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In a dairy cattle breeding program, selection should be on functional
longevity rather than on uncorrected longevity. The heritability of functional
longevity is below 10%, hut data on the length of productive life of cows are
easily obtained from milk recording databases. Survival analysis is needed for an
unbiased prediction of breeding values for young bulls, because this method
makes proper use of information on cows that have not been culled at the
moment of data collection. When sufficient data on the realized longevity of the
daughters of a bull are not available, conformation traits have to be used as
predictors. Especially the udder, feet and legs, and rump angle are important
factors in determining longevity. The results from this thesis help breeding
organizations to implement selection for lengevity in their breeding program,
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Stellingen

1. De tijdelijke daling van de gemiddelde levensduur van de Nederlandse
zwartbonte koeien in de jaren tachtig was te wijten aan de invoering van de
melkquotering en de verdringingskruising van het Fries Hollandse door het
Holstein Friesian melkveeras. (Dit proefschrift)

2. Het scoren van het exterieurkenmerk "type" is overbodig. (Dit proefschrift)

3. Fokken op ongecorrigeerde levensduur in een melkveefokprogramma voegt
niets toe, (Dekkers, J.C.M., 71993. J. Dairy Sci., 76: 1433; Strandberg, E.,
1997, Paper G3.2 of 48th EAAP, Vienna, dit proefschrift}

4, Als de productieve levensduur van koeien bekend is en als men de
beschikking heeft over voldoende computercapaciteit, moeten
levensduurgegevens geanalyseerd worden met behulp van de survival
analysis. (Dit proefschrift}

5. De correlatie tussen het percentage eiwit en het percentage vet in de melk
van een koe wordt overschat als niet de percentages, maar de hoeveelheden
eiwit en vet genetisch bepaald zijin. (naar Yule, G.U., 1970. J. Roy. Stat.
Soc., series A, 73: 644)

6. Het bouwen van geboorde, gesegmenteerde tunnels is ook in de slappe,
natte Nederlandse bodem een goed alternatief voor het gebruik van
traditionele bouwmethoden.

7. Gezien het grote aantal "snelwegveeartsen” in Nederland is de
ziekteregistratie van melkkoeien via dierenartsen geen haalbare kaart.

8. Bij de milieu-inspectie wordt geen afweging gemaakt tussen ammoniak- en
CO,-uitstoot.

g, Holsteinisering en de Elfstedentocht zijn beide voorbeelden van verdringing
van het Friese erfgoed.

10. Meepraten is niet hetzelfde als meedenken, maar het één kan niet zonder het
ander,

11. Het gaat er niet om wat waar is, maar wat men denkt dat waar is.

Stellingen bij het proefschrift van Ant R. Vollema: "Selection for longevity in dairy cattle.”
Wageningen, 2 september 1998.
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Introduction



Introduction

The longevity of a dairy cow measures the time she produces in a herd,
and it is determined by her milk production, health, fertility, and workability.
Traits reflecting the production of a cow are usually called primary traits, and
traits reflecting health, fertility, and workability secondary traits. The relevance
of primary traits is easily seen because an increase in production directly results
in a higher output of a farm. Improving secondary traits results in a decrease of
costs, to which in the past little attention has been paid in animal breeding. Only
the Nordic countries included direct selection on secondary traits in their
breeding programs. Nowadays, interest in secondary traits has increased
worldwide: many countries are working on or are already predicting breeding
values for secondary traits like mastitis resistance, calving ease, and milking
speed (Interbull, 1996). The higher valuation also is expressed in their new
name: functional traits (Groen et a/., 1997).

Culling reasons

Apart from cows that die, the longevity of a dairy cow is completely
determined by the culling decision-making of the farmer. Both Renkema and
Stelwagen {1979), Sol et a/. (1984), and Van de Venne {1987} concluded that
70% of the culling of dairy cows in The Netherlands was caused by a disease in
the broad sense. Within this category unsatisfactory reproduction was the main
reason for culling. Culling for low production mainly tock place during the first
lactation (Van de Venne, 1987).

It has to be emphasized that the farmer determines the actual longevity of
cows. The farmer weights the performance of cows for primary and functional
traits and decides whether to cull a cow or not, In practice, this means that it is
nearly impossible 10 make a clear distinction between culling for production and
culling for functional traits. For example, a high producing cow wiil be bred more
often before she is culled for low fertility than a low producing cow. Dehoo and
Martin {1984) indicated that there are two methods to evaluate reasons for
culling. The first method uses the farmer’s stated reason for culling, which gives
an impression of the most immediate and pressing shoricoming of the cow.
However, this method does not give insight in the other reasons for culling. An
improvement would be to ask farmers for more than one culling reason (e.g., Sol
et al., 1984), but in this case, the relative weighting of the different culling
reasons is probably not uniform and thus hard to interpret. The second method
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of Dohoo and Martin {1984) evaluates indirect reasons for removal, such as
disease history and previous milk production. To use this method, data on these
indirect reasons, such as veterinary records, have to be known, which might not
always be the case.

Relevance of longevity

Rendel and Robertson (1950) identified four ways by which increased
longevity increases profit: 1. by reducing the annual costs of replacements per
cow in the herd; 2. by increasing the average herd yield through an increase in
the proportion of cows in the higher producing age-groups; 3. by reducing the
replacements which have to be reared, and therefare allowing an increase in size
of the milking herd for a given acreage; and 4. by an increase in the possibilities
for voluntary culling. The actual profit from an increased longevity of cows
depends on the production circumstances of a farmer: for instance, if there is a
quota system, extra production of the herd is of no extra value. Renkema and
Stelwagen (1979) concluded that the yield resulting from a longer longevity is
subject to the law of diminishing returns. An increase in the genetic potential for
longevity increases the realized longevity, but not as much as the genetic
potential allows {Van Arendonk, 198b). Farmers will use the extra space for
selection to cull more heavily on production or reproduction or both., Several
authors {Dekkers, 1994; Stott, 1994; Van Arendonk, 1985) concluded that the
proportion of involuntary culling governs the potential longevity and thus the
economic advantage of longevity.

The economic value of longevity has often been estimated. VanRaden and
Wiggans (1995} made an overview of the relative economic values of yield and
herd life from the literature, and concluded that the ratio between both values
was on average 2.5:1 which was in line with their own estimate. All estimates
were expressed on a genetic standard deviation basis. The variation between
estimates was large (range 0.8:1 to 8.0:1) emphazising that the economic value
of longevity depends on the production circumstances, although some variation
is also caused by the difference in methods used to calculate the economic
value.

Renkema and Stelwagen {1979) calculated the optimum length of
productive life of a cow with an average milk production without diseases as 10
to 14 lactations. However, they did not consider variation in production and
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functional traits within a herd. Van Arendonk (1988) showed that cows
producing below the herd average had relatively a much lower optimal length of
productive life than the cows producing above average. For instance, the
optimal length of productive life of a cow producing at 70% of the herd average
will be 5 months, while this will be 8 years for a cow producing at 130% of the
herd average. In 1979 the average actual length of productive life in The
Netherlands was 4.% lactations (Renkema and Stelwagen, 1979}, and Van de
Venne (1987) found an average length of productive life of 3.5 years in 1986.
The reasons for this decline in realized longevity can be changed prices of
replacement heifers, the carcass price of culled cows, the rapid introduction of
Holstein Friesian genes in the population, and the fast genetic improvement for
milk potential. However, there is a growing concern about this decrease in
realized longevity of dairy cows. Nowadays much emphasis is on sustainability
of production systems and welfare of animals, and it is felt that in this respect
an increased realized longevity would be one of the desired changes in dairy
production. However, as stated before, the actual longevity of dairy cows is
largely determined by the farmer’s decision making. Breeding programs can
contribute to an increased longevity of dairy cows by including this trait into
breeding programs. In this way at least the potential longevity of dairy cows can
be improved, and by providing breeding values for longevity to the farmers they
may become more aware of, and pay more attention to, the longevity of their
oWn COws,

Longevity in breeding programs

The production of a cow is recorded routinely in many countries, and
breeding values for production traits are easily obtained. Although in some
countries health and fertility traits are recorded as well, in other countries they
are not. Breeding value prediction for functional traits is then based on
correlated traits, such as somatic cell count or conformation traits. An
alternative is the use of longevity. The longevity of cows can be easily
calculated from milk recording records, if one assumes that the last known test
day is the last day of a cow’'s life. Because longevity is determined by
production and functional traits, longevity corrected for milk production is a
better measure for functional traits than uncorrected longevity {Dekkers, 1993).
This corrected longevity is usually called functional longevity. Because culling
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decisions are made within herds, the correction for production has to be on a
within-herd basis as well {(Van Arendonk, 1985).

Breeding organizations have to make many choices if they want to includé
longevity in their breeding program. First, they have to decide what their
breeding goal is, s0 what they want to breed for exactly: uncorrected longevity,
functional longevity, or residual longevity, which is longevity corrected for other
traits which are in the breeding goal. Uncorrected longevity can be seen as
containing all traits that are relevant to the farmer, including milk production.
Because in most breeding programs milk production is recorded routinely,
functional longevity could be wused to breed for all functional traits
simultaneously. In breeding programs where some functional traits are measured
directly, residual longevity might be used to avoid double-counting of traits.

Second, it has to be decided which trait will be used to define longevity. A
distinction can be made between traits that measure the whole lifetime of a
cow, such as herdlife or length of productive life, and stayability traits which
measure whether or not a cow survived until a certain moment in time, such as
stayability until 36 months of age or survival of the third lactation. Lifetime traits
can be measured only after a cow’s death, but contain all information possible
on a cow’'s longevity. Stayability traits are binary traits and contain less
information (e.g., if a cow did not survive until 36 months of age it is unknown
how far before that moment in time she was culled, if she did survive it is
unknown how much longer she will live) but can be measured at any moment.

Instead of looking at these different traits, a different method than the well
known restricted maximum likelihood based on best linear unbiased prediction
may be an alternative to analyse longevity traits. 1T a cow is still alive at the
moment of data collection, her record on longevity is called censored. A
censored record can be seen as the minimum longevity the cow will reach, and
not using such records means loss of information. Cox (1972) described the
method of survival analysis in which not the actual longevity of a machine,
human being, or animal is analysed, but the risk of failure or death. In this
procedure, censored records can be included in the analysis as well. Another
advantage of the method is the possibility to model effects in a time-dependent
way, thus it is expected that such models mimic reality better. Famula {1981)
introduced this method in animal breeding. Smith and Quaas {1384) were the
first to estimate genetic parameters with survival analysis. [n 1387, Smith’s
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survival analysis program became available but it's feasibilities were rather
restricted (Smith, 1987). In 1994, Ducrocqg and Solkner presented their
pragrams for survival analysis, which are more general applicable (Ducracq and
Solkner, 1994}). The programs have been updated continuously since then and
used by various researchers for different purposes {e.g., Gréhn et al., 1897,
Ringmar-Cederberg et af, 1997, Vukasinovic et al., 1997). Of course other
authors have written other programs as well. For instance, Korsgaard (1996)
implemented a Gibb’s sampling algorithm in her program. Thus, the third choice
is which method a breeding company wants to use.

Fourth, breeding organizations have to decide which traits they want to use
in their index for longevity. Longevity itself is easily recorded but, as indicated
before, it may take a long time before the information is available. Even when
using stayability traits or survival analysis, there is a certain timespan needed to
obtain enough information for a reliable breeding value prediction. Compared
with a breeding program solely aiming at improved milk production, breeding for
longevity only using information on longevity itself will always increase the
generation interval. Therefore, it might be useful to include predictive traits in
the index as well. Intuitively, conformation traits are good predictors of
longevity. They can be measured early in a cow’s life and attention is already
paid to them in breeding programs because they are expected to have
correlations with functional traits. Furthermore, if functional traits are recorded
they also can be used to predict longevity, as good as longevity can be used to
measure functional traits. However, if breeding for longevity is aimed at
improving underlying functional traits it would be more effective to select for
these functional traits directly.

Aim and outline of this thesis

The aim of this thesis is to investigate parameters that influence the
choices breeding organizations have to make when they want to incorporate
longevity into the breeding program. In Chapter 2 an overview of the literature
containing estimates of heritabilities of longevity traits, correlations among
longevity traits, and correlations between longevity and conformation traits is
presented. Various factors influencing the results of these studies are identified
and discussed. In Chapter 3 the heritability of longevity traits and genetic
correlations among them are estimated using a REML algorithm on Dutch data.
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The total data available was split into separate datasets according to the year of
birth of the cows. The achieved longevity per cow was severely influenced by
the large-scale crossing with Holstein bulls in the mid-eighties, as well as by the
inplementation of the quota system in 1984. Also the heritability of longevity
traits was influenced. In Chapter 4 the correlations between longevity and
conformation traits are estimated, again using a REML algorithm on Dutch data.
Again data on cows with different years of birth were used and differences were
found between results from these separate datasets as well. in Chapter 5 the
method of survival analysis was used to predict breeding values of sires and
these breeding values were compared with those from the more traditional
methods of phenotypic averages of daughters and best linear unbiased
prediction. Because differences between methods were substantial and survival
analysis was assumed to be the best way to analyze longevity data the
relationship between longevity and conformation traits was investigated using
survival analysis (Chapter 6}. {In the General Discussion issues concerning the
incorporation of longevity in breeding programs that are addressed in previous
chapters are summarized and related to the Dutch situation. Issues that have not
been addressed in previous chapters are addressed here.

References

Cox, D.R., 1972. Regression models and life-tables. J. R. Stat. Soc. (B}, 34: 187 (with
discussion).

Dekkers, J.C.M., 1993. Theoretical hasis for genetic parameters of herd life and effects
on response to selaction. J. Dairy Sci., 76: 1433.

Dekkers, J.C.M. and L.K. Jairath, 1993. Requirements and uses of genetic evaluations
for conformation and herd life. Proc. 5th World Congr. on Genat. Appl. to Livest.
Prod., 17: 61.

Dohoo, I.R. and $.W. Martin, 1984. Disease, production and culling in Holstein-Friesian
cows. V. Survivorship. Prev. Vet. Med., 2: 771.

Ducrocqg, V.P. and J. Sélkner, 1994. "The Survival Kit", a Fortran package for the
analysis of survival data. Proc. 5th Worid Congr. on Genet. Appl. to Livest. Prod.,
22: 51,

Famula, T.R.., 1981, Exponential stayability model with censoring and covariates. J.
Dairy Sci., 64: 538.

Groen, A.E.; T. Steine; J.J. Colleau; J. Pedersen; J. Pribyl and N. Reinsch, 1997.
Economic values in dairy cattle breeding, with special reference to functional
traits. Report of an EAAP-working group. Livest. Prod. Sci., 49: 1.

Gréhn, Y.T.; V.P. Ducrocq; J.A. Hertl and S.W. Eicker, 1997. Modelling the effect of
diseases on culling in New York state Molstein dairy cows. J. Dairy Sci., 80:
17556



Introduction

Interbull, 1996. Sire evaluation procedures for non-dairy-production and growth & beef
production traits practised in various countries. Bulletin no. 13.

Korsgaard, L.LR., 1996. Genetic analysis of disease resistance in bulls performance
tested for beef traits - using an animal model for survival data. Paper GM1.6, 47th
Annual Meeting of the EAAP, Lillehammer, Norway.

Rendel, J.M. and A. Robertson, 1950. Some aspects of longevity in dairy cows. Emp.
J. Exp. Agric., 18: 49.

Renkema, J.A. and J. Stelwagen, 1979. Economic evaluation of replacement rates in
dairy herds. I. Reduction of replacement rates through improved health. Livest.
Prod. Sci., 6: 15.

Ringmar-Cederberg, E.; K. Johansson; N. Lundeheim and L. Rydhmer, 1987, Longevity
of Large White and Swaedish Landrace sows. Paper G3.6, 48th Annual Meeting of
the EAAP, Vienna, Austria.

Smith, $.P., 1987. Survive: sire evaluation for survival. User’s manual.

Smith, S.P. and Quaas, R.L., 1984. Productive lifespan of bull progeny groups: failure
time analysis. J. Dairy Sci., 67: 2999.

Sol, J.; J. Stelwagen and A.A. Dijkhuizen, 1384. A three year herd health and
management program on thirty Dutch dairy farms. 1. Culling strategy and losses
caused by forced replacement of cows. Vet. Quart., 6: 149,

Stott, A.W., 1994, The economic advantage of longevity in the dairy cow. J. Agric.
Econ., 45: 113.

Van Arendonk, J.A.M., 1985, Studies on the replacement policies in dairy cattle. Il.
Optimum policy and influence of changes in production and prices. Livest. Prod.
Sci., 13: 101.

Van de Venne, W., 1987. De invioed van de superheffing op de gebruiksduur en de
redenen van afvoer van melkkoeien (The effect of the quota system on the
longevity and reasons of culling of dairy cows). Publication no. 6, Dept. of Anim.
Breeding, Wageningen Agric. Univ., The Netherlands.

VanRaden, P.M. and G.R. Wiggans, 1995. Productive life evaluations: calculation,
accuracy, and economic value. J. Dairy Sci., 78: 631.

Vukasinovic, N.; J. Moll and N. Kiinzi, 1997. Analysis of productive life in Swiss Brown
cattle. J. Dairy Sci., 80: 2572.



Chapter 2

Longevity of dairy cows: a review of genetic
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Literature review

Abstract

Heritability of longevity traits, genetic correlations among longevity traits,
correlations between longevity and conformation traits, and regression models
using conformation traits to explain longevity were reviewed. Estimates based on
dairy cows from literature from 1970 onwards were incorporated. Lifatime and
stayability traits, and functional and uncorrected longevity traits were considered.
Heritability estimates were generally lower than 10%, and traits measured later in
life had a higher heritability. Estimates were generally lower for functional than for
uncorrected longevity traits. Genetic correlations among longevity traits were
generally high. When using conformation traits to predict longevity, traits
concerning the udder and feet and legs were most important.

key words: genetic parameters, longevity, conformation, dairy cows, review

Introduction

Longevity is a trait of increasing importance in dairy cow breeding schemes.
Much research has been done, and is still being done, on estimation of the
genetic parameters which are needed to incorporate longevity into a breeding
program. Many different definitions of longevity are used and many different
methods of analysis, and results differ greatly. Because conformation traits can
be measured early in life, their value as predictors of longevity has often been
investigated. Reviews of the literature were made in the past, but they were
either not published in a journal, or not very extensive. Moreover, many were
published over ten years ago (Burnside et a/., 1984; Dekkers and Jairath, 1994,
Ducrocq, 1987; Harris, 1992; Strandberg, 1985). This paper aims to give an
overview of the estimated heritability of longevity traits, genetic correlations
among them, and correlations with conformation traits. It is confined to studies
on data on dairy cows, which appeared as full papers in refereed journals, from
1970 onwards. For every reference, the estimate, amount of information,
model, method of analysis, and additional remarks {such as breed of the cows,
apportunity groups) are given. Factors possibly influencing the estimates (e.g.,
grade versus registered cows, model of analysis} are discussed. This review
may particularly be useful for researchers who need to know "the” genetic
parameters of longevity traits, or "the" relationship between conformation and
longevity traits, for, for instance, a simulation study or estimation of breeding
values.
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Traits

Longevity reflects a cow’s ability not to be culled. Culling reasons include
low production, disease, and low fertility. Culling for low production is usually
referred to as voluntary culling, culling for disease and low fertility as invo-
luntary culling.

In the literature, various definitions of longevity are used. First one can make
a distinction between "corrected” and "uncorrected” loengevity traits. Corrected
longevity traits are corrected for milk production, thus aiming to give better
measurements of involuntary culling {Dekkers, 1993). Corrected traits are also
called "functional” longevity traits, analogous to traits causing involuntary
culling such as diseases, which are called "functional" traits. Second, one can
make a distinction between "lifetime” and "stayability” traits. Lifetime traits
measure the whole lifespan of a cow. These can be measured only after the
death of a cow, but contain complete information on longevity. Stayability traits
measure whether or not a cow is alive at a certain point in time {e.g., at a fixed
number of months from birth or first calving). These traits can be measured at
any point in time, but because they are binary traits they do not contain
complete information on a cow’s longevity. For instance, a cow that did not
survive up to 36 months of age can have any lifespan that is shorter than those
36 months, and if she did survive, it is unknown how much longer she will live.
A compromise between the higher information content of lifetime traits and the
earlier availability of stayability traits is to use opportunity groups. Opportunity
groups consist of animals with the same maximum lifespan that can be
recorded. Instead of waiting until all have been culled, a maximum lifespan
(opportunity) is assigned to cows: if they are culled before this maximum is
reached, their actual lifespan is known, otherwise the maximum opportunity is
taken as their lifespan.

In this study, longevity traits are divided into four classes: lifetime,
stayability, miscellaneous, and functional traits. The following definitions and
abbreviations (used in the tables} are given:
lifetime traits:

- herdlife (HL): time period between birth and culling;

- length of productive life {LPL}: time period between first calving and culling;

- total milk production {TMP}: lifetime milk production summed over lactations;
- number of days in lactation (NDL): lifetime milking days summed over

14
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lactations;

- number of lactations (NLC);

stayability traits (O/1):

- stayability until a certain number of months of age {e.g., AGE36, AGE72);

- stayability until a certain number of months after first calving le.g., PL12,
PL36);

- survival of a certain lactation;

miscellaneous traits:

- total months in milk at 84 months of age {MIM84};

- probability of surviving from one lactation to the other;

functional traits:

- longevity traits corrected for production are indicated by a prefix "functional”

{abbreviated F, e.g., FHL, FNLC, FAGE72}.

Most studies are based on data retrieved from milk recording records, which
means that only cows that calved at least once are included. In the literature,
sometimes a different name for a certain trait is used. For instance, some
researchers use the term “true™ when they refer to uncorrected longevity traits
{Boldman et af., 1992; Ducrocq et al., 1988; Harris et al, 1992). Also,
"herdlife” is sometimes used when the length of productive life is meant
{Dekkers et al., 1994; Short and Lawlor, 1992). In all cases, the name and
definition as described above have been used in this review. Traits describing
lifetime profit have been excluded, because they entirely depend on
assumptions that have been rnade for cost components and prices.

Most authors use well-known methods such as Henderson Ill and REML. An
alternative method to evaluate longevity that is increasingly being used in animal
breeding is survival analysis {e.g., Ducrocqg et al., 1988; Smith and Quaas,
1984). Instead of modelling longevity itself, the hazard of being culled is
modelled with this method. Because the hazard is modelled, it is possible to
include also the so-called "censored” records, i.e., records of cows that are still
alive at the moment of data collection. Also with this method, non-linear models
can be used in the analysis. Furthermore, it is possible to include time-
dependent variables. Disadvantage of the method is the relatively large amount
of computer capacity that is needed to perform the analysis.

15
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Chapter 2

Results

Heritability of and genetic correlations among longevity traits are given in
several tables and will be discussed per table. Phenotypic correlations between
longevity and conformation traits are given in a separate table, as are genetic
correlations. In each table the author(s), year of publication, estimates of either
heritability or correlation, number of records used in the analysis, model and
method of analysis, and additional remarks are given. Results of regression
models are reported in the text. Unless mentioned otherwise, all data are on
Holstein cows.

Heritability

Table 1 contains heritability estimates of uncorrected lifetime traits. For
herdlife, most estimates are in the range of 0.03 - 0.13. The weighted average
equals 0.081 ([including all estimates in the table weighted according to the
number of records). For length of productive life, most estimates are in the
range of 0.04 - 0.15, with a weighted average of 0.092. The weighted average
of all estimates for total milk production is 0.17. For number of days in
lactation, heritability estimates are in the range of 0.04 - 0.14, and the
weighted average is 0.10. Heritability estimates of number of lactations are
mostly in the range of 0.03 - 0.13. The weighted average of the estimates is
0.084.

Apart from herdlife, all heritability estimates of Chauhan et a/. (1993} are
considerably lower than the estimates from other studies. In contrast, Gill and
Allaire (1976) found extremely high estimates, which was explained by the
limited number of data used in the analysis. However, the number of data used
by Chauhan et al. (1993) was sufficient to have reasonably low standard errors
on the estimates. The authors did not give an explanation.

Two authors made use of survival analysis: Ducrocq et af. (1988} and Smith
and Quaas (1984). Their heritability estimates are well within the range of the
other estimates in this table. From Smith and Quaas {1984} it can be seen how
the selection of data influences the estimation. In the first data set (227,091
records) only cows with code "died or sold for beef” were considered to be
culled, in the second data set {449,325 records} cows were also considered
culled if the herd remained in the milk recording scheme but the cows
disappeared from the data files. This phenomenon of data selection influencing
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the results is not limited to survival analysis: Strandberg (1992} also found
different heritability estimates from selected and unselected data by using a
REML algorithm.

Vollema and Groen {1996) estimated heritability by using data on cows with
different years of birth. Estimates decreased with increasing year of birth. The
authors claim that this is due to the implementation of the quota system, and
the crossbreeding with Holstein-Friesian bulls in the mid-eighties. Analysing the
same data file with both a sire and an animal model gave similar results, which
is not very surprising because with low heritable traits, most information comes
from the sire side even when using an animal madel,

Harris et al. {1992} and Vukasinovi¢ et al/. {(1995) used data from different
opportunity groups. Heritability estimates differed between opportunity groups
in Harris et al. (1992}, but not very much in Vukadinovi¢ et al (1995}
Estimates tended to be higher with increasing opportunity.

In general, heritability estimates using data on Simmenthalers, Braunvieh,
and Brown Swiss cows are higher than those using data on other breeds.
Although the limited number of data in VukaSinovi¢ et a/. {1995) might be an
explanation for the high estimates, the number of data in Flirst and Sélkner
(1994} was sufficiently large and the estimates did not differ much.

Heritability estimates of total milk production are generally higher than those
of other lifetime traits, as can be expected, because total milk production is a
product of length of productive life and the highly heritable milk preduction per
day. Heritability estimates of number of lactations tend to be slightly lower; this
trait contains less information.

Table 2 contains heritability estimates of stayability until a certain number of
months of age and of productive life. Most estimates of stayability until a
certain number of months of age are in the range of 0.02 - 0.086, so lower than
the heritability of lifetime traits. DelLorenzo and Everett (1986) found higher
estimates (0.12 and 0.15 for stayability up to 41 and 54 months of age
respectively} using a logistic linear model. Vollema and Groen {1996} also found
relatively high estimates, ranging from 0.01 to 0.19. Most estimates of
stayability until a certain number of months after first calving are in the range of
0.01 - 0.04. Compared with the heritability estimates of stayability until a
certain number of months of age, those until a certain number of months after
first calving are lower. Both types of stayability only differ by the age at first
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calving, which seems to take away some of the genetic variance. Both
Delorenzo and Everett (1986) and Vollema and Groen (1996) corrected their
estimates to an underlying normal scale, which in all cases caused a
considerable increase. Heritability first tends to increase with increasing number
of months at evaluation of stayability, and then decrease with further increasing
number of months. Hudson and Van Vieck {1981} explained that the variance of
a binomial trait increases with more equal proportions in each category. At an
intermediate number of months, the frequency of cows surviving is 50%, so
heritability is highest here. Table 3 contains heritahility estimates of survival of a
certain lactation. Most estimates are in the range of 0.01 - 0.12. Heritability
first tends to increase with increasing lactation number, and decrease again
with further increasing lactation number, except in Madgwick and Goddard
{1989), where the heritability estimate of survival of the first lactation is
relatively high compared with that of subsequent Jactations. The authors give no
explanation for this. They split their total data set with 235,000 records into
two subsets: one with cows first calving prior to 1979, and one with cows first
calving after 1979. Heritability estimates of cows before 1279 are generaily
higher than those of cows after 1979. As in Vollema and Groen (19986},
estimates based on data from an eartier period are higher than those from a later
period. The reason behind this might be the same for both studies: in The
Netherlands and in Australia Holstein cows became more popular and
superseded the Dutch Friesian and Jersey cows respectively.

Dong and Van Vieck {1989) found relatively high heritability estimates far
survival of the first lactation, which might be explained by the small number of
data on a limited number of herds. Cue et a/. (1996} found higher heritability
estimates for Jersey than for Holstein cows, and even higher for Ayrshire cows.
Visscher and Goddard {1995) also found a higher heritability for Jersey than for
Holstein cows, both for survival of a certain lactation and for survival of a
certain lactation given survival of the previous lactation. Heritability of the latter
trait is generally lower.

Heritability estimates of months in milk at 84 months of age are not
presented in a table. VanRaden and Klaaskate (1993} introduced this trait and
found a heritability of 0.085. Weigel et &/. {1995} found a heritability of 0.086,
which is consistent with the earlier estimate. The weighted average of the two
estimates is 0.081.
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Literature review

Table 4 contains heritability estimates of functional lifetime traits. For
functional herdlife, estimates ranged from 0.02 to 0.10 with a weighted
average of .0.065. The heritability estimates of functional length of productive
life are in the range of 0.02 - 0.10, and the weighted average is 0.069. The
heritahility estimates of functional lifetime traits increase with increasing
opportunity {Harris et a/., 1992; Vuka$inovi¢ et a/., 1995}. Vollema and Groen
{1996} were the only reference that considered functional total milk production,
functional number of days in lactation, and functional number of lactations. The
weighted averages of the heritability estimates were 0.10, 0.084, and 0.073
respectively. Of all traits in this study, heritability decreased with increasingyear
of birth,

Heritability of functional traits are expected to be lower than heritability of
uncorrected lifetime traits, because functional traits have been corrected for
highly heritable production traits. In Table 1, the weighted average heritability of
herdlife equals 0.081, but most estimates are around 0.03. Boldman et al
{1992} found a heritability estimate of 0.03 for herdlife, using the same data
and method with which they found an estimate of 0.03 for functional herdlife.
Also Ducrocq et a/. {1988) found the same heritability for functional length of
productive life as for its uncorrected equivalent using the same data and
method, as found Short and Lawlor (1992) and Rogers et al. {1991a). However,
Harris et a/. (1992), Vollema and Groen (1996}, and Vukadinovi¢ et a/. {1995)
found a lower heritability for functional than for uncorrected lifetime traits.

Heritability estimates using data on Guernsey cows (Harris et al., 1992) are
not substantially higher than estimates for Holstein cows. However, it should be
noted that the maximum opportunity for Guernsey cows equals 72 months
{approximately 4 lactations), and that this estimate is higher than the estimates
of data with less opportunity. Estimates for Jersey and Brown Swiss cows are a
little lower than for Holstein cows. For the Jersey cows {Rogers et al., 1991a),
this may be caused by the linear and quadratic correction for yield. The other
references corrected anly linearly far production; due to the quadratic correction
the heritability of functional length of productive life will be lower.

Table b contains heritability estimates of functional stayability until a certain
number of months of age and of productive life. Heritability of stayability until a
certain number of months of age ranged from 0.01 to 0.06, increasing with
increasing age at evaluation of stayability. Campared with the heritability
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estimates of uncorrected stayability until a certain number of months of age by
the same authors (see Table 2), these estimates are lower, Heritability estimates
of functional stayability until a certain number of months after first calving
ranged from 0.003 to 0.08. Heritability by Rogers.ef a/. {(1991a) was the same
as those of the uncorrected equivalents {Table 2}, but that by Vollema and
Groen (1996) was lower.

For the heritability estimates of functional survival of the first lactation only
one reference was found (Rogers et al., 1991a). Estimates were 0.05, 0.08,
and 0.08 for grade, registered, and combined data respectively. Data were on
Jersey cows.

Genetic correlations among longevity traits

Table & contains genetic correlations among uncorrected lifetime traits.
Mast correlations are very high, around 0.97. One exception is Chauhan et al.
(1983), who estimated quite low genetic correlations among various lifetime
traits (ranging from 0.290 to 0.890), especially between herdlife and other
traits.

Table 7 contains genetic correlations among stayability. The method of Calo
et al. (1973) corrects for the different number of cows used for the breeding
value estimation of each sire, and generally causes an increase in the estimated
genetic correlation. In general, correlations are high {around 0.8), and increasing
when the moments of measurement of twa traits are closer together, as can be
expected with two traits that have a part-in-whole relationship. Van Doormaal et
al. (1985) found some very low correlations between stayability until 42 and 66
months of age, and between stayability until 42 and 78 months of age (0.288
and 0.219 respectively), but did not give an explanation. In the same study, the
genetic correlations among stayability until a certain number of months of
productive life were generally higher than those among stayablity until a certain
number of months of age, using the same "milkers” data.

Table 8 contains genetic correlations between lifetime traits and stayability.
Estimates were very high, ranging from .86 to 1.00. In Vpllema and Groen
(1996), no difference was found between correlations between lifetime traits
and stayability until a certain number of months of age, and correlations
between lifetime traits and stayability untit a certain number of months of
productive life.

29



JSiepasiq,
-whm_x—_E-
poylaWw mou
JSiayjlw, §,uosi13puay
B EL]
1] UOSIBPUSH
SV 1d

8IS UsBM18]
SUONe|8JI0D

SV.1d
alls uaamlaq
SUONE|BLI0D

japow aus

|[apow aJs

|[apow axs

|apow axns

|[spow ans

8YE'EET

zae'gLlL

z9E'8LL

ySL8'aY

§56'/6

90L'tvZL

809°EEE

voL

001
LI6'0
§67d
AN
S¥6°0
8960
GG 1d
oLL
¥¥L0
6120
839V
l6'0
FBIOY
960
L6'C 00°L
680 S6°0
ZL'o 0L'0
pRIOV L3I0V
001
00'1 00°L
980 66°0
85°0 Z9'0

¥e30V L30v

€860
€S6°0
Erid

1zt
988°0
Erid

0880
88270
993nv
£6°0
F8IIV

S6°0
9.0
0930v

00°L
280
930y

£86°0
oL 1d

L0071
oL d

9¢L0
FGI0Y
9L0
P8IV

080
8r30v

¥6°0

8ra0v

880
239V

£vid
0cd
Lild

Erid
og1d
£LTd

9930y
r530v

ZrIDy  (G86L) re 18

JEELLI00Q uBA,

¥&I0V (2661} 1omeT

pue 1oy
cL30V
0939V
830V (LgslL)
9£3ov 33N uep
pue uospny
(4114
0939V
8rI0v
9€£39Yv 9L61)

18 19 1laleA]

8739V (2861) NaI8A]
pue ozusioaq

syJeway poyis

[BPO ,SPIODaY #

$8)BWIISA pue SRl

Joyiny

* 14} 84| @Aonpoud 4o pue (X3 ) abe Jo SYIUoW 4O (X) Jequunu LIRS e [NUN AMIeAR]S Pe1D8LI0oun Buowe Sucile|el100 D118Uss) £ aqe |




9Z 1'08 $1 $Mm09 pasalsibias 10 saqunu ‘usalfl smad apeib Jo saquiny
Alaanosdsas elep psuIGUIOd pue ‘smod paislsifal ‘smoo apelb Uo peseq S3IBWIIST

(E£BL) 2 19 0|@D JO poylaw AQ UONIBIIOD ,

uanb s1 8zis dnoab 3samo| ‘sdnosb Ajunioddo Juaisiyip Jo @seD U] |

9660 000'L 9660 ZL39V
946’0 8660 000'L €880 0979V
ooc'L  000'L G860 BBLO 8rIOV
PS6°'0  £98°0 SLL°0 Q0Q'L 9839V
8id 9e7d ¥4 il
266°0 98 7d
co0"L 000°L rZid
0880 968°0 EEL0 247
8td 9Ed T
1£6°0 0930V
000°L 000°L 8rInV
S66°0 LY8°0 2480 9839V (9661) Usdin
G861 Ul Uiogq sMmoD TW3Y  (Bpow BNs  /GB'BE ZLIVDY 0939V 8r3IOV pue EWB{IOA
syJeway poyisin |SpON SpIoDdY # sues) Joyiny

"(panuijuo) £ aqe]




9Z L'08 $! smo0 palasiBal jo taquinu ‘usamb smood epesb 1o sequiny ,
Alaanosdsal glep pauIquod pue ‘SMOD pauslsiBal ‘smo apelb uo paseq s3lEwWNSY .

000’1 0001 ool 880 TH
YEB'0 £68'0 6£6°0 z288'0 OIN
8t1d 9g7d rCid Zid

00G'L 66670 0001 oL6'0 TH
¢06°0 658°0 9€6°0 LLE0 IOV {9661} usolg
G864 Ul ulogq SMOD BlAEL) {epow alis LEE'8E <3V 033DV BFIOV  9EFOV pue ews|jop

S6°0 £6°0 L6°'0 830V
6670 660 S6°'0 PEIOV (2661} J0ImET
BUAEL] [Bpow 8JIs G155 Vg7 Vid? g7 pue uoys

SHJEWSY  POYIS| ISpON  Splodsy # §81eWNse pue suel| loyiny

“(x71d) 8l eAanonpoid
30 pue (x39Y) abe Jo SYIUOW {X) JAqUINU WELSD B [IUN AUIRABIS PUB S1IBJ} SWNHISJI| PaI3a1I0UN LadMIB] SUDIIE|ELI0D D13BUSY 8 egeL




600 g
L0 SE'Q Z
800 96’0 AN g
AN 1£°0 LE°0 LLE'L G
000 080 100 o0'L 06°0 t
880 L0 ZS'0- 6L°0 EY'0 8EO0 &
2€'0 69'0 €00 cLl 180 001 LL0O c
BLGL > SZ'0 L8°Q LOO 6L’0 S8°0 001 ¥¥0 8L°0 {
Bunjes 15| 6 8 £ 9 [+ r £ F4
8¢°0- 4
60°0- S6°0 £
\SY.1d 8lls 91°0- LB6'0 GL°0 é (6861}
6L6l < usamiaq L2'0- ¥2°0 660 2Ol i PiEPPOD)
Buiajeo 151 suoOnNe|oL0d 000’cse [« I £ z pue yoimbBpew
|opow 78870 $68°0 2060 Z (9661}
Bl EL] ans £79'6S £ £ £ e ia an)
86°0 4
96°'C 660 £
Japow t6°'C 860 860 Z{reelL!lIH pue
Bl EE 8lS 881°GL2 G 4 & suolsiayloug
g88°0 by (L6651}
|epow ZEL0 LOB'O c II'H pue
IN3Y alis $6Z'61 4 £ suocisiayyosg
syJeway poylay |9poN splodey # $81RWIISE pue sUOle1oe] Joyiny

'SUOIIEITE| JUSIaIP 4O S|RAIAINS UBBM1S] SUOIIB(SJ0O DIBUID) 6 3|qeL




| uojieloe| jiun AljigeAels

SMOD BUIYSIAY §6G°9 UC peseq 8lBlINSS
SMOD A3SI9 96E‘GY UD paseq elewnsa ,
(£461) € 19 0] JO poylaw AQ UDIII8MO0D |

LB°0 g
£E6°0 880 ¥
¢6'0 980 660 £
SMOD |epow 080 6L0 820 TL0Q .2
Assiaf TNEH alls g9/.'8 g g 4 £
260 g
76’0 660 } 4
L0 B8O 860 £ (S66L)
jepowl 99°0 E£8°0 980 980 . pleppos
NI 8lls 69261 g g 4 £ pue J3YIsSsIA
syiewey poYISIN  18PO SPJIODaY # $8)BLUNSA PUB SUOIIEIOET joyny

‘(panuiuUoo) § aqeL




Literature review

Table 9 contains genetic correlations among survivals of different lactations.
In most references, genetic correlations were high (0.72 - 0.29) and generally
higher when the lactation numbers were closer together. This indicates that the
main reason for culling is different in different lactations, as could be concluded
from specific studies on this topic (Sol et al., 1984; Van de Venne, 1987;
Westell et a/., 1982). Only Madgwick and Goddard {1989) found much lower
and more diverse estimates, ranging from -0.52 to 1.12. This is the only
reference found where genetic correlations between different longevity traits
were negative. The authors explain this by the low heritability of the longevity
traits, and, therefore, the low accuracy of the sires’ predicted transmitting
abilities. The estimated genetic correlations have large standard errors possibly
resulting in correlations greater than 1 or less than -1.

Table 10 contains genetic correlations among miscellaneous traits. Months
in milk at 84 months of age has very high genetic correlations with number of
lactations, stayability at 48 months of age, and length of productive life {0.982
- 0.992} {(VanRaden and Klaaskate, 1993; Woeigel er a/.,, 1995). Visscher and
Goddard {1995) estimated genetic correlations among probabilities of surviving
from one lactation to the following. Their estimates were reasonably high,
ranging from 0.37 to 0.96, and decreasing when the lactations considered were
further apart, as could be expected. .

Table 11 contains genetic correlations between uncorrected and functional
langevity traits. Genetic correlations were generally high (0.58 - 0.98), which is
quite surprising. Longevity has a relatively strong correlation with within-herd
production (e.g., Jairath er al, 1994; Norman et al, 1996; Visscher and
Goddard, 1995; Vukasinovié et al, 1995), so the correlation between
uncorrected longevity and longevity corrected for milk production is expected to
be low. However, it is not expected to be zero, because genetic correlations are
dealt with, and correction for production is usually done at phenotypic level.

Table 12 contains genetic correlations among lifetime traits for different
opportunity groups. All corretations among either uncorrected or functional
longevity traits were over 0.90. Genetic correlations were higher between
opportunity groups that were closer together, as one could expect. Genetic
correlations between uncorrected and functional longevity traits for different
opportunity groups were lower, ranging from 0.72 to 0.92.

Tahle 13 contains genetic correlations among longevity traits in grade and
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