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Abstract

The utilization of non-linear threshold models alikear animal models to estimate variance
components for categorical reproductive traitseeflcattle was investigated. Three traits, rebentRET),
stayability (STAY) and calf tempo (CT) were definddhe data set consisted of 36 880 Afrikaner batfec
measurements recorded over a period of 10 yearst éditing, the records of 7 746 females from 4ir8s
were available for the genetic parameter estimattwonRET. The corresponding number of records for
STAY and CT were 3 018 (243 sires) and 7 653 (4@s) respectively. Using GFCAT, sire varianoas f
RET, STAY and CT were estimated as 0.202, 0.0720ah#}4, respectively. With error variances pretset
one, the heritability estimates on the underlyicgles were calculated as 0.67, 0.27 and 0.41 for, FHRY
and CT, respectively. From the three traits analymehis study CT probably reflects the true fiytiof the
bull's female progeny best.
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Introduction

Threshold traits are governed by polygenic inhedéa expressing themselves in two or more
phenotypic categories. The genotype of the addgemetic effect is a component of the liabilityttharies
according to the closeness to the threshold. Teedategory individuals may differ widely in whettthey
are near the threshold or far below it. Likewiseme will almost reach the threshold and are gealbtic
close to those just above it (Lush, 1994). Evdarge change in an individual's genotype will hax@
observable phenotypic effect unless the change sniinvespecific individual across the thresholdt dfoes,
even a small change in the genotype will have gelgshenotypic effect. Threshold models assume the
existence of an underlying, unobservable normatidigion that is categorized through fixed threskso
The phenotypes that are observed depend on thelyingedendency to develop in one form rather thize
other, depending on where it is situated relativethe threshold (Wright, 1920; 1926; Bliss, 193&nfibster
& Lerner, 1950).

Female reproductive potential is often defined he titerature as a threshold trait because of the
categorical nature of the observation, i.e. the azither calved or she did not. Exposure to harsh
environmental conditions such as drought, extreesd br cold, and low levels of nutrition, will shave
breeder which individuals and families are the mogtrant to the adverse conditions. Falconer (1989
referred to this as “genetic assimilation” and nefd to earlier work described by Waddington (19%3ar-
to-year fluctuations in the threshold, becausehafinges in the general environment, will inevitabiyse
year-to-year fluctuations in the expression ofiligrt

Spangleret al. (2006) investigated two approaches of analyzimgdata. Firstly, a threshold model
ignoring uncertainty, and secondly, a threshold ehodccounting for uncertaintwia fuzzy logic
classification. They concluded that a threshold ehd@s advantages over alternative methods whedettae
is of binary nature in order to avoid bias whernnesting genetic parameters.

Given the restrictions of the South African recogdisystem in the past as described by Rust &
Groeneveld (2001; 2002) and Rust (2007), an attemast made to define new additional traits in oitder
utilize the historically available data to its fplbtential. The aim of this study was to define sadditional
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categorical traits related to female reproductifficiency and to estimate the variance componemtshese
traits using non-linear threshold (GFCAT) models.

Materials and Methods

Data from the National Beef Cattle Improvement $obgNBCIS) of the Afrikaner beef breed in
South Africa were used. The data spanned 10 yewtsdhee original selected data set consisted of &b 8
animals. Three traits, considered to describe &spédemale fertility potential and efficiency, meedefined
as follows:

1. Retention (RET): Heifers were considered that weesent in the herd at the age of 18 months.

If she proceeded to record the birth of a calfrat stage later in her lifetime, she was placed in
category 1. If she failed, and the birth of a aaéfs never recorded for her, she was placed in
category 0.

2. Stayability (STAY): If a cow calved at any stage &my number of times before she reached the
age of six years, she was placed in category$hdfcalved again at any stage for any number of
times after the age of six years, she was placedtggory 1.

3. Calf Tempo (CT): Heifers were considered that wenesent in the herd at the age of 18 months
and evaluated up to the age of five years. Thuyg,females that were weighed at 18 months and
then stayed in the herd to the age of at leastyaars or older, qualified for inclusion in the
analysis. If she recorded the birth of a calf oheéore reaching the age of five years, she was
placed in category 1, and if she recorded two arencalves before the age of five years, she was
placed in category 2. If the heifer failed to ratthe birth of a calf before she reached the age of
five years, she was placed in category 0. Sincaldfimition of the rate of calving in this study
differs from that of Meyeet al. (1990) and Rust & Groeneveld (2002), it was degtierefer to
this trait as CT rather than calving rate to avadfusion.

The first trait, RET, identifies heifers that aetained in the herd as breeding cows. In beefecattl
breeding, it is preferable that female animals #tathe herd as breeding cows for longer periodsmals
that rebreed after the first and second calvingpften the animals that stay in the herd for longeplaying
good genetic merit as breeding animals. Breeded tie cull animals that fail to rebreed after tivstfor
second calving opportunity.

The second trait, STAY, is defined as an indicaffiathe staying ability of a cow in the herd once sh
is selected as a breeding heifer. The STAY of caws herd can vary from breed to breed and will
determine the manner and intensity of selectiorotber fertility traits since it influences the agfeucture of
the breed. Therefore, STAY is an important traititdude in a study regarding female fertility obeeed.
Animals that tend to stay in herds for many yeaspldy good adaptation with the consequence ofdimge
good adapted offspring.

The third trait, CT, describes the rate at whiclva calved up to a specific age after being cha
breeding heifer in the herd. In beef cattle hetds not economically viable to keep cows that db breed
every year. Therefore, if breeders can select abasstend to breed regularly, such an animal walié a
better economic value than an animal that skipsalzirgy opportunity. Thus, being adapted to the
environment and staying in the herd for many ye@dwse will only be economically beneficial if thedbw
gives birth to a calf every year she is given thpastunity to do so.

For the Afrikaner breed, heifers are rarely breddlve before the age of three years. Rebreedirg af
first calving is often a challenge, and once a caw overcome this hurdle, she will usually be regdias a
breeding cow in the herd. CT will allow the breettemake a distinction between cows that rebrett tfe
first calving and those that tend to delay befetereeding. The cut-off ages of 18 months, five yeand six
years were chosen arbitrarily. It is assumed tle#ets still present in the herd at the age of Ifhtins are
kept as replacement heifers and will usually beechatt some future time, depending on the management
system employed by the farmer. Heifers not suit@slereplacement heifers are usually culled bef@e 1
months of age. For CT it was reasoned that a bmgdakifer should show her reproductive potentiathsy
time she is five years old, overlapping the criteacond calving period when many heifers oftetefalFor
STAY, the aim is to determine the retention of comwshe herd. Since the Afrikaner cow is known fteo
breed up to an age of 16 — 20 years it was dedioezktend the defining cut-off age for STAY in the

wieil
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Afrikaner breed to six years. Similarly, Sileaal. (2003) defined STAY as whether a cow had calved in
herd at a specific age given that she had calvad aarlier age. The cut-off ages Sibtaal. (2003)studied
were five, six and seven years.

The general statistics of the data for the thragstrRET, STAY and CT, are presented in Table 1.
Initially 7 746 Afrikaner female records from 478es calving in 78 herds were used for the genetic
parameter estimation using threshold models for RHIe corresponding numbers were 3 018 Afrikaner
females from 243 sires calving in 51 herds for ST&Nd 7 653 Afrikaner females from 465 sires calving
82 herds for CT. All sires and herds were represkm both categories for RET and STAY and in aste
two categories for CT. Since the definition of theee traits depend on whether a cow calved giten t
chance to do so, only data of cows giving birthnfroatural mating were considered and data of asimal
subjected to embryo transfers were omitted fronuite.

Table 1 Numbers of the edited data and general stati&tidRET, STAY and CT

Retention Stayability Calf tempo

(RET) (STAY) (CT)
Animals 7746 3018 7 653
Sires 473 243 465
Herds 78 51 82
Year*seasons 32 31 35
Herd*Year*Season 655 469 706
Min observation 0 0 0
Max observation 1 1 2
Average 0.45 0.34 0.37
SD 0.50 0.47 0.62

The basic theory of threshold models has been dwyeGianola & Foulley (1983), Harville & Mee
(1984), Gilmouret al. (1985) and Misztaét al. (1989). By adding an additional subroutine in éxésting
programmes for linear models Misztetl al. (1989) were able to accommodate threshold modéis.
modified model used in this study was as follows:

X'w li-1lx  x'w li-1lz pli-1] X'W [i-l]§/ [i-1]

Z'W [i—l]x Z'W [i—l]Z+G -1 u[i'l] Z'W [i—l]i’1 [i-1]
where:
X, Z = design matrices
W = diagonal matrix
B = vector associated with fixed effects (herd, yaadt season of birth of animal)
u = vector of sires
G = variance-covariance matrix of sire effects
Gt = Al

where: A'= inverse of the relationship matrix
o% = sire variance
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The software used in these threshold analyses, GF@As adapted by the University of the Free
State, South Africa (Konstantinov, 1992). It ised af Fortran programmes calculating variance carepts
and breeding values using threshold mixed model®l&ionship matrix due to sire relationships waed
to support the model. For the GFCAT procedure ikedf effect herd*birth year*season concatenatios wa
included in the model. Season was defined as fslidanuary to February as Summer, March to May as
Autumn, June to August as Winter and SeptembeioteMber as Spring.

Since sire models were fitted, heritability on threlerlying scale was estimated for all three trasts

2 _ 40-25
(Uzs + Uze)
where:
h* = design matrices
o% = sire variance
o2 = residual variance
Results

The sire variances and derived heritability estemain the underlying scale for RET, STAY and CT
are presented in Table 2. A large sire variand@2082 with a resulting heritability of 0.67 on tiiederlying
scale was estimated for RET.

As for the STAY of a bull's female progeny, a siaiance of 0.072 with a heritability estimate be t
underlying scale of 0.27, which was considerablydg was obtained. For the rate at which a bidifeale
progeny calved before they reached the age ofyfeags, a moderate to high sire variance of 0.1lith (w
heritability on the underlying scale of 0.41) watirmated. Unfortunately, the adapted GFCAT softwesed
for this study did not produce standard errordliersire variances.

Table 2 Summary of sire variances and heritability esteésan the underlying scale for RET, STAY and
CT using threshold models

Sire Variance h?
Trait o’ (underlying scale)
Retention (RET) 0.202 0.67
Stayability (STAY) 0.072 0.27
Calf tempo (CT) 0.114 0.41

Discussion

Failure to reproduce is the most common causeulling beef cows reared under extensive farming
conditions. Thus, by assuming that other cullingsoas are unimportant, the ability of a cow todtained
in the breeding herd may be considered as an itoditrait for female fertility.

The large sire variance estimated for RET enalilesbeef breeder to effectively select progeny as
sires for the next generation from those bulls bfcl the female progeny was more likely to be regdiin
the national herd as breeding heifers. Eteal. (2002) recommended that estimated progeny difter®ihor
the binary trait heifer pregnancy should only bedufor the selection of bulls when selecting fopioved
heifer precocity because the accuracy of predictgomigher for bulls (depending on their number of
daughters). The heritability estimate for RET &@Don the underlying scale is much higher than ebegk
RET does, however, not only reflect the fertilitiy tbe female progeny of a bull, but may also reflec
preference of breeders for a specific bull anddtaale progeny. The fertility reflected by thigitris an
indication of the fertility displayed by a bull’'sslers, as it is often the practice in beef bregdim mate
more heifers than needed in a time limited breed@son and then to select only those that fadjranet.
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The subjective preferences of the breeder for fipemimals will also be reflected by RET. So,ngsRET
as a primary predictor of the fertility of a bulirc be misleading in some instances, since somedmsegive
preferential treatment to those heifers from, foaraple, an expensive bull or females that dispfaacsic
breed characteristics very well.

STAY reflects the ability of a bull's female progeto remain in the national herd as breeding cows
for a few years after initially being selected asdaling heifers and thus also reflects the reterafabull’s
female progeny. A lower sire variance of 0.072$drAY was estimated with the heritability estimated
the underlying scale as 0.27. This estimate isdrigian the heritablities estimated for STAY by ISng et
al. (1995) 0.09 and 0.20; Doylet al. (2000) of 0.15; Van der Westhuizeh al. (2001) which ranged
between 0.03 and 0.08 and Sileiaal. (2003) with heritabilities ranging 0.11 to 0.1# fdelore cattle.
However, it corresponds to heritability estimatesng threshold models by Martinest al. (2002) on
Hereford cattle ranging from 0.13 to 0.49. As is ttase with RET, STAY will reflect a component of
fertility differences among the female offspringaflls, since breeders tend to cull cows that docatve
every year. The way STAY was defined, however, gavéndication of the number of calves she produced
but merely an indication whether she was still pnésafter a given time. The stayability of cowsaimerd
can vary from breed to breed and herd to herd apgron what criteria the breeder uses to decidethdn
he should keep or cull a heifer. This will deterenthe manner and intensity of selection for STANisTwill
allow for a bull with female progeny to which thesbder is favourably disposed, to have good bregedin
values even if his female progeny did not calveulady, but were kept in the herd for other reasthran
good fertility. However, as the production of bbetomes more economically and efficiency orientdisal
breeders still employ this practice. Brumadtial. (2002) estimated the economical value of STAY as
corresponding to 44% of the total economic valuenvbbtaining economical values of the traits used i
beef cattle production.

Calf tempo is a binary trait for cows with a singlarity, but becomes more continuous as the
number of parities increase. It has similaritiescalving rate as defined by Meyeral. (1990), Rust &
Groeneveld (2002) and Rust (2007). Calving ratelifetime measure of the reproductive performanfca
cow. Meyeret al. (1990) defined calving rate as the number of clbern divided by the number of
opportunities a cow has had to calve. They esédh#tte heritability for calving rate at 0.07 forrgford,
0.11 for Angus and 0.17 for tropical cross bredRigst & Groeneveld (2002) and Rust (2007) defined
calving rate as the number of calves born dividgdhle age of the cow and estimated a heritabilit).04
using linear mixed model methodology. In this stadyelatively large sire variance of 0.114 and liexy
heritability of 0.41 were estimated for CT.

Taking into account that heritability estimates female fertility traits are often low (Rust al.,
2001), the sire variances and heritabilities edehdor RET and CT were high. This may be as altresu
the breed and breeding practices in the brBeslindicus breeds have on average later ages at puberty than
Bostaurus breeds. Eleet al. (2004) argues that because puberty is later, gevertability for fertility traits
like heifer pregnancy rate seems to be much hitteer that inBos taurus breeds These findings correspond
with the results of this study. The Afrikaner is iamigenous breed to South Africa and classifiedBes
taurus africanus (Frischet al., 1997; Hanottest al., 2002); animals that have similar characteridticboth
Bos indicus andBos taurus breeds.

For this study the assumption was made that arfgrhsill present in the herd at an age of 18 menth
was selected as a breeding heifer and mated. Howtireeinformation as to whether she was in thel laer
the age of 18 months relied on a weight measureta&ah at this age. For most cases the fact tleatvsis
weighed at 18 months will also mean that she was gfathe heifer group initially selected for bréegl
purposes. Unfortunately many heifers may have leed without being weighed. Therefore no records of
such animals would be available, resulting in a laisinformation.

It is possible that due to the restrictions of GHQA&ach sire and herd had to be represented ar atl
least two categories per trait), data editing was $evere, leaving only offspring from sires thawé
produced many offspring that performed well. Alsbe contemporary groups were small due to the
exclusion of homogenous groups. When Heal. (2004) used the weaning management of heifers as
contemporary groups, they found that it led togRkelusion of 23% of the data (due to homogenousggp
but concluded that heifer pregnancy is highly ladté, regardless of the contemporary group defimiti
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Using Method R to analyse fertility traits Bos indicus beef cattle, Evanat al. (1999), Doyleset al. (2000)
and Eleret al. (2004) estimated heritabilities of similar magudiguto those estimated in this study.

A multivariate analysis was not considered duéhtofaict that the traits defined in this study weoe
component traits but aggregates of the componé&hts.three traits, RET, STAY and CT were all defined
using the same dataset combining some of the sameanents of reproduction. Analyzing RET, STAY
and CT in a multivariate was thus not a viable @psince the three aggregate traits explained,degaee,
the same variance. This fact rendered the comektiestimated between RET, STAY and CT as
meaningless. If all components of reproduction dobke defined clearly and measured accurately,
multivariate analysis will be an option. Howevemgshcomponents of reproduction are ill defined eardly
measured.

Conclusions

From the three traits analyzed in this study, Cihestrait that probably best reflects the trudilfer
of the bull's female progeny, since it takes thie i@ which female progeny calved between two gages
into account. It is therefore a measure of thea@yetive performance of the female offspring oludl.b

From this study it seems that utilizing GFCAT threlsl models is not always the best option. The
first limitation is that only sire models can b#dd; therefore only breeding values for sires loarderived
and only when such a sire has reached an advagee&acondly, restrictions when using GFCAT thrétsho
models resulted in severe editing of the data. ¢ SRCAT results in heavy restrictions on the strcectof
the data and rigorous editing must be performedhendata, losing potentially valuable informatidm
overcome this limitation, it can be considered hargye the definition of the contemporary groupshsd
there are fewer groups where zero variation ismiese Another consideration can be to adjust eacd for
herd-specific fixed effects.
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