068 

r 9 

0.762 
0.953 
0.980 
0.995 
0.998 
0.999 
0.963 
0.943 
0.899 

0.868 
0.978 
0.990 
0.992 
0.999 
0.993 
0.965 

0.983 
0.989 
0.996 

0.894 
0.983 
0.995 
0.999 

0.868 
0.951 
0.980 
0.995 
1.000 

se 

0.137 
0.080 
0.062 
0.051 
0.048 
0.048 
0.048 
0.057 
0.073 

0.085 
0.049 
0.014 
0.031 
0.019 
0.034 
0.048 

0.039 
0.032 
0.025 

0.079 
0.036 
0.021 
0.011 

0.085 
0.048 
0.029 
0.015 

— 

r P 

0.623 
0.774 
0.817 
0.837 
0.850 
0.851 
0.847 
0.831 
0.790 

0.741 
0.842 
0.860 
0.885 
0.881 
0.889 
0.869 

0.883 
0.902 
0.911 

0.772 
0.897 
0.955 
0.988 

0.741 
0.877 
0.944 
0.983 
1.000 

se 

0.008 
0.006 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 
0.006 

0.007 
0.005 
0.004 
0.004 
0.004 
0.004 
0.005 

0.004 
0.004 
0.004 

0.006 
0.004 
0.002 
0.001 

0.007 
0.005 
0.003 
0.002 

— 

Si 

22 
24 
29 
38 
40 
36 
35 
28 
25 

105 
114 
138 
163 
159 
145 
127 

290 
340 
360 

861 
1745 
2368 
2659 

105 
468 

1158 
1970 
3028 

sed) 

7 
6 
6 
7 
7 
7 
7 
6 
6 

23 
25 
28 
32 
32 
30 
26 

60 
68 
71 

90 
358 
473 
539 

23 
96 

227 
400 
617 

E 

77 
96 

100 
105 
104 
101 
97 
91 
86 

91 
102 
104 
106 
104 
101 
95 

104 
106 
106 

95 
104 
104 
102 

91 
100 
103 
102 
100 

a) kg2 * 10-2 

b) ratio of correlated and direct response/year for 305-day protein yield 

c) day i to j post partum 

d) lower bound for large sample s.e. 

the end of lactation for milk, fat and protien yield. Genetic cor

relation between M-| _3Q and M-| -305 was only 0.611, whereas it was 

higher than 0.762 for all other cumulative monthly records. Genetic 

correlations between part lactation or predicted 305-day yield and 

305-day yield showed an increase to 1 as the partial record was 

lengthened. Genetic correlations between predicted 305-day and 

305-day yields were much higher than between part lactation and 

305-day yields, especially when the part lactation was no longer 
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than 120 days. Genetic correlations were almost equal to 1 when 

180-day records were extended to 305-day equivalents, whereas they 

were equal to 0.955, 0.972 and 0.980 for milk, fat and protein 

respectively, if no extension was carried out. 

Efficiency of selection 

The efficiency of selection of bulls and cows on part lactation 

records, expressed as the ratio in percentages between correlated 

and direct response for 305-day yield per year, is shown in tables 

2-4. For milk yield, highest efficiencies were found for M-|21-150' 
M91-150» M61-150 a n d M91-180- F o r t n e f a t traits F3i_90, F 6 1 _ 1 2 0 F 
F31-120» F61-150 an<3 PF1-180 efficiencies were higher than 102. The 

maximum value of 104 was for PF-|_180- Considering protein yield the 

efficiency was highest for P91-150' p61-150 anc^ p91-180- When 

looking at part lactation records up to 180 days post partum, in 

all cases an increase in efficiency was found when these records 

were extended to 305-days or when the first month(s) were deleted 

in calculating cumulative yield. 

DISCUSSION AND CONCLUSIONS 

For cumulative monthly milk yield heritabilities were highest in 

mid-lactation which is in agreement with results, reported by Van 

Vleck and Henderson (1961a), Auran (1976a) and Danell (1982a). The 

heritabilities for monthly protein yield followed a similar 

pattern. The monthly fat estimates for heritabilities and variances 

between sires showed a somewhat irregular pattern, possibly due to 

seasonal effects within herd-year-seasons. When comparing cumula

tive yields over an one or three month period in mid-lactation 

respectively, the heritability increased by 0.03 for milk, by 0.04 

for fat and by 0.05 for protein yield. For cumulative milk and 

protein yield over two or three months in mid-lactation, heri

tabilities were close to their 305-day values. For fat yield they 

were approximately 0.06 lower. 
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Heritabilities for M-|_3Q, F1-30 a n d p1 -30 were lower than 0.159, 

indicating that genetic differences for cumulative yields between 

cows at the beginning of lactation were considerably lower than 

over other intervals. Van Vleck and Henderson (1961a) found an 

increase in heritability from 0.11 for M-) _3Q to 0.22 for Mg-| _gn and 

Danell (1982a) reported an increase from 0.16 for M-]_3Q to 0.27 for 
M151-180 in 1972 data of purebred Swedish Red and White cows. When 

60-day yield was considered, the heritability was higher for 

cumulative yield from day 31 to 60 post partum than day 1 to 60 

despite the fact that number of observations was higher in the 

latter case. In addition the genetic correlation with 305-day yield 

was 0.033-0.105 higher. This shows clearly that a selection for 

cumulative yield from day 31 to 60 post partum is much more 

efficient than a seleclon for 60-day records. 

Genetic correlations between cumulative yield in the period between 

121 and 180 days pp. and 305-day yield was equal to 1 for milk, fat 

and protein, indicating that these traits are influenced by the 

same genes. Similar results were obtained by Van Vleck and 

Henderson (1961a), Auran (1976a) and Danell (1982a) for milk yield 

and by Danell (1982a) for fat yield. 

Genetic correlations between Mgi_i80f F91-180 o r p91-180 an& their 

305-day equivalents were higher than 0.985. A 0.99 genetic correla

tion was reported between Mgi_i80 a n d M1-305 by Agyemang et al. 

(1985b). Selection of bulls or cows based on, for example, 
M121—150 will result in the same ranking as selection based on 
M1-305» provided that repeatabilities are equal. 

When 180-day records were extended to 305-day equivalents, the 

genetic correlation with 305-day yield was also equal to one. 

Genetic correlations betweeen 305-day yields extended from 60 or 

120 day yields and real 305-day yields were lower than one, indica

ting that extended yields can be different traits. 

Results with regard to the efficiencies of selection indicated that 

selection based on part lactation records is not worthwhile. An 

extension to 305-day equivalents resulted in higher efficiencies, 

especially for 60 and 120-day yields. On the other hand efficien

cies of selection for 60 and 120-day yields were increased with 
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3-9% when first 30 or 60-days were omitted in calculating cumu

lative yield. The reason for this is that both the genetic correla

tions between monthly and 305-day yield and the heritabillties of 

cumulative monthly yield showed a more or less curvilinear pattern. 

In part lactation yield, however, all monthly yields are equal 

weighted. 

The maximum increase in annual respons of 305-day yields was when 

bulls and cows were selected for M121-150' M91-150' M61-150 o r 

M91-180 f o r milk, PF-| _-| 8 0 for fat and Pgi-150» p61-150f p91-180 f o r 

protein yield. Apart from repeatabilities, a selection based on, 

for example, M51 _•) 50 will result in small changes of ranking of 

cows or bulls, when compared with selection based on M-|_3Q5. The 

genetic correlation was 0.965 and selection based on Mg-| _-| 50 may 

lead to selection for higher peak yield resulting lower 

persistency. In order to circumvent such undesired increases of 

correlated responses, the trait with highest correlated response in 

305-day yield and a close to one genetic correlation with 305-day 

yield may be chosen as the trait to select for. 

As a result selection based on M121-150» M91-180» PF1 -180 anc^ 
p91-150 o r p91-180 Is o n e °f the best alternatives for selection 

based on 305-day milk, fat and protein yield. M9-1 _-| 30 and P91-I8O 

may be chosen in stead of M-|21-150 an<^ p91-150 because of slightly 

higher heritabilities. 

Efficiency of selection was defined as a ratio in percentages 

between correlated and direct response for 305-day yield per year. 

This ratio is determined by the genetic correlation, the 

repeatability of predicted breeding value and the generation 

interval. The repeatability of a sire's breeding value is 

determined for the most part by the heritability and number of 

daughters. For cows it is mainly determined by the heritability. 

The heritabilities of Mg-|_-|80' PF1-180 a n d p91-180 w e r © 0.320, 

0.365 and 0.351 respectively. The highest values of all other 

alternatives for a selection on 305-day yield were 0.326, 0.369 and 

0.341 for milk, fat and protein yield respectively. Thus, as far as 

the repeatability was concerned, Mg-|_-|80f PF1-180 a n d p91-180 w e r e 

also interesting as alternatives for selection for 305-day yield. 
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The efficiencies of selection based on PM-|_-|80 o r pp1-180 w e r e 2% 

lower than Mgi_igo or Pgi-180' T n e genetic correlation of these 

extended yields with 305-day yields were equal to 1 and their 

heritabilities were close to the values for 305-day yield. On the 

other hand the efficiency of selection for Fg-|_-|80 w a s 2% lower 

than selection for PF91-180- Consequently, choosing for one 

standard measure for practical simplicity, selection for Mg-|_i80» 
F91-180 a n d p91-180 yield slightly better results than selection 

for PM-|_i80, PF-|_i80 and PP-|_180-

The effect of heifer selection was not considered in estimating 

genetic parameters because of saving computer expences. It may be 

worthwhile to re-estimate genetic parameters for the best 

alternatives in order to look at the effects on genetic parameter 

estimates when incomplete records are included. 

In conclusion selection for 305-day milk, fat and protein yield can 

be replaced by selection for Mg-|_i80» PF1-180 an(^ p91-180 resulting 

in 5%, 4% and 6% additional annual response in 305-day yield for 

milk, fat and protein respectively. In considering these traits in 

sire evaluation, potential of bias by selection in daughters has 

decreased and influences of days open are absent. When performing a 

two-trait BLUP analysis to, for milk yield, M31_go and Mg-|_i80' the 

effect of selection on sire evaluation is minimized if selection is 

on milk yield. In such a two-trait BLUP, breeding values for sires 

based on progeny records, will be predicted when some daughters 

have completed records for M3i_gn> Such breeding values can serve 

as a preliminary selection criterium. The final selection can be 

carried out when enough daughters have completed records for 
M91-180- T n e same procedure can be followed for selection of 

bull-dams. When a cow has completed M31-60t cows with best indices 

for M31_6Q may be assigned as potential bull-dams who are 

inseminated with the best bulls. A final selection can be carried 

out on Mg-j _•) so • 
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ABSTRACT 

Genetic and phenotypic correlations among cumulative milk, fat and 

protein yield in different periods and between extended and actual 

305-day yield of 3206 first lactation records were estimated by 

restricted maximum likelihood, with and without including incom

plete lactations i.e. lactations with fewer than 270 days in milk. 

Including incomplete lactations, all genetic correlations among 

cumulative yields through the second month, second-trimester and 

the first 305 days varied from 0.872 to 1.007. Heritabilities 

ranged from 0.254 to 0.327 for second-month, from 0.288 to 0.338 

for second-trimester and from 0.300 to 0.353 for 305-day milk, fat 

and protein yield. Between-sire variances and heritabilities were 

increased for second-month yields when incomplete lactations were 

considered. Results suggested selection for milk yield. 

Genetic correlations between extended 60-day and actual 305-day 

yield were 0.864, 0.911 and 0.869 for milk, fat and protein yield 

when incomplete lactations were considered. Phenotypic correla

tions were 0.840, 0.805 and 0.781 which were close to expected. 

Incomplete lactations revealed differences from completed lacta

tions in level of production and rate of decline after peak yield. 

Extension of incomplete lactations with means and extension fac

tors for complete lactations is justified. Selection for 

second-trimester yield is an interesting alternative for selection 

on 305-day yield. 

INTRODUCTION 

Predicted breeding values for dairy sires, based on 305-day yields 

of heifers, may be biased by selection. Fimland (1983) showed that 

the largest potential of bias in sire evaluation was not related 

to non-random mating but rather to culling of heifers. 

In a previous paper (Wilmink, 1986c), efficiency of selection for 

cumulative yields calculated over different periods in first lac

tation or for extended part lactation yields was investigated. 
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Selection for second-trimester yield, i.e. yield from day 91 to 

180 post partum, resulted in highest overall additional gain in 

305- day yield, 5% for milk, 2% for fat and 6% for protein. 

Genetic relations of second-trimester yield with 305-day yield 

were equal to unity, meaning that the two yields are the same 

traits genetically. Selection for extended 180-day yields resulted 

in almost as much additional gain in 305-day yield as selection 

for second trimester yield. An advantage of selecting for second-

trimester or extended 180-day yields is that potential of selec

tion bias in sire evaluation has decreased. 

Eriksson (1981) and Pollak et al. (1984) among others, showed that 

a multi-trait analysis adjusts for selection when selection was 

for the trait in the model or for a correlated trait and when all 

records were available. It is therefore expected that a two-trait 

analysis for second-month and second-trimester yields will mini

mize the potential of bias. Second-month yield instead of 60-day 

yield is prefered because of higher heritability and genetic cor

relation with 305-day yield (Wilmink, 1986c). Applying a two-trait 

analysis, estimates of genetic parameters for second-month and 

second-trimester yield, based on both complete and incomplete 

records should be available. To examine the effect of selection, 

such estimates might be compared with estimates of genetic para

meters, when incomplete lactations are not considered. 

On the other hand, in-progress and incomplete lactations may be 

extended to 305-day equivalents, allowing the inclusion of incom

plete lactations in a single trait analysis of 305-day yield. 

Although the genetic correlations of extended part lactations, 

less than 180 days in milk, with 305-day yields are less than 1 

(Wilmink, 1986c), a single-trait analysis on extended part 

lactation and 305-day yield is still of interest because of 

greater simplicity and less computation compared to a multi-trait 

analysis. However, prediction methods are developed from complete 

lactations. A use of these methods for extending incomplete lacta

tions has not been validated. 

The purpose of this study was 1) to estimate genetic and phenoty-
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pic relations among cumulative milk, fat and protein yield from 

second-month, second-trimester and 305-day lactation, with and 

without including incomplete lactations, and 2) to validate the 

prediction method, presented in Wilmink (1986b), for extending 

incomplete lactations. 

MATERIAL 

The data comprised indiv idual t e s t -day and cumulative monthly 
milk, f a t and p ro te in y i e l d s , of Black and White he i f e r s (data se t 
I ; Wilmink, 1986c). Test-day y ie lds were known with an equal 
i n t e rva l of 20 days, s t a r t i n g a t day 10 post partum. No r e s t r i c -

Table 1. Means and standard deviations (sd) for the t r a i t s analyzed, based on a l l 
records (data se t I ) or records of young bulls (data se t I I ) 

data s e t I 
x 1 0

a > 
x 30 
x 50 
x 70 
x 90 
x110 
x130 
x150 
x170 
*190 
x210 
x230 
x250 
x 270 
x290 

data s e t I I 
v 3 1 - 6 0 a ) 

Y91-180 
v1-305 
*1-60 
y61-305 
x 50 
P*1-60 

no . of 
records 

25244 
25165 
24986 
24811 
24621 
24405 
24166 
23917 
23662 
23364 
23090 
22777 
22083 
20261 
16017 

3923 
3735 
3206 
3923 
3206 
3923 
3923 

% 
missing'3 ' 

0 
0 
1 
2 
2 
3 
4 
5 
6 
7 
9 

10 
13 
20 
36 

0 
5 

18 
0 

18 
0 
0 

milk 

mean 

18.8 
19 .9 
19.6 
19.1 
18 .5 
17.9 
17 .3 
16.7 
16.1 
15 .5 
15 .0 
14 .3 
13.6 
12 .9 
12 .3 

587 
1546 
5066 
1158 
3889 
19.6 
5046 

(kg) 

sd 

3 .8 
3 . 4 
3 .5 
3 .4 
3 . 4 
3 .3 
3 . 3 
3 .3 
3 .3 
3 .3 
3 .3 
3 . 4 
3 .4 
3 .4 
3 .4 

100 
279 
844 
196 
699 
3 . 4 
751 

f a t (kg*10-') 

mean 

8.09 
8.04 
7.88 
7.69 
7 .49 
7.30 
7 .14 
7.00 
6.87 
6.74 
6.60 
6 .47 
6.31 
6.14 
6.00 

233 
632 

2133 
472 

1652 
7 .72 
2125 

sd 

2 .07 
1.66 
1.56 
1.50 
1.45 
1.41 
1.39 
1.37 
1.37 
1.38 
1.38 
1.40 
1.43 
1.46 
1.50 

44 
112 
349 
93 

283 
1.49 
301 

prote in (kg*10"') 

mean 

6.27 
6 .16 
6.09 
6 .02 
5 .94 
5.85 
5 .75 
5 .63 
5.51 
5.38 
5 .24 
5 .09 
4.92 
4 .73 
4 .58 

182 
511 

1688 
368 

1315 
6.02 
1678 

sd 

1.30 
1.10 
1.09 
1.09 
1.10 
1.10 
1.10 
1.10 
1.11 
1.12 
1.14 
1.15 
1.17 
1.18 
1.20 

31 
90 

274 
62 

229 
1.06 
234 

a) xt = test-day yield at day t post partum 

Y;j_j = cumulative yield from day i to j post partum 

PY-1-60 = 60-day yield extended to 305 day equivalent 

b' % missing in relation to x-|g or Y31-6O 

82 



tion was made on length of lactation. 

Data set I consisted of records of 97 proven and 204 young sires 

and was used for describing the lactation curves pertaining to the 

different classes of length of lactation. 

Data set II was formed out of data set I with records of 31 proven 

and 175 young sires to estimate between and within-sire variance 

and covariance components. Number of sires in data set II was 

diminished because inversion of a matrix with dimension number of 

sires by number of traits was required. Further, records in a 

herd-year-season were removed when these were of proven sires 

only. In other herd-year-seasons, for each proven sire one record 

was kept at random to save computer time. 

Cumulative yields were designated as v i - j , where i and j denote 

days post partum, and test-day yields were designated as x̂ -, where 

t refers to number of days post partum. Finally 60-day lactations, 

extended to 305-day equivalents, were designated as PYi_go-

An outline of the traits analysed with their means and standard 

deviations is in table 1 . 

METHODS 

Estimation of variance and covariance components 

Between and within sire variance and covariance components in data 

set II were estimated by a multivariate mixed model (1) for two 

traits: 

*1 

lY2j 

X11 0 

o x21 

f \ f 
+ bn 

b21 

X12 
0 

0 ' 
x 22 , 

r \ 
t»12 
b22 

+ 

^ 

Z1 0 

0 z2 

S1 
s 2 , 

ei 

62 

(1) 

Where v1 

1*2 ) 

a vector of observations for traits 1 and 2; 
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fc>11 

* » 2 1 
V / 

b 12 

b 2 2 

( \ 
S1 

,S2 , 

' • 1 ' 
e2 , 

a vector of herd-year-seasons and breed effects, 

for traits 1 and 2; 

a vector of linear and quadratic regression 

coefficients for age at calving for traits 1 and 2; 

a vector of sire contributions for traits 1 and 2; 

= a vector of residuals for traits 1 and 2. 

Incidence matrices X-| -j , X21 , Z-| and Z2 were known and matrices 

X-| 2 and X22 consisted of covariables age at calving and age at 

calving squared. In model 1, proven sires were considered fixed 

because their offspring originate from selective matings. For 

young sires the following assumptions were made with respect to 

expectation and variance: 

s1 

S2 

(0) 

0 
and var S1 'itn It, 2^ 

It-|2 It22 

where I is the identity matrix and t-| 1 , t-| 2 and t22 a r e variance 

and covariance components between sires. The expectation and 

variance structure of residuals were assumed to be: 

62 0 
and var «1 

e2 

'Ir11 Ir12^ 

Ir12 lr22 

where r-| -) , r-\ 2 and r22 a r e variance and covariance components 

within sires. Furthermore, cov (s, e) = 0. 

Seasons were defined from February through August and from Septem

ber through January. Breed classes were defined for 1) 100%, 2) 

87.5, 75.0 and 62.5%, 3) 50 and 37.5% and 4) 25, 12.5 and 0% Dutch 

Friesian. Crosses were Dutch * Holstein Friesian. 
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To examine the effect of selection, variance and covariance compo

nents were estimated with and without incomplete lactations, that 

latter defined as lactations terminated before 270 days in milk. 

When incomplete lactations were omitted, traits 1 and 2 were known 

for each heifer with equal design matrices, and estimation of 

variance and covariance components was according to Meyer (1985) 

using a transformation of original traits to canonical scale. When 

incomplete lactations were considered, the algoritm described by 

Meyer (1986) was used. Each algorithm is iterative and computation 

of variance and covariance components was stopped when differences 

between two succesive rounds were less than 1%. Priors were deri

ved from an univariate analysis for each trait and from the corre

lation between the sire breeding values and between residuals. 

Genetic variance or covariance were calculated as 4 times the 

estimated between-sire variance or covariance component. Phenoty-

pic variances or covariances were the sum of estimated between-

and within-sire variance or covariance components. 

Extending incomplete lactations 

The validity of the prediction method (Wilmink, 1986b) for exten

ding incomplete lactations was examined two ways: 1) a comparison 

of the rate of decline of lactation curves for incomplete and 

complete lactations, and 2) a comparison of expected and estimated 

genetic and phenotypic correlations between extended 60-day and 

actual 305-day yields. 

First generalized least square (GLS) means were estimated for all 

test-day yields of lactations of different lengths in data set I 

with an univariate mixed model. By fitting functions to these GLS 

means, it can be judged whether different means and prediction 

factors should be used to extend incomplete lactations and 

lactations in progress. At each stage of lactation i.e., at day 

10, 30.... post partum, test-day yields were analysed by (2): 
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Y = X-|bi + X2b2 + X3b3 + Zs + e ( 2 ) 

where Y = a vector of test-day yields at day t post partum; 

b3 = a vector of fixed effects for classes of lactation 

length; 

X3 = a known incidence matrix. 

Other elements in (2) are as in (1); in model 2, proven sires were 

fixed. Young sires were considered random with: 

e 

(_. \ 
and var 

e 

Iti 0 

0 Irjj 

Variance components t^ and r-L were estimated by restricted maximum 

likelihood using Fisher's method of scoring (Searle, 1979). After 

solutions were converged, the mixed model equations were solved 

for b3. GLS means were estimated from b3 and from the subclass 

mean for the lactation length class with the highest number of 

observations. 

Nine classes of lactation length were defined: 51-90, 91-130, 

131-170, 171-210, 211-250, 251-290, 291-330, 331-370 and more than 

370 days in milk. 

The following function was fit to the GLS means per lactation 

lenght class: 

f(t) = a + bt + ce-0-05t + de0.04(t-305) ( 3 ) 

where t is the number of days in milk; a, level of production; b, 

rate of decline after peak yield, i.e. about 50 days post partum; 

c, rate of incline at the beginning of lactation; and d, increased 

rate of decline at the end of lactation. Parameter d was zero when 

lactations were shorter than 250 days. Equation (3) was a modifi

cation of the function described in Wllmink (1986a) in order to 

fit the biological pattern of lactation curves as well as possi

ble. Inclusion of a quadratic term dt^ (Wilmink, 1986a) in stead 

of de°-04(t-305) yielded a fit that was as close as (3), but which 
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had the disadvantage that parameters b and d each represented rate 

of decline after peak yield. The parameters b in (3) for different 

lactation length classes, were compared. 

Second, expected genetic and phenotypic correlations between 

PY-|_6o and Yi_3Q5, when incomplete lactations were included, were 

derived and compared with estimated values. PY-|_5g was chosen 

because it was assumed to be highly affected by incomplete lacta

tions. To derive the expected correlation, PY-i_60 and Y-| _305 were 

written as: 

PY1-60 = Y1-60 + PY61-305 + b* (xL - xL) (4) 

and 

Y1-305 = Y1-60 + Y61-305 (5) 

where b*, PY61-305 a n d *L a r e prediction factor, average remaining 

and last test-day yield. Averages PYg-|_305 an<3 XL were derived 

from within herd lactation curves, which were estimated from the 

mean X50 and mean Y-|_3Q5 within herd in the previous year 

(Wilmink, 1986b). The expected genetic and phenotypic correlation 

between PY-] _SQ and Y-|_305 was calculated from: 

var(Yi_305> = var(Y-|_60) + var( Y61 _3 0 5) +2 cov(Y-| _60 ,Y61 _3 0 5 ) (6) 

var(PY-|_60) = var(Y-|_60) + b*avar(xL) + 2b*cov(Y-| _60'XL> <7) 

cov(PYi_60,Y-|_305) = var(Y-|_6o)+ b*cov(Yi _60 ,xL)+ b*cov( Y6-| _305 ,xL) (8) 

In equations (6), (7) and (8) genetic and phenotypic variances and 

covariances were estimated by model 1, including incomplete lacta

tions. Covariances with means were assumed to be zero. The 

prediction factor b* was calculated as the phenotypic value for 

cov (Y6i_305f X5Q)/var (X50), which was the value for extending 

incomplete lactations and lactations in progress. The standard 

error of b* was neglected in deriving var(PYi_go) and 

cov(PY-) _5Q,Y-| _3Q5>, because it should be very small (Wilmink, 
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1986c). Expected heritability for PY-|_6o and genetic and 

phenotypic correlations between PY-| _gn and Y-|_3Q5 were derived 

from (6), (7) and (8). 

Correlations, calculated from equations (6) to (8), tell the rela

tion between PY-| _5Q and Y-|_3Q5, including incomplete lactations 

when the means PYg-|_305, xL and factor b*, which depend on age and 

season of calving and lactation length, are correct. These 

correlations are compared with the correlation between PY-) _go and 
Y1-305» estimated by model 1, when incomplete and lactations in 

progress were extended with the method in Wilmink (1986b). 

RESULTS 

Overall means and standard deviations are in table 1 for traits 

analyzed in data set I. GLS means for length * stage of lactation 

classes were based on these data. There was a gradual increase of 

missing records to 10% for test-day yields taken before 240 days 

post partum. Then there was another increase from 10 to 36% for 

test-day yields from 240 to 300 days post partum. For data set II 

means and standard deviations were based on records of young bulls 

because these determined, for the most part, estimates of variance 

and covariance components. Relative to the number of records for 
Y31-60 about 5% were missing for Yg-|_i80 an& about 18% for 

complete lactations. This 18% agreed well with the average 

percentage of incomplete records in the Dutch sire evaluation 

programme. 

Relations among cumulative yields 

Heritabilities, genetic and phenotypic relations among Y3i_gn, 
Y91-180 an(3 Y1-305 a r e summarized in table 2. For milk yield, the 

estimated between-sire variances increased by 33, 26 and 28% for 
Y31-60» Y91-180 a n d Y1-305 respectively, when incomplete 

lactations were considered; heritabilities increased by 36, 11 and 

18% respectively. For fat and protein yield, only estimates for 
Y31-60 a n d Y91-180 were affected by selection. Heritability 



Table 2 . Estimated between s i r e variance components and genetic parameters (standard 
error between brackets) for cumulative yields in f i r s t lactat ion 

milk (kg) 
*31 -60 a ' 

Y91-180 

*1-305 

f a t (kg*10-1) 
v31-60 

%l -180 

*1-305 

Prote in (kg*10 
Y31-60 

v91-305 

*1-305 

d 

514b> 
336 

3943 
3140 

30179 
23636 

115 
75 

509 
542 

5689 
5586 

-1) 
37 
25 

385 
397 

3126 
2973 

sec ) 

91 

822 

6699 

20 

130 

1326 

7 

90 

760 

genetic parameters0 ' 

Y31-6C 

0.306 
0.224 
0.872 
0 .863 
0.891 
0.846 

0.327 
0.232 
0.872 
0.890 
0.892 
0.901 

0.259 
0.186 
0.887 
0.904 
0.934 
0.946 

(0.061) 

(0.085) 

(0 .098) 

(0 .061) 

(0 .093) 

(0 .090) 

(0 .055) 

(0 .094) 

(0.087) 

Y91-180 

0.758 
0.746 
0.332 
0.299 
0.987 
0.974 

0.640 
0.632 
0.288 
0.336 
0.997 
0.995 

0.669 
0.659 
0.338 
0.386 
1.007 
0.998 

(0 .010) 

(0 .079) 

(0 .047) 

(0 .013) 

(0 .081) 

(0 .035) 

(0 .012) 

(0 .089) 

(0 .029) 

*1-30E 

0.840 
0.825 
0.937 
0.932 
0.300 
0.254 

0.785 
0.774 
0.907 
0.901 
0 .353 
0.358 

0.790 
0.777 
0.915 
0.911 
0.327 
0.326 

(0.008) 

(0.005) 

(0.079) 

(0 .009) 

(0 .006) 

(0 .086) 

(0 .009) 

(0 .006) 

(0 .084) 

a ' Yj_j = cumulative yield from day i t o j post partum 

b ' f i r s t l ine : incomplete lactat ions included ( s . e . not computed) 

second l ine : " " not included 

°) s . e . = lower bound for large sampling standard error 

d) on the diagonal: h e r i t ab l l i t i e s 

above the diagonal: phenotypic correlat ions 

below the diagonal: genetic correlat ions 

increased by about 40% for Y31_gg but decreased by 13% for 
Y91-180' between-sire variance changed by about +50 and -5%. 
Genetic and phenotypic co r r e l a t i ons changed s l i g h t l y when 
incomplete l a c t a t i on s were considered, except for genet ic 
co r r e l a t i on between Y3i_gn and Y-|_3Q5, which increased by 0.045. 
Genetic c o r r e l a t i on between Yg-j _•] so anc* Y1 -305 w a s almost equal to 
1 in each case . 



Extension of incomplete lactations 

GLS means for length * stage of lactation classes were fit by 

functions (equation (3)). Results are in table 3. Values for 

parameter b, representing rate of decline of yield after peak 

yield, were generally constant for lactations between 211 and 370 

days post partum. For shorter lactations however, b decreased. 

Plots of functions and GLS means are presented in figure 1• 

Clearly, curves of lactations shorter than 200 days showed a 

higher rate of decline after peak yield than lactation longer than 

200 days especially for fat and protein yield. 

Curves of lactations longer than 250 days showed an increased rate 

of decline at the end, especially for protein yield (figure 1), 

possibly due to effects of pregnancy. Of these lactations, less 

than 14% were coded as culled (table 3). Increased rate of decline 

Table 3. The parameters of the function3' fitted to lactations of different length and the percentages 

coded as culled 

lacta 

c lass 

1 

2 

3 

4 

5 

6 

7 

8 

9 

t ion length 

days tallied1 

51- 90 

91-130 

131-170 

171-210 

211-250 

251-290 

291-330 

331-370 

371-

98 

95 

93 

84 

45 

8 

3 

6 

14 

>> a 

17.9 

18.9 

18.8 

18.9 

20.0 

21.4 

21.9 

21.9 

22.0 

milk (kg) 

b 

-0.045 

-0.041 

-0.035 

-0.034 

-0.032 

-0.032 

-0.032 

-0.031 

-0.029 

c 

-2 .4 

-3.1 

-3 .0 

-2 .7 

-3 .2 

-3 .5 

-3 .8 

- 3 .9 

-3 .7 

d 

-3 .0 

-1 .4 

-0.1°> 

0.6 

a 

702 

737 

723 

734 

772 

819 

841 

848 

849 

f a t 

b 

-1.51 

-1.26 

-0.95 

-0.92 

-0 .79 

-0 .80 

-0 .83 

-0 .83 

-0 .75 

(kg*10" 

c 

-21 c) 

-31c> 

0C> 

-23 

- 3 d 

6°> 
- 3<=» 

- 5 ° > 
3°> 

3) 

d 

-66=) 

-20°> 

28 

22 

a 

542 

566 

565 

587 

614 

650 

659 

655 

654 

protein (kg*10"3) 

b 

-1.10 

-0 .86 

-0.67 

-0.71 

-0 .66 

-0 .63 

-0 .60 

-0 .52 

-0 .46 

c 

12°) 

-11°) 
4c) 

-12°) 

-25 

-25 

-28 

-25 

-16°) 

d 

-169 

- 89 

- 48 

- 24 

a) y = a + bt + ce-0.05t + ,^0.04(1-305) 

where t = days post partum 

d = 0 for classes 1-5 

b) % culled from the herd for some reasons, as given by the farmer 

°) not significant (p <.05) 
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KG MII.K/DAY 

21 r 

12 

KG FAT/DAY 

0.90 

0.60 

KG PROTEIN/DAY 

0.71r 

0.63 

0.47 

100 200 300 100 200 300 100 200 300 

DAYS IN MILK DAYS IN MILK DAYS IN MILK 

Figure 1. Estimated generalized least square means and lactation curves fit to 

these means. At 50 days post partum lines from below to upper refer to 

lactation length class 1 to 9 respectively 

at the end (parameter d, table 3), was highest for lactations 

between 251 and 290 days, and decreased for longer lactations. 

About 45% of lactations between 211-250 days were coded as culled. 

GLS means for this class appeared to have a constant rate of 

decline after peak yield (figure 1). 

Estimates for between-sire variance components, heritabilities and 

correlations between Y-| -305 and PY-|_gQ ar© in table 4. When 60-day 

yield were extended to 305-day yield, for complete and incomplete 

lactations, estimates for between-sire variances and for 

heritabilities of PY-| _$Q milk, fat and protein, and Y-| -305 milk 

increased substantially. The genetic correlation between PY-| _go 

and Y-|_3Q5 increased from 0.80 to 0.86 for milk, whereas there 

were small differences for fat and protein yield. 

Expected values for between-sire variance components, 

heritabilities and genetic and phenotypic correlations between 

Y-)_3Q5 and PYl-60» f°r milk and fat agreed with estimates 

obtained from analysis of Y-|_305 and PY-|_60 when incomplete 

records were considered. 

For protein expected genetic correlation was 0.065 higher than 

estimated genetic correlation, but expected heritability was 0.042 
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Table 4. Estimates for between sire variance component, heritability and genetic 

and phenotypic relations between 305-day yield (Y-|_305) and extended 60-day 

yield (PYi_60> 

milk (kg) 

ia) 

II 

III 

fat (kg*10-1) 

I 

II 

III 

Between 

*1-305 

23664 

30662 

— 

5582 

5784 

— 

sire component 

^1-60 

12115 

18103 

19557 

1778 

2502 

2952 

heritability 

*1-305 

0.254 

0.309 

— 

0.358 

0.356 

— 

P*1-60 

0.219 

0.300 

0.276 

0.223 

0.298 

0.305 

r<v1-305 

genetic 

0.804 

0.864 

0.879 

0.926 

0.911 

0.892 

- P*1 -60' 

phenotypic 

0.828 

0.840 

0.839 

0.794 

0.805 

0.788 

protein (kg*10~1) 

I 

II 

III 

2975 

3110 

— 

766 

1242 

1310 

0.326 

0.329 

— 

0.179 

0.267 

0.225 

0.882 

0.864 

0.934 

0.773 

0.781 

0.791 

a> I = estimates, not including incomplete lactat ions 

I I = estimates, including incomplete lactat ions 

I I I = expected estimates, including incomplete lactat ions 

lower than e s t i m a t e d h e r i t a b i l i t y . The e s t i m a t e s of pheno typ i c 

c o r r e l a t i o n s f o r p r o t e i n were i n agreement w i th expec t ed 

pheno typ i c c o r r e l a t i o n s . 

DISCUSSION AND CONCLUSIONS 

The purpose of u s i ng a t w o - v a r i a t e a n a l y s i s t o e s t i m a t e t h e 

v a r i a n c e and c ov a r i a n c e components was t o a ccoun t f o r b i a s due t o 

s e l e c t i o n on d a i r y per formance (Ro th s ch i l d e t a l 1979; Meyer and 

Thompson 1984 ) . Using a l l r e c o r d s e s t i m a t e s of s i r e v a r i a n c e s 
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increased for milk, fat and protein ^3-\S0t milk Y91 _•) so an& milk 
Y1-305- Results suggest that decisions about culling were most 

directly related to milk yield. 

Heritabillties for Y3i_go showed highest increase followed by 
Y91-180 including incomplete lactations. For Y-|_3Q5, only 

estimates related to milk were changed. Estimates of genetic and 

phenotypic correlations differed slightly irrespective of whether 

incomplete lactations were considered, except for genetic 

correlation between v3i_6o and Y-| -305 for milk, which was 0.891 

including incomplete lactations and 0.846 excluding incomplete 

lactations. This difference, however, might be not significant 

because of sampling errors. Genetic parameters, considering 

incomplete lactations agreed with estimates presented in Wilmink 

(1986c). Only for Y31_60» t n e heritabilities were higher in this 

study which means that selection on Yg-j _-) 30 is still one of the 

best alternatives to selection on v1-305* ^ n increased 

heritability for Y3i_gg means that this cumulative yield has 

become more interesting as a selection objective then previously 

(Wilmink, 1986c). 

Relative to number of records of young sires for Y3i_5o, about 5% 

was missing for Yg-|_i80 a n d 1 8 % f o r Y1-305- Hence, bias potential 

in sire evaluation has been reduced significantly, when Y91 _•] 30 is 

used instead of ^1-305- T n e bias in sire evaluation for 305-day 

yield will be minimized if all records for Y3i_gg and Ygi_-|80 a r e 

considered in a multitrait analysis. 

The level of production was lower for incomplete than for complete 

lactations. This agrees with Dommerholt (1975) and Auran (1977) 

who analyzed incomplete lactations for milk yield. The rate of 

decline after peak production was equal for lactations terminated 

between 211 and 370 days. Shorter lactations tended to have higher 

rates of decline, especially for protein yield. Results for milk 

yield agree with Dommerholt (1975), who found increased rate of 

decline for lactations shorter than 200 days, but are different 

from Auran (1977), who reported that rate of decline after peak 

yield was lower for incomplete than for complete lactations. 
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With regard to lactation curves, results suggest that other exten

sion factors are required for lactations shorter than 200 days. 

Level of production is much more affected by lactation length than 

rate of decline (figure 1). In prediction equation (4), PY^_j and 

XL are related to level of production, whereas b* is related to 

differences in rate of decline. In theory, therefore, level of 

production should be considered first when extending incomplete 

lactations. It is not known, however, what the reasons are for a 

faster decline of lactations of less than 200 days in milk. If 

illness and bad management are the reasons, it is not justified to 

use other prediction factors for incomplete lactations. 

Furthermore, differences in level of production for complete 

lactations within herd by age by season of calving subclasses may 

be as large as differences in level between complete and 

incomplete lactations. Adjustment for difference in level from 

subclass averages is performed by b*(xL - x^) in (4). 

In addition, using means and prediction factors for incomplete 

lactations different from those for lactations in progress, one 

does not know whether a lactation becomes incomplete or will 

remain in progress at the time of prediction of 305-day yield. For 

terminated lactations only, distinction can be made. Therefore the 

question whether it is valid to extend incomplete lactations with 

procedures used for lactations in progress. 

Genetic correlation between Y-j .305 and PY-|_go was increased for 

milk but remained constant for fat and protein yields. Expected 

genetic and phenotypic relations between PY-|_6Q and Y-|_3Q5 agreed 

with genetic parameters estimated from Y-| _305 an|3 PY1-60- This 

supports the concept that it is justified to extend incomplete 

lactations (Norman et al, 1985) and that the same procedure for 

extending lactations in progress can be used. 

Herltabilities and between sire variances for milk, fat and 

protein PY-|_go were increased when incomplete lactations were 

extended with a procedure for lactations in progress. This means 

that differences between predicted breeding values will increase 

when incomplete lactations are extended. 
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Extended incomplete lactations can be used in the ordinary sire 

evaluation scheme for 305-day yield to account for selection bias. 

This has the advantage that it is simple and requires much less 

computer time than a multitrait analysis. In this study, all 

extended part lactations were 60 days and a possible extension 

bias, which is influenced for the most part by the means in 

equation (4) was not investigated. Famula and Van Vleck (1981) 

reported an overestimation of 305-day yield when extending 

incomplete lactations. Use of correct means becomes even more 

important when lactations of different lengths are extended. 

Therefore the merit of using extended incomplete lactations to 

account for selection bias in sire evaluation has to be compared 

with a multitrait analysis before it can be applied in practice. 

In conclusion, genetic and phenotypic correlations changed 

slightly when incomplete lactations were considered. Second 

trimester yield is correlated, genetically, close to 1 with 

305-day yield and is an interesting trait for selection. Potential 

of bias in sire evaluation by selection of heifers then has 

decreased substantially. Another reduction in selection bias might 

be expected by using multitrait analysis or by extending 

incomplete lactations. For the latter, it is justified to use the 

same procedure as for extending lactations in progress. 
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Chapter 6 

GENERAL DISCUSSION 

Introduction 

Individual cow milk recording provides the basis to control herd 

management and genetic improvement (Craven and Warren, 1980). 

After introduction of the European common market quota system, 

farmers' income from producing milk can be increased only by 

decreasing production costs. As a consequence, the need to control 

herd management and genetic improvement has increased. 

Thus far, lactation indices are used in herd management for 

ranking cows on expected 305-day yield in current lactation rela

tive to herd average (Dommerholt et al., 1977a; Craven and Warren, 

1980; Bratt et al., 1986). The lactation index, reflecting cow's 

relative production capacity within herd, can be used to decide 

whether to inseminate a cow. In addition, herd indices are 

calculated by averaging all test-day yields, adjusted for age and 

season of calving and lactation stage per sampling (Dommerholt, 

1977b), or by predicting the herd milk yield for the next four 

weeks (Craven and Warren, 1980). Herd indices can be used to 

control feeding and health of the dairy herd. For genetic 

improvement, selection of bulls and cows is based on predicted 

breeding values for 305-day yields (Philipsson et al., 1978; 

Philipsson and Danell/ 1985). Cows and bulls are ranked relative 

to a common base, which is usually defined by population. 

Recently, Van Arendonk (1985) developed new management guides, 

representing future profitability of a cow, for supporting 

decisions on replacement of cows and on whether to inseminate a 

cow. The base in determining these guides is estimation of cow's 

relative production capacity within herd. Records from milk 

recording programs are not comparable within herd because of 

differences in age and season of calving, and lactation stage. 

A base requirement in calculating guides for management and in 
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predicting breeding values is correct adjustment for age and 

season of calving and lactation stage. 

In chapters 1 and 2 it was concluded that adjustment of milk, fat 

and protein yield for age at calving and lactation stage was 

improved . by using mathematical functions. Advantages of using 

mathematical functions are that correction factors can be derived 

for every smallest subclass, i.e. month for age at calving, and 

day for lactation length, and that level of production can be 

updated if it has changed in time. Adjustment factors for test-day 

fat and protein yield are presented in chapter 2. This allows a 

calculation of a herd index for fat plus protein yields. Such an 

index reflects the amount of energy produced per sampling better 

than a herd index for milk yield. 

In chapter 3, prediction of 305-day milk yield is investigated, 

which is useful for herd management and early selection of bulls 

and cows. Early selection may increase genetic progress in 305-day 

yield and reduces potential of bias by selection. These aspects 

are studied in chapters 4 and 5. 

In this chapter, thex general discussion of this thesis will be 

confined to 1) prediction of future production, 2) early selection 

of bulls and cows, 3) relation of second trimester yield with 

persistency and 4) definition of the breeding goal. 

Prediction of future production 

In chapter 3, prediction of future production was in two parts: 

estimation of averages within class of systematic environmental 

effects and use of prediction factors, derived from regression of 

remaining lactation yield on known test-day yields. It was shown 

that use of last known test-day only was as accurate as use of all 

known test-day yields in current lactation. Prediction factors 

were found to be insensitive to differences in herd by age by 

season of calving subclasses whereas within subclass averages were 

sensitive to these differences. Within subclass averages were 

obtained by back-adjusting within herd lactation curves for age 

and season of calving. Within herd lactation curves were estimated 
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from simple herd averages in the previous year for test-day yield 

at day 50 post partum and 305-day yield. 

The advantage of this procedure is, when used with correct 

adjustment factors for test-day yields, that bias in prediction is 

restricted to differences in herd level of production from year to 

year. In chapter 3, prediction bias was 76 kg when extending 

60-day milk yield of heifers. Using these extended 60-day yields 

in sire evaluation, bias in predicting breeding values might be 

152 kg. Further research should be directed to development of a 

procedure for better estimation of herd averages of test-day yield 

at day 50 post partum and 305-day yield and for accounting for 

herd-year-season interactions. 

In studying different methods to predict 305-day yields, milk 

yield was the only trait considered. The method, recommended in 

chapter 3, was applied to fat and protein yield in chapter 4 and 

5. Phenotypic correlations between extended part lactation fat or 

protein yields and their 305-day equivalents were only slightly 

lower than for milk yield (chapter 4, tables 2-4). Consequently, 

fat and protein yield is predicted as accurate as milk yield when 

using the method presented in chapter 3. 

Use of regression methods in predicting 305-day milk yield, 

results in generally smaller prediction error than use of ratio 

methods or exponential functions (Danell, 1982c). The dependency 

of the regression method on correct within subclass averages for 

last known test-day and for remaining lactation yield was seen as 

a serious drawback. However, in the ratio method, in which 

remaining part lactation yield is estimated by multiplying last 

known test-day yield with a ratio factor averages are also invol

ved in estimating ratio factors (Van Arendonk, 1981), and such 

ratio factors are dependent on effects such as level of produc

tion, and age and season of calving ( Wiggans and Van Vleck, 1979; 

Danell, 1982c). 

By estimating the average lactation curve, pertaining to a group 

of cows future test-day yields or part lactation yield in an 
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arbitrary period can be predicted unbiasedly (Wilmink, 1985). 

Prediction of future test-day yields is valuable in feeding advi

sory programs (Herland, 1980). Furthermore, part lactation yields 

in next lactation can be predicted when age and season of calving 

for next parturition are known. Averages are taken from the 

average lactation curve for that herd by age by season of calving 

subclass. Prediction factors may be derived from phenotypic 

correlations between test-day yields in successive lactations and 

phenotypic standard deviations of test-day yields. Predicted 

yields in next lactations may be used to predict the amount of 

milk within herds over an arbitrary period, which is useful to the 

farmer in the present European common market milk quota system. 

Early selection of bulls and cows 

In chapter 4, it was concluded that the highest increase in annual 

genetic gain for 305-day yield was obtained when selection was for 

second trimester milk and protein yield and extended 180-day fat 

yield. Choosing one measure for milk, fat and protein, selection 

based on extended 180-day yields resulted in slightly lower 

expected average correlated response in 305-day yield than selec

tion based on second trimester yields. Considering single trait 

selection and using genetic parameters and selection intensities 

in chapter 4, annual genetic gain amounted to 77.6 kg milk, 3.64 

kg fat and 2.54 kg protein cow-^ year~1 if selection was based on 

305-day yield. Single trait selection based on second trimester 

yield resulted in an additional 3.9 kg milk, 0.07 kg fat and 0.15 

kg protein cow-1 year-1. Corresponding figures were 2.3 kg milk, 

0.15 kg fat and 0.10 kg protein cow-^ year-^ when selection was 

based on extended 180-day yields. In The Netherlands selection on 

net-profit index is presently used. Net-profit index is a 

combination of predicted breeding values for milk, fat and 

protein, weighed by -0.125, 4.75 and 7.5 respectively (Wilmink and 

De Graaf, 1986). Selection based on net-profit index for second 

trimester yields resulted in an additional 2.9 kg milk, 0.05 kg 

fat and 0.13 kg protein cow-^ year-^. 

Klir et al. (1983) reported expected responses per generation 
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(selection intensity = 1) to sire selection of 738 pounds milk and 

30.1 pounds fat, when selection was based on 270-day yield. 

Using the sum of generation intervals in chapter 4, genetic 

progress was 34.8 pounds milk and 1.4 pounds fat cow-1 year-1. 

When selection was for second trimester yield and account was made 

for shorthening generation interval, expected correlated response 

was 36.0 pounds milk and 1.4 pounds fat cow-1 year-1 in the first 

270 days of lactation. These results indicate that selection for 

second trimester or extended 180-day yield is attractive. 

Presently, sires' breeding values for 305-day yields in first 

lactation are predicted by single trait Best Linear Unbiased Pre

diction (BLUP) methods (Henderson, 1973). In chapter 5, a 

two-trait BLUP analysis for second month and second trimester 

yield (MT-]80) o r a single-trait BLUP for extended and complete 

lactations (ST^XT) w a s recommended to select early and minimize 

bias by selection of heifers. 

To judge whether to use MT-|80 o r STgxT i-n practice, breeding 

values for second trimester yields and extended 180-day yields, 

including incomplete lactations of less than 180 days in milk, 

were estimated by MT-|80 a n d STEXT» respectively, from data used in 

chapter 4. No restriction was made on lactation length and sires 

were required to have at least 2 daughters; this resulted in 29796 

cows sired by 1094 bulls. Incomplete and 180-day lactations were 

extended using the prediction procedure in chapter 3. The model 

used was described in chapter 4 (model 1) for single-trait and in 

chapter 5 (model 1) for two-trait analysis. MT-|80 a n d STEXT were 

compared with MT305, a two-trait analysis for second month and 

305-day yield. 305-day breeding values from MT305 were chosen as 

reference because in MT305 sires were evaluated for 305-day yield, 

which is the present situation, and adjustment was made for 

selection of heifers. In addition, second trimester (ST-|so) an& 

305-day (ST305) yields were analyzed by single-trait BLUP methods. 

Rank correlations between sires evaluated by the different alter

natives and having more than 10 effective daughters (= number of 

daughters after absorption of fixed effects) in ST305 were at 
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Table 1. Rank correlations between sires, evaluated for milk, fat and protein 

yield in first lactation 

milk 

MTl80a) 

MT305 

ST180 

STEXT 

ST305 

f a t 

MT-I80 

MT305 

ST180 

STEXT 

ST305 

protein 

^ 1 8 0 

^ 3 0 5 

ST-ieo 

STEXT 

ST305 

MT180 

1.000 

0 .976 

0.989 

0.981 

0 .943 

1.000 

0.985 

0.988 

0.985 

0.961 

1.000 

0.985 

0.991 

0.988 

0 .963 

MT305 

1.000 

0.960 

0.982 

0.965 

1.000 

0.970 

0.984 

0.979 

1.000 

0.972 

0.984 

0 .975 

ST180 

1.000 

0.968 

0 .953 

1.000 

0.972 

0.965 

1.000 

0.976 

0.967 

STEXT 

1.000 

0 .948 

1.000 

0.960 

1.000 

0.957 

ST305 

1.000 

1.000 

1.000 

a> MP] 80 • multi trait analysis for second trimester yield 

MT305 = " ' 305-day yield 

^180 = single trait " " second trimester yield 

STEXT = " " " " extended 180-day lactations and 

incomplete lactations 

ST 3 0 5 = " • 305-day yield 

Number of sires = 241 

least 0.943 for milk, 0.960 for fat and 0.957 for protein yield 

(table 1). Rank correlations with MT305 were at least 0.960 for 

milk, 0.970 for fat and 0.972 for protein yield. 

In table 2 the distribution of sires over deciles is given, when 

selecting the top 30% on MT305. If the best 10% bulls (n = 24) are 

chosen on MT305, 1 to 5 bulls would be in the second 10% class if 

selection is on MT-|80» ST180' STEXT o r ST305-
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Table 2. Distribution of estimated breeding values for milk, fat and protein yield: 

deciles of Mr-|80» ̂ ISO' STEXT o r ^305 (vertical) by deciles for MT305 

(horizontal), selecting the top 30% for MT305a' 

mi lk 

1 

2 

3 

4 

f a t 

1 

2 

3 

4 

p ro te in 

1 

2 

3 

4 

MT180 by MT305 

1 

21 b) 

3 

21 

3 

20 

4 

2 

3 

17 

4 

3 

18 

3 

4 

18 

2 

3 

4 

16 

4 

3 

17 

4 

2 

19 

3 

STTso by MT305 

1 

20 

4 

21 

3 

19 

5 

2 

4 

14 

6 

3 

17 

3 

1 

5 

16 

3 

3 

6 

15 

3 

4 

16 

4 

3 

15 

6 

STEXT by MT305 

1 

21 

3 

23 

1 

20 

4 

2 

3 

16 

5 

1 

20 

3 

4 

17 

3 

3 

5 

16 

3 

3 

16 

5 

3 

19 

2 

ST305 by Mr3 0 5 

1 

20 

3 

1 

22 

2 

21 

3 

2 3 

4 

16 7 

6 15 

2 

2 

19 3 

3 17 

4 

3 

17 4 

4 16 

4 

a) gee table 1 

b) all entries are number of sires (total number = 241) 

Rankings of sires on MT-iso an(i STEXT w e r e more highly correlated 

with rankings on MT305, probably due to better adjustment for 

heifer selection, than with rankings on ST-|80 a n d ST305* 

Therefore, it is better to select on MT-|80 o r STEXT than on ST305. 

In general, sire rankings on second trimester, extended 180-day 

and 305-day yields were close but, due to a shorter generation 

interval, selection on MT-|80» STEXT o r ST180 n a s t o b e preferred. 

Rank correlations between MT-|80 an<^ sTl80 were at least 0.988. 

Both MT18O a nd ST-|80 c a n be used in evaluating sires for second 

trimester yield. The advantage of using MT-|80 instead of ST-|80 i-s 

that 1 ) a priliminary selection can be carried out when daughters 

of young bulls have only second month yields and 2) potential of 
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bias, due to selection of heifers, has been minimized. A 

disadvantage, however, is that much more computer power is 

required. In ST^XT young bulls can be selected preliminary when 

daughters have extended records (less than 180 days in milk). A 

final selection can be carried out when enough daughters have 

extended 180-day yields. Problems with STgxT' however, may arise. 

For example, there is a problem when young sires having only 

extended 60-day records are compared with sires having mostly 

extended 180-day records because of prediction bias (chapter 3) 

and because extended 60-day and extended 180-day records are 

different traits (chapter 4). 

Effects of pregnancy on milk production starts 4-5 months after 

conception (Danell, 1982a). Therefore second trimester or extended 

180-day yields are not influenced by number of days between 

parturition and conception, which is a valuable phenomenon in cow 

evaluation. In cow evaluation, second trimester yields seem more 

attactive than extended 180-day yields because of a possible 

higher prediction bias for excellent cows. 

Relations of second trimester yields with persistency 

It has been argued that persistency of production will decrease 

when selecting for cumulative yields early in lactation (Van 

Vleck, 1975, cit. by Danell, 1982c). The benefits of persistent 

milk production are reported by Danell (1982b). Using materials 

and methods in chapter 4, genetic and phenotypic correlations were 

estimated between two measures of persistency and second trimester 

or 305-day yield. Persistency was defined as the regression 

coefficient (b), fit to test-day yields after 50 days post partum 

(Wilmink, 1980), usually negative in value, and as the ratio (P) 

of cumulative yields from 180 to 270 days and from 0 to 90 days 

post partum in percentages (Danell, 1982b). Genetic correlations 

between b and second trimester yield were -0.237, -0.266 and 0.003 

for milk, fat and protein (table 3). Corresponding correlations 

between b and 305-day yield were -0.169, -0.223 and -0.004. P was 

correlated positively with second trimester and with 305-day 

yield. Genetic correlations were about 0.20-0.25 for milk, 0.08 
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Table 3. Genetic parameters for second trimester yield (V91-180'» 305-day yield 

(Y-| _3Q5), rate of decline of the lactation curve after 50 days post 

partum (b) and ratio of third trimester and first trimester yield (P) 

Estimated 

milk (kg) 

Y91-180 

*1-305 

b 

P 

fat <kg*10-1) 

v91-180 

Y1-305 
b 

P 

variances for sires 

between within 

3451 

29456 

10.52*10-6 

7.18 

503 

5938 

17.86*10-6 

6.72 

39042 

348222 

177.9*10-6 

87.0 

6000 

58321 

414.4*10-6 

131.1 

genetic parameters3' 

v91-180 

0.325 

*b> 

-0.237 

0.209 

0.309 

* 
-0.266 

0.074 

*1-305 

* 
0.312 

-0.169 

0.250 

* 
0.370 

-0.223 

0.084 

b 

-0.123 

-0.088 

0.223 

0.886 

-0.086 

-0.097 

0.165 

0.939 

P 

0.146 

0.180 

0.838 

0.305 

0.052 

0.006 

0.824 

0.195 

protein (kg*10"^) 

Y91-180 3 6 3 

Y1-305 3066 

b 3 .06*10-6 

P 3 .76 

3742 

33551 

207.1*10-6 

111.5 

0.354 

* 
0.003 

0.325 

* 
0.335 

-0.004 

0.320 

0.042 

0.075 

0.058 

0.942 

0.172 

0.192 

0.839 

0.130 

a> on diagonal: heritabilities, range SE: 0.021-0.072 

above diagonal: phenotypic correlations, range SE: 0.003-0.015 

below diagonal: genetic correlations, range SE: 0.028-0.206 
D' not estimated 

for fat and 0.32 for protein yield. Heritablities for P were 

0.305, 0.195 and 0.130 for milk, fat and protein, whereas 

corresponding heritabilities for b were 0.03-0.08 lower in value. 

An important advantage of persistent production is a better 

distribution of feed requirements over the entire lactation. 

Because feed requirements are determined by the amount of fat, 

protein and lactose in milk (Van der Honing, 1984) it is more 

interesting to look at the genetic correlations of b or P with 

second trimester and 305-day yield for fat and protein. In that 

case, there was almost no difference in genetic correlations 
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between b and second trimester or 305-day yield and no difference 

in genetic correlations between P and second trimester or 305-day 

yield (table 3). Correlated responses for b will be negative for 

fat and zero for protein if selection is for second trimester or 

305-day yield. As a result, rate of decline after peak yield will 

increase. Defining persistency as P, correlated responses are 

expected to be almost zero for fat and positive for protein. 

Positive relations of P with yield can be explained because P will 

increase in value if level of lactation curve has increased but b 

remains constant (Danell, 1982b). 

In conclusion, there is no difference in direction of expected 

correlated responses in persistency when selection is on second 

trimester or 305-day yield. 

Definition of breeding goal 

Breeding goal was defined as 305-day yield in first lactation 

(g-|). Because second trimester, extended 180-day and 305-day yield 

can be considered as genetically identical traits, it is not 

expected that genetic relations of second trimester and extended 

180-day yields with later lactation yields will deviate from 

genetic relations between 305-day and later lactation yields. 

Therefore it seems reasonable that use of life-time production as 

a breeding goal and use of first lactation records as observations 

has no impact on choice of alternatives for 305-day yield during 

first lactation as reported in chapter 4. 

When studying use of later lactation records in sire evaluation, 

breeding goal has to be clearly expressed. In a review, Strandberg 

(1985) concluded that life-time profit seemed to be the best 

breeding goal. When genetic correlation between first and second 

lactation was below 0.90 first and second lactation records could 

be considered in sire evaluation only for selection of sires to 

breed sons. Consideration of lactations later than first and 

second seemed not to be worthwhile. 

An evaluation of first and second lactation records, which has to 
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be done simultaneously because of high culling rate after comple

ting first lactation, will lead to increased generation interval 

anyway. To minimize this increase, cumulative yields over a 

certain period in second lactation, for example from day 60 to 150 

post partum, which are highly correlated with second 305-day 

yield, might be interesting to use as alternatives for 305-day 

yields in second lactation. 

Genetic correlations between first and second lactation milk yield 

were found to be higher than 0.90 in literature, when account was 

made for selection on first lactation yield in genetic parameter 

estimation (Strandberg, 1985). 

Using a genetic correlation between first and second lactation 

records of 0.91, Meyer (1983) found that accuracy of estimated 

breeding values was increased by 5-6% when first and second 

lactation records were analyzed simultaneously rather than only 

first lactation records. Meyer (1983) concluded that gain in 

accuracy was too small to warrant delay of selection. An advantage 

of using later lactations was improvement of the data structure 

due to more links among sires; this caused about half of the 

increase in accuracy. Young sires were evaluated more accurately, 

even if they had no second lactation records. In the Netherlands, 

the number of links between sires was increased by more than 100% 

(D.S. Koorn, pers. communication) after implementation of the 

maternal grandsire model (Quaas et al., 1979). Consequently, gain 

in accuracy caused by improvement of data structure when 

considering second lactations, would be less in the Dutch than in 

the British situation as described by Meyer (1983). When parts of 

second lactations are considered, the increase in generation 

interval will be still about 1 year, if selection for first 

lactation yield is based on second trimester yield. As a result, 

the need for considering a part of second lactation in sire 

evaluation is limited, when selection for first lactation yield is 

on second trimester yield. 
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SUMMARY 

Data of milk recording provides the basis to control herd manage

ment and genetic improvement of cows. Different management guides 

can be presented to dairy farmers. Breeding values are predicted 

for 305-day yields in order to select bulls and cows. However, 

breeding values should be predicted as early as practicable, so as 

to increase genetic progress and minimize prediction bias by 

selection. 

To calculate mangement guides and predict breeding values, 

adjustment of individual milk, fat and protein records for age and 

season of calving and prediction of 305-day yields should be made. 

For early selection, a number of information sources other than 

305-day yield in first lactation, may be interesting. The research 

in this thesis was directed towards 1) improvement of procedures 

to correct milk, fat and protein records 2) prediction of 305-day 

yield and 3) development of a procedure to predict breeding values 

for 305-day milk, fat and protein as early as possible. 

In the first chapter, influence of age at calving on 305-day milk, 

fat and protein yield was studied in relation to herd and 

population level of production. Age differences per herd level of 

production were estimated by a repeatability model using 49669 

305-day lactation records of pure-bred Dutch Friesians, calving 

from June 1979 until June 1982. Herds were grouped in 3 levels 

according to average 305-day milk yield. Second and third degree 

polynomial functions and a linear function including log of age at 

calving were fit to estimated age differences within and over 

parities for medium herd level. Best fit was a second degree poly

nomial for parity 1 (R2=0.996) and for parity 2 (R2=0.995), 

seperately. Age differences in third and higher parities were fit 

best by the linear function including log of age at calving 

(R2=0.967). Using these functions, age adjustment factors were 

calculated. At medium herd level, age factors increased from 0.717 

for heifers, aged 22-23 months at calving to 1.000 for cows of 

about 7.5 years old. Age factors between herd levels differed by 

only 0.017. It was concluded that one set of age factors could be 
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used for all herd levels. However, age factors differed by 

0.021-0.068 from factors estimated on records of cows calving in 

1970-1971 and producing about 1,000 kg less milk on heifer basis. 

These differences were less if level of production was updated. It 

was concluded that a more accurate age adjustment was obtained by 

using mathematical functions and updating mean production of 

heifers. 

Age differences at various stages of lactation for test-day milk, 

fat and protein yield were estimated by generalized least square 

methods on records of 14275 Dutch Friesians (chapter 2). 

Mathematical functions of days in milk and age at calving (in 

months) were fit to age differences. Adjustment for age at calving 

and stage in lactation by factors calculated from these functions 

was compared with adjustment by factors derived from constant 

estimates. F-values for age at calving decreased by 0.5, 0.8 and 

0.4 for milk, fat and protein, when factors derived from functions 

were used. Adjustment factors for month of calving were derived 

from constant estimates. It was concluded that use of mathematical 

functions in adjustment of test-day records for age at calving and 

lactation stage resulted in more precise correction. 

In chapter 3, regression and factor analysis models for predicting 

305-day milk yield, using means calculated from within herd 

lactation curves, were compared. In multiple regression and factor 

analysis all known test-day yields in current lactation were used 

as information sources, whereas last known test-day yield was used 

in single regression. Prediction of 305-day milk yield was split 

in 1) calculation of averages within herd-age- season subclasses 

and 2) estimation of predicting factors. Averages were calculated 

from lactation curves pertaining to a group of cows of the same 

age, freshening in the same month and performing the lactation in 

the same herd. These lactation curves were obtained by regression 

of the parameters in the lactation curve on mean test-day yield at 

50 days post partum and mean 305-day yield per herd and by 

back-adjustment for age and season of calving. 

Using these averages the correlation between predicted and 
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realized 305-day milk yield for parity 1, 2 and 3 and later 

increased from 0.86 to 0.99 when day post partum for the last 

known test progressed from 50 to 210. 305-day milk yield was 

predicted more accurately for heifers than for older cows. In all 

cases average predicted minus realized 305-day yield was positive 

which was influenced by year influences. Correlations between 

predicted and realized 305-day milk yield and standard deviations 

of prediction errors agreed with theoretical values. No 

differences were found between methods. Prediction factors were 

insensitive to differences in age and season of calving, whereas 

average prediction error within low level herds differed by only 

96 kg from average prediction error in high level herds when last 

known test was at 50 days post partum. Using the estimation 

procedure of means, accuracy of prediction was improved. The 

single regression model was recommended for prediction purposes in 

practice. 

In chapter 6 it was concluded that 305-day fat and protein yield 

was predicted as accurate as 305-day milk yield, when utilizing 

the prediction method as presented in chapter 3. 

Efficiency of selection defined as the ratio of correlated and 

direct response in 305-day yield on different cumulative or 

extended milk, fat and protein yield in first lactation, was 

studied (chapter 4). Genetic parameters were estimated from 

records of 20260 Black and White heifers, sired by 204 young and 

97 proven bulls. Genetic correlations between cumulative milk, fat 

and protein yield in mid-lactation (120-180 days post partum) or 

extended 180-day yields and the 305-day equivalents were unity. 

Genetic correlations between second trimester and 305-day yield 

were 0.985 for milk, 0.998 for fat and 0.996 for protein. Herita-

bilities for second trimester milk and protein yield and for 

extended 180-day fat yield were close to values for 305-day 

equivalents. Heritabilities for 305-day yield were 0.309 for milk, 

0.372 for fat and 0.331 for protein. 

Heritability for second trimester fat yield was 0.318. It was 

concluded that selection on second trimester milk and protein 

yield and extended 180-day fat yield were the best alternatives to 
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select for 305-day yield, in which case annual genetic response in 

305-day yield would be increased by 5, 6 and 4% respectively. 

Selection on second trimester fat yield resulted in 2% additional 

annual response in 305-day yield. Considering efficiency of 

selection on part lactation yields, an increase in efficiency was 

obtained when cumulative yields in the first months of lactation 

were eliminated in calculating part lactation yields. 

Inclusion of incomplete first lactations to estimate genetic para

meters for second month, second trimester and 305-day yield did 

increased heritabilities for second month and second trimester 

yield (chapter 5). Genetic variances were increased for second 

month milk, fat and protein yield, and for second trimester and 

305-day milk yield, indicating that milk yield was most directly 

related to culling decisions. Genetic correlations between second 

month or second trimester yield and 305-day yields were almost not 

affected when incomplete first lactations were included. As a 

result, selection on second trimester yields would still be the 

best alternative to selection for 305-day yield. 

When incomplete lactations were extended genetic correlation 

between 60-day milk yield, extended to 305 days, and 305-day milk 

yield was increased, but remained constant for fat and protein. 

Heritabilities for extended 60-day yields increased when 

incomplete lactations were included. It was concluded that it was 

justified to extend incomplete lactations with the procedures 

presented in chapter 3. 

Alternatives for predicting breeding values for 305-day milk, fat 

and protein yield, together with minimization of prediction bias 

by selection of heifers, are discussed in the last chapter. 

Selection on breeding values for second trimester or extended 

yields would result in higher annual gain for 305-day yield than 

selection based on 305-day yields, whereas potential bias by 

selection of heifers was minimized. When predicting breeding 

values for extended yields, some bias by extending part lactations 

might be encountered. 
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Genetic correlations between persistency and second trimester 

yield were not different from genetic correlations between 

persistency and 305-day yield for fat and protein. It was 

concluded that selection for second trimester yield is an 

attractive alternative for selection for 305-day yield. 
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SAMENVATTING 

In de bedrijfsvoering en veeverbetering spelen melkcontrolegege-

vens een centrale rol. Ter ondersteuning van de bedrijfsvoering 

worden na elke melkproduktiecontrole de bedrijfsstandaardkoe-pro-

duktie en de lactatiewaarde berekend. De lactatiewaarde beoogt het 

rangschikken van koeien op basis van de fenotypische produktie-

capaciteit binnen het bedrijf, terwij1 de bedrijfsstandaardkoe-

produktie het gemiddeld produktieniveau van de veestapel op een 

zeker moment aangeeft. Daarnaast kunnen melkcontrolegegevens 

gebruikt worden in het berekenen van kengetallen ter ondersteuning 

van beslissingen over het al dan niet insemineren en opruimen van 

koeien. Ter ondersteuning van de veeverbetering worden, voor zowel 

koeien als stieren, fokwaarden geschat voor 305-dagenprodukties in 

de eerste lactatie. 

De basis in het berekenen van kengetallen ter ondersteuning van de 

bedrijfsvoering en het schatten van fokwaarden voor 305-dagenpro

dukties is a) het corrigeren van de routinematig verzamelde melk-

produktiegegevens voor verschillen in leeftijd en seizoen van 

afkalven en lactatiestadium en b) het voorspellen van de 

305-dagenprodukties. Voorts kunnen cumulatieve produkties over 

willekeurige perioden in de eerste lactatie, die eerder bekend 

zijn dan de 305-dagenproduktie in de eerste lactatie, interessant 

zijn voor de vroegtijdige selectie van koeien en stieren. Het doel 

van dit onderzoek was 1) het verbeteren van methoden om melk-, 

vet- en eiwithoeveelheid te corrigeren voor leeftijd, seizoen van 

afkalven en lactatiestadium, 2) het verbeteren van de methode om 

305-dagenprodukties te voorspellen en 3) het ontwikkelen van een 

procedure om de fokwaarden van stieren en koeien voor 305-dagen

produkties zo snel en nauwkeurig mogelijk te voorspellen. 

Correctie voor leeftijd, seizoen en lactatiestadium 

In hoofdstuk 1 is de invloed van leeftijd bij afkalven op de hoe-

veelheid melk, vet en eiwit gedurende 305 dagen in de lactatie 

onderzocht in relatie met het bedrijfs- en populatieniveau. Leef-

tijdseffecten werden geschat per bedrijfsniveau op basis van 
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49.669 lactaties van FH-koeien die afkalfden tussen juni 1979 en 

juni 1982. De bedrijven waren verdeeld in 3 groepen op grond van 

de gemiddelde 305-dagenproduktie. Het verloop van de leeftijdscon-

trasten in produktie werd beschreven met verschillende functies 

van leeftijd bij afkalven. Het bleek dat het verloop van de leef-

tijdscontrasten in produktie in de 1e en 2e lactatie afzonderlijk 

het best werd beschreven door een kwadratlsche functie (de procent 

verklaarde variantie bedroeg resp. 99,6 en 99,5). Het verloop van 

de leeftijdsverschillen in produktie in 3e en hogere pariteiten 

werd het best beschreven door een lineaire functie met leeftijd en 

de natuurlijke logaritme van leeftijd bij afkalven als 

onafhankelijke variabelen (96,7% variatie verklaard). Met behulp 

van deze functies en het populatienlveau zijn leeftijdscorrectie-

factoren berekend per bedrijfsniveau-klasse. De leeftijdscorrec-

tiefactoren namen toe van 0,717 voor jonge vaarzen tot 1,000 voor 

ongeveer 7,5 jaar oude koeien. Bij gelijke leeftijd verschilden de 

leeftijdscorrectiefactoren voor de hoog- of laag-niveau bedrijven 

maximaal 0,017 van die voor de midden-niveau bedrijven. Er kon 

derhalve volstaan worden met 1 set correctiefactoren voor alle 

bedrijven. 

Leeftijdscorrectiefactoren verschilden echter 0,021-0,068 van die 

welke in de midden jaren '70 geschat zijn op basis van lactatiege-

gevens van koeien die gemiddeld 1000 kg minder melk produceerden 

bij een leeftijd van ca. 24 maanden. Deze verschillen werden klei-

ner wanneer aan de hand van de ontwikkelde methode de correctie

factoren werden aangepast voor het hogere populatieniveau. Er is 

geconcludeerd dat het gebruik van functies leidt tot een nauwkeu-

riger correctie voor leeftijd bij afkalven. 

De effecten van verschillen in leeftijd op melk-, vet- en eiwit-

produkties per dag op verschillende momenten in de lactatie werden 

geschat met behulp van gegevens van 14275 FH-koeien (hoofdstuk 2). 

De leeftijdsverschillen in produktie zijn beschreven met functies 

van leeftijd bij afkalven (in maanden) en het aantal dagen in 

lactatie. Hierdoor is het mogelijk voor elke combinatie van leef

tijd (in maanden) en aantal dagen in lactatie correctiefactoren af 

te leiden voor leeftijd bij afkalven en lactatiestadium, hetgeen 
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resulteert in een nauwkeuriger correctie. Voorts zijn correctie-

factoren bepaald voor de invloed van maand van afkalven. Deze zijn 

berekend uit de schattingen voor het effect seizoen van afkalven. 

Voorspellen van 305-dagenproduktie 

In hoofdstuk 3 zijn regressie- en factoranalyse modellen voor het 

voorspellen van 305-dagenmelkprodukties met elkaar vergeleken. In 

het multipele regressie- en factoranalyse model zijn alle bekende 

proefmelklngen in de lopende lactatie gebruikt als informatiebron-

nen, terwijl in het enkelvoudige regressiemodel de laatst bekende 

proefmelklng aangewend is. Bij het voorspellen van de 305-dagen-

produkties is onderscheid gemaakt tussen het berekenen van gemid-

delden binnen bedrijf-leeftijd-seizoen klassen en het schatten van 

de voorspellingsfactoren. Gemiddelden waren berekend uit lactatie-

curven voor een groep koeien van gelijke leeftijd, die gekalfd had 

in hetzelfde seizoen en hun lactatie voltooide op hetzelfde 

bedrijf. De parameters in deze lactatiecurven waren geschat uit 

bedrijfsgemiddelden voor de produktie op dag 50 na afkalven en 

voor de cumulatieve 305-dagenprodukties in het afgelopen jaar. Dit 

resulteerde in lactatiecurven voor een groep vaarzen (24 maanden 

bij afkalven), die afkalfde in februari. Lactatiecurven voor 

andere groepen koeien werden verkregen door terugcorrectie voor 

leeftijd en seizoen van afkalven. 

De correlatie tussen de voorspelde en gerealiseerde 305-dagenmelk-

hoeveelheid nam toe van 0,86 tot 0,99 wanneer het aantal dagen in 

lactatie toenam van 50 tot 210. De correlaties tussen voorspelde 

en gerealiseerde 305-dagenmelkgift en de standaardafwijkingen van 

de voorspellingsfouten kwamen goed overeen met de theoretische 

waarden. Er werden geen verschillen gevonden tussen de onderzochte 

methoden. De 305-dagenprodukties van vaarzen werden nauwkeuriger 

voorspeld dan die van oudere koeien. Het bleek dat de voorspel

lingsfactoren ongevoelig waren voor de effecten leeftijd en sei

zoen van afkalven. De voorspelde lijsten kwamen gemiddeld hoger 

uit dan de gerealiseerde lijsten, hetgeen verklaard kon worden 

door jaarinvloeden. Wanneer de laatste proefmelking bekend was bij 

50 dagen na afkalven verschilde de gemiddelde voorspellingsfout 
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bij laag-niveau bedrijven slechts 96 kg van de gemiddelde voor-

spellingsfout bij hoog-niveau bedrijven. Er is geconcludeerd dat 

de nauwkeurigheid van voorspelling is toegenomen wanneer de nood-

zakelijke gemiddelden zijn afgeleid van lactatiecurven voor een 

groep koeien. De enkelvoudige regressie op de laatst bekende 

proefmelking is aanbevolen voor routinematig gebruik. 

In hoofdstuk 4 bleek dat de voorspellingsmethode in hoofdstuk 3 

tevens goed voldoet bij de voorspelling van vet- en eiwithoeveel-

heid. De genetische correlaties tussen voorspelde en gerealiseerde 

305-dagenproduktie bedroegen 0.853 voor melk-, 0,930 voor vet- en 

0,894 voor eiwithoeveelheid, wanneer de lactatielengte gelijk was 

aan 60 dagen. De fenotypische correlaties waren achtereenvolgens 

0,832, 0,800 en 0,772. 

Vroegtijdige selectie van koeien en stieren 

In hoofdstuk 4 is nagegaan in hoeverre een selectie op melk-, vet-

en eiwithoeveelheden, berekend over verschlllende intervallen in 

de 1e lactatie, leidt tot een hogere genetische respons per jaar 

in 305-dagenproduktie. De benodigde genetische parameters warden 

geschat op basis van gegevens van 20260 vaarzen, die afstamden van 

204 proef- en 97 fokstieren. De genetische correlaties tussen de 

cumulatieve produkties in het midden van de lactatie (120-180 

dagen na afkalven) en 305-dagenprodukties waren gelijk aan 1. 

Hetzelfde gold voor de genetische relatie tussen 180-dagenproduk-

ties, voorspeld tot 305 dagen, en 305-dagenprodukties. De gene

tische correlaties tussen de produktie van 90 tot 180 dagen na 

afkalven (het tweede trimester) en de 305-dagenprodukties bedroe

gen 0,985 voor melk-, 0,998 voor vet- en 0,996 voor eiwithoeveel

heid. De erfelijkheidsgraden voor de melk- en eiwithoeveelheid in 

het tweede trimester en voor de geextrapoleerde 180-dagenvethoe-

veelheid kwamen overeen met de erfelijkheidsgraden voor 305-dagen

produkties. De erfelijkheidsgraden voor 305-dagenprodukties Waren 

gelijk aan 0,309 voor melk-, 0,372 voor vet- en 0,331 voor eiwit

hoeveelheid. De erfelijkheidsgraad voor de tweede-trimestervethoe-

veelheid bedroeg 0,318. Er is geconcludeerd, dat de erfelijke 

verbetering in 305-dagenproduktie het best gerealiseerd kan worden 
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door middel van een selectie op melk- en eiwithoeveelheid in het 

tweede trimester en geextrapoleerde 180-dagenvethoeveelheid. 

Vergeleken met een directe selectie op 305-dagenprodukties leidt 

dit tot een extra genetische vooruitgang per jaar van 5% voor 

melk-, 4% voor vet- en 6% voor eiwithoeveelheid. Een selectie op 

vethoeveelheid in het tweede trimester resulteert in 2% extra 

erfelijke respons/jaar in 305-dagenvethoeveelheid. Voorts is 

geconcludeerd dat het beter is om bij een selectie op een voort-

schrijdend totaal de eerste proefmelkingen niet mee te nemen in de 

berekening. Het aantal proefmelkingen in het begin van de lactatie 

dat weggelaten kan worden hangt af van de lengte van de deellijst. 

Het meenemen van afgebroken lijsten bij het berekenen van geneti

sche parameters leidde tot een verhoging van de erfelijkheidsgra-

den voor de cumulatieve hoeveelheid in de tweede maand en tweede 

trimester van de lactatie (hoofdstuk 5). De additief genetische 

varianties namen dan toe voor de melk-, vet- en eiwithoeveelheid 

in de tweede maand en de melkhoeveelheid in het tweede trimester 

en 305 dagen. Melkhoeveelheid speelde een sterke rol bij het nemen 

van beslissingen over opruimen van vaarzen. De genetische correla-

ties tussen produkties in de tweede maand of trimester na afkalven 

en 305-dagenprodukties werden nauwelijks beinvloed door het mee

nemen van afgebroken lijsten. Derhalve is selectie op tweede-tri-

mesterprodukties nog steeds het beste alternatief voor een selec

tie op 305-dagenprodukties. 

De genetische correlatie tussen de geextrapoleerde 60-dagen- en 

305-dagenmelkhoeveelheid nam toe wanneer ook afgebroken lijsten 

werden geextrapoleerd (hoofdstuk 5). Voor vet- en eiwithoeveelheid 

werd geen verandering waargenomen. Voorts namen de erfelijkheids-

graden toe van geextrapoleerde 60-dagenlijsten wanneer ook onvol-

ledige lijsten werden meegenomen. Geconcludeerd is, dat het 

gerechtvaardigd is om afgebroken lijsten te extrapoleren met de 

methode in hoofdstuk 3. 

Tenslotte zijn in het laatste hoofdstuk alternatieven voor het 

schatten van fokwaarden voor 305-dagenprodukties bediscussieerd. 

Een selectie op fokwaarden voor tweede-trimesterprodukties of 
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geextrapoleerde 180-dagenlijsten resulteert in een hogere erfe-

lijke vooruitgang per jaar voor 305-dagenprodukties. Het effect 

van selectie van vaarzen op de geschatte fokwaarden is dan aan-

zienlijk gereduceerd. Echter, fokwaarden voor geextrapoleerde 

180-dagenlijsten kunnen onzuiver geschat zijn omdat de gemiddelde 

fout van het extrapoleren van lijsten kan verschillen tussen 

stieren. Voorts bleek dat de genetische relatie tussen persisten

c e en vet- of eiwithoeveelheid in het tweede trimester niet ver-

schilde van de genetische relatie tussen persistentie en vet- of 

eiwithoeveelheid in 305 dagen. Derhalve is het schatten van fok

waarden voor produkties in het tweede trimester van de lactatie 

een zeer aantrekkelijk alternatief voor het schatten van fokwaar

den voor 305-dagenprodukties. 
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