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ABSTRACT 

Economic merit of dairy cattle is an important consideration 

in dairy cattle breeding . In  this thesis , genetic and 

economic aspects were combined to quantitatively derive an 

aggregate genotype with the aim to improve the economic merit 

of New Zealand da iry cattle . 

Relative economic va lues for production traits , l i vewei ght 

and survival rate were estimated . A profit function was 

defined for a pasture based milk production system . The 

effects of changes in several genetic , biologica l and 

economic parameters on various components of farm profit were 

s imulated with a bioeconomic computer model . 

The economic value for protein yield was $ 4 . 6 4/kg and 

$ 4 . 5 8/kg for Holstein-Fries i an and Jersey cows , fol lowed by 

$ 1 . 8 4/kg and $ 1 . 7 5/kg , respectively , for mi lkfat yield . 

Livewei ght had a negative economic va lue of $ O . 4 9/kg and 

$ O .  5 3/kg for Holstein-Friesian and Jersey cows . An increase 

in survival rate by 1 %  had a pos itive economic va lue of 

$ 9 . 2 5 and $ 9 . 2 9 for Holstein-Friesian and Jersey cows . 

A sens itivity ana lysis showed that decl ining returns for milk 

reduced economic values for all milk components and 

s imultaneously increased economic values for l ivewe ight . 

The effects of several traits on survival rate were 

quant i f i ed . An increase in surviva l  rate increases a cow ' s  

prof i tabi l i  ty as cows contribute to net farm income only 

during their l actation years and constitute a cost during the 

rearing period . After production traits , the farmer ' s  

overal l opinion of the cow and the traits udder support and 

udder overal l  had the greatest impact on survival rate . 

These traits were used as selection criteria for survival 

rate in the selection indexes . 
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variance and covariance components were estimated with 

mul ti trai t REML procedures for a l l  production , management and 

conformation traits used in the current selection index . 

Heri tabi l i  ties were 0 . 25 for prote in yield and 0 . 2 1 for 

mi lkfat yield for Holstein-Fries ians and 0 . 1 7 for both trai ts 

in Jerseys . Genera l l y , parameter estimates did not differ 

substantial ly from other populations . 

An aggregate genotype as \'I1e l l  as sel ection indexes for 

Hol stein-Fries ians and Jerseys were constructed and we ighting 

factors calcul ated based on the economic va lues and genetic 

parameters estimates . 

The aggregate genotype included the traits protein yi e l d , 

milkfat yield , volume , l iveweight and survival rate . 

The selection index for Hol stein-Friesians included thE 

trai ts prote in yield , milkfat yield , volume , I i  veweight I 

udder overal l ,  overa l l  opinion , temperament , milking speec 

and udder support . 

The selection index for Jerseys included the traits proteir 

yield , mi lkfat yield , volume , I i  vewe ight , udder overa l l  

overal l  opinion , temperament , mi lking speed and fore udder, 

These selection indexes improve the economical ly importan' 

trai t survival rate included in the aggregate genotyp' 

through indirect selection us ing traits which can be measure, 

in the first lactation . This allows the current generatio 

interval to be mainta ined when selection for survival rate i 

incorporated in the aggregate genotype . 
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1 .  INTRODUCTION 

1 

Nature i s  a highly structured game of chaos . Man ' s  society 

mi rrors nature with interdependent and interwoven parts where 

each part is a function of and to another part . Agriculture 

is part of thi s  structure . 

Dairy farmers produce high value food products in  the context 

of the preva i l ing economic situation . The economic situation 

usua l ly forces the farmer to be a price taker . Economic 

theory shows that under these constraints an enterprise can 

be profitable under certa in conditions . 

The obj ective of most dairy farmers is to maximise net 

income . Net incomes or profits are increased if either 

output or return per unit of output is increased or input or 

va lue per unit of input is decreased . Both ob jectives can be 

achieved by combining genetic and economic parameters to rank 

dairy cattle according to economic merit which by definition 

includes geneti c  merit . However , most existing dairy cattle 

breeding schemes select for i ncreased outputs only , thereby 

ignoring the improvement in net income that can result from 

reduction of inputs . 

The ma in selection criterion has been mi lk yield in countries 

where fresh mi lk consumption is significant and milkfat yield 

in countries where manufacturing of dairy products is  the 

primary concern such as New Zealand and , to a lesser extent , 

Austra l i a . 

Changes in the economic s i tuation in New Zealand have 

stimulated a greater interest in re-evaluating and more 

clearly defining the selection obj ective for New Zealand 

dairy cattle . The New Zealand national dairy cattle breeding 

organisation , Livestock Improvement Corporati on Limited , ir: 

its strategic plan stated the selection objective and thE 

purpose for the genetic evaluation of dairy cattle in Nev 

Zealand as : 
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«to continually identify the best dairy animals in 

terms of their ability to improve New Zealand 

dairy farmers ' net income» ( Livestock Improvement 

Corporation Limited , 1990 ) . 

2 

This selection obj ective re quires that animals are evaluated 

wi th respect to their potential to affect a number of  

variables . These variables are the outputs and inputs in  the 

profit equation of a typical New Zealand dairy farm . 

Since every New Zealand dairy farmer i s  also a shareholder in 

the manufacturing industry and marketing operation ( New 

Zealand Dairy Board), this selection objective is interpreted 

on a national level and includes manufacturing costs and 

eff iciencies as well  as profits and losses from marketing . 

Whi l e  a large proportion o f  the dairy farmer ' s  objective to 

maximise net income can be achieved by optimising 

manufacturing and marketing practi ses , qual ity and quantity 

of the raw product as wel l  as  some o f  the farm production 

costs can be influenced by genetic improvement of dairy cows . 

The objective of  the dairy farmer to maximi ze net income can 

be expressed as a function combining economic and genetic 

cons iderations . 

Selection for multiple traits including economic requirements 

in genetic considerafions ensures progression towards the 

breeding objective . Genetic and economic information can be 

combined with the selection index ( Hazel , 1942 ; Smith , 1 9 3 6 ). 

The application , however , requires genetic variances , 

covariances and the relative economic values of all  included 

selection objectives and selection criteria to be known . 

In this study , the parameters that have to date not been 

estimated for New Zealand dairy cattle populations were 

calculated and used in the construction of an aggregate 

genotype and respective selection indexes for these 

populations . 
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The objective o f  this thesis was to quantitatively derive a 

breeding objective or aggregate genotype with the aim to 

improve the economic merit of New Zealand dairy cattle  and to 

develop selection indexes that can be used to rank animals 

according to this breeding objective . The achievement of 

this objective involved the following steps: 

1 .  Estimation of economic values for traits 

influencing the profit function in the New Zealand 

dairy production system . This re quired the 

definition o f  a profit function and the simulation 

of the e ffects of various variables on the 

production system using a bioeconomic model . 

2 .  Estimation of variance and covariance 

components for a range o f  production, management 

and conformation traits to al low evaluating their 

potential as e ffective selection criteria .  

3 .  Combination o f  economic values and genetic 

parameter estimates in an aggregate genotype for 

New Zealand dairy cattle with the objective to 

increase net farm income . 

4 .  Determination of selection indexes which 

maximise the correlation with the aggregate 

genotype and are based on population- and 

environment-spec i fic genetic and phenotypic 

parameter estimates and economic values . 

The results from this thesis are expected to assist in 

maximising genetic progress towards the breeding objective by 

ranking dairy cattle  according to their abi lity to improve 

New Zealand dai ry farmers '  net farm income . 
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2 .  SELECTION FOR MULTIPLE TRAITS - A REVIEW 

conscious selection o f  certain anima l s  as parents for the 

next generation has been man ' s  opportunity o f  influencing 

animal populations for many centuries.  Directed selection 

can change genetic and phenotypic characteri stics o f  animal 

populations longterm for the benefit o f  man. The value of a 

population , breed or individual animal to mankind depends 

almost always on more than one character . These di f ferent 

characters are not l ikely to be all equal ly important nor are 

they always independent of each other . Babcock and Clausen 

( 19 1 8 , cited by Lerner ( 1 950)) state «The requirements o f  

e f ficient selection , therefore , demand first an accurate 

method o f  judging the comparative worth of a series of  

anima l s  with respect to certain def ini  te characters, and 

second a method o f  weighting di fferent characters in the same 

individual according 

breeding standpoint . 

to their comparative value from a 

It i s  here that science may be expe cted 

to give definitely u seful contributions to practical breeding 

methods in the determination of mathematical ly accurate mean s 

o f  comparing data . »  Thus, in animal breeding informed 

selection deci sions which subsequently re sult in e ffective 

selection and genetic progress require identification o f  

anima l s  with the highe st target value , T ,  the ' true worth ' or 

aggregate breeding value . Whi le the true aggregate breeding 

value o f  the anima l s  i s  unobservable , partial information can 

be obtained from some observed characters and used as a ba si s 

for selection . 

Several studies ( Ducroc q, 1 9 8 4; Van Vleck , 1 9 8 6; Ahlborn­

Breier et al . ,  1 9 8 7 )  concluded that the achieved genetic 

progre ss in mo st domestic animal populations lags behind the 

theoretically possible level and thus selection apparently 

had not been as e f ficient as expected . These studies assumed 

an underlying single  trait selection for the specie s  in 

question . Selection for only one character implies that 

other traits have no economic importance . Another 
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interpretation of the results might be that the selection 

obj ective and the subsequent selection achieved was indeed 

devi sed to include more than one trait resulting in a lower 

genetic progress for the single trait analysed . 

Indeed , benefits to man from a population , breed or 

individual breeding animal derive with very few exceptions 

from more than one trait . Therefore , one of the main 

problems in animal breeding is combining information from 

several traits i n  an optimum way when assessing candidates 

for selection . 

2 . 1 . Methods of  selection for multiple trai ts 

A number of procedures for sel ecting animals for multiple 

traits have been appl ied and described in the past . These 

are tandem selection , independent cul ling leve l s , selection 

of extremes and selection index . A short description of 

their character istics is given below . It wi l l  be noted that 

all  methods of selection for multiple traits require 

heritabi l ities , genetic corre lations as wel l  as rel ative 

economic values of the traits involved . 

2 . 1 . 1. Tandem selection 

Tandem selection is  def ined as the ranking of candidates and 

the selection of N individua l s , a fraction p ,  based on only 

one selection criterion in any one time period , changing the 

selection criterion in the following time period in a 

cyclical  way . The length of time period ( generations , years ) 

for each selection criterion depends on the importance , i . e .  

the relative economic value of the selection criterion ( Ha z el 

and Lush , 1 9 4 2 ) . Due to difficulties involved in  calculatin'2 

the length o f  t ime period for each selection cri terior 

( Turner and Young , 1 9 6 9 ; Nicholas , 1 9 8 7 ) tandem selection i� 

only rarely used in practice , especially not wi th dair� 

cattle , probably because of the relatively long generatior 

interva l . 
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2 . 1 . 2 .  Independent cul ling l evel s  

with independent cul l ing a l l  individuals are ranked 

separately for each trait . Individua ls are selected only i f  

they exceed a particular performance , the minimum requirement 

or threshold , in a l l  of the traits either simultaneous ly or 

at different biological stages in the one generation . The 

thresholds are set independently for each trait with the 

restriction that N individuals , a fraction p ,  is sel ected . 

The probabi l ity that the threshold for a trait is exceeded is  

p. = pl� , where k is the number of  sel ection criteria . The 

selection intensity for any selection criterion considered by 

itself is  Z·/p· , where Z· is the standard norma l coordinate 

corresponding to p • .  It should be noted that selection above 

the threshold within a trait is at random for uncorre lated 

traits and depends on the genetic corre lation for correl ated 

traits . 

Optimi z ing these selection procedures for a given overal l  

selection obj ective i s  equivalent to finding the combination 

of truncation thresholds or cul l ing leve ls which maximise the 

expected value of the overal l  genetic value of selected 

individuals . A graphical method for determining the 

selection dif ferentia l s  of the traits as we l l  as the optimum 

combination of treshold levels for cUl l ing for any proportion 

of animal s  required was suggested by Young and Weiler ( 19 6 0 )  

and Wi l l i ams and We iler ( 1 964).  

Optimum truncation thresholds had a lso been derived 

algebraical ly ( Evans , 1 9 8 0 ; cotteri l l  and James , 198 1 ; smith 

and Quaas , 1 9 8 2 )  for two variables . This restricts the 

obj ective function to an unrea listic one since usua l l y  a 

l arge number of variables is  considered . Recently , Ducrocq 

and Col l eau ( 19 8 9 )  derived a general Newton-type algorithm to 

perform this maximi z ation for n normal ly distributed tra its 

for a f i xed overal l  probabi lity of being selected . Computing 

mul ti variate normal probabi lity integrals they calculated the 

optimal truncation points when up to six correlated traits or 
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stages of selection are considered simultaneous ly . The 

algorithm was extended to the ob j ective of maximi sing annual 

genetic progress including a l l  four genetic pathways . It 

should be noted that the appl ication of selection using 

i ndependent cul l ing levels does require the knowledge of 

economic values and genetic and phenotypic parameters for the 

selection criteria involved . 

To restrict the genetic change in one or more of the traits 

a general equation for a l i near constraint on expected 

genetic change in two traits was derived by Evans ( 1 9 8 0 ) for 

i ndependent cul l ing levels . The solutions speci fy the 

cul l ing levels satisfying the constraint applied . 

Sel ection based on independent cul l i ng leve ls has often been 

practised in breeding programs . Frequently, animals with 

extreme attributes are re j ected ( i .  e .  in sire sel ection 

( Short and Blake , 1 9 8 8 » . Also , in many cases records and 

genetic evaluations accumulate during the biological 

development of the animal with selection accordingly 

conducted sequentia l ly ( multi stage selection ) .  Additional l y , 

i ndependent cul l ing levels can significantly reduce the cost 

of the breeding scheme when traits are expens ive to measure . 

Measurements for these traits can be restricted to the 

proportion of the population which has passed the first stage 

of selection . 

Van Vleck ( 1 9 8 6 ) deta i led that theoretical response i n  milk 

yield could be reduced by 4 6 %  when minimum selection 

restrictions for fat percent and type score were included in 

the selection decis ion . Short and Blake ( 1 9 8 8 ) quanti f i ed 

these differences for commonly appl ied independent cul l i ng 

l evel s as a reduction of up to 1 . 6  standard deviations o f  the 

net present value of semen in the case of sire sel ection . 

This study showed that in practice the truncation thresholds 

frequently are not optima l ly chosen nor are thei r  sel ection 

effects carefully evaluated . 
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2 . 1 . 3. Selection o f  extremes 

8 

A complementary method to independent cull ing l eve ls was 

suggested by Ablanalp ( 1 9 7 2 ) which he termed sel ection of 

extremes . Individual s  are ranked for each tra it separate ly 

and given proportions of the highest ranking individua ls in 

each trait are sel ected to give the required number of 

parents rather than stating minimum threshold level s .  When 

the efficiency of thi s  modification was determined it was 

shown to be only more efficient than independent cul l ing 

l eve l s  at low leve ls of selection intens ity ( proportion 

reta ined> 0 . 5 )  concern ing two independent tra its . However ,  

thi s  modif ication may be more efficient for traits with 

di stributions for which the third moment is sign i f i cantly 

different from zero . Selection of extremes as wel l  as 

independent cul l ing levels result in higher selection 

responses than tandem selection in  the case of two or more 

independent tra its or negative ly corre lated traits . 

2 . 1 . 4 .  Selecti on i ndex methods 

The selection of animals as superior parents for the next 

generation of offspring requires a cri ter
"
ion for 

discriminating between them . This criterion or selection 

index should combine the available information into a singl e  

score ref l ecting the merits and demerits o f  various traits . 

One of the ear l iest selection indexes combining several 

traits , us ing arbitrary economic values for egg production in 

poultry , was reported by Pearl and Surface ( 1 9 0 9 ) . Smith 

( 1 9 3 6 ) appl ied Fi sher ' s  ( 1 9 3 6 ) concept of the discriminant 

function to develop an index procedure for the selection of 

plant l ines . Haze l  ( 1 9 4 3 ) extended this index procedure for 

the selection of individuals in animal populations by 

def i ning an aggregate genotype as a l inear combination of 

genetic values , each weighted by the relative economic value . 

Haz e l  and Lush ( 1 9 4 2 ) describe this method as «adding into 

one figure the credits and penalties given each anima l  

according to the degree of its superiority or inferiority in  
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each trait» . The selection indices employed usually refer to 

a l inear function of observable phenotypic values . The 

observed phenotypic value is  we ighted by an index 

coefficient . 

Selection indices have been used for a number of different 

situations : 

1 .  selection on a s i ngle tra it combining information 

from the individua l and its re lati ves ( several 

sources ) for the same trait , e . g .  ancestry and 

progeny test information for mi lk yield , 

2 .  selection on multiple traits measured on the same 

indi vidual ( repeated measures ) e .  g .  information 

from n lactations in dairy cattle ( Hi l l  and 

Swanson , 1 9 8 3 ; New Zealand Dairy Board , 1 9 7 0 ) , 

3 .  selection on multiple traits combining information 

from the individual and its relatives , and 

4 .  selection of l ine-crosses combining information 

from line-crosses and specific crosses to evaluate 

the ' best ' crossbred combination ( Henderson , 1 9 5 2  

cited by Henderson , 1 9 6 3 ) . 

The problem of sel ecting animals for several traits 

s imul taneously by combining several sources of information in 

an optimal way can be described as fol lows : from a 

population of n animals a fixed number of N candidates , a 

fraction p ,  are to be chosen as parents , e .  g. bul ls for 

arti ficial insemination , for the next generation of animals . 

Information on several traits 

. , x,,) 

is  known for each candidate . The obj ective is  to choose 
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candidates with a high aggregate genotype T, which cannot be 

observed directly, but about which partial information can be 

obtained from the observed information X. To maximize long­

term genetic gain a criterion I is required with the 

properties of firstly maximising the correlation with the 

aggregate genotype (rTI) and thus achieving the highest 

expected genetic response in the aggregate genotype T and 

secondly minimising the squareq deviations of the criterion 

I with the aggregate genotype T, i.e. minimum variance E ( l -

T)2. One method for computing such a criterion I is the 

selection index. The selection index constitutes a best 

linear predictor and thus is a linear function with minimum 

variance. Best linear prediction (BLP) requires means and 

variances of the joint distributions of the phenotypic 

predictors and the additive genetic values to be known. 

The selection index I as a predictor of T has the properties 

to: 

1. maximise the correlation between index I and 

aggregate genotype T (selection objective) ru 

(Hazel, 1943; Kempthorne, 1957; Henderson, 1963), 

2. minimise the variance between index I and 

aggregate genotype T among all linear functions 

of ·the general form of the selection index 

(Tallis, 1962; Henderson, 1972), 

3. maximise the probability of selecting one of the 

largest sample values of the 

by selecting the largest 

aggregate genotype T 

value of the index 

criteria (Williams, 1962a, 1962b; Bulmer, 1985), 

4. maximise the probability of selecting the higher 

of a combination of aggregate genotypes 

(Henderson, 1963), and 



Chapter 2 , Aspects of selection tor economic aerit in dairy cattle - G. Ahlborn , 1994 

5. maximise genetic progress in any one-round 

selection by the index (Henderson, 1963). 

11 

The first two properties do not require the assumption of a 

mUltivariate normal distribution to hold (Kempthorne, 1957; 

Tallis, 1962; Henderson, 1963). In the mUltivariate normal 

case, a necessary assumption required for the latter three 

properties, it is assumed that X and T have a known joint 

probability distribution with probability density function 

f (x,t). Then the regression of T on X is the expected value 

of the conditional distribution of the observations 

with variance 

E ( TI Xl' ... , Xn) = f tf d t / f f d t 

a 2 (1 - r TI 2 ) • 

For a candidate with a specific value of X, the regression 

function 

A 
T = E(Tlx) 

is a sensible predictor of T. These properties also hold for 

the cases were the means are unknown (Henderson, 1963) as is 

usually the case in animal breeding, as well as in the case 

of information derived from different sources or sample sizes 

(Bulmer, 1985). 

2.1.4.1. Optimum selection index 

The information required in constructing an optimum selection 

index which is also termed smith-Hazel index (Williams, 

1962a) can be specified in four vectors and three matrices. 

The aggregate genotype or breeding value T is defined as 



Chapter 2, Aspects of selection for economic merit in dairy cattle - G. Ahlborn , 1994 1 2  

. + amY .. = L aY 

where Y is a vector of additive genetic values for the m 

traits included in the aggregate genotype T and a is a vector 

of constants I usually representing the relative economic 

values of the m traits in Y. The aggregate genotype T 

reflects the total economic ($) value of the genes an 

indi vidual is carrying for a particular group of traits. 

Since T is not measurable it cannot be selected for directly. 

Improvement in T is achieved by selection with a selection 

index I which is defined as: 

where b is a vector of weighting factors chosen to optimize 

certain properties of the index I and X is a vector of 

phenotypic measures I deviations from the population averages I 

for the n variables or sources of information to be included 

in the index. The weighting factors in I are obtained by 

solving the following index equations and thus represent 

partial regression coefficients: 

Pb = Ga b = p-1Ga 

where P is a n*n matrix of phenotypic covariances between 

the n variables in X, G is a n*m matrix of genetic 

covariances between the n variables in X and the m traits in 

Y .  The corresponding variance of the index is 

the variance of the aggregate genotype is 

(J 2T = a ' ea 

and the covariance of index and aggregate genotype is 
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aT! = b'Ga = b'Pb 

where C is a m*m matrix of genetic covariances between the m 

traits in Y .  The equality of the variance of the index with 

the covariance between index and aggregate genotype is 

achieved by scaling the weighting factors to give the index 

equations their specific form. Therefore the regression of 

the aggregate genotype T on the index I is unity and their 

correlation is: 

An important property of the optimum index is that the 

weighting factors or b coefficients are chosen to correct for 

differences in variances, e.g. heritabilities and the 

phenotypic and genetic correlations, to achieve maximum 

efficiency of selection (williams, 1962a). 

The appropriate criterion for optimality in animal breeding 

is to maximize average genetic progress per year. The 

regression predictor T as a selection index is the optimum 

selection rule if maximisation of the expected value of T 

constitutes the desired optimum (Bulmer, 1985). 

The average genetic superiority �T of the selected 

individuals over the mean of all candidates for selection is: 

where D is the selection differential on a standard normal 

distribution (Allaire and Henderson, 1966; Cunningham, 1969; 
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Hayes and Hill, 1980). The genetic progress in the aggregate 

genotype T achieved by one round of selection on the index I 

is: 

This formula for AT is strictly true when the criteria and 

objecti ve are linear or quadratic functions of normally 

distributed component traits and the selection is single 

stage. However, Harris et ale (1984) states that the 

principles are still relevant when more complex selection 

criteria are involved. 

The criterion to be used in selection could also have been 

developed from Henderson's mixed model (1963; 1976). If 

least square equations are set up under the assumption that 

the random elements of the model are fixed with the exception 

of e [y = XB + ZJ,£ + e ]  and the inverse of the variance­

covariance matrix of the random elements is then added, the 

equations can be solved directly for the maximum likelihood 

estimators of the fixed elements of the linear model and for 

the criterion to be used in selection (Ronningen, 1974). 

2 . 1 . 4 . 2 .  Best Linear Unbiased Prediction 

Use of the conditional mean, i. e. the vector E ( TI X ) , as a 

selection rule requires knowledge of the conditional 

distribution of T given X. However, in animal breeding the 

first moments of the distributions of T and X are rarely 

known and consequently the selection index which requires 

known means cannot be used. This is especially the case ir. 

dairy cattle breeding were for example each herd-year-seasor 

is unique and appropriate adjustment factors can only bE 

estimated from the data. Henderson's mixed model methodolog1 
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(Henderson, 1963) allows to estimate random as well as fixed 

effects. Thus, this procedure allows to simultaneously 

predict breeding values and adjust for fixed effects in the 

case of animal breeding. 

Estimates derived using this mixed model methodology are best 

linear unbiased predictors (BLUP) (Henderson, 1972). BLUP 

prediction gives an unbiased predictor, i. e. the expected 

value of the estimator is equal to the population quantity 

being estimated. In this case the expected value of the 

records within a given fixed effect have an expected value 

equal to the value of the fixed effect plus the mean 

(Henderson, 1972). 

Both, BLUP and selection index procedures have the 

statistical properties of being best linear predictors (BLP) , 

i. e. they are equivalent when the means are known, which has 

been proven by Goldberger (1962) and Henderson (1963). A 

simpler proof based on a manipulation of the basic BLUP 

equation was given by Henderson (1984). The selection index 

(BLP) can be interpreted as a special case of BLUP, 

representing the case were B's are known. BLUP predictions 

are equivalent to selection index predictions when random 

genetic values are predicted from phenotypic values 

calculated from records adjusted by maximum likelihood 

estimates for fixed effects (Gianola and Goffinet, 1982). 

However, calculation of maximum likelihood estimates of fixed 

effects to ensure that selection index values are unbiased is 

computationally demanding (Henderson, 1972). Goffinet 

(1983), Bulmer (1985) and Fernando and Gianola (1986) 

verified that the expected value of the aggregate genotype of 

the selected candidates is maximised with selection based on 

the conditional mean of the aggregate genotype, given 

observations whose expected value is a linear function of a 

set of unknown parameters estimated by a vector of adjusted 

records. This holds when the expected value of the aggregate 

genotype is the same in all candidates as well as when it 

differs from candidate to candidate. 

While the statistical properties are the same for both 
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procedures, the advantages of BLUP, beside requiring only 

knowledge of the variance components of the joint 

distribution of phenotypic and genetic values, are its 

ability to account for a large number of specific situations 

frequently encountered in animal breeding like selection and 

culling bias, genetic trend, interactions and unequal sample 

sizes. Henderson's (1976) development of an algorithm based 

on mendel ian principles to invert the numerator relationship 

matrix for large data sets constituted a major breakthrough 

in the calculation of BLUP estimates. Coupled with the use 

of i terati ve techniques and increased performance of computer 

hardware this has led to multiple trait BLUP applications to 

predict breeding values of individual animals in cattle, 

sheep and pigs (Blair and Pollak, 1984). 

2.1.4.3. Definition of the aggregate genotype 

The use of a selection index can achieve genetic progress 

more efficiently not only for the case where an aggregate 

genotype is being improved but also when selection is 

directed towards a single trait (Lerner, 1950; Gjedrem, 

1967a). By taking into account highly correlated traits with 

higher heritabilities and of small or no economic importance 

the accuracy of identification of a genotype for the trait to 

be improved and thus the efficiency of the index will be 

increased. This is equivalent to assigning zero economic 

values to all traits other than the desired one in the 

aggregate genotype. 

In practise it is common to only include the most important 

economic traits in the aggregate genotype. It has been 

shown, however, that all economic traits should be included 

in the aggregate genotype (Gjedrem, 1967a; 1967b). 

In applied animal breeding programmes, 

important economic traits may not be 

information about 

available because 

measurements may be too costly or difficult for biological or 
technical reasons. In dairy cattle, for example, feed 
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ut ilization is not recorded alt hough the trait is of great 

economic importance. The opt imum index can be used to 

maximise indirect genet ic gains in traits which are of high 

economic import ance but are not act ually measured due t o  time 

or cost constraint s. These t raits may be incl uded in th e 

def ini t ion of t he aggregate genotype with large economic 

values. However, since these t rait s are not measured they 

are t herefore not included in t he index (Binet, 1965 ; J ames, 

1968; Turner and Young, 1969) . 

G jedrem (1972) compared t he efficiency of two types of 

indices which differed in the definition of aggregate 

genotype. The first aggregat e genotype included two traits 

while t he second one included a third correlated trait with 

no phenot ypic information. Result s showed that t he aggregate 

genotype should include all t raits of economic importance, 

each t rait weighted by it s relative economic value. 

Economically import ant t raits which were not recorded should 

as a rule also be included in the aggregate genotype. The 

advant age of including unrecorded important traits was 

considerable in some cases and was explained by the 

utilizat ion of genetic correlations between the trait s in 

question. 

2 . 1 . 4 . 4 .  Multiple-stage selection 

Selection for multiple traits is not necessarily carried out 

simultaneously but often in a sequential manner. If 

information about an individual's genotype and phenotype 

accumulates chronologically it is usually cost effective to 

select individuals after each stage of information update. 

I n  dairy cattle for example potent ial sires are firstly 

selected according to their ancestry breeding value, w ith a 

second selection stage based on their performance with 

respect to some secondary traits like conformation during 

their postnatal development and a final selection decision 

based on their progeny test results at the age of f ive years. 

Recent advances in physiology and biochemistry have also 
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opened the possibility of early selection based on 

biochemical indicators used as indirect traits for the 

selection of production traits in mature individuals (Land et 

al. , 1983; Flach et al. , 1985; Ahlborn- Breier et al. , 1987; 

Woolliams and Smith, 1 988; Blair et al., 1 990). 

While multiple- stage selection is frequently practised it 

should be noted that t runcating the distribution with the 

first act of selection reduces the genetic variance (Bulmer, 

1 976) and induces non- normality (Cunningham, 1975) especially 

at high selection intensities. An algebraic method for 

adjusting the effects of truncation in later stages of 

selection by modifying variances and covariances is given by 

Cunningham (1975). 

The sUbstitution index has frequently been used in the 

si tuation of multiple- stage selection when candidates for 

selection became available at different times (Y oung, 1964; 

Van Raden et al. , 1984) with the selection rule at each stage 

being the appropriate index. The number of candidates is 

then progressively reduced until only those required for 

mating remain. H owever, when the objective of multiple-stage 

selection is to achieve the maximum expected response of t he 

sum of al� stages of selection, Van Raden et ale (1984) 

suggested to keep some less accurately evaluated animals with 

a lower expected mean but a larger expected variance at t he 

first stage in order to retain greater genetic variability 

for selection at the following stage. They presented an 

index procedure considering t he animal's estimated breeding 

value as well as the accuracy of its evaluation for t he first 

stage of selection which achieved a slightly faster genetic 

gain than selection on estimated breeding values alone. 

Ideally, all animals should be kept until the final stage of 

selection but considering t he costs and benefit s an 

intermediate strategy is optimum in most cases. 

The expected response for t wo- stage selection has been 

predicted using the moments of t runcated mUlt ivariate normal 

distributions (Young and Weiler, 1960; Williams and Weiler, 
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1964; Youn g, 1964; Cotterill and James, 1981). 

Multiple- stage selection will n ot be considered further here 

to limit scope an d size of this thesis. 

2 . 1 . 4 . 5 .  E ff ic iency of s el ec tion index 

Regardless O f  the method of selection, gen etic gains in 

in dividual traits will almost certain ly diminish as the 

number of traits un der selection is in creased. For example, 

assuming uncorrelated traits of equal heritability an d 

economic importance the gain expected in an y one of n traits 

would only be I I  jn as great as the gain expected with 

selection applied to the sin gle trait alon e ( Hazel an d Lush, 

1942; Turn er an d Young, 1969). However, when the genetic 

correlation is positive the relative efficiency of a 

selection index is larger than I /jn (G jedrem, 1967b). 

When selecting for an aggregate genotype, tan dem selection is 

the least efficien t selection method compared to in dependen t 

cUllin g levels an d selection in dex, given in dependen t traits 

with the same product of economic value, heritability an d 

phen otypic stan dard deviation ( Hazel an d Lush, 1942; Lerner, 

1950). The superiority of the latter methods increases with 

the number of traits selec ted an d the in ten sity of selection . 

It has been argued that the method of indepen den t culling 

levels is particularly useful when estimates of the 

parameters are known ( Young an d Weiler, 1960). The threshold 

levels can then be fixed before the start of an y selection 

operation , and an immediate decision can be made on each 

animal as it is examined, w ithout an y n eed for permanen t 

labellin g and re-sorting. H owever, current computing an d 

communication capabilities would allow the calculation of 

selection indices within a very short time in terval an d would 

alleviate the n eed for in dependent cullin g un der these 

circumstances. I ndex selection is more efficient than other 

methods of selection when two or more traits are involved. 

This has been shown by theoretical calculation s ( Hazel and 

Lush, 1942; Young an d Weiler, 1960; Young, 1961; Finney, 
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1962). Their findings were c onfirmed experimentally by 

comparing tandem selec tion, independent c ulling levels and 

index selec tion for two bristle traits in Drosophila 

melanogaster (Sen and Robertson, 1964) and for the traits 

postweaning weight gain and litter size at birth in mic e 

(Doolittle et al., 1972) as well as in a field experiment 

after five generations of selec tion based on individual 

measurements for five traits in alfalfa (Medic ago sativa) 

(Elgin et al., 1970). The superiority of index selec tion 

over independent culling levels increases with an inc reasing 

number of traits under selec tion, but dec reases with 

increasing differences between relative ec onomic values for 

the traits inc luded and with inc reasing selec tion intensity 

(Young, 1961). 

While the selec tion index has repeatedly been shown to be 

more effic ient, espec ially in c onjunc tion with BLUP estimates 

of breeding values, the effort requir ed to obtain 

sufficiently prec ise estimates of the parameters required for 

the index calculations, in particular the clear and longter m 

determination of relative economic values, has been a major 

obstac le to the use of selec tion index proc edures in the 

past. 

2 . 1 . 4. 6 .  Estimated selection index 

While the theory of the optimum selec tion index assumes the 

elements of the matric es G, P and C to be known exactly, in 

prac tic e estimates of the required population parameters will 

be used and the resulting index coefficients will be 

estimates of the optimal index c oefficients. williams (1962) 

suggested this as the estimated index. However, it should be 

noted that due to the relatively large standard errors 

assoc iated with these estimates and their high influence in 

the selec tion procedure c are should be taken with respec t- to 

the acc uracy of the estimates. 

Criteria for the permissibility of the matrices P, G and C 

are that for any linear c ombination of aggregate genotype T 
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the variance of T is greater zero, i.e. Var(T) > 0 ,  and that 

for any predictor I the ratio between the variance of I and 

the variance of T lies in the parameter space, i. e. 

Var(I ) /Var(T) = A ,  0 � A � 1. These conditions can only be 

satisfied if the matrix G is positive definite and the 

eigenvalues of G - I B  range between 0 and 1 where B is the 

variance-covariance matrix for the predictors of genetic 

values (Foulley and Ollivier, 1986). 

I f  estimates of population parameters are not reliable, an 

estimated index may actually give less response on average 

than a base index (Baker, 1986). This provides a strong 

argument against using an estimated index except for cases 

were the advantages of an optimum index over a base index are 

sUbstantial and when reliable estimates for the genetic 

population parameters are available. 

2 . 1 . 4 . 7 .  Substitution ind ex 

The sUbstitution method consists of the estimation of 

breeding values prior to index selection. Then, these sub­

indices are combined into the complete index by weighting the 

individual breeding values with their economic value 

(Henderson, 1963) . This procedure is as effective as 

calculating the complete index initially (Moen et al. , 1972 

cited by Miller and Pearson, 1979) and has been shown to be 

algebraically equivalent by V an Vleck (1988). The use of 

BLUP genetic evaluations in conjunction with quadratic 

bioeconomic objectives is seen as most appropriate (Harris et 

al. ,  1984) . 

Sub-indices can be developed for some of the traits using the 

information about these traits. These sub-indices then 

replace the respective traits in the equation f or an 

aggregate genotype. The result is equivalent to the 

conventional method with linear or quadratic models of 

aggregate genotype and this method allows the economic values 

to be easily cha nged (R6nningen, 1978). 
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2 . 1 . 4 . 8 .  I nd exes bas ed on phenotypes 

A number of indices bas ed on phenotypes have been propos ed to 

avoid the cons truction of the optimal index which dema nds 

solving s ets of s imulta neous equations and requires reliable 

para meter es timates . While thes e phenotypic indices a re 

s imple to cons truct and do not require s pecific expertis e it 

s hould be carefully noted tha t they do not take genetic 

parameters into account and thus are not as efficient as more 

elaborate indices . 

a ) Bas e  index 

Williams (1962a) s ugges ted the us e of a bas e index defined as 

the s um of the products of economic va lues (a) and meas ured 

phenotype ( P) for each trait: 

Thus , the economic values are us ed directly as the index 

weights ins tead of the index being computed from the 

es timated parameters . This index implicitly ass umes traits 

with equal heritabilities a nd zero genetic correla tions , 

ass umptions which are unlikely to hold in practis e. However, 

for two variables the proba bility that the es timated index 

will yield a poorer respons e tha n the bas e index is high 

unless progress from the optimal index is s ubs tantially 

greater than that from the bas e  index (Williams , 1962a ; 

Harris , 1964). Williams (1962a) concluded that the bas e  

index s hould be us ed when genetic varia nces ca nnot be 

accura tely es timated. 

The bas e  index s hould approach the optimum index in 

efficiency if correla tions between traits are s mall, and if 

the variability for each tra it reflects its relative 

importance (Harris , 1964). Als o, Sales and Hill (197 6b) 

showed for two correla ted tra its , of which only one was 

economically importa nt tha t inclus ion of the s econd trait a nd 

thus us e of the optimum index developed from the variance a nd 

covariance es tima tes ra ther tha n the bas e index was onl y 
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worthwhile when reliable parameter estimates were available. 

This shows that the efficiency of the base index is only 

higher than that of the optimum index when the estimates of 

genetic parameters are very different from their real values. 

b )  Primary Index 

Another special case of the selection index and an extension 

of the base index is the primary index proposed by Andrus and 

McGilliard (1975 ) which weights the measured value (P) of 

each trait with the product of its heritability (h2) and 

economic value (a) : 

This index represents the sum of predicted breeding values of 

traits weighted by their economic importance but does not 

take correlations among traits into consideration i. e. it 

assumes traits to be independent. Due to the missing genetic 

and phenotypic correlations it is not possible to predict 

genetic gains from this index. 

c )  El ston ind ex 

A mul tipl icative index based on phenotypes was proposed by 

El ston ( 1963). This index uses non- parametric statistics and 

a log transformation to account for differences in variances 

and skewness. Data are transform ed so that high val ues are 

desirable and distributions have similar modes. The index 

consists of the products of phenotypic measurements (P) 

adjusted b y  subtracting the minimum value (p) for each trait: 

Subtracting the minimum value p adjusts the scal e of 

measurement of each trait to begin at zero. This index has 

some characteristics of independent culling l evels as 

individuals with the lowest measurement for a trait wil l  have 
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a zero index val ue and are thus cull ed without considering 

their measurements in any of the other traits. Elston (1963) 

termed his index " weight-free" because he argued that no 

economic values were required, however, the quantity Pn - Pn 

acts as a de- facto weighting coefficient in this index, 

effectivel y weighting each trait approximately equally in 

terms of their standard deviations. consequentl y, if an 

efficient transformation is achieved the index assumes equal 

importance for each trait in the selection process . 

2 . 1 . 4 . 9 .  S el ection indic es with c onstraints 

In the sol ution of simultaneous equations it is possibl e to 

pl ace constraints on traits which are adversely correlated to 

other traits in the optimum index and the aggregate genotype. 

These constraints can prevent deterioration in the adversel y 

correlated trait while maximum possibl e gains are achieved in 

other traits. Thus , constrained sel ection indices are 

appl ied when n traits are involved and the objective is to 

maximise genetic progress on n - r traits while imposing 

constraints on genetic gain in the remaining r traits. 

The idea of imposing constraints on sel ection indices was 

introduced by Kempthorne and Nordskog (1959) with the aim to 

maximise genetic changes in the aggregate genotype while 

keeping genetic change in some of the traits considered at 

zero (" restricted selection index" ) and later extended to 

control the magnitude of such genetic changes (" proportional 

gains or desired gains index" , Tal l is ,  1962; Pes ek and 

Barker, 1969; James, 1968; Harville, 1975; Essl , 1981). 

There equivalence has been proven by Itoh and Yamada (1 98 7). 

In the restricted selection index the genetic gains are set 

to zero whil e in the proportional gains index the constraints 

represent predetermined proportional gains in .some traits. 

Imposed constraints in the selection index can be fulfill ed 

by incorporating Lagrange multipliers in the selection 

objective (Cunningham et al . ,  1975; Brascamp, 1984). 

Alternatively, Niebel and V an Vl eck (1983) derived a Newton-
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Raphson iterative algorithm for the solution. L in (1985 ) 

suggested a stepwise procedure for constrained selection 

indices without involving Lagrange multipliers. T he steps 

involve construction of a conventional selection index based 

on k unrestricted traits followed by the construction of a 

sub-index based on r restricted traits and solving the 

simultaneous equations involving the genetic variance­

covariance matrices and index coefficients for r restricted 

and k unrestricted traits. The sub-index for the r 

restricted traits is developed using a retrospective approach 

(Allaire and Henderson, 1966; N iebel and Van Vleck, 1983). 

While this simplified procedure is slightly less efficient 

than a restricted selection index involving the Lagrange 

multipliers it satisfies the prespecified restrictions, can 

be employed with proportional, sign or linear restrictions 

and can be extended to multiple restrictions. 

Both the restricted selection index (Kempthorne and Nordskog, 

195 9) and the proportional gains index (Tallis, 1962; Pes ek 

and Barker, 1969; James, 1968) are restricted to traits being 

the same in the index and in the aggregate genotype. T hese 

methods were extended and generali sed to allow predetermined 

genetic progress in the restricted characters, including 

situations where the index contains traits which were not 

included in the aggregate genotype (Harville, 1975 ;  S umpf, 

1981; Brascamp, 1984; Tallis, 1985 ; Itoh and Yamada, 1986). 

Tallis (1985 ) showed that « minimising the variance of the 

difference between the economic merit and the selection index 

with respect to the coefficients of the index, and subject to 

the constraints, is equivalent to maximising the correlation 

coefficient between genetic merit and the index under the 

same constraints. » T his simplifies calculations. Recently, 

Itoh and Yamada (1986; 1987 ) proved algebraically that the 

above proportional gains index methods are equivalent. 

While it is sometimes claimed that the proportional gains 

index does not require the definition of economic values in 
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its derivatio n (Mukai et al . ,  1989) as it impl ies defaul t 

economic val ues, the decision about the proportions of 

genetic gain for each trait stil l requires some form of 

economic eval uation of the importance of each of the traits 

invol ved. However, genetic gains achieved with this method 

are independent of economic val ues (Harvil l e, 1975; Tal l is, 

1985). I n  a simpl ified form the proportions of the 

standardised genetic gain of the different traits are 

determined by repl acing the vector a of economic val ues with 

the expression (G'P- 1 G)- l r where the vector r contains the 

desired percentage of the standardised genetic gain for each 

trait mul tipl ied with the respective genetic standard 

deviation. 

Mukai et al e (1989) compared the effect of the optimum 

sel ection index with the index for proportional genetic gains 

on popul ation characteristics after l ong- term sel ection using 

Monte-Carl o simul ation. They found no significant difference 

in genetic gain between the two indices. However, the 

optimum sel ection index showed a much higher variation 

between repl icates especial l y  for traits with a high 

heritabil ity. I n  addition, the popul ation structure and 

direction of sel ection varied considerabl y from one 

generation to the next. They concl uded that the index for 

proportional genetic gains might be useful for the practical 

animal breeder since the objectives, i. e. stipul ated 

proportional gains, may be easil y determined as deviations of 

the present popul ation mean from the defined breeding goal . 

2 . 1 . 4 . 10 .  Alternatives to index selection 

The general theory of canonical correl ations can be appl ied 

to sel ection indices (Thompson, 1977). The eigenvectors of 

the genetic variance covariance matrix G represent 

principal components and the eigenval ues of the variance­

covariance matrix of the predictors of breeding val ues are 

the canonical correl ations between the set of phenotypic 



Chapter 2, Aspects of selection for econoaic aerit in dairy cattle - G .  Ahlborn, 1994 27 

variables and the set of breeding values. 

S election decisions from principal component, principal 

factor and maximum-likelihood factor analyses were compared 

to the . optimum selection index by Godshalk and T imothy 

(1988). T heir goal was to eliminate commonly encountered 

problems in index selection like errors in genetic parameters 

and difficulty in assigning relative economic values to 

trai ts. S everal mUltivariate analysis methods were performed 

on phenotypic and genotypic correlation matrices with the 

resul t that principal component analysis had the highest 

correlation with index selection. The high correlation for 

principal component analysis selection with optimum selection 

index indicates that selection could potentially be 

accomplished on the basis of principal component analysis of 

the phenotypic correlation coefficients. This avoids the 

need for reliable genetic parameter estimates and I 
consequently the disadvantages of inaccurate parameter 

estimates as well as eliminating costs for their estimation. 

Godshalk and Timothy (1988) suggest that depending on further 

work comparing achieved genetic gains for the different 

methods, principal component analysis might be a cost­

effective alternative to the selection index through a 

reduction of the number of traits measured. 

2 . 2 .  E stimation of relative economic values 

All methods of selection imply a well-defined selection 

objective in the form of an aggregate genotype. T he 

definition of the aggregate genotype as a linear function of 

the products of the breeding value for the traits included 

and their economic value requires specifying the relative 

importance of these traits. T he economic values constitute 

a transfer of market signals into the selection objective. 

The relative importance or relative economic value of a trait 

may be empirically derived or a subjective perception of the 

traits influence on the selection objective. 
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I ncorporating economic values into animal breeding plans 

permi t s  clearly defined and economically based select ion 

objectives. However, defining t he selection objectives has 

been one of t he major causes of conflict bet ween t raditional 

and scientific animal breeders (James, 1982) . 

It can be argued t hat any selection must be using an index of 

some kind since simple charact ers are compounds of several 

. constituents. Thus, even single trait selection implies t he 

use of an index in which t he economic value is t he same for 

any t rait (Lush, 1961) . S ingle trait select ion for protein 

yield, for example, means t hat a kilogram of milk volume has 

t he same importance as a kilogram of milkfat . S uch implied 

relative economic values, however, have to be evaluated for 

t heir appropriat eness. 

The est imation of relative economic values is often a 

difficul t task and methodology as well as estimates of 

economic values are scarce in literature. One of t he 

difficulties in est imating relative economic values and 

constructing comprehensive profit functions, also called 

objective functions, is t he scarcity of data on inputs and 

outputs and t heir variation between herds or indust ry sectors 

(e. g. commercial and pedigree breeders). This has led t o  

different opinions about t he economic values of various 

trai ts and which ones should be included in selection, 

subsequent ly resulting in substantial but probably 

unwarranted selection pressure for some t raits (Ducrocq, 

1984; Van Vleck, 1986; Ahlborn-Breier et al. , 1987 ) .  The 

accurate estimat ion of economic values for t raits in t he 

aggregat e genotype and t he estimation of genetic parameters 

influencing profit such as feed intake, labour and health 

present a major limit ation for the development of 

profitability indices (Blake, 1984) . 

The need of att ention to economic factors in animal breeding 

and net economic values for t raits has been pointed out 

recurrently (Harris, 197 0; M iller and Pearson, 197 9; White et 

al. , 1981; Ronningen and V an Vleck, 1985 ) .  The lack of 
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researc h in this area has been explained by the limited 

training of animal breeders in ec onomic s ,  diffic ulties in 

predic ting future economic and tec hnologic al c onditions and 

the absenc e of data c onc erning inputs and outputs in 

different situations and for animals differing in breeding 

values for a number of traits. It should also be c onsidered 

that data on inputs and outputs in an enterprise are highly 

. specific and depend on a large number of other factors thus 

requiring data from a large number of enterprises to obtain 

reliable results and allow statistically valid inferenc es. 

However, rec ently there has been a surge of interest in this 

area following the development and routine applic ation of 

genetic analyses for multiple traits. 

Economic values are defined as the « amount by whic h profit 

may be expec ted to inc rease for eac h unit of improvement in 

each trait» (Hazel , 1943). In this normative approac h the 

economic value of one unit c hange in a trait is determined by 

summing the returns and c osts of all c hanges of inputs and 

outputs. This c ost-budgeting approac h results in marginal 

returns for the trait in question. This method has the 

advantage of simplic ity and of being based on b io-ec onomic 

relationships. Additionally, it is reasonably free of the 

varianc e-covarianc e struc ture in the traits in the selec tion 

objective and profit func tion. 

Frequently the relationship between traits in a c omplete 

selec tion objec tive and the inputs and outputs in the profit 

func tion are c omplex and might involve non- linear f unc tions. 

For example , some traits are expressed more than onc e and at 

different stages during the lifetime of an animal for example 

lac tation yield in c omparison to slaughter weight. This 

needs to be c onsidered when estimating the economic values 

and is most easily c arried out by discounting the repeated 
returns and c osts . 
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2 . 2 . 1 .  Disc ount rat es 

S election decisions are mating decisions and the potential 

revenues do not eventuate until s uch time when th e progeny's 

characteristics can be evaluated. Th e discounting of future 

revenues to their pres ent value has been frequently used to 

express revenues and costs occuring at different times in an 

equitable way (Poutous and Vissac, 1962 ; S oller et al., 1966; 

Soller and Bar-Anan, 1973; McClintock and Cunningham, 1974; 

Dempfle and Ponzoni, 1986) . S mith (1978) concluded th at th e 

discount rate sh ould account for inflation wh ich may reduce 

th e commonly applied discount 

th e actual interest rate (r) 

effective annual interest rate 

rate considerably. 

should be replaced 

(q) defined as 

q = (r - i) / (100 + i) 

wh ere i is the inflation rate (% ).  

Furth er, 

with the 

As selection decisions are longterm decisions th e time frame 

for investments needs to be considered. A planning horizon 

of 10 to 15 years h as been shown to be adequate for moderate 

dis count rates (Cunningh am and Ryan, 1975 ) . In accordance, 

two generations of des cendants for Holstein-F riesian and one 

generation of descendants for Jersey sires were sufficiently 

long planning horizons wh en net present values of semen were 

calculated based on milk income, type and a real interes t 

rate of 3% as these h ad rank correlations of . 99 with s ire 

rankings from longer periods (McMah on et al. , 1985) . 

Productive animals t end to stay longer in the h erd and th us 

have a greater opportunity of expres sing a trait which leads 

to non- linear economic values for the traits affected. Thes e 

effects can be est imat ed us ing geneflow methodology (Bar­

Anan, 1972 ; McClintock and Cunningham, 1974) or the more 

flexible matrix algebra bas ed on Markov processes (Hill, 

1974; Els en and Mocquot, 1974) . An additional complic ating 

factor is th e multiple use of animals in a production syst em. 



Chapter 2 ,  Aspects of selection tor economic aerit in dairy cattle - c. Ahlborn, 1994 3 1  

In an established dairy enterpr ise r evenues are r eceived from 

the same cows for milk, their slaughter weight as well as 

from the sale of their male and female calves and/or heifers .  

A method of subindices taking into account the different 

economic r evenues from each use and discounting future gains 

to their present value was presented by James (1982) . 

The economic value also depends on the p ersp ective taken 

(Soller and Bar-Anan, 1973; Harr is, 1970; Moav, 1973; Miller 

and Pearson, 1 979) and maximizing net income at the producer 

level does not necessarily optimize the monetar y value for 

other sectors of the industr y like the manufacturer or the 

consumer . In contrast, s mith et al . (1 986) argue that these 

di ffer ences di sappear when r esources are efficiently used and 

when changes in output r equir e propor tional changes in input. 

In this case of r escaling which can also be interpr eted as 

incr easing efficiency, fixed costs ar e assumed to be 

expressed per unit of output rather than as fixed enterpr ise 

costs. 

Economic values might also change depending on the economic 

si tuation under which the dairy enterpr ise oper ates. Pear son 

(1 982) showed that when between 5% and 1 0% of p edigr ee 

animals are sold for breeding purposes, type became 

substantially more important for a p edigree breeder than for 

a commercial producer. However , he cautioned that this might 

be an artificial situation due to tax laws subsidising 

pedigr ee stock. 

Because of the difficulties encountered in estimating 

economic values, methods have been suggested which appar ently 

circumvent the need to specify economic values. This was the 

underlying r eason for the development of constrained 

selection indices (Tallis, 1 962; Pes ek and Barker , 1969; 

Harville, 1975; Lin, 1985) which ar e calculated to give 

responses in individual traits prop or tional to " desired 

gains" specified by the animal br eeder . However , this merely 

disguises the problem in a different for m since even the 
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sp ec ific ation of II desired gainsll requires evaluation of 

ec onomic potential and of the economic advantages of 

different proportional gains . Also , in several c ountries 

c omp uterized mating p rograms (McGilliard and Clay , 1983) have 

bec ome popular with farmers, animal breeders and sire 

analysts whic h generally rely upon the users more or less 

sUb j ec tive c hoic e of independent culling levels for traits 

deemed to be imp ortant (Tempelman and Burnside , 1990). It is 

rarely the case that the dec isions on whic h these independent 

culling levels are based have evolved from a thorough 

investigation of their ec onomic c onsequenc es. These 

situations lead to ineffic ient use of animal breeding plan 

investments by inc reasing c osts and reducing genetic p rogress 

in ec onomic terms. 

2. 2. 2. Profit func tion - obj ec tive func tion 

Already in the beginning of the 19th c entury Thaer (1809) 

emp hasized ec onomic aspec ts of actions in agric ulture and 

gave highest possible profit p riority over highest possible 

produc tion as an objec tive for the farmer: II Nicht die m6 glic h 

h6c hste P roduc tion , sondern der h6c hste reine Gewinn . . . .  

ist Z weck des Landwirths , . II For this study the objec tive 

of agr�c ulture is assumed to be the maximisation of financ ial 

gain, hereafter termed p rofit . However, it should be noted 

that in some types of farming the princ iple of maxim isation 

of benefits to the household of management can be the main 

ob j ec tive . This is not c onsidered here . A farm in this 

study is defined as a loc al, tec hnic al and organisatorial 

produc tion unit c omprising the p roduc tion fac tors whic h are 

combined for the p roduc tion of goods through systematic 

ac tions by management (Steinhauser et al. , 1972). 

The results of ac tions by management can be desc ribed by a 

response func tion whic h identifies the relationship between 

fac tor s ( Xi )  and p roduc ts (Y), often referred to as inputs 

and outp uts: 

• . ,  Xn ) · 
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The response f unction includes direct (f ertilizer) as well as 

indirect (land", milking machine) f actors and measures the 

technical relationship between inputs and outputs in physical 

units. It comprises the basic f unction f or economic 

considerations with the aim to f ind the optimum f actor­

product combination. H owever, an optimum f actor-product 

combination is a necessary but not a suff icient condition f or 

prof it maximisation. T his is achieved with the optimum 

f actor- product combination at least cost. Searching f or the 

least cost combination usually involves varying some f actors 

while keeping others f ixed resulting in a partial f unction: 

This determines the relationship between f actors and product 

with respect to a f ixed or limited f actor (e. g .  land in 

dairying) . 

It is impossible to list all input f actors involved in 

producing a particular livestock product and thus 

simplif ications are used involving only the more important 

input f actors. For most situations in livestock production 

the f ollowing assumptions f or the response f unction are 

characteristic (D illon, 1977): 

a. continuous smooth causal relation between the 

inputs (Xl ) and output (Y), 

b. diminishing returns with respect to each input 

f actor X ,  i. e. the additional output f rom 

succeeding units of input becomes less and less, 

c. decreasing returns to scale, i. e. an equal, 

proportional increase in all inputs results in a 

less than proportional increase in output. 

These assumptions imply that 

a. the f irst derivatives a YjaXi of the response 

f unction exist and 

b. decrease as the input f actor Xi increases, which 
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entai l s  that the second derivatives a 2 y/axi 2 exist 

and are negative and 

c .  the sum of the product of the reciprocal of the 

average response and the marginal response is 

smaller than 1 ( L  [ Xi/V ] [ ay/axd < 1 { i  = 1 ,  

2, . • •  , m } ) .  

The set of input quantities which best achi eves the speci f ied 

obj ective , i . e .  maximisation of prof it , is  def ined as the 

best operating conditions and specif ies the ob j ective 

function : 

where 1f i s  profit , Py is  price per unit of output , Y is  

output quantity , P i  is  price per unit of  input and Xi  is  input 

quantity ( Heady and Dil lon , 1 9 6 6 ) . Maximi sation of profit 

thus implies maximising the dif ference between the financial 

value of output and the cost of the variable inputs used . 

Thus , to find the maximum of the obj ective function for a 

single input variable ,  i . e .  maximum profit , the first 

derivative a1f / aX1 is set to zero and solved. for )( :  

Since dimini shing returns are one of the assumptions of the 

response function it holds that the second derivative ( a 2 1f / 
aX2 1 < 0) i s  smal ler than zero . The best operating 

conditions with a single input variable and no constraints on 

the obj ective function occur when the marginal product ( MP )  

of the i nput equals the inverse price ratio : 

ay / a X1 = p / p 1 y . 

For more than one input variabl e the obj ective function is  

defined as  
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and maximisation of · prof i  t .". with respect to the n input 

vari ables impl ies s imultaneous solution of the n equations 

( i  = 1 ,  2 ,  . . .  , n ) . 

The solution to this system of n equations yields the set of 

input quanti ties Xi consti tuting the best operating 

conditions . substituting these values into the response and 

obj ective function gives the l evel of output and profit 

achieved under best operating conditions . Each of the n 

equations can be rearranged as MPi = Pi / Py . 

One of the difficulties i n  l ivestock production i s  the 

simultaneous production of several outputs , e . g .  milk , calves 

and meat in dairying . Al location of input factors to the 

various outputs is control led by the animal at the genetic 

and the phenotypic level . The determination of these 

response functions requires deta i l ed and sophisticated 

biological measurement techniques under control led conditions 

and the results of these currently provide the most accurate 

basi s  for economic considerations . Note that response 

functions for the dif ferent outputs are most l ikely not 

independent . 

Commonly , l ivestock production entails  multiple response 

processes , where the overal l  outlay but not the individual 

process is  l imited . Thi s  requires a constrained obj ective 

function : 

where l i s  a Lagrange multiplier and C is the l imit of 

quantity of the outlay . Setting a .".  / aXi and a.". / al equal 

to zero gives the n + 1 equations : 
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The n - 1 isoc l i ne equations 

for i * j 

which , in con junction with the constraint can be rearranged 

to give the iso-cost locus : 

( j  = 2 ,  3 ,  . • .  , n )  

The iso-cost locus for Xl ' X2 , • • •  , Xn constitutes the n 

equations whose simultaneous solutions gives the n input 

levels whose combined cost is  c and which give the highest 

possible output and thus profit for that outlay . 

Frequently the profit function is def ined as a ratio to 

indicate production "efficiency" analog to biological 

efficiency measures used in l ivestock production . It should 

be noted that the definition of the profit function does 

affect the economic values and their sens itivity to changes 

in the economic conditions . When the prof it function is  

defined as  the d i f ference between revenues R = pyY and costs 

C = PiXi the weight for Xi relative to Y is -Pi/Py and thus the 

relative economic value depends on the revenue and costs . 

The partial derivatives of R-C are : 

a (R-C) = Py ay 
a (R-C) = -Pi ax . .1 
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When the profit function i s  defined as the ratio CjR the 

partial derivatives become : 

a ( � ) -PiXy = 
ay R Py� 
a ( � )  Pi aXi = 

R pyY 

and the relative weight for Xi is -YjXi where Y and Xi  are the 

input and output means . Therefore , when the profit function 

is  def ined as the ratio of revenue over costs the re lat ive 

economic values depend on the means and not the prices 

( James , 1 9 8 2 ) . This is a large and important dif ference 

between the prof it functions . Another dif ference becomes 

apparent with the inclusion of overhead costs k which do not 

change the re lative economic values for the difference R-C 

but do change for the ratio RjC . The relative economic value 

for Xi then becomes -Yj ( Xi + kjpi ) . Thus the rat io of returns 

to costs is sens itive to the relative importance of f ixed and 

variable costs whereas the d i f ference is not ( James , 1 9 8 2 ) . 

To avoid decisions l ike these , " biologica l "  ob jectives have 

been suggested such as lean ti ssue feed convers ion ( Fowler et 

al . ,  1 9 7 6 ; Newman et al . ,  1 9 8 5 ) . These ob j ectives constitute 

a s implified economic mode l of the selection ob j ective 

proposed by Dickerson ( 1 9 7 0 ) . 

2 . 2 . 3 .  Methods of estimating economic values 
a . Gross-revenue 

A gross-revenue method assuming that the only effect of the 

genetic change is in the price of the final  product was used 

to estimate economic values for traits of laying poultry 

( Arboleda et al . ,  1 9 7 6a ) . 

Nordskog ( 1 9 6 0 ) attempted to estimate net economic values in 
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poultry using a multiple regress ion of measures of traits a s  

independent variables and net income a s  a dependent variable . 

b .  Graphical methods 

A graphical method of plotting response ell ipses or " profit 

contours " was successfully appl ied to identify optimum index 

weights by Moav and H i l l  ( 1 9 6 6 ) . They compared the 

eff iciency of selection in special ised sire and dam l ines 

with the efficiency of selection in both sexes of poultry and 

pigs , using the same criterion and with prof it expressed as 

a rec iprocal function of reproductive performance .  

c .  Opportuni ty costs 

Blake et al . ( 1 9 8 7 ) estimated the economic value for type 

score indirectly as opportunity costs of decreased mi lk 

income . They def ined the opportunity costs of increasing 

selection intens ity for type in Holstein s i res as the 

decrease in potential net income from foregone mi lk . Results 

indicated that current selection policies using proportions 

of estimated annual net income exceeded the predicted 

proportions of milk to type by between 3 6  and 1 0 0  % towards 

type . Almost one standard deviation of net income from milk 

was sacri f iced when a proportion of 3 : 1  for milk and type 

instead of a 1 : 0  proportion was used in sire selection . It 

should be noted that the net income from type relative to 

milk was most l ikely over-estimated in this study . 

d .  Lifetime profit 

Andrus and McG i l l iard ( 1 9 7 5 ) and Gill  and Al la i re ( 1 9 7 6 ) 

developed a l ifetime profit function for dairy cattle 

including income from milk , mi lkfat % and number of calvings 

wi th expenses being estimated feed costs , number of AI 

services , rearing cost and length of herdl ife . 

e . Profit equation 

The profit equation was employed by Lin and Allaire ( 1 9 7 7 ) 
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and Lin ( 1 9 8 5 ) di rectly t o  develop a d i fferent type o f  

selection i ndex . The aggregate genotype was equated to 

prof it  per animal per unit of time . They estimated the index 

weights as b = P-lg ,  where p-l is the inverse of the phenotypic 

variance-covariance matri x  of the tra its in the i ndex , and g 

is the vector of genetic covariances between the traits i n  

the i ndex and prof it . Thi s  approach avoids arbitrary choices 

of economic va lues required in the construction of the 

selection goal in the selection index methodology . The 

contribution of economic values to the index coefficients 

differs in this method , as compared to the traditional 

selection index approach where the goal is an expl icit 

function of the traits . In  the appl ication of Lin and 

Al laire ( 1 9 7 7 ) and Lin ( 1 9 8 5 ) , none of the traits of the 

index were in the profit equation . Thi s  method appears to 

offer alternatives for developing selection criteria .  

f .  Marginal profit and loss 

Economic values have been estimated as the difference between 

the marginal profit or loss ( marginal return - marginal 

cost ) resulting from a unit i ncrease of output over and above 

the output achieved with an average animal ( Simm et a l . ,  

198 7 ) . Relative economic values for British beef ( Simm et 

al . , 1 9 8 6 ) and sheep ( Parratt and simm ,  1 9 8 7 ) were derived on 

a national bas is by estimating the national saving in costs 

from keeping fewer animals through genetically improved 

production per animal to achieve a f ixed national output of 

lean t issue ( cited by Simm et al . ,  1 9 8 7 ) . 

g .  Linear programming 

McGi l l iard and Clay ( 1 9 8 3 ) developed a l inear program whi ch 

selected s ires for use in an enterprise with the obj ective of 

max imi z ing the weighted average breeding value for mi lk yield 

of s ires used , whi l e  i ncludi ng restrictions or constraints in  

the form of minimum or maximum levels for the weighted 

average breeding values of a number of type traits and 

several management factors . Here the economic value was 
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redefined as the amount by which the profit of the farm was 

expected to increase for each uni t  of improvement of a trait 

in a single animal . The procedure can be carried out in an 

iterative fashion and thus allows the selection obj ective to 

be adj usted . 

Sivara jas ingam ( 1 984a ; 1 9 8 4b )  ranked dairy sires for total 

economic merit by an average daughter ' s  contribution to net 

farm profit using l inear programming . The model included 

sire ' s  breeding value for milk yield , conformation , mi lking 

speed and non-return rate , feed intake estimated from milk 

yield , fat % and body s i z e , revenues from cal f  sales and 

labor cost for mi lking speed . The traits milk , fat percent , 

mi lking speed , body s i z e  and non-return rate had high 

standard partial correlations with the index of total 

economic merit . Parametric programming showed that many 

factors in dairy farm operations may restrict expans ion of 

farm milk production . 

h .  Sensitivity analysis 

Ladd and Gibson ( 1 9 7 8 ) appl ied sens itivity analys is to a 

l inear program to measure economic values . The method 

identifi ed which traits were most affected by changes in the 

linear program . 

i .  Forced choice technique 

Gonyon et a l . ( 1 9 8 6 a ; 1 9 8 6 b )  used the forced choice technique 

to obtain information about the perceived contribution of 

milk yield , fat percentage and 1 5  type traits to evaluate 

total economic merit .  Respondents were asked to rank two 

hypothetical cows according to their perceived total merit 

for these traits . The phenotypes for each trait were 

stochastically simulated within a defined range . This 

technique has the advantage that it allows a conscious 

assessment of the traits under cons ideration because other 

traits are assumed identical whi l e  focussing on only a few 

trai ts at a time . This technique a l so avoids bias from other 

information potentially influencing ranking decisions . The 
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sample of perceived dif ferences in total merit aris i ng from 

the displ ayed phenotypes were quantified by regressing the 

di fferences on the displayed phenotypes . These regression 

coefficients were then used as estimates for the coeffici ents 

in a l inear and quadratic total merit function . The relative 

economic value for the trai ts considered was defined as the 

change in total meri t  from a one unit increase of a 

particular trait . 

The results gave an analys i s  o f  the perceived economic values 

of the tra its cons idered based on the opinion of the sample 

of respondents . The concurrence between these sUbj ective 

perceptions and the economic inf luence of the traits on the 

obj ective function in a commercial enterprise was not 

evaluated in detail . However , the results showed a high 

emphas is for udder support and a low emphas is for 

conformation of legs which is in agreement with other studies 

( Thomas et al . ,  1 9 8 4b ) . Also , the ratio of milk to type was 

not very different from the 3 : 1  ratio appl ied in the Total 

Performance Index ( TPI ) which defines the overall  type 

contribution in terms of a final type score trait . 

j .  utility function 

A uti l ity function incorporating information on production or 

a selection index fo! production , l inear type traits , timing 

of net revenues and "accuracy ( i . e .  risk ) showed that moderate 

changes in the relative we ights of production versus type 

traits has l ittle effect on s ire rankings with rank 

correlations above 0 . 9 7 .  The effect of changing risk 

aversion on sire rankings was sma l l  except when risk avers ion 

was increased to high level s  ( Rogers , 1 9 9 0 ) . This  method is  

sometimes also called r i sk avers ion since it al lows to 

estimate the risk of a management decis ion by incorporating 

the variance of its potenti a l  monetary outcome . 

2 . 2 . 4 .  Use of economic indices 

Some economic indices have been widely used in dairy cattle 
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in the USA . The Predicted Di fference Dol l ars ( PD$ ) weights 

breeding values for milk and fat by their market prices . The 

production Type Index ( PTI ) weights the value for PD$ and the 

breeding value for type and the Total Performance Index ( TPI ) 

combines the breeding values for milk , fat % and type 

( Pearson and Mi l ler , 1 9 8 1 ) . Whi le the weights used in the 

rankings are not net economic values and covariances are not 

included , the indices appear to have a pos itive impact on 

more rea l i stic emphasis on traits in selection ( White et al e 

198 1 ) . Results from a l inear net merit index developed by 

wi lcox et al e ( 1 984 ) by calculating net present values for 

available AI sires show low Spearman rank correlations 

between PD$ and the net present value of sires . This 

indicates that PD$ might be an unsuitable alternative for 

prof itabi l ity rankings . 

2 . 2 . 5 .  Non-linear economic values 

The selection obj ective or aggregate genotype is not always 

a l inear function of its component traits . In this case no 

unique economic va lue exists and the economic values must be 

changed as the mean of the population being evaluated 

changes . This implies that the economic gain from a certain 

phenotypic difference in  the trait is  not constant over the 

full range of its variation . Thus , economic values might 

differ between strains or breeds and geographical regions 

(Mil ler and Pearson , 1 9 7 9 ) .  Non-l inear economic values arise 

where the economic value of the product varies with the 

output of the product and where the economic value of a trait 

depends on the level of another trait ( Goddard , 1 9 8 3 ; Van 

Vleck , 1 9 8 8 ) . 

A constant economic value for a trait implies selection for 

a maximum or minimum level depending on the sign of the 

economic value . A non-constant economic value i s  observed 

wi th selection for intermediate or optimum values . A 

curvi l inear relationship between the economic value and the 
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phenotypic level results from the law of dimi shing returns a s  

the profit curve might be a quadratic o r  polynomial function 

when prices for inputs and outputs in the response function 

are included . To incorporate this situation the optimum 

selection index has been augmented to include restrictions to 

keep the mean values of one or more traits unchanged 

( Kempthorne and Nordskog , 1 9 5 9 ) and to conf ine the magnitude 

of genetic changes in individual traits to specified levels 

per unit selection intensity ( Ta l l i s , 1 9 6 2 ; Harvi l l e , 1 9 7 5 ; 

Ess I , 19 8 1 ) in the form of constrained selection indices . 

Another situation where non-constant economic values occur is  

with selection for a lowest acceptable value whi ch can be 

described by a stepwi se function in relation to the 

phenotypic value . Such thresholds imply a non-l inear 

economic value : above the threshold for acceptabi l i ty ,  an 

increase in the trait may have only a relatively sma l l  

economic value per unit , but fall ing below the threshold is  

reason for cul l ing despite the redeeming qual ities of other 

traits . Recognition of this type of non-l inearity of 

economic values is  embodied in the method of independent 

CUl l ing levels . In  this procedure animals which fall  below 

a certain threshold for traits such as ferti l ity , disease 

resistance or temperament are l ikely to be _cul led more or 

less independently of thei r  potential genetic values for 

traits with more clearly defined economic values ( Van Vleck 

et al . ,  1 9 8 7 ) . Also , tandem selection is a useful method 

when the economic weight of some traits i s  non-l inear as its 

occas ional use is a simple method of preventing certain 

traits to fall below defined thresholds ( Turner and Young , 

19 6 9 ) . 

The question of non-l inearity in models for the aggregate 

genotype or total merit was treated by Wi lson et al e ( 19 6 8 ) 

in a statistical context . Especially when considering traits 

related to fitness , the assumption - of l inearity may be 
questioned . To circumvent this situation the SUbstitution 
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method was proposed where subindices for each trait are 

deve loped us ing information on a l l  traits , and these sub­

indices replace each trait in the aggregate genotype 

equation . This method gives the same result as the 

conventional method for l inear or quadratic models of tota l 

merit ( Wi l ton et al . ,  1 9 6 8 ; Ronningen , 1971 ; Goddard , 1 9 8 3 ) 

but has the advantage that the economic va lues can be varied 

eas i ly ( Ronningen , 1 9 7 8 ) .  An extension of the algorithm to 

maximi ze genetic progress including all genetic pathways 

subj ect to non-l inear constraints has recently been presented 

( Ducrocq and Col leau , 1 9 8 9 ) with an example in dairy cattle 

breeding . 

2 . 3 .  Effects of errors in parameters on expected genetic 

gain 

2 . 3 . 1 .  Errors in  genetic parameters 

The accuracy of the prediction of response in index selection 

experiments is mainly dependent on the accuracy in the 

estimation of the parameters involved in the construction of 

the index ( Sales and Hi l l , 1 9 7 6b ) . When estimates are far 

from the true values , the index looses effectiveness as a 

predictor of the underlying aggregate genotype . In that 

situation , the observed response wi l l  be smal ler than 

expected , the def icit depending on the magnitude of the error 

committed . Harris ( 1 9 6 4 ) studied the inf luence of the 

magni tude of sampling error of heri tabi l i  ty and genetic 

correlation estimates on the accuracy of the prediction of 

response .  He concluded that losses in efficiency can be 

important when sample s i zes are smal l . These losses increase 

When heri tabi l i  ties are low and genetic correlations are 

negative . Alternatively , the use of the base index has been 

proposed ( Wi l l iams , 1 9 6 2 ) . The precis ion of long-term 

predictions in selection experiments with multiple obj ectives 

can be low even in the absense of incorrect estimates . 

In many practical situations of breeding domestic animals 
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heri tabi l i  ties and selection i ntensities . Finney ( 1 96 2 ) , 

however , cautions that any sel ection appl ied in one 

generation wi l l  destroy norma l ity at its first appl ication 

and potentially reduce genetic variances of all  traits 

correlated with the function used as selection criterion as 

we l l  as the ir covari ances ( Bulmer , 1 9 7 1 ) . 

Bohren et al . ( 1 9 6 6 ) theoretica l ly demonstrated that changes 

in gene frequencies due to sel ection affect genetic 

covariances to a greater extent than genetic variances . 

Thus , prediction of correlated responses would be va lid over 

a smal ler number of generations than prediction of direct 

response . That genetic covariances can even change sign as 

a result of sel ection has been pointed out by Lerner ( 1 9 5 8 ) . 

Hence , concordance between real i z ed and predicted response 

wi l l  not only decrease when poor parameter estimates were 

used , but also when the magnitude of these estimates changes 

as selection proceeds , due to genetic drift and/or to 

selection itself ( Caballero , 1 9 8 9 ) . Several authors have 

tried to overcome such problems by using indices re­

calculated in each generation from parameters obta ined in the 

previous ones . 

The efficiency of restricted i ndices is a lso affected by 

errors of estimation , and the response of the restricted 

trait can be rather different from that predicted , especially 

when its heritabi l i ty is  l ow ( Hi l l  and Meyer , 1 9 8 4 ) . 

Additionally , s imul ation studies by Mortimer and James ( 1 9 8 7 ) 

have shown that response to selection using this type of 

index is particularly sensitive to temporal changes in the 

genetic parameters . This occurred to such an extent that 

restriction is only possible i f  genetic covariance and 

genetic variance of the restricted tra it do not change . 

Thus , re-estimation of parameters has also been suggested for 
constrained selection indices as a way to improve genetic 
response . 
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Caballero ( 1 9 8 9 ) calculated the differences between expected 

and observed responses ( 1  - ( RexP. - RobS. ) / Rexp. ) in a large 

number of selection experiments using Drosophila , Tribolium 

and mouse strains to measure the relative importance of 

possible causes of inaccuracies in predicting the response . 

He reported that re-calculated indices have the highest 

efficiency of 9 0 %  whereas classic or base indices achieve an 

average efficiency of 54 and 4 6 %  and constrained indices are 

the most inefficient . High losses in efficiency occur with 

constrained indices when traits have low heritabi l i tes ( Hi l l  

and Meyer , 1 9 8 4 ) . These type of selection experiments were 

not even included in the analys is by Cabal lero ( 1 9 8 9 ) . In 

his comparison constrained selection indices were completely 

successful in only one selection experiment and only partly 

effective or wholly ineffective in the remaining cases . In 

general ,  efficiency decreased from 50% to 3 7 %  as a 

consequence of errors committed in the estimation of the 

parameters used to construct the index . Temporal changes 

experienced by the parameters resulted in a much more 

pronounced reduction of the efficiency , from 6 7 %  to 3 7% . He 

concluded that of those factors which can be shown to 

decrease the expected selection response , temporal changes of 

genetic parameters were found to be the most important one , 

and the use of indices re-calculated every generation from 

selection data appears to be the best way to optimi ze 

selection gai n . 

While populations are s igni ficantly larger in  dairy cattle 

breeding these results sti l l  show that serious consideration 

should be given to the use of a re-calculated selection 

index . 

From the above it appears that errors in the heritabi l ity 

estimates reduce the efficiency of the selection index to a 

lesser extent than do errors in  the correlations . 

Hayes and Hi l l  ( 1 9 8 0 ) used a canonical transformation to 

reparameter i z e  the phenotypic covariance matrix to al low an 

easy computation of the sampl ing variances of the index . The 

index was l ikely to be least stable when the transformed 
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variables had a low heritabil i ty with high economic values . 

The weights had the l argest sampl ing variance when these 

heritabil ities were near equal . 

Canonical correlations can be employed to check the val i dity 

of the parameters used in  the selection index . The coherence 

or permissibi l ity of the parameters is assured when the 

matrix G describing relationships among breeding values i s  

positive definite and the eigenva lues o f  G- IV'P-1V range 

between 0 and 1 ( Foul ley and O l l ivier , 1 9 8 6 ) . The risk of 

incoherence is high when the true genetic correlations are 

close to -1 or +1 . 

In a selection experiment with Tribol ium castaneum an 

unrestricted , optimum and proportional gains index of two 

traits were compared in  their sens itivity to errors in the 

genetic correlations ( Campo and Velasco , 1 9 8 9 ) . 

Underestimation of the genetic correlation affected the 

efficiency of the proportional gains index significantly more 

than the optimum or the restricted index . 

A method to improve the efficiency of index selection has 

recently been proposed by Tai ( 1 9 8 9 ) . The noise associated 

with the estimates of the parameters is rounded off via a 

canonical variate analysi s  on the phenotypic and genotypic 

variances of a group of traits . Based on a X 2  test the f i rst 

k significant eigenvalues are chosen for the improved index 

since the non-sign i f icant e igenvalue are expected to 

represent variabi l i ty due to non-genetical factors . It is  

hypothes i z ed that this procedure improves the precision of 

the index and that thi s  outweighs the loss in genetic gai n  

due to a sma l l  proportion o f  lost genetic variabi l ity .  

The genetic progress in the genetic index g defined as  the 

linear combination of the genetic component of each phenotype 

weighted by the respective i ndex coefficients bi achieved by 

one round of selection on the index I is : 
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where g is the genetic index and D1 is the selection 

intensity of the index or the sel ection d i fferential for the 

population with variance equa l to 1 ( Lin and All aire , 1 9 7 7 ) . 

This  represents the genetic progress in the selection 

criterion . 

2 . 3 . 2 .  Errors in economic values 

Economic values should be estimated as precisely as possible . 

However , the efficiency of the index does not suf fer much 

from relatively large errors in the economic values 

( R6nningen , 1 9 7 1 ; Fowler et a l . ,  1976 ; Vandepi tte and Hazel , 

197 7 ) . The effic iency of the index was reduced by less than 

2% with errors in the economic value in the order of ± 5 0 %  

( Fowler e t  al . ,  1 9 7 6 ) .  A comparison o f  a two-trait index 

with economic values ranging from 5 : 1  to 75 : 1  resulted in 

different expected genetic response for the component tra its 

but did not change the genetic response of the aggregate 

genotype and its economic va lue much ( Al lan et al . ,  1 9 8 5 ) . 

However ,  smith ( 1 �8 3 ) cautioned that large losses in 

efficiency can occur i f  important traits are omitted or 

unimportant traits receive a high economic value or when the 

direction of selection i s  reversed for an important trait . 

He points out that the selection obj ective should be wel l  

defined s o  as to cons ider a l l  important traits affecting 

economic production . 

2. 4 .  The current breeding objective for New Zealand dairy 

cattle 

2 . 4 . 1 .  Selection objective 
The obj ective for most dairy farmers is to maximise net 
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income from thei r  enterprise . This could be most eas i l y  

achieved b y  increasi ng the prices received for the output . 

However , the single dai ry farmer is  a pricetaker and the 

inf luence over prices rece ived is limited even for the 

industry as a singl e  seller . About 9 0 % of dai ry products 

manufactured in New Zealand are exported but New Zealand ' s  

international dairy market represents less than 5 % of total 

world dairy production . Import prohibition or protection i s  

appl ied in most markets of deve loped countries . Thi s  i s  

essentially supported by the manufacturing industries i n  

these countries thereby creating cons iderable price 

differentials for dairy products between various domestic 

markets . The international market for dairy products 

consequently has developed into a dumping ground for excess 

production resulting in a very competi ti ve pricing structure , 

forcing traders to often sell  dairy products at or below 

production cost . / This scenario forces New Zealand dairy 

producers f i rstly to produce milk at a very low absolute cost 

level , uti l i z ing the advantages of a favourable cl imate most 

effectively , and secondly to anticipate long-term world 

trends in consumption and use of dairy products . However , 

predicting longterm trends is  difficult . The lack of 

stabi l i  ty in the internationa l dairy market also creates wide 

fluctuations in the prices received for dairy products and 

thus raw milk . 

This economic situation stimulates an awareness for a clearly 

defined and periodica l ly re-evaluated selection objective in 

both the farming community as wel l  as the dairy industry . 

Li vestock Improvement Corporation Limited ( 1 9 9 0 ) operates 

according to the fol l owing selection obj ective set out in its 

strategic plan : 

"The statement of purpose for the genetic eva luation of dairy 

animals in New Zealand is  to continually 

identify the best dairy animals in terms of their ability 

to improve New Zealand dairy farmers ' net income . "  
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This selection ob j ective requi res that animals are evaluated 

according to thei r  potential  for increasing the outcome of a 

function of several variables combining economic and genetic 

cons iderations . Economic theory shows that under these 

constraints profit functions exist for an enterprise given a 

priori assumptions . The profit funct ion ( P ) def ined as  the 

dif ference between output or revenue ( R )  and input or costs 

( C )  

P = R - C  

can be maximised by either increas ing quantity or value per 

unit of output R or by decreasing quantity or value per unit 

of input ( I ) . Both strategies require that genetic and 

economic parameters are combined to rank dairy cattle 

according to the ir expected economic merit . 

Dairy farms have an extraordinary dependance on one product 

and are almost single purpose enterprises with 8 5 %  of their 

revenue achieved from mi lk sales . The biggest expense items 

are overheads ( which includes interest on debts ) whi l e  feed 

comprises about 5 0 %  of the non-overhead expenses . This 

clearly shows the need for an efficient feeding pol icy . 

New Zealand dairy farmers are effectively shareholders in 

their own manufacturing company and marketing and trading 

company . Therefore the returns for their product are a 

mixture of raw materi al value and a share of the marketing 

profit . Consequently , the selection objective needs to be 

interpreted on a national level and should be based on 

manufacturing costs and efficiencies as we ll as profits and 

losses from marketing . Whi l e  a large part of the dairy 

farmer ' s  objective to maximise net income can be achieved by 

optimis i ng manufacturing and trading practices , qual ity and 

quanti ty of the raw product ( mi l k )  as wel l  as some of the 

farm production and manufacturing costs can be influenced by 

genetic improvement of the dairy cows . 
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2 . 4 . 2 .  Current selection criteria 

5 1  

To rea l i z e  a sel ection obj ective selection criteria need to 

be obj ectively and rational l y  chosen according to which 

anima l s  are evaluated and selected . The selection criteria 

currently used for New Zealand Holstein-Fri esians , Jerseys , 

Ayrshires and Mi lking Shorthorns are deta i led in several 

publ ications ( Ahlborn-Bre i er , 1 9 8 8 a  and 1 9 8 8 b ;  Ahlborn-Breier 

and Wickham , 1 9 9 0 a ; Ahlborn-Breier et al . ,  1 9 9 0 ) . The latter 

two pUbl ications include a l ist of all  selection criteria and 

thei r  economic values and are presented in the appendix for 

ease of reference . For this reason only a brief background 

on the genetic paraemeters and economic values used for the 

current twenty sel ection criteria for New Zealand dairy 

cattle for which breeding values are currently ca lculated 

wi l l  be given here . 

a)  Production traits 

Protein and mi lkfat production are the most important 

measures of profitabi lity for the New Zealand dairy farmer . 

Heritabi l ity estimates for milk , mi lkfat and protein yield 

average . 2 6 ,  . 2 9 and . 2 0 ,  respectively , with high and 

positive genetic correlations between these traits ( Lin et 

al . ,  1 9 8 5 ; Lin et al . ,  1 9 8 7 ; Norman et al . ,  1 9 8 8 ) . Economic 

values are currently 1 kg protein : 0 . 6 5 kg mi lkfat : - 0 . 0 1 

I milk ( Livestock Improvement Corporation Limited , ��89 ) .  

b)  Adaptability to milking 

The seasonal milk production system results in a l l  cows in a 

herd calving and starting to lactate over a short time 
period . This requires hei fers which can eas ily adapt to the 

mi lking routine to avoid compounding the stress experienced 

by the farmer during this time of the year . 
Heritabi l ity estimates for adaptabil ity were not available 

when the decision about this selection criterion was made . 

However , heri tabi l i  ty i s  expected to be similar to the 
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heritabi l ity for temperament in  the order of . 1 0 - . 1 5 .  

Although genetic correlations between adaptabil ity and other 

traits have not been estimated , a high phenotypic correlation 

between shed behaviour , a closely related trait , and 

temperament exists ( Ahlborn-Breier , unpubli shed ) .  The 

economic value for the closely related trait shed behaviour 

is very sma l l  ( Ahlborn-Breier and Wickham , 1 9 8 5 ) and it i s  

expected that adaptabi l i ty t o  milking might have a slightly 

higher economic value due to its more accurate definition . 

c )  Shed temperament 

Temperament has been shown to a ffect the mi lking routine . A 

continuous flow of cows through the mi lking parlour is  

required to ensure a smooth milking operation particularly in 

large herds . Nervous cows d isturb the mi lking routine and 

represent a potential source of danger to the farmer . 

Concern about shed temperament increases with increas ing 

herds i z e . 

Heritabi l i ty estimates for temperament range between 0 . 1 1 and 

0 . 1 8 ( Wickham , 1 9 7 9 ; Jensen , 1 9 8 3 ; Lawstuen et al . ,  1 9 8 8 ; 

Foster et al . ,  1 9 8 8 ) for f irst lactation cows . These 

estimates are l ikely to be def lated values as they are 

calculated from multinomial  scores . A high genetic 

correlation between first and second lactat ion of 0 . 7 6 

( Jensen ,  1 9 8 3 )  indicates a strong correlated response between 

lactat ions . Therefore it is feasible to restrict measurement 

of thi s  trait to the f i rst l actation avoiding an extended 

generation interval . 

The genetic correlation between temperament and production is  

moderately high ( 0 . 3 9 with milk yield , Mantysaari et al . ,  

1983 ; -0 . 1 5 with milkfat yield and reversed coding , Wickham , 

1979 ) . This impl ies that selection for higher milk or mi lkfat 
yield indirectly improves the temperament of cows in the next 

.. generation . Genetic correlations between temperament and 

most other traits are sma l l  and close to zero except for 

traits related to milking ( i . e .  milk let down , putting cups 

on , cups staying on , mi lking speed ) which are in the order of 
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0 . 2 0 to 0 . 3 8 ( Wickham , 1 9 7 9 ) . A sma l l  pos itive ( favourable )  

correlation between temperament and mastitis incidence i s  

reported by Lindstrom and Syva jarvi ( 1 9 7 8 ) indicating 

correlated responses for a reduced incidence of mastitis with 

sel ection for temperament . Farmer ' s  overall opinion of the 

hei fer is strongly influenced by its temperament ( Ahlborn­

Brei er and Wickham , 1 9 8 5 ) . Temperament is also 

phenotypica l ly correlated , a lbeit to a lesser extent , with 

shed behaviour , ease of putting cups on and cups stayi ng on . 

The economic value of temperament i s  high under New Zeal and 

production conditions ( Wickham , 1 9 7 9 ) . In contrast , in  

Scandinavian countries temperament has the lowest economic 

values of all traits considered ( Mantysaari et al . ,  1 9 8 3 ; 

Chri stensen , 1 9 8 4 ) . The economic value of temperament in 

Finland has been estimated as $ 0 . 4 4 per standard deviation 

or 0 . 1 5 kg mi lkfat ( Mantysaari et a l . , 198 3 ) . 

d )  Milking Speed 

Harvesting milk is probably the most important task on every 

dairy farm . Mi lking speed of the individua l cow influences 

the time spent on harvesting milk and gains importance as 

yield per cow and/or the number of cows per herd increase . 

Although milk yield per cow i s  low in pasture based 

production systems , milking speed is of economic 

cons ideration in  New Zealand because of the large average 

herd s i ze of presently 1 57 cows ( Livestock Improvement 

Corporation Limited , 1 9 9 0 ) . Slow mi lkers can disrupt and 

prolong the mi lking routine especially in mi lking parlors 

which handle large groups of cows at a time which are common 

in New Zealand . 

Mi lking speed i s  moderately heritable with heritabil ity 
estimates in  the order of 0 . 2 5 for two-minute yield ( Sharaby , 
197 7 ;  Moore , 1 9 8 0 ; Wi l l i ams , 1 9 8 0 ; Schneeberger and Hagger , 
1985 ) and ranging between 0 . 1 1 and 0 . 2 0 for total mi lking 
time ( Moore , 1 9 8 0 ; Wi l l i ams , 1 9 8 0 ; MCClelland et a l . ,  1 9 8 3 ; 

Lawstuen et al . ,  1 9 8 8 ) . Thus , milking speed can be increased 

effiCiently through genetic improvement . Genetic 
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correl ations between mi lking speed and mi lkfat production 

range f rom -0 . 18 to 0 . 3 1 for total mi lking time ( Moore , 1 9 8 0 ; 

Wi l l iams , 1 9 8 0 ) and f rom -0 . 2 3 to 0 . 2 2 for two-minute yield 

( Sharaby , 1977 ; Moore , 1 9 8 0 ; Wi l l iams , 1 9 80 ) . A genetic 

corre lation between mi lking speed and temperament of 0 . 3 6 has 

been estimated ( Lawstuen et al . ,  1 9 8 8 ) . 

Mi lking speed is cons idered to be an important trait 

( McCl e l land , 1 9 8 3 ; Schneeberger and Hagger , 1 9 8 5 ) . 

Commercial dairy farmers in New Zealand allocated a 

relatively high economic value to milking speed 

( Ahlborn-Bre ier and Wi ckham , 1 9 8 5 ) . 

e )  Overall opinion 

The owner ' s  overal l  opinion of a hei fer is expected to 

indicate the hei fer ' S  suitabi l ity for the dairy enterprise . 

Bes ides milk production , management and conformation tra its , 

the suitabi lity might include any other trait of importance 

to the dairy farmer . Thus , this trait might serve as an 

indicator of the comprehensiveness of  the eva luation system 

used . 

Genetic parameters for overal l  opinion were not known , 

however , the heritabi l ity is expected to be low to moderate . 

By def inition , overal l  opinion is expected to be at least 

phenotypically highly correlated with a number of , most 

like ly important , traits l ike production traits . 

f )  Liveweight 

Liveweight can be used to allow more accurate estimates of  

feed intake . Implementing this information might lead to a 

higher production efficiency per cow and/or per farm . 

Liveweight in dairy cattle has a moderate heritabi lity with 

estimates ranging f rom 0 . 2 0 to 0 . 44 ( McDaniel and Legates , 

1965 ; Lin et a l . ,  1 9 85 ; Meyer et al . ,  1 9 8 5 ; Col leau et al . ,  

198 9 ) . Genetic correlations between l iveweight and mi lk 

production are moderate to strong and positive ( McDaniel and 

Legates , 1 965 , Norman and Van Vleck , 1 9 7 2 ; Lin et al . ,  1 9 85 ) . 

Phenotypic correlations between l i veweight and milk 
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production vary widely but are general ly pos itive ( Norman and 

Van Vleck , 1 9 7 2 ; Lin et al . , 1 9 8 5 ; S i eber et al . ,  1 9 8 8 � Foster 

et al . ,  1 9 8 8 ) . 

Dempfle ( 1 9 8 6 ) estimated the economic value for l iveweight 

us ing a profit function and found a negative economic value 

of $ -0 . 2 3 /kg I i  veweight for Hol stein-Friesians and $ 

0 . 3 1 /kg liveweight for Jerseys . 

g )  Stature 

stature measures the skel etal frame and hence is eas i er to 

assess and distingui sh than l ivewe ight resuJ ting in higher 

repeatabi lities of eva luations by trained evaluators ( Ahlborn 

and Dempfle , 1 9 9 0 ) . 

Heritabi lity estimates are slightly higher than for 

liveweight ranging from 0 . 2 7 to 0 . 4 4 when subj ect ively scored 

( Schaef fer , 1 9 8 3 ; Meyer et al . ,  1 9 8 5 ; Lin et al . ,  1 9 8 7 ; 

Norman et al . ,  1 9 8 8 ; Colleau et al . ,  1 9 8 9 ) . Genetic 

correlations between stature and mi lk and milkfat yield are 

close to zero ( Foster et al . ,  1 9 8 8 ; Norman et al . ,  1 9 8 8 ) . 

h )  Capacity 

Capacity is diff icult to define accurately and presumably 

represents an unconscious ly constructed index of body depth , 

stature ,  chest and rump width , rump and diagonal body length 

and body volume . 

Heritabil ity estimates for capacity range from 0 . 2 3 to 0 . 3 5 

( S'chaeffer , 1 9 8 3 ; Meyer et al . ,  1 9 8 5  i Sorensen and Kennedy , 

198 5 ) . Schwark and Fahr ( 1 9 8 9 ) report a heritabi l ity of 0 . 2 7 

for a height and width i ndex , . 3 6 for a rump volume index and 

. 3 4  for a body volume index . Strong pos itive genetic 
corre lations exist between capacity and most measures of body 
size ,  general appearance and 'udder conformation ( Meyer et 
al . , 1 9 8 5 ) . S i nce capaci ty does not affect farm 
prof itabi lity d irectly it is very difficult to arrive at 
estimates for its economic value . Due to the lack of any 
obj ective data the economic value for capacity is set to be 
zero .  
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i) Leg conformation 

The heritabi l ity of leg conformation is low . Numerous 

published estimates average at about 0 . 1 2 with a sl ightly 

higher value of 0 . 1 5 for measures based on l i near scoring . 

The genetic corre lation between leg conformation and 

production is small  but pos itive ( Blanchard et al . ,  1 9 8 3 ; 

Petersen et al . ,  1 9 8 6 ) . This  indicates that leg conformation 

would not deteriorate with selection for higher mi lkfat even 

if leg conformation would not be included as a selection 

criterion . Blanchard et al e ( 1 9 8 3 ) reported a sma l l  positive 

correlation with stayabi l ity . 

The economic value of leg conformation is very low for 

commercial dairy producers ( Ahlborn-Breier and Wickham , 

1986 ) . 

j )  Rump width and rump angle 

Heritabi l ities estimates for dif ferent traits of rump 

conformation vary between z ero and 0 . 2 5 ( Norman et al . ,  1 9 8 3 ; 

Schaeffer et al . ,  19 8 5 ; smith et al . ,  1985 ; Thomas et al . ,  

198 5 ) . Rump width and rump angle are the traits with the 

cons istently highest heri tabi l i  ties of around 0 . 2 0 across 

datasets and authors . Heritab i l ity estimates increase with 

age of cow ( Thompson et a l . ,  1 9 8 0 ; smith et al . ,  1 9 8 5 ) . 

Genetic correlations between rump conformation and production 

are sma l l  but not antagonistic ( Van Vleck et al . ,  1 98 0 ; 

Blanchard et al . ,  1 9 8 3 ) .  A small favourable genetic 

correlation between rump conformation and calving ease of 

0 . 2 8 was reported by Dadati et al e ( 1 98 5 ) . High genetic 

correlations between rump conformation and f inal score , 

general appearance and stature ranging from 0 . 6 0 to 0 . 85 ( Van 

Vleck et al . ,  1 9 8 0 ; Blanchard et al . ,  1 9 8 3 ; Norman et al . ,  

1983 ; Schaeffer et al . ,  1 9 8 3 ) show that a large proporti on of 

the general appearance is determined by rump conformation . 

Genetic correlations of rump conformation with fore udder , 

rear udder , feet and legs are moderate ( 0 . 2 0 - 0 . 55 )  and 

favourable ( Thompson et a l . ,  1 9 8 1 ; Blanchard et al . ,  1 9 8 3 ; 

Norman et al . ,  1 9 8 3 ) . Rump width is  genetica l ly moderately 
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correlated with the width of the rear udder ( Thompson et al . ,  

1 9 8 1 ; Norman et al . ,  1 9 8 3 ; Schaeffer et al . ,  1 9 8 5 ) . 

The economic value of rump conformation is very low for 

commercial dairy produceers ( Ahlborn-Brei er and Wickham , 

19 8 6 ) but is seen as being fairly high by pedigree breeders . 

k )  Udder support 

Udder support , also cal led udder cl eft , segmentation or 

suspensory l igament , is moderate ly heritabl e with 

heri tabi l i  ties ranging from 0 . 0 9 to 0 . 2 0 for subj ective 

scores depending on the method of est imation ( Schaef fer et 

al . ,  1 9 8 5 ; smith et al . ,  1 9 8 5 ; Thomas et al . ,  1 9 8 5 ; Magid et 

al . ,  1 9 8 6 ; Meyer et al . ,  1 9 8 7 ; Col leau et al . ,  1 9 8 9 ; Monardes 

et al . ,  1 9 9 0 ) . Genetic correlations of udder support with 

mi lk and mi lkfat yield are small with estimates of 0 . 1 1 and 

0 . 1 4 ( Blanchard et al . ,  1 9 8 3 ) .  Udder support has a 

moderately high genetic corre lation with dairyness ( 0 . 4 1 ) , 

fore udder attachment ( 0 . 3 1 ) , rear udder he ight ( 0 . 3 1 )  and 

rear udder width ( 0 . 4 7 )  ( Thompson et al . ,  1 9 8 1 ; Norman et 

al . ,  1 9 8 3 ; Schaeffer et al . ,  1 9 8 5 ) . A high favourable 

genetic correlation ( 0 . 7 5 0 . 9 2 )  exists between udder 

support and teat placement ( Thompson et al . ,  1 9 8 1 ; Schaeffer 

et al . ,  1 9 8 5 ; Meyer et al . ,  1 9 8 5 ; Col leau et al . ,  1 9 8 9 ) . 

The economic value for udder support has been reported as 

high ( Ahlborn-Breier and Wickham , 1 9 8 6 ) under New Zealand 

conditions . 

e )  Fore udder 

Heritabi l ity estimates for fore udder are small ranging from 

0 . 1 1 to 0 . 2 4 ( Blanchard et al . ,  19 8 5 ; Meyer et al . ,  1 9 8 5 ; 

Schaeffer et a l . ,  1 9 8 5 ; smith et al . ,  1 9 8 5 ; Foster et al . ,  

19 8 8 ; Klei et al . ,  1 9 88 ; Monardes et al . ,  1 9 9 0 ) . Genetic 

correlations between fore udder and milk and milk fat yield 

are close to z ero ( Blanchard et al . ,  1 9 8 3 ; Klei et al . ,  
19 88 ) . H igh pos itive genetic correlations (> 0 . 5 3 )  exist 

between the conformation of the fore udder and f inal score or 
style ,  rear udder width , rear udder height I rear udder 
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attachment , fore udder attachment , median suspensory 

ligament , teat placement and mi lk out ( Blanchard et al . ,  

1 9 8 3 ; Norman et al . ,  1 9 8 3 ; Schaeffer et al . ,  1 9 8 5 ; smith et 

al . ,  1 9 8 5 ; Foster et al . ,  1 9 8 8 ) . Fore udder attachment i s  

favourably genetica l ly correlated with udder depth ( Schaeffer 

et al . ,  1 9 8 5 ) . 

Fore udder has a low economic value ( Ahlborn-Breier and 

Wickham , 1 9 8 6 ) . 

m) Rear udder 

The heritabi l ity for rear udder is low with a range from 0 . 1 4 

to 0 . 2 9 ( Van Vleck et al . ,  1 9 8 1 ; Bl anchard et al . ,  1 9 8 3 ; Hay 

et al . ,  1 9 8 3 ; Dadati et al . ,  1 9 8 5 ; Meyer et al . ,  1 9 8 5 ; 

Schaeffer et al . ,  1 9 8 5 ; Monardes et al . ,  1 9 9 0 ) . The genetic 

correlation between the conformation and production tra its i s  

close to z ero o r  sl ightly antagonistic for milk yield and 

mi lkfat yield ( Blanchard et al . ,  1 9 8 3 ; Foster et al . ,  1 9 8 8 ) . 

High pos itive genetic correlations exist between rear udder 

and final score , general appearance , back , rump and tai l , 

legs , fore udder , fore udder attachment , rear udder 

attachment , suspensory l igament and front and rear teat 

placement ( Thompson et al . ,  1 9 8 0 ; Van Vleck et al . ,  1 9 8 1 ; 

Blanchard et al . ,  1 9 8 3 ; Schaeffer et al . ,  1 9 8 3 ; Meyer et al . ,  

1985 ; Meyer et al . ,  1 9 8 7 ; Klei et al . ,  1 9 8 8 ) . 

The economic value of the conformation trait rear udder i s  

low ( Ahlborn-Breier and Wickham , 1 9 8 6 ) . 

n )  Front and rear teat placement 

In most studies angle and placement of teats were scored as 

teat placement as both traits are highly related . Thi s  

approach wi l l  b e  adopted here . Teat pl acement is moderately 

to highly heritable . Petersen et al . ( 1 9 8 5 ) measuring the 

distance between the four teats reported estimates for a l l  

four teats of > 0 . 5 1 before and > 0 . 4 3 after milking . 

Heritabil ity estimates for SUbj ective scores for teat 

Placement range from 0 . 1 2 to 0 . 3 2 ( Schaeffer , 1 9 8 5 ; Smith et 

al . , 1 9 8 5 ; Thomas et al . ,  1 9 8 5 ; Colleau et al . ,  1 9 8 9 ) . 
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Estimates for front teat placement are about 4 0 %  higher than 

estimates for rear teat placement ( Meyer et al . ,  1 9 8 5 ; 

Monardes et al . ,  1 9 9 0 ) . Genetic correlations between 

production traits and teat placements are close to zero 

( Foster et al . ,  1 9 8 8 ) . smith et al . ( 1 9 8 5 ) publ ished a 

genetic correlation of 0 . 7 3 between teat placement and edema . 

Placements of front and rear teats are genetica lly highly 

correlated ( Petersen et al . ,  1 9 8 5 ;  Schaef fer et al . ,  1 9 8 5 ; 

smith et al . ,  1 9 8 5 ; Meyer et al . ,  1 9 8 5 ) . High geneti c  

correlations are also encountered with other udder tra its 

e . g .  rear udder width ( Schaeffer et al . ,  1 9 8 5 ; smith et al . ,  

19 8 5 ; Klei et al . ,  1 9 8 8 ) , fore and rear udder attachment and 

udder support ( Schaeffer , 1 9 8 3 ; Schaeffer et al . ,  1 9 8 5 ; Meyer 

et al . ,  1 9 8 5 ; Klei et al . ,  1 9 8 8 ) . 

A high economic value is pl aced on teat pl acement by farmers 

presumably because it directly interferes with milking 

( Ahlborn-Brei er and Wickham , 1 9 8 6 ) . 

0 )  Udder overal l  

Heritabi l i ty estimates for udder overal l  vary from . 1 2 to 

. 3 3 ( Schaef fer , 1 9 8 3 ; Meyer et al . ,  1 9 8 5 ; Sorensen and 

Kennedy , 1 9 8 5 ; Col leau et al . ,  1 9 8 9 ; Monardes et al . ,  1 9 9 0 ) . 

High positve genetic correlations between udder overal l  and 

most udder traits have been observed ( Meyer et al . ,  1 9 8 5 ; 

Col leau et al . ,  1 9 8 9 ) . 

The economic value for udder overall  is high because of its 

direct influence on the mi lking routine . 

p) Dairy conformation 

Dairy conformation is frequently broken down into the tra its 

dairy character , dairyness or general appearance . All of 

these traits have moderately high heritabil ities rangi ng from 

0 . 1 5 t6 0 . 4 2 ( Blanchard et al . ,  1 9 8 3 ; Schaefer , 1 9 8 3 ; Mao , 
1984 ,  cited in  Dohy , 1 9 8 4 ; Dadati et al . ,  1 9 8 5 ; Meyer et al . ,  
198 5 ;  Schaeffer et al . ,  1 9 8 5 ; Thomas et al . ,  1 9 8 5 ; Foster et 
al . , 1 9 8 8 ;  Klei et al . ,  1 9 8 8 ) . Dairy conformation improves 
with selection for mi lk and mi lkfat yield due to a strong 
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pos itive genetic corre lation ( Petersen et al . ,  1 9 8 6 ; Foster 

et al . , 1 9 8 8 ) . Moderate to high genetic corre lations exi st 

between dairy conformation and most other conformation trai ts 

(Meyer et al . ,  1 9 8 5 ; Schaeffer et al . ,  1 9 8 5 ; Foster et a l . ,  

1988 ) with the highest correlations for traits describing 

udder conformation . The genetic correlation between dairy 

conformation and calving ease is moderate but unfavourable 

( -0 . 3 3 ;  Dadati et al . ,  1 9 8 5 ) . 

Dairy conformati on has a high economic value in New Zealand 

( Ahlborn-Bre ier and Wickham , 1 9 8 6 ) . In the U . S . A .  the 

retrospectively estimated relative emphas is on milk yield and 

final score of surviving cows was 5 : 1  and 7 : 1  for sale price 

of regi stered Hol ste ins ( Ruff et al . ,  1 9 8 3 ) and 4 :  1 for 

profit per day of l i fe for Jerseys ( Norman et al . ,  1 9 8 1 ) . 
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3 .  A BIOECONOMIC MODEL 

3 . 1 .  Introduction 

The quantitative definition of the selection obj ective 

describing the aggregate genotype i s  fundamental to genetic 

advances and thus improvement of economic performance within 

a production system and to the success of a breeding 

programme . This  quantification requires the estimation of 

relative economic values for the tra its af fecting the profit 

of the production system and the determination of those 

biological and economical components which offer the greatest 

opportunities for genetic improvement leading to increased 

efficiency of production . 

The need for a quantitative definition of the aggregate 

genotype and the subsequent formulation of selection indices 

has led to approaches which combine genetic as wel l  as 

economic aspects of changes in the mean of a trait . A 

recently developed approach has been termed the bioeconomic 

model . These models are based on a production unit in which 

changes in certain traits are being simulated by l inear or 

dynamic programming techniques to evaluate their effects on 

input and output variables of the production unit . This 

method was used by Harris et al e ( 1 9 8 4 ) and Newman et a l e 

( 1 9 8 5a i 1 9 8 5b ;  1 9 8 7 ) for the evaluation of breeds and stra in 

crosses . The importance of different components of a pork 

production system on their economic and biological efficiency 

was estimated by Tess et al e ( 1 9 8 3a ; 1 9 8 3 b ;  1 9 8 3 c ) by 

simulating genetic changes in the l i fe cycle .  A prel iminary 

bioeconomic model for dairy cattle in New Zeal and was 

proposed by Dempfle ( 1 9 8 6 ) . The procedure of us ing 

bioeconomic models to estimate economic values for traits was 

general i zed by Ponzoni and Newman ( 1 9 8 9 ) . 

6 1  
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3 . 2 . A bioeconomic model for a pasture based milk production 

system 

The obj ective of this study was the estimation of relative 

economic values of milk production and non-production traits 

for a solely pasture based milk production system with 

unl imited output in a competitive marketing system . A 

bioeconomic computer model of the animal ' s  l i fe cycle i n  a 

dairy production unit simulating the effects of changes in 

genetic , biological and economic parameters on various 

components of farm income was constructed . As experiments 

testing a l l  these parameters s imultaneously and with a proper 

experimental design do not exist the necessity arose to 

integrate experimental results and statistical data from the 

areas of nutrition , phys iology , genetics and economics during 

the development of the model . This integration allowed to 

answer questions beyond the scope of animal experimentation 

in each of these separate discipl ines . 

The model accounts for the biological and economic input and 

output variables in a dairy cattle pasture production system 

produci ng under world market conditions for milk sol ids and 

is based on the model described by Dempf le ( 1 9 8 6 ) and Munoz­

Luna , Yadav and Dempfle ( 1 9 8 8 ) . Relative economic values for 

milk production and l iveweight were estimated from the 

bioeconomic model and the relative economic values for 

secondary traits were estimated from their effects on 

survival rates and thus profitabi l ity of the enterprise . 

The approach used in constructi ng the model was to account as 

accurately as possible for biological and economic inputs and 

outputs in order to sustai n  a predetermined genetic l evel of 

performance . One of the crucial assumptions made was that 

feed is one of the main l imiting factors , as 9 5 %  of dai ry 

farmers i n  New Zealand exclusively use pasture as feed , and 

thus the production of milk sol ids is restricted by dry 

matter production of the farmed area . This is in contrast to 

dairy production systems in most other developed countries 

and also most production systems using non-ruminant domestic 

6 2  
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species where either the number of animals or labour are the 

main l imiting factors . For example ,  unl imited feed supply 

was assumed in the model developed by Tess et al e ( 1 9 8 3 a ) for 

pigs . 

This model used energy requirements to generate production 

output information , s i nce the amount of avai lable 

metabolisable energy ( ME )  was a constrained input variabl e .  

In contrast , protein is seldom a limiting factor for milk 

production from ryegrass-clover pasture ( Wal lace , 1 9 6 1 ; 

Geenty and Rattray , 1 9 8 7 ; Holmes et al . ,  1 9 8 7 ) . It was 

assumed that the supply of protein , vitamins and minerals is 

adequate . To calculate the uti l i z ation of availabl e ME 

through harvesting by the animals , phys ical factors of rumen 

degradation and digestabi li ty and metabolic convers ion 

efficiencies were taken into account . 

The bioeconomic model developed was then used to estimate 

relative economic values for the traits protein , milkfat and 

lactose yield , mi lk volume , body we ight , repl acement rate and 

indirectly management and type traits . A flowchart of the 

bioeconomic model is shown in Figure 3 . 1 .  

3 . 3 .  Baseline parameters and variables 

Basel ine levels of performance were chosen to represent a 

seasonal supply da iry farm with average pasture production 

where replacements are reared on the farm . The obj ective was 

to maximise net income under unrestricted output and constant 

price conditions . The effect of an increase in total mi lk 

production on a national scale on the price structure for 

mi lk components was considered by simulating over a range of 

prices paid for milk components . 

Parameters and relationships used within the model were 

estimated from available industry data and from experimental 

results obta ined from scienti fic l iterature . When required 

functions were not directly obtainable ,  they were e ither 

derived from related data or assumptions were made that were 

biological ly reasonable and compatible with results from 

6 3  
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Fig. 3.1 . :  Flowchart of bioeconomic model 

Total ME 

Returns/cow 

Costlcow 

BIological values for: 

lac�11on 

ma/nten.nce 

growth of replacements 

maintenance of replacemen 

growth of fetus 

MII� 
Cull cow 
Ca'v�$ 

V�t1ab/e co&ts 

Profitlha 

Relative 

economic values 

63a 



Chapter 3 ,  Aspects of selection for economic merit in dairy cattle - G. Ahlborn, 1994 

related systems . 

To evaluate genetic d i fferences unconfounded by other 

effects , herds of different genetic performance levels were 

compared in an equi librium state . This was achi eved by 

accounting for all  inputs and outputs requi red for a set of 

cows of a given genetic meri t , their replacements and calves 

born that could be supported by a fixed leve l of 

metabol isable energy ava i l able . A profit function was 

def ined which rel ated inputs and outputs as the difference 

between revenues and costs . 

The biological  variables used in the model and their 

derivati ons as we ll as base levels and standard deviations 

are detai l ed in the fol lowing . 

3 . 3 . 1 .  Dairy farm production system parameters 

Data from the New Zealand dairy industry cow census 1989/90 

were analysed to evaluate point and dispersi on parameters to 

be used as base parameters for New Zealand da iry farms ( Table 

3 . 1 . ) .  These estimates were based on information received 

Table 3 . 1 . : Dairy farm pr0<:iuction system parameters employed 

in the bioeconomic model ( �  = mean , u = standard deviation ) .  

OWner-Operator Sharemilker 
n = 8 , 688 n = 1 , 597 

A A A P 0 P. 0 

Effective area (ha )  67 .5  31 . 9  78 . 4  33 .7  

Herdsize (no .  cows ) 163 . 7  77 . 1  192 . 4  71 . 4  
No. cows/effective area 2 . 5  0 . 6  2 .6  0 .6  
Milkfat/cow (kg )  145 . 1  23 .9  146 .5  21 . 3  
Milkfat/herd (kg)  23 ,708 . 9  11 , 472 . 5  28,093 .9  10,819 .5  �lkfat/ha (kg/ha) 363 . 4  106 .9  378 . 1  68 . 5  
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from 1 0 , 2 8 5  seasonal supply farms representing 7 7 %  of all  

13 , 3 57  ( Livestock Improvement , 1990a ) dairy farms in New 

Zealand . Of these farms 8 4 %  were owner-operated . Dairy 

farms with a sharemi lking contract had slightly different 

producti on system parameters and these are also shown in 

Table 3 . 1 .  As sharemilkers operate only a sma l l  percentage 

of dairy farms and only for a limited time period the 

parameters for owner-operators were used in the model . 

3 . 3 . 2 .  Metabolisable energy available 

The metabo l isable energy ( ME )  available is the l imiting 

factor in a dairy production system restricted to pasture . 

The annual amount of ME per ha , produced in  the form of 

pasture dry matter ( OM ) , can vary quite markedly depending on 

soi l and cl imatic conditions and varies considerably between 

years . I n  addition , the measurement of dry matter grown has 

a relatively large standard error . Annual production of dry 

matter for different s ites throughout New Zealand varies 

between 1 0 , 8 5 3  kg/ha and 1 8 , 4 8 3  kg/ha with an average of 

13 , 4 4 3  kg/ha and a standard deviation of 2 0 8 0  kg/ha ( Holmes 

and Macmi l lan , 1 9 8 2 ; Bartlett , 1 9 84 ) . A figure of 1 3 , 5 0 0  kg 

DM/ha was chosen as a base l ine . 

3 . 3 . 3 .  Utilization/requirements of metabolisable energy 

The uti l i z ation of metabo l isable energy ( ME )  or dry matter 

grown depends on the percentage of energy harvested by the 
animal , the digestabi lity o f  the dry matter and the partial 

util isation efficiencies for maintenance , prenatal and 

postnatal growth and the milk components mi lkfat , protein and 

lactose . 

processes 

Pastoral 

dependent 

Additionally , the extent of catabolic and anabolic 

inf luences the uti l i zation of energy . 

systems for milk production are essential ly 

upon the uti l isation of pasture in s itu . The 
utilisation o f  pasture i s  one o f  the most variable factors in 
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pasture based dairying and i s  directly influenced by 

management decisions such as stocking rate , gra z ing frequency 

and gra z ing intens ity . Uti l isation of pasture i s  strongly 

effected by stocking rate ( Holmes and Macmi l lan , 1 9 8 2 ) and 

ranges from 5 0 %  on farms with low per ha production to 8 0 %  

and 9 0 %  o n  efficient and highly stocked farms ( Holmes e t  al . ,  

198 7 ) . Thi s  bioeconomic mode l was based on the assumption 

that feed supply i s  l imited and a pasture uti l i sation of 8 0 %  

representing efficient , highly stocked farms , uti l is ing the 

ma jority of the ME grown , was used as a basel ine . 

The apparent digestabi l ity of energy in  pasture varies 

seasonal ly with a maximum of 80% in spring - and a minimum of 

60% in l ate summer ( Bryant and Trigg , 1 9 8 2 ) . Accordingly the 

energy content of a kg of dry matter ( OM )  of graz ed pasture 

herbage ranges between 9 . 8  and 1 1 . 8  MJ ME/kg OM ( Bryant and 

Trigg , 1 9 8 2 ) .  From these publ i shed results a mean of 10 . 9 3 

MJ ME/kg OM with a standard deviation of . 8 3 MJ ME/kg OM was 

calculated and chosen as a basel ine . Seasona lity is the main 

factor influenci ng organic matter digestabi lity , and thus ME 

content . Experimental results have shown that the effect of 

changes in vari ables such as stocking rate , i rrigation etc . 

on ME content i s  mininmal ( Bryant , 1 9 8 1 ) . Therefore a 

standard devi ati on of . 8 3 MJ ME/kg OM is expected to cover a 

wide range of s i tuations of milk production from pasture . 

A change i n  any of these vari ables represents an i ncrease or 

decrease i n  ME available for the production of biological 

components . It i s  important to note that the uti l isation of 
pasture has by far the highest influence on the amount of ME 

available and shows the largest variation . Second is the 

amount of dry matter grown annually . Oigestabil ity has the 

smallest e ffect . However , data on pasture uti l isation 

( Bryant and Holmes , 1 9 8 5 ) and digestabil ity are l imited and 

restricted to experimental conditions and so the influence of 

these two vari ables under practical conditions may be 
underestimated . Combining the estimated vari ation of these 
variables an average of 1 1 8 , 0 0 0  MJ ME/ha are ava ilable for 
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the production of biological components varying between 

57 , 0 0 0  MJ ME/ha in the worst case and 1 6 8 , 0 0 0  MJ ME/ha in the 

optimal case . Us ing the average as a basel ine in combination 

with the average farm s i z e  of 68 ha then 8 , 0 24 , 0 00 MJ ME are 

ava i lable per farm per year and calculations with the 

bioeconomic model were based on this figure . 

3 . 3 . 3 .  a )  Maintenance 

The ME for maintenance is def ined as the ME oxidised to 

provide energy to support essential body functions l ike 

mainta ining a dynamic equi l ibrium of fat and protein 

turnover , a constant body temperature and a norma l level of 

locomotor activity ( Chwa l ibog , 1991 a ) . This energy is 

dissipated as heat when the animal is in energy equi l i brium 

and describes the di etary ME used to replace body ti ssue lost 

through catabolism in  animals fed at zero energy gain . ME 

required for maintenance depends on the animal ' s  body wei ght , 

age , diet and its activity ( Geenty and Rattray , 1 9 8 7 ; 

National Research Counc i l , 1 9 8 8 ) . Cows of similar s i z e  and 

breed may vary in their maintenance requirements due to 

differences in efficiency , even under controlled activity 

conditions by as much as 8 to 1 0  percent ( Van Es , 1 9 6 1 , cited 

by National Research Council , 1 9 8 8 ) . 

Metabol ism at fasting i s  more closely related to a fractional 

power of an animals l iveweight than the absolute l ivewe ight 

since the ME requi rement is related to surface area rather 

than to bodyweight per se . The general convention of 

expressing ME requirements per kg liveweight to the power of 

0 . 75 ( Chwal ibog , 1 9 9 1 a ) i s  used here to account for this . 
However , there are some indications that the exponent of 

liveweight might be closer to 1 during growth and producti on 

( Geenty and Rattray , 1 9 8 7 ) . 

The efficiency of uti l isation of feed ME increases and , 

Consequently , the amount of ME for maintenance decreases with 

increas ing digestabi l ity of the feed ( Blaxter , 1 9 6 2 ) . For 

feeds with an average gross energy content of 1 8 . 4  MJ ME/kg 
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OM the k .. a1nt of 0 . 5 2 MJ ME/kg OM was suggested ( Standing 

committee on Agriculture , Subcommittee on Ruminants , 1 9 9 1 ) . 

This  value can also be appl ied for feeds with a ME content of 

around 10 MJ ME/kg DM which are reported for d i fferent 

pasture types ( Geenty and Rattray , 1 9 8 7 ) and ryegrass-clover 

pasture ( Waghorn and Barry , 1 9 8 7 ) . 

These values give a mean of 0 . 7 1 9  for maintenance efficiency 

( kllaint ) ranging from 0 . 6 9 6  to 0 . 7 3 6  resulting in a standard 

deviation of 0 . 0 2 which is  s l ightly lower than the values 

given by Agricultural Research Counc il ( 1 98 0 ) . Chwa libog 

( 1 991a ) recently reported a value for kMl� of 0 . 6 8 estimated 

from 1 8  Jersey cows in early lactation . 

For the activity of gra z ing an allowance of a 15%  higher ME 

requirement was added to support the energy requirements for 

the additional muscular acti vi ty compared to the closed 

confinement conditions used during energy balance 

experiments . A value of 2 0  to 3 0 %  has been suggested by 

Holmes et al e ( 1 98 7 ) . The s l ightly lower allowance of 1 5 % 

was chosen as the value cited by : .Holmes et al e ( 1 9 8 7 ) 

appeared to be based on experimental data from sheep which 

have a higher graz ing acti vi ty per kg of I i  vewe ight than 

da iry cows . 

Temperature changes also lower efficiency in a pasture based 

dairy farming system l ike in New Zealand and these have been 

taken into account in the energetic efficiency for l actation . 

Additional ly ,  the physiological state of the animal has an 

effect on the efficiency of ME . Lactating cows have a 1 0 %  

higher ME requirement than non-lactating cows to account for 

the increases in metabo l ic activity of tissues and organs 

( Holmes et al . ,  1 9 8 7 ) . 

Summarising the above cons iderations and values for the 
efficiency of ME for maintenance a mean for k.a1nt of 0 . 62 5  
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ranging between 0 . 5 9 2  and 0 . 7 2 5  for lactating cows and a mean 

for ku1nt of 0 . 5 3 9  ranging between 0 . 5 2 2  and 0 . 55 2  for non­

lactating cows ( assuming a 1 5% higher ME requirement for 

graz ing activity and a 1 0 %  higher ME requi rement for the 

phys iological state of the cow ) was used in the bioeconomic 

model . Assuming a l actation length of 2 6 0  days the cow ' s  

annual ME requirement for maintenance can then be derived as 

ME.alnt = ( 26 0  * 0 . 6 250 * liveweighe·75 )  

+ ( 10 5  * 0 . 5 3 9 0  * liveweighe·75 )  

= 3 6 5  * 0 . 6002  * liveweighto.75 

The value of 0 . 6 0 0 2  for kmdM has been used as a base l ine in 

this study . The respectively derived range of k�dM was 0 . 5 7 2  

to 0 . 6 7 5 . 

For repl acements a maintenance efficiency ( k_ht ) of 0 . 6 5 was 

used which represents a 1 0 %  lower efficiency to account for 

temperature changes ( Holmes et al . ,  1987 ) experienced in the 

New Zealand pasture based dai ry farming system . 

3 . 3 . 3 .  b )  Lactation 

In ruminants , the conversi on of metabol isable energy i nto fat 

and protein in milk is considerably more efficient than 

synthes i s  of tissue fat and protein . The reasons for this 

are that primary synthesi s  of short chain fatty acids in m i lk 

is more efficient than synthesi s  of body fat , the highly 

efficient convers ion of blood glucose to lactose and the 

higher efficiency of protein synthesi s  in the mammary gland 

when compared to protei n  deposition in non- lactating animals 

( Moe , Tyre l l  and F latt , 1 97 0 ) . More than half  the cost of 

mi lk synthes i s  i s  attributable to biosynthetic costs ( Baldwin 
et a1 . , 1 9 8 7 ) . 

Variation in the net energy requirement of individual cows to 
produce one unit of milk or to mai ntain one unit of metabolic 
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body weight is relatively sma l l  and the net energy efficiency 

for mai ntenance has a low heritabil ity ( Buttazoni and Mao , 

1 9 8 9 ) . Also , vari ations in the phys iological capacity to 

convert feed to mi lk or milk sol ids as a result of lesser or 

greater n itrogen and energy uptake or uti l i z ation of energy 

are small  within breeds ( Trigg and Parr , 1 9 8 1 ; Davey et al . ,  

1 9 8 3 ) as wel l  as between breeds ( Bauman et al . ,  1 9 8 5 ; Blake 

et al . ,  1 9 8 6 ) . Estimates for the energetic efficiency for 

lactation ( k1act ) range from 0 . 5 2 to 0 . 7 2 ( Agricultural 

Research Counc i l , 1 9 8 0 ; Moe et al . ,  1 9 7 0 ; National Research 

Counc i l , 1 9 8 8 ) with a mean value of 0 . 6 2 for k1act 

( Agricultural Research Counc i l , 1 9 80 ) and i s  to some extent 

dependent on the diet . For concentrate ratios Chwal ibog 

( 1 991a ) recently estimated an energy efficiency of 0 . 6 8 for 

Jersey cows which agrees we l l  with a value of 0 . 7 0 5  derived 

from a mechani stic biochemical model based on biochemical ,  

stoichiometric and ti ssue level data ( Baldwin et al . ,  1 9 87 ) . 

For diets with a lower energy content , as encountered i n  

pasture , s l ightly lower efficiencies are suggested . 

An additional aspect to be considered with respect to the 

efficiency of uti l i sation of ME for lactation is the 

occurence of catabolic processes during periods of 

energy balance . A higher percentage of milk 

indirectly from body reserves rather than directly 

negative 

produced 

from the 

ME contai ned in feed will  decrease the overal l  efficiency of 

uti l i zation for lactation . During early lactation ME 

requirements for maintenance and lactation cannot be met due 

to the restrictions on dry matter intake placed by the 

physical l imits of the digestive system and then a percentage 
of milk i s  produced through the catabolism of body reserves . 

This indirect use of feed ME which reduces the energy 

efficiency of milk production has been taken into account by 

al lowing for : the amount of milk derived from catabo l ic 

processes usi ng body reserves as estimated from the average 

lactation curve , the average grass growth curve for New 

Zealand cl imatic conditions and the maximum feed intake . 
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This showed that for a cow with average production 5 0 %  of the 

mi lk produced during the first and second month of lactation 

is derived from body reserves . For the uti l i zation of stored 

body energy for lactation a mean value of 0 . 8 4 for k1sct 

( Agricultural Research counc i l , 1 9 8 0 ; National Research 

Counc i l , 1 9 8 8 ) with a range from 0 . 8 1 to 0 . 9 0 was used . 

Production in the f i rst and second month compri ses 1 6 %  and 

17% of the annual milk yield , respectively , and thus the 

overall  efficiency of energy uti l i zation for lactation i s  

reduced by 3 . 2 % resulting in  a k1act o f  0 . 6 0 .  The magnitude of 

this reduction in  energy uti l i zation for lactation depends on 

the level of milk production and on liveweight . However , an 

average i ncrease in production and a 1 0 0  kg difference in 

liveweight results in a decrease of the overa l l  uti l i zation 

efficiency of only 0 . 0 0 3 8 %  which is a negligible dif ference 

compared to the overal l  vari ation investigated . Therefore 

the k1act value of 0 . 6 0 has been used as the base leve l for the 

energy efficiency for milk production . 

Recent s imulations investigating interactions between forage 

degradati on characteri stics , rumen processes and l iveweight 

showed that the maximum intake of metabo l isable energy i s  

proporti onal to LWO .S7 which is greater than the scal ing o f  

LWO·75 used for maintenance ( I l l ius and Gordon , 1 9 9 1 ) . The 

study was based on ruminant species ranging in l iveweight 

from 3 . 7  kg to 1 0 0 0  kg and showed that maximum intake can be 

predicted with surprising accuracy from general ised 

specif ications of animal characteristics derived from 

allometri c  equations . It showed that large ruminants have a 

superior capacity for processing feeds relative to their 

maintenance requirements . The superiority of l arge ruminants 

is greater on feeds with residues of low digestabi l i ty and 

slow cell wal l  digestion . Whi le thi s  study concludes that 

large ruminants can obtain a greater proporti on of their 
energy requirements from abundant poor-qual ity feeds than 

small rumi nants , the effect of the slightly larger scal ing 

factor is sma l l  for the weight ranges considered here i . e .  
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3 0 0  kg - 5 0 0  kg . The sl ightly larger scal ing factor converts 

into a lower amount of energy derived from catabolic 

processes and thus a s l ightly higher efficiency of ME 

uti l isation for lactation for larger cows , especially on 

ryegrass-clover pasture with its lower digestibi l i ty .  The 

difference in maximum intake between a 4 0 0  kg and a 5 0 0  kg 

cow with the larger scal ing factor is about 2 % . Thi s  

converts t o  a n  increase of efficiency through the reduced 

percentage of ME derived from catabolic processes of only 

0 . 2 6 %  and therefore thi s  dif ference is ignored in the 

calculations of the bioeconomic model . These estimations 

assume the between speci es relationship to hold within a 

species . However , it was cons idered unlikely that the wi thi n  

breed variation would be larger than the between speci es 

variation and these estimations gave an indication of the 

extent of thi s  factor . 

The energy content of milk i s  determined by the three organic 

components : mi lkfat , protein and lactose with a zero 

contribution from the ash ( Tyre l l  and Reid , 19 6 5 ; Blaxter , 

1962 ) .  D i fferences in publ ished estimates for the energy 

content of milk components ( Tyre l l  and Reid , 1 9 6 5 ; Crovetto 

and Van der Honing , 1 9 8 4 ; Chwalibog , 1991a ; S j aun j a  et al . ,  

1991 ) are relatively sma l l  compared to differences arising 

from variations in energy effici ency ( klact ) estimates . Tyrel l  

and Reid ( 1 9 6 5 ) state that l actose has little s igni ficance 

with respect to the prediction of the energy content of a kg 

of milk . However , the energy contained in the different 

components of a cow ' s  annual milk yield varies considerably 

between breeds of widely d i ffering composition such as the 

Holstein-Friesi ans and Jerseys . This results in different 

annual energy requi rements per cow and therefore the energy 

requirements for lactose were included in  this study . A 

lactose percentage of 4 . 6 0%  for Holstein-Friesi an and 4 . 6 9 %  
for Jerseys ( Ahlborn and Bryant , 199 2 ) with a standard 
devi ation of 0 . 1 2 4 %  was used as a base level . 
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The recent study by Chwal ibog ( 1 9 9 1b )  i s  the first study 

which estimates uti l i zation of ME for milkfat , protein and 

carbohydrates and indicates d i fferent partial efficiencies of 

ME uti l i zation for the dif ferent mi lk components . These were 

derived from metabolic studies using detai led feed intake 

measures and from the regression equations of ME requirements 

on the dif ferent components . To di stinguish between energy 

from protein , mi lkfat and carbohydrates the relationship 

between energy deposition in  mi lk , nitrogen , mi lkfat and 

carbohydrate content was estimated by means of a multiple 

regression analysis . The resulting equation showed a high 

degree of fit between data and the appl ied stati stical model . 

Partial energy efficiencies of 0 . S4 for protein and 

carbohydrates when compared with an energy efficiency of 0 . 8 2 

for milkfat indicate a much greater efficiency in the 

uti l i sation of ME for energy depos ition in the form of 

milkfat compared to other milk sol ids . Table 3 . 2 .  below 

compares the ME requirements per kg mi lk ( Chwalibog , 1 9 9 1a ) 

with a constant klact and the ME requirements per kg mi lk using 

these partial efficiencies for the different mi lk components 

( Chwa l ibog , 1 9 9 1b ) . The different partial energy 

efficiencies result in a 1 8 %  higher ME requirement per kg of 

average Jersey milk ( S . 9 7 MJ ME/kg for milk with S . 6% 

milkfat , 4 . 1 % protein and 4 . 7% lactose ) compared to a kg of 

average Holstein-Friesian milk ( S . 1 0 MJ ME/kg for milk with 

4 . 4% mi lkfat , 3 . 4 % protein and 

4 . 6% lactose ) .  If the same ME efficiency for a l l  components 

is assumed this dif ference is 2 0 % . The prediction equation 

given by Tyrel l  and Reid ( 1 9 6 S )  of 

MJ ME/kg milk = - 0 . 108 + 0 . 223%  P + 0 . 384% F + 0 . 199% L 

gave intermediate results and was therefore used in this 

model since it is not known which values are correct (P = 
protein , F = mi lkfat , L = lactose ) .  

It should be noted that whi l e  the energy content per kg milk 

from an average Jersey cow is 18% higher than in Holstein-
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Table 3 . 2 . : Estimates for ME requirement for milk components 

(ME = metabolisable energy required for production of milk 

component , klact = coefficient of energy for lactation) .  

Energy Constant k1act Partial 

Content efficiencies 

in milk k1act MJ ME k1act MJ ME 

MJ/kg /kg /kg 

Protein 2 . 3 8 0 . 6 8 3 . 5 0 0  0 . 5 4 4 . 4 0 7  

Mi lkfat 3 . 8 9 0 . 6 8 5 . 7 2 1  0 . 8 2 4 . 7 6 4  
Carbohydrates 1 . 6 3 0 . 6 8  2 . 3 9 7  0 . 5 4 3 . 0 1 9  

Friesian milk and both breeds produce the same yield of 

mi lkfat ( Ahlborn and Dempf le , 1 9 9 2 ) , the total annual m i lk 

energy output of a Jersey cow was only 1 0 %  lower than the 

total annual milk energy output of the average Holstein­

Friesian cow . This is due to the lower lactose yield 

produced by Jersey cows . 

3 . 3 . 3 . c )  Prenatal growth 

A low efficiency of the metabo l isabl e energy uti l isation for 

the anabolism process during pregnancy and s imultaneous 

energy requirements for body tissue has repeatedly been 

observed . The uti l isation of metabolisable energy for the 

growth of the foetus ( kpreq ) vari es l i ttle from 0 . 1 3 .  A number 

of studies report a mean energy efficiency for k�eq of 0 . 1 3 3  

with estimates ranging from 0 . 1 2 0  to 0 . 1 4 2  ( Agricultural 

Research Counc i l , 1 9 8 0 ) . These figures were used as a 

basel ine , resulting in between 7 . 0 4 and 8 . 3 3 j oules per j oule 

deposited in  the form of the foetus per unit time with a mean 

of 7 . 5  j oules . The efficiency of energy uti l isation for the 

growth of foetus does not seem to change with stage of 

pregnancy ( Holmes et al . ,  1 9 8 7 ) or quality of diet ( Standi ng 
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committee on Agriculture , Ruminant Subcommittee , 1 9 9 0 ) . 

The estimated energy content of the gravid uterus and a 

foetus of 4 0  kg is given by Agricultural Research Counci l 

( 1 9 8 0 )  as 2 8 8  MJ . These values are sl ightly higher than 

those given by Moe and Tyre l l  ( 1 9 6 7 ) . Assuming a mean energy 

efficiency ( kpreg ) of 0 . 1 3 3 3  this gives a ME requirement of 

54 . 1 4 MJ ME/kg l ivewe ight of the ca lf at parturition . In 

this bioeconomic model the 1 iveweight of the calf at 

parturition is expressed as a fraction of the cow ' s  mature 

liveweight thus the ME requirements for prenatal growth can 

be predicted as fol lows : 

MEpreg = 5 4 . 14 MJ ME/kg * ratio of cal f  to mature 

liveweight * cow l iveweight 

Express ing ME requirements for prenatal growth as a function 

of the mature 1 iveweight of the cow al lows variations in the 

cows ' l iveweight to be reflected . 

3 . 3 . 3 . d )  Postnatal growth and weight gain 

The efficiency of uti l i z ation of ME for postnatal growth and 

weight gain in ruminants ( kga1n ) is wel l  below that observed i n  

non-ruminants and varies from l ess than 0 . 2  to over 0 . 7  

( Agricu ltural Research Counc i l , 

more efficient than protein 

1980 ) . Fat depos ition 

deposition espec i a l ly 

i s  

i n  

ruminants ( 0 . 6 7 - 0 . 7 3 versus 0 . 1 0 - 0 . 3 5 ) . Efficiency of 

uti l i z ation is negative ly rel ated to the metabo 1 isabi l ity 

( metabo 1 i sab1e energy/gross energy ) and f ibre content of the 

diet ( Bl ack , 1 9 9 0 ) . However , even with feeds having s imi l ar 

metabo 1 i sabi 1 ity ,  values rangi ng from 0 . 3 3 to 0 . 5 1 for white 

clover and perennial ryegrass ( Rattray and Joyce , 1 9 7 4 ) have 

been estimated . 

Values for kga1n range from 0 . 2  to 0 . 5  ( Moe et a1 . ,  1 9 7 0 ; 

Agricul tura1 Research Counc i l , 1 9 8 0 ) . A gai n  efficiency 

( kgaln ) of 0 . 4 5 was used in the model to al low for the activity 
of graz ing and to take account of temperature changes 
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experienced in the pasture based dairy system of New Zealand 

( Agricultural Research Counc i l , 1 9 8 0 ; Holmes et al . ,  1 9 8 7 ; 

National Research Counc i l , 1 9 8 8 ; Standing Committee on 

Agriculture , Ruminant Subcommittee , 1 9 9 0 ) . Holmes et al e 

( 1 9 8 7 ) report a f igure of 1 4  MJ energy contained i n  each kg 

of body tissue gain for hei fers and this value was used as a 

basel ine i n  the model . 

ME requirements for gain were estimated as net energy/kg gain 

HEgaln = 14 MJ /kg body tissue gain * 0 . 45 kqatn * kg gain 

where kgA1n is the efficiency of uti l isation of ME above 

mai ntenance for body tissue gain . 

The mean age at f irst calving i s  2 4  months with a standard 

deviation of 20 days ( Ahlborn-Bre ier and Hohenboken , 1 9 9 1 ; 

Ahlborn and Dempf le , 1 9 9 2 ) and it  was assumed that this point 

coincides with maturity of l i veweight . Therefore the growth 

of replacements was calculated over a period of 7 3 0  days . 

3 . 3 . 4 .  Biological animal variables 

3 . 3 . 4 . a )  Milk production 

statistical parameters for milk volume , protein and mi lkfat 

yield were estimated from current i ndustry data reported i n  

a number of analyses ( Ahlborn-Breier , 1989 ; Ahlborn-Breier 

and Hohenboken , 1 9 9 1 ; Ahlborn and Dempfle , 1 9 9 2 ; Ahlborn and 

Bryant , 1 9 9 2 ) .  Unpubl i shed estimates for the 1 9 90/91  s eason 

which were used as a basel ine are given in Table 3 . 3 .  These 

values were used to allow a real i stic sensitivity analysi s  

which represented the current state of the dairy industry . 

Data for the concentration of lactose of 4 . 6 0 %  for Holstein­

Friesian and 4 . 6 9 %  for Jersey with a standard deviation of 

0 . 1 2 4 %  ( Ahlborn and Bryant , 1 9 9 2 ) were used as a basel ine 
level . 
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Table 3 . 3 . :  Milk production statistics for 1990/91 season 

for Hol stein-Friesians and Jerseys ( �  = mean , a = standard 

deviation ) .  

Hol stein-Friesian Jersey 

n = 4 9 6 , 090 n = 2 3 8 , 86 3  

IJ (J IJ (J 

Lactation length ( days ) 2 2 1  3 8  2 2 5  3 5  

Mi lk ( kg )  3 , 4 6 6  9 6 1  2 , 6 7 2  6 7 0  
Protein ( kg )  1 2 0  3 4  1 1 0  2 8  

Mi lkfat ( kg )  1 5 5  4 3  1 5 4  4 1  
Lactose ( kg )  1 5 9  4 4  1 2 5  3 1  

Protein � 0 3 . 4 7 0 . 2 9 4 . 1 2 0 . 3 1 
Milkfat � 0 4 . 4 7 0 . 5 7 5 . 7 5 0 . 6 7 
Lactose � 0 4 . 6 0 0 . 1 2 4 . 6 9 0 . 1 2 

3 . 3 . 4 . b )  Liveweight 

The basel ine for l iveweight was found by measuring the we ight 

of 4 2 0  cows of various ages in three commercial herds 

(Ahlborn-Breier and Dempfle , 1 9 9 0 ) 

herds ( Ahlborn and Bryant , 1 9 9 2 ) .  

and four experimental 

The average l iveweight 

used as basel ine in the mode l was 4 4 0  kg for Holstein­

Friesian and 3 6 0  kg for Jersey cows with standard deviations 

of 74 kg and 4 0  kg , respectively . For mixed age Holstein­

Friesian*Jersey crossbred cows s imi lar mean values have 

recently been publ ished ( Thomson et al . ,  1 9 9 1 ) . However , the 

phenotypic standard deviation for l iveweight of two-year-old 

cows has been reported as 3 5  kg for Holstein-Friesians and 2 7  

kg for Jerseys ( Ahlborn and Dempfle , 1 9 9 2 ) . The smal ler 
variation in thi s  large dataset might have been due to the 

measurement being a subjective assessment of trained 

inspectors between 2 and 2 8  weeks after calving and the 

restriction of the dataset to two-year-old cows . 
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3 . 3 . 4 . c )  Replacement rate 

An early survey of herds in the North Island reported an 

annual replacement rate of 1 9 . 2 % ( New Zealand Dairy Board , 

1957 ) . From a more recent study based on records from 3 8 4  

herds with different breeds during the 1 9 8 5/86 season 

( Harris , 1 9 8 9b )  a replacement rate of 2 0 . 96%  was calculated . 

An analysis of 6 , 1 0 7  dairy herds showed a mean replacement 

rate of 2 2 . 7 % with a standard deviation of 6 . 2 5 %  during the 

1989/90 season ( Ahlborn , unpublished ) .  Replacement rates are 

significantly influenced by the prices received for cul l  cows 

and the cost of replacements in each year ( Ahlborn-Breier and 

Wickham , 1 9 8 6 ) which might explain the dif ference in the 

estimates . A repl acement rate of 2 2 %  was used as a basel ine 

for both breeds since detai led publ ished breed specific 

estimates were unavai lable . 

3 . 3 . 4 . d )  Age distribution o f  herd 

Differences in the age distribution of a herd have been 

recogn i z ed as a factor influencing efficiency estimates of 

farm production systems ( Cartwright et al . ,  1 9 7 5 ; Greer et 

al . ,  1 9 8 0 ) . Estimates of the age distribution and average 

age of cul led cows are essential in economic analyses of farm 

production systems as the biological inputs and outputs 

depend on the age distribution of the cows in  the system 

(Az zam et al . ,  1 9 90a and 1 9 9 0 b ;  Kristensen , 1 9 9 2 ) . The age 

distribution of the herd directly influences the replacement 

rate . A reduced average herdlife means increasing the 

replacement rate and requires a higher number of young stock 

to be reared and leads to a smal ler percentage of mature 
cows . Cow ' s  mi lk production changes in a curvi l inear fashion 

with age increas ing unti l maturity and decreasing thereafter 

as shown in Table 3 . 4 .  These results for the 1 9 90/9 1 season 

agree closely with publ i shed f i gures from the two preceeding 

seasons ( Ahlborn-Breier , 1 9 8 9 ; Livestock Improvement , 1 9 9 0a ) . 

Due to age-related changes i n  milk production the real ized 

milk production of the herd and its corresponding energy 
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requirement depend on the age distribution and percentage of 

mature cows in the herd . Table 3 . 4 .  shows that the 

numerically largest age group in the herd , the two-year-olds , 

produced up to 2 2 %  less than mature cows . A change in 

average herdl i fe and thus replacement rate with its 

relatively larger effect on the number of two-year-olds 

therefore wi l l  change the total milk production of the herd . 

Table 3 . 4 .  also shows sl ight d i fferences in milk production 

at di fferent ages between breeds . 

The amount of energy required for maintenance and rearing of 

young stock , one of the main input costs , changes with the 

age distribution of the herd due to a different number of 

young stock reared as replacements . 

To account for these effects of dif ferent age distributions 

with dif ferent replacement rates an " age-production factor " 

( F )  was included in the model . This age-production factor F 

represents the proportion of the expected real i zed production 

estimated from the age distribution resulting from a given 

average herdl i f e  and replacement rate in compari son with the 

production achieved at the basel ine level with 4 . 5  year 

herdl ife and a 2 2 %  replacement rate . The age-production 

factor F was calculated for each breed from an analysis of 

production figures from the 1 9 90/91 season shown in Table 

3 . 4 .  The age-production factor was calculated as the product 

of the age distribution of the herd ( 3 . 3 . 4 .  da ) and the 

proportional mi lk production of each group ( 3 . 3 . 4 .  db ) . 

3 . 3 . 4 . da )  Estimation of age distribution in herd 

The age distribution in the herd was estimated using survival 

rates for each age group from the 1 9 9 0/ 9 1  season . These are 

shown for the Hol stein-Friesian and Jersey breeds in Table 

3 . 5 .  In a study estimating the heritabi l i ty of survival rate 

Harris ( 1 9 8 9 a ) publ ished sl ightly different survival rates 

for an average across breeds . However , Table 3 . 5 .  indicates 

that relatively large differences exist between breeds . 

These could be caused by genetic differences or management 
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Table 3 . 4 . : statistical parameters for production per cow by 

age for Holstein-Friesians and Jerseys ( 1990/91 season , 100 

% = yield of five-year old cows ) . 

Age 2 3 

Holstein-Friesian (n = 469 ,090 ) 
n 

Hilk kg p 
a 

Protein kg p 
a 

Hilkfat kg p 
a 
% 

Protein % p 
a 
% 

Milkfat % p 
a 

85 , 367 75 , 086 

2 , 866 

750 

78 . 1  

97 

25 

75 .8  

127 

34 

77. 4 

3 . 38 

. 26 

97 

4 . 46 

. 52 

99. 3  

3 , 247 

844 

8 8 . 4  

III 
29 

86 .7  

145  

38 

8 8 . 4  

3 . 44 

. 28 

98 

4 . 49 

. 55 

100 . 0  

Jersey (n = 238 , 863 ) 
n 

Milk kg p 
a 

Protein kg p 
a 

Kilkfat kg P 
a 

Protein % p 
a 

Hilkfat % p 
a 

36 , 757 3 4 , 119 

2 , 185 2 , 526 

511 563 

78 . 2  90. 4 

88 105 

21 24 

75 .9  90 . 5  

128 148  

3 2  35 

79.0 

4 . 02 

. 29 

96.6 

5 . 87 

.67 

101 . 4  

91 . 4  

4 . 14 

. 30 

99 .5  

5 . 87 

.63 

101 . 4  

5 

7 1 , 727 64 , 459 

3 , 570 

903 

97. 2  

124 

31 

96 .9  

160 

41 

97 . 6  

3 . 48 

. 29 

99 

4 . 50 

.57  

100 . 0  

3 , 672 

950 

100 

128 

3 3  

100 

164 

43 

100 

3 . 50 

. 29 

100 

4 . 49 

. 59 

100.0 

32 , 113 3 1 , 924 

2 , 758 2 , 795 

604 643 

9 8 . 7  100 

115 116 

25 27 

99. 1  100 

161 162 

38 40 

99. 4  

4 . 16 

. 31 

100 

5 . 84 

.66 

100 . 9  

100 

4 .16 

. 30 

100 

5 . 79 

.69 

100 

6 

56, 520 

3 , 754 

971 

102 . 2  

131 

28 

102. 3  

167 

41 

101 . 8  

3 . 51 

. 3 1  

100 

4 . 48 

.68 

99.8 

28 , 909 

2 , 849 

660 

101 . 9  

118 

33 

101 . 7  

163 

42 

100 . 6  

4 . 16 

. 28 

100 

5 . 73 

. 59 

99. 0  

7 

53 , 348 36 , 382 

3 , 763 

970 

102 . 5  

132 

28 

103 . 1  

167 

44 

101 . 8  

3 . 52 

. 3 1  

101 

4 . 46 

. 66 

99. 3 

3 , 754 

978 

102 . 2  

131 

34 

102 . 3  

165 

45 

100 . 6  

3 . 51 

. 29 

100 

4 . 43 

.60 

98 . 7  

25 , 233 19 , 378 

2 , 885 2 , 876 

678 692 

103. 2  102 . 9  

119 118 

31 28 

102 . 6  101 . 7  

163 161 

41 42 

100 . 6  

4 . 1 4  

. 29 

99 . 5  

5 . 65 

. 53 

97 . 6  

99 . 4  

4 . 13 

. 30 

99 . 3  

5 . 61 

.65 

96 . 9  

9 10+ 

21 , 955 31 , 306 

3 , 646 

969 

99. 3  

1 28 

31 

100 

161 

44 

96.4 

3 . 52 

. 30 

101 

4 . 42 

. 60 

98 . 4  

3 , 473 

976 

9 4 . 6  

121 

34 

94 . 5  

151 

44 

92 . 1  

3 . 51 

. 30 

100 

4 . 38 

. 60 

97 . 6  

12 , 520 1 7 , 910 

2 , 801 2 ,685 

692 721 

10D . 2  96 . 1  

115 109 

29 29 

99 . 1  94 . 0  

156 146 

4 2  4 2  

96. 3  

4 . 12 

. 31 

. 990 

5 . 57 

.65 

96 . 2  

90. 1 

4 . 08 

. 3 2  

. 981 

5.46 

.68 

94 . 3  
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strategies di f.fering between Holste in-Fries ian and Jersey 

farmers . For this reason age-production factors were 

calculated within breed . Survival rates shown in Table 3 . 5 .  

appear consi stent with on f arm practice as a much larger 

percentage of 2 year old cows compared to older age groups is 

voluntari ly cul led ( Shaw , pers . comm . ) .  It was assumed that 

the herd was in equil ibrium i . e .  survival rates for each age 

group , overa l l  replacement rate and herd s i z e  were constant 

over time and the herd was sel f-contained i . e .  all 

replacements came from the herd and were not purchased . The 

age distribution was calcu l ated using a di screte-time 

analogue of a special case of the McKendrick-von Foerster 

equation which can also be described by the Les l i e  matrix 

model ( Constantino and Desharnais ,  1991 ) .  In the context of 

systems analysis and model l ing these have been termed Markov 

chains ( Hi l l ier and Lieberman , 1 9 8 0 ; Cook and Russe l l , 1 9 8 5 ) 

and have frequently been used to find optimal age 

distributions in animal production systems ( Cartwright et 

Table 3 . 5 . : Proportion of cows . in each age group for 

Holstein-Friesian and Jersey ( 1990/91 season ) .  

Holstein-Friesian Jersey 

Age n 9.:-0 Survival n 9.:-0 Survival 
rate rate 

2 8 5 , 3 0 7  17 . 2  0 . 8 8 0  3 6 , 757  1 5 . 4  0 . 9 28  
3 7 5 , 0 8 6  15 . 1  0 . 9 5 5  3 4 , 1 1 9  1 4 . 3  0 . 9 4 1  
4 7 1 , 7 2 7  14 . 5  0 . 8 9 9  3 2 , 1 1 3  1 3 . 4  0 . 994  
5 6 4 , 4 5 9  1 3 . 0  0 . 8 7 7  3 1 , 9 2 4  1 3 . 4  0 . 9 06  
6 5 6 , 5 2 0  1 1 . 4 0 . 9 4 4  2 8 , 9 0 9  1 2 . 1  0 . 8 7 3  
7 5 3 , 3 4 8  1 0 . 8  0 . 9 4 4  25 , 2 3 3  1 0 . 6  0 . 768  
8 3 6 , 3 8 2  7 . 3  0 . 6 0 3  19 , 3 7 8 8 . 1  0 . 6 4 6  
9 2 1 , 9 5 5  4 . 4  0 . 7 1 3  1 2 , 5 2 0  5 . 2  0 . 7 1 5  
1 0  + 3 1 , 3 0 6  6 . 3  0 . 3 5 6  17 , 9 1 0  7 . 5  0 . 3 5 8  
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al . , 1 9 7 5 ; Greer et al . ,  1 9 8 0 ; Kristensen , 1 9 8 7 ; Azzam et 

al . ,  1 9 9 0 a ; Az zam and Az zam , 1 9 9 1 ; Kristensen , 1 9 9 2 ) . 

3 . 3 . 4 . db )  Estimation of  age-production factor 

The proportional milk production from each age group shown in 

Table 3 . 4 .  agreed wel l  with reports for previous seasons 

(Ahlborn-Breier , 1 9 8 9 ; Livestock Improvement , 1 9 9 0 a ) and 

showed only sma l l  differences between breeds . The production 

level of 5-year old cows was used as a basel ine since this 

age group was close to the average age resulting from the 

replacement rate of 2 2 %  used in the base model . Production 

averages at one point in time ( 1 9 90/91 season ) were estimated 

from a large dataset for each age group . As a consequence , 

the expression of differences in genetic merit between age 

groups was included in the averages . Thus , genetic gain 

expressed in  younger cows , which on average were genetical ly 

superior , was reflected in the calculations . 

Protein and mi lkfat percentages changed over and above the 

mi lk yield d i fferences for di fferent age groups but in 

oppos ite directions with increas ing cow ' s  age . Protein 

percentage general ly increased with age whi l e  mi lkfat 

percentage decreased with age ( Table 3 . 4 . ) .  An exception 

were two and three year old Holstein-Friesians which produced 

a lower milkfat percentage than their four year old 

counterparts . However , this difference in mi lk compos ition 

amounted to a difference of only $ l/ha in  returns from milk . 

This dif ference was wel l  below the signif icance l evel for the 

calculations of the prof it function . Consequently , only 

changes in  mi lk yield were considered when calculating the 

proportional production . 

The age-production factor F was calculated by combining the 
age distribution for each replacement rate as described in 

3 . 3 . 4 . d . a .  and the proportional milk production for each age 

group as follows : 
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where 

F = r t ( [ ( 1 - 0 . 22 )  (t II 82 . .  .0) -1] X II 82 . •  .0 X Pa) 
2 2 

a = age group 

i = number of groups of cows of same age ( in 

this study ranging from 2 to 10+ , thus i = 9 )  

r = replacement rate 

s = survival rate for each age group 

P = proportional production of mi lk yield for 

each age group 

Thus , the age-production f actor F was calculated by 

multiplying the age di stribution vector with the proportional 

production vector for each age group and summing over all  age 

groups . It was expressed as a proportion of the basel ine , 

i .  e .  the replacement rate o f  2 2 %  was set to 1 .  Age­

production factors calculated are shown in Table 3 . 6 .  for 

Holstein-Friesian and Jersey for a range of replacement 

rates . 

3 . 3 . 4 . dc )  Effect on energy requirements in milk 

The calculation of energy requirements was also adjusted by 

multiplying with the age-production factor thus accounting 

for differences in  the age distribution of herds . It might 

be expected that the changes i n  mi lk producti on would be 

balanced out by the changes i n  energy requirements , thus 

achieving the same net profit . However , the results showed 

that a change i n  energy requirements led to changes in 

stocking rate , as the area i s  the l imiting production factor , 

and consequently culminated i n  changes in net profit per ha . 
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Table 3 . 6 . : Age-production f actors ( F )  for Hol stein-Friesian 

and Jersey for different replacement rates . 

Replacement rate ( % )  Holste in-Fries ian Jersey 

16 1 . 0 7 6 8  1 . 0770  

17  1 . 0 6 3 9  1 . 0 6 4 1  

18 1 . 0 5 1 0  1 . 0 5 1 3  
1 9  1 . 0 3 8 8  1 . 0 3 8 5 

20 1 . 0 2 5 9  1 . 0 2 5 7  
2 1  1 . 0 1 3 0  1 . 0 1 2 8  

2 2  1 . 0 0 0 0  1 . 0000  
2 3  0 . 9 8 7 2  0 . 9 8 7 2  

2 4  0 . 9 7 4 3  0 . 9 7 4 4  
2 5  0 . 9 6 1 5  0 . 96 1 6  
2 6  0 . 9 4 8 6  0 . 9 4 8 7  
2 7  0 . 9 3 5 7  0 . 9 3 60  
28  0 . 9 2 2 8  0 . 9 2 3 1  

3 . 3 . 4 . dd ) Effect on revenue from cul l  cows 

The age distribution of the herd also determines the age 

composi tion of the cows cul led
· . Consequently , the average 

carcass we ight of cul l  cows and thus revenue changes . The 

extent of the inf luence of differences in age distribution on 

the revenue from cul l  cow carcasses was evaluated assuming 

the same maturity curve for l ivewe ight as for mi lk 

production . By including the effects of age distribution the 

29% increase in cul l cow revenue resulting from a 6 %  higher 

replacement rate was reduced to 26%  for both Holstein­

Friesian and Jersey breeds . with a 6% lower replacement rate 

the revenue from cul l cows decreased by 3 0 . 5% when the age 

distribution was taken into account , which was s l ightly more 

than the 2 9 %  decrease without considering the age 

distribution . However , as the revenues from the meat of cul l 
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COWS represent only 6 %  o f  the total revenues the effect of 

including the age-production factor on total revenues was 

re latively small  and was therefore not included in the model . 

In summary , accounting for the age distribution in the herd 

at different replacement rates increased net profit per ha at 

low replacement rates and decreased it at high replacement 

rates . Thus , the negative coef ficient of replacement rate on 

net profit per ha ( Figure 4 . 5 . ) became steeper . This was 

mainly caused by a lower revenue from milk per cow at higher 

repl acement rates due to a larger number of younger cows 

producing below maturity level . Whi le this was associated 

with lower energy requirements for lactation and maintenance 

leading to an increased stocking rate , the stocking rate 

increase did not of fset the loss in revenue from milk , cul l  

cows and increased variabl e costs . The change i n  net profit 

per ha for a unit increase in replacement rate doubled when 

the age distribution in the herd was included . Net profit 

per ha decreased by 6 . 7 % for Friesian and 6 . 9 % for Jersey for 

a change in replacement rate from 22% to 2 8 % , whereas the 

decrease was only 3 . 3 % for Friesian and 3 . 6 % for Jersey if  

the age distribution was ignored . These results indicate 

that it was important to account for the age di stribution 

when comparing the economic value of dif ferent replacement 

rates .  

3 . 3 . 4 . e )  Survival rate of cows 

Cow death at calving was reported as averaging 0 . 4 5% for 

Friesian cows ranging from 0 to 1 . 8 % over four years ( Everitt 

et al . ,  1 9 7 8 ) . Records f rom 3 8 4  herds with 6 6 , 6 6 3  lactating 

cows showed the percentage of death for cows ranging between 

1 . 0 3%  and 1 . 4 0 %  between age groups ( Harris , 1 9 89b)  with a 

weighted mean of 1 . 2 1 % . S ince no published reports about a 

breed effect on survival rate of cows exists and only sma l l  
breed differences would b e  expected the mean of 1 . 2 1 %  was 

Used in the model for both breeds resulting in a survival 
rate of 9 8 . 7 % .  

8 5  



Chapter 3 ,  Aspects of selection for economic aerit in dairy cattle - C. Ahlborn , 1994 

3 . 3 . 4 . f )  Survival rates of calves ( 0  - 4 days ) 

Cal f  deaths within 4 8  hours of birth averaged 2 . 2 5 %  with a 

range from 1 . 3 % to 3 . 1 % for Friesian calves with sma l l  

dif ferences between years ( Everitt et al . ,  1 9 7 8 ) . A study 

evaluating calf mortal ity between breeds found only small  

overa l l  variation between breeds even though straightbred 

Fri esians were compared with beef breeds . The overall cal f 

mortal ity was 3 . 6 % ( Everitt et al . ,  1 9 7 8 ) . These morta lity 

rates are lower than reports from overseas countries ( Pere z 

et al . ,  1 9 9 0 ) . Morta lity rates da iry ca lves from birth to 

four days under New Zealand condit ions were estimated by 

analysing records from 1 0 , 1 0 8  dairy herds representing 75 . 7 % 

of a l l  dairy herds in New Zeal and during the 1 9 8 9/90 season . 

These showed a mean mortal ity rate for dairy calves from 

bi rth to four days after birth of 3 . 6 % .  Consequently , a 

survival rate of 9 6 . 4 % was used in the model for both breeds . 

A higher mortal ity rate is observed when calving is  induced . 

This surviva l  rate accounts for the ef fects of induction as 

the mortal ity rate was estimated from a large number of herds 

distributed throughout New Zeal and . 

3 . 3 . 4 . g )  Survival rates o f  replacements ( 4  days - 2 years ) 

Publi shed estimates for survival rates of female replacement 

dairy cattle are lacking . Death rate for steers during this 

period was 3 . 8 % ( Everitt et a l . , 1 9 8 0 ) and was used here as  

a basel ine . 

3 . 3 . 4 . h )  Dres sing percentage 

In New Zealand returns from sl aughtered cows and cal ves 

( bobby calves ) are based on carcass weight . The weight of 

carcass and thus the amount of saleable meat is  determined by 

the dressing percentage and the liveweight . Dressing 

percentages and edible meat content are s i gnificantly 

affected by breed ( Everitt et a1 . ,  1 9 6 9 ; Kirton et al . ,  1 9 7 2 ) 

and l iveweight ( McCa l l  and Marshall , 1 9 9 1 ) . Dress ing 
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percentages d i f fer s igni f i cantly by about 4 %  between Fries ian 

and Jersey ( Everitt et al . ,  1 9 6 9 ; Butler-Hogg and Wood , 

198 2 ) . The lower dressing percentage of Jerseys compared to 

Friesians was shown to be more due to heavier internal organs 

rather than to gut f i l l  in castrated male cattle at the age 

of 5 0 7  days ( Butler-Hogg and Wood , 1 9 8 2 ) . Since the steers 

of both breeds were at the same stage of growth and had a 

simil ar body fat content the breed difference was not 

explained by the smal ler s i z e  of the Jerseys . Everitt et al e 

( 19 6 9 ) also reported the dressing percentage of Jerseys to be 

2% or more l ower than for Friesians . Published estimates for 

the dress ing percentage of New Zealand cows are l acking 

( Kirton , 1 9 9 2 ; Hogg , 1 9 9 2 ; Purchas , 1 9 9 2 ; a l l  pers . comm . ) .  

However , it may be assumed that the difference in dressing 

percentage is a physiological breed dif ference and would 

apply s imi larly in  cows . For this reason the regression of 

liveweight on dressing percentage of Kirton ( cited by McCal l  

and Marsha l l , 1 9 9 1 ) was modified to include this breed 

difference . The following equations were used in the model 

to estimate dressing percentages for each breed : 

Friesian : 
Jersey : 

y ( dressing % )  = 0 . 41 + 0 . 000208 kg liveweight 

y ( dressing % )  = 0 . 39 + 0 . 000208 kg liveweight 

The expected dressing percentages for cows from the Friesian 

and Jersey population based on the first and second moments 

from the probabi l ity density function derived from I i  veweight 

data ( Ahlborn-Breier and Dempfle , 1 9 9 0 ; Ahlborn and Dempfl e , 

1992 ) are shown bel ow ( Table 3 . 7 . ) .  These dressing 

percentages are consistent with publ ished results ( Kirton et 

al . , 1 9 7 2 ; Everitt et a l . ,  1 9 8 0 ) . However , industry 

statistics ( New Zealand Meat and Wool Boards ' Economic 

Survey , 1 9 9 1 a ) show an average carcass weight of cul l  cows of 

158 kg indicating that the dress i ng percentage might be l ower 

than these publ ished estimates . A determination of the 

stati stical parameters for dress ing percentage of cul l cows 

is required to e lucidate this di fference . 
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Table 3 . 7 . : Expected dressing percentages for Holstein-

Friesian and Jersey cows . 

Liveweight ( kg )  Dres sing percentage ( % )  

I-' C1 I-' C1 

Holstein-Friesian 4 4 0  7 4  50 . 1 5 1 . 54 
Jersey 3 6 0  4 0  4 6 . 4 9 0 . 8 3 

3 . 3 . 4 . i )  Ratio o f  cal f  weight at birth to mature cow 

liveweight 

The weight of the calf at birth can be expressed in terms of 

the cow ' s  l iveweight . This enables dif ferences in the weight 

of the calf resulting from differences in the size  of the dam 

to be taken into account . 

Data from experimental farms show an average weight of the 

calf  at birth of 2 6  kg ± 3 . 0  kg for Jersey and 3 4  kg ± 5 . 8  kg 

for Fries ian calves with respective cow weights of 3 5 0  kg ± 
22 kg and 4 3 6  kg ± 4 6  kg ( Bryant , 1 9 9 2 , pers . comm . ) .  This 

gave ratios of 0 . 0 7 4 3  for Jersey and 0 . 0 7 8 0  for Fries ian 

which were used in the model for the respective breeds . 

These data agree with publ ished birth weights for Friesian 

calves ranging from 3 4 . 2  to 3 5 . 8  kg during four years of 

study ( Everitt et al . ,  1 9 7 8 ) . Whi le birth weight varies 

sign i ficantly between farms and between sires within breed 

( Everett et al . ,  1 9 7 8 ) reliable estimates for this variation 

are scarce . However , the effects of this variation on 

changes in the bioeconomic model are small and are therefore 

not cons idered here . 
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3 . 3 . 5 .  Economic variables 

The 1 9 9 0/91 season was used as the base year for economic 

variables as this was the most recent season for which data 

for a l l  the economic variables were available .  However , 

during the 1 9 9 0 / 9 1  season dairy farmers received unusual ly 

low prices for protein and mi lkfat ( Figure 5 . 1 .  and Table 

5 . 1 . ) which could have resulted in excessively conservative 

estimates of the importance of protein and milkfat . For this 

reason the milk price received during the 1 9 9 1/92 season was 

used in the bioeconomic model as a baseline . 

To gain an understanding of the possible variation 

encountered in  the economic variables , prices and costs were 

compared over time , and time trends estimated . 

3 . 3 . 5 . a )  Price for protein , milkfat , l actose and volume 

The mi lk price received by dairy farmers in New Zeal and was 

original ly based on the quantity of mi lkfat only . At present 

returns depend on qual ity , quantity and compos ition of the 

mi lk . In New Zealand more than 9 0 %  of milk produced is used 

in manufacturing ( New Zealand Dairy Board , 1 9 9 1a ) . Thus , the 

most important f actors in determining the mi lk price are the 

values of the ma j or milk components , protein and mi lkfat , 

which are both used in manufacturing dairy products . A shi ft 

in emphasi s  from mi lkfat to prote in by consumers is  the cause 

of decl ining mi lkfat consumption in western countries 

( Rodenburg , 1 9 9 0 ) . This has resulted in  lower returns for 

milkfat and relatively higher returns for protein and this 

trend is expected to continue . Accordingly , the New Zealand 

Dairy Board. and dairy companies are structuring their pricing 

system with the obj ective to provide firstly equitable 

returns which reflect end product market returns to 

producers , and secondly economic signals to encourage 

appropriate change in raw milk composition . 

Protein and mi lkfat are used in  a broad range of dai ry 

products and to a different extent in each product ( Wiles , 
1991 ) . Product yield payout to dairy companies by the New 
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zealand Dairy Board is now based on product mix and prices 

received for the end products . A standard cost model is used 

as a base ( Larsen , 1 9 8 5 ) and this payment system has resulted 

in less inequities for different dairy companies . with very 

few exceptions dairy companies pay for raw milk accounting 

for the two main milk components protein and mi lkfat , 

ad justing for dif ferences in milk composition through a 

charge for the transport cost . A proportion of 1 to 0 . 5584  

for protein to mi lkfat was used in  this study resulting in  

the fol lowing payment system : 

Payout ( $/1 milk ) = 5 . 2790 kg protein + 2 . 9480 kg mi1kfat 

- 0 . 0435  1 milk 

The average of payouts from a l l  dairy companies ( Livestock 

Improvement , 1 9 9 1 ; New Zealand Dairy Board , 1 9 9 1b )  received 

for the 1 9 9 1/92  season was used as a New Zealand average in 

this study . Dif ferences in payouts between dairy companies 

result from a number of factors such as current investment 

level , l ocation and product mix . This means that differences 

in payouts between dairy companies ( Lincoln University , 1 9 9 1 ) 

are l argely independent of the quantity or qual ity of the 

mi lk supplied by farmers . 

3 . 3 . 5 . b )  Price for carcass of mature cow 

Payment for cows sent for s laughter is  according to the price 

schedule for manufacturing beef ( Lincoln University , 1 9 9 1 ) . 

This schedule gives price differentials per kg carcass 

depending on the weight of the carcass ( NZ Farmer , 1991 ) .  

This was taken into account in the model by calculating the 

price per kg carcass weight , based on the weight of the 
carcass , using regress ion equations . The regress ion was 

calculated separately for Holstein-Friesians and Jerseys due 

to the different weight ranges applicable for carcasses from 

these breeds . The regression was based on the prices 

received for the weight range covering 95%  of carcasses for 
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each breed with the mean carcass weight of 2 2 0 . 6 6 kg ( ±  3 7  

kg )  for Holstein-Friesians and 167 . 3 6 kg ( ±  1 8 . 6  kg ) for 

Jerseys : 

Holstein-Friesian : 

$/kg carcass = 1 . 8760 + 0 . 000965 * kg carcass 

Jersey : 

$/kg carcass = 1 . 8 2 6 6  + 0 . 0 0 1 2 4 6  * kg carcass 

This results in a return of $ 2 . 0 9 per kg carcass and $ 4 6 1  

per head for a n  average Holstei�-Friesian cow and o f  $ 2 . 0 4 

per kg carcass and $ 3 4 1  per head for an average Jersey cow 

culled . These values were used in the model as basel ine . 

. 3 . 3 . 5 . c )  Price for carcass o f  cal f  

It i s  common practise i n  New Zealand to cul l  surplus calves , 

which are not required as replacements , at the age of four 

days ( bobby calves ) .  Unt i l  1989  these were paid on a per 

head basis irrespective of weight ( NZ Meat and Wool Boards ' 

Economic Service , 1 9 9 1a ) . From the 1 9 8 9/90 season onwards 

this was changed to a system of. paying for bobby calves on a 

liveweight bas i s . Subsequently , a differential payment 

system was introduced with higher prices for heavier calves 

and no payment below the threshold value of 11 kg carcass 

weight ( Da i ry Meats Association , 199 1 ) . Thi s  results in 

di fferent prices per kg carcass weight depending on the 

weight of the carcass . This price differential was taken 

into account in the model by estimating the price per kg 

carcass weight based on the we ight of the calf using 

regression equations . The regression was calculated 

separately for Holstein-Friesians and Jerseys due to the 

different weight ranges achieved for calves from these 

breeds . The regression was based on the prices received for 

the weight range covering 95% of calves for each breed with 
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the mean carcass we ight of 1 7 . 1 6 kg ( ±  2 . 9  kg ) for Holstein­

Friesians and 1 3 . 3 7 kg ( ±  1 . 4 9 kg ) for Jerseys : 

Holste in-Fries i an : 

$/kg carcass = 0 . 54 8 6  + 0 . 1510 * kg carcas s  

Jersey : 

$/kg carcass = -1 . 5 1 3 1  + 0 . 2975 * kg carcass 

This results in a return of $ 3 . 1 4 per kg carcass and $ 54 

per head for an average Holstein-Friesian and of $ 2 . 4 6 per 

kg carcass and $ 3 3  per head for an average Jersey bobby calf 

and these returns were used in the mode l to represent the 

basel ine . 

3 . 3 . 5 . d )  Price o f  calves sold for rearing 

In recent years the number of calves slaughtered for export 

declined ( NZ Meat and Wool Boards ' Economic Service , 1 9 9 1c ) . 

Throughout the same period the dairy cow population has been 

relatively stable ( New Zealand Dairy Board , 1 9 91a ; Livestock 

Improvement , 1 9 9 2 ) indicating that a larger number of male 

dairy calves are sold for rearing as replacements in the beef 

industry . This provides additional revenue for the dairy 

farmer and was accounted for in  the bioeconomic model . Only 

ma le Holstein-Friesian calves are sold for rearing . In 

accordance with requirements for the beef industry it was 

assumed male calves sold for rearing were the heavier calves 

weighing on average 4 0  kg , thus representing a weight one 

standard deviation above average . During the 19 90/91 season 

an average of $ 1 1 0  per head was received for these calves 

( Lincoln University , 1 9 9 1 ) . This resulted in a price of 

$2 . 7 5 per kg l iveweight which was used in the model for male 

Holstein-Friesian calves which weighed more than 40 kg . 

3 . 3 . 5 . e )  Variable costs 

Variable costs for standard management techniques were 

included in the mode l . These consisted of annual costs per 

cow for health , electricity , shed expenses , arti ficial 
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breeding , herdtesting and capital cost for cows as identified 

by Ahlborn and Bryant ( 1 9 9 2 ) and are shown in Table 3 . 8 .  

Estimates for these vari able costs , except the capital cost 

for cows , were based on an analysis of the accounts from a 

random sample of 2 7 6  dairy farms ( Livestock Improvement , 

199 1 ) . 

cost of health care comprised the highest expenditure at $ 3 3  

per cow . This included directly attributable costs for acute 

treatments as wel l  as proportionately attributable costs for 

preventative measures l ike bloat and mineral drenches . This 

is in agreement with publ ished data ( MAF ,  1 9 9 1 ; Lincoln 

University , 1 9 9 1 ) and a l so with averages calculated from 

accountants resul ts derived from Waikato dairy farmer clients 

( Graham , 1 9 9 2 , unpublished ) .  

Table 3 . 8 . : Variable costs per cow ( 1990/91 season , r = 
replacement rate , interest rate = 12% , capital values for 

animals as given by Lincoln University , 1991 ) . 

Item 
Holstein-Friesian 

Health 

Electricity 

Shed expenses 
Artificial breeding 
Herd testing 

Cost of capita l for stock ( 0 . 1 2% ) 

$ 
$ 

$ 
$ 

$ 
$ 

3 3  
1 6  

1 4  
1 4  

6 
8 3  

$/animal 
Mixed-age cows ( r  = 1 )  $ 800 $ 9 6  

In-cal f hei fers ( r  = 0 . 2 2 )  $ 6 5 0  $ 17  
Yearl ing hei f ers ( r  = 0 . 2 4 );; 4 2 0  $ 12  
Heifer calves ( r  = 0 . 2 6 )  $ 1 5 0  � 5 
Total cost of capital for stock $ 1 3 0  
Total variable cost/cow $ 2 13 

Cost/cow 
Jersey 

$ 3 3  
$ 1 6  

$ 1 4  
$ 1 4  

� 6 
$ 8 3  

$/animal 
$ 7 0 0  $ 8 4  
$6 0 0  $ 1 6  
$ 3 2 0 $ 9 
$ 1 1 0  � 3 

$ 1 1 2  
$ 195 
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costs for e lectricity and shed expenses were proportionately 

accounted for and agreed with previous publ ications ( MAF , 

199 1 ;  Lincoln Univers ity , 1 9 9 1 ) . Ideally electricity costs 

should be accounted for per l itre of milk harvested since 

mi lk volume determines the amount of electricity used for 

mi lking . This might be important since the Holstein-Friesian 

and Jersey breeds differ s igni f icantly in milk volume 

(Ahlborn-Breier , 1 9 8 9 ; Ahlborn-Breier and aohenboken , 1 9 9 1 ; 

Ahlborn and Bryant , 1 9 9 2 ) and in  mi lking time ( Arave et al . ,  

198 7 ) . To assess the d i fference in electricity costs the 

total per annum mi lking time was estimated for Holstein­

Friesians and Jerseys based on production at high and low 

stocking rates ( Ahlborn and Bryant , 1 9 9 2 ) and respective 

mi lking speeds ( Arave et al . ,  1 9 8 7 ) . Mi lking speed did not 

differ between stocking rates for cows of the same breed 

( Bryant , pers . comm . ) .  Table 3 . 9 .  shows the total mi lking 

time per annum per cow and per ha . 

These estimates indicate that mi lking time per cow dif fers 

more between stocking rates ( ranging from 2 4 %  to 3 8 % ) than 

between breeds with only an 8 %  difference between breeds in 

annual mi lking time per cow at a comparable stocking rate . 

Table 3 . 9 . : Total milking time estimates for Holstein-

Friesian and Jersey cows . 

Stocking Milk Milking Annual milking 
rate production speed time 

cows/ha kg/year kg/min h/cow h/ha 

HOlstein- Low 3 . 0  4 , 6 3 2  1 . 8 2 4 2 . 4  1 2 7  
Friesian High 4 . 0  3 , 3 5 0  1 . 8 2 3 0 . 7  1 2 3  

Jersey Low 3 . 6  3 , 3 0 6  1 .  3 2  4 1 . 7  1 5 0  
High 4 . 5  2 , 6 46 1 .  3 2  3 3 . 4  1 5 0  
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They a l so show that despite the lower milk volume Jerseys 

require a 18 to 2 0 %  longer annual mi lking time per ha due to 

the higher stocking rate . However , assuming a 3 kW vacuum­

pump and an electricity cost of $ 0 . 1 2/kWh , this breed 

di fference in milking time translates into only minor 

differences in electricity usage per cow for mi lk harvesting 

« $ 1 . 0 0 per annum ) and therefore these di f ferences were 

ignored . 

Artificial insemination is  a routine management technique and 

was used in 91 . 4 % of all  herds ( Livestock Improvement , 1 9 9 0 a ) 

during the 1 9 8 9/90  season . An analysis of cow census records 

from the 1 9 8 9/90 season showed that in 9 , 9 7 0  herds 7 8 . 6% of 

cows were arti ficially inseminated . The costs for arti ficial 

insemination incurred per cow depend on the management 

abi l ity of the farmer as wel l  as the fertil ity of the herd . 

Increased fertil ity would be reflected in  lower costs per cow 

in the form of a lower number of inseminations required as 

wel l  as a lower replacement rate . Differences in fertil ity 

might exist between breeds . A higher calving rate of 

Holstein-Friesian and Hol stein-Friesian x Jersey crossbred 

cows when compared to Jersey cows has been reported ( Ahlborn­

Breier , 1 9 8 9 ) . In contrast , a 3 %  higher non-return rate for 

Jerseys was indicated from data resulting from the results of 

124 , 25 1  inseminations wi th Jersey semen and 3 6 4 , 5 2 3  

inseminations wi th Holstein-Friesian semen ( Li vestock 

Improvement , 1 9 9 2 , unpub l ished data ) . Due to the poor 

evidence supporting a consistent breed difference i n  

fertil ity n o  distinction between breeds was made for vari able 

costs for arti f icial insemination . The annual cost of 

artificial insemination using a non-return rate of 7 5 %  was 

calculated as $ 1 4  per cow ( Livestock Improvement , 1 9 9 0 , 

unpubl i shed data ) and varies only marginally between regions . 

This is  consistent with publ ished statistics ( Graham , 1 9 8 9 ; 

MAF , 1 9 9 1 ; Lincoln University , 1 9 9 1 ) .  

On average 69%  of farmers are herd testing ( Livestock 

Improvement , 1 9 9 0a ) , therefore this management cost was 
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included in the model . Self sampling is used by 7 4 %  of a l l  

herdtesting farmers ( Livestock Improvement , 1 9 9 1 , unpublished 

data ) and 7 0 %  of these farmers test with an eight weekly 

interva l .  Thus , eight weekly self sampling is the most 

common frequency and was used as a basis for calculating the 

variable costs associated with herd testing of $ 6 . 0 0 per 

cow . 

The sum of $ 2 0  for herd testing and artificial insemination 

calcul ated here agrees with results from an economic analysi s  

of 2 7 6  dairy farms ( Livestock Improvement , 1 9 9 1 ) . 

Capita l costs for cows and replacements were included as the 

cost of borrowing capital which represents an opportunity 

cost for capital . The cost of the capital for stock was 

larger than the sum of all other vari able costs ( Ahlborn and 

Bryant , 1 9 9 2 ) . Therefore the capital cost for cows per ha 

has a large ef fect on net farm income and needs to be taken 

into account for systems in which stocking rates and thus the 

number of cows per ha di ffer . The values ( purchase price ) of 

mixed age dairy cows for the 1 9 90/91 season were reported as 

$ 800 for Holstein-Fries i ans and $ 7 0 0  for Jerseys ( Lincoln 

University , 1 9 9 1 ; MAF , 1 9 9 2 ) and these were used as a 

baseline . An interest rate of 1 2 %  was used as a reasonable 

longterm estimate . 

Capital costs for replacements were calculated taking the 

replacement rate into account . Replacements had a l ower 

value and compri sed only a small  number of anima l s . 

Consequently , capital costs for replacements were a 

relatively small  part of the variabl e cost . 

3 . 3 . 5 . f )  Fixed costs 
Fixed costs represent the costs relating to the farming 

enterprise and are incurred independently of the level of 

production or the number of cows per ha . They include costs 

for l and , inputs required for growing the feed ( ferti l i zer ,  

purchased supplements , eul ti vat ion and harvesting of 
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supplements , weed spraying etc . ) ,  vehicle expenses , repairs 

and maintenance of plant and machinery and administrative 

costs . 

profit was defined as the difference between returns and 

costs in this study . Consequently f i xed costs represented a 

constant expenditure and these terms vanish when calculating 

the first derivative of the profit function ( James , 1 9 8 2 ; 

ponzoni , 1 9 8 6 ; Ahlborn and Bryant , 1 9 9 2 ) .  subsequently , 

fixed costs were ignored in the bioeconomic model . However , 

they need to be included when the ratio between returns and 

costs is considered , or enterpri ses or production systems 

with vastly differing expenditures for fixed cost items are 

compared . 

Another reason for ignoring fixed costs was the ir property to 

in- or decrease in integer units only . In most cases fixed 

costs change fol lowing a stepwise function as generally only 

ful l units are employed l ike an additional labour unit or an 

additional cluster in the mi lking shed . The steps usually 

encountered with fixed costs were larger than the changes due 

to biological variables expected after 2 0  years of genetic 

progress . This means that the change due to genetic progress 

in the mean of the biological variables and the associated 

management actions such as a change in cow numbers were in 

most cases not sUbstantial enough to trigger ma j or changes in 

fixed costs . Therefore within the l imits of thi s study fixed 

costs were considered constant and independent of the mean of 

the trait . 

Another compl ication for the inclusion of fixed costs arises 

from the lack of direct opportunity cost for some fixed cost 

variables . Due to a lack of opportunity for use of parts of 

the land and the relatively high cost of relocating a dairy 

farming enterprise the opportunity cost for land and labour 

is very low and was therefore ignored . S ince land is by far 

the highest fixed cost , and thus the highest input cost in a 

dairy farming enterpri se , net income was expressed per ha for 

the calculations . This also takes the high cost of the land 
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as the l imiting factor into account . 

Labour and the cost for the milking shed were considered as 

fixed costs , however , they do change in a stepwise fashion 

proportional to cow numbers .  For exampl e ,  the 14-as ide 

herringbone type shed is most frequently encountered and i s  

cons idered t o  be sufficient for the average herdsi z e  o f  1 6 4  

cows with 1 0  cows per cluster being recommended . For a 

herds ize of 2 0 0  - 2 5 0  cows a 2 0  to 24-aside mi lking shed is  

generally used , which requires the additional investment of  

on average $ 4 , 0 0 0  per additional cluster . An increased 

stocking rate wi l l  increase the tota l milking time if the 

same number of clusters is used . A 20%  increase in the 

stocking rate wi l l  require two extra rows to be mi lked on the 

average farm , carrying 1 6 4  cows . This would increase mi lking 

time by about 1 0  minutes per mi lking . As larger farms 

usua lly also have larger mi lking sheds an increase in 

stocking rate results in a s imi lar increase in milking time . 

For example , increasing the stocking rate of a 2 5 0  cow farm 

by 20% to 3 0 0  cows also results in an extra two rows and 

increases milking time by about 10 minutes per mi lking . 

Labour i s  paid per unit and not per hour and therefore the 

opportunity cost for these 1 0  minutes is diff icult to assess 

economical ly and is  l ikely to be small due to a lack of 

al ternati ve employment in rural areas . Furthermore , an 

extens ion of the milking shed is seldomly carried out when 

increas ing the herd size  on a given farm . For this reason 

the cost of mi lking sheds was cons idered as a fixed cost . It 

should be noted that when considering measures of efficiency , 

i . e .  when the profit function is  def ined as the ratio of 

returns over costs rather . than the difference , that the 

extended milking time is offset by a lower per ha capital 

requirement for the milking shed s ince more cows are mi lked 

per cluster . 

Labour was a l so considered as a fixed cost s ince wages are 

paid per labour unit and not as an hourly rate . Even when 
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employing labour for the occas ional mi lking wages are paid 

per milking and not per cow with relatively sma l l  differences 

between herd si zes . It is generally considered that one 

labour unit can handle up to 2 2 0  cows and larger herds 

require an additional labour unit . Once the decision to 

employ extra labour is  made , the costs for labour remain 

constant with increasing stocking rate . When considering the 

uti l isation or efficiency of the labour units employed , i . e .  

applying the profit equation as a ratio , a high number of 

cows per labour unit is advantageous . 

3 . 3 . 5 . g )  Discount rate 

Revenues and costs occuring at different times can be 

expressed and compared equitably by discounting future 

revenues to their present value . Discounting takes account 

of the time delay which occur in the accrual of some revenues 

and costs . This allows more real i stic comparisons between 

various cashflow streams ( Nicholas , 1 9 8 7 ) . In the 

dairyfarming system the carcass value is realised only at the 

end of the l i fetime of the cow . Discounting the revenue from 

the cull cow carcass leads to a more equitable economic 

valuation of the traits which are influenced by the revenue 

from the carcass .  The time of realisation of the revenue 

from the cul l cow carcass depends on the average herd l i fe of 

the cow . Herd l i fe is thus included as the determinant for 

the time period after which revenue from the cul l  cow carcass 

is received . This i s  achieved by incorporating the 

reciprocal of herdlife which is  also def ined as replacement 

rate as the exponent in the denominator . 

The di scount rate chosen takes account of inflation and the 

actual interest rate then becomes the annual real interest 

rate as suggested by Smith ( 1 97 8 ) . Thus , revenue has been 

discounted in the fol lowing way : 
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where 

Discounted revenue = Revenue * 
1 

( 1 + ':>  l/r 
1 + � 

c is  the annual interest rate expressed as 

fraction , 

i is  the annual inf lation rate expressed as 

fraction and 

r is  the average herd l i fe in years . 
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Annual interest rates have f l uctuated cons iderably in New 

Zealand in con junction with changes in the inf lation rate . 

Interest rates of bonds issued by large firms with 

sUbstantial assets and stable earning records give an 

indication of the expected marginal long-term real interest 

rates . The chosen di scount rate was based on an annual 

interest rate of 8% and an annual inf lation rate of 2 % , which 

is consistent with longterm predictions from finance 

organisations ( Jarvis and Perley , 1 9 8 9 ) . An average herdl ife 

of 4 . 5  years resulting in a replacement rate of 2 2 %  ( Ahlborn­

Breier and Wickham , 1 9 8 6 ; Harris ,  1 9 89b ) was used in the 

model . 

For the average dairy farm which is  represented by the model , 

revenue from cul l  cow carcasses were reduced by 1 3 %  through 

discounting . This had the e ffect of increasing economic 

weights per ha for milkfat and protein by 1 . 5% and 0 . 2 % for 

Holstein-Friesians and Jerseys , respectively , and decreasing 

economic weights per ha for mi lk volume by 2 %  and l iveweight 

by 9% for Holstein-Friesians and by 3% and 7 % , respectively , 

for Jerseys . The slighl ty lower impact on the economic 

weights for Jersey is expected s i nce the return from the cul l 

cow carcass i s  cons iderably lower for Jersey cows . This 

difference existed even though only a relative small 

percentage of total revenue i s  derived from meat sales and 

the relatively short time frame of only 4 . 5  years a fter the 
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birth of the animal . 

In conclusion , di scounting costs and revenues made an 

increase i n  l iveweight less profitable than expected from 

current prices . 

3 . 3 . 6 .  The objective variable 

The obj ective examined was maximum net income per f arm , which 

was defined as the difference between revenue and cost . The 

bioeconomic model was based on one of the ma jor l imiting 

factors , the area farmed and so on a given amount of dry 

matter avai lable . This meant that an increased net farm 

income a l so implied a higher monetary efficiency per unit of 

area ( ha )  and dry matter ( kg ) . For the same reason this also 

equated to the maximum production of mi lk sol ids per area 

( ha )  and feed input ( kg DM ) . 

3 . 4 .  Validation o f  bioeconomic model 

Mathematical models representing farm production systems are 

a valuable tool for animal breeders . The s imulation of a 

wide range of scenarios over a short timeframe offers 

numerous advantages , especially in dairy cattle breeding with 

its notably long generation interval . Mathematical models , 

describing bioeconomic conditions , indicate which biological 

variables offer the greatest opportunity for genetic 

improvement of animal merit and thus increase of net farm 

income by genetic means ( Dickerson , 1 9 70 ) . 

However , for these simulation results to be valid and 

appl icable in practice , it is essential that the mathematical 

model resembles the farm production system closely . A range 

of val i dation techniques and their application have been 

described by Sorensen ( 1 9 90 ) . Model val idation of the 

present bioeconomic model was performed at three levels . 

First , the conceptual model was validated to ascertain 

Whether i t  ref l ected the real situation , secondly , the 

computeri zed model was verified to ensure that it described 
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the conceptual model , and thirdly the operational val idity 

was tested to evaluate the behaviour of the computer i z ed 

model in relation to the behaviour of the real system . 

3 . 4 . 1 .  Validation of  conceptual model 

The ob j ective val idation of the conceptual model as a 

representation of the real situation requires observed data . 

Extensi ve l i terature exists about the mathematical expression 

of theoretical concepts of phys iological systems which are 

used as subunits in this bioeconomic model ( Blaxter , 1 9 6 2 ; 

Moe et al . ,  1 9 7 0 ; Agricultural Research council , 1 9 8 0 ; 

Baldwin et al . ,  1 9 8 7 ; Holmes et al . ,  198 7 ; Chwalibog , 1 9 9 1a ) . 

These sUbunits such as uti l isation and requirements of 

metaboli sable energy provided trace val idity ( Sorensen , 

199 0 ) . However , such data are scarce for the influence of 

management strategies and of relationships between biologica l 

input and output parameters in the production system . In  

this case trace val idity was obtained by consulting farm 

production experts . Flow charts as suggested by Sargent 

( 1 98 2 ) were used to explain the system to farm production 

experts and consultants . The consensus was that the 

conceptual model developed in this study refl ected real i ty 

closely . 

3 . 4 . 2 .  Veri fication of computeri zed model 

The computeri zed model was verif ied by tracing entities in  

the model to determine the correct logic ( Sargent , 1 9 8 2 ) . 

The mathematical and logical cons istency was extensively 

checked against manual calculations . In addition , the 

results were val idated by dairy farm experts and 

practitioners , which enhanced the confidence in the 

bioeconomic model considerably . 

Moreover , certain subuni ts of the model were val i dated by 

comparing simulated results with experimental data not used 

to construct the model or by utilising expert knowledge 
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( Pomar et al . ,  1 9 9 1 ) . For example , the efficiency 

coefficients for maintenance and mi lk production , kaaint and 

k1act ' were independently determined in an experiment carried 

out at Massey Univers ity ( Holmes et al . ,  1 9 9 2 ) . The 

conclus ion from this experiment ( Holmes et al . ,  1 9 9 2 ) was 

that the appropriate coef ficient for maintenance requirement 

is at l east 0 . 6  MJ ME/kgo.75 conf i rming the values used in this 

model . Additionally , thi s  experiment ( Holmes et al . ,  1 9 9 2 ) 

showed that a higher maintenance requirement , i . e .  higher 

feed consumption , is significantly associated with higher 

liveweight , independently of variation in milk yield , 

val idating one of the main assumptions in the model , 

3 . 4 . 3 .  Operational validity 

The behaviour of the computeri z ed model was compared with the 

behaviour of the real system to test its operational val idity 

( Pomar et al . ,  1 9 9 1 ) . However , a ful l val idation of the 

model was not poss ible s i nce the experimental data avai lable 

were not sufficient to ensure an accurate representation of 

all system details . In this case , the predicted performance 

of the computeri zed model was compared with the performance 

achieved in a stocking rate experiment . This experiment 

(Ahlborn and Bryant , 1 9 9 2 ) was initiated to test some of the 

assumptions about the biological variables in the model and 

in addition allowed the biological part of the bioeconomic 

model to be tested . 

Real and s imulated output data were compared through a subset 

of identical input data us ing the principle of a goodness of 

fit test ( Naylor and Finger , 1 9 6 7 ) . In the bioeconomic model 

stocki ng rate and production per ha were calculated for a 

gi ven l evel of production per cow . In contrast , in  the 

experiment ( Ahlborn and Bryant , 1 9 9 2 ) production per cow and 

production per ha were measured at differing stocking rates . 

Thus , the val idation was carried out in a ' reverse ' fashion 

as the explanatory ( x )  vari able in the experiment became the 
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response ( y )  variable in the model and vice versa . In the 

val idation procedure production per cow reported from the 

stocking rate experiment ( Ahlborn and Bryant , 1 9 9 2 ) was used 

as input datum in the bioeconomic model . Al l other variables 

and constants were kept at base level . Thi s  allowed 

comparison of the response from experimenta l data with 

estimates from the bioeconomic model . This is  shown in  Table 

3 . 1 0 . The val idation was restricted to these two data sets 

measured at specific stocking rates , since the response 

curves spanning a range of stocking rates reported in Ahlborn 

and Bryant ( 1 9 9 2 ) are predictions only and the des ign of the 

experiment did not allow the calculation of standard errors 

or confidence intervals ( Ahlborn and Bryant , 1 9 9 2 ) . 

The experimental results were based on a herd without 

replacements whereas the model included the DM requirements 

for young stock . To al low a more equitable compari son , the 

requirements for young stock were excluded from the model 

calculations through the addition of proportionate production 

and stocking rates . The proportion was calcul ated from the 

DM requirements for young stock estimated from the model . 

The experiment ' was carried out at an above average production 

level due to the high DM production per ha at the 

experimental farm ( Bryant , 1 9 9 2 , unpubl ished ) .  Consequently , 

the DM available per ha was increased from the basel ine to 

13 , 5 0 0  kg/ha for the val idation . Table 3 . 1 0 .  shows a close 

agreement between prote in and mi lkfat yields per ha at the 

low stocking rate with an estimated reduction in protein and 

milkfat yields per ha at the low stocking rate of 1% for 

HOlstein-Friesians and 2 %  for Jerseys . However , at the high 

stocking rate the difference between experimental data and 

resul ts from the model was l arger with 8% for Holstein­

Friesians and 1 2 %  for Jerseys . The model predicted a lower 

production per ha at the high stocking rate than was actually 

achieved in the experiment . This difference is  most l ikely 
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Table . 3 . 10 . : Production parameters from an experiment 

(Ahlborn and Bryant , 1992 ) and bioeconomic model for 

Holstein-Friesians and Jerseys ( *  = input data for 

experiment , # = input data for model ) .  

Protein kg/cow 

Milkfat kg/cow 

Milk kg/cow 

stocking rate 

cows/ha 

Difference ( % )  

Protein kg/ha 

Difference ( % )  

Milkfat kg/ha 

Difference ( % )  

Expmt. *  

Model 

Expmt. 

Model 

Expllt. 

Model 

Low stocking rate 

Friesian 

I 163 

I 214 

I 4511 

*3 .02 

3 .00 

-1 

486 

483 

-1 

636 

631 

-1 

Jersey 

I 138 

I 200 

I 3202 

*3 . 57 

3 . 54 

-2 

487 

487 

o 

724 

707 

-2 

High stocking rate 

Friesian 

I 112 

I 150 

I 3256 

*3 .98 

3 . 64 

-8 

448 

410 

-8 

592 

543 

-8 

Jersey 

I 104 

I 157 

I 2542 

*4 . 53 

4 .07 

-12 

473 

417 

-12 

711 

627 

-12 

due to an increase in OM production per ha and/or an increase 

in uti l isation with higher graz ing pressure resulting in a 

higher amount of OM and ME being harvested and available for 

mi lk production . Whi le a 2 ,  0 0 0  kg OM/ha higher OM production 

was observed in the experiment for the high stocking rate , a 
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significant difference in  DM production between stocking 

rates could not be ascertained due to the large coefficient 

of variation of this variable . 

The model assumes that the energy requi rements for 

maintenance , milk yield , pregnancy and replacement completely 

determine the stocking rate and thus production per ha . This 

infers a simple mUltipl icative relationship between 

production per cow and production per ha . However , whi l e  

comparisons of farms with stocking rates of up t o  4 cows/ha 

would support this ( Crabbe , 1 9 8 3 ) , stocking rate compari sons 

under control l ed experimental conditions with constant 

management indicate a decrease in cow performance with 

increased stocking rate ( King and Stockda le , 1 9 8 0 ; Holmes and 

Macmi l lan , 1 9 8 2 ; Senft and Thaurel ,  1 9 8 9 ; Ahlborn and Bryant , 

1992 ) above a certain critical l evel ( Jones and Sandland , 

1974 ) .  This  relationship then changes energy requirements 

and uti l i z ation and impl ies that at different stocking rates 

the achievable yield per ha dif fers . The larger difference 

between experimenta l results and estimates from the model 

support thi s hypothesis . 

From this initial operational val idation the model does 

compare favourably with real ity and appears to represent the 

behaviour of real systems under experimental control . 

However ,  as more experimental results become avai lable 

further val idation of the model w i l l  be possible . 

The model could be further refined by including annual 

variation in pasture growth ( Az zam et al . ,  1 9 9 0b ) . This 

would allow the study of effects of nutritional inadequacies 

during certain times of the year . This might be another one 

of the l imiting factor in a pasture based dairying system . 
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4 .  RELATIVE ECONOMIC VALUES ESTIMATED WITH THE BIOECONOMIC 

MODEL 

4 . 1 . Introduction 

The bioeconomic model was used to estimate economic values 

for the traits protein yield , mi lkfat yield and lactose 

yield , volume , Ii veweight and herdl ife . Economic values l ink 

the contribution of any particular trait to profitabi l i ty .  

Additionally , economic va lues provide a valuable means to 

rank traits which are measured in differing un its , and 

compare their potential contribution to a particular 

selection obj ective such as optimising prof it . Profi t in 

this study was def ined as a l inear function of input and 

output variabl es . These variables inc luded severa l 

biological traits as we l l  as economic parameters and variable 

costs . The profit function has been shown as linear or near­

linear in relation to changes in any single trait ( Goddard , 

1983 ) .  Economic values were estimated as the partial 

derivatives of the prof it function with respect to a unit 

change in the trait concerned thus representing the slope of 

the profit function at a particular point . Since the rate of 

genetic progress in l ivestock is relatively s l ow ,  the point 

chosen for calculating partial derivatives was the level of 

the population mean ( Goddard , 1 9 8 3 ; Smith , 1 9 8 4 ; Brascamp et 

al . ,  1 9 8 5 ) . The economic impact of a unit change in the 

trait concerned was evaluated by holding genetic levels of 

other traits constant , but inc luding associated environmental 

or management effects ( Bennett et al . ,  1 9 8 0 ) such as changes 

in stocking rate . 

The obj ective of this section of the study was to predict the 

effects on prof itabi l ity of changes in the traits prote in 

Yield , milkfat yield and lactose yield , volume , l iveweight 

and herdl i fe , brought about by genetic improvement , and to 

Consequently rank these traits according to their long-term 
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economic importance . In addition , results from thi s  study 

ultimate ly make it possible to predict the profitabil ity of 

a sire ' s  progeny and the resulting increases in profit per 

ha .  

4 . 2 .  Material and methods 

The genetic standard devi ation for each trait was estimated 

( Van Vleck , 1 9 8 7 ) us ing the phenotypic standard deviation 

from the 1 9 90/91 statistics ( Tabl e 3 . 3 . ) in combination with 

publ ished estimates for the heritabi l ities ( Ahlborn and 

Dempf le , 1 9 9 2 ; Welper and Freeman , 1 9 9 2 ) . The phenotypic 

vari ance for most traits increases with age , resulting in 

larger phenotypic standard devi ations ( Table 3 . 4 . ) ,  and 

consequently larger genetic standard deviations . Since 

estimates for genet ic standard deviations comprised all  age 

groups they were larger than those reported by Ahlborn and 

Dempfle ( 1 9 9 2 ) which were based on primiparous two year old 

cows . Means , phenotypic and genetic standard deviations are 

shown in Table 4 . 1 .  

For each trait examined the revenues per animal from mi lk and 

meat were tabulated as wel l  as the profit per ha , based on 

variable costs for different levels of each trait under 

consideration ( Tables 4 . 2 .  4 . 1 0 .  ) . To allow a 

visual isation of the impact of changes in a particular trait 

on the profit function , these results were graphed ( Figures 

4 . 1 .  - 4 . 5 . ) .  The revenues were calcul ated for the range of 

the tra it corresponding to two phenotypic standard devi ations 

below and above the mean for each tra it and wi thin each 

breed . Thus , the graphs represent 9 5 %  of the phenotypic 
vari ation encountered in  each of the populations of Holstein-

Friesian and Jersey cows . Where possible , all  graphs are 

shown over the same parameter space to facil itate comparisons 

between tra its and breeds . 

The economic values were estimated as partial derivatives of 
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the profit function for each of the traits ( Knap , 1 9 8 5 ; 

Dempf le , 1 9 8 6 ; De Vries , 1 9 8 9 ; Ponzoni and Newman , 1 9 89 ) . 

Thi s approach has the advantage that the partial derivatives 

directly reveal the influence of parameters on the economic 

values . The profit function and the derivation of the 

economic weights employed in this study was described by 

Dempfle ( 1 9 8 6 ) and Munoz-Luna , Yadav and Dempfle ( 1 9 8 8 ) . The 

APL-program code developed by Dempfle ( 1 9 8 6 ) was used in 

sl ightly modified form to calculate the economic values in 

this study . A copy of the code is  included in Appendix 1 .  

The economic values are represented by the s l ope of the 

profit function at a particular point and take changes in 

other variables into cons ideration . Rea l i sed genetic 

progress changes the means of the biological variables and 

this is l ike ly to affect other production system parameters . 

For exampl e ,  a change in milk production , or in  l iveweight 

per cow , requires a change in stocking rate under the 

assumption that pasture i s  ful ly util ised at the basel ine 

level . These changes in stocking rate were considered when 

estimating economic values . 

Substantial  shi fts in the means of traits could also indicate 

the use of d i fferent production and/or management systems , or 

point to large changes in f i xed costs ( Brascamp et al . ,  1 9 8 5 ; 

Smith et a l . ,  1 9 8 6 ; AIDer and Fox , 1 9 9 2 ) . The reduction in 

stocking rate , associated with the increase in  mi lk 

production per cow brought about by genetic progress over a 

20 year period , was approximated by combining the results 

from this s imulation study with regression equations from 

Ahlborn and Bryant ( 1 9 9 2 ) . The increase due to genetic 

progress over a 20 year period in milk production per cow was 

predicted to reduce stocking rate by between 2 5 %  and 2 9 %  for 

Holstein-Friesians and by between 2 7 %  and 3 8 %  for Jerseys . 

This estimation accounted for the distribution o f  costs over 

a smal ler number of cows into account . Although these are 

signi ficant reductions in the stocking rate , it i s  unl ikely 

that this gain would require ma j or changes in production or 

management systems or affect f i xed costs ( e . g .  mi lking 
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Table 4 . 1 . : Phenotypic and genetic parameters employed for 

Holstein-Friesians and Jerseys ( Il  = mean , up = phenotypic 

standard deviation , hl = heritability , UG = genetic standard 

deviation ) • 

Up hl  UG 

Holstein-Friesian 

Protein ( kg )  1 2 0  3 4  0 . 2 6 17  

Milkfat ( kg )  1 5 5  4 3  0 . 26 2 2  

Lactose ( kg )  1 5 9  4 4  0 . 2 6 2 2  

Volume ( kg )  3 , 4 6 6  9 6 1  0 . 2 8 5 0 8  

Liveweight ( kg )  4 4 0  7 4  0 . 2 4 3 6  

Replacement rate ( % )  2 2  6 . 3  0 . 0 9 1 . 9  

Jersey 

Protein ( kg )  1 1 0  2 8  0 . 2 4 1 4  

Milkfat ( kg )  1 5 4  4 1  0 . 2 6 2 1  

Lactose ( kg )  1 2 5  3 1  0 . 2 6 1 6  

Volume ( kg )  2 , 6 7 2  6 7 0  0 . 2 6 3 4 2  

Liveweight ( kg )  3 6 0  4 0  0 . 1 6 1 6  

Replacement rate ( %  ) 2 2  6 . 3  0 . 0 9 1 . 9  

equipment ) ,  s ince it is a reduction rather than an increase 

in the stocking rate . Therefore , it was assumed that within 

the expected l imits of change in  the biological variables 

brought about by genetic progress , production and management 

system would remain unaltered . 

The bioeconomic model did not include a poss ible interaction 

between stocking rate and per cow production nor did it 
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include the management effect of a higher amount of OM being 

grown and/or uti l i zed with higher stocking rates . However , 

the l atter ef fect was simulated through higher amounts of OM 

available from the same area . 

4 . 3 .  Milk production 

The obj ective for this simulated dairy production system was 

to increase the profit per ha , however , improvement in mi lk 

production by genetic means can only be achieved through each 

individual cow . The economic value of one unit increase in 

one animals production of each of the milk components was 

calculated , and also the effect of this increase on all 

inputs and outputs of the dairy production system . The 

economic value of a unit increase in the yield of a 

particular milk component was defined as all  revenue rece ived 

minus a l l  costs incurred during its production , assuming that 

the production system had reached equil ibrium after the 

increase . In  a pasture based production system these costs 

can only be measured indirectly , since feed intake figures 

for individual cows are not available generally . A change in 

milk production per cow requires a change in OM input which 

subsequently affects the stocking rate , as land is the 

limiting factor with the amount of OM available being a fixed 

quantity . Thi s  resulted in an ad justment of the allocation 

ratio of avai lable OM between the revenue earning products 

mi lk and meat and the ' costs ' of maintenance and rearing . 

4 . 3 . 1 .  Protein 

Changes in the protein yield per cow resulted in changes in 

a number of production system parameters e . g • a higher 

protein yield per cow required changes in stocking rate that 

affected revenue per ha from meat and also vari able costs . 

Changes in biological and economic farm parameters per cow 
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and per h a  such a s  energy requirement , revenue and costs 

which result from changes in protein yield per cow are 

detai led in Table 4 . 2 .  Increasing the percentage of ME used 

for the production of milk with a higher protein content led 

to increased revenue per cow from mi lk . This more than 

offset the associated reduction in stocking rate and resulted 

in a higher revenue from mi lk per ha due to increased protein 

yield per cow for both , Hol stein-Friesian and Jersey cows . 

A reduction in stocking rate led to a lower amount of 

liveweight carried per ha and reduced ME requirements per ha 

for ma intenance and replacements , requiring a lower 

percentage of energy to be used for non-productive "costs " 

and so increasing the protein yield per cow . Consequently , 

the percentage of energy used for lactation increased 

considerably .  The higher percentage of energy used for the 

revenue earning products with a high price paid for the 

increased protein yield improved profit and farm efficiency . 

Economic parameters per ha for different levels of protein 

yield of Hol stein-Friesians and Jerseys are shown in  Figure 

4 . 1 .  The functions shown in Figure 4 . 1 .  are the revenue from 

milk only , the sum of revenue from both mi lk and bobby 

calves , the sum of revenue from milk , bobby calves and cul l  

cows and the profit function def i ned a s  the sum o f  revenues 

from mi lk and meat minus variable costs . The graph shows the 

range of revenue and profit for levels of protein yield per 

cow of two phenotypic standard deviations above and below the 

mean for each breed . This represents 95% of the phenotypic 

variation in  protein yield observed in the Hol stein-Friesian 

and Jersey cow populations . 

Revenue per ha from milk i ncreased in a slightly non-linear 

fashion with increasing protein yield per cow in both breeds . 

Revenue per ha from milk was 1 0 %  higher for Jerseys relative 

to Holstein-Friesians at the same level of protein yield per 

cow . 
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Table 4 . 2 . : Changes 

per cow and per ha 

in energy requirements , 

for Holstein-Friesians 

different levels of protein yield . 

a )  Holstein-Friesian 

rrotein (kg/COW) 50 8 6  1.03 1.20 1. 3 7  

-2Dp -Dp -DC jJ DC 

.Uk (S/cow) 580 760 849 9 4 1  1 , 029 

evil COW ( S /cow ) 7 4  7 4  7 4  74 7 4  

lObby calves ( S/cow) 7 2  72 72 7 2  7 2  

.. lntenance (HE/cow) 2 1 , 0 4 6  21 , 046 21 , 0 4 6  2 1 , 046 21 . 04 6  

L.sveweight (HE/cow) 3 1. , 82 5  3 1. , 825 3 1 , 825 3 1 , 825 3 1 , 825 

:Act.tion HE req. ( \ )  3 4 . 1 6 35 . 8 4 36 . 64 3 7 . 4 4 38 . 20 

Itoeking rate ( cows/ha) 2 . 3 9 2 . 3 3 2 . 29 2 . 27 2 . 24 

.Uk ( S/ha) 1 , 3 87 1 , 769 1 , 953 2 , 136 2 , 307 

<:\&11 cow ( S/ha) 1.77 172 170 168 166 

lObby calves ( S/ha ) 1 7 3  1 6 9  1 6 7  165 161 

total revenue ( S/ha ) 1 , 737 2 , 110 2 , 290 2 , 4 6 8  2 , 636 

'tuiable costs ( S/ha ) 504 492 485 479 474 

"'oUt ( $/ha ) 1 , 23 2  1 , 618 1 , 804 1 , 989 2 , 162 

"lfttenance (ME/ha) 5 0 , 290 4 9 , 010 4 8 , 394 4 7 , 781 4 7 , 207 

"place.ents (HE/ha ) 2 1 , 3 1 6  20 , 773 2 0 , 51.2 20 , 252 20 , 009 

�t1on (HE/ha) 39 , 4 55 4 1 , 390 4 2 , 32 2  4 3 , 2 4 8  4 4 , 11 6  

.I· ... eight ( kg cows/ha l 1 , 05 1  1 , 025 1 , 0 1 2  9 9 9  987 

r.t (kg/ha) 3 7 0  361. 356 352 3 4 8  

lI>tot.ln (kg/ha ) 1 2 4  200 2 3 7  2 7 3  307 

"'-<:toae (kg/ha ) 386 371 367 362 358 

.... z9Y USed for .. 111< 23 , 67 3  2 4 , 83 4  2 5 , 393 25 , 9 4 9  26 , 469 ' ·'/ha ) 

..... 'ilI 11vewe1ght 7 6 , 0 4 5  7 4 , 110 7 3 , 178 72 , 252 7 1 , 3 8 4  IlIt/ha ) 

.... t9Y -l lk/1J.vewe1ght ' "  3 1 . 13 3 3 . 51. 3 4 . 70 3 5 . 91 37 . 08 

----
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revenue and cost 

and Jerseys for 

1.54 1.88 

Dp 2Dp 

1 , 11 8  1 , 298 

7 4  7 4  

7 2  72 

2 1 , 04 6  2 1 , 0 4 6  

3 1 , 825 3 1 , 825 

3 8 . 9 4  40 . 39 

2 . 22 2 . 16 

2 , 478 2 , 807 

1 6 4  160 

157 1 4 3  

2 , 802 3 , 12 4  

468 457 

2 , 33 5  2 , 667 

4 6 , 63 6  4 5 , 53 3  

1 9 , 767 19 , 299 

4 4 , 980 4 6 , 6 4 8  

9 7 5  952 

3 4 3  3 3 5  

3 41. 406 

353 3 4 5  

26 , 988 2 7 , 989 

7 0 , 520 6 8 , 852 

3 8 . 27 4 0 . 77 
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Table 4 . 2 .  continued : Changes in energy requirements , 

revenue and cost per cow and per ha for Holstein-Friesians 

and Jerseys for different levels of protein yield . 

b) Jersey 

-
""t.In (kq/cow) 5 4  8 2  9 6  110 1 2 4  1 3 8  1 6 6  

-2CJp -ap -aG jJ aG ap 2 ap 

_I lk ($/cow) 6 2 2  770 8 4 3  918 991 1 , 06 5  1 , 21 3  

",11 cow ( $/cow) 55 55 55 55 55 55 55 

-.bt>y calves ( $/cow) 62 6 2  6 2  6 2  62 62 6 2  

.. lntenance ( HE/cow) 1 8 , 106 18 , 106 .1 8 , 106 1 8 , 106 1 8 , 106 1 8 , 106 1 8 , 106 

uveveight (HE/cow) 2 7 , 104 27 , 104 27 , 10 4  2 7 , 1.04 27 , 104 2 7 , 104 2 7 , 104 

��at1on ME reg . ( \  ) 36 . 4 0 37 . 92 3 8 . 65 39 . 3 7 4 0 . 06 4 0 . 7 4  4 2 . 06 

.",cking rate ( cows/ha) 2 . 71 2 . 65 2 . 61 2 . 58 2 . 55 2 . 53 2 . 4 7 

_11k ($/ha) 1 , 685 2 , 036 2 , 20 4  2 , 371 2 , 532 2 , 6 8 8  2 , 994 

"'11 cow ( $/ha) 1 4 8  1 4 4  1 4 3  1 4 1  1 3 9  1 3 8  1 3 5  

lobby calves ( $ /ha ) 168 164 162 160 158 157 153 

'ot.l revenue ( $/ha ) 2 , 001 2 , 3 4 5  2 , 509 2 , 673 2 , 830 2 , 983 3 , 28 2  

\Oul.ble costs ( $ /ha ) 527 5 1 4  508 502 496 491 4 8 0  

.... fit ( $/ha) 1 , 47 4  1 , 83 1  2 , 001 2 , 171 2 , 3 33 2 , 4 9 2  2 , 802 

.. 1nt."ance (HE/ha ) 4 9 , 068 4 7 , 896 4 7 , 3 3 6  4 6 , 779 4 6 , 2 4 5  4 5 , 723 4 4 , 703 

"Placeaents ( ME/ha) 20 , 4 62 1 9 , 973 1 9 , 7 4 0  1 9 , 507 1 9 , 285 1 9 , 067 1 8 , 64 2  

lAIct.Uon (ME/ha) 4 2 , 04 5  4 3 , 800 4 4 , 63 8  4 5 , 472 46 , 272 4 7 , 05 3  4 8 , 579 

Llvewe1ght ( kq cows/ha l 976 952 9 4 1  930 919 909 889 

Itt (kg/ha ) 4 16 406 402 397 392 3 8 8  379 

".te1n (kq/ha) 1 4 3  217 251 2 8 4  317 3 4 8  4 11 

"'ct.oae (kq/ha ) 3 4 0  332 3 2 8  324 320 317 309 

.... r9Y USed ror .. 11k 2 5 , 2 2 7  26 , 280 26 , 78 3  27 , 28 3  27 , 763 2 8 , 23 2  29 , 1 47 '-ElbA ) 
tao"9y l1vewe1qht 7 3 , 4 55 7 1 , 700 70, 862 7 0 , 028 6 9 , 228 68 , 4 4 7  6 6 , 92 1  '.EI .... ) 

taor9y -llk/11vewe1qht ' I I 3 4 . 3 4 36 . 65 37 . 80 39 . 67 4 0 . 10 4 1 . 25 4 3 . 55 

---
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Revenue per ha from bobby calves and cul l  cows decreased with 

higher protein yields per cow ( see also Table 4 . 2 . ) .  As a 

consequence , the percentage of total revenue per ha derived 

from meat decreased with increasing protein yield per cow . 

A steady increase in  profit per ha was observed with 

increasing protein yield per cow in  both , Holstein-Friesians 

and Jerseys ( Figure 4 . 1 . ) .  Profit per ha was on average 8% 

higher for Jerseys resulting from the combination of 1 0 %  

higher revenue per h a  from milk , 1 0 %  lower revenue per ha 

from bobby calves and cul l  cows and 5% higher variable costs 

compared to Hol stein-Friesians . 

variabl e costs per ha are represented by the difference 

between the l ine for the sum of revenues per ha from mi lk , 

bobby calves and cul l  cows and the l ine for profit per ha 

( Figure 4 . 1 . ) .  Variable costs per ha declined sl ightly with 

increas ing protein yield per cow due to the associ ated lower 

stocking rate ( see a l so Tabl e  4 . 2 . ) .  This resulted in  a 

slightly larger increase in  profit per ha than in revenue 

from milk per ha with increasing protein yield per cow . 

Variable costs per ha were higher for Jerseys than for 

Holstein-Friesians ( Tabl e  4 . 2 . ) .  

Means , phenotypic and genetic standard deviations indicated 

in Figure 4 . 1 .  elucidate the sma l ler variation in protein 

yield of Jerseys compared to Holstein-Friesians which has 

been reported previous l y  ( Ahlborn and Dempfl e , 1 9 9 2 ) . 

Despite the sma l l er variation and a lower mean in protein 

yield per cow Jerseys achieved a higher revenue from milk and 

profit per ha at l ow as wel l  as at high level s  of protein 

yield per cow . The sma l ler variation in protein yield per 

cow of Jerseys resulted in a greater increase in revenue and 

profi t per ha r;>er kg i ncrease in protein yield per cow 

compared to Hol stein-Friesians . 

Stocking rate ; mi lk sol ids yield per ha , profit per ha and 

economic values estimated as partial deri vati ves of the 

profit function were calculated for different levels of 

protein yield per cow and per ha and are shown in Table 4 . 3 .  
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Figure 4 . 1 . : Revenue per ha from milk ( 'milk ' ) ,  sum of milk 

and bobby calves ( 'bobby calves ' ) ,  sum of milk , bobby calves 

and cull cows ( ' cull cows ' ) and profit per ha defined as sum 

of revenue from milk , bobby calves and cull cows minus 

variable costs ( ' profit ' )  at different levels of protein 

yield per cow for Holstein-Friesians and Jerseys ( prices for 

1991/92 season ) . 
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The decrease in  stocking rate with increasing protein yield 

per cow and the associated increase in mi lk sol ids per ha and 

profit per ha is obvious for both breeds . 

The economic value of a kg increase in protein yield per cow 

at the l evel of the mean for protein yield was $ 4 . 64 per cow 

and $ 1 0 . 8 0 per ha for Hol stein-Friesians and $ 4 . 5 8 per cow 

and $ 1 1 . 8 3 per ha for Jerseys ( Table 4 . 3 . ) .  The economic 

values expressed as the increase in net returns per unit of 

phenotypic standard deviation were $ 157 . 7 2 per cow and $ 

358 . 0 8 per ha for Holstein- Friesians and $ 1 2 6 . 2 4 per cow and 

$ 3 3 1 . 3 6 per ha for Jerseys . 

Table 4 . 3 . : Production parameters , profit 

economic values at different levels of protein 

for Holstein-Friesian and Jersey cows . 

per ha and 

yield per cow 

Protein Stocking Fat+Prot. 

(kg/cow) rate 

kg/ha 

Holstein-Friesian 

50 -2ap 2 . 390 

86 - ap 2 . 329 

103 - aG 2 . 299 

120 )l 2 . 270 

137 aG 2 . 243 

154 ap 2 . 216 

188 2ap 2 . 164 

Jersey 
54 -2ap 2 . 710 

82 - ap 2 . 645 

96 - aG 2 . 614 

110 )l 2 . 584 

124 aG 2 . 554 

138 ap 2 . 525 

166 2ap 2 . 469 

$/ha 

494 

561 

593 

625 

655 

684 

742 

563 

623 

652 

681 

709 

736 

789 

Profit Econolic value 

(/kg protein) cowsjha 

$/cow $/ha 

1 , 232 4 . 88 11 .67 

1 , 618 4 . 76 11.08 

1 , 804 4 . 70 10 .80 

1 , 989 4 . 64 10 . 53 

2 , 162 4 . 58 10 .28 

2 , 335 4 . 53 10 .03 

2 , 667 4 . 42 9 . 56 

1 , 474 4 . 80 13.02 

1 ,831 4 . 69 12 . 41 

2,001 4 . 64 12 .12 

2 ,171 4 . 58 11 . 83 

2 ,333 4 .53 11 . 57 

2 , 492 4 . 48 11 . 31 

2 , 802 4 . 38 10 .81 
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The profit function for different l evels of protein yield per 

cow was non - l i near with less economic gain per unit increase 

in protein yield at the high end of the scale , resulting in 

a decrease in marginal economic value . However , this 

digression from l inearity was small  and resulted in a 

reduction in the economic value for protein of 0 . 0 0 0 8 %  per kg 

protein increase . This was equivalent to a 1 %  decrease of 

the economic value per cow and a 2% decrease of the economic 

value per ha for one genetic standard deviation increase in 

protein yield per cow . Consequently , the effect of non­

linearity was ignored in the calculations . 

4 . 3 . 2 .  Milkfat 

The production of an additional kg of mi lkfat in the dairy 

production system described here was estimated to require 

about 3 5 %  more energy than the production of an additional kg 

of protein . Also , within the current pricing structure the 

price per kg milkfat was about 8 0 %  lower than that for 

protein . Consequently , a much smal ler increase in revenue 

per ha resulted from increas i ng mi lkfat yield rather than 

from increasing protein yield . 

The effects o f  increasing l evels of mi lkfat yield per cow on 

energy requirements and other biological and economic farm 

production s ystem parameters are shown in Table 4 . 4 .  Most 

changes were s imi lar to those resulting from increases in 

protein yield per cow ( Table 4 . 2 . ) ,  however , a greater 

variation of the values for the parameters were found due to 

a larger variation in milkfat yield and the higher energy 
requirements per kg mi lkfat . Consequently , the reduction in  

stocking rate made possible by increas ing mi lkfat yield per 

cow was sl i ghtly greater than the reduction resulting from an 

increase in protein yield . Stocking rate was reduced 

considerably more when an increase of one phenotypic standard 

deviation of mi lkfat yield was compared to an increase of one 
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phenotypic standard deviation of protein yield . Stocking 

rate was reduced by 5 . 3 % for mi lkfat x:ield and 2 . 3 % for 

protein yield . 

As observed for protein , an increase in mi lkfat yield per cow 

caused a greater percentage of energy to be used for 

lactation and thus increased profit and farm efficiency . 

However , due to the lower price received for milkfat the 

economic impact of this change was less than that resulting 

from increased protein production . 

Revenue per ha from the various saleable outputs and profits 

per ha are shown in Figure 4 . 2 .  for different levels of 

milkfat yield per cow for Holstein-Friesians and Jerseys . 

The functions shown in Figure 4 . 2 .  are the revenues from 

mi lk , the sum of revenues from milk and bobby calves , the sum 

of revenues from mi lk , bobby ca lves and cul l  cows and the 

profit function defined as the sum of revenues from mi lk and 

meat minus variable costs . 

Revenue per ha from mi lk increased sl ightly non-l inearly with 

increas ing milkfat yield per cow in both breeds . Revenue per 

ha from milk were 1 1% higher for Jerseys than for Holstein­

Friesians at the same level of mi lkfat yield per cow . 

Revenue per ha from bobby calves and cul l  cows decreased with 

higher mi lkfat yields per cow . Consequently , the percentage 

of total revenue derived from meat decreased with increasing 

mi lkfat yield . 

A steady s l i ghtly non-l inear i ncrease in prof it per ha was 

observed with increasing milkfat yield per cow in both , 

Holstein-Friesians and Jerseys ( Figure 4 . 2 . ) .  A higher 

milkfat yield per cow increased profit per ha despite a 

reduction in  stocking rate . The same was observed with 

increases in protein yield per cow . 

Profit per ha was on average 9 %  higher for Jerseys resulting . 

from the combination of a 1 1 %  higher revenue per ha from milk 

and of a 10% lower revenue per ha from bobby calves and cul l  
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Table 4 . 4 . : Changes in energy requirements , revenue and 

costs per cow and per ha for Holstein-Friesians and Jerseys 

with different levels of milkfat yield . 

a )  Holstein-Friesian 

-
.uldat (kg/cow ) 69 112 133 155 177 198 2 4 1  

- 2CJp -"p -"G P "G "p 2 "p 

.l1k (S/cow) 687 814 876 9 4 1.  1 , 006 1 , 068 1. , 1.9 4  

",11 co w  ( S/cow ) 7 4  7 4  7 4  7 4  74 74 7 4  

aobby calves ( S /cow ) 7 2  7 2  7 2  72 72 7 2  72 

.. lntenance (HE/cow) 21. , 0 4 6  2 1 , 046 2 1. , 0 4 6  2 1. , 0 4 6  2 1. , 046 2 1. , 0 4 6  21 , 046 

Llveveight (HE/cow) 3 1. , 825 3 1. , 8 25 31. , 8 25 3 1 , 825 3 1. , 825 3 1. , 825 3 1 , 825 

�ctation HE requ . ( ' ) 29 . 86 33 . 87 35 . 68 37 . 4 4 39 . 1. 4  4 0 . 65 4 3 . 55 

ttocking rate ( cows/ha ) 2 . 55 2 . 40 2 . 3 3 2 . 27 2 . 21. 2 . 1. 5  2 . 05 

IUk (S/ha) 1. , 750 1 , 954 2 , 0 4 6  2 , 1. 36 2 , 222 2 , 299 2 , 4 4 7  

Nl cow ($/ha) 1.88 1.77 1.73 1.68 1.63 1.59 1.51. 

MIlby cal.vas ( $ /ha ) 1. 8 4  1. 7 4  1. 6 9  1 6 5  1.60 1.56 1. 4 8  

htal revenue ( $/ha ) 2 , 1.2 3  2 , 305 2 , 388 2 , 468 2 , 5 4 6  2 , 61 5  2 , 747 

"ul&ble cost.s ( $/ha ) 537 507 493 4 79 466 4 55 4 33 

",oUt (S/ha) 1 , 58 5  1 , 799 1. , 895 1 , 989 2 , 080 2 , 160 2 , 3 1 4  

.. tnt.enanee ( HE/ha ) 53 , S7 4  50 , 512 4 9 , 1.31. 4 7 , 781 4 6 , 4 8 4  4 5 , 330 4 3 , 1.1.9 

"plac •• ants ( HE/ha ) 22 , 708 2 1 , 410 2 0 , 8 2 4  2 0 , 252 19, 703 19 , 21 4  1 8 , 276 

I.octaUon ( HE/ha ) 3 4 , " 8 8  3 9 , 1 1 8  4 1 , 207 4 3 , 2 4 8  4 5 , 209 4 6 , 95 4  50 , 298 

llv_lght (kg cows/ha l l. , 120 1 , 056 1 , 027 999 972 9 4 8  901. 

'ot (kg/ha ) 1.76 269 21.1 352 319 4 26 4 9 4  

.... Ot.ln (kg/ha) 306 289 281. 273 266 259 2 4 6  

� (kg/ha ) 406 383 372 362 352 3 4 3  327 

"'<9Y USed for .ilk 20 , 693 2 3 , 471. 2 4 , 72 4  25 , 94 9  2 7 , 126 2 8 , 172 3 0 , 179 lor/ho ) 

"'r9\' . liveweight 'lrlba ) 
8 1 , 01 2  7 6 , 382 7 4 , 293 7 2 , 252 70 , 291 6 8 , 5 4 6  6 5 , 202 

... �y al1k/liveweight 2 5 . 5 4  30 . 73 33 . 28 35 . 91 38 . 59 4 1 . 10 4 6 . 29 I I ) ---
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Table 4 . 4 .  continued : Changes in energy requirements , 

revenue and costs per cow and per ha for Holstein-Friesians 

and Jerseys with different levels of milkfat yield . 

b) Jersey 

-
aUJtfat (kq/cow) 7 2  113 133 154 175 195 236 

-2ap -ap -aG jJ aG ap 2ap 

allk ($/COW) 677 798 857 918 981 1 , 0 4 0  1 , 160 

1\111 COW ( $/cow ) 55 55 55 55 55 55 55 

..ot>y calves ( $/cow ) 6 2  62 62 62 62 6 2  62 

.. lntenance ( ME/COW) 1 8 , 106 18 , 106 1 8 , 106 1.8 , .106 18 , 1.06 18 , 106 1 8 , 1.06 

�Iy ..... lght (ME/cow) 27 , 1.04 27 , 104 27 , 10 4  27 , 104 2 7 , 104 2 7 , 104 27 , 104 

wet.tion ME req . ( ' ) 3 1 . 33 35 . 63 37 . 53 39 . 37 41 . 17 4 2 . 76 45 . 76 

Jtocking rate ( cows/ha ) 2 . 93 2 . 74 2 . 66 2 . 58 2 . 51 2 . 4 4  2 . 31 

.Uk ($/ba ) 1. , 9 80 2 , 189 2 , 282 2 , 371 2 . 4 5 8  2 , 53 6  2 , 682 

M1 CCW ( $/ba ) 160 150 1 4 5  1 4 1  137 1 3 3  126 

_y calves ( $ /ba ) 1 8 1  170 165 160 155 151 1 4 3  

'.tal revenue ( $/ha ) 2 , 322 2 , 509 2 , 592 2 , 673 2 , 751 2 , 82 1  2 , 952 

Tarlable costs ( $/ha ) 568 533 517 502 487 4 7 4  4 4 9  

"'otit ( $/ba ) 1 , 75 3  1 , 976 2 , 075 2 , 1.71 2 , 26 4  2 , 3 47 2 , 503 

"lntenance (ME/ba ) 52 , 981 4 9 , 667 4 8 , 199 4 6 , 779 4 5 , 390 4 4 , 16 1  4 1 , 8 4 8  

00p1,c .. ents (ME/ha ) 2 2 , 09 4  2 0 , 7 1 2  20, 099 1. 9 , 507 18 , 92 8  1 8 , 4 16 1 7 , 451 

�t1on (ME/ha ) 3 6 , 188 4 1 , 1 4 9  4 3 , 3 4 7  4 5 , 472 4 7 , 551 49 , 392 52 , 853 

�I''''eigbt (kg cows/ha l 1 , 053 988 958 930 902 878 832 

'tt ( k9/ha) 210 310 3 5 4  397 4 3 9  4 7 6  5 4 5  

"'otain (kg/ha) 322 302 293 284 276 269 254 

�OSe (kg/ha) 367 3 4 4  3 3 4  324 3 1 4  306 290 

... ·9Y USed for 'q/ha) 
.11k 2 1 , 713 2 4 , 689 26 , 008 2 7 , 283 2 8 , 531 29 , 635 31 , 71 2  

.... 9Y l iveweight 79 , 31. 2  7 4 , 351 72 , 15 3  7 0 , 028 67 , 94 9  6 6 , 108 62 , 6 4 7  '''-I/be ) 

"'r9Y -llk/11veweight " 1  27 . 3 8  33 . 21 36 . 05 38 .• 96 4 1 . 99 4 4 . 8 3 50 . 62 

---
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cows compared t o  Hol stein-Friesians . This di fference in 

profit per ha between the breeds was larger at low levels of 

mi lkfat yield per cow and smaller at high levels . 

variable costs per ha are represented by the difference 

between the l ine for the sum of revenues per ha from milk , 

bobby calves and cul l cows and the line for prof it per ha 

( Figure 4 . 2 . ) .  Variable costs per ha decl ined with 

increas ing mi lkfat yield per cow due to the lower stocking 

rate ( see also Table 4 . 5 . ) .  This resulted in a s l ightly 

greater increase in profit per ha than in revenue from milk 

per ha with increas ing mi lkfat yield per cow . Variable costs 

per ha were higher for Jerseys than for Holstein-Friesians at 

low as wel l  as at high levels of mi lkfat yield per cow ( Table 

4 . 5 . ) . 

Both breeds exhibited a much larger phenotypic and genetic 

variation for mi lkfat yield per cow ( Figure 4 . 2 . ) than for 

prote in ( Figure 4 . 1 . ) which is in agreement with other 

reports ( Hi l l  et a l . ,  1 9 8 3 ; Meyer , 1 9 8 5 ; Schutz et al . ,  1 99 0 ; 

Ahlborn and Dempfle , 1 9 9 2 ; Welper and Freeman , 1 9 9 2 ) . 

Addi tionally , means and phenotypic and genetic variation 

encountered for mi lkfat yield per cow were very simi lar for 

both breeds , as observed previous ly for New Zeal and dairy 

cattle ( Ahlborn-Breier , 1 9 8 9 ; Ahlborn and Dempf le , 1 9 9 2 ) . 

Stocking rates , milk sol ids production , profit per ha and 

economic values for mi lkfat at different levels of mi lkfat 

yield per cow and per ha are shown in Table 4 . 5 . 

The reduction in stocking rate associated with an increased 

milkfat yield per cow was cons iderably higher than that for 

protein yield increases due to the higher energy requirement 

for the production of a kg milkfat . Due to the 8 0 %  lower 

price for mi lkfat a unit change in milkfat yield a ffected 

profit per ha less than a unit change in protein yield did . 

Resul ts from thi s  study agreed with experimental results 
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(Ahlborn and Bryant , 1 9 9 2 ) and showed that when stocked with 

equal l iveweight per ha Jerseys produce 9% more milk sol ids 

per ha than Holstein-Friesians by giving an almost equal 

protein yield per ha but a higher mi lkfat yield per ha . This 

was due to the higher number of  Jersey cows per ha resulting 

from their lower l ivewe ight . 

The economic value of a kg increase in mi lkfat yield per cow 

at the leve l of the mean for mi lkfat yield was $ 1 . 8 5 per cow 

and $ 4 . 1 9 per ha for Holstein-Fries ians and $ 1 . 7 5 per cow 

and $ 4 . 5 1 per ha for Jerseys ( Table 4 . 5 . ) .  The economic 

values , expressed as the increase in net return per unit of 

phenotypic standard deviation , were $ 7 9 . 3 7 per cow and $ 

180 . 1 9 per ha for Holstein-Fries ians and $ 71 . 5 5 per cow and 

$ 1 8 4 . 8 6 per ha for Jerseys . These economic values are 

cons iderably lower than those for prote in ( Tabl e 4 . 3 . ) .  

These results were in agreement with a simi lar study carried 

out for Austral ian Holstein-Friesians under simi lar feeding 

conditions ( Beard , 1 9 8 7 ) . 

These results show that the economic value of protein ( Tabl e 

4 . 3 . ) is 2 . 5  times higher than that for mi lkfat ( Table 4 . 5 . ) ,  

whereas the price pa id by dairy companies per kg prote in is  

only 1 . 8  times higher than that for mi lkfat . A simi larly 

higher economic value for protein compared to the price ratio 

was reported by Beard ( 1 9 8 7 ) and Groen ( 1 9 8 9 ) . The difference 

is due to the lower energy requirements per kg protein thus 

resulting in lower feed costs associated with increases in  

protein yield . 

The decrease in stocking rate with increasing mi lkfat yield 

per cow and the associated increase in milk sol ids production 

per ha and so profit per ha in both breeds led to a decreased 

marginal economic value for milkfat yield per cow , as was 

also observed for protein yield per cow . 

Jerseys returned a lower economic value for a kg increase in  

milkfat per cow than Holstein-Friesians but a higher economic 
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Figure 4 . 2 . : Revenue per ha from milk ( 'milk ' ) ,  sum of milk 

and bobby calves ( ' bobby calves ' ) ,  sum of milk , bobby calves 

and cull cows ( ' cull cows ' ) and profit per ha defined as sum 

of revenue from milk , bobby calves and cull cows minus 

variable costs ( ' profit ' )  at different levels of milkfat 

yield per cow for Holstein-Friesians and Jerseys ( prices for 

1991/92 season ) . 
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Table 4 . 5 . : Production parameters , profi t per ha and 

economic values at different levels of milkfat yield per cow 

for Holstein-Friesians and Jerseys . 

Miillat stocking Fat+Prot . Profit Econolic value 

(kg/cow) rate ( $/kg lIilkfat) 

cows/ha kg/ha $/ha $/cow $/ha 

Holstein-Friesian 

69 -20p 2 . 546 482 1 , 585 2 . 07 5 . 27 
112 - 0p 2 . 400 557 1 , 799 1. 95 4 . 68 
133 - °G 2 . 334 591 1 , 895 1 .  90 4 . 4 3  
155 P 2 . 270 625 1 , 989 1 . 85 4 . 19 
177 °G 2 . 209 657 2 , 080 1 . 80 3 . 97 
198 0p 2 . 154 685 2 , 160 1 .  75 3 . 77 
241 20p 2 . 049  740  2 , 314  1 . 67 3 . 41 

Jersey 

72 -2op 2 . 926 532 1 , 753 1 .  98 5 . 78 
113 - 0p 2 . 743  612 1 , 976 1 . 85 5 . 08 
134 - °G 2 . 662 647 2 , 075 1 . 80 4 . 79 
154 P 2 . 584 681 2)71 1 .  75 4 . 51 
175 °G 2 . 507 715 2 , 264  1 . 69 4 . 25 
195 0p 2 . 439 7 4 4  2 , 3 47  1 . 65 4 . 02 
236 20p 2 . 311 800 2 , 503 1 . 56 3 . 61 

value for a kg increase in milkfat per ha due to their higher 

stocking rate when compared to Holstein-Friesians . This was 

also found for protein yield increases . 

The profit per ha with increasing mi lkfat yield per cow 

produced a sl ightly non- l inear function . However , the 

departure from l inearity was smal l  but somewhat more than for 

protein yield . For an increase in mi lkfat yield per cow of 

one genetic standard deviation the economic values for 

mi lkfat deviated from the value at the mean ( Table 4 . 5 . ) by 

0 . 0 0 1 % per kg increase in mi lkfat resulting in a reduction in 
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the economic values of about 3 %  per cow and 6 %  per ha . with 

genetic progress in the order of 1 - 2 %  per annum the non­

linearity of the profit function can be ignored except for 

extremely longterm predictions . Consequently , the non­

linearity was ignored in the predictive calculations for this 

study . 

4 . 3 . 3 .  Lactose 

Lactose is a ma jor milk component and represents about 3 8 %  of 

the sol ids in mi lk . For both , Holste in-Fries ian and Jersey , 

lactose is on average 4 . 6 % by vol ume of the milk produced , 

and so Hol stein-Fries ians produce more lactose than mi lkfat 

and Jerseys produce l ess . 

Currently , dairy farmers receive no direct monetary return 

for the lactose shipped with milk suppl ied to dairy 

companies . However ,  between 6 0 %  and 7 0 %  of the lactose 

harvested is processed ( Olsen , 1 9 9 2 ) into products used as 

pharmaceuticals , infant mi lk formul a ,  dairy , bakery , 

confectionary and processed food products . Of the returns 

from the sale of these products approximately $ 10 mi ll ion 

annual l y  were distributed to dairy farmers via a higher 

payout for mi lkfat and protein resulting in an average of $ 

714 additional payout for the 1991/92 season to each dairy 

farmer irrespective of the amount of lactose suppl i ed . 

Lactose secreted by the cow requires energy for its 

production and thus competes with mi lkfat , protein , 

Ii veweight . and mai ntenance for the l imited amount of DM 

avai lable in the dairy production system . Under the current 

pricing system returns from lactose are distributed in equa l 

shares and so production of lactose represents a cost due to 

its energy requirements without giving any direct revenue . 

This is  evident from Table 4 . 6 .  which shows the effect of 

increases in lactose yield per cow on biological and economic 



Chapter 4 ,  Aspects ot selection for economic .erit in dairy cattle - G. Ahlborn, 1994 127 

increases in l actose yield per cow on biological and economic 

production parameters .  Higher lactose yields per cow 

increased the energy requirements per cow for l actation 

necessitating lower stocking rates . The reduction in 

stocking rates was l ess than that for increased protein or 

mi lkfat yield , due to the lower energy requirements for each 

additiona l kg of lactose when compared to protein and 

mi lkfat . As observed with increased protein and mi lkfat 

yield per cow the percentage of energy used for lactation 

increased . However , in contrast to protein and mi lkfat no 

direct additional revenue was received for lactose and this 

resulted in  a lower revenue from milk per ha and a reducing 

profit per ha with increasing lactose yield per cow . These 

results agree with economic comparisons of Holstein-Friesians 

and Jerseys at a comparable stocking rate for l iveweight 

(Ahlborn and Bryant , 1 9 9 2 ) where the economic superiority of 

Jerseys was to a large extent due to their lower production 

of lactose per ha and their channell ing of the extra 

avai lable metabo l i sable energy into revenue earning mi lkfat 

production . Protein production per ha was s imi lar for both 

breeds . 

The decl ining revenue from milk per ha and profits per ha 

associated with increasing lactose yield per cow are shown in 

Figure 4 . 3 .  for Holstein-Friesians and Jerseys . 

Revenue per ha from milk decreased in a sl ightly non-l inear 

fashion with increasing lactose yield per cow in both breeds . 

Revenue per ha from bobby calves and cul l  cows decreased 

sl ightly with higher lactose yield per cow . Due to a much 

smal ler reduction in  stocking rate when compared to protein 

and mi lkfat this decrease was smal l  by comparison . 

In contrast to protein and mi lkfat , profit per ha decreased 

with increas ing lactose yield for both Holstein-Friesians and 

Jerseys . Whi le variable costs per ha decl ined with 

increasing l actose yield per cow this reduction did not 

counteract the loss in revenue from the reduction in stocking 

rate . 
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Table . 4 . 6 . : Changes in energy requirements , revenue and 

costs per cow and per ha for Holstein-Friesian with different 

levels of lactose yield . 

a )  Holstein-Friesian 

-
...,t .... (k9/COW ) 

-
.Uk (S/cow) 

CIOIl cow ( S/cow ) 

..... V calves ( $/cow) 

.1t1tenanee (HE/cow) 

U ..... 1gbt (HE/cow) 

wctatlon HE req. ( ' ) 

Itocklnq rate ( cows/ha ) 

aUk ($/ba ) 

CIlll cow ( $/ha ) 

-V calves ( $/ba ) 

t'ftal revenue ( $/ha ) 

'&lIable costs ( $/ha ) 

tnflt ( $/ha ) 

.. 1nt.nence (HE/ba ) 

"'lac •• ents ( HE/ha ) 

l.octat1on (HE/ba ) 

LI'_lgbt ( kg cows/ha l 

'It (kg/ba )  

.... taln (kg/ha ) 

'-:toae (kg/ha) 

IaorVY USed 'lit/ha) 
ror .. 11k 

Iaor9Y . l 1 vewelght '1It/ha) 
IaorVY allk/llvewelght " 1  

---

7 2  1 1 6  

-2ap -"p 

9 4 1  9 4 1  

7 4  74 

7 2  7 2  

21 , 0 4 6  2 1 , 046 

31 , 82 5  31 , 825 

33 . 62 35 . 58 

2 . 409 2 . 3 4 0  

2 , 267 2 , 200 

178 173 

175 169 

2 , 61 9  2 , 54 2  

509 4 9 4  

2 , 1 1 1  2 , 0 4 8  

50 , 703 4 9 , 20 4  

2 1 , 4 91 2 0 , 856 

3 8 , 830 4 1 , 096 

1 , 060 1 , 029 

373 . 2  362 . 2  

289 . 7  2 8 1 . 2  

171 . 2  269 . 0  

23 , 29 8  2 4 , 658 

76 , 670 7 4 , 40 4  

30 . 39 33 . 1 4  

1 3 7  159 1 81 203 2 4 7  

-"G " "G "p 2"p 

9 4 1  9 4 1  9 4 1  9 4 1  9 4 1  

7 4  74 74 74 7 4  

72 72 72 72 72 

2 1 , 04 6  2 1 , 046 21 , 046 2 1 , 046 21 , 0 4 6  

3 1 , 825 3 1 , 825 3 1 , 825 3 1 , 825 3 1 , 285 

36 . 47 37 . 4 4 38 . 3 1 39 . 1 8 4 0 . 83 

2 . 306 2 . 270 2 . 2 39 2 . 207 2 . 1 4 8  

2 , 1.69 2 , 1 36 2 , 107 2 , 077 2 , 021 

170 168 165 163 159 

167 165 162 160 156 

2 , 507 2 , 468 2 , 4 3 4  2 , 400 2 , 335 

4 87 479 473 466 4 53 

2 , 020 1 , 989 1 , 962 1 , 9 3 4  1 , 882 

4 8 , 527 47 , 781 4 7 , 121 4 6 , 459 4 5 , 197 

20 , 568 2 0 , 252 1. 9 , 973 1 9 , 692 1 9 , 157 

4 2 , 1.2 1  4 3 , 2 4 8  4 4 , 246 4 5 , 24 8  4 7 , 155 

1 , 01 5  9 9 9  985 971 9 4 5  

357 . 2  351 . 7  3 4 6 . 9  3 4 2 . 0  332 . 7  

277 . 3  273 . 0  269 . 3  265 . 5  258 . 3  

313 . 3  362 . 0  405 . 1  4 4 8 . 3  530 . 7  

25, 272 25 , 94 9  26 , 54 8  27 , 1 4 9  2 8 , 293 

73 , 379 72 , 252 71 , 254 7 0 , 252 6 8 , 3 4 5  

3 4 . 4 4 35 . 91 37 . 26 38 . 65 4 1 . 40 
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Table 4 . 6 .  

revenue and 

continued : ·  Changes 

costs 

in energy requirements , 

for Holstein-Friesian 

with different 

per 

levels 

cow and per ha 

of lactose yield . 

b) Jersey 

-
� ( kg/COW ) 6 3  9 4  109 125 1 4 1  156 187 

-2op -Dp -oG I' °G op 2 0p 

.Uk ($/COW) 918 918 918 918 9 1 8  918 918 

cvll COW ( $/cow ) 55 55 55 55 55 55 55 

lObbY calves ( $/cow) 62 6 2  62 6 2  6 2  62 62 

.. lntenance (ME/cow) 1 8 , 106 18 , 106 1 8 , 106 1 8 , 106 1 8 , 106 18 , 106 1 8 , 106 

.Ivewelqht (ME/cow) 2 7 , �O4 2 7 , 104 2 7 , 104 27 , 104 2 7 , 104 2 7 , 1.0 4  27 , 104 

:.oct.Uon HE reg . ( \  ) 3 6 . 4 3 37 . 93 3 8 . 63 39 . 63 4 0 . 07 4 0 . 72 4 2 . 02 

",ocking rate ( cows/ha ) 2 . 7 10 2 . 64 5  2 . 615 2 . 58 4  2 . 554 2 . 526 2 . 471 

.Uk ($/ha ) 2 , 486 2 , "28 2 , 400 2 , 371 2 , 3 4 4  2 . 319 2 , 268 

C\ll1 cow ( $/ha ) 1 4 8  1 4 4  1 4 3  1 4 1  139 1 3 8  135 

lobby cal vas ( $ /ha ) 168 164 162 160 158 157 153 

total revenue ( $/ha ) 2 , 802 2 , 736 2 , 705 2 , 673 2 , 6 4 2  2 , 613 2 , 556 

'ulable costs ( $ /ha ) 526 5 1 4  508 502 496 491 480 

hotit ( S/ha) 2 , 276 2 , 222 2 , 197 2 , 171 2 , 1 4 6  2 , 122 2 , 076 

.. lntenance (ME/ha ) 4 9 , 0 4 4  47 , 890 4 7 , 352 46 , 779 4 6 , 2 3 8  4 5 , 73 6  4 4 , 73 1  

'-Place.ents (ME/ha ) 20 , 4 52 1 9 , 97l. 1 9 , 7 4 6  19 , 507 1 9 , 282 1 9 , 073 1 8 , 653 

�tlon (ME/ha ) 4 2 , 081 4 3 , 809 4 4 , 615 4 5 , 472 4 6 , 28 2  4 7 , 03 3  4 8 , 53 8  

�1''''e1ght (kg cows/ha l 975 952 9 4 2  930 919 909 889 

rot ( I<9/ha) 4 16 . 2  406 . 4  4 01 . 8  397 . 0  392 . 4  3 88 . 1  379 . 6  

t'rot.ln (kg/ha) 298 . 2  291 . 2  2 8 7 . 9  284 . 4  281 . 1  278 . 1  272 . 0  

�""e (kg/ha ) 170 . 8  2 4 8 . 8  285 . 1  3 2 3 . 8  360 . 3  3 9 4 . 2  462 . 1  

Ioor9\' USed ·1It/ .... ) 
for ",11k 25 , 2 49 2 6 , 286 26 , 769 27 , 28 3  27 , 769 2 8 , 220 29 , 12 3  

loot9\' . l1vewe1ght 7 3 , 419 7 1 , 691 7 0 , 885 70 , 028 69 , 218 6 8 , 467 66 , 962 ·1It/ .... ) 

"'t9V al 1k/11vewe1ght ' I , 3 4 . 39 36 . 67 3 7 . 76 3 9 . 67 40 . 12 4 1 . 22 4 3 . 49 

----
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The graphs show that the mean as wel l  as phenotypic and 

genetic variation of lactose yield per cow ( Figure 4 . 3 . )  

closely resemble the parameters for mi lkfat yield of 

Holstein-Friesians ( Figure 4 . 2 . ) .  Simi lar results have been 

reported for US Holsteins ( Schutz et al . ,  1 9 9 0 ; Welper and 

Freeman , 1 9 9 2 ) . However , f or Jerseys the mean and phenotypic 

and genetic variation of lactose yield per cow were s imi lar 

to protein yield . This represents a much sma l ler vari ation 

in lactose yield per cow for Jerseys when compared to 

Holstein-Friesians . 

stocking rates , milk sol ids production , profit per ha and 

economic values for lactose at different l evels of lactose 

yield per cow are shown in Table 4 . 7 .  

Resul ts from this study agreed with experimental results 

( Ahlborn and Bryant , 1 9 9 2 ) which showed that with a stocking 

rate based on l iveweight , Jerseys produce 9% more milk sol ids 

per ha than Holstein-Friesians from an almost equal protein 

yield per ha and a higher mi lkfat yield per ha due to a 

higher stocking rate for Jerseys . 

The decreas ing profit per ha associated with an increase in  

lactose yield per cow resulted in a negative economic value 

for lactos e . 

The economic value of a kg increase in lactose yield per cow 

at the l evel of the mean for lactose yield was - $ 0 . 57 per 

cow and - $ 1 . 3 0 per ha for Holstein-Fries i ans and - $ 0 . 6 2 

per cow and - $ 1 . 6 1 per ha for Jerseys ( Table 4 . 7 . ) .  The 

economic values expressed as the increase in net returns per 

unit of phenotypic standard deviation were - $ 1 9 . 3 3 per cow 

and - $ 57 . 0 5 per ha for Holstein-Friesians and - $ 1 9 . 3 3 per 

cow and - $ 4 9 . 9 5 per ha for Jerseys . Thi s represents 1 2 %  

and 1 4 %  of the economic value o f  a kg protein for Holstein­

Friesians and Jerseys , respectively . The economic value of 

an additional unit of lactose was negative indicating that 

profit would be increased with a lower lactose yield . 
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Figure 4 . 3 . : Revenue per ha from milk ( 'milk' ) ,  sum of milk 

and bobby calves ( ' bobby calves ' ) ,  sum of milk , bobby calves 

and cull cows ( ' cull cows ' )  and profit per ha defined as sum 

of revenue from milk, bobby calves and cull cows minus 

variable costs ( 'profit' )  at different levels of lactose 

yield per cow for Holstein-Friesians and Jerseys ( prices for 

1991/92 season ) . 
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Table 4 .  7 . : Production parameters , profi t per ha and 

economic values at different levels of lactose yield per cow 

for Holstein-Friesians and Jerseys . 

Lactose Stocking Fat+Prot . Profit Economic value 
(kg/cow) rate ( $/kg lactose ) 

cows/ha kg/ha $/ha $/cow $/ha 

Holstein-Friesian 

72  - 2 ap 2 . 4 0 9  6 6 3  2 , 1 1 1  -0 . 6 1 - 1 . 4 6 
116 - ap 2 . 3 3 8  6 4 3  2 , 0 4 9  - 0 . 5 9 - 1 . 3 8  
137  - ac 2 . 3 0 6  6 3 5  2 , 0 2 0  -0 . 5 8 - 1 . 3 5 
159 J.1, 2 . 2 7 0  6 2 5  1 , 9 8 9  - 0 . 5 7 - 1 . 3 0 
181 ac 2 . 2 3 9  6 1 6  1 , 9 6 2  -0 . 5 6 -1 . 2 6  
203  ap  2 . 2 0 7  6 0 7  1 , 9 3 4  -0 . 5 6 - 1 . 2 3 
2 4 7  2 ap 2 . 1 4 8  591  1 , 8 8 2  - 0 . 5 4 - 1 . 1 6 -

Jersey 

63  -2ap 2 . 7 0 9  7 1 4  2 , 2 7 6  -0 . 6 5 - 1 . 7 7 
94 - ap 2 . 6 4 5  6 9 8  2 , 2 2 2  - 0 . 6 4 - 1 . 6 9 

109 - ac 2 . 6 1 5  6 9 0  2 , 1 9 7  -0 . 6 3 - 1 . 6 5 
125 J.1, 2 . 5 8 4  6 8 2  2 , 1 7 1  -0 . 6 2 - 1 . 6 1 
141 ac 2 . 5 5 4  6 7 4  2 , 1 4 6  - 0 . 6 2 -1 . 5 7 
156 ap 2 . 5 2 6  6 6 6  2 , 1 2 2  -0 . 6 1 - 1 . 5 4 
187  2 ap 2 . 4 7 1  6 5 2  2 , 0 7 6  -0 . 6 0 - 1 . 4 7 

4 . 3 . 4 .  Milk volume 

The economic value was determined from the economic impact of 

a unit change in milk volume holding genetic levels of all 

other traits constant . since mi lk volume did not affect any 

other traits or variables the negative economic value per 

unit of milk volume was equivalent to the charge for 

transport costs per kg of volume of - $ 0 . 0 4 3 5  per kg for the 
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19 9 1/92 s eason ( Bodeker , pers . comm . , 1 9 9 3 ) for both 

Holstein-Friesians and Jerseys . Consequently , the economic 

value per ha for a kg milk volume was - $ 0 . 0 9 for Holstein­

Fries i ans and - $ 0 . 1 1 for Jerseys . The economic values for 

a phenotypic standard deviation were - $ 4 1 . 8 0 per cow and -

$ 9 4 . 8 5 per ha for Holstein-Fries ians and - $ 2 9 . 1 5 per cow 

and - $ 7 5 . 3 1 per ha for Jerseys . In summary , the economic 

value of milk volume was found to be negative and very smal l .  

4 . 4 .  Liveweight 

4 . 4 . 1 .  Effects of liveweight changes 

Liveweight of cows plays an i ntricate double-sided role in  

any dairy production system . On one hand l iveweight 

contributes to revenue in the form of meat sales whi l e  on the 

other hand l iveweight adds to costs in the form of 

maintenance requirements . The importance of l iveweight in 

any specific dairy production system depends on the monetary 

value of those inputs and outputs that are affected by a 

change in l iveweight . 

Revenue from the sale of meat from cul l cows and bobby calves 

comprise about 1 5 %  of the gross farm income of a New Zealand 

dairy f arming enterprise ( Livestock Improvement , 1 9 9 1 ; MAF , 

199 1 ; Ahlborn and Bryant , 1 9 9 2 ) . Liveweight is  dependent on 

body condition and skeletal s i ze ( Ahlborn and Dempfle , 1 9 9 2 ; 

Stewart and Taylor , 1 9 9 2 ) ,  and an increase in  l iveweight wi l l  

increase revenue from meat . 

Livewe ight is  a biological variable which interacts with a 

large number of variables in  the dairy production system and 

inf luences production efficiency and so farm i ncome in a 

number of ways . The bioeconomic model determined the 

numerous influences of l iveweight in a pasture based dai ry 

production system and their impact on net farm income . The 

area of pasture or the amount of DM available is the l imiting 
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factor of the dairy production system model led here , and the 

economic value for l iveweight gives an indication of the 

value of a kg of DM whether used for mi lk or meat production , 

and the ir opportunity cost in  this competitive situation . 

A higher l iveweight increases ma intenance requirements 

( Holmes et al . ,  19 9 2 ) and thus reduces the efficiency of mi lk 

production ( Bonczek et al . ,  1 9 9 2 ) . Approximately 6 0 %  of the 

variable costs in a dairy production system are directly 

related to producing or purchasing feed . Therefore the 

efficiency of the convers ion of feed into milk is of prime 

economic importance . Production efficiency of dairy cattle 

is usua l ly expressed as gross energy efficiency , which is 

defined as the ratio of energy contained in milk over the 

tota l energy intake from feed ( Blake et al . ,  1 9 8 6 ; Buttazoni 

and Mao , 1 9 8 9 ) . More than 9 0 %  of the cow ' s  total annual 

energy i ntake is determined by its energy requirements for 

lactation and for maintenance of l iveweight ( Agricultural 

Research Council , 1 9 8 0 ; Holmes et al . ,  1 9 87 ) . More than 50%  

of  this input is  required for 1 iveweight maintenance . 

Within breed , sma ll cows are more feed efficient than large 

cows ( Si eber et al . ,  1 9 8 8 ; Yerex et al . ,  1 9 8 8 ) . As heavier 

cows have a higher maintenance requirement than l ighter cows 

(Agricultural Research council , 1 9 8 0 ; Holmes et al . ,  1 9 8 7 ) , 

thei r  higher I i  veweight results in a lower gross energy 

efficiency of converting feed into milk or milk sol ids 

( Buttazoni and Mao , 1 9 8 9 ; S ieber et al . ,  1 9 8 8 ) . variation 

between cows in net energy requi red for the production of one 

unit of mi lk or the maintenance of one unit of metabolic 

liveweight is  relatively smal l ,  and the net energy e f f iciency 

for maintenance has a low heritabi l ity ( Buttazoni and Mao , 

198 9 ) . The efficiency of phys iological processes ( digestion , 

nitrogen and energy uptake or uti l i zation of energy ) which 

convert feed into mi lk or milk solids is relatively constant 

within breeds ( Trigg and Parr , 1 98 1 ;  Davey et al . ,  1 9 8 3 ) , as 
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well as between breeds ( Bauman et al . ;  1 9 8 5 ; Blake et al . ,  

1986 ) . Therefore , differences in gross efficiency are mainly 

the result of variations in energy requirements for 

liveweight maintenance . 

pastoral graz ing systems present a competitive ad l ib feeding 

situation for cows . 

equal quantity of 

In theory every 

gras s . However , 

cow i s  allocated an 

in practice higher 

producing cows achieve a higher feed intake under this 

management system ( Bryant and Trigg , 1 9 8 1 ; Holmes et al . ,  

1981 ; Davey et al . ,  1 9 8 3 ) .  Direct measurement of feed intake 

is difficult for pasture graz ing and so an indirect 

measurement had to · be used . In this study the energy 

requirements for lactation and maintenance of I i  veweight 

needed to estimate feed intake were calculated from data 

obta ined by empirical means . 

Since a l l  nutrients are derived from pasture , the farm area 

is the main production l imiting factor . The number of cows 

per unit of area i .  e .  the stocking rate , i s  therefore a 

variable influencing net farm income . Net f arm income in  a 

pasture based production system is affected by changes in 

gross energy eff iciency through variations i n  liveweight . 

4 . 4 . 2 .  Economic value of liveweight 

Liveweight affected almost all  composite variables in the 

pasture based dairy production system . A higher liveweight 

requi red a higher maintenance requirement per cow and this 

resulted in a lower stocking rate , given that the amount of 

feed ava i l able was a constant . Higher Ii veweight resulted in 

higher revenue per cow and per ha from cul l  cows and bobby 

calves and the lower stocking rate resulted in l ower variable 

costs per ha . Furthermore , the lower stocking rate reduced 

per ha production of mi lkfat , protein and l actose . The 

benefit of the additional revenue from meat per ha and the 
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reduced variable costs did not compensate for the loss in 

revenue from milk due to the decreased mi lk production per ha 

at the lower stocking rate , and this l ed to a negative 

economic value for l iveweight . Table 4 . 8 .  shows the effects 

on some production parameters of changes in l iveweight of one 

phenotypic ( 7 4 kg for Holstein-Friesians , 4 0  kg for Jerseys ) 

and one genetic ( 3 6 kg for Holstein-Fries ians , 1 6  kg for 

Jerseys ) standard deviation ( Table 4 . 1 . ) .  The genetic 

standard deviation was calculated using the heri tabi l i  ty 

estimates for livewe ight from Ahlborn and Dempfle ( 1 9 9 2 ) . 

The increase 
• 
ln energy requirements per ha for the 

maintenance of cows and growth and maintenance of heifers 

with higher l ivewe ights is  obvious in Table 4 . 8 .  While the 

energy requirements for lactation did not change per cow with 

increased l ivewe ight less energy was required for lactation 

per ha due to the lower stocking rate . Therefore , with a 

higher l iveweight , a lower percentage of the available 

metabolisable energy was used for milk production . 

Changes in production parameters due to a higher l iveweight 

were slightly non- l inear and these changes were larger at 

lower liveweights . This was due to the metabolism requiring 

relatively less maintenance energy at higher l evels of 

liveweight . For example , for Hol stein-Friesians an increase 

of one phenotypic standard deviation in l iveweight from 3 6 6  

kg to 4 4 0  kg decreased stocking rate by 9 % , whi l e  the same 

increase in liveweight from 4 4 0  kg to 5 1 4  kg decreased 

stocking rate by only 8 % . 



Chapter 4 , Aspects of selection tor economic merit in dairy cattle G. Ahlborn, 1994 137 

Table 4 . 8 . : Changes in energy requirements , revenue and 

costs per cow and per ha for Holstein-Friesians and Jerseys 

for different levels of liveweight . 

• 

a)  Holstein-Friesian 

-
&.I_iCjbt (kg/cow) 2 9 2  366 404 440 476 5 1 4  588 

-2 ap -ap 
-aG p aG ap 2ap 

-
.Ilk ($/COW) 9 4 1  9 4 1  9 4 1  9 4 1  9 4 1  9 4 1  941 

CIIll COW ( $/COW) 4 4  58 66 74 8 2  9 1  109 

to!>by calves ( $/cow) 37 54 6 3  72 8 3  9 4  119 

.. Intenance ( HE/cow) 1 5 , 4 7 5  1 8 , 332 1 9 , 7 41 2 1. , 046 2 2 , 3 2 5  2 3 , 6 4 9  26 , 159 

&.Iv"weight (HE/cow) 23 , 068 27 , 538 29 , 760 3 1 , 825 33 , 856 3 5 , 967 3 9 , 989 

LocUtion HE req . 1 ' )  4 5 . 23 4 0 . 89 3 9 . 03 37 . 4 4 36 . 01 3 4 . 62 3 2 . 27 

noeking rate ( cows/ha ) 2 . 7 4 2 . 4 8 2 . 37 2 . 27 2 . 18 2 . 10 1 . 96 

.Ilk ( $/ha ) 2 , 580 2 , 3 33 2 , 226 2 , 136 2 , 05 4  1 , 975 1. , 8 4 1.  

CIIll cow ( $/ha ) 121 145 157 168 179 191 214 

lobby calves ( $/ha ) 103 1 3 3  1 4 9  165 181 198 233 

total revenue ( $/ha ) 2 , 80 4  2 , 610 2 , 532 2 , 4 6 8  2 , 4 1 4  2 , 36 4  2 , 288 

Ytriable costs ( $/ha ) 579 523 500 479 4 61 4 4 3  413 

ProUt ( $/ha ) 2 , 225 2 , 087 2 , 03 2  1 , 989 1 , 953 1 , 92 l.  1 , 874 

l&alntenance (HE/ha ) 4 2 , 437 4 5 , 4 4 7  4 6 , 715 4 7 , 781 4 8 , 73 8  4 9 , 6 4 8  5 1 , 176 

"place_ants ( HE/ha ) 17 , 4 4 2  1 8 , 993 1 9 , 670 20 , 252 20 , 786 2 1 , 303 22 , 199 

.... ctat!on (HE/ha ) 5 2 , 2 4 0  4 7 , 228 4 5 , 07 8  4 3 , 24 8  4 1 , 588 3 9 , 992 3 7 , 268 

L1veve1ght ( kg cows /ha l 801 907 956 999 1 , 03 9  1 , 079 1 , 150 

rat (kg/ha )  4 2 5  3 8 4  367 352 338 325 303 

.... otein ( kg/ha ) 3 30 298 285 273 263 252 235 

.... e-toae (kg/ha ) 4 3 7  395 377 362 3 4 8  3 3 5  312 

tn.rgy USed for .11k 3 1 , 3 4 4  2 8 , 337 2 7 , 047 25 , 94 9  2 4 , 953 2 3 , 995 22 , 361 '"t/ha ) 

Energy 11vewe1ght 6 3 , 260 68 , 272 '"t/ha) 
70 , 42 2  7 2 , 252 7 3 , 912 7 5 , 508 7 8 , 232 

tn.rgy .i lk/1 1 veweight 
I I )  4 9 . 55 4 1 . 51 3 8 . 4 1  . , . 3 5 . 91 3 3 . 76 3 1 . 78 28 . 58 

---
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Table 4 . 8 .  

revenue and 

and Jerseys 

b) Jersey 

-
1J_19ht (kg/cow) 

, 

-
.llk (S/cow ) 

CI&Il cow ( S/cow ) 

IOIII>Y calv�s ( S/cow ) 

.. Sntenance (HE/cow) 

lJuve1qht ( HE/cow) 

lACtAtion HE reg. ( '  ) 

ftocklnq rate ( cows/ha l 

.Uk (S/ba ) 

CI&Il cow ( S/ha ) 

lobby calves ( S/ha ) 

fotal revenue ( S/ha ) 

,.,rl.-b1e: costs ( S /ha ) 

Oretit ( S/ha l 

"lnt.nance (HE/ha ) 

Oopllceaents (HE/ha ) 

�t1on (HE/ha ) 

.I."'eight (kg cows/ha l 

'It (kg/ha ) 

"'OtA1n (kg/ha) 

:...ct.oae (kg/ha l 

borqy Used ror .. 11k ' .r/lla ) 

.... rgy . 11vewe1ght '.rlha l 

.... rqy a l 1k/11vewe1ght f l ) 
---

continued : 

costs per cow 

for different 

280 320 

-2ap -"p 

9 1 8  918 

4 0  4 7  

35 48 

1 4 , 995 16 , 575 

22 , 260 2 4 , 71 4  

4 4 . 16 41 . 59 

2 . 90 2 . 73 

2 , 660 2 , 505 

1 1 6  1 2 8  

101 130 

2 , 877 2 , 764 

563 530 

2 , 3 1 4  2 , 233 

4 3 , 4 5 1  4 5 , 2 4 3  

1 7 , 786 18 , 702 

5 0 , 998 4 8 , 401 

8 1 1  873 

4 4 5  4 1 9  

3 1 9  300 

363 3 4 2  

3 0 , 599 2 8 , 825 

6 4 , 502 67 , 459 

4 7 . 4 4  4 2 . 73 

Changes in 

and per ha 

energy requirements , 

for Holstein-Friesians 

levels of liveweight . 

3 4 4  360 376 400 4 4 0  

-"G " "G "p 2"p 

9 1 8  9 1 8  918 918 918 

52 55 58 63 71 

56 62 68 78 97 

1 7 , 499 18 , 106 1 8 , 706 19 , 59 4  21 , 0 4 6  

2 6 , 155 27 , 104 2 8 , 0 4 5  29 , 4 4 1  31 , 729 

4 0 . 22 39 . 3 7 38 . 56 37 . 4 1 35 . 68 

2 . 6 4  2 . 58 2 . 53 2 . 4 6 2 . 3 4 

2 , 423 2 , 371 2 , 3 23 2 , 254 2 , 1 49 

136 1 4 1  1 4 6  1 5 4  166 

1 4 8  160 173 192 226 

2 , 707 2 , 673 2 , 6 4 2  2 , 600 2 , 54 2  

513 502 4 9 2  4 7 7  4 5 5  

2 , 194 2 , 171 2 , 150 2 , 123 2 , 087 

4 6 , 192 4 6 , 779 4 7 , 3 3 4  4 8 , 110 4 9 , 278 

19 , 197 19 , 507 19 , 80 4  2 0 , 2 2 4  20, 869 

4 6 , 4 5 9  4 5 , 472 4 4 , 535 4 3 , 21 4  4 1 , 209 

908 930 951 9 8 2  1 , 030 

406 397 389 377 360 

291 284 279 270 258 

331 324 317 308 293 

27 , 875 2 7 , 283 26 , 721 2 5 , 928 2 4 , 725 

69 , 0 4 1  70 , 028 70 , 965 7 2 , 286 7 4 , 291 

4 0 . 37 3 8 . 96 3 7 . 65 3 5 . 87 33 . 28 
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Figure 4 . 4 .  shows the s l i ght non-l inear trend for the revenue 

from milk , cull cows , bobby calves and profit per ha . Profit 

per ha decreased non- linearly . 

Higher l iveweight clearly decreased profit per ha over a wide 

range of l iveweight ( Figure 4 . 4 . ) .  Whi l e  this decrease was 

non-l inear , Figure 4 . 4 .  shows that within the range for 

liveweight from 2 8 0  kg to 5 8 0  kg which included 95%  of a l l  

cows n o  local minimum was observed . Additional ly , a s  the 

non-linearity of the profit l ine i s  only sl ight , a l inear 

decrease may be used without much loss in accuracy . 

The difference in  mean l iveweight and the associated genetic 

and phenotypic variation between Holstein-Friesians and 

Jerseys was considerable .  The lower l iveweight of Jerseys 

resulted in less revenue f rom meat due to the lower price 

paid for l ighter carcasses . 

The resulting economic values for various levels of 

liveweight are shown in Table 4 . 9 .  together with stocking 

rate , milk sol ids production per ha and profit per ha . 

For the mean of the population the economic value per kg of 

liveweight was - $ 0 . 4 9 per cow for Holstein-Friesians and -

$ 0 . 5 3 for Jerseys . On a per hectare basis the economic 

value was - $ 1 . 1 0 for Holstein-Friesian and - $ 1 . 3 7  for 

Jerseys at the mean values of 4 4 0  kg and 3 6 0  kg liveweight 

respectivel y . 

Other recent simulation studies us ing profit functions also 

reported a negative economic value for l iveweight ( Dempfle , 

1986 ; Van Raden , 1 9 88 ) . combining body s i z e  and production 

with thei r  respective economic values in the selection 

obj ective would therefore result in  more accurate estimates 

of daughter profitabi l ity for dai ry sires and would increase 

net f arm income in the long term ( Ahlborn and Dempfle , 1 9 92 ) . 
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Figure 4 . 4 . : Revenue per ha from milk ( 'milk ' ) ,  sum of milk 

and bobby calves ( 'bobby calves ' ) ,  sum of milk , bobby calves 

and cull cows ( 'cull cows ' ) and profit per ha defined as the 

sum of revenue from milk , bobby calves and cull cows minus 

variable costs ( ' profit ' )  at different levels of liveweight 

for Holstein-Friesians and Jerseys ( prices for 1991/92 

season ) • 
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Table 4 . 9 . : Production parameters , profi t per ha and 

economic values at different levels of liveweight for 

Holstein-Friesians and Jerseys . 

Live stocking Fat+Prot . Profit Economic value 
weight rate /kg liveweight 

kg cows/ha kg/ha $/ha $/cow $/ha 

Holstein-Friesian 
292 -20"p 2 . 7 4 2  755  2 , 2 2 5  - 0 . 8 1 -2 . 2 3 
366  - O"p 2 . 4 7 9  6 8 2  2 , 0 8 7  - 0 . 6 3 - 1 . 5 6 

404  - O"G 2 . 3 6 6  6 5 1  2 , 0 3 2  - 0 . 5 5 - 1 . 3 1 
440  J.L 2 . 2 7 0  6 2 5  1 , 9 8 9  - 0 . 4 9 -1 . 1 0 

476 O"G 2 . 1 8 3  6 0 1  1 , 9 5 3  -0 . 4 2 - 0 . 9 2 
514 O"p 2 . 0 9 9  5 7 8  1 , 9 2 1  - 0 . 3 6 - 0 . 7 6 
588 2 0"p 1 . 95 6  5 3 8  1 , 8 7 4  - 0 . 2 6 - 0 . 5 0 

Jersey 
280  -20"p 2 . 8 9 8  7 6 4  2 , 3 1 4  -0 . 78 -2 . 2 7 
3 2 0  - O"p 2 . 7 3 0  7 1 9  2 , 2 3 3  -0 . 6 5 -1 . 7 7 
344 - O"G 2 . 6 4 0  6 9 6  2 , 1 94  - 0 . 58 - 1 . 5 2 
360  J.L 2 . 5 8 4  6 8 1  2 , 1 7 1  - 0 . 5 3 - 1 . 3 7 
376  O"G 2 . 5 3 0  6 6 7  2 , 1 5 0  -0 . 4 9 - 1 . 2 3 
400 O"p 2 . 4 5 5  6�4 7 2 , 1 2 3  - 0 . 4 3 - 1 . 0 4 
440 20"p 2 . 3 4 1  6 1 8  2 , 0 8 7  -0 . 3 3 - 0 . 7 7 

4 . 5 .  Replacement rate 

The cow ' s  herd1 i fe or stayabi l ity directly affects the 

replacement rate . This assumes that avai lable DM , the 

limiting f actor , is to be ful ly uti l i sed . An i ncreased 

herdlife or survival rate means fewer annual replacements and 

the effect of a change in the replacement rate on net farm 

profit was examined resulting in an estimation of the 

economic value of the factor herdl ife . A change in herdlife 

affects the replacement rate and so the age distribution of 
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the herd ( Cartwright et al . ,  1 9 7 5 ; Az zam et al . ,  1 9 9 0 ) and 

this was taken into account in the bioeconomic model as 

described previous ly ( Chapter 3 . 3 . 4 . ) .  In the following 

herdl i fe is  expressed as its reciprocal ,  the replacement 

rate . Changes in the replacement rate had a number of 

effects on various production parameters . 

When herdlife is  reduced and replacement rates are higher 

more young animals and a lower number of mature cows were 

carried on the farm . As a result less mi lk was produced per 

cow . The associated reduction in energy requirements for 

mi lk was found to be slightly greater than the increase in 

energy requirements for the higher number of young stock and 

this led to a slightly higher stocking rate of 0 . 0 0 2 %  ( O . O OS 

cows/ha for Holstein-Friesians and 0 . 0 0 6  cows/ha for Jerseys ) 

for each unit increase in repl acement rate ( Table 4 . 1 0 . ) .  

However , this small  increase in stocking rate did not offset 

the loss in  mi lkfat and protein production per cow , and for 

each unit increase in replacement rate mi lkfat and protein 

yields per ha were reduced by on average 7 kg ( Table 4 . 1 0 . ) 

for both Holstein-Friesians and Jerseys . As the increase in 

stocking rate was very sma l l  the lower mi lk production per 

cow resulted in a decrease in revenue from milk per ha . 

The sum of the revenue from milk , cul l cows and bobby calves 

and profit per ha for replacement rates between 1 6 %  and 2 8 %  

for Holstein-Friesians and Jerseys are shown in Figure 4 . S .  

Increasing the replacement rate decreased revenue per ha from 

mi lk and bobby calves . On the other hand , increasing the 

replacement rate resulted in more cows being cul led . 

However , the increase in revenue per ha f rom cul l cows per ha 

was considerably smal ler than the loss i n  revenue from mi lk 

and bobby calves ( Figure 4 . S . ) .  Additional ly , variable costs 

increased per cow and per ha with a higher replacement rate . 

These effects were combined in the calculation of profit per 

ha . The change in net profit per ha per unit increase in 
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Table 4 . 10 . : Production parameters , profit per ha and 

economic values at different levels of replacement rates for 

Holstein-Friesians and Jerseys . 

Replmnt . 
rate 

%/a 

stocking 
rate 
cows/ha 

Holstein-Friesian 
16 -ap 2 . 2 4 2  

20 -aG 2 . 2 6 0  
22 

24 
28 

J.L 2 . 2 7 0  

aG 2 . 2 8 0  

ap 2 . 3 0 0  

Jersey 
16 -ap 
20 - aG 
22 J.L 
24 aG 
28 

2 . 5 44 
2 . 5 70  

2 . 5 8 4  
2 . 5 97 
2 . 6 2 4  

Fat+Prot . Profit 

kg/ha 

6 6 4  

6 3 8  
6 2 5  

6 1 1  
584  

7 2 3  
6 9 5  

6 8 1  
6 6 7  

6 3 9  

$/ha 

2 , 1 1 0  

2 , 0 3 1  
1 , 9 8 9  

1 , 9 4 6  
1 , 8 5 6  

2 , 3 0 9  
2 , 2 1 8  

2 , 1 7 1  
2 , 1 2 2  

2 , 0 2 2  

Economic value 
$/% replmnt . rate 
$/cow $Jha 

- 8 . 4 7 - 1 8 . 9 9 

- 9 . 2 9 - 2 0 . 0 9 
- 9 . 4 7 - 2 1 . 0 0 
- 9 . 6 5 - 2 2 . 0 1 
- 1 0 . 0 2 - 2 3 . 0 5 

- 9 . 0 4 - 2 2 . 9 9 
- 9 . 3 4 - 2 4 . 0 0 

- 9 . 2 9 - 2 4 . 0 1 
- 9 . 2 4 - 2 4 . 0 0 

- 9 . 5 5 - 2 5 . 0 6 

replacement rate and decrease i n  herdlife was defined as the 

economic value for replacement rate and herdlife and is shown 

in Table 4 . 1 0 .  Profit per ha decreased nearly l inearly by on 

average 1 %  with a relativel y  stronger decline at high 

replacement rates ( Figure 4 . 5 . ) .  The economic value per ha 

for a unit ( 1 % )  increase in replacement rate ranged between 

$ - 1 9  and $ - 2 3  per ha for Fri e s i an and between $ - 2 3  and $ -

25 per ha for Jersey . The lower value corresponds with low 

replacement rates and the higher value with high replacement 

rates ( Table 4 . 1 0 . ) .  The lower economic value for 

replacement rate for Jerseys was due to a higher loss in mi lk 

revenue per ha and a sma l l er i ncrease in revenue from cul l 

cows when compared to Holstein-Friesians . The economic value 

per cow varied with increasing replacement rates ( Table 

4 . 1 0 . )  . 
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Figure 4 . 5 . : Revenue pe;; ha from milk ( ' milk ' ) ,  sum of milk 
and bobby calves ( ' bobby calves ' ) ,  sum of milk , bobby calves 

and cull cows ( ' cull cows ' ) and profit per ha defined as the 
sum of revenue from milk , bobby calves and cull cows minus 
variable costs ( ' profit ' )  at different levels of replacement 
rate defined as the reciprocal of herdlife for Holstein­
Friesians and Jerseys ( prices for 1991/92 season ) . 
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A negative economic value for a unit increase i n  the 

replacement rate in the order of - $ 9 . 2 5 per cow or - $ 2 2  

per ha showed that a n  increase i n  replacement rate had a 

considerabl e effect on net farm income . The magnitude of the 

economic value for replacement rate was twice that of the 

economic value for a unit ( 1  kg ) increase in prote in yield , 

and about five times the magni tude of the economic value of 

mi lkfat ( Table 4 . 5 . ) .  Thi s  was due to the decrease in 

stocking rate per unit increase ( %/a ) in repl acement rates of 

O .  0 0 5  for Holstein-Fries ians and 0 . 0 06  for Jerseys being 

simi lar to the decrease in stocking rate resulting from an 

unit increase ( kg )  in milkfat yield per cow and about twice 

as high as the decrease in stocking rate due to a unit 

increase ( kg )  in l iveweight . 

The main factors contributing to this result were the lower 

milkfat and protein production of the cows due to their lower 

average age and the increased energy requirements for the 

higher number of young stock . The results showed a strong 

negative ef fect of an increase in repl acement rate on net 

farm income . This indicated that all tra its inf luencing the 

replacement rate , either through involuntary or voluntary 

cul l ing , have a significant impact on net farm income . 

4. 6. Comparison of economic values for different traits 
Selection obj ectives must be closely related to the 

requirements of the production-marketing system and this 

relationship is expressed in the economic values of various 

traits . Ranking traits according to their economic 

importance is  a necessary step when assessing the feasibi l ity 

of including traits in a selection obj ective . A comparison 

between traits for breeding aspects needs to take the 

observed genetic and environmenta l variation into account . 

The magnitude of the ef fect of an increase of one phenotypic 
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standard deviation in each trait on stocking rate is  shown in 

Table 4 . 1 1 .  As estimates for the environmental variation of 

replacement rate for the New Zealand dairy production system 

are not ava i lable , the phenotypic variation for replacement 

rate was estimated by assuming a coefficient of variation of 

15% . Clearly , l iveweight and mi lkfat are the variables with 

the highest impact on stocking rates . 

Economic values per cow for all  the traits examined are shown 

in Table 4 . 1 2 .  for Hol stein-Friesians and Jerseys . 

Replacement rate had the " highest absolute economic value , 

followed by protein yield and mi lkfat yield . 

The strong negative economic value of replacement rate in  the 

order of - $ 9 . 2 5 per cow and - $ 2 1 . 0 0 per ha reflected the 

markedly decreased economic efficiency of the New Zealand 

dairy production system when cows had a shorter herdl ife . 

This result is  indirectly supported by the considerably 

longer average herdlife of 7 years for cows in New Zealand 

(Ahlborn and Wickham , 1 9 8 6 ; Ahlborn-Breier , 1 9 8 9 ; Harris , 

1989b ) when compared to the average herdlife recorded in 

Table 4 . 11 . : Comparison of decrease in stocking rates per 
phenotypic standard deviation increase in various traits for 
Holstein-Friesians and Jerseys . 

Change in stocking rate ( cowsfha ) 
Holstein-Friesian Jersey 

Protein - 0 . 0 5 4  - 0 . 05 9  
Mi lkfat - 0 . 1 1 6  0 . 14 5  
Lactose - 0 . 0 6 3  - 0 . 0 5 8  
Mi lk volume 0 . 00 0  0 . 0 0 0  
Liveweight - 0 . 1 7 1  - 0 . 1 2 9  
Replacement rate - 0 . 0 2 8  - 0 . 04 0  
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dairy production systems in North America and Europe ( Van 

Arendonk , 1 9 8 4 : Van Arendonk , 1 9 8 5 : Dentine et al . ,  1 9 8 7 : 

Kristensen , 1 9 8 7 : Ducrocq et a l . ,  

Dekkers , 1 9 9 1 ; Harris and Freeman , 

1 9 8 8 : Kristensen , 1 9 8 9 : 

19 9 2 ) . This indicates 

that New Zealand dairy farmers recognise long herdl ife and 

thus low repl acement rates as economically important and 

substanti ates the need for its inclusion in the selection 

ob jective . 

The result of a lower economic value for lactose ( Table 

4 . 1 2 . ) when compared to l ivewe ight was unexpected . A unit 

( kg )  increase in lactose yield per cow required 34 MJ ME 

whi le a unit increase ( kg )  of l iveweight required 57 MJ ME 

for Holstein-Fri esian and 5 9  MJ ME for Jersey . The resulting 

reduction in the stocking rate was more severe for a unit 

increase in  l ivewe ight than for a unit increase in lactose 

yield . However , for I i  veweight increases , the loss in 

revenue from the reduced mi lk yield per ha associ ated with a 

lower stocking rate , was partly counterbalanced by higher 

revenues from cul l cows and bobby calves and also by a 

Table 4 . 12 . : Economic values per cow for Holstein-Friesians 
and Jerseys . 

Holstein- Jersey 
Friesian 

$ /cow $/cow 

Prote in ( kg )  4 . 6 3 8 9  4 . 5 8 0 5  

Mi lkfat ( kg )  1 . 8 4 5 8  1 . 7 4 5 1  

Lactose ( kg )  - 0 . 5 7 1 2  - 0 . 6 2 3 5  

Volume ( I )  - 0 . 0 4 3 5  - 0 . 0 4 3 5  

Lactose and Volume combined ( kg )  - 0 . 0 6 9 7  - 0 . 0 7 2 5  

Liveweight ( kg )  - 0 . 4 8 5 0 - 0 . 5 3 1 0  

Repl acement rate ( % )  - 9 . 2 5 0 0  - 9 . 2 9 0 0  
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slightly lower variabl e cost per ha . In comparison , for 

increases in lactose yield , the l oss in revenue from mi lk 

yield per ha was offset only by s l ightly lower variable costs 

per ha . This resulted in a lower economic value of l actose 

yield when compared to l ivewe ight . 

Lactose and volume have been evaluated here separately to 

clearly identify the different ways in which these two traits 

impact on the economics of dairy production . However , 

lactose and volume are genetica l ly highly correlated and it 

is currently impossible to change one trait without changing 

the other . consequently , the economic values for lactose and 

volume were combined . Thi s was achi eved by express ing the 

economic value for lactose on a per kg volume bas i s  ( Table 

3 . 3 . : Holstein-Fries ian 4 . 6 0 %  l actose , Jersey 4 . 6 9%  l actose ) 

and adding this economic value to the economic value for 

volume . This resulted in an economic value of $ - 0 . 0 7 for 

volume and lactose combined for both , Holstein-Fries ian and 

Jersey ( Table 4 . 1 2 . )  

Lactose yie lds are currently not recorded for New Zealand 

dairy cattle and thus it is  not possible to estimate genetic 

parameters for this trait . Therefore volume was used as a 

characteristic in the selection index to predict the breeding 

value of lactose and volume combined in this selection 

ob j ective ( Table 4 . 1 2 . ) .  
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5 . SENSITIVITY ANALYSIS 

Economic values were obtained in this study by 

di fferentiating the profit function with respect to each 

trait and evaluating the partial derivative at the mean value 

for a l l  other tra its . Accordingly , economic values ref lect 

the increase in profit for speci fic management and economic 

circumstances . Changes in parameters and input and output 

prices can alter the economic values as has been pointed out 

( Fowler et al . ,  1976 ; Vandepitte and Ha zel , 1 9 7 7 ; Smith , 

19 83 ) and evaluated previ ous ly in other production systems 

( De Vries , 1 9 8 9 ; Groen and Korver , 1989 ; Ponzoni and Newman , 

1989 ; Boichard , 199 0 ) . The influence of changes in 

parameters and prices on the economic values can be assessed 

with a sensitivity analys is ( De Vries , 1 9 8 9 ; Groen and 

Korver , 1 9 8 9 ) . In a sens i ti vi ty analysis a range of 

possible situations , parameter values or changes in inputs 

and outputs are simulated and eva luated for their effect on 

the economic va lues . 

Changes in economic and biological variables and parameters 

were eva luated in this study to test the sensitivity of 

economic values to changes in price and production 

circumstances . The changes were simulated with the 

bioeconomic model . The resulting changes in outputs and 

efficiencies were analysed with respect to their effect on 

economic values . 

The simulation of changes in the economic variables included 

the returns for milk components and for meat from cows and 

calves and the costs of inputs . The range of price changes 

evaluated for each , trait was determined after analysis of 

past trends and predictions of most l ikely future trends . 

For milk components this included a regression analysis of 

prices paid to dairy farmers during the last 20 years and 

estimates of the future price ratio between protein and 

mi lkfat and potential future prices for lactose and volume . 



Chapter 5, Aspects of selection for economic aerit in dairy cattle - G� Ahlborn, 1994 150 

The. range of potential price changes for meat prices were 

derived from a regression analys is of meat prices during the 

last 20 years . 

Changes in variable costs experienced during the last six 

years were derived from an analysis of dairy farmer ' s  

accounts and used i n  this sensitivity analysis as the best 

estimate of future changes . 

Changes in  the biological parameters were assumed to occur 

within the potential biological variation . As statistical 

parameters are not known for a large number of biological 

parameters l ike efficiency constants a change of 1 0 %  was 

tested in the sensitivity analysis for these parameters . 

The sens itivity analysis identified parameters and variables 

with a strong influence on economic values . A variable was 

cons idered to have a strong inf luence on the economic value 

if the expected range of changes increased or decreased an 

economic value by more than 2 5 % . These parameters and 

variables need to be frequently re-eva luated to ensure a 

close alignment between the breeding objective and dairy farm 

profitabi l i ty .  

5 . 1 .  Economic variables 
5 . 1 . 1 .  Returns for milk components 

Longterm price movements were predicted and their effects 

evaluated in a sensitivity analys i s . The analys i s  was based 

on changes in the production system which could be achieved 

according to the phenotypic and genetic parameters estimated 

for the popUlation under study . 

In this sens itivity analys i s  the effects of price changes of 

single milk components on their economic worth was evaluated . 

Estimates for expected future returns for the ma jor mi lk 
components were derived from an analysis of prices received 

by New Zealand dairy farmers during the last 20 years . 
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until recently , the returns for milk to the New Zealand dai ry 

farmer were directly proportional to the mi lkfat content of 

the milk . These returns were therefore used in historical 

comparisons . Table 5 . 1 .  shows nominal ( Livestock 

Improvement , 1 9 9 0 ) and infl ation-ad justed prices paid per kg 

mi lkfat during the last 20 years . The inflation-ad justment 

was based on December 1 9 9 0 . It is evident that the real 

price per kg mi lkfat pa id to farmers showed a steady 

downwards trend and has been more volati le since 1 9 8 5  ( Figure 

5 . 1 . ) .  The regression for th is inflation-ad j usted dec l ine 

over the period 1 9 7 0  - 1 9 9 2  was estimated as : 

1970-1992 : NZ ( 1990 ) $/kg milkfat = $ 2 7 3 . 3 2 - $ 0 . 1345 year 

The standard error for the regress ion coef ficient was $ 

O . 0 2 6 7/kg milkfat*year . This regression coefficient was used 

to estimate the expected future returns for milk . 

Figure 5 . 1 . : Real ( inflation-adjusted to Dec . 1990 ) prices 
for mi lkfat and meat from cul l  cows and bobby calves during 
the last 20  years . 
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Table 5 . 1 . : Prices for milkfat , cul l  cow carcass and bobby 
calves ( nominal and inflation-adjusted [ December 1 9 90 ] ) .  

Inflation-ad justed price Nominal price 

Year Mi lkfat Cul l  Bobby Mi lkfat Cul l  Bobby Bobby 
cow cal f cow cal f  calf  

$/kg $/kg $/kg $ /kg $/kg $/kg $/hd . 

1 9 7 0  7 . 4 1 0 . 8 5 

1 9 7 1  8 . 9 5 1 . 1 2 

1 9 7 2  8 . 4 1 1 . 1 1 

1 9 7 3  9 . 0 8 1 . 3 2 

1974  7 . 9 5 1 . 3 0 

1 9 7 5  7 . 6 1 2 . 3 8 1 .  3 9  1 . 4 4 0 . 4 5 0 . 2 6 8 . 4 3 

1 9 7 6  6 . 9 4 2 . 1 9 2 . 1 1 1 . 5 2 0 . 4 8 0 . 4 6 1 4 . 7 6 

1 9 7 7  6 . 7 8 2 . 2 2 1 .  3 7  1 . 7 1 0 . 56 0 . 3 5 11 . 0 5 

1 9 7 8  6 . 4 4 3 . 4 5 2 . 4 4 1 .  7 9  0 . 9 6 0 . 6 8 2 1 . 6 8 

1979  6 . 5 8 3 . 3 4 3 . 0 9 2 . 1 3 1 . 0 8 1 . 0 0 3 2 . 0 5 

1 9 8 0  7 . 0 2 2 . 8 5 1 . 2 1 2 . 6 4 1 . 0 7 0 . 4 6 1 4 . 5 7 

1 9 8 1  7 . 7 9 2 . 8 7 1 . 2 2 3 . 3 9 1 .  2 5  0 . 5 3 1 7 . 0 3 

1 9 8 2  7 . 3 2 2 . 7 1 1 . 06 3 . 6 7 1 .  3 6  0 . 5 3 1 7 . 0 4 

1 9 8 3  - 7 . 0 0 2 . 7 7 1 . 5 2 3 . 6 4 1 . 4 4 0 . 7 9 2 5 . 2 5 

198 4  7 . 1 4 3 . 3 8 2 . 7 5 4 . 0 6 1 . 9 2 1 . 5 6 5 0 . 0 0 

1985  6 . 07 2 . 0 8 1 . 6 4 3 . 9 8 1 . 3 6 1 . 0 7 3 4 . 3 0 

1 9 8 6  4 . 57 2 . 0 9 1 . 0 4 3 . 5 4 1 . 6 2 0 . 8 1 2 5 . 7 9 

198 7 4 . 7 9 1 . 8 0 1 . 3 1 4 . 0 7 1 . 5 3 1 . 1 1 3 5 . 6 6 

1 9 8 8  6 . 4 1 2 . 1 1 1 . 7 3 5 . 7 0 1 .  8 8  1 .  5 4  4 9 . 2 0 

1989  6 . 6 1 2 . 3 8 1 . 7 3 6 . 3 0 2 . 2 7 1 . 65 5 2 . 9 0 

1990  4 . 2 3 2 . 1 7 1 . 4 8 4 . 2 3 2 . 1 7 1 . 4 8 47 . 5 0 

1991  6 . 0 0 2 . 1 4 1 . 5 2 6 . 0 5 2 . 1 6 1 . 5 3 47 . 7 0 

1 9 9 2  6 . 5 0 
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a )  Protein 

A worldwide trend of higher prices for protein than for 

mi lkfat has been reported ( Rodenburg , 1 9 9 0 ) . Improved 

returns are due to the recognition of the nutritional value 

and wide-ranging functional i ty of protein . Additional l y , 

most dairy products containing protein have experienced price 

increases ( Sheppard and Urquhart , 1 9 9 1 ) in recent years . In 

particular , the demand for dairy products or m i lk components 

used as ingredients in commerci a l ly produced foods for the 

retai l  market grew faster than the demand for dairy products 

in consumer catering markets ( Sl iter , 1 9 9 0 ) . The versatil ity 

of the physical properties of proteins has made poss ible a 

wide range of these products . This diversification is  l ikely 

to continue in  the future , so increas ing the demand for 

protein . 

The higher returns for protein are now ref lected in  the 

change from a payment based on mi lkfat content only to a 

payment based on mi lk sol ids ( Sl iter , 1 9 90 ) . Changes in  

product ratios encountered due to a reduced butter production 

( Sheppard and Urquhart , 1 9 9 1 ) resulted in changes in the 

ratio of the values of mi lkfat and protein . Consequently , 

mi lk component pricing systems which took the value of 

protein into account were introduced for the New Zealand 

dairy production system ref lecting the increasing value o£ 

protein . 

In New Zealand , the rel ative returns for protein and mi lkfat 

are estimated from returns from overseas markets for the s i x  

ma jor dairy products : butter o r  anhydrous mi lkfat , cheese , 

casein , wholemi lk powder , skimmi lk powder and buttermi lk 

powder . These products comprise 95%  of a l l  New Zealand dairy 
exports . For the sensitivity analysis , manufacturing and 

other direct costs are subtracted from the returns and 

apportioning of the components 'used in the manufacture of 

each specific product gives the ratio of returns for mi lkfat 
and protein ( Nichol , pers . corom . , 1 9 9 1 ) . The ratio of 
returns from mi lkfat and protein declined considerably during 
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the last years dropping from 1 . 8 3 : 1 . 0 0 ( mi lkfat : protein ) in 

19 86/87 to 0 . 56 : 1 . 0 0 in 1 9 8 9/90 and is expected to fall to a 

ratio of 0 . 1 : 1 . 0  during the next 10  to 1 5  years ( New Zealand 

Dairy Board , 1 9 9 1b ) . Accordingly , the returns received by 

dairy farmers for mi lkfat decreased relative to the returns 

received for protein since the milk component pricing system 

has been introduced in 1 9 8 7  from an initial returns ratio of 

1 . 0 3 : 1 . 0 0 ( mi lkfat : protein ) ( Beckett , pers . corom . : Nicho l l , 

pers . corom . , 1 9 9 0 ) to 0 . 6 : 1 . 0 0 in 1991/92 ( Anonymous , 1 9 9 2 ) . 

It is expected that this trend wi l l  continue resulting in 

increasing returns for protein in the near future due to its 

greater versati l ity and higher monetary value . 

This scenari o  was simulated by assuming protein returns 

between the l imits zero and three times the current price 

( 1 991/92 season ) paid per kg protein . For a l l  other 

variables the prices for the 1 9 9 1/9 2 season were used . The 

economic values per cow resulting from this simul ation are 

shown in Figure 5 . 2 .  for Holstein-Friesians and Jerseys . 

Results showed that with increasing returns for protein the 

economic value per cow for protein increased and the economic 

values for a l l  other milk components and l i veweight 

decreased . Figure 5 . 2 .  also shows the l esser decl ine in  the 

economic value for l actose compared to those for mi lkfat and 

liveweight . 

The effects o f  changes in the price paid for protein on the 

economic values were s imi lar in Holstein-Friesians and 

Jerseys . 
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Figure 5 . 2 . : Changes i n  economic values for protein , 
milkfat , lactose and liveweight for Holstein-Friesians and 

Jerseys with an increasing price for protein . 
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Returns for prote in were indirectly decreased if under 

constant prices the ratio of returns of mi lkfat : protein 

changes in favour of milkfat . The effect of d i fferent price 

ratios of milkfat : prote in on profit per ha and profit per 

cow and on other economic va lues per ha is shown in Table 

5 . 2 .  The table is based on a mi lkfat price equivalent of $ 

6 . 00/kg , which represents the 1 9 91/92 season payout . 

Results showed that with decreas ing prote in value profit per 

ha increased . Accordingly , economic values for protein 

decl ined and economic values for mi lkfat increased . The 

reason for this result was that milk contains more mi lkfat 

than prote in . Economic values for lactose and vo lume were 

only marginally affected by changes in the mi lkfat : prote in 

price ratio . These results were s imi lar to those reported in 

a study of the Austral ian dairy farming industry ( Beard , 

1987 ) . 

The ef fect on the economic values for liveweight , due to 

variations in the returns for protein differed between 

Hol stein-Fries ians and Jerseys . In Jerseys increases in 

1iveweight became less economic with decreasing protein 

returns . In  Hol stein-Fries ians Ii veweight increases were 

less economic with decreas ing protein price but at very low 

protein values e . g .  a mi lkfat : protein price ratio of 1 . 8 3 

: 1 sl ightly more economic . with a very low but positive 

price for mi lkfat , e . g .  a mi lkfat : protein price ratio of 

0 . 1  : 1 ,  the economic value for mi lkfat became negative for 

both , Holstein-Friesians and Jerseys . 

Predicted returns for mi lk in ten ( year 2 0 0 1 ) and twenty 

( year 2 0 1 1 ) years time based on the inf lation-ad justed 

regression equation for mi lkfat ( 5 . 1 . 1 . ) in combination with 

a mi lkfat : protein price ratio of 0 . 1  : 1 are a l so shown in 

Table 5 . 2 .  These results indicated that the economic value 

for protein wi l l  increase cons iderably to the detriment of 

milkfat . Furthermore , the economic value for lactose wi l l  

become less negative and the economic value for l iveweight 
could become positive for both Hol stein-Friesians and 

Jerseys . 
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Table 5 . 2 . · Changes in profit per ha and per cow with 

increasing protein prices for Holstein-Friesians and Jerseys 
( *  = base model ) .  

Protein Hilkfat Price Profit Econoalc va�ue/ba 

price price ratio /be /cow Prot- Hilk- Lac- Vo�- Live-
ein fat tose .... e weigbt 

( $!kg ) ( $/kg) F/P ( $ )  ( $ ) ( kg )  ( kg )  ( kg )  ( kg )  ( kg )  

Bolstei�-Friesian 

Hi1kfat equiva1ent $ ( N Z  1990) 6 . 00 / kg ailkfat 

$ 8 . 1 3 S 0 . 09 0 . 10 1 , 762 776 1 7 . 17 -2 . 01 -1 . 1 5 -0 . 09 -0 . 85 

$ 5 . 7 1 $ 2 . 63 0 . 4 6 1 , 995 879 1 1 . 51 3 . 4 6 - 1 . 30 -0 . 09 -1 . 11 

$ 5 . 27 S 2 . 95 0 . 56 1 , 987 875 1 0 . 51 4 . 20 - 1 . 30 -0 . 09 - 1 . 10 

S 4 . 90 S 3 . 2 3 0 . 66 1 , 985 874 9 . 67 4 . 8 4 - 1 . 29 -0 . 09 - 1 . 10 

$ 2 . 6 8 $ 4 . 90 1 . 83 1 , 966 866 4 . 65 8 . 65 - 1 . 28 -0 . 09 - 1 . 07 

Year 2001 Predicted ai1kfat equlva1ent of $ ( NZ 1990 ) 4 . 19/kg 

$ 6 . 00 S 0 . 07 0 . 10 1 , 3 40 590 7 . 85 3 . 26 -0 . 87 -0 . 09 -0 . 37 

Year 2011 Predicted ailkfat equivalent of $ ( NZ 1990) 2 . 8 4 /kg 

$ 4 . 4 1 S 0 . 05 0 . 10 732 326 9 . 48 -0 . 81 -0 . 4 8 -0 . 10 0 . 30 

.Jersey 

Hilkfat equivalent $ ( N Z  1990) 6 . 00 / kg ai1kfat 

$ 8 . 1 3 $ 0 . 09 0 . 10 1 , 8 4 8  7 1 5  1 9 . 4 7 - 2 . 4 1 -1 . 3 7 -0 . 1 1 -0 . 9 4  

$ 5 . 7 1 S 2 . 6 3  0 . 4 6 2 , 1.68 839 1 2 . 95 3 . 69 - 1. . 6 1 -0 . 10 - 1 . 37 

$ 5 . 27 S 2 . 95 0 . 56 2 , 1 69 8 4 0  1 1 . 81 4 . 52 - 1 . 6 1 -0 . 10 - 1 . 37 

$ 4 . 90 $ 3 . 23 0 . 66 2 , 1.75 8 4 2  10 . 85 5 . 2 3 -1 . 61 -0 . 10 - 1 . 38 

$ 2 . 68 $ 4 . 90 1. . 83 2 , 207 854 5 . 09 9 . 50 -1 . 6 4  -0 . 10 -1 . 4 2 

Year 2001 Predicted Jlilkfat equivalent $ ( NZ 1990 ) 4 . 19/kg 

$ 6 . 00 $ 0 . 07 0 . 10 1. , 233 "77 1 4 . " 8 -1 . 59 -0 . 92 -0 . 1 1 -0 . 13 

Year 2011 Predicted ailkfat equivalent $ ( N Z  1990 ) 2 . 84 /kg 

$ 4 . 4 1 $ 0 . 05 0 . 10 773 299 10 . 75 -0 . 98 -0 . 57 -0 . 11 0 . 4 7 
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Table 5 . 3 . : Changes in profit per ha and per cow and 
economic values for milk prices predicted for the year 2001  

and 2011  ( predicted prices based on regression from 1970 -

199 2 , mi lkfat : protein price ratio of 0 . 56 : 1 )  for 
Holstein-Friesians and Jerseys ( 1991/92 season prices for 
other variables ) .  

Protein Hi1.Mat Year Pro1'it 2conoaic va1ue/ba 

/ha /cow Prot- Hi1.k- Lac- vol.- Live-
eln rat tose uae weiqt 

( $/kg ) ( $/kg ) ( $ )  ( $ )  ( kg )  ( kg )  ( kg )  ( kg )  ( kg )  

Bo1stein-Prieslan 

$ 4 . 91. $ 2 . 75 1.991. 1 , 81 8  801. 9 . 81 3 . 96 -1 . 19 -0 . 09 -0 . 91 

$ 3 . 89 $ 2 . 1 8 2001 1 , 3 40 590 7 . 85 3 . 26 -0 . 87 -0 . 09 -0 . 37 

$ 2 . 86 $ 1 . 60 201.1. 854 376 5 . 87 2 . 56 -0 . 56 -0 . 1.0 0 . 17 

Jersey 

$ 4 . 91. $ 2 . 75 1.991. 1 , 988 769 1 1 . 04 4 . 26 -1. . 47 -0 . 1.0 -1 . 1. 3 

$ 3 . 89 $ 2 . 1.8 2001. 1 , 471 569 8 . 83 3 . 5 3  -1 . 09 -0 . 1. 1. -0 . 4 5  

$ 2 . 86 $ 1 . 60 201.1. 9 4 8  367 6 . 60 2 . 78 -0 . 70 -0 . 1.1. 0 . 2 4 

Changes in economic values due to decreasing returns for milk 

are shown in Table 5 . 3 .  for Holstein-Friesians and Jerseys . 

Milk prices were estimated from the regression equation and 

the mi lkfat protein price ratio was assumed constant at 

0 . 56 1 .  Results showed that decl ining returns for milk 

decreased economic values for all mi lk components except 

lactose which became less negative . As the relative return 

for meat increases with decreasing milk prices economic 

values for l iveweight increased and became pos itive . 

b )  Mi lkfat 
The future of mi lkfat has been debated in 
prOducing countries and also in most sectors 

most dairy 

of the New 
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Zealand dairy industry . Very sma l l  and even negative future 

values have been suggested . Prices received for butter are 

normal ly used as indicators for the value of mi lkfat . World 

production of butter is expected to increase by 2 %  annual ly 

over the next few years ( Brown , 1 9 9 1 ) against a worldwide 

decl ine in consumption estimated at 3 %  per year . The ma j or 

causes for this development are the high price of butter 

relative to other fats , the development of competing 

products , health and nutritional considerations and a 

reduction in government subsidies . Since none of these 

causes for the decl ine in butter consumption is l ikely to be 

reversed in the near future , prices for butter are expected 

to continue to decl ine ( Brown , 1 9 9 1 ) . The manufacture of 

butter allows the production of skim mi lk powder as a joint 

process ,  which indirectly increases the value of mi lkfat . 

Additional ly , it needs to be cons idered that the other main 

export products , cheese and whol e  milk powder , a l so contain 

cons iderable amounts of mi lkfat and could not be made without 

it . Thus , mi lkfat wi l l  a lways have some value . 

In New Zealand , a l arge part of dai ry export returns are 

sti l l  derived from butter even though its importance is 
.,:,., 

declining . In 1 9 8 9/90 2 8 %  of the total dairy export values 

( FOB ) came from butter . In 1 990/91 the percentage was 2 1 % . 

The figures for cheese were 14% and 15% respectively 

( Sheppard and Urquhart , 1 9 91 ) . The lower amount of butter 

produced in New Z ealand during 1 99 0/91 was a ref lection of 

the reduction in  the EEC butter quota . until recently the 

quota agreement guaranteed EEC butter prices at considerably 

higher than world market prices for a predetermined tonnage 

of New Zealand butter exported to the United Kingdom . This 

resul ted in a relatively high price for mi lkfat in New 

Zealand when compared to the preva i l ing world market price 

and resulted in a sharp drop in mi lkfat returns s ince the 

reduction in the quota . 

New Zealand milk contains on average 4 . 8 % milkfat ( New 
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Zealand Dairy Board , 1 9 9 1 a ) and butter has an average milkfat 

content of 8 1 %  ( Austral ian Dairy Corporation , 1 9 9 1 ) . From 

these figures it can be estimated that 4 9 %  of a l l  mi lk 

processed ( for manufacturing ) was used to produce butter ,  

which comprised only 2 8 %  of the total dairy export values . 

Worldwide , this percentage was even higher . Using data from 

Sl iter ( 1 9 9 0 ) it was estimated that in 1 9 8 9  approximately 5 9 %  

o f  the world ' s  ( processing ) m i l k  supply was uti l i zed for the 

manufacture of butter . Based on the above information , it 

was considered unlikely that the price for mi lkfat would 

increase substantially in the near future . 

Accordingly , changes in the mi lkfat price were evaluated over 

the range from a slight penalty to twice times the current 

mi lkfat price of $ 2 .  95/kg mi lkfat . For other input or 

output vari ables prices for the 1 9 91/92  season were used . 

Economic values per cow for protein , mi lkfat , lactose and 

liveweight corresponding to these increases in mi lkfat price 

are shown in Figure 5 . 3 .  for both , Holstein-Friesians and 

Jerseys . The economic values of protein and lactose 

decreased at a similar rate whi le the decl ine for the 

economic value of l iveweight was higher . 

Economic values per ha and profit per cow and per ha for 

different milkfat prices are shown in Table 5 . 4 .  with an 

increase in the mi lkfat price of 1 0 0 %  the economic values per 

ha for protein , milkfat , lactose , mi lk volume and l iveweight 

changed from $ 1 0 . 5 3 ,  $ 4 . 1 9 ,  $ - 1 . 3 0 ,  $ -0 . 0 9 ,  $ -1 . 1 0 ,  

respectively , for the base model to $ 9 . 77 ,  $ 9 . 58 ,  $ -1 . 9 7 ,  

$ -0 . 0 9 and $ -2 . 2 6 for Holstein-Friesians . A simi lar 

reduction in economic values for protein , lactose , volume and 

liveweight was observed for Jerseys . 

A higher milkfat price decreased the economic values for 

protein , lactose , volume and particularly l iveweight 
linearly . 

Differences between breeds in  the variation of economic 
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Figure 5 . 3 . : Changes i n  economic values · for protein , 
milkfat , lactose and liveweight for Holstein-Friesians and 

Jerseys with an increasing price for mi lkfat . 
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Table 5 . 4 . : Changes in profit per ha and per cow resulting 

from increa sing milkfat prices for Hol stein-Friesians and 

Jerseys ( *  = base mode l ) . 

HiJ.Jtrat Cbanqe Price Profit Econoaic va1ue/ba 

price ratio Iba Icow Prot- Hi1k- Lac- Vo1- Live-
ein fat tose uae weigbt 

( $/kg ) � F/P ( $ )  ( $ ) ( kg )  ( kg) ( kg) ( kg )  ( kg )  

Bo1stein-Friesian 

$ 1 . 47 4  -50 0 . 28 1 , 471. 6 4 7  1 0 . 9 1  1 . 50 -0 . 96 -0 . 09 -0 . 52 

$ • 2 . 9 4 8  0 0 . 56 1 , 989 876 10 . 53 4 . 19 -1 . 30 -0 . 09 -1 . 10 

$ 4 . 4 22 +50 0 . 8 4 2 , 508 1 , 105 1 0 . 1 5  6 . 88 -1 . 63 -0 . 09 - 1 . 68 

$ 5 . 896 +100 1 . 12 3 , 026 1 , 33 3  9 . 77 9 . 58 -1 . 97 - 0 . 09 -2 . 26 

$ 8 . 8 4 4  +200 1 . 68 4 , 063 1 , 790 9 . 02 1 4 . 97 -2 . 65 -0 . 08 -3 . 42 

Jersey 

$ 1 . 4 74 -50 0 . 28 1 , 586 6 1 4  1 2 . 32 1 . 54 - 1 . 18 -0 . 11 -0 . 60 

$ . 2 . 9 4 8  0 0 . 56 2 , 171. 840 1 1 . 8 4 4 . 51 -1 . 6 1  -0 . 10 - 1 . 3"7 

$ 4 . 422 +50 0 . 8 4  2 , 756 1. , 067 1 1 . 35 7 . 4 8 - 2 . 05 -0 . 10 -2 . 15 

$ 5 . 896 +100 1 . 12 3 , 3 42 1. , 29 3  1 0 . 86 1 0 . 4 5  -2 . 4 8 -0 . 10 -2 . 92 

$ " 8 . 8 4 4  +200 1 . 68 4 , 512 1. , 7 4 6  9 . 89 1 6 . 39 -3 . 35 -0 . 09 - 4 . 4 7 

values resulting from increas ing mi lkfat prices were sma l l . 

Reductions in the economic values for protein , lactose and 

volume were very simi lar for both Holstein-Friesians and 

Jerseys but a much stronger decl ine in the economic value for 

liveweight was observed for Jerseys than for Holstein-
Fries ians . This was due to the lower returns from meat for 

Jerseys and the resulting higher loss in revenues when using 

energy for increasing liveweight compared to milk production . 

c )  Lactose 

Lactose has as yet not been included in the payment system . 

The New Zealand dairy industry processes between 6 0 %  and 7 0 %  

o f  the l actose extracted from raw milk ( Ol son , 1 9 9 2 ) . Returns 
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from the resulting products are distributed among all  

suppl iers without any accounting for the actual amount of 

lactose suppl ied . steady advances in manufacturing 

technology and improvements in  efficiency of the processes 

combined with a higher demand and developments of new food 

ingredients might lead to a higher return for lactose 

products and subsequently a payment system accounting for the 

lactose suppl ied . 

The effect of a positive price for lactose , e . g .  a payment 

system including prices paid for protein , mi lkfat and l actose 

and a penalty for volume , are shown in Table 5 . 5 .  for 

Holstei n-Friesians and Jerseys . Any increase in  the return 

for lactose in the future has to outweigh the increased 

energy requirements for its production to result in  a 

positive economic value for lactose . 

A payment for lactose of 1 0 %  of the value of protein with a 

payout of $ 6 . 0 0 ( as used in  the base model ) is  shown in 

Table 5 . 5 .  Due to the high processing costs it was 

considered unl ikely that a payment for lactose would be 

higher than 1 0 %  of the price value of protein . The results 

showed that including payment for lactose increased profit 

per ha and per cow only marginally . Economic values for 

protein and mi lkfat decreased to a simi l ar extent in both 

breeds . However , a payment of l actose in the order of 1 0 %  of 

the price of prote in was not suff icient to counteract the 

energy requirements for the production of lactose . This 

resulted i n  a sti l l  negative , yet much smal ler , economic 
value for lactose when compared with a nil  payment for 

lactose . The change in  the economic value for l actose was 

sl ightly more pronounced for Jerseys than for Holstein-

Friesians . Economic values for liveweight were only 

margina l l y  affected . 
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Table 5 . 5 . : Changes in profit per ha and per cow due to an 
increased value for lactose for Holstein-Friesians and 
Jerseys ( *  = base model ) .  

Prote.1n Mi1k- Lac- Pro�it Econo.lc va1ue/ba 

�at tose /ba /cow Prot- Mi1k- Lac- Vo1- Live-
ein �at tose uae weigbt 

( $/kg) ( $/kg) ( $ /kg) ( $ )  ( $ )  ( kg )  ( kg )  ( kg )  ( kg )  ( kg) 

Bo1ateln-Pr.1esian 

$ • 5 . 279 2 . 9 4 8  0 . 00 1 , 989 876 �0 . 53 4 . �9 -1 . 30 -0 . 09 -� . �O 

$ 4 . 9�3 2 . 75� 0 . 4 9 � , 998 8 80 9 . 69 3 . 7 3  -0 . �9 -0 . 09 - L � �  

Jersey 

$ • 5 . 279 2 . 9 4 8  0 . 00 2 , 17� 8 4 0  �1 . 8 4 4 . 5� -1 . 6� -0 . 10 -1 . 37 

$ 4 . 91 3  2 . 75� 0 . 4 9 2 , 1 48 83� �0 . 9� 4 . 03 -0 . 32 -0 . 10 -1 . 3 4  

d) Volume 

Volume charges take the cost of processing high volumes of 

mi lk into account . This i s  of particular importance in a 

dairy industry l ike New Zea l and ' s  where 9 5 %  of the mi lk is  

used for manufacturing ( New Zealand Dairy Board , 1991a ) . 

Large differences in milk component levels exist in  the New 

Zealand dai ry industry due to the use of two main breeds with 

vastly different mi lk component percentages . Volume charges 

have a direct inf luence on net farm income . In contrast to 

lactose , volume does not require any extra energy to be 

produced and thus does not a ff ect any of the other biological 

variables . 

A higher volume charge increased economic values per cow for 

all other traits as is shown graphical ly in Figure 5 . 4 .  The 

range of volume penalties evaluated ranged from plus to minus 

300%  of the volume charge used in the base model of $ 0 . 0 4 3 5  

per l itre . Increases in economic values were of simi lar 

extent for protein , mi lkfat and liveweight , whi le the 

increase for lactose was s l i ghtly lower . This was observed 

for both Holstein-Friesians and Jerseys . 
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Figure 5 . 4 . : Changes in economic values for protein , 
milkfat , lactose and l iveweight for Holstein-Friesians and 

Jerseys due to changes in volume penalty . 
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Table 5 . 6 . : Changes in profit per ha and per cow with 

increasing costs for volume for Holstein-Frie sians and 

Jerseys ( *  = base model ) .  

Protein 

( $/kg) 

Hilk- Volwoe 

fat 

( $/kg) ( $/kg) 

Bo1stein-Friesian 

$ • 5 . 279 

$ 4 . 91 3  

Jersey 

$ • 5 . 279 

$ 4 . 9 1 3  

2 . 94 8  -0 . 04 4  

2 . 751 -0. 088 

2 . 9 48 -0 . 04 4  

2 . 75 1  -0. 088 

Profit 

/ba /cow 

( $ )  ( $ )  

1 , 989 876 

1 , 6 ' 3  7 2 4  

2 , 1 71 8 4 0  

1 , 867 723 

Prot­
ein 

( kg )  

10 . 53 

1 0 . 7 8  

1 1 . 8 4 

1 2 . 09 

Econoalc va�ue/ha 

Hilk­
fat 

( kg )  

Lac­
tose 
( kg )  

4 . 19 - 1 . 30 

4 . 63 - 1 . 07 

4 . 51 - 1 . 61 

4 . 94 - ]. . 3 9 

Vol-
woe 

( kg )  

-0 . 09 

-0 . 09 

-0 . 10 

-0 . 10 

Live­
weigbt 

( kg )  

- 1 . 10 

-0 . 7 1 

- 1 . 37 

-0 . 97 

The ef fect of a doubl ing of the volume charge on profit per 

cow and per ha and on economic va lues per ha are shown in 

Table 5 . 6 .  for Holstein-Fries ians and Jerseys . Profit per 

cow and per ha was reduced considerabl y .  However , with the 

reduced profit a unit of the valuable milk component 

increases in va lue resulting in higher economic values per 

ha . This shows the advantages of the profit function where 

the volume charge does not have a direct inf luence on the 

other biologica l traits yet its indirect ef fects are 

refl ected in changes of the economic values . 

5 . 1 . 2 .  Returns for carcas s  of mature cow 

Inflation-adjusted prices for beef have decl ined in the past 

two decades due to lower demand on the world market . 
Consumption per head of beef in  western countries has been 

static recently and is not expected to increase for a number 

of reasons such as dietary cons iderations and static or 

decl ining populations of some countries . A s l ight 
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improvement in returns ' might occur through i ncreasi ng 

affluence i n  some countries i n  the Middle East and higher 

consumption levels of beef meat in Japan and Korea . 

Consequently , beef meat prices are expected to remai n  

relatively stable during the next 5 to 1 0  years and a price 

of $ 2 . 0 4 /kg carcass weight i s  considered a good long-term 

forecast ( McCal l ,  1 9 9 1 , pers . comm . ) .  

Table 5 . 1 .  shows nominal ( NZ Meat and Wool Boards ' Economic 

Service , 19 91d ) and inflation-ad justed prices received per kg 

of carcass for manufacturing beef . The inf lation-ad justment 

( NZ Department of statistics , 1 9 9 1 ) was based on 1 9 9 0  being 

100 . Prices have been relatively stable during the last 2 0  

years ( Figure 5 . 1 . ) and real prices for manufacturing beef 

decl ined only s l i ghtly . The regress ion of the inflation­

ad justed pri ce per kg carcass of manufacturing beef over time 

was estimated as : 

NZ ( 1990 ) $ / kg carcass = $ 83 . 28 - $ 0 . 04075 * year 

and i ndicates a consistent trend of fal l ing returns with a 

reducti on of about $ 0 . 04 per kg carcass for manufacturing 

beef per year . 

This regress ion coeffici ent was used to estimate future 

expected prices for mature cows . The expected price for meat 

in the year 2 0 0 0  represented a decrease of 2 0 %  in the price . 

This resulted i n  a sl ightly lower prof it per ha of 1 . 6% for 

Holstein-Friesians and 1 . 3 % for Jerseys as shown in Table 

5 . 7 .  Thus , a relatively large change in meat pri ce had a 
smal l  effect on profit per ha . As only a sma l l  percentage of 

the herd i s  cul led at the end of the season the revenues from 

cul l cows represent only about 5 %  of the total revenue of a 

dairy farm , resulting i n  the sma l l  effect on dairy farm 

income and profit per ha . Lower meat prices increase 

economic values for protei n , mi lkfat and l actose as these 

components contribute a rel atively larger percentage to net 

farm i ncome . 
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Table 5 . 7 . : Changes in profit per ha and per cow resulting 
from changes in returns for cow meat for Holstein-Friesians 
and Jerseys ( *  = base model ) .  

Carcass Cbanqe Profit Econo.ic va1ue/ba 
price 

/ha /eow Protein Hilkfat Lactose vo1lUle Live-
weiqht 

( $!kq ) U )  ( $ )  ( $ )  ( kq )  ( kq )  (kq) (kq) ( kq )  

Holstein-Friesian 

$ 2 . 09 . 0 1. , 989 876 10 . 53 4 . 19 -1 . 30 -0 . 09 -1 . 10 

$ 1 . 68 -20 1 , 956 862 10 . 56 4 . 23 -1 . 28 -0 . 09 -1 . 15 

$ 1 . 0 4  -50 1 , 905 839 10 . 59 4 . 30 -1 . 2 4 -0 . 09 -1 . 23 

$ 2 . 50 +20 2 , 022 891 10 . 51 4 . 15 -1 . 32 -0 . 09 -1 . 05 

Jersey 

$ 2 . 09 0 2 , 171 8 4 0  11 . 8 4 4 . 51 -1 . 61 -0 . 10 -1 . 37 

$ 1 . 6 8  - 2 0  2 , 1 4 3  829 11 . 86 4 . 55 - 1 . 59 -0 . 10 -1 . 4 3  

$ 1 . 0 4  -50 2 , 101 813 11 . 90 4 . 61 -1 . 56 -0 . 10 -1 . 51 

$ 2 . 50 +20 2 , 199 851 11 . 8 1 4 . 47 -1 . 6 3  -0 . 10 -1 . 3 2 

5 . 1 . 3 .  Returns for carcass of calf 
Returns received for bobby calf meat during the last 20 years 

are shown in Table 5 . 1 .  in nominal and real terms . Figure 

5 . 1 .  shows returns received for bobby cal f  meat in relation 

to returns received for mi lkfat and cul l cow meat . Returns 

for bobby cal f  meat are shown as $/kg l iveweight and were 

transformed from the reported per head prices us ing the 

average weight of calves as declared by meat companies ( Dairy 

Meats Association , 1 9 9 1 ; Lincoln University , 1 9 9 1 ; NZ Meat & 
Wool Boards ' Economic Service , 1 9 9 1b )  and adjusted for 

infl ation ( NZ Department of statistics , 1 9 9 1 ) to allow 

comparisons with previous years . These inflation-ad justed 

returns were used to estimate a regression of returns for 

bobby calf meat over time which resulted in the fol lowing 

equation : 

NZ ( 1990 ) $ / kg carcass = $ 50 . 81 - $ 0 . 02477 * year . 
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This indicated that , when compared with mi lkfat returns , calf 

meat returns did not show a decl ine in real terms although 

fluctuations i n  returns for cal f  meat did occur during the 

last 2 0  years . Accordingly , downward as wel l as upward 

changes can be expected for returns for calf meat in future 

years . 

The future was s imulated by estimating economic va lues on the 

bas is of an average inf lation-ad justed return of $ 1 . 6 9 per 

kg l iveweight . This figure was derived from returns during 

the last 1 6  years and covered the most l ikely upward and/or 

downward changes . The extent of likely changes was 

determined from the vari ation i n  returns per kg l iveweight 

with a standard deviation of $ 0 . 6 0 6  experienced during the 

last 1 6  years . Table 5 . 8 .  shows the economic values for 

Holstein-Frie s i ans and Jerseys for the average return and one 

standard deviation above and below this average return . 

Table 5 . 8 . : Changes in profit per ha and per cow resulting 

from changes in returns for calf meat for Holstein-Friesians 

and Jerseys ( 1991/92 season prices for other variables ) .  

PrJ.ce Cbanqe ProrJ.t £Cono.le va1ue/ha 

carcass /ba /cow ProteJ.n MJ.1.krat Lactose Vo1\D1e LJ.ve-
weJ.gbt 

($/kg) ( $ )  ( $ )  ( kg )  ( kg) ( kg )  ( kg )  ( kg ) 

ao1.teln-Fries�an 

$ 3 . 38 mean 1 , 936 853 10 . 57 4 . 26 -1 . 26 -0 . 09 -1 . 29 

$ 4 . 59 +1 ad 1 , 964 865 10 . 55 4 . 22 -1 . 28 -0 . 09 -1 . 26 

$ 2 . 17 -1 ad 1 , 909 8 4 1  10 . 59 4 . 29 -1 . 24 -0 . 09 -1 . 33 

Jersey 

$ 3 . 38 .ean 2 , 095 811 1 1 . 90 4 . 62 -1 . 55 -0 . 1.0 - 1 . 89 

$ 4 . 59 + 1  ad 2 , 125 822 11 . 87 4 . 58 -1 . 58 -0 . 10 -1 . 85 

$ 2 . 17 -1 ad 2 , 065 799 1 1 . 92 4 . 66 -1 . 53 -0 . 10 -1 . 94 -
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The result� showed that a 3 6 %  change in the price for cal f 

meat changed the profit per ha by only one percent . 

Accordingly the economic values did not change s i gn i f icantly . 

The exception was l iveweight which became less negative in 

the order of 3% for both , Hol stein-Friesians and Jerseys . 

This can be explained by the relatively sma l l  amount of 

revenue that bobby calves contribute to the total revenue per 

cow and per ha . 

" , 5 . 1 . 4 .  Costs of  inputs 

Changes in costs for inputs were assessed by varying variable 

costs , interest rate and stock prices . The ef fect of a 10%  

increase in variable costs , a 10%  increase in stock prices or 

an increase in interest rate of 2% on profit per ha and per 

cow , economic values for mi lk components and l iveweight are 

shown in Table 5 . 9 .  for Holstein-Friesians and Jerseys . 

Variable costs were relatively stable during the last decade . 

Thi s was shown by an analys i s  of accounts from 2 7 6  dairy 

farms . Whi l e  milk price vari ed as 'much as 3 7 %  during the 
. , ""  

last s ix years , variable costs per cow ( excluding the capital 

cost for cows ) varied only between 8% and 1 0 %  of the gross 

mi lk income per ha ( Ahlborn and Bryant , 1 9 9 2 ) .  This  is  in 

agreement with a cost/price structure study by wright and 

Pringle ( 1 9 8 3 ) .  

The cost of capital required to buy cows and replacements 

increases with higher interest rates . A change in the 

interest rate of 2 %  is considered a longterm estimate . The 

capital cost for cows and replacements was taken into account 

as the cost of borrowing and was the largest s i ngle variable 

cost per cow ( Ahlborn and Bryant , 1 9 9 2 ) .  This  was reflected 

in the decreased profit but resulted only in marginal changes 

in economic values . 
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Table 5 . 9 . : Changes in profit per cow and per ha with a 10% 

increase in variable costs , a 10% increase in stock prices 

and a 2% increase in interest rate for Holstein-Friesians and 

Jerseys . 

variable Change Pro�lt Econo.ic value/ba 

/ha /cow Protein Milk�at Lactose Voluae Live-
weight 

( ' ) ( $ ) ( $ )  ( kg) ( kg) ( kg )  ( kg )  ( kg )  

Bolstein-
Friesian 

Base .odel 0 1 , 989 876 1 0 . 53 4 . 19 -1 . 30 -0 . 09 -1 . 10 

Variable +10 1 , 970 868 10 . 55 L 21 -1 . 29 -0 . 09 -1 . 08 
costs 

Interest rate + 2 1 , 969 867 10 . 55 4 . 22 -1 . 28 -0 . 09 -1 . 08 

stock prices +10 1 , 977 871 1 0 . 54 4 . 21 -1 . 29 -0 . 09 -1 . 09 

Jersey 

Base model 0 2 , 171 8 4 0  1 1 . 8 4 4 . 51 - 1 . 61 -0 . 10 -1 . 37 

Variable +10 2 , 150 8 3 2  11 . 85 4 . 54 -1 . 60 -0 . 10 -1 . 3 4  
costs 

Interest rate + 2 2 , 152 833 1 1 . 8 5 4 . 54 -1 . 60 -0 . 10 -1 . 35 

stock prices +10 2 , 159 836 1 1 . 85 4 . 53 -1 . 60 -0 . 10 -1 . 36 

Variation in stock prices had the least effect on profit per 

cow , profit per ha and on economic values . Hi storically , 

prices for mature cows and rising "2 year old in-cal f  hei fers 

changed in accordance with variations in the price for milk 

or mi lkfat . The returns per kg mi lkfat can be multipl ied by 

110 to arrive at a reasonable estimate for the cost price for 

dairy cows ( Rayne , 1 9 8 9 ; Lincoln University , 1 9 9 1 ) . However , 

using actual prices for the last three years and allowing for 

a price differential between Jerseys and Holstein-Friesians 

the factor was c loser to 150 for Holstein-Friesians and 1 3 0  

for Jerseys . Thi s  close rel ationship between the returns for 

mi lkfat and the cost price of dairy cows has a stabi l i s ing 

effect on net farm income . 
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An increase in input costs had only a relatively sma l l  effect 

on economic values . An increase in costs per cow increased 

the economic values for milk components and decreased the 

economic value for l iveweight s l ightly . 

General ly , the effect of increased costs was small for both 

Holstein-Friesians and Jerseys . Interest rates and variable 

costs had a s l ightly greater effect on profit per cow and 

profit per ha than on stock prices . 

5 . 2 .  Biologica l variables 

One of the general characteristics of biological variables is 

their inherent underlying variation . Thus , the mean of each 

variable i s  the most l ikely value , but a range of possible 

values is  encountered for all variables . The variation is  

traditionally described by the second moment of the frequency 

distribution for the variable . However , the standard 

deviation is not known for a number of biological variables 

partly due to the difficulty and relatively high cost of 

measurement . Consequently , the effect of l ikely changes in  

the values of the biological variables was evaluated by 

assuming a coefficient of -variation of 1 0 %  for these 

variables . This was calculated using the basel ine value as 

a mean resulting in an approximate standard deviation for 

these vari ables : 

Range for variable ( ± )  = ( � * 10 ) / 100 

In addition , some biological variables such as energy 

efficiency are estimates only with an associated large 

standard error requiring the evaluation of a wide range of 

values to arrive at a reasonable approximation of thei r  

effects on net farm income . 

The results from this sensitivity analys is indicated 

considerable f l uctuations of economic values due to changes 
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in the biological variables . the reasons for this were 

either inherent to biological variation or poor estimation 

accuracy . 

5 . 2 . 1 .  Metabo l isable energy available 

The amount of energy available from pasture for feeding dairy 

cattle per annum is one of the most variable factors in this 

dairy production system and i s  largely determined by the 

management of the farm . Bes ides the appl ication of 

fert i l i zer to increase the amount of OM grown , uti l i zation 

and energy content of the OM inf 1 uence the amount of 

metabo l isable energy avai lable for cows . 

The effect of changes in these variables , and thus the amount 

of availabl e metabolisable energy , on economic values was 

evaluated . Results are shown in Table 5 . 1 0 .  for the base 

situation and changes of one ( energy content of OM ) and two 

( kg OMjha grown ) standard deviations above and below the 

mean . As fi rst and second moments were not avai lable for the 

proportion of f eed uti l ised this variable was decremented 

from 8 7 . 8 % in 1 0 %  steps . 

The amount of metabolisable energy available affected both 

stocking rate and total farm prof it , resulting in differing 

economic values per ha . However ,  the relati vi ty between 

economic values for the various traits and economic values 

per cow remained the same as prof it was defined as the 

difference between revenues and costs . The minimal effect of 

management pol icies on economic values per cow was reported 

by Oekkers ( 1 9 9 1 ) after an analysis of the effect of less 

than optimal management pol icies on economic values for dairy 

cattle . Groen ( 1 9 8 9 ) also concluded that production levels 

and feed qual i ty have no noteworthy influence on the economic 

Values for milk and beef production traits . However , both 

studies were restricted to estimating only economic values 
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Table 5 . 10 . : Changes in economic values per ha due to 

changes in DM grown , utilisation and energy content of DM [ *  

= base model , P = protein ( kg ) , F = milkfat ( kg ) , L = lactose 

( kg ) , V = volume ( kg) , LW = liveweight ( kg) ] .  

a )  Holstein-Friesian 

kg DM/ba 
grown 

Ot111sat10 
n 

Changes in DH Cjrown 

1 7 , 660 77 . 8  

1 5 , 880 77 . 8  

·13 , 500 77 . 8  

1 1 , 420 77 . 8  

9 , 340 77 . 8  

HJ HE/kg 
DM 

11 . 0  

1 1 . 0  

1 1 . 0  

11 . 0  

11 . 0  

Changes 1n utl1 1satlon o f  DH 

13 , 500 87 . 8  1 1 . 0  

*13 , 500 77 . 8  1 1 . 0  

1 3 , 500 67 . 8  11 . 0  

1 3 , 500 57 . 8  11 . 0  

Changes i n  enerqy content o r  OM 

1 3 , 500 77 . 8  

·13 , 500 77 . 8  

1 3 , 500 77 . 8  

b) Jersey 

kg DMJba 
grown 

ot111sat1on 
� 

Cbanges 1n DM grown 

1 7 , 660 77 . 8  

1 5 , 880 77 . 8  

·13 , 500 77 . 8  

1 1 , 420 77 . 8  

9 , 340 77 . 8  

Cbanges i n  ut111aat1on o �  DM 

1 3 , 500 87 . 8  

*1 3 , 500 77 . 8  

1 3 , 500 67 . 8  

1 3 , 500 57 . 8  

1 1 . 8  

1 1 . 0  

10 . 2  

HJ HE/kg 
DM 

11 . 0  

11 . 0  

1 1 . 0  

1 1 . 0  

1 1 . 0  

1 1 . 0  

11 . 0  

11 . 0  

11 . 0  

Cbangea 1 n  ener<n- content o �  DM 

13 , 500 77 . 8  11 . 8  

*1.3 , 500 77 . 8  11 . 0  

1 3 , 500 77 . 8  1 0 . 2  

HJ ME/ba 
avai1ab1e 

151 , 1 3 4  

1 3 5 , 901 

115 , 53 3  

97 , 7 3 2  

7 9 , 932 

130 , 3 83 

115 , 533 

100 , 683 

8 5 , 8 3 3  

123 , 935 

115 , 533 

107 , 1 31 

HJ HEJba 
avai1ab1e 

151 , 13 4  

135 , 901 

11 5 , 53 3  

97 , 7 3 2  

79 , 93 2  

1 30 , 38 3  

115 , 53 3  

100 , 68 3  

8 5 , 8 3 3  

123 , 93 5  

115 , 53 3  

107 , 13 1  

Econoaic va1uefha 

p F L v LW 

1 3 . 78 5 . 4 8 -1 . 70 - 0 . 1 2  -1 . 4 4 

1 2 . 16 4 . 8 4 - 1 . 50 -0 . 11 - 1 . 27 

10 . 53 4 . 19 -1 . 30 -0 . 09 -1 . 10 

8 . 91 3 . 55 - 1 . 10 -0 . 08 -0 . 93 

7 . 29 2 . 90 -0 . 90 - 0 . 06 -0 . 76 

1 1 . 89 4 . 7 3  -1 . 4 6  - 0 . 10 -1 . 2 4 

1 0 . 53 4 . 19 -1 . 30 -0 . 09 -1 . 10 

9 . 18 3 . 65 -1 . 13 - 0 . 08 -0 . 96 

7 . 83 3 . 1 1  -0 . 96 -0 . 07 -0 . 8 2  

1 1 . 30 4 . 50 -1 . 39 -0 . 10 -1 . 1 8 

10 . 53 4 . 19 -1 . 30 -0 . 09 - 1 . 10 

9 . 77 3 . 87 -1 . 20 -0 . 09 -1 . 02 

Econoaic va1ue/ba 

p F L v LW 

1 5 . 4 9  5 . 90 -2 . 11 -0 . 14 -1 . 80 

1 3 . 66 5 . 21 -1 . 86 -0 . 12 -1 . 58 

1 1 . 88 4 . 51 -1 . 51 -0 . 10 -1 . 37 

10 . 02 3 . 8 2  -1 . 36 -0 . 09 -1 . 16 

8 . 19 3 . 12 -1 . 1 2  -0 . 07 -0 . 95 

1 3 . 36 5 . 09 -1 . 82 -0 . 12 -1 . 55 

1 1 . 83 4 . 51 - 1 . 61 -0 . 10 -1 . 37 

1 0 . 32 3 . 93 -1 . 40 -0 . 09 -1 . 20 

8 . 19 3 . 35 - 1 . 20 -0 . 08 - 1 . 02 

1 2 . 70 4 . 8 4  -1 . 7 3  - 0 . 11 - 1 . 47 

1 1 . 83 4 . 51 -1 . 61 - 0 . 10 -1 . 37 

10 . 98 4 . 18 -1 . 49 -0 . 09 - 1 . 27 
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per cow and calculations of economic values per ha were not 

reported . 

The comparison of the extent of a decrease or increase in  a 

variable by one standard deviation ( Table 5 . 10 . ) showed that 

the amount of DM grown per area had a larger e ffect on 

metabo l isable energy available and economic values per ha 

than the energy content of OM . Increasing the amount of OM 

grown by one standard deviation increased economic values per 

ha s l ightly more than a 10%  increase in uti l i sation would . 

Generally , economic values per ha increased with a higher 

amount of metabolisable energy avai lable . This indicated 

that economic values per ha were higher with more ef fective 

management whereas economic values per cow remained constant . 

This suggests the need for including the qual ity of 

management and its effect on the amount of metabol isable 

energy available when citing economic values per ha . This 

requirement did not arise when expressing relative economic 

values or economic values per cow . 

5 . 2 . 2 .  Biological animal parameters 

Al l biological parameters used in the bioeconomic model were 

evaluated to identify the effect of l ikely changes in their 

magnitude on profit per cow and profit per ha and a l so on the 

economic values . The robustness of the bioeconomic model 

with respect to changes in biological parameters was assessed 

for : 

a )  changes i n  efficiency constants for maintenance , 

growth and pregnancy and energy in body gain , for 

both cows and hei fers 

b)  changes i n  the energy efficiency o f  lactation , the 

constant for milk energy and partial energy 

coefficients for fat , protein and lactose , 
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c )  changes in  survival rates o f  cows , calves ( 0  t o  4 

days ) and replacements ( 4  days to 2 years ) and 

d)  changes to dressing out percentage , ratio of calf  

to cow weight at birth and the percentage of 

cal ves sold for rearing ( the latter app l i es to 

Holstein-Friesians only ) . 
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Changes in stocking rate , profit per ha and economic values 

for protein , mi lkfat , lactose , milk volume and l iveweight 

resulting from a 1 0 %  change in these biologica l parameters 

are shown in Table 5 . 1 1 .  for Holstein-Friesians and Jerseys . 

Changes in the efficiency constants for maintenance of cows 

and hei fers , growth , pregnancy and energy in  body gain did 

affect the stocking rate and consequently a number of other 

farm production system parameters , resulting in s l ightly 

di fferent economic values . Changes in the constant for the 

efficiency of a cow ' s  maintenance ( k"atnt ) had the greatest 

effect on profit per ha and economic values , followed by the 

constant for the efficiency of lactation ( k1act ) ' and the 

energy coefficient for mi lkfat . A 1 0 %  i ncrease in the 

efficiency constant for maintenance increased the economic 

values of mi lkfat by 1 . 6% for Holste in-Fries ians and 1 . 2% for 

Jerseys and the economic values of protein by 3 . 6% for both , 

Holstein-Fries ians and Jerseys . The effect on economic 

values for liveweight was minimal . 

Increasing the efficiency constants for growth ( kgaln ) and 

pregnancy ( kpren ) and decreasing the energy in body gain by 1 0 %  

had a smal l  positive effect on the economic values for a l l  

milk components and l iveweight in both , Holstein-Fries ians 

and Jerseys . 

Changes in energy efficiency of lactation , the constant for 

mi lk energy and partial energy coefficients for mi lkfat , 

protein and lactose affected economic values to a simi lar 

extent ( Table 5 . 1 1 . ) than efficiency constants for 
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maintenance . Increas ing the energy coefficients for mi lk 

components by 1 0 %  resulted in higher economic values for the 

mi lk components and even more negative economic values for 

l iveweight in both breeds . 

Changes in  survival rates of cows , calves or replacements 

affected farm production parameters and economic variables 

only marginally . This was also the case if the ratio of calf 

to cow weight increased . 

In summary , changes in the economic values observed in 

association with changes in  the biological animal parameters 

were re latively smal l .  The largest change was a 3 . 6 % 

increase in  the economic value for protein observed with a 

10% increase in the energy efficiency for cow ' s  maintenance . 

The mean va lue used in this model for the energy efficiency 

for cow ' s  maintenance in the New Zealand environment was one 

of the parameters for which a publ ished estimate exists 

( Holmes et al . ,  1 9 9 2 ) . Consequently , the values resulting 

from this bioeconomic model are expected to be val id for the 

New Zeal and dairyfarming system . The result of the 

sensitivity analys is also agreed with the conclusion of 

Holmes et al e ( 1 99 2 ) , that estimates for maintenance 

requi rements are relatively independent of the magnitude of 

the energy efficiency constant for maintenance . 

Al l biological parameters had only a minimal effect on the 

economic value for mi lk volume . 
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Table 5 . 11 . : Changes in stocking 

economic values per ha resulting 

rate , profit per ha and 

from a 10% increase in 

biological variables for Holstein-Friesians and Jerseys ( e . g .  

a 10% increase in 

maintenance increases 

the efficiency 

profitjha from $ 1 , 989 to $ 

cow' s constant for 

2 , 075 ) . 

a )  Holstein-Friesian 

Var.1ab1e stocJc.1ng Prol!it Econo.lc va1ue/ba 

rate 

Protein Mi1krat Lactose Vo1u.e 

cowsfba $,tba kg kg kg kg 

Base 2 . 270 1 , 98 9  1 0 . 53 4 . 19 - 1 . 30 -0 . 09 

2:�r iciency constants 

Maintenance ( cow ) 2 . 368 2 , 075 1 0 . 92 4 . 26 -1 . 4 �  -0 . 10 

Maintenance ( heifer ) 2 . 298 2 , 0�3 �0 . 6 4  • .  2 �  -1 . 33 -0 . 09 

Growth 2 . 283 1 , 999 10 . 58 4 . 20 -1 . 3 1 -0 . 09 

Pregnancy 2 . 279 1 , 996 10 . 57 4 . 20 -1 . 3 1 -0 . 09 

Energy in body gain 2 . 28 3  2 , 000 10 . 58 4 . 20 -1 . 3 1 -0 . 09 

Lactation 

constant for _i1k enerqy 2 . 273 1 , 992 10 . 54 4 . �9 -1 . 30 -0 . 09 

Coefl!icient I!or .. i1kfat 2 . 3 � 5  2 , 029 10 . 71 4 . 4 8 -1 . 35 -0 . 09 

Coe��.1c.1ent for protein 2 . 290 2 , 007 �0 . 76 4 . 2� - � . 32 -0 . 09 

Coe��lcient for 1actose 2 . 294 2 , 010 �0 . 63 4 . 2� - 1 .  �9 -0 . 09 

Efficiency of 1actaction 2 . 350 2 , 059 1 0 . 99 4 . 49 - 1 . 26 -0 . 10 

Surviva1 rates 

Cows 2 . 270 1 , 995 10 . 53 4 . 18 -1 . 30 -0 . 09 

Ca1ves ( 0  to 4 days ) 2 . 270 1 , 993 1 0 . 53 4 . 19 - 1 . 30 -0 . 09 

Ca1ves ( 4  days to 2 years ) 2 . 270 1 , 99 4  1 0 . 53 4 . 1 8  -1 . 30 -0 . 09 

otber bio1ogica1 varlab1es 

Dressing out , 2 . 270 2 , 008 1 0 . 52 4 . 17 -1 . 3 1 -0 . 09 

Ratio of ca11! to cow weight 2 . 26 1  2 , 010 1 0 . 4 8 4 . 15 - 1 . 31 -0 . 09 

, ca1ves so1d as bobbles 2 . 270 2 , 00 1  1 0 . 52 4 . 17 -1 . 31 -0 . 09 

IJ.� . 
kg 

- 1 . 10 

- 1 . 10 

- 1 . �0 

- 1 . 10 

- 1 . 10 

- 1 . 10 

- 1 . 11 

- 1 . 17 

- 1 . 1 3  

- 1 . 1 . 

- � . 22 

-1 . 09 

- 1 . 09 

- 1 . 09 

- 1 . 07 

- 1 . 02 

- 1 . 06 
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Table 5 . 11 .  continued : Changes in stocking rate , profit per 

ha and economic values per ha resulting from a 10% increase 

in biological variables for Holstein-Friesians and Jerseys 

( e . g .  a 10% increase in the cow ' s  efficiency constant for 

maintenance increases profit/ha from $ 2 , 171 to $ 2 , 247 ) . 

b)  Jersey 

Variable Stocki ng Profit Econo.ic value/ba 
rete 

Protein Hilkfat Lactose Voluae Livewgbt 
cows/be $/ba kg kg kg kg kg 

Base 2 . 58 4  2 , 171 1 1 . 8 4  4 . 51 -1 . 61 -0 . 10 -1 . 37 

Efficiency constants 

Haintenance ( cow ) 2 . 693 2 , 2 4 7  1 2 . 27 4 . 59 -1 . 7 4 -0 . 1 1. -1 . 39 

Haintenance ( beifer ) 2 . 6 1.5 2 , 182 11 . 97 4 . 55 -1 . 6 4 -0 . 1.1. -1 . 40 

Growth 2 . 596 2 , 166 1 1 . 90 4 . 54 -1 . 62 -0 . 10 - 1 . 40 

Pregnancy 2 . 593 2 , 1 6 3  11 . 88 4 . 54 - 1 . 61. -0 . 10 -1 . 40 

Energy in body gain 2 . 597 2 , 167 11 . 90 4 . 54 - 1 . 61 -0 . 10 -1 . 39 

Lactaction 

Constant for . i lk energy 2 . 587 2 , 17 4  11 . 85 4 . 51 -1 . 62 -0 . 10 -1 . 3 8  

Coerricient for milkfat 2 . 6 4 2  2 , 220 1 2 . 06 4 . 86 -1 . 69 -0 . 11 -1 . 4 7 

Coefficient for protein 2 . 608 2 , 191 1 2 . 11. 4 . 52 -1 . 6 4  -0 . 11. - 1 . 41 

Coefficient for 1actose 2 . 608 2 , 19 2  11 . 93 4 , 52 -1 . 4 8 -0 . 1.1 -1 . 4 1  

Efficiency of lactaction 2 . 680 2 . 25 2  1 2 . 3 8 4 . 8 6  -1 . 58 -0 . 11 -1 . 53 

Survival rates 

Cows 2 . 58 4  2 , 176 1 1 . 8 3 4 . 50 -1 . 62 -0 . 10 -1 . 36 

Ca.lves ( 0-4 days ) 2 . 58 4  2 , 160 11 . 85 4 . 53 -1 . 60 -0 . 10 -1 . 39 

Ca.lves ( 4  days - 2 years ) 2 . 58 4  2 , 16 0  11 . 85 4 . 52 -1 . 60 -0 . 10 -1 . 38 

other biological varla.b1es 

Dressing out 1; 2 . 58 4  2 , 1 8 7  11 . 82 4 . 49 - 1 . 62 -0 . 1.0 - 1 . 3 4 

Ratio of calf to cow weight 2 . 575 2 , 186 1 1. . 78 4 . 47 -1 . 62 -0 . 10 - 1 . 24 

Calves sold as bobbies ( t )  2 . 58 4  2 , 180 1 1 . 83 4 . 4 9 -1 . 62 -0 . 10 -1 . 30 
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5 . 3 .  Comparison o f  variables for s ensitivity impact 

Economic values per cow were sensitive to changes in the 

price for protein . wi th an increase in the returns for 

protein economic values per cow for protein increased whi l e  

they decreased for other milk components and l iveweight . 

Changes in the price for protein had by far the largest 

effect on economic values of a l l  the variables tested . 

wi th the predi cted declining rea l returns for mi lk and a 

future payment for milk components strongly in favour of 

protein the economic value per cow for protein wi l l  increase 

considerably to the detriment of mi lkfat . This s i tuation 

wi l l  result in rel atively higher returns from meat and the 

economic va lue per cow for l iveweight could become positive . 

A higher mi lkfat price decreased economic va lue per cow for 

all other traits and particularly l iveweight . However , the 

effect was not as strong as for an increase in the price for 

protein due to the higher energy required per kg of mi lkfat . 

Economic values were rel atively robust to changes in prices 

for lactose and volume . Including lactose as a component in 

the milk payment increased profit per cow and per ha only 

marginal ly . A payment of 1 0 %  of the value of protein was not 

suf ficient to offset the energy requirements for the 

production of lactose . A higher volume charge increased 

economic values per cow only marginal ly for all  traits . 

Relative ly large changes in returns for meat from cows or 

calves had only a small  effect on the economic values per 

cow . This was explained by the relatively smal l  contribution 

of returns from meat in the order of 1 3 %  to the total 
revenue . As expected lower meat prices increased the 

economic va lues for milk components s l ightly . 

An increase in input costs such as variable costs , interest 

rates and stock prices had only a relatively sma l l  ef fect on 

economic values per cow with changes in the variable costs 

having the greatest effect . 
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Results from the sensitivity analysis showed that the 

bioeconomic model was relatively robust to changes in the 

biological parameters . Changes in the biological variables 

generally had only a sma l l  effect on economic values per cow . 

The observed independence o f  economic values to changes in  

the biological parameters could be attributed to the 

relatively flat shape of the response curve of profit near 

base values . Simi l ar observations have been reported for a 

bioeconomic feedlot model comparing beef cattle genotypes 

( Amer , 1 9 9 2 ) . From the above results it can be conluded that 

changes in the biological animal parameters or inaccuracies 

in thei r  estimates did not have a large impact on profit per 

cow , profit per ha per year and economic values . 

In summary , economic values estimated with the bioeconomic 

model were sensitive to price changes in protein and , to a . . 
lesser extent , mi lkfat . Al l other variables and parameters 

evaluated had only a sma l l  effect on economic values . 

Consequently , it is  suggested that the economic values be re­

estimated with changes in the price for protein and mi lkfat 

to al low a close agreement between the breeding obj ective and 

the maximisation of profit in this dairy production system . 
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6 .  EFFECTS OF TRAITS OTHER THAN PRODUCTION ON SURVIVAL 

RATES 

6 . 1 .  Introduction 

A number of tra its other than production are not di rectly 

rel ated to costs or revenues in a dairy farming enterprise . 

However , it is frequently reported that traits other than 

production inf luence herd l i fe ( Honnette et a l . ,  1 9 8 0 ; 

DeLorenzo and Everett , 1 9 8 2 ; Ahlborn-Breier and Wickham , 

19 8 6 ; Rogers et al . ,  1 9 8 8 ; Harris and Freeman , 1 9 9 2 ) . Cows 

contribute to net farm income only during their productive 

years and represent a cost during the rearing per i od . Thus , 

an increase in herd l i fe increases a cow ' s  prof itabil ity ( De 

Haan et al . ,  1 9 9 2 ) . Consequently , a trait which inf luences 

survival rate also affects the cow ' s  profitabi l ity and net 

farm income . 

The obj ective of this study was to quanti fy the effects of 

traits other than production on survival rate and to identify 

which of the traits other than production should be 

considered for inclus ion in the breeding obj ective as 

sel ection criteria for the trait survival rate . Survival 

rate is def ined as ( 1  - replacement rate ) with the reversal 

of the sign for the economic values estimated ( Table 5 . 1 1 . ) .  

6 . 2 .  Material and methods 

Records containing informati on on production , management and 

conformation traits from 1 , 7 1 3  Ayrshire , 2 2 , 9 7 0  Holstein­

Friesian and 17 , 1 6 5  Jersey cows were analysed . Management 

and conformation tra its were recorded during the f i rst 

lactation . Production information was recorded as long as 

the cow was a member of the milking herd between the 1 9 87/88 

and 1 9 9 0/91 season . The analys i s  was restricted to herds 

Which were herd testing during the respective seasons . Table 

6 . 1 .  shows the number of observations for each breed by each 

lactation . 
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Table 6 . 1 . : Number of cows with production , management and 

survival information at different lactations . 

Lactation Ayrshire Holstein-Friesian Jersey 

1 2 , 1 81 2 9 , 4 6 6  2 1 , 1 2 9  

2 1 , 7 1 3  2 2 , 9 7 2  1 7 , 1 6 5  

3 1 , 0 4 1  1 3 , 6 1 1  1 0 , 7 2 4  

4 3 7 8  4 , 598  4 , 6 1 5  

survival of a cow to the following season was determined by 

examining whether production records exi sted for that cow ' s  

second , thi rd and fourth lactation . survival was def ined as 

a binomial trait . A cow was given a ' 1 '  if  she had recorded 

a minimum l actation length of 1 0 0  days during a consecutive 

season , otherwise the value given was ' 0 ' . 

Mi lk production was required to be measured at least e ight 

weekly through the national mi lk recording scheme . Aliquot 

samples were analysed for protein and milkfat percentage . 

Records were edited for yield and records with abnormal ly low 

or high ( p  ± 3 � )  production were deleted . 

The management traits adaptabil ity to milking , shed 

temperament , milking speed and also the farmer ' s  overal l  

opinion ( Table 6 . 2 . ) of the primiparous cows used i n  the 

study were scored by the farmer on a linear scale using 

scores from 1 to 9 .  The cows were assessed once during the 

two month period following calving . 

Conformation traits ( Table 6 . 2 . ) were assessed by trained 

evaluators using a 1 to 9 l inear scale ( Ahlborn-Breier et 

al . , 1 9 9 0 ) . For body weight and stature one point on the 

linear scale equated to 50 kg body weight and 5 cm height at 
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wi thers where ' l '  equated to < 250 kg and < 105 cm , ' 2 '  

equated to 2 5 0  - 2 9 9  kg and 1 0 5  - 1 0 9  cm etc . , respectively . 

Conformation traits were assessed between 2 and 2 8  weeks 

after calving , resulting in a mean of 1 2  weeks with a 

standard deviation of 3 weeks after calving . All hei fers in 

a herd were assessed at the same day and usual ly by the same 

evaluator . Al l eva luators had been trained to evaluate all 

breeds using the standard scoring system . 

The fol lowing mixed model was used in the analys i s : 

Survival = � + Herd + Herd Year + Calving week 

+ Age at first calving + Protein yield 

+ Trai tl + Trai t2 + . • . . + Trai t17 + Error 

where herd , herd year , calving week and age at first calving 

were treated as fixed effects . The general l inear model 

procedure from the Stati stical Analysis System ( 1 9 8 5 ) was 

used . A transformation of the binomial  response variable was 

tested but did not improve the fit of the model and results 

from this model are therefore not detailed here . 

The inclusion of the traits in the model was based on the 

results from a stepwise regression . 

A mixed model analysis with mi lkfat yiel? instead of protein 

yield was also carried out and resulted in a s imi lar ranking 

of traits with respect to their effect on surviva l rate . As 

protein is  the main mi lk component only results for the 

analysis including protein yield are reported . 

6 . 3 .  Results 

Means and standard deviations for all  variables included in 

the analysis are shown in Table 6 . 2 .  for Ayrshires , Holstein­

Friesians and Jerseys . Means and standard deviations for 

production traits for thi s  age group agreed with other 
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. Table 6 . 2 . : Means and standard deviations of production and 

non-production traits of primiparous cows included in the 

analysis . 

Ayrshire Holstein-Friesian Jersey 

p D P D P D 

Protein kg 102 . 40 28 .54 101.07 26. 33 93 .04 22. 04 

Milkfat kg 128 .52 36 . 53 131 . 34 34 . 26 131 . 60 32.25 

Milk kg 2907 . 43 789 . 33 3006.97 789.55 2321 . 64 524 . 71 

Lactose kg 135 .20 36 . 70 139 .83 36 . 71 107. 96 24 . 40 

Protein % 3 . 52 0 . 27 3 . 37 0 . 28 4 .01 0 . 31 

Milkfat % 4 . 43 0 . 50 4 . 40 0 .51 5 . 67 0 .57 

Days in lilk days 251 .84 35. 27 246 .06 35 . 37 248 . 26 34 .67 
............. ............. ....................................... _ ................................. .................................................................................. ......................... ............. 

Adaptability to lilking 5.86 1 . 70 5 .73 1 .63 6 . 13 1 . 54 

Telperalent 6 .16 1 .54 5 .93 1 . 58 6 . 31 1 . 48 

Milking speed 6 . 36 1 . 40 6 .05 1 . 41 6 . 37 1 . 32 

OVerall opinion 6 .50 1 . 37 6 .26 1 . 48 6 . 55 1 . 39 ............................................................................ ........................................ ......................... ................................................................................ 
Weight 3 . 75 0 . 89 4 . 52 1 .04 2 . 98 0 .75 

stature 4 .34 0 . 90 5 . 43 1 .07 3 . 65 0 . 81 

capacity 6 .02 1 .05 5 . 47 1 .02 6 . 17 1 .16 
.......................... ........................................... .... ... .... ....... ........ .............. ....................... u ........... .... .... .... ... ....... ... ......... .................................. 

RuJp angle 5 .56 0 . 71 5 .36 0 .83 5 . 27 0 . 70 

RuJp width 5 . 22 0 . 90 5.17 0 .95 5 . 53 1 . 05 

Legs 5.43  0 .62 5 .72 0 . 80 5 .51 0 .63 

Udder support 5 . 72 0 .90 5 .21 0 .99 5 . 73 1 . 14 

Fore udder 5.52 0 .99 5 .01 1 . 06 5 .59 1 . 20 

Rear udder 5 . 44  0 .98 4 . 87 0 .99 5 . 41 1 . 22 

Front teat placelent 4 . 50 0 .67 4 . 29 0 .72 4 . 31 0 . 71 

Rear teat placelent 5 . 34 0 . 81 5 .32 0 .82 5 .06 0 .69 ....................................... .......................................................................................................................................................................... ....... 
Udder overall 5 . 41 0 . 96 4 . 92 1 .08 5 . 36 1 . 23 

Dairy confortation 5 .76 0 .99 5.55 1 .03 6 .13 1 .14 
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publ i shed reports ( Ahlborn-Breier , 1 9 8 9 ; Ahlborn-Breier and 

Hohenboken , 1 9 9 1 ; Livestock Improvement , 1 9 9 1 ; Ahlborn and 

Dempf le , 1 9 9 2 ; Ahlborn and Bryant , 1 9 9 2 ; Livestock 

Improvement , 1 9 9 2 ) . 

Management traits all  had s imi lar means and standard 

deviations and did not differ greatly between any of the 

breeds . Standard deviations for management tra its were 

relati vely large with around 1 . 4  scores when compared to 

conformation traits . This was partially due to the large 

number of recorders as cows were scored by their farmers for 

these traits . 

Conformation traits had lower means than management traits . 

Additional ly , conformation traits showed cons iderably less 

variation between cows than management traits . This was 

especially noticable with the conformation traits legs , rump 

angle and front teat placement . For example , the traits legs 

and rump angle had the smallest standard deviation with 0 . 6 2 

scores and 0 . 7 0 scores for Ayrshires and Jerseys , 

respectively .  

Conformation traits were simi l ar for all  breeds except for 

weight and stature for which mean scores in the order of 

Jersey < Ayrshire < Holstein-Fries ian were recorded . 

Capacity was lowest for Holstein-Fries ians and highest for 

Jerseys . These dif ferences , however , could be partly due to 

the relative subj ectivity of the observations as different 

inspectors were used for the various breeds with potentially 

di f ferent scales being applied wi thin each breed despite 

training of evaluators using a standard scale . 

Survival rates were very s imi lar for all  breeds and are shown 

in Table 6 . 3 .  for three subsequent l actations . Whi le the 

survival rate from the first to the second lactation was on 

average 7 8 % , survival rates dropped to about 6 0 %  between 

first and third lactation and around 5 0 %  between first and 

fourth l actations . It should be noted that only about a 
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Table 6 . 3 . : Means and standard deviations for survival rates 

between subsequent lactations . 

Survival 

Lactati on 

1 
st _ 

2
nd 

1 
st _ 

3
rd 

1 
st _ 

4
th 

Breed 

n 

Ayrshire 1 , 7 1 3  

Holstein-Fries ian 2 2 , 9 7 2  

Jersey 1 7 , 1 6 5  

Ayrshire 1 , 0 4 1  

Holstein-Friesian 1 3 , 6 1 1  

Jersey 1 0 , 2 7 4  

Ayrshire 3 7 8 

Holstein-Friesian 4 , 5 9 8  

Jersey 4 , 6 1 5  

survival 
rate ( % )  

7 8  4 2  

7 7  4 2  

7 9  4 0  

6 4  4 9  

6 1  4 9  

6 7  4 7  

4 8  5 0  

4 9  5 0  

5 4  5 0  

fifth of  all  primiparous cows under survey had been in  herds 

which were consistently herd testing for four years and could 

therefore be included in the analys is from thei r  f irst to 

their fourth lactation . Cows withdrawn f rom herd testing can 

be assumed to be a random sample as only whole herds were 

withdrawn from herd testing . 

Regression coefficients for protein yield and traits other 

than production rel ated to survival from first to s econd 

lactation are shown in Tabl e  6 . 4 .  Protei n  yield 

significantly (p � 0 . 0 0 0 1 ) affected survival rates in a l l  

breeds . Increases i n  protein yield were strongly associated 

with a higher survival rate . An increase in  1 0  kg protein 

increased survival rate from first to second lactation by 
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Table 6 . 4 . : Partial regression coefficients for traits 

affecting survi val rate ( % )  from rat to 2nd lactation 
A 

( s ignificant regress i on coefficients [ b  > 0 with P � 0 . 0 0 5 ] 

are highlighted ; + = P � 0 . 1 0 ,  * = p � 0 . 0 5 ,  * *  = p � 0 . 0 1 , 

* * *  = p � 0 . 0 1 ) . 

n 

Protein 

Adaptability to milking 

Temperament 

Milking speed 

OVerall opinion 

Liveweight 

stature 

Capacity 

Rump angle 

Rump width 

Legs 

Udder support 

Fore udder 

Rear udder 

Front teat placement 

Rear teat placement 

Udder overall 

Dairy conformation 

Ayrshire 

1 , 713 

0 . 51 *** 

0 . 88 

1 . 99 * 

-0 . 31 

1. 99 + 

-0 . 23 

-0 . 43 

3 . 50 + 

-2 . 11 

0 . 06 

-3 . 34 

-0 . 87 

0 . 0  

1 . 04 

1 . 57 

-3 . 19 

-0. 44 

4 . 51 * 

Holstein-Friesian 

22, 972 

0 . 4 2  *** 

0 . 94 *** 

0 . 82 * 

1 . 54 *** 

2 . 84 *** 

0 . 99 + 

0.67 

1 . 37 * 

0 . 06 

0 . 70 

-0. 70 

2 . 63 *** 

1. 73 *** 

1 . 61 *** 

0 .66 

-0 . 08 

2 . 26 *** 

2 . 19 *** 

Jersey 

17 , 165 

0 . 39 *** 

0 . 86 * 

1 . 19** 

0 . 95 * 

2 . 24 *** 

-0 . 17 

0 . 43 

-0 . 02 

0 . 68 

0 . 70 

0 . 06 

1 .31 ** 

1 . 04 ** 

1 . 62 *** 

-0 . 58 

-0 . 09 

1 . 49 *** 

0 . 49 
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4 . 2 % in Holstein-Fries ians and 3 . 9 % in Jerseys . 

All management traits significantly affected survival rates . 

Higher and more favourabl e scores for any of the management 

traits increased survival rates . These relationships were 

all signi ficant in Holstein-Friesians and Jerseys but only 

for temperament in Ayrshires . It should be noted that the 

numbers of animals tested for this particular analysis were 

relatively small  for Ayrshires . 

In  contrast , only a few conformation traits affected survival 

rate : udder support , fore udder , rear udder and udder 

overall . This was observed for Holstein-Friesians and 

Jerseys . In Ayrshires only dairy conformation had a 

significant effect on survival rate . Dairy conformation was 

also signif icant in Holstein-Friesians . 

Quadratic relationships between survival rates and yield , 

management and type traits were tested but did not improve 

the fit of the model and did not result in s i gn i f icant 

coefficients ( p  � 0 . 0 5 ) . The lack of a quadratic 

relationship between survival rate and conformati on traits 

was also reported by Rogers et al . ( 1 98 9 ) . 

standardised regression coeffici ents al low a comparison of 

the impact of the regression coefficients for d i fferent 

trai ts on survi val rate . Standardi sed regression 

coefficients were calculated for traits with a s i gn i f i cant 

effect on survival rate from f i rst to second l actation and 

are shown in Table 6 . 5 . for Hol stein-Friesians , Jerseys and 

Ayrshires . When compared on a standardised bas i s , it is 

apparent that protein production has by far the highest 

influence on survival rate , followed by the farmer ' s  overa l l  

opinion of the hei fer and udder support , udder overal l  and 

dairy conformation . other conformation traits , a lthough 

signi ficantly inf luencing survival rate , have only a minor 

influence on cul l ing decisions made by the farmer . 
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Table 6 . 5 . : Standardised partial regression coefficients for 

trai ts affecting survival rate ( % )  f rom 1 rat to 2nd lactation 

( only s ignificant regression coefficients are shown ) . 

n 

Protein 

Adaptability to milking 

Temperament 

Milking speed 

Overall opinion 

Capacity 

Udder support 

Fore udder 

Rear udder 

Udder overall 

. Dairy conformation 

Ayrshire 

1 1 713 

14.56 

3 . 06 

4 . 46 

Holstein-Friesian Jersey 

11 . 06 8 . 60 

1 . 53 1 . 32 

1 . 30 1 . 76 

2 . 17 1 . 25 

4 . 20 3 . 11 

1 . 40 

2 . 60 1 . 49 

1 . 83 1 . 25 

1 . 59 1 . 98 

2 . 44 1 . 83 

2 . 26 

Regression coefficients for protein yi�ld and traits other 

than production for survival from f i rst to third l actation 

are shown in Table 6 . 6 .  Results were very s imi lar to the 

regression coeff icients found for the f i rst to second 

lactation but generally sign i f i cant regression coeff icients 

were sl ightly larger . Traits which significantly affected 

survival rate from first to second lactation were generally 

the ones which signi ficantly affected survival rate from 

first to thi rd lactation despite a smaller number of 

observations . These results confirmed the effects of protein 

yield , adaptabi l ity to milking , temperament ,  milking speed , 

overal l  opinion and the conformation traits udder support , 
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Table 6 . 6 . : Partial regression coefficients for trai ts 

affecting survival rate ( % )  from 1nt to 3m lactation 
A 

( s ign i ficant regression coefficients [ b  > a with p � 0 . 0 05 ] 

are highl ighted ; + = P � 0 . 1 0 ,  * = P � 0 . 0 5 ,  * *  = P � 0 . 0 1 , 

* * *  = P � 0 . 0 1 ) . 

n 

Protein 

Adaptability to milking 

Temperament 

Milking speed 

Overall opinion 

Liveweight 

stature 

Capacity 

RU1IIp angle 

RU1IIp width 

Legs 

Odder support 

Fore udder 

Rear udder 

Front teat placement 

Rear teat placement 

Odder overall 

Dairy conioraation 

Ayrshire 

1 ,041 

0 . 66 *** 

2 . 04 + 

0 . 04 + 

-0 . 01 

0 . 05 ** 

-1 . 36 

-2 .23 

4 . 88 + 

-1 . 17 

3 . 83 

-4 . 01 

-1 . 26 

-0 . 43 

0 . 03 

0 . 02 

-0 . 00 

-0 . 23 

3 . 16 

Holstein-Friesian 

13,611 

0 . 56 *** 

1 . 23 ** 

1 . 62 *** 

1 . 63 *** 

3 . 65 *** 

1 . 24 

1 . 21 

1 . 09 + 

0 . 17 

0 . 50 

-1 . 21 

2 . 43 *** 

2 . 01 *** 

2 . 21 *** 

1 . 09 

-1 . 60 * 

2 . 36 *** 

2.80 *** 

Jersey 

10, 724 

0 . 69 *** 

0 . 84 + 

1. 00 * 

0 . 18 

1 . 92 *** 

-1.86 

1 . 03 

0 . 20 

0 . 78 

0 . 34 

0 . 06 

1 . 80 ** 

1 . 80 ** 

1 . 60 ** 

-0 . 07 

-0 . 01 

1 .  75 *** 

0 . 63 
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fore udder , rear udder , udder overa l l  and dairy conformation 

on the survival rate . 

Tabl e 6 .  7 .  shows the regression coefficients for protein 

yield and traits other than production for survival from 

first to fourth lactation . Again , signi ficant regression 

coefficients had increased in  magnitude compared to the 

survival from f irst to third lactation . The number of traits 

which significantly affected survival rate to the fourth 

lactation were considerably reduced . 

Protein yield and management traits were sti l l  s igni f icant 

whi le conformation traits genera l ly were not . The cow ' s  

behaviour during the first lactation with respect to 

management traits sti l l  had a significant effect on her 

survival from first to fourth lactation . Even over a six 

year observation period the management traits assessed during 

the f irst l actation had a significant effect on her survival 

between thi rd and fourth lactation . This might indicate that 

either certain behaviour patterns are repeated during 

subsequent l actations or that the farmer forms an opinion 

about a cow during the f i rst lactation and does not change 

this opinion subsequently , even i f  there might be a reason to 

do so . 

The only signi f icant conformation traits were for fore udder 

for Jerseys and rump angle for Holstein-Fries ians . The 

signi ficant effect for rump angle was somewhat surprising 

since it had not been signi ficant in the previous survival 

rates . 
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Table 6 . 7 . : Partial regression coefficients for trai ts 

affecting survival rate ( % )  from l�t to 4� lactation 
A 

( significant regress ion coefficients [ b  > 0 with P � 0 . 0 05 ] 

are highlighted ; + = p � 0 . 1 0 ,  * = p � 0 . 0 5 ,  * *  = p � 0 . 0 1 ,  

* * *  = p � 0 . 0 1 ) . 

n 

Protein 

Adaptability to milking 

Temperament 

Milking speed 

Overall opinion 

Liveweight 

stature 

Capacity 

Rump angle 

Rump width 

Legs 

Odder support 

Fore udder 

Rear udder 

Front teat placement 

Rear teat placement 

Odder overall 

Dairy conformation 

Ayrshire 

378 

0 . 69 *** 

1 . 27 

1 .  74 

0 . 27 

6 . 67 * 

0 . 65 

2 . 33 

4 . 70 

-4 . 49 

5 . 32 

-1 . 75 

1 . 55 

2 . 94 

5 .64  + 

-6.94  

-4 . 31 

2 . 68 

6 . 24 * 

Holstein-Friesian 

4 , 598 

0 . 65 *** 

1 . 63 * 

2 . 20 ** 

2 . 89 *** 

4 .03 *** 

0 . 43 

1 . 91 

0 . 26 

3 . 68 * 

-1 .34  

3 . 27 + 

1 . 45 

1 . 54 

0 . 03 

-0 . 56 

-0 . 78 

0 . 77 

-1 . 08 

Jersey 

4 , 615 

0 . 74 *** 

3 . 13 *** 

2 . 88 *** 

0 . 99 

3 . 51 *** 

-0 . 36 

1 . 40 

0 . 10 

2 . 30 

-0 . 52 

-1.  77 

2 . 85 

2 . 84 ** 

2 . 44 + 

-1 . 58 

-0 . 27 

0 . 63 

-0 . 17 
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6 . 4 .  Conclus i on 
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Resul ts of this study showed the overwhelming ef fect of 

production traits on survival rate and thus repl acement rate 

and longevity . The management traits adaptabi l ity to 

mi lking , shed temperament , milking speed and overal l  opinion 

and the conformation traits udder support , fore udder , rear 

udder , udder overa l l  and da iry conformation also af fected 

survival rates significantly . 

Of the traits other than production , management traits had 

the greatest ef fect on surviva l rates per unit of measurement 

and on a standardised bas i s . This confirms results 

previously reported for New Zealand dairy cattle ( Wickham , 

1979 ; Ahlborn-Bre ier and Wickham , 1 9 8 6 ) . 

The importance of the udder traits for survival rate has also 

been reported for overseas populations ( Honnette et al . ,  

1980 ; Dentine et al . ,  1 9 8 7 ; Rogers et a l . ,  1 9 8 8 ; De Haan 

et al . ,  19 9 2 )  and New Zealand dairy cattl e  ( Ahlborn-Breier 

and Wickham , 198 6 ) . 

Other l inear type traits caused only relativel y  small  

increments in the R2  of the model . This was also reported by 

De Haan et al e ( 1 9 9 2 ) but is in  contrast to results from a 

study analysing sire evaluations ( Cassel l et al . ,  1 9 9 0 ) . 

In summary , the management tra its adaptabi l ity to mi lking , 

shed temperament , mi lking speed and overal l  opinion and the 

conformation traits udder support , fore udder , rear udder , 

udder overa l l  and dairy conformation should be evaluated for 

inclusion in the breeding obj ective as sel ection criteria for 

the trait survival rate . 
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7 .  AN AGGREGATE GENOTYPE AND SELECTION INDEXES FOR NEW 

ZEALAND DAIRY CATTLE 
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ESTIMATION OF GENETIC PARAMETERS FOR THEIR IMPLEMENTATION 

The purpose of most breeding programs is to improve the 

average performance of more than one trait for a population . 

Traits to be improved are defined in the aggregate genotype 

or breeding value T .  The obj ective of this study was f irstly 

to establ i sh an aggregate genotype and a selection index for 

the New Zeal and dairy cattle populations which was based on 

net economic values and genetic parameters and secondly to 

estimate genetic parameters for the traits included in the 

breeding Obj ective and the selection criteri a .  

7 . 1 .  An aggregate genotype for New Zealand dairy cattle 

A breeding obj ective or aggregate genotype was spec i f ied for 

the New Zeal and dairy cattle populations . Thi s  breeding 

Objective was based on the goal of achieving the highest net 

farm profit by breeding cows of high economic merit . Thi s  

goal can be accomplished with a breeding obj ective which 

inc ludes traits with high economic values as se lection 

Objectives . 

In the New Zealand dairy production system the highest net 

farm profit is achieved with cows with high protein and 

mi lkfat production , low volume and l actose yield , low 

Ii veweight and high survival rate as shown in previous 

chapters . 

Protein yield made the largest monetary contribution . 

Milkfat yield accounted for less than half the monetary 

contribution of protein , based on current prices . Whi le 

protein and mi lkfat yield increases contribute pos itively to 

farm net income increases in lactose yield , volume , 

livewe ight reduce the net income . 
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Economic values used for determining the selection obj ectives 

are l isted in Table 4 . 1 2 .  Traits which showed an economic 

value of zero were not included as selection obj ectives in 

the aggregate genotype . 

Bes ide being of economic value it is important that traits 

can be improved genetically . This requires either a moderate 

to high heri tabi l i  ty of the tra it or a large phenotypic 

variance . Heritabil ities and phenotypic variances for the 

selection obj ectives are l isted in  Table 7 . 2 .  and in more 

detai l in Table 1 0 . 1 .  

The aggregate genotype or breeding value T for New Zealand 

dairy cattle was defined as : 

where Y is a vector of additive genetic values for 

m traits included in the aggregate genotype T ,  

a i s  a vector o f  breed-specific constants which 

represent the relative economic values of the 

m traits in Y ( Table 4 . 1 2 . ) .  

Incorporating the breed-speci fic economic values derived 

earl ier and consol idating the economic values for lactose 

( $ 0 . 0 3 /kg ) and volume the aggregate genotype for Holstein­

Friesians ( TH) and Jerseys ( TJ )  becomes : 

TH = aB' Y = $ 4 . 6 4 Protein + $ 1 . 8 5 Mi lkfat - $ 0 . 0 7  Volume 

- $ 0 . 4 9 Liveweight + $ 9 . 2 5 Survival rate 

TJ = aJ ' Y = $ 4 . 5 8 Protein + $ 1 . 7 5 Mi lkfat - $ 0 . 0 7 Volume 

- $0 . 5 3 Liveweight + $9 . 2 9 Survival rate 

The aggregate genotype TH for Hol stein-Friesians and TJ for 

Jerseys ref lect the total economic value of genes an 

individual is carrying for thi s  group of traits . 
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7 . 2 .  Selection i ndexes for New Zealand dairy catt l e  

The aggregate genotypes TH and TJ are not measurable and 

therefore cannot be selected for directly . Improvement in TH 

and TJ is  achieved by selection based on selection indexes IH 

and IJ respectively , which were defined as : 

where b was a vector of breed-speci fic weighting 

factors 

X is a vector of breed-speci f ic phenotypic 

measures for the n selection criteria included 

in the selection index . 

Selection criteri a  were chosen to predict the selection 

objecti ves . A trait was only included in the selection index 

as selection criterion i f  it had low to moderate phenotypic 

correlations with other selection criteria ( Table 1 0 . 2 . ) ,  a 

moderate to high genetic correlation between selection 

obj ective and selection criterion ( Table 1 0 . 2 . ) and a 

moderate to high heritabi l i ty ( Table 1 0 . 1 . ) .  

This excluded the traits stature , rump angle , rump width , 

legs , front teat placement and rear teat placement in both 

Holstein-Friesians and Jerseys . 

7 . 2 . 1 .  The s e lection index for Hol stein-Friesians 

The selection index for Holstein-Friesians included the nine 

selection criteria protein yield , milkfat yield , volume , 

I i  veweight , udder overa l l , overal l  opinion , temperament , 

mi lking speed and udder support . 

The latter f ive traits are included as predictors for the 

selection obj ective survival . These traits were selected 

according to thei r  influence on survival rate from f i rst to 

second lactation ( Table 6 . 4 . ) .  Using these traits as 
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selection criteria makes selection for survival poss ible 

without having to wait an additional year for the surviva l  

records t o  be compi led . 

Whi le dai ry conformation , fore udder and rear udder also 

significantly influenced surviva l rate these traits had a low 

genetic correlat ion wi th survival rate « 0 . 1 5 )  and were 

therefore not used as selection criteri a .  Genetic progress 

in these three traits wi l l  sti l l  be achieved as a l l  three 

trai ts had a high phenotypic ( 0 . 4 1 ,  0 . 6 8 and 0 . 7 0 )  and 

genetic ( 0 . 6 4 ,  0 . 8 6 and 0 . 8 9 )  correl ations with udder overal l  

which is  included a s  a selection criteria . 

Adaptabi l ity to milking was not included as a selection 

criterion due to its high phenotypic correlation ( 0 . 6 1 )  with 

temperament which had also a s l ightly higher heritabi l ity . 

Capacity had a moderately high phenotypic correlation ( 0 . 4 1 )  

with liveweight and therefore i ts i nclusion as an additional 

selection criterion was not necessary . 

A high genetic corre lation of the traits front teat placement 

( 0 . 8 6 )  and rear teat placement ( 0 . 8 9 )  with the selection 

criterion udder overal l  is  expected to improve these traits 

genetica l ly with the implementation of  this selection index . 

7 . 2 . 2 .  The selection index for Jerseys 

The selection i ndex for Jerseys used the nine selection 

criteria protein yield , mi lkfat yield , volume , l iveweight , 

udder overa l l , overal l  opinion , temperament , mi lking speed 

and fore udder . 

Thus , the selection criteria for Jerseys were identical with 

the ones for Holstein-Fries ians except for the addition of 

fore udder and the deletion of udder support . 

The traits udder overall , overal l  opinion , temperament , 

mi lking speed , udder support and fore udder are used as 

predictiors for survival rate from f i rst to second lactation . 

Adaptabi l ity to milking was not included as it showed a high 

phenotypic correlation with overal l  opinion ( 0 . 6 2 )  and 
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temperament ( 0 . 6 8 )  in addition to a high genetic correlation 

with both overal l  opinion ( 0 . 8 2 )  and temperament ( 0 . 9 9 ) . 

This wi l l  ensure genetic progress in thi s  trait as a 

correlated response . 

The traits udder overa l l  and rear udder , whi l e  showing a 

significant influence on survival rate , had a low genetic 

correlation with survival rate « 0 . 1 0 ) . Additiona l l y , both 

trai ts had high phenotypic ( >  0 . 5 3 )  and genetic ( >  0 . 7 0 )  

correlations with udder overa l l  and fore udder thus 

el iminating the need for inclus ion as a selection criteria in 

the selection index . 

7 . 3 .  Geneti c  parameters for s el ection objectives and 

selection criteria 

7 . 3 . 1 .  I ntroduction 

Selection for a breeding obj ective or aggregate genotype 

requires the construction of a selection index containing 

observable traits , the selection criteria .  In  the selection 

index the values for the selection criteria for each animal 

are combined into a s i ngle score us ing weighting factors . 

The weighting f actors are based on the relative economic 

value of each trait in the breeding obj ective , genetic 

covariances between selection obj ectives and selection 

criteria ,  phenotypic covariances between selection criteria 

and genetic variances for the selection obj ectives in  the 

breeding obj ective and the selection criteria in the 

selection index . 

Accordingly , estimates of the variance and covariance 

components for the traits i ncluded in the breeding obj ective 

and in the s e lection indexes are required . 

A number of overseas studies have reported genetic parameter 

estimates for production and conformation traits for a range 

of dai ry cattle populations ( White , 1973 ; Cassel l  et al . ,  
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1974 ; Bowden , 1 9 8 2 ; Hay et a l . ,  1 9 8 3 ; Dadati et a l . ,  1 9 8 5 ; 

Meyer , 1 9 8 5 ; Meyer et al . ,  1 9 8 5 ; De Jager and Kennedy , 1 9 8 7 ; 

Meyer et al . ,  1 9 8 7 ; Foster et a l . ,  1 9 8 8 ; Klei et al . ,  1 9 8 8 ; 

Norman and Powe l l , 1 9 8 8 ; Col leau et al . ,  1 9 8 9 ; Schwark and 

Fahr , 1 9 8 9 ; Schutz et al . ,  1 9 9 0 ; Tempelman and Burns ide , 

1 9 9 0 ) . However , covariance component estimates for 

management traits are l acking at present . For New Zealand 

dairy cattle populations genetic parameters for management 

and conformation traits have not been estimated . Available 

estimates of genetic parameters for production traits are 

based on test-day yields ( Wickham , 1 9 8 5 ) and require updating 

with l actation yields for each of the ma jor breeds . 

Currently the weighting factors for the selection index used 

for the genetic improvement of New Zealand da i ry cattle are 

based on genetic parameter estimates from overseas studies . 

A national recording scheme for management and conformation 

traits was introduced for New Zealand dairy cattle in 1 9 8 7  

based o n  a l inear scoring system ( Ahlborn-Breier , 1 9 8 8 ) . 

Prel iminary variance and covariance estimates for these 

conformation and management traits based on 1 9 87/88  season 

records from 2 , 3 2 0  New Zealand Holstein-Friesian cows from 

245  s ires were reported by Sosa-Ferreyra et al e ( 1 9 9 0 ) and 

Sosa-Ferreyra ( 1 9 9 2 ) . 

A large number of records for Holstein-Friesian , Jersey and 

Ayrshire cows has accrued s i nce the introduction of the 

Traits other than Production ( T . O . P . ) system . This database 

provided the opportunity to calculate rel iable genetic 

parameters for production , management and conformation traits 

for the New Zealand ma j or dairy cattle breeds Holstein­

Friesian , Jersey and Ayrshire . 

The objective o f  this study was to estimate variance and 

covariance components for production and non-production 

traits based on data col lected from New Zealand Holstein-

Friesian , Jersey 

parameters can be 

criteria and to 

and Ayrshire primiparous cows . These 

used to determine effective selection 

derive new weighting factors for the 
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selection indexes of New Zeal and dairy cattle . 

7 . 3 . 2 .  Materi a l  and methods 
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The analys is was based on data f rom 2 6 , 6 8 9  Hol stein-Fr i esian , 

22 , 5 2 9  Jersey and 3 , 2 09 Ayrshire primiparous cows . Records 

containing information on production , management and 

conformation tra its were assembled from the 1 9 8 7 / 8 8  to 

1990/91 season . 

Records were edited for parentage and yield . Those with 

abnormal ly low or high ( �  ± 3 a )  production were deleted . So 

were records from sires with less than 1 2  daughters and f rom 

herds with less than 5 hei fers . Only cows f irst calving 

between the ages of 2 2  and 3 0  months were included in  the 

ana lys i s . The dataset was restricted to herds which were 

herd tested in at least two consecutive seasons to al low an 

accurate assessment of a cow ' s  survival to the next 

lactation . This resulted in a tota l number of 1 , 4 0 6  herds 

spread over three years of recording . Table 7 . 1 .  l ists the 

number of records for the various breeds for each of the 

years included in the analys i s . 

Cows providing the data compri sed half-sib groups from s ires 

most of whom were contributing to the systematic progeny test 

as part of the Sire Proving Scheme ( Livestock Improvement , 

1990a  and 1 9 9 0b ) . The f inal dataset included 4 9 1  Hol stein­

Friesian sires with 2 1 , 8 7 0  daughters distributed over 7 1 1  

herds , 3 5 9  Jersey sires with 1 5 , 8 8 5  daughters spread over 5 1 5  

herds and 52  Ayrshire sires with 1 , 3 9 0  daughters distributed 

over 1 8 0  herds . 

On average a sire had 4 4 . 6  daughters ( minimum 6 ,  maximum 2 1 2 ) 

spread over 1 9 . 4  herds ( minimum 1 ,  maximum 8 6  herds ) .  On 

average a herd had 2 9 . 8  primiparous cows which typical l y  came 

from 1 3  d i f ferent sires . The percentages of crossbred cows 

was 2 8 %  for Holstein-Friesians , 9 %  for Jerseys and 2 7 %  for 

Ayrshires . 
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Table 7 . 1 . : Number of records for estimating variance and 

covariance components for production and non-production 

traits . 

Year of lEt 

l actation 

19 87/19 8 8  

1 9 8 8/1989 

1 9 8 9/1 990  

TOTAL 

Hol stein-

Friesian 

4 , 8 6 5  

10 , 6 5 6  

11 , 1 6 8  

26 , 68 9  

Jersey Ayrshire 

6 , 6 2 4  6 8 9  

7 , 6 52 1 , 2 0 1  

8 , 2 5 3  1 , 3 1 9  

2 2 , 529  3 , 20 9  

Production tra its ( protein , mi lkfat and milk yield , protein 

and mi lkfat percentage ) ,  weight , stature , survival from f i rst 

to second lactation , farmer ' s  overa ll opinion of hei fer , 

management tra its ( adaptabil ity to mi lking , shed temperament , 

mi lking speed ) and conformation tra its ( dairy conformation , 

udder overall , capacity , rump angle , rump width , legs , udder 

support , fore udder , rear udder , front teat placement and 

rear teat placement ) were analysed . A detai led definition of 

the traits analysed and the ir method of measurement was given 

in the previous chapter ( 6 )  and unad justed means and standard 

deviations for these tra its are given in Table 6 . 2 .  

Survival was defined as a binomi al trait . Cows with a 

minimum lactation length of 1 0 0  days in the second lactation 

were rated survivors and given a value of one , others were 

considered cul led and given a value of zero . 

The following mixed linear model was used in the analys is : 

y = � + Herd + Sire + HerdxYear + Calving week + Age at 

first calving + Breed of dam + Genetic group + Error 
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where herd , herdxyear , calving week , age at f i rst calving , 

breed of dam and genetic group were treated as f ixed effects 

and s ire as the random ef fect . These variables had been 

identified in a separate analys i s  as signi f icant inf luences 

on the tra its analysed . In the analysis calving week was 

treated as a factor vari able with one level be ing equivalent 

to two weeks . 

The analysis was carried out wi thin breed of s ire . The 

inclusion of breed of dam in the Holstein-Friesian and Jersey 

analysis allowed to take account of the significant additive 

genetic dif ferences and non-addi ti ve genetic effects reported 

for these populations ( Ahlborn-Breier and Hohenboken ,  1 9 9 1 ) . 

This was necessary as 3 0% of the Holstein-Friesian-sired cows 

and 2 2 % of the Jersey-sired cows were Holstein-Fries ian x 

Jersey crossbreds . 

The genetic group identified older sires and was included to 

account for dif ferences in genetic merit due to genetic 

progress .  Genetic progress in these populations has been 

reported for production tra its ( Ahlborn-Breier et al . ,  1 9 8 7 ) 

but was considered unl ikely for tra its other than production . 

stage of lactation at assessment did not signif icantly 

influence conformation or management traits as the ma jority 

of the cows ca lved during August and September resulting in 

sma l l  d i f ferences in stage of lactation at a given time . The 

mean stage of lactation at time of inspection was 1 2  weeks 

with a standard deviation of 3 weeks . Consequently stage of 

lactation was not included in the model for the analys i s  of 

these traits . 

There was no s igni f icant interaction between calving week and 

herdxyear or age at calving and so interactions were not 

included in the model . 

Records from daughters of a l l  s i res were used to estimate the 

fixed effects but only daughters of s ires under progeny test 

were used for estimating the addi ti ve sire variance and 

covariance components ( Meyer , 1 9 8 6 ) . 
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A number of methods are ava i l able for the estimation of large 

sample variance parameters in mixed models with unbalanced 

data . The model fal ls  into this category due to unequal 

numbers of observations in the sub-classes , including missing 

sub-classes . One of these methods , the Maximum Likel ihood 

Estimation ( ML )  has the advantage that it locates the maximum 

of the l ikel ihood function which l ies within the parameter 

space for a given set of data , model of analysis and 

parameters . ML estimators of vari ance components are 

trans lation invariant , functions of every sufficient 

statistic , consistent and asymptotically normal , eff icient 

and non-negative but therefore biased ( Kennedy , 1981 ) .  

However , unbiasedness i s  not of concern in this analysis as 

heritabi l ities are estimated by taking a ratio of estimates 

of variance parameters . This wi l l  usually be a biased 

estimate even if the parameter estimates are unbiased 

( Anderson , 198 4 ) . 

Whi le ML equations maximise the l ikel ihood over the entire 

sample space of the observation vector , Restricted Maximum 

Likel ihood ( REML ) takes the estimation of fixed effects in  a 

mixed model into account ( Patterson and Thompson , 1974 ) .  

REML has been described as intrinsically a ML procedure and 

can be regarded as being ML over a restricted sample space 

( Anderson , 1984 ) .  REML operates on the likel ihood of l inear 

functions of the data vector with expectations z ero , also 

cal led l inearly independent error contrasts , which are 

independent of the f i xed e ffects , whi le Maximum Likel ihood 

Estimation derives the estimates from the likel ihood of the 

complete observation vector . Consequently , REML takes the 

loss in degrees of freedom due to fitting fixed effects into 

account . 

For the partition of the phenotypic variation into genetic 

and other components REML has become the method of choice in 

anima l breeding situations due to the avai labi l ity of 

computational resources ( Meyer , 1989 ) and REML was used in 

this analysis . 

Vari ance and covariance components were estimated using 
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Meyer ' s  univariate and multitrait REML procedure ( Meyer , 

.19 8 5 , 1 9 8 6  and 1 9 8 7 ) . These programs use an Expectation­

Maximisation-type algorithm based on first derivatives . 

A canonical decomposition is  uti l ised to reduce the 

mUltivariate analys is to a corresponding series of univariate 

analyses . Thi s  avoids the need to calculate the inverse and 

forces the genetic variance/covariance matrix to be semi­

posi  ti ve def ini te . A series of Householder ( orthogonal ) 

transformations changes the coefficient matrix for random 

effects to tridiagonal form ( Meyer , 1 9 8 6  and 1 9 8 7 ) . 

Univariate variance components within and between the random 

effects for each trait were estimated first and these 

estimates were used as starting values for the mUltivariate 

analysis . 

The phenotypic variance was estimated as : 

a 2 p = a 2 e + ( a  2 sire * 4 )  

The precis ion o f  the estimators of the variance components 

was indicated by their large sample standard errors . These 

were approximated at convergence using numerical 

differentiation to second derivatives of the l ikel ihood 

function ( Meyer , 1 9 8 5  and 1 9 8 7 ) . 

Cows in the ma j ority of herds included in the dataset could 

be considered a random sample of the national population as 

in these herds 8 0 %  of the cows were mated to young sires . 

Thus , selective mating o f  dams was avoided and dams 

represented a random sample o f  the national population . 

The variance and covariance components were estimated with a 

sire model without accounting for relationships and therefore 

could be biased due to selection . When a high selection 

intens ity is achieved in the sire population , resulting in a 

reduction in genetic variation , it is necessary to account 

for bias due to selection when estimating variance components 

from paternal hal f  sib groups in dairy cattle ( Ahlborn and 
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Dempfle , 1 9 9 2 ) . 

However , with the exception of production traits sires can be 

considered a random sample of the national population as 

information about the genetic merit of these si res for traits 

other than production was not avai lable at the time when the 

mating decis i ons were made . Additionally , the progeny 

derived from a large number of paternal grands ires ( 9 8 

Holstein-Fries i an , 1 0 7  Jersey and 2 7  Ayrshire paternal 

grandsi res ) and an even larger number of maternal grandsires . 

Due to the lack of selection in the ma jority of the traits 

analysed relationships were not included in the model . 

Selection of the dams of sires . is  usual ly even less precise 

than the selection of paternal grands ires , therefore this 

selection bias would be of even lesser signif icance and was 

not included in the model . 

7 . 3 . 3 .  Results and discussion 

Genetic parameters were estimated for all  traits included in 

the current selection index for the New Zealand dairy cattle 

populations Holstein-Fries ian , Jersey and Ayrshire . Detailed 

results from these analyses including ad justed means , 

phenotypic amd genetic variances , heritabi l ities , phenotypic 

and genetic correlations and their standard errors are 

presented in the appendix ( Tables 1 0 . 1 .  -1 0 . 3 . ) .  Parameters 

for Ayrshires had large standard errors due to the small 

sample size and should be treated with caution . Therefore , 

resul ts in  thi s  section wi l l  concentrate on the genetic 

parameters for the breeding objective and selection indexes 

for Holstein-Friesians and Jerseys defined in the previous 

section . 

Adjusted means and their standard errors for all  traits 

analysed are presented in the appendix in Table 1 0 . 1 .  for 

Holstein-Friesians ( l O . l . a ) , Jerseys ( l O . l . b )  and Ayrshires 

( I O . l . c ) . 
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Fixed effects considered in the model were s igni ficant for 

most traits analysed and values were very s imilar for all  

three breeds . For survival from first to second lactation 

only herd and year effects were s ignificant . 

Calving week was a large fixed effect . Production losses of 

1 . 9  kg protein and 2 . 6  kg milkfat per week were associated 

with later calving dates , due to the practice of ending the 

mi lking season for the ma jority of cows s imultaneous ly , 

resulting in  a forced shorter lactation for later calving 

cows . The mean age at f irst calving of 2 4 . 4  months ( ±  2 1  

days ) ref lected the extremely seasonal dai ry production 

system in New Zealand and has been reported previous ly 

( Ahlborn and Dempf le , 1 9 9 2 ) . Production increased with a 

higher age at first calving . 

Means and variation for the f i xed effects were s imi lar to an 

earl ier study of 2 , 1 6 5  New Zealand Holstein-Friesians ( Sosa­

Ferreyra , 1 9 9 2 ) .  

Protein , mi lkfat and milk yield levels were representative of 

primiparous cows with a mean l actation length of only 2 4 7  

days ( standard deviation 3 6  days ) and have been reported 

previous ly ( Ahlborn and Dempfl e , 1 9 9 2 ) .  These production 

levels ref lected New Zealand pasture-based feeding 

conditions . The mean protein yields were 1 0 1  kg for 

Holstein-Friesians and 93 kg for Jerseys . 

Phenotypic and additive genetic variances for a l l  traits are 

presented in the appendix in Table 1 0 . 1 .  for Holstein­

Friesians ( 1 0 . 1 . a ) , Jerseys ( 10 . 1 . b )  and Ayrshires ( 1 0 . 1 . c ) . 

Phenotypic variances for milk production of  Ho1stein­

Friesians and Jerseys are comparable with previously 

publ ished estimates for a subset of these New Zealand 

primiparous cows ( Ahlborn and Dempfle , 1 9 9 2 ) . Additive 

genetic variances were lower for mi lkfat yield and protein 

for Holstein-Friesians and for all production traits for 

Jerseys . This resulted in s l ightly lower heritabi l ity 

estimates than previously reported ( Ahlborn and Dempfle , 

1 9 9 2 ) . 
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survi val rates from first t o  second lactation were very 

s imilar for a l l  breeds with 0 . 7 7 for Holstein-Friesians and 

0 . 8 0 for Jerseys . 

The mean score for management and conformation traits was 

close to f ive , coinciding with the median of the l inear 

scale . These results for management and conformation traits 

conf irmed results from previous studies based on subsets of 

the datasets for 16 , 9 6 6  Hol stein-Friesians and 1 1 , 2 8 7  Jerseys 

( Ahlborn-Breier et al . ,  1 9 9 0 ) and 2 , 1 6 5  Holstein-Friesians 

( Sosa-Ferreyra , 1 9 9 2 ) from the 1 9 8 7/88 season . 

Management traits showed higher phenotypic variances than 

conformation traits . 

7 . 3 . 3 . a )  Heritabilities 

Heritabi l i ties for protein , milkfat and volume ranged between 

0 . 1 7 and 0 . 2 9 .  Heritabi l ity estimates for production traits 

largely confirmed results from an earl ier study based on a 

subset of the data used- ( Ahlborn and Dempfle , 1 9 9 2 ) . 

Genera l ly , heritabi lity estimates for protein , mi lkfat and 

mi lk yield were within the range of estimates reported for 

paternal hal f  sib groups of other populations (Mai jala and 

Hanna , 1 9 7 4 ; Hi l l  et al . ,  1 9 8 3 ; De Jager and Kennedy , 1 9 8 7 ; 

Schutz et al . ,  1 9 9 0 ; Ahlborn and Dempfle , 1 9 9 2 ) .  However , 

heritabi l ities for production traits of Jerseys were 

relatively l ow when compared to other publ ished estimates . 

For example ,  Ahlborn and Dempfle ( 1 9 9 2 ) using a subset of the 

current data reported heritabi l ities of 0 . 2 4 for protein and 

0 . 2 6 for mi lkfat for New Zealand Jerseys . A possible 

explanation for this di f ference in heritabil ity estimates 

could be that results based on a larger sample of the 

population gave a re latively smal ler genetic variance for 

these traits . 

Liveweight and stature had moderate to high heritabi l ities , 

ranging between 0 . 1 2 and 0 . 3 9 ,  Jerseys returning slightly 
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Table 7 . 2 . : Heri tabi li ties of trai ts used as selection 

objectives in the aggregate genotype and as selection 

criteria in the selection indexe s . 

Trait Holstein-Friesian Jersey 

Protein ( kg )  0 . 2 5 0 . 1 7 

Mi lkfat ( kg )  0 . 2 1 0 . 1 7 

Volume ( kg )  0 . 2 8 0 . 2 2 

Liveweight ( kg )  0 . 3 9 0 . 1 2 

Survival 1-+2 ( %  ) 0 . 0 4 0 . 0 2 

Udder overa ll ( score ) 0 . 2 7 0 . 2 4 

Overa ll opin ion ( score ) 0 . 0 9 0 . 1 2 

Temperament ( score ) 0 . 1 0 0 . 1 4 

Mi lking speed ( score ) 0 . 1 5 0 . 2 1 

Udder support ( score ) 0 . 2 5 

Fore udder ( score ) 0 . 2 4 

lower values . stature had a markedly higher heritabi lity 

than l ivewe ight as had been shown previously ( Ahlborn and 

Dempf le , 199 2 ) . For Holstei n-Fries ians , estimates for 

livewe ight and stature were higher than in a previous study 

based on a subset of the records used ( Ahlborn and Dempf le , 

1 9 9 2 ) .  This can be explained with a larger estimated genetic 

variance in the compl ete dataset which might be due to a 

larger number of sires analysed . Another possible reason for 

the higher genetic variances of  Holstein-Friesians for 

stature when compared to estimates from Ahlborn and Dempfle 

( 1 9 9 2 ) may be the recent i nclus ion of North American s i res in 

the progeny testing scheme . North American Hol stein-



Chapter 7 ,  Aspects ot selection for economic aerit in dairy cattle - G. Ahlborn, 1994 2 1 0  

Fries ians have partly been selected for large stature and 

this may have increased the genetic variance estimated from 

the complete dataset . 

In contrast , the genetic vari ance for Jerseys for stature in 

this analys i s  was sl ightly lower than that found in the 

above-mentioned study . Jersey s i res comprising thi s  dataset 

originated in New Zeal and and so the dataset did not include 

imported Jersey s i res resulting in a more homogeneous 

population . 

Heritabi l ities for the body s i ze traits l iveweight and 

stature generally agreed with estimates publi shed overseas 

for a range of different breeds and countries ( Thompson et 

al . ,  1 9 8 1 ; Thompson et al . ,  1 9 8 1 ; smith et al . ,  1 9 8 5 ; 

Foster et al . ,  1 9 8 8 ;  Smith et al . ,  1 9 8 6 ; Klei et a l . ,  1 9 8 8 ; 

Meyer et al . ,  1 9 8 7 ; Lawstuen et al . ,  1 9 8 7 ; Col leau et al . ,  

1989 ; Boldman et al . ,  1 9 9 2 ) . The heritabi l ity for l iveweight 

was substantially higher than the estimate given by Sosa­

Ferreyra ( 1 9 9 2 )  which was based on a small  dataset of 2 , 1 6 5  

Hol stein-Friesians . 

stature i s  a measure of skeleta l s i z e  and thus is less 

influenced by variations in  the .environment . This is 

reflected in the higher heritabi l ity estimates for stature 

when compared to l iveweight . 

Heritabi l ities for survival from first to s econd l actati on 

were very low with 0 . 0 4 for Holstein-Friesians and 0 . 0 2 for 

Jerseys . These heri tabi l i  ties were as low as reported 

elsewhere ( Robertson and Barker , 1 9 6 6 ; Schaeffer and 

Burns ide , 1 9 7 4 ; Hudson and Van Vleck , 1 9 8 1 ; Burnsi de et al . ,  

1 9 8 4 ; Van Doormaal et al . ,  1 9 8 5 ; Ducrocq , 1 9 8 7 ; Harris , 1 9 8 9 ; 

Rogers et al . ,  1 9 9 1 a ; Boldman et al . ,  19 9 2 ) indicating that 

survi val rate i s  largely influenced by environmental factors . 
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However , survival rate had a high coeff icient of vari ation in  

the order of 5 0 %  and its large phenotypic variation to some 

extent offsets the low heritabi l i ty .  Accordingly , genetic 

progress in this trait could be achi eved . 

Heri tabi l i  tes for the management traits overal l  opinion , 

temperament and milking speed were low for Holstein-Fries ians 

and Jerseys , ranging between 0 . 09 and 0 . 2 1 .  Thi s  could 

indicate that either the environment , which includes the 

farmer ' s  attitude and the scorer being confounded within herd 

has a much larger influence on management traits . It could 

also be possibly that large environmental inf luences were 

omitted with the recording system used . Genetic improvement 

of these traits based on data gathered with this recording 

system would consequently be s low as the phenotypic variance 

is not large and so does not counteract the low heritab i l i ty .  

Heritabi l ities for management traits were slightly higher 

than those reported based on 2 , 1 6 5  of the Holstein-Fries ian 

records used here ( Sosa-Ferreyra , 1 9 9 2 ) . Heritabi l ities for 

temperament and milking speed were s l ightly higher than those 

reported in the l iterature ( Thompson et al . ,  1981 ; Smith et 

al . ,  1 9 8 5 ; Z arnecki et al . ,  1 9 8 5 ; Foster et al . ,  1 9 8 8 ; 

Lawstuen et al . ,  1 9 8 7 ; Boldman et al . ,  1 9 9 2 ) . 

Heri tabi l i  ties for the conformation traits udder overall , 

udder support and fore udder were simi lar in magnitude to 

those for production traits . Heritabi l ities for these 

conformation traits largely agreed with estimates published 

overseas ( Thompson et a l . ,  1 9 8 1 ; Thompson et al . ,  1981 ; 

Smith et a l . ,  1 98 5 ; Foster et a l . ,  1988 ; smith et a l . ,  

1 9 8 6 ; Klei et a l . ,  1 9 8 8 ; Meyer et al . ,  1987 ; Lawstuen et 

al . ,  1 9 8 7 ; Boldman et al . ,  1 9 9 2 ) . 



Chapter 7 ,  Aspects ot selection tor economic aerit in dairy cattle - G. Ahlborn , 1994 2 1 2  

7 . 3 . 3 . b )  Phenotypic correlations 

Phenotypic correlations for the selection criteria are shown 

in Table 7 . 3 .  for Holstein-Friesians and Jerseys . Phenotypic 

correlations for a l l  traits analysed are presented in the 

appendix in  Table 10 . 2 .  for Hol stein-Friesians ( 1 0 . 2 .  a )  , 

Jerseys ( 1 0 . 2 . b )  and Ayrshires ( 1 0 . 2 . C )  and their standard 

errors in Table 1 0 . 3 .  

Phenotypic correlations within production traits were high 

and positive ( >  0 . 8 2 )  in both breeds as has frequently been 

observed previously ( Meyer , 1 9 8 5 ;  De Jager and Kennedy , 1 9 8 7 ; 

Schutz et al . ,  1 9 9 0 ; Ahlborn-Breier and Hohenboken , 1 9 9 1 ) . 

Phenotypic correlations between l iveweight and production 

traits of around 0 . 2 0 for both breeds were consistent with 

recently publ i shed results for North American Holstein­

Fries ians ( Sieber et al . ,  1 9 8 8 ; Foster et a l . ,  19 8 8 ) as wel l  

a s  those for New Zealand Holstein-Friesians and Jerseys 

(Ahlborn-Breier and Hohenboken ,  1 9 9 1 ) . 

Phenotypic correlations between the management traits overall 

opinion , temperament and milking speed were moderately high 

and pos itive ( 0 . 1 8 - 0 . 6 5 ) . This might indicate that dairy 

farmers were not able to clearly distinguish between these 

traits . S imi lar estimates were reported by Sosa-Ferreyra 

( 1 9 9 2 ) for Holstein-Fries ians . 

Phenotypic correlations of temperament and milking speed with 

production traits were low but pos itive . This would suggest 

dairy farmers scored the management traits temperament and 

mi lking speed without bias from production traits . These 

results are in agreement with low but positive estimates for 

phenotypic correlations between mi lkout , mi lking speed , 

temperament , excitabi l ity and yield traits in other studies 
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Table 7 . 3 . : Phenotypic correlations ( *  100 ) between 

selection cri teria included in the selection indexes ( *  

estimate not calculated ) .  

a )  Holstein-Friesian 

F 

Protein 8 8  

Milkfat 

Volume 

Liveweight 

Udder Overall 

Overall opinion 

Temperament 

Milking speed 

b) Jersey 

F 

Protein 91 

Milkfat 

Volume 

Liveweight 

Udder OVerall 

OVerall opinion 

Temperament 

Milking speed 

V LW 

9 1  2 0  

8 2  1 6  

1 9  

V LW 

9 2  9 3  

8 6  2 0  

2 0  

UO 

5 

6 

4 

* 0  

UO 

9 

9 

1 0  

*0  

00 TM MS us 
2 5  1 3  3 o 

2 6  1 3  5 2 

26  14  2 * 0  

* 0  * 0  * 0  *0  

1 2  7 8 7 2  

6 5  3 8  9 

18 5 

9 

00 TM MS FU 
2 3  1 3  3 7 

2 4  1 4  4 7 

2 4  1 4  3 6 

* 0  * 0  * 0  * 0  

13  8 6 7 0  

6 8  3 5  1 0  

1 9  7 

6 
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( Norman . and Van Vl eck , 1 9 7 2 ; Foster e t  al . ,  198 8 ) . 

Phenotypic correlations between overall opinion and 

production traits of around 0 . 2 5 indicated that yield was a 

main f actor in  the value of the cows even at an early stage 

of lactation at which the assessment was carried out . 

Phenotypic correlations between the conformation traits udder 

overall , udder support and fore udder were high ( >  0 . 7 0 ) . 

Thi s  indicates that the score for udder overal l  contains part 

of the information from udder support ( Holstein-Fries ians ) or 

fore udder ( Jerseys ) .  

Phenotypic correlations between conformation and production 

traits were close to zero and not significant for both 

breeds . These results are in agreement with previous reports 

( Norman and Van Vl eck , 1 9 7 2 ; Bar-Anan and Ron , 1 9 8 3 ; Zarnecki 

et al . ,  1 9 8 5 ; Meyer et al . ,  1987 ; Foster et al . ,  1988 ; 

Mis ztal et al . ,  1 9 9 2 ) . 

Phenotypic correlation estimates between conformation and 

management traits were close to zero . Simi lar estimates were 

also reported by Sosa-Ferreyra ( 1 9 9 2 ) for New Zealand 

Hol ste i n -Fries i ans . 

7 . 3 . 3 . c )  Genetic correlations between selection objectives 

and .selection criteria 

Genetic correlations between traits included in the aggregate 

genotype and the selection index are shown in Table 7 . 4 .  

Genetic correlations for a l l  traits analysed are presented in 

the appendix in Table 1 0 . 2 .  for Holstein-Friesians ( 1 0 . 2 . a ) , 

Jerseys ( 1 0 . 2 . b ) and Ayrshires ( 1 0 . 2 . c )  and their standard 

errors in Table .1 0 . 3 .  As expected standard errors for 

genetic correlations were cons iderably higher than for 

heritabi l ities or phenotypic correlations . 

Genetic correlations between the production traits protein 
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yield , mi lkfat yield and volume were high and posi tive ( 0 . 6 7 

0 . 8 6 )  and estimates of similar magnitude have been 

regularly reported in other studies ( Meyer , 1985 ; de Jager 

and Kennedy , 1987 ; Schutz et al . ,  1 9 9 0 ; Wade and Van Vleck , 

1989 ; Ahlborn-Breier and Hohenboken , 1 9 9 1 ) . Estimates of the 

genetic correl ation between mi lkfat and protein yield were 

higher than in the studies cited above , which might be 

attributed to the single tra it selection for milkfat yield in 

the New Zeal and da iry cattle populations . 

Genetic corre lations between l iveweight and mi lkfat yield,  

protein yield and volume were simi lar in  magnitude as  

observed previ ous ly ( Foster et  al . ,  1 9 8 8 ; Ahlborn-Breier and 

Hohenboken , 1 9 9 1 ; Ahlborn and Dempfle , 19 9 2 ;  Mis ztal et al . ,  

1 9 9 2 ) . The highest genetic corre lations were encountered 

between l ivewe ight and volume in Holstein-Friesians ( 0 . 3 3 )  

and between l iveweight and prote in yield in Jerseys ( 0 . 54 ) . 

The sUbstantial difference between breeds is in agreement 

wi th Ahlborn and Dempf le ( 1 9 9 2 ) who also observed higher 

genetic correlations for Jerseys than Hol stein-Fri esians for 

these tra its . 

S i z e  and production traits in New Zealand dairy cattle 

populations exhibited s l ightly higher genetic correl ations 

than were expected in compari son with reports from overseas 

studies which have reported genetic correlations of zero 

between stature and volume ( Brum and Ludwick , 1 9 6 9 ; Grantham 

et al . ,  1 9 7 4 ) . More recent publ ications which are based on 

comparable methodology and large datasets give estimates for 

the genetic correlation between stature and volume of around 

0 . 1 5 for Holstein-Fries ians ( Bar-Anan and Ron , 1 9 8 3 ; Foster 

et al . ,  1 9 8 8 ; Norman and Powel l ,  1 9 8 8 ; Misztal et al . ,  1 9 9 2 ) . 

This magnitude is sti l l  cons iderably less than the resul ts 

from thi s study and as found by Ahlborn and Dempfle ( 1 9 9 2 ) . 

This  might signify population-speci fic pleiotropism with some 

genes affecting variation in production as we l l  as in s i z e  

traits . The magnitude o f  the genetic correlation between 
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Table 7 . 4 . : Genetic correlations between traits in aggregate 

genotype and criteria in selection index ( *  100 ) . 

a )  Holstein-Friesian 

p F v LW SRV UO 00 TM MS 
Milkfat 75 

Volume 85 70 

Liveweight 2 7  1 5  3 3  

Survival 1-+2 15 31  1 -12  

Udder OVerall -17  - 1 1  - 1 7  0 -17  

Overall opin e 4 4  5 1  4 1  0 3 3  6 
...................................................... ......................................................................... .................................................................................... 

Temperament 3 3  3 5  

Milking speed - 1 1 3  

Udder support -24  -19  

b) Jersey 

p F 

Milkfat 80  

Volume 86 67 

3 1  0 19 

-10 0 3 3  

- 2 2  0 -16  

V LW SRV 

4 8 5  

- 4  4 6  1 3  

95  11  9 -2 

UO 00 TM MS 

................................................................. .................................................................................. .................................. ........ ........................... 
Liveweight 54 51 4 3  

Survival 1-+2 7 6  8 9  7 6  3 7  

Udder OVerall  - 3 - 5 - 1 0  0 1 0 

OVerall opin e 3 9  2 9  26 0 57 15 
................................................................ .................................................................................................. .................................................... 

Temperament 2 2  20  1 5  0 4 1  1 9  8 2 

Milking speed 6 3 - 7 0 6 - 1 4  3 4  9 

Fore udder 6 8 - 7 0 19  87  1 7  1 0  2 7  
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size and production traits indicates a noticeable correlated 

genetic response of l iveweight and wither height in these 

populations when selecting for increased protein yield . This 

positive association between s i z e  and production traits means 

that selection for any of the production traits wi l l  result 

in larger cows with increased growth and maintenance costs 

unless l iveweight is correctly specif ied in the aggregate 

genotype . This correlated response wi l l  be larger for 

Jerseys due to their higher genetic correlations . 

In New Zealand body weight has a negative economic value as 

was described in chapter 4 and also as reported by Dempfle 

( 1 98 6 ) . The same was found by Van Raden ( 1 988 ) for the North 

American dairy production environment . 

beneficial to include selection against 

objecti ve to ensure the breeding of 

Consequently , it is 

size  in the breeding 

cows with a higher 

overal l  economic merit and so to increase net farm income . 

For Holste in-Friesians selection can be carried out against 

l iveweight without sacr i ficing much genetic progress in 

production traits . However , for Jerseys the inclus ion of 

l iveweight could s low genetic progress in production traits 

as a correlated response . 

Genetic correlations between survival rate from first to 

second lactation and production traits di f fered between 

breeds . survival rate was genetically much stronger 

correlated with production traits in Jerseys , with values of 

0 . 7 6 for protein and 0 . 8 9 for mi lkfat , than in  Holstein­

Friesians , with values of 0 . 1 5 for protein and 0 . 3 1 for 

mi lkfat . The values for Holstein-Friesians agree with those 

given for 48 months " stayabi lity"  in  North American Holstein­

Friesians ( De Lorenzo and Everett , 198 2 ) . 

Genetic correlations between survival rate and size traits 

were moderately pos itive for Jerseys and slightly negative 

for Holstein-Friesians . Accordingly , with selection for 

production traits only , Jersey cows would increase in s i z e  

whi le Holstein-Friesian cows would sl ightly decrease in  
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liveweight and stature . 

genetic correlations 

The difference in magnitude of the 

might signi fy breed-specific 

pleiotropism , especially s i nce breed estimates of s imi lar 

magnitude have been reported for the Hol stein-Friesian 

( Rogers et al . ,  1 9 8 9a ; Boldman et al e 1 9 9 1 ) and Jersey 

( Rogers et al . ,  1 9 9 1a ) populations in North America . A clear 

reason for this , however , is  not apparent . 

Moderately pos itive genetic correlations between survival 

rate from f i rst to second l actation and management traits 

indicated that temperament , mi lking speed and the overal l  

opinion a s  measured by the owner are traits which can be used 

to genetica l ly improve survival rate . It needs to be 

cons idered that overall  opinion is also partially genetically 

correlated with production traits . 

reported by Foster et al e ( 1 9 8 8b ) . 

A simi l ar result was 

Genetic correlations between survival rate and conformation 

traits were moderate and negative for udder overal l and udder 

support in Holstein-Friesians and moderate and positive for 

udder overal l  and fore udder in Jerseys . This suggests that 

these conformation traits are of some value in selection 

programmes aimed at increasing survival rates . other 

publi shed reports state that genetic correl ations between 

survival rate and conformation traits are low or antagonistic 

( De Lorenzo and Everett , 1 9 8 2 ; smith and Quaas , 1 9 8 4 ; Dentine 

et al . ,  1 9 8 7 ; Rogers et a l . ,  19 8 8 ; Rogers et al . ,  1 9 8 9a , 

1989b ;  Boldman et al . ,  1 9 9 2 ) .  Two studies ( Dentine et al . ,  

1987 ; Rogers et al . ,  1 9 9 1b )  reported that registered 

daughters from sires with an above average conformation 

evaluation were less l ikely to be culled than non-registered 

daughters resulting in selective matings . The reason for 

this d i fference was not determined . It could be the result 

of a favourable bias for daughters from higher priced sires 

and the owners greater reluctance to cul l  these cows . This 

may be due to a greater f i nancial and time investment rather 

than to genetic di fferences . 
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Genetic correl ations between conformati on and producti on 

traits were moderately negative for udder overall and udder 

support ( Holstein-Friesians ) and close to zero for fore udder 

( Jerseys ) . These results are in agreement with previous 

reports ( Norman and Van Vleck , 1 9 7 2 ; Bar-Anan and Ron , 1 9 8 3 ; 

Z arnecki et al . ,  1 9 8 5 ; Meyer et al . , 1 9 8 7 ; Foster et al . ,  

1 9 8 8 ; Mis ztal et al . ,  1 9 9 2 ) and indicate that conformation 

traits would be ineffective in improving production traits . 

7 . 4 .  Conclusion 

The aggregate genotype for New Zealand dairy cattle including 

the selection obj ectives protein yield , mi lkfat yield , 

volume , l iveweight and survival rate is  expected to increase 

the economic merit of New Zealand dairy cows genetically . 

Estimating the genetic parameters for these traits and thei r  

selection criteria in the selection indexes showed the 
--

genetic and phenotypic bas is for these traits . Results from 

the analys is also suggest that parameter estimates did not 

di ffer substanti ally from other populations for the traits 

examined despite the use of a dif ferent primary trait of 

selection and the data used for this study corning from a 

pasture based milk production system . 

The heritabi l i ty of the subjectively assessed trait 

l iveweight had a magnitude similar to those found for 

production traits . This demonstrates that current breeding 

and progeny testing schemes could be used to genetically 

influence cow s i z e . The higher heritabi l i ty and the higher 

accuracy and repeatabi l i ty and lower cost of measurement in 

con junction with a very high pos itive genetic correlation 

might make stature a more effective selection criterion than 

liveweight . 

The use of management and conformation traits as selection 

criteria to predict survival wi l l  al low the selection of 

s i res and cows at an ear l ier stage than through the use of 

survival rate records . Thi s  wi l l  avoid an increase in the 

generation interval with the inclusion of survival rate in 

the breeding objective . 
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8 .  SELECTION INDEXES 

8 . 1 .  Introduction 

2 2 0  

Knowl edge of  the economic values and genetic parameters 

a l l ows to speci fy population-spec i f ic selection indexes for 

a given aggregate genotype or breeding obj ective . S i nce the 

aggregate genotype T is  not measurable and cannot be selected 

for directly , improvement in T is achieved through the use of  

the optimum ( smith-Hazel ) sel ection index . The propert ies of  

this  selection index were described in section 2 . 1 . 4 . 1 .  The 

ob jective of  this study was establ ish the we ighting factors 

for the selection indexes for New Zea land Hol ste in-Fries ian 

and Jersey us ing up-to-date economic va lues and genet ic 

parameters for the tra its inc luded which maximi se the 

correlation between the aggregate genotype and the selection 

indexes . 

8 . 2 .  Selection index equations 

An optimum selection index was spec i f ied for the New Zeal and 

Holstein-Friesian and Jersey da iry cattle populations . 

Standard errors for the genetic parameter estimates for the 

Ayrshire population were high due to a sma l l  sample s i ze and 

did not al low the construction o f  a rel iable selection index 

for this breed . 

The aggregate genotype T for HOlstein-Fries i ans ( TH ) and 

Jerseys ( TJ ) was defined in section 7 . 1 .  as 

where 

TH = au ' Y  = $4 . 6 4 Protein + $1 . 8 5 Mi lkfat - $ 0 . 0 7 Volume 

- $ 0 . 4 9 Livewe ight + $9 . 2 5 Survival rate 

TJ = aJ ' Y  = $4 . 5 8 Protein + $ 1 . 7 5 Mi lkfat - $ 0 . 0 7 Volume 

- $ 0 . 5 3 Liveweight + $ 9 . 2 9 Surviva l rate 

Y is a vector of additive genetic values for 

5 tra its included in the aggregate genotype T ,  



Chapter 8 ,  Aspects of selection for economic merit in dairy cattle - G. Ahlborn , 1994 221 

a is a vector of  breed-spec i f ic constants which 

represent the relat ive economic values of the 

f ive traits in Y .  

s ince TH and TJ are not measurable they cannot be selected for 

directly . Improvement in TH and TJ is  achieved by selection 

based on selection indexes IH and IJ respectively , which were 

defined as : 

where b was a vector of breed-spec ific weighting 

factors chosen to 

a )  maximise the correlation and 

b )  minimise the variance between index I and 

aggregate genotype T ,  

c )  maximi se the probabi l ity of selecting the 

largest sample values of the aggregate 

genotype T by selecting the largest value of 

the index criteria , 

d )  maximi se the probabi l ity of selecting the 

higher of a combination of aggregate 

genotypes and 

e )  maximi se genetic progress in any one-round 

selection by the index , 

X is  a vector of breed-spec i f ic phenotypic 

measures for the n selection criteria included 

in the selection index . 

The weighting factors � and bJ in the selection index IH and 

IJ represent partial regression coef f icients and were 

obta ined by solving the following index equations 
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where p is a n*n matrix of phenotypic covariances 

between the n selection criteria in x ,  

G is a n*m matrix of genetic covariances 

between the n selection criteria in X and the 

m traits in Y ,  

p- l is the inverse of matrix P .  

The equations for the weighting factors � and bJ leading to 

the selection indexes IH and IJ were set up in matrix form . 

Two programs were written us ing the APL system to solve the 

simultaneous l inear equations . The first program calculates 

weighting factors for the case where traits in the aggregate 

genotype T are the same as the selection criteria in the 

selection index I .  The second program does so for the case 

where traits in the aggregate genotype T dif fer from the 

selection criteria in the selection index I ( indirect 

selection ) . A copy of the programs is  included in the 

Appendix . 

The aggregate genotype T included the traits protein yield , 

mi lkfat yield , volume , l iveweight and survival rate from 

first to second lactation . The selection index IH for 

Holstein-Friesians included the traits protein yield , mi lkfat 

yield , volume , liveweight , udder overall , overal l  opinion , 

temperament , mi lking speed and udder support whi le the 

selection index IJ for Jerseys included the traits protein 

yield , mi lkfat yield , volume , l iveweight , udder overa l l , 

overall  opinion , temperament , milking speed and fore udder . 

The economic va lues ( Tables 4 . 1 2 . ) and phenotypic and genetic 

parameters ( Tables 7 . 2 . -7 . 4 . ) derived in  previous chapters 

were used to determine the weighting factors for the 
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selection indexes IH and IJ • 

Variance and covariance estimates used in  the calculation of 

weighting factors for the selection indexes are shown in  

Table 8 . 1 .  ( phenotypic parameters ) and in Table 8 . 2 .  ( genetic 

parameters ) .  These variance and covariance estimates were 

based on parameters derived from univariate analyses . 

Variance and covariance estimates based on the multitrait 

analyses with different combinations of traits and d i ffered 

only slightly from estimates calculated from univariate 

ana lyses . Covariance estimates ca lculated from results based 

on univariate analysis were somewhat higher than the 

estimates from multi trai t analyses . For traits with low 

standard errors the dif ference was about 1 %  and for traits 

with a higher sampl ing variation the di fference was in  the 

order of 1 0 % . 

Calculating covariance estimates from univariate estimates 

can lead to rounding errors . However , standard errors o f  the 

parameters were higher than the estimated difference 

introduced by rounding errors , therefore covariances 

calculated from univariate estimates could be used . 

The selection indexes I� for Holstein-Friesians and I� for 

Jerseys were constructed . Weighting factors for these 

selection indexes resulting from the s imultaneous l inear 

equations for this selection index are l isted in Table 8 . 4 .  

They are shown in  the form to be used in  the selection index 

as wel l as standardised by the respective mean for the trait . 

Selection indexes IH and IJ were constructed to a l l ow 

selection for survival rate to be simultaneous with selection 

for a l l  other traits . selection indexes IH and IJ  included 

survival rate from first to second lactation as a selection 

ob jective in the aggregate genotype but not as a selection 

cri terion in the selection i ndex . This meant that the 

survival rate was indirectly estimated from a l l  other 

selection criteria in the selection index . This decreases 

the generation i nterval by one year compared to direct 
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Table 8 . 1 . : Phenotypic variances and covariances used for 

determining weighting factors for selection indexes . 

a )  Holstein-Friesians 

Protein 

Killiat 

VolUle 

Liveveight 

SUrvival (1->2) 
Odder overall 

OVerall opinion 

'l'eIperaent 

Kilking speed 

Udder support 

Protein 

Killiat 

VolUle 

Liveveight 

Survival (1->2 ) 
Udder overall 

OVerall opinion 

p 

280 . 22 

F v 

333 . 91 7954 . 411 

513. 80 9705. 725 

2 . 927 

3 . 963 

98 . 325 

0 . 000 

0 . 032 

0 . 094 

1 . 101 

272668 . 0  

2 . 410 

2 .610 

71. 406 

0 . 518 

MS 
0 . 588 

0 . 000 

1 2 . 219 

0 . 000 

0 . 023 

0 . 094 

0 . 560 

SRV 

1 . 268 

1 . 808 

DO 

0 . 839 

1 . 364 

00 

5 . 270 

7 . 422 

37. 479 20 .950 170 . 979 

0 . 017 

0 . 159 

0 . 000 

0 . 020 

1 . 006 

us 
0 . 000 

0 . 399 

0 . 000 

0 . 000 

0 . 014 

0 . 635 

0 . 100 

0 . 000 

0 . 065 

0 .152 

1 . 586 

......................................................................... ..................................................................................................................................... ................... 
'l'eIperaJellt 

Kilking speed 

Udder support 

1 . 809 0 . 283 

1 . 369 

0 . 059 

0 . 093 

0 . 773 
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Table 8 . I . continued : PhenotyPic variances and covariances 

used for determining weighting factors in selection indexes . 

b)  Jerseys 

Protein 

Killiat 

VolUle 

Liveweight 

SUrvival (1->2) 
OVerall opinion 

i'eDperament 

KilkiIxJ speed 

Fore udder 

Protein 

p 

234 .440  

F 

313 . 536 

506. 360 

2 . 411 

v 

5524 . 22 

7589 . 18 

153792.0 

1 . 813 

2 . 317 

4 0 . 376 

0 . 265 

MS 
0 . 469 

SRV 

1 . 212 

1 . 950 

3 1 . 033 

0 . 006 

0 . 142  

YO 

00 

3 . 277 

5. 026 

87. 586 

0 . 000 

0 . 039 

0 . 866 

1 .087 

Killiat 3 . 816 0 . 920 1 . 598 

Volllle 66. 498 12.021 23 . 869 
....................... _ ....................................... ............ ............ ........ ........ ............ u ................................. ............ ............ ......................... n ••••••••••••••••••• 
Li veweight 0 . 000 0 • 000 0 . 000 

survival (1->2) 0 . 032 0 . 012 0 . 011 

OVerall opinion 0 .766 0 . 333 0 . 094 
.......................................................................................................................... ................................................................................................. 
feDperaJIent 1 . 467 0 . 235 0 . 086 

Killing speed 1 . 044 0 . 062 

Fore udder 1 . 029 



Chapter 8 ,  Aspects ot selection for economic aerit 1n dairy cattle - G. Ahlborn, 1994 226  

Table 8 . 2 . : Genetic variances and covariances used in 

determining weighting factors for selection indexes . 

a )  Holstein-Friesians ) .  

Protein 

Kilkfat 

VolUie 

tiveveiqht 

SUrvival (1->2 ) 
lkIder overall 

OVerall opinion 

TemperaJeIlt 
Kilking speed 

lkIder s1Ip!Xlrt 

Protein 

Killiat 

VolUie 

tiveveiqht 

SUrvival (1->2 ) 
lkIder overall 

OVerall opinion 

'feIpera:aent 
Kilking speed 

lkIder support 

p 

70 . 300 

F 

65.815 

109 . 540 

v 

2001 . 435 

2057 . 45 

78866 . 0  

'DI 
1 . 206 

1 . 597 

37. 948 

0 . 000 

0 . 006 

0 . 009 

0 . 142 

0 . 190 

1 .020 

0 . 707 

41 .755 

0 . 203 

SRV 

0 . 091 

0 . 234 

0 . 203 

-0 . 004 

0 . 005 

-0 . 044 

0 . 721 

-14. 887 

0 . 000 

0 . 013 

-0 . 011 

0 . 093 

0 . 030 

0 . 281 

lJO 

-0 .741 

-0. 598 

-24 . 807 

0 . 000 

-0 . 006 

0 . 270 

us 

00 

1 . 414 

2 . 047 

44 . 146 

0 . 000 

0 . 009 

0 . 012 

0 . 147 

-0 . 879 

-0. 869 

27.001 

0 . 000 

-0 . 005 

0 . 216 

0 . 018 

0 . 017 

-0. 005 

0 . 191 
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Table 8 . 2 . continued : Genetic variances and covariances used 

in determining weighting factors for selection indexes . 

b)  Jerseys 

Protein 

Miillat 

VolUle 

Liveveigbt 

survival (1->2) 

p 

40.132 

F 

47 . 170 

86. 628 

v 

1080 . 645 

1236. 925 

39344 . 0  

0 . 602 

0 . 836 

15 . 017 

0 . 031 

SRV 

0 . 152 

0 . 262 

4 .767 

0 . 002 

0 . 001 

00 

0 . 870 

0 . 950 

1 8 . 160 

0 . 000 

0 . 006 

OVerall opinion 0 . 124 
.............................................................................................................. ............................................................................................................. 
TelperaJIent 

MilliD.J speed 

Udder support 

Fore udder 

Protein 

Miillat 

Volute 

0 . 625 

0 . 835 

13 . 339 

lIS 
0 . 177 

0 . 130 

-6 . 468 

us 
-0 . 059 

-0.043 

-9. 219 

YO 
0 . 187 

0 . 367 

-6.844 

Li veveight 0 . 000 0 .000 0 . 000 0 . 000 

survival (1->2) 0 . 006 0 . 001 -0. 001 0 . 003 

OVerall opinion 0 . 129 0 . 056 0 . 041 0 . 030 
................................................................................................................................ ............................................................................................. 
Telperaaent 0 . 201 0 . 019 0 . 035 0 . 022 

JtilliIxj speed 0 . 217 0 . 063 0 . 062 

Udder support 0 . 216 0 . 204 

Fore udder 0 . 243 
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selection as the survival rate from fi rst to second l actation 

is not known until the second lactation has started . 

Genetic correlations indi cated that survival rate was better 

pred icted by the farmers overa l l  opinion , the animal ' s  

temperament , mi lking speed and protein and mi lkfat production 

than through conformation traits , especial ly in Jerseys . 

Table 8 . 3 . : Weighting factors ( $/cow/annum) for selection 

criteria included in the selection indexes III ( Holstein­

Friesians ) and IJ ( Jerseys ) .  

Trait Holstein-Fries . Jersey 

( sc = score ) $/unit stand . $/unit stand . 

Prote in ( kg )  0 . 5 7 9  1 5 . 0 4 7  0 . 9 5 0  2 0 . 6 8 6  

Mi lkfat ( kg )  0 . 2 0 6  7 . 002  0 . 0 9 5  3 . 0 3 8  

Vo lume ( kg )  0 . 0 0 8  6 . 1 60  -0 . 0 1 1  -5 . 5 6 4  

Livewe ight ( kg )  -5 . 9 1 9  - 6 . 097 4 . 8 7 5  3 . 60 8  

Udder overa l l  ( sc )  6 . 7 59  7 . 299  5 . 2 6 7  6 . 1 3 9  

Overall opin e ( sc )  0 . 6 3 8  0 . 9 3 8  5 . 9 71  6 . 8 6 7  

Temperament ( sc )  3 . 2 5 5  5 . 110  1 . 2 4 6  1 . 8 4 3  

Mi lking speed ( sc )  3 . 7 2 5  5 . 2 5 2  2 . 8 6 9  3 . 7 5 9  

Udder support ( sc )  - 3 . 8 2 4  - 3 . 7 86 

Fore udder ( sc )  6 . 8 4 3  8 . 1 4 4  



Chapter 8 ,  Aspects of selection for economic merit in dairy cattle - G. Ahlborn, 1994 229 

8 . 3 .  Results and discussion 

The weighting factors bH and bJ calculated for the selection 

indexes IH and IJ are presented i n  Table 8 . 3 .  The weighting 

factors ( b / s )  for these selection criteria ranged between -

5 . 9 2 and 1 4 . 2 8 .  

The weighting factors represent the solution to 9 l inear 

equations and vary with different values for genetic and 

phenotypic parameters and are therefore population speci f ic . 

For this reason , weighting factors are usually not publ i shed 

making comparisons with other dairy cattle populations 

impossible . An example of thi s  specificity is seen by 

comparing differences between Holstein-Friesian and Jersey 

index weights in the current study . Volume and l iveweight 

have negative economic values f or both , Holstein-Friesians 

and Jerseys , but the index weights are pos itive for volume in 

Holstein-Fries ians and for l iveweight in Jerseys ( Table 

8 . 3 . ) .  The difference between breeds in genetic and 

phenotypic correlations between l iveweight and volume and the 

rema ining traits in the selection index resulted in these 

dif ferent index weights . 

To al low a comparison of  the importance of each trait the 

standardised weighting factors which take the standard 

deviations for each trait into account are also shown in  

Table 8 . 3 .  The standard deviations for the various traits 

differ cons iderably . 

Protein yield was the most important trait with $ 1 5  per 

standard deviation in Holstein-Friesians and $ 2 1  in Jerseys . 

In  Jerseys , overall opinion and fore udder returned high 

economic we ighting factors . 

Li veweight had a negative weighting factor for Holstein­

Friesians but a positive one for Jerseys despite both breeds 

having negative economic values for l iveweight . 
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The weighting factors shown in Table 8 . 3 .  are in l ine with 

those reported in previous studies for the same dairy cattle 

population and the same production system ( Wickham , 1979 ; 

Ahlborn-Breier and Wickham , 1 9 8 6 ; Ahlborn-Breier and Wickham , 

199 0 ) . 

8 . 4 .  Conclusion 

The high economic value of protein yield in the New Zealand 

dairy production system is reflected in the highest weighting 

factors for the selection indexes constructed . 

It would be useful to estimate the genetic gain possible with 

di fferent combinations of traits as selection criteria in  

compari son to the selection indexes proposed here . This 

might identify selection indexes which might al low lower 

recording costs without a loss in genetic progress in the 

goa l of breeding dairy cows with high economic merit . 
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9 .  CONCLUSION 

2 3 0  

Genetic and economic aspects o f  changes in the mean o f  a 

trait were combined in this study to quantitatively derive an 

aggregate genotype with the aim to improve the economic merit 

of New Zealand dairy cattle . A selection index was developed 

for ranking individuals in the Holstein-Friesian and Jersey 

dairy cattle populations of New Zealand . 

Relati ve economic values for production traits and traits 

other than production were estimated . A net farm income 

function was def ined for a pasture based milk production 

system with unl imited output in a competitive marketing 

system . The effects of changes in  genetic , biological and 

economic parameters on the animal ' s  l i fe cycle and various 

components of farm income was simulated with a bioeconomic 

computer model . 

The economic variables included prices for mi lkfat , protein , 

lactose , volume , carcass of mature cow , carcass of cal f , calf 

sold for rearing as wel l  as variable costs , fixed costs and 

discount rate . The biological variables included dry matter 

production per ha , uti� isation of energy and requirements for 

ma intenance , lactation , prenatal growth , postnatal growth , 

we ight gain , milk production , l iveweight , replacement rate , 

age distribution of the herd , survival rate of cows , calves 

and replacements , dressing percentage and ratio of calf 

weight at bi rth to cow liveweight . The model was val idated 

and verified . The results showed the trade-off between milk 

production and stocking rate i . e .  on herdsi z e  and thu� net 

farm income . The reduction in stocking rate requi red to 

achieve a phenotypic standard deviation increase in protein 

yield was twice the reduction in  stocking rate needed to 

obtain a phenotypic standard deviation increase in  milkfat 

yield . 
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The economic value for protein yield was $ 4 . 6 4/kg/cow for 

Holstein-Fries ians and $ 4 .  58/kg/cow for Jerseys , fol lowed by 

$ 1 . 8 4/kg/cow and $ 1 .  75/kg/cow , respectively for milkfat 

yield . Liveweight ( kg )  had a negative economic value of 

$ O . 4 9/kg/cow for Holstein-Friesians and $ O . 5 3/kg/cow for 

Jerseys . An increase in survival rate by 1% had a pos itive 

economic value of $ 9 . 25/cow for Holstein-Friesians and 

$ 9 . 2 9/cow for Jerseys . Surpris ingly , lactose had a lower 

economic value than liveweight . The expl anation for this is  

that an increase in. l iveweight gives a loss in  revenue due to 

a reduced milk yield per ha but a higher return from cul l  

cows and bobby calves . 

The ef fects of changes in parameters and input and output 

variables in the bioeconomic model were evaluated in a 

sensitivity analysis . 

Results showed that decl ining returns for milk reduced 

economic values for all milk components and simultaneously 

increased economic values for l iveweight . Changes in  the 

pr ice pa id for protein had the highest impact on a l l  other 

economic values . 

Cons iderable variations in prices for cul l cows and bobby 

calves and also in input variables and biologica l animal 

parameters had only a minor impact on economic values . It 

was found that the bioeconomic model was relatively robust to 

changes in the input variables and gave stable economic 

values . 

An increase in  survival rate increases a cow' s profitabi l ity 

as cows contribute to net farm income only during their 

lactation years and constitute a cost during the rearing 

period . Thus , a trait which influences survival rate also 

af fect the cow ' s  profitabi lity and net farm income . The 

effects of traits other than production on survival rate were 

quantified . Results showed that after production traits the 

farmer ' s  overal l  opinion and the traits udder support and 

udder overall had the greatest impact on survival rate . 
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These traits were used as selection criteria for survival 

rate in the selection indexes . The conformation traits rump 

angle , rump width , legs , front teat placement and rear teat 

placement did not affect survival rate . 

Variance and covariance components were estimated for all  2 3  

traits used i n  the current selection index . Genetic 

parameters for production , management and conformation traits 

were estimated using multitrait REML procedures . 

Results showed that parameter estimates did not differ 

substantially from other populations . Heritabil ities were 

0 . 2 5 for protein yield and 0 . 2 1 for mi lkfat yield for 

Holstein-Friesians and 0 . 1 7 for both traits in Jerseys . High 

posi ti ve genetic correlations were observed between shed 

temperament and adaptabi l ity to mi lking and also between 

l iveweight , stature and capacity in both Holstein-Friesians 

and Jerseys . This suggests that the traits adaptabi lity to 

milking , capacity and either l iveweight or stature may be 

deleted from the current recording system . 

An aggregate genotype and selection indexes for Holstein­

Friesians and Jerseys were constructed from the economic 

values and genetic parameters estimates . Only traits with 

non-zero economic values were included in the aggregate 

genotype . Some traits with high genetic correlations with 

other traits were excluded . 

The aggregate genotype T included the traits protein yield , 

mi lkfat yield , volume , l iveweight and survival rate . 

The selection index 1H for Holstein-Friesians included the 

traits protein yield , milkfat yield , volume , l iveweight , 

udder overall , overal l  opinion , temperament , milking speed 

and udder support . 

The selection index 1J for Jerseys included the traits 

protein yield , milkfat yield , volume , l iveweight , udder 

overa l l , overal l  opinion , temperament , milking speed and fore 

udder . 

The weighting factors calculated for these selection indexes 



Chapter 9 ,  Aspects of selection for economic aerit in dairy cattle - C. Ahlborn , 1994 2 3 3  

ranged between - $  5 . 92/unit/cow and $ 6 .  84/unit/cow . 

These selection indexes include the economical ly important 

trait survival rate in the aggregate genotype without 

extending the current generation . 

This study is the first comprehensive analysis of avai lable 

data and has 

1 )  identified economic values for traits 

influencing the profit function in the New Zealand 

dairy cattle production system 

2 )  derived multitrait estimates of genetic and 

phenotypic parameters for production , management 

and conformation traits of the New Zealand 

Ayrsh i re , Ho lstein-Fr i e s i an and Jersey 

populations , 

3 )  combined genetic and phenotypic population 

parameters and economic values in an aggregate 

genotype for New Zealand dairy cattle with the 

objective to increase net farm income 

4 )  developed selection indexes for Holstein­

Friesians and Jerseys which maximise the 

correlation with the aggregate genotype using the 

estimates for phenotypic and genetic parameters . 

Further investigations assessing the impact of ' changes in  

genetic and phenotypic parameters and economic values on the 

weighting factors used would evaluate the robustness of these 

selection indexes . A detai l ed evaluation of the potential 

genetic improvement achievable with different combinations of 

the various traits with the estimated parameters could lead 

to further improvements of genetic progress in economic merit 

of New Zealand dairy cattle . 
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10 . Appendix 

10 . 1 .  APL-CODE OF BIOECONOMIC MODEL 
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Table 10 . 1 . : Adjusted means ( fl )  , phenotypic ( o-p 2 ) and 

additive genetic ( 0-/ )  variances and heritability estimates 
A 

(h2 ) with their standard deviations ( s . d . ) and standard 

errors ( s . e . ) for production and non-production traits for 

primiparous cows . 

a )  Holstein-Friesian 

Trait � s.d.  � 2 
p s.e.  � 2 

A s.e.  h2 s.e. 

Protein 100. 56 25 .97 280 . 22 30. 851 70 . 30 7 . 26 0 . 25 0 . 025 

Milkfat 130.83 33 .94 513 . 80 55. 209 109 . 54 12 .08 0 . 21 0 .022 

Milk 2991 .68 777 .96 272668 3091 78866 7815 0 . 29 0 . 027 

Protein % 3 . 38 0 . 28 0 .060 0 .0008 0 . 027 0 . 002 0 . 47 0 .034 

Milkfat % 4 0 40 0 . 51 0 . 203 0. 0026 0 . 090 0. 0076 0 . 44 0 . 034 

Weight 4 . 51 1 .03 0 . 518 0. 0063 0 . 203 0 . 0189 0 . 39 0 . 031 

stature 5.41 1 . 07 0 . 624 0. 0082 0 . 306 0. 0250 0 . 49 0 . 036 

Capacity 5.46 1 . 02 0 . 812 0 . 0093 0 . 257 0 . 0062 0 . 3 2  0 . 027 

Survival 1 st"2nd. Lact. 0. 767 0 . 423 0 .159 0 . 0161 0 . 005 0 .0015 0 .03 0 .010 

Udder OVerall 4 . 91 1 . 08 1 . 006 o . om 0 . 270 0 . 0065 0 . 27 0 . 024 

Dairy Conformation 5 . 53 1 . 03  0 . 851 0 . 0956 0 . 259 0 .0234 0 . 30 0 . 026 

OVerall Opinion 6 . 24 1 . 47 1 . 586 0. 0159 0 . 147 0 . 0221 0 . 09 0 . 014 

Adaptability to Milking 5.72 1 . 63 1 . 908 0 . 0191 0 . 164 0 . 2736 0 . 09 0 .014 

Shed Temperament 5 .91 1 . 57 1 . 809 0 . 0183 0 . 190 0. 0271 0 . 11 0 . 015 

Milking Speed 6 . 04 1 . 4 1  1 . 369 0 . 0141 0 . 281 0 . 0254 0 . 15 0 .018 

Rump Angle 5 . 37 0 . 83 0 . 589 0 . 0064 0 . 152 0. 0146 0 . 26 0 . 023 

RUllp Width 5 . 16 0 . 95 0 . 630 0 . 0701 0 . 178 0 .0168 0 . 28 0 .025 

Legs 5 .73 0 . 80 0 . 417 0. 0041 0 . 026 0 . 0048 0 . 06 0 . 011 

Udder Support 5 . 19 0 . 99 0 . 773 0 .0084 0 . 191 0 . 0189 0 . 25 0 . 023 

Fore Udder 5 . 00 1 . 06 0 . 909 0 . 0096 0 . 187 0 .0049 0 . 21 0 . 021 

Rear Udder 4 . 86 0.99 0 . 905 0 . 0089 0 . 185 0 .0044 0 . 21 0 . 021 

Front Teat Placement 4 . 29 0 . 72 0 . 817 0 .0089 0 . 197 0 . 0197 0 . 24 0 . 023 

Rear Teat Placement 5 . 32 0 . 82 0 . 456 0 . 0051 0 . 133 0 .0127 0 . 29 0 . 026 
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Table 10 . 1 . cont ' d :  Adjusted means ( � ) , phenotypic ( �/ )  and 

additive genetic ( �Al ) variances and heritability estimates 

(hl )  with their standard deviations ( s . d . ) and standard 

errors ( s . e . ) .  for production and non-production traits for 

primiparous cows . 

b )  Jersey 

Trait 

Protein 

Milkfat 

Milk 

Protein % 
Milkfat % 
Weight 

stature 

Capacity 

Survival 1 st."2ncl Lact. 

Udder OVerall 

Dairy Conformation 

OVerall Opinion 

Adaptability to Milking 

Shed Temperament 

Milking Speed 

R\lJlp Angle 

RUDP Width 

Legs 
Udder Support 

Fore Udder 

Rear Udder 

Front Teat Placement 

Rear Teat Placement 

s.d. �p2 s.e .  

92 .85  

131.  42  

2317.65 

4 . 01 

5 . 67 

21 . 77 234 . 44 2. 9549 

6 . 3622 

2002 

0 . 1046 

0 . 4032 

31 .98 506 . 36 

520.02  153792 

0 . 32 0 . 699 

0 . 57 0 . 251 

2 . 97 0 . 74 

3 . 64 0 . 80 

6 . 16 1 . 15 

0 . 796 0 . 403 

5 . 35 1 . 23 

6 . 12 1 . 14 

6 . 54 1 . 1 5  

6 . 12 1 . 54 

6 . 30 1 . 48 

6 . 37 1 . 31 

5 . 28 0 . 70 

5 . 53 1 . 04 

5 . 52 0 . 63 

5 . 72 1 . 14 

5 . 58 1 . 19 

5 . 39 1 . 22 

4 . 31 0 . 72 

5.06 0 . 69 

0 . 265 0 . 3210 

0 . 364 0 . 4760 

0 . 866 0 . 1063 

0 . 142 0 . 1644 

1 . 110 0 . 1456 

0 . 892 0 . 1120 

0 . 866 0 . 1063 

1 . 507 0 . 1846 

1 . 467 0 . 1786 

1 . 044 0 . 1345 

0 . 401 0 . 5299 

0 . 603 0 . 7429 

0 . 232 0 . 2724 

0 . 943 0 . 1238 

1 . 029 0 . 1347 

0 . 960 0 . 1254 

0 . 459 0 . 6176 

0 . 437 0 . 5582 

40. 132 

86. 628 

39344 

0 . 028 

0 . 122 

s.e.  

6 . 2666 

12 . 8790 

4598 

0 . 0031 

0 . 0128 

0 . 031 0 . 0054 

0 . 082 0 . 0109 

0 . 124 0 . 0199 

0 . 001 0 . 0010 

0 . 263 0 . 0344 

0 . 612 0 . 0235 

0 . 124 0 . 0199 

0 . 208 0 . 0248 

0 . 201 0 . 0328 

0 . 217 0 . 0299 

0 . 104 0 . 0131 

0 . 096 0 . 0147 

0 . 013 0 . 0033 

0 . 216 0 .0286 

0 . 243 0 . 0319 

0 . 223 0 . 0294 

0 . 123 0 . 0143 

0 . 085 0 . 0119 

0 . 17 

0 . 17 

0 . 22 

0 . 4 0  

0 . 49 

0 . 1 2  

0 . 23 

0 . 1 4  

0 . 01 

0 . 24 

0 . 18 

0 . 14 

0 . 14 

0 . 14 

0 . 21 

0 . 26 

0 . 16 

0 . 06 

0 . 23 

0 . 24 

0 . 23 

0 . 27 

0 . 19 

s.e.  

0 . 025 

0 . 025 

0 . 028 

0 . 040 

0 . 045 

0 . 020 

0 . 029 

0 . 022 

0 . 007 

0 . 029 

0 . 025 

0 . 022 

0 . 022 

0 . 022 

0 . 027 

0 . 031 

0 . 024 

0 . 015 

0 . 029 

0 . 029 

0 . 029 

0 . 032 

0 . 026 
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Table 10 . 1 . cont ' d :  Adjusted means ( /l ) , phenotypic ( 0/ )  and 

additive genetic ( 0/ )  variances and heritability estimates 

( hl )  with their standard deviations ( s .  d. ) and standard 

errors ( s . e . ) .  for production and non-production traits of 

primiparous cows . 

c )  Ayrshire 

Trait 

Protein 

Milkfat 

Milk 

Protein % 
Milkfat % 
Weight 

stature 

Capacity 

Survival 1 st�2nd Lact. 

Udder OVerall 

Dairy Conformation 

OVerall Opinion 

Adaptability to Milking 

Shed Temperament 

Milking Speed 

RU1lp Angle 

Rump Width 

Legs 

Udder Support 

Fore Udder 

Rear Udder 

Front Teat Placement 

Rear Teat Placement 

P s.d. 4p:2 s.e. 4A:2 s.e.  h:2 s.e. 

102 . 02 27.63 258 . 10 1 1 . 394 62 .66 27. 592 0 . 24 0 . 092 

128 .77 35.59 468 .51 19 . 956 91 . 24 4 1 . 583 0 . 20 0 . 083 

2899 . 38 762.24 235822 10197 48382 23116 0 . 21 0 . 085 

3 . 53 0 . 28 0 . 51 0 . 237 0 . 02 0 . 006 0 . 3 8  0 . 117 

4 . 54 0 . 50 0 . 17 0 . 875 0 . 09 0 . 026 0 . 51 0 . 136 

3 . 69 0 . 88 0 . 40 0 . 173 0 . 10 0 . 040 0 . 24 0 . 092 

4 . 29 0 . 90 0 . 50 0 . 247 0 . 23 0 . 072 0 . 45 0 . 127 

5 . 97 1 . 04 0 . 73 0 . 323 0 . 19 0 . 076 0 . 26 0 .096 

0 . 790 0 . 407 0 . 1 5  0 . 622 0 . 01 0 . 008 0 . 08 0 . 059 

5 . 39 0 . 95 1 . 49  0 . 661 0 . 39 0 . 160 0 . 26 0 . 096 

5.71 0 . 97 0 . 66 0 . 285 0 . 16 0 . 006 0 . 24 0 . 091 

6 . 48 1 . 3 5  1 . 49 0 . 661 0 . 39 0 . 136 0 . 26 0. 096 

5 . 80 1 . 68 2 . 05 0 . 923 0 . 63 0 . 229 0 . 31 0 . 104 

6 . 11 1 . 51 1 . 7 3  0 . 779 0 . 52 0 . 195 0 . 30 0 . 102 

6 .35 1 . 38 1 . 39 0 .653 0 .48 0 . 180 0 . 35 0 . 110 

5 . 57 0.71 0 . 05 0 . 002 0 . 002 0 . 006 0 . 38 0 . 117 

5 . 20 0 . 88 0 . 17 0 . 009 0 . 09 0 . 026 0 . 51 0 .136 

5.43 0 . 63 2 . 05 0 . 092 0.63 0 . 229 0 . 31 0 . 104 

5 . 70 0 .91 1 . 73 0 . 779 0 . 52 0 . 195 0 . 30 0 . 102 

5 . 53 0 . 97 1 . 39 0 . 065 0 . 48 0 . 180 0 . 35 0 . 110 

5 . 42  0 . 98 1 . 49 0 . 066 0 . 39 0 . 160 0 . 26 0 . 959 

4 . 49 0 . 67 0 . 66 0 . 027 0 . 06 0 . 038 0 . 10 0 .626 

5 . 33 0 .80 0 .66 0 .029 0 . 16 0 . 061 0 . 24 0 . 907 
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! 
: Table 10 . 2 . : Heri tabili ty and phenotypic and genetic correlation 
: estimates ( *  100 ) for primiparous cows ( h2 = diagonal , rp = upper , 

!q = lower triangle ) .  

a )  Holstein-Friesian 

P F II lIG 51 CA SRV lJO OC 00 All m lIS RA RW I.E US FU RU rr RT 
p 
P 
K 

12 88 91 20 19 19 19 21 25 12 13 

75 .fl 82 16 14 18 20 6 21 26 13 13 5 

85 70 l[ 19 19 17 18 21 26 13 14 

we 27 15 33 � 83 41 6 

ST 24 11 29 96 fi 26 

CA 26 28 30 60 38 n. 7 

SRV 15 31 

IJO -17 -11 -17 

IX: 
00 
All 
'nI 
RS 
RA 

15 18 22 

44 51 41 

27 32 26 

33 35 31 

-1 13 -10 

13 4 

-12 -19 27 ! 5 9 13 5 6 5 

- -17 n 41 12 8 

-6 64 JQ 15 7 7 0 

33 6 26 � 61 65 38 

20 12 14 91 � 69 21 

19 12 85 98 12 18 

33 -4 -11 46 23 13 11 
16 

10 -2 0 1 7 -2 

8 -2 7 1 

11 o 0 6 -2 

-2 o 0 

72 68 70 44 16 

33 30 33 16 10 

9 10 

5 7 

5 6 6 

9 7 

� -7 11 -14 -13 -15 -10 -4 

RIi 12  9 24 - -22 l[ -11 11 7 12 2 

LE -6 -1 

US -24 -19 -22 

FU -15 -8 -15 

RU -3 -5 -3 

PT -24 -16 -21 

RT -5 5 0 

-4 

- -16 95 56 11 

-9 86 50 0 

22 -12 Q -11 -9 -12 -4 0 

9 -2 -37 34 -33 12 56 60 25 14 

o -1 -36 30 -36 86 .fl 45 21 6 

- -14 89 57 13 9 -15 10 -32 39 -32 86 69 M 20 10 

- -27 66 41 

-2 28 33 

- -29 10 

-10 

51 46 39 � 33 

24 6 15 58 l[ 

p :  Protein (kg) , F : Kilkfat (kg) , M : Kilk (kg) , WG : Weight, ST : stature , C : capacity, SRV : Survival Rate, UO : Udder overall , 

DC: Dairy Confol1lation, 00 : OVerall Opinion, AM :  Adaptability to Kilking , 'I'M :  Tellperament, lIS :  Milking Speed , RA : RuIIp Angle , 

RIi: RuDp Width , LE : Legs, US : Udder Support, FU : Fore Udder, RU: Rear Udder, FU : Fore Udder , · RU : Rear Udder, IT : Front Teat 

Placellent , RT : Rear Teat Placellent 
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rable 10 . 2 .  continued : Heritability and phenotypic and genetic 

�orrelation estimates ( *  100 ) for primiparous cows ( hl = diagonal , 

C'p = upper , rq = lower triangle ) .  

b )  Jersey 

P F II IiG ST CA SRV 1J() OC 00 All 'D( MS RA RW LE US FU RU rr RT 
P 

F 

II 

II 91 92 23 23 Z4 21 9 27 23 14 13 

80 II 86 20 21 22 23 26 24 14 14 

86 67 II 20 22 21 21 10 25 24 15 14 

IiG 54 51 43 Jl 59 34 

ST 55 54 48 90 n 18 

CA 25 16 50 12 li 
SRV 76 89 76 37 40 18 f 5 11 6 

uo 
DC 
00 
All 
'D( 

-3 -5 -10 

23 17 

39 29 26 

26 23 20 

22 20 15 

6 -7 

5 13 11 

6 15 8 

-5 0 

10 M 40 13 6 

22 53 II 18 11 11 

57 15 32 Jl 62 68 35 

47 12 82 J1 69 21 

41 19 11 82 99 1! 19 

18 

-6 

14 34 19 9 n 

1 

13 -4 

13 -3 

12 -4 

o 

7 8 -4 -1 

7 7 -3 0 

9 -3 1 

-1 0 

96 70 73 42 22 

31 33 33 10 7 

10 10 11 
6 8 

7 7 8 

6 6 

� -9 11 -13 -13 -11 -6 -2 

-14 lQ -9 9 7 8 -1 
39 -21 � -11 -9 -9 -3 -2 

!IS 
RA 
RW 
LE 
US 

FU 
RU 

-2 -1 -10 -8 70 44 25 17 29 -26 16 -13 23 63 58 28 22 

6 -7 

-3 -3 

rr -24 -23 -17 

RT -32 -34 -23 

19 87 52 17 10 10 27 -23 8 -11 89 M 53 22 13 

-3 86 49 17 12  12 9 -31 

- -17 57 4 

- -23 48 -4 

-17 19 

-19 -4 

-8 40 71 23 20 18 

50 27 26 n 43 

42  22 32 78 li 

? = Protein (kg) , F = Milkfat (kg ) ,  M = Milk (kg) , WG = Weight, ST = Stature , C = capacity, SRV = Survival Rate, UO = Udder overall ,  

DC= Dairy Confol1lation, 00 = OVerall Opinion , AM = Adaptability to milking, TM = TeJlpement , !IS = ltilking speed, RA = RUIlp Angle, 

RW= Runp width , LE = Legs , US = Udder Support, FU = Fore Udder , RU= Rear Udder , FU = Fore Udder , RU = Rear Udder, rr = Front Teat 

Placement , RT = Rear Teat Placellent 
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Table 10 . 2 . continued : Heritability and phenotypic and genetic 

correlation estimates ( *  100 ) for primiparous cows ( h2 = diagonal , 

rp = upper , rg = lower triangle ) .  

c)  Ayrshire 

P F " IIG ST CA SRV 00 IX: 00 All m lIS RA RW I.E US FU RU rr RT 

P '/J.. 88 92 19 23 19 21 14 21 39 25 23 21 11 -1 6 7 13 7 8 

F 63 li 84 15 18 19 21 14 20 39 24 22 22 7 -2 12 4 4 

" 87 54 .ll 16 21 17 17 14 16 38 25 22 21 5 5 15 6 6 

IiG 53 13 47 � 78 27 5 

ST 67 28 68 95 !Z 12 5 

CA 17 o 59 35 '/J.. 9 

SRV 15 53 -19 -54 -50 -19 Z 13 6 9 -1 -3 0 0 2 -1 

00 41 47 23 

IX: 59 48 28 

00 
All 

74 63 58 

52 33 50 

'l! 63 46 59 

lIS 53 51 37 

RA -24 -35 -4 

RW 
I.E 
US 

FU 

48 12 18 

29 -21 47 

33 44 8 

15 14 -18 

RU -7 -28 

rr 
RT 

42 11 47 

8 -1 -2 

53 � 43 14 8 48 

67 59 � 21 14 19 

53 60 76 � 63 68 48 

37 43 62 88 II 67 36 

3 3  51 64 94 96 11 31 

56 47 68 90 75 82 J1 

- -54 

- 59 56 60 36 18 

- 29 26 30 17 11 

- 11 16 

11 -21 18 

2 9 

2 

8 9 6  

10 
-6 -9 -9 -1 

28 - -65 1! -7 11 5 -1 

- -34 

81 96 52 40 

33 66 54 25 -7 

58 -30 ! -9 -2 -7 -4 0 

28 27 -36 18 22 lQ 48 44 19 14 

52 -33 34 -23 67 II 31 20 11 

30 87 26 29 17 25 47 -35 -5 16 86 61 11 11 12 

- -34 47 50 

- -12 64 39 

- -50 -10 -61 15 12 17 32 

- -30 4 -33 55 53 49  80 J1 

p :  Protein (kg ) , F :  lIilkfat (kg) , II :  Milk (kg) , 1iG :  Weight, ST = stature, C :  Capacity, SRV : Survival Rate, UO : Udder overall , 

DC: Dairy Confomtion, 00 : OVerall Opinion, AM :  Adaptability to Milking , 'I'M :  TeJlperament , lIS : Milking Speed, RA : RUJlp Angle, 

RW: Rump Width, LE :  Legs, US : Udder Support, FU :  Fore Udder , RU: Rear Udder, FU :  Fore Udder, RU = Rear Udder, FT :  Front Teat 

Placement, RT : Rear Teat PlaceJlent 
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Table 10 . 3 . : standard errors for heritability and phenotypic and 

genetic correlation estimates ( *  100 ) for primiparous cows ( h2 = 

diagonal , rp = upper , rg = lower triangle ) .  

a )  Holstein-Friesian 

P F M � � a �V 00 oc 00 � m � AA � � � ro RU n � 

P � 0 0 1 

F 1 1 1 1 

M 2 1 1 1 1 1 

� 6 7 6 1 0 

� 6 6 6 ! 
a 6 6 6 4 1 
�V 12 1 1  12 1 1  1 1  11 1 1 1 1 

00 7 7 11 1 1 0 0 

oc 7 7 6 12 1 1 

00 7 7 7 13 1 0 

� 8 8 14 9 1 0 

� 8 14 7 1 1 
� 8 8 12 7 9 � 

AA 17 7 12 1 1 1 1 

� 7 7 6 11 7 1 
� 10 10 � 9 9 1 
� 7 7 12 8 6 9 � 0 0 

ro 7 7 12 5 9 9 6 1 1 1 

W 7 7 12 5 9 8 6 9 2 � 1 

n 6 7 6 11 6 7 5 6 6 1 
� 7 7 11 6 6 7 7 9 6 7 5 3 

p :  Protein (kg) , F :  Milkfat (kg ) , M :  Milk (kg ) ,  WG : Weight, ST : stature, C :  Capacity , SRV : Survival Rate, UO : Udder overall ,  

DC: Dairy Conformation, 00 : OVerall Opinion, AM : Adaptability to milking , TM : Temperament, MS : Milking Speed, AA : Rump Angle, 

RW: Rump Width, LE : Legs , US : Udder Support, FU :  Fore Udder , RU: Rear Udder , FU :  Fore Udder, RU : Rear Udder , n : Front Teat 

Placement, RT : Rear Teat Placement 
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Table 10 . 3 . continued : Standard errors for heritability and 

phenotypic and genetic correlation estimates ( *  100 ) for 

primiparous cows ( h2 = diagonal , rp = upper , rq = lower triangle )  • 

b) Jersey 

P F " lIG ST CA SRV 00 IX: 00 All m lIS RA Ri LE US FIJ RU rr RT 

P f 0 1 1 

F f 0 1 

II 2 5 1 1 1 

lIG 9 f 

ST 8 8 1 

CA 10 10 10 9 10 f 1 

SRV 9 6 19 18 19 Q 
DO 10 10 11 1 1 0 0 1 1 

IX: 10 10 10 11 7 1 1 1 1 

00 10 10 10 12 10 10 f 0 1 1 

All 10 10 10 13 10 9 f 0 

'I'll 10 10 10 14 10 10 4 f 

lIS 10 10 10 15 9 10 10 10 10 1 1 

RA 10 10 18 1 1 

RW 11 10 10 19 10 f 1 

LE 14 14 13 23 12 13 1 1 

US 10 10 18 0 10 - 10 9 9 10 13 1 1 1 

FU 10 10 11 7 10 10 10 9 10 13 1 1 1 

RU 10 10 11 10 10 9 8 10 13 10 1 1 

F'l' 9 9 11 6 9 9 13 8 1 1 

RT 10 10 11 8 10 10 13 9 5 3 

P = Protein (kg) , F = Milkfat (kg) , M = Milk (kg ) ,  WG = Weight, ST : stature , C :  Capacity, SRV : Survival Rate, UO : Udder overall, 

DC: Dairy ConfoI1lation, 00 : OVerall Opinion, All = Adaptability to IUlking, 'I'M : Te1IperaJlent, lIS : Milking Speed, RA : RUJlp Angle , 

RW: Rump Width, LE : Legs, US : Udder Support, FU :  Fore Udder , RU: Rear Udder , FU :  Fore Udder, RU : Rear Udder, F'l' : Front Teat 

Placellent , RT : Rear Teat Placellent 



Chapter 1 0 ,  Aspects of selection for economic aerit in dairy cattle - G .  Ahlborn , 1994 250 

Table 10 . 3 . continued : Standard errors for heritability and 

phenotypic and genetic correlation estimates ( *  100 ) for 

primiparous cows ( h2 = diagonal , rp = upper , rq = lower triangle ) .  

c )  Ayrshire 

P F J( we ST CA SRV 00 IX: 00 All DI KS RA RIi I.E US YO RU rr R'l' 

P � 0 2 2 

F 16 � 2 2 

J( 6 19 1 2 

IiG 22 28 24 � 

51 17 25 18 11 

CA 27 29 28 19 22 lQ 
SRV 27 23 30 26 25 31 1 2 2 2 

UO 26 27 30 34 ! 2 2 2 

IX: 20 24 26 21 23 � 2 2 

00 12 16 17 20 20 15  1 1 2 

All 20 25 21 23 31  19  19. 2 

'1! 18 23 20 26 23 19 19. 2 3 

KS 20 22 23 21 25 18 7 14 12  II 2 

RA 25 26 26 19 lQ 3 2 3 

RIi 22 27 25 22 17 19. 2 

I.E 26 30 24 27 18 25 1 2 

US 27 28 31 12 24 25 28 28 28 28 30 � 2 2 

YO 28 31  28 29 20 24 25 26 27 19 37 36 41 28 ! 
RU 32 35 33 33 8 29 28 30 30 26 25 27 29 9 28 � 
FT 27 32 28 38 27 26 24 28 24 31 32 33 1 
R'l' 25 28 27 33 22 24 23 24 24 23 23 24 16 11 

P : Protein (kg) , F : lIilkfat (kg) , M : lIilk (kg) , WG : Weight, ST : stature , C : Capacity, SRV : survival Rate, UO : Udder OVerall , 

DC: Dairy Confo!1lation, 00 : OVerall Opinion , AM : Adaptability to Milking, 'I'M : Tellpement, MS : Milking Speed, RA :  RUllp Angle, 

RW: Rump Width , LE :  Legs, US : Udder Support, YO :  Fore Udder, RU: Rear Udder , YO :  Fore Udder , RU : Rear Udder, FT :  Front Teat 

Placellent , RT : Rear Teat Placellent 
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