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STELLINGEN

1. Bij de evaluatie van inseminatieresultaten van stieren dient rekening gehouden
te worden met het effect van seizoen, bedrijf en de pariteit van het geinsemineerde

rund.

Dit proefschrift.

2. Het verband tussen de inseminatieresultaten van de stier en die van zijn doch-

ters verandert met de leeftijd van de dochters.

Dit proefschrift.

3. Bij de huidige omvang van dochtergroepen van proefstieren in Nederland. is

fokwaardeschatting voor vruchtbaarheid bij melkkoeien niet zinvol.

Dit proefschrifi.

t. De vruchtbaarheidssituatie op melkveebedrijven kan voldeende gekenschetst
worden door de oestrusindex, eventueel aangevuld met de kengetallen het interval
afkalven tot eerste inseminatie en het percentage niet-terug 56 dagen na eerste

inseminatie.

Dit proefschrift.

5. Bestrijding van enkelvoudig recessieve gebreken wordt slechts van belang,

indien de frequentie van het recessieve gen boven de één procent komt.

Jansen, J., Van Laarhoven, A. en Brascamp, E.W., 1984. Z. Tierzichtg. Zlchtgs-
biol.,, 1G1: 220-228.

6. De becordeling van benen en klauwen heeit ook in het nieuwe NRS-keurings-

rapport geen poot om op te staan.

Smit, H., Verbeek, B., Peterse, D.J., Jansen, J., McDaniel, B.T. en Politiek,
R.D., 1986. Livest. Prod. 5ci., 15: 205-213.

7. Daar de huidige uitvalspercentages niet gecorrigeerd zijn voor steekproeteffek-
ten zijn de onderlinge cijfers niet vergelijkbaar en levert de publikatie meer ver-

warring dan informatie op.



8. Identifikatic van nuchtere kalveren en uitbetaling aan de melkveehouder - op
basis van slachtwaarde zijn voorwaarden voor het voortbestaan van de vleeskalveren-

sector op langere termijn.

9. De MRY-fokkerij bevindt zich momenteel in dezelfde fase als de friese in de

Zeventiger jaren.

10. De naam "Syndicaat" roept in het buitenland hetzelide gevoel op als door
NRS en FRS soms over en weer gekoesterd wordt,

. De inseminator kan niet buiten de stier voor goede bevruchtingsresultaten,

Proefschrift van J.Jansen
Studies on fertility in dairy cattle based on analysis of Al data.
Wageningen, 21 november 1936.
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Voorwoord

Dit proefschrift bestaat uit een bundeling van vijf artikelen en een afsluitend
discussiehoofdstuk. Het daaraan ten grondslag liggende onderzoek werd uitgevoerd
toen de auteur als medewerker aan de vakgroep Veefokkerij van de Landbouwhoge-
school verbenden was, Graag wil ik iedereen bedanken die bijgedragen heeft tot
de tot standkeming van dit proefschrift. Enkelen wil ik met name noemen.

Allereerst mijn ouders, die mij gestimuleerd hebben tot een wetenschappelijke
studie en de afronding daarvan middels dit proefschrift met belangstelling hebben
gevolgd-

Mijn promotor prof.dr.ir. R.D. Politiek ben ik erkentelijk voor de ruimte die
mij geboden werd in de vakgroep. Zijn voortvarendheid en vasthoudendheid heb
ik zeer leren waarderen. Mijn co-prometor dr. Jan Dommerholt heeft mij geatten-
deerd op het onderwerp. Zijn kritische geest en ervaring hebben mede geleid tot
een deelgerichte aanpak.

Zonder technische ondersteuning zou dit proefschrift niet tet een afronding
zijn gekomen. Eppie Klein heeft een belangrijke bijdrage geleverd aan de opzet
van de databank waaruit de gegevens voor het onderzoek geput werden. Gijs Lager-
wel] heeft het leeuwendeel van de voorbewerking en vooranalyses gedaan. Willem
de Boer en Jullus van der Werf hebben gezorgd voor de eindanalyses van het vierde
artikel. Hun geduld is herhaaldelijk op de proef gesteld vanwege de beperkte com-
puterfaciliteiten veor de analyse van gegevens van een dergelijke omvang. Van
harte bedankt voor de plezierige samenwerking.

De soms pittige discussies in de leescommissie hebben geleid tot een duidelijke
aanscherping van het onderzoek en de presentatie daarvan. Mijn vakgroepscollega's
Siem Keorver en Johan van Arendonk hebben ook daarbuiten veel belangstelling
getoond veoor de gang van zaken. De inbreng van buiten middels Aalt Dijkhuizen,
Tette van der Lende en Rob Verdooren heeft tot duidelijke heterosiseffekten geleid.
Ik denk met genoegen aan onze discussies terug.

Mevr. E. van Beek heeft het typewerk verzorgd, terwijl W. Heije de figuren
getekend heeft. Mijn hartelijke dank daarvoor.

Het FRS heeft de nodige inspanningen verricht om de gegevens aan te leveren.
Het LEB-fonds ben ik erkentelijk voor de ifinanciéle bijdrage tot de afronding van
het proefschrift.
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INTRODUCTION

Fertility is one of the non-yield traits which is of great economic importance
in dairy herds. Reduced fertility results in prolonged calving intervals and in culling
of cows with fertility problems. In Western Europe about 28% of all disposals are
due to fertility problems {Dijkhuizen, 1980; Drees, [1982).

Artificial insemination (A.l) was initially set up to reduce the incidence of
veneral diseases, spread via natural service. In the early years of A.l. much atten-
tion was also paid to the elimination of specific fertility disorders with a genetic
background (cystic ovaries, gonodal hypoplasia, impotentia coeundi).

Initially genetic analyses were mainly done on the basis of daughter-dam re-
gression. A.l., however, provided a sound data structure to perform half-sib analyses,
because offspring of sires can- be distributed over many herds. This reduces the
bias arising from environmental effects {especially herd effects).

Various studies showed that a small, but significant part of the variation in
fertility traits derived from Al data, had a genetic background. These studies were
reviewed in the first chapter, with emphasis on areas for further research. It was
concluded that the following subject deserved further attention:

- The evaluation of male fertility and its relation with production

- genetic relationships. between measures of fertility in cows in dilferent parities

- genetic relationships between measures of fertility and milk production in early
lactation.

Due to lack of data relationships of fertility and milk production could not
be quantified. Instead the scope of the study was extended to management aspects
in the analysis and evaluation of Al data.

Firstly the evaluation of non-return rates of bulls in A.l. was examined (chapter
2}, of interest for the farmer when selecting bulls as well for the management
of the Al stud. The evaluation of insemination results of technicians was included.

Secondly relationships between fertility of bulls and of their progeny were studied
(chapter 3). In addition to parameters for the direct and indirect efiect of the
sire, also genetic parameters for the direct genetic effect (the embryo) and the
maternal effect (the environment for the embryo} were quantified.

Thirdly genetic relations between fertility traits of cows in different parities
were quantified (chapter 4). The methodology used in this study considered also
the possible effect of selection for fertility. The production capacity of the cow
is usually taken into account, when cows are culled for fertility (Van Arendonk,

1985).
In addition to the use of A.d. information for the genetic evaluation of fertility



of bulls and progeny groups, and the evaluation of insemination results of tech-
nicians, A.l. information can alsé be used for herd management purposes. Therefore
a study was conducted to derive parameters to monitor dairy herd fertility. Fertility
variables calculated on the basis of A.l-data, were related to financial losses
from prolonged calving and culling due to fertility problems at herd level. These
results are reported in chapter 5.

An integrated discussion of results of the studies mentioned and from recently

reported studies by others is presented in the final chapter.
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Abstract

Recent research on genetic aspects of fertility in dairy cattle 15 discussed with
emphasis on areas for further research. Field date {A.L) are required tc obtain
reliable genetic parameters. Measures of female fertility should include beth mea-
sures to assess prolonged calving intervals and measures for culling due to fertility
problems. Genetic relationships between measures of fertility in virgin heifers
and primipari were inconclusive, those between primipari and multiparae were
unknown. Further research is needed in order to define breeding goal and selection
index more precisely. Relationships between female fertiity and milk production
were varying, but an antogonistic relation prevailed. It needs further study to deter-
mine whether this is due to increased energy deficiency post partum and/or meta-
boilc disorders. The relationship between measures of fertility and the course of
fat and protein content and its ratio in early lactation needs further attention.

Male fertility has received less attention than female fertility. More eiffort
should be directed to obtaining unbiased genetic parameters as well as to deter-

mining the relationship of male fertility to milk production and female fertility.

1. Introduction

Fertility is one of the non-yield traits which is of great economic impottance
in dairy herds. Reduced fertility results in prolenged calving intervals and in culling
due to fertility probiems. Fertility problems account for about 28% of all disposals
in Western Europe (Dijkhuizen, 1980; Philipsson, 1981; Drees, 1982). In the USA
the figure is about 16% (Freeman, 1983).

The economic consequences of reduced fertility have been studied several times.
The calculation of economic losses had mostly been restricted to a prolonged calving
interval (Louca and Legates, 1968; Zeddies, 1977; Olds et al., i979). Calving inter-
vals of 13 months for primiparae and 12 months for multiparae were reported
to be optimum.

In a recent study Dijkhuizen (1983} considered both economic losses of prolonged
calving intervals and forced replacement due to fertility problems under Dutch
conditions. The total loss was Dfl. 80 per cow per year on average. Culling for
fertility problems accounted for Difl. 27.50 of the total loss, a prolonged calving
interval for Dfl. 37.50. The loss of a prolonged calving interval was mainly due
to reduced net milk returns per unit of time. Remaining factors contributing to
the economic loss were reduced returns from calves born, insemination and labour
costs. The computed total loss in other studies was mostly higher, because compen-

satory factors were neglected.



In this paper genetic aspects of fertility in dairy cattle will be discussed. As
there have been many reviews in recent vyears (Maijala, 1976, 1978; Philipsson,
1981; Syrstad, 1981; Smidt and Farries, 1982; Freeman, 1983) it is not intended
to repeat this. Rather we will focus on areas for further research using data ob-
tainable via A.J. and milk recording. Dystocia will not be covered, as this was
reviewed recently by Meijering (1984). Viability will not be dealt with either.

In this paper definition of traits and correction for environmental effects will
be discussed first. Secondly attention will be paid to female fertility and its relation
with production and finally male fertility and its relations with female fertility

and production will be considered.

2. Definition of traits

Fertility can be measured in several ways. It is useful to distinguish among
traits which are affected by the cow (female fertility), traits which are affected
by the sire mated to the cow (male fertility} and traits which are affected by
both. Male fertility may be called the direct effect of the sire, and female fertility
the indirect effect of the sire. Traits like age at first breeding in heifers and the
interval between calving and first oestrus or first insemination measure female
fertility. Trailts like volume, number of sperm and sperm quality measures, important
in Al, measure male fertility. Traits measuring the results of an insemination
and reflecting conception rate are influenced by both male and female fertility.
They include among cthers non-return rate, number of inseminations per conception
or service period, conception rate, days open, calving interval and interval between
services. As a conceptual framework measures of fertility can also be distinquished
among (1) conceived or not and {2) length of time required for conception.

Field data are required to obtain parameters for the population of interest with
a sufficient accuracy. Interpreting results from field data presents some problems,
not only with respect to the relationship between fert.ility and production, as pointed
out by Philipsson (1981), but also for fertility measures on their own. This applies
to both male and female fertility.

If farmers were to have high producing cows inseminated later than low producing
cows, genetic variation for the interval (calving) to first breeding would be inflated.
Additionally, the measures days open, calving interval and to some extent conception
rate do not include cows that are culled for fertility problems and cows that are
kept open on purpose. The culling decision and time of disposal are economic deci-
sions: a cow is culled because the farmer expects more from a replacement animal

(Dijkhuizen, 1983). Dijkhuizen showed that high producing cows may be given more



opportunities to conceive. It is not unlikely that this happens in reality.

Evaluation of male fertility on the basis of A.l. data also causes problems due
to variations in semen processing which tend to minimize differences in conception
rates among bulls.

It can be concluded that many measures of fertility reflect biological traits
as well as actions taken for economical or other reasons. Therefore attention should
be paid te both measures of fertility to assess prolonged calving intervals and

measures of culling due to fertility problems.

3. Female fertility and correction for environmental effects

The statistical analysis of fertility traits presents some problems due to the
categorical or non-normal nature of the traits. Meijering (1984) reviewed these
problems for dystocia and stillbirth and therefore the statistical methodology as
such will not be discussed further. References of interest can be found in his paper.

It is necessary to correct for effects of non-genetic origin 1o obfain unbiased
parameters. The following effects were shown to be of interest: herd-year-season,
parity, region (A.l.-stud) and technician (Jansen, 1980; Distl, 1982; Drees, [982;
Haussmann and Kieninger, 1982; Hansen et al.,, 1983a).

The outcome of an insemination is usually not cotrrected for the bull used. This
may be due to lack of information, computational problems or the small amount
of variance explained by the mating bull. Haussmann and Kieninger (1982), however,
reported that the variance component of the mating bull was higher than the female
component. Besides, it is not likely that bulls are randomly distributed across herds
with current A.l. programmes. The size of the bias is unknown. Regression of fertili-
ty measures on the mating bull or the herd were used as alternatives (Janson,
1980; Drees, 1982), but this may underestimate the genetic variance.

There is some indication of a sire by herd-year-season interaction. Berger et
al. (1981) reported the interaction component to be higher than the sire component
for the interval to first breeding. This was confirmed by Hansen et al. {1983a).
Interaction eifects on insemination results were absent (Berger et al.,, 1381} or
smaller (Hansen et al., 1983a). The consequences of interaction on the ranking
of sires need further study.

In some studies insemination results are corrected for the interval from calving
1o first breeding (Krédusslich et al., 1977; Gasteiger and Kriusslich, 1981). It is
known that conception rates are improved at a decreasing rate if the interval
to first breeding is extended (Berger et al., 1981; E_sslemont, 1982). It is justified

to correct for differences in interval to first breeding, if male fertility is studied



and if no assortative mating is applied. When female fertility is studied, 1t can
be argued that farmers postpone breeding of high yielding cows on purpose. In
general this kind of preferential treatment within herd-year-seasons cannot be
detected statistically.

Laben et al. (1982) found in Californian data that in herds where the farmer
indicated seme preferential treatment, a slightly longer intervai to first breeding
(2.4 days) was obtained and less inseminations {0.091) were required. They further
indicated that high-producing herds started to inseminate earhier and did not require
more inseminations. The regression of interval to first insemination on [80-day
fat-corrected milk yield, however, tended to increase with level of production
when the analysis was done within herd-production classes. Similar results were
reported by Drees (1982). He found that the effect of short intervals to first in-
semination on conception rate after first insemination was more disadvantageous
for high-producing cows than for low ones. Differences were small after 80 days.
Furthermore it is reported that the anoestrus period varied widely {(Baker, 1936;
Claus et al., 1982) and that many cows exceeded the period required for an optimum
calving interval before first cestrus was shown. It is concluded from these studies
that there are biological differences between cows in the interval from calving
to first breeding and that a correction of insemination resutts for interval to first

breeding removes part of the variation, when female fertility is studied.

4. Genetic parameters of female fertility

Heritability estimates of fertility measures were low, generally below 5% (reviews
by Maijala, 1976, 1978; Philipsson, 1981; Vinson, 1982). Heritabilities of days open
were found to be slightly higher. There is, however, considerable genetic variation
in measures of fertility, about 10% of the respective means. Although Hahn {(1969)
suggested that heritability may be best observed under stressful conditions, Drees
(1982} did not detect clear differences between 100-day production classes. The
question in this respect remains how to define stress. Milk production is probably
only a minor indication of such conditions. A higher production is largely obtained
by better management, causing an overall positive relationship between fertility
and production, because well managed herds have better fertility.

Measures reflecting the outcome of an insemination within parities are highly
correlated (0.6-1) (Janson, 1980; Berger et al., 1981; Drees, 1982; Hansen et al.,
1983b). The genetic correlations beiween days open-interval to first breeding and
days open-number of services were about equal {Table I} within studies and varied

from 0.45 to 1.06 between studies. The genetic relation between interval to first
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breeding and number of services seems to be positive as well, except for Janson’s
results (1980). In the data of Drees (1982) the phenotypic relation was slightly
negative (-0.12), but the genetic correlation was positive (0.10). This indicates
that even if farmers try to inseminate high-preducing cows later, a positive genetic
correlation between interval to first breeding and number of services exists. Results
of the work of Hansen et al. (1983b) showed the highest relation between interval
to first breeding and number of services in second parities. Whether this was due
to the high interaction component between herd-year-season and sires is net clear.

Repeatabilities of measures of fertility were generally less than 0.10, except
for interval to first breeding and days open which may be as high as 0.16 (Hansen
et al, 1983a). Low repeatabilitics may suggest a low heritability, but also a low
genetic correlation. To our knowledge no studies are available with respect to
the genetic relationships between fertility measures in different parities. Under-
standing of these relationships is necessary for the definition of the breeding goal
for fertility. Additionally it can illuminate differences found with respect to the
relation between yield and fertility in different parities (Hansen et al.,, 1983b).
Preliminary results (Van de Broek and De Jager, 19%3) suggest that the relation
between days open in first and second lactation is quite low (-0.07).

To obtain a sufficiently accurate sire evaluation it would be useful if data of
virgin heifers and first calvers could be used. Janson {1980) found in Swedish Red
and Whites that non-return rate (356 days) as weil as number of inseminations per
service period were highly correlated in virgin heifers and first calvers (r_ = 0.6-
1.0). Hansen et al. (1983c) obtained much lower values (0.1-0.3} in Holsteins, while
Distl {1982) found values of 0.88 and 0.55 in Simmental cattle. Is is not clear
whether this difference is due to breed effecis, statistical methods used or to
other reasons.

The relationship between fertility measures determining days open and culling
due to fertility problems is difficult to study in field data. Culling for fertility
problems increased with age (Dijkhuizen, 1980). Dijkhuizen (1983) found that differ-
ences in losses due to fertility problems between herds were more determined
by differences in rates of culling than by differences in calving interval, as culling
accounted for 71% of the variance between herds. The cost of a prolonged calving
interval on a herd basis was slightly negatively correlated with the cost due to
culling. Miller et al. (1967) reported that calving interval and herd life were genetic-
ally correlated (0.3), Further research is needed in this area. This should include
the relationship between fertility measures and culling. Definition of all-or-none
traits like pregnant at day 83 post partum or non-return rate within 28 days at

115 days post partum could be useful in this respect.



5. Relationship of female fertility and production

The relation of fertility and production has been a major concern. An indication
of a negative relationship between fertility and production is provided by a com-
parison of Holstein Friesians and other Black and White strains, all originating
fram the same base population in The Netherlands. Holsteins have been selected
more strongly for milk production but a negatively correlated response f.or fertility
is observed, both with respect to conception rates and culiing for fertility problems
(Lederer, 1978; Oldenbroek, 1984). Designed selection experiments for milk produc-
tion, however, did not show any negative response on fertility traits (Shanks et
al., 1978; Hansen et al., 1979). It is unclear whether this is due to the short period
of the experimentis or better management which could mask minor differences
as discussed before. Genetic correlations from field data were summarized by
Phiiipsson (1981). Although resulis were ambiguous, an antagonistic relation pre-
vailed. Results from Hansen et al. {1983b) supported this. Berger et al. (1981)
and Hansen et al. (1983b) reported different relationships within paraties, especially
in early lactation. Peak production was positively related to interval to first breed-
ing, number of services and days open in first and second lactation, but negatively
related in third lactation. Relationships with 303-day yield changed from slightly
positive to zero. This could reflect a genetic difference between parities but could
also be a result of selection within a generation or sampling (Freeman, personal
communication, 1984).

Furthermore carry-over effects of fertility in the previous lactation might be
of interest. Funk (1983) looked at the combined phenotypic effect of previous
days open, previous days dry and present days open on milk production. He concluded
that these traits did not affect lactation yield differently by parity when all the
effects were fitted simultaneously. It should be researched whether this is also
valld genetically.

It has been argued that stress due to production and a negative energy balance
in early lactation are responsible for reduced fertility. A negative energy belance
could be approached through changes in live weight. Broster {1973} in a review
could not draw any definite conclusions from the relationship between weight,
weight change and fertility measures. Also no genetic parameters were given.
It should be mentioned that live weight changes are a rather inaccurate method
by which to assess changes in energy metabolism (Korver, 1982). Besides weight
the protein content of the milk can be used for energy status. Korver {1982) found

that distinct underfeeding reduced the protein content of the milk. In addition,
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the protein content was not correlated to the fat content in the period of under-
feeding, while values of about 0.5 were found on a lactational basis {review Maijala
and Hanna, 197%). Grieve {(personal communication, 1984) found that the ratio of
fat to protein content explained a significant propertion of the difference between
energy intake and energy output after fitting breed, parity and feeding regime.

Hansen et al. {1983a) found no effect of parity on measures of fertility. Drees
(1982), however, found that primiparac had longer intervals to first breeding and
lower conception rates than multiparae, resulting in longer calving intervals for
primiparae. This can partly be caused by a higher incidence of dystocia (review
Meijering, 1984), but primiparae also produce milk with a lower protein content,
indicating higher energy deficiency (-0.05, CMD, 1983}

Recently Reid (1982) has drawn attention te the relation between fatity livers
and reduced fertility. Cows having a fatter liver at parturition took more time
for the onset on first oestrus and had on average a 33-day longer calving interval
than cows not affected. According to Farries (1983) fatty livers cause reduced
feed intake post partum, thus increasing the energy deficiency. These metabolic
disturbances increase the fat content of the milk, especially the long chain unsaturat-
ed fatty acids, and decrease the protein content.

Addit'ionally cows having a fatty liver were moere susceptible to mastitis, sug-
gesting an association between fatty livers, fertility and disease resistance (Reid,
1982). This is probably less important in primiparae, because fatty livers were
hardly found in heifers. It should be mentioned in this context that restricted feed
intake ante partum reduces fatty liver problems and increases feed intake post
partum (Farries, 1983). As fatty livers already start to develop a few weeks before
calving, however {Reid, 1982) it can be concluded that energy deficiency as such
is not the only cause of impaired fertility in multiparae. Differences in feeding
ante partum could be responsible for the observed sire by herd-year-seasen inter-
action and inconclusive relationship between fertility and production/live-weight
change.

As reliable genetic parameters for live weight {change) and metabolic disorders
are hard to obtain from field data, the relationship between protein content, the
ratio of protein to fat content in early lactation and fertility should be investi-

gated in more detail.

6. Male fertility

In contrast to work on dystocia, most attention and research on fertility has

been directed towards female fertility or the indirect effect of the sire.
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Syrstad (1981) states that male fertility is as important as female fertility with
respect to conception rate. In breeding programmes, however, selection for male
fertility can be done earlier than selection for female fertility. This may be of
less interest, as sires will not be used heavily until the results of progeny test
for milk productien are known. Nevertheless the direct effect of the sire, when
progeny-tested, is expressed some years earlier than the indirect effect, causing
the discounted value of male fertility to be higher than that of female lertility.

Non-return rate had mostly been used as a measure of male fertility. Most
estimates of heritability have been based on annual non-return rates. These esti-
mates are biased as no correction is done for the differences in distribution across
seasons and for other non-genetic factiors, as well as differences in female fertility.
Heritability estimates of male fertility based on buils used in active A.l. service
may be biased downward by selection. The selection intensity on male fertility,
however, is low and mostly not based on non-return rate itself. Therefore the effect
of selection is probably small.

In his review Syrstad (1982) found heritability estimates ranging from 0.1 to
0.6. Estimates were not comparable because the number of inseminations per bull
varied. Heritability estimates of non-return of a single insermination (60-90 days)
were (.015 or less (Hansen, 1979; Murray et al.,, 1978), suggesting less genetic
variance in male than female fertility.

It has been argued {Vinson, 1982) that estimates should be based on randomly
distributed semen from young bulls in order to avoid bias. Correlations between
non-return rate of young bulls and non-return rates of the same bulls after progeny
testing, however, were rather low (0.45 Murray et al, 1978 Syrstad, 1982). To
what extent this could be due to differences in semen processing is unknown. Esti-
mates based on inseminations from young bulls seem to have predictive value only
if semen, used after progeny test, is frozen at a young age.

Genetic correlations between male and female non-return rates ranged from
0.3 to 0.4 (Hansen, 1979; Syrstad, 1982). Thus male fertility is rather inefficient
in improving female fertility and vice versa. It should be investigated whether
these correlations are age-dependent both on the male and female side.

There are only a few studies available with respect to the relationship between
male fertility and milk production. Estimates by Murray et al. (1978} (-0.26} and
Syrstad (1982) (-0.2) showed a small but significant negative relationship. From
these figures no severe decline in male fertility can be expected, if proven bulls
are sclely selected for milk preduction. As proven bulls are very frequently used,
however, maie fertility should be evaluaied too in order to avoid negative values

in individual cases. These estimates should be corrected as much as possible for
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environmental effects and differences in numbers of inseminaticns.

7. Conclusions

Research on genetic aspects of fertility iIn dairy cattle based on analysis of
A.lL. data should focus on the follewing areas:

1. Genetic relationships between measures of female fertility in different parities.
This should include both measures to assess prelonged calving intervals and measures
for culling due to fertility problems;

2. Genetic relationships between measures of fertility and milk production traits
in early lactation, especially the course of fat and protein content and its ratio;

3. Unbiased estimates of genetic parameters of measure of male fertility and

its relation with milk production.
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Abstract

The correction of insemination results of technicians and Friesian bulls in Al
was studied using 87112 first inseminations by 283 bulls and 37 technicians. The
traits studied were 28 and 56 days non-return rates. Models were compared on
the basis of the correlation between solutions obtained in a reference model and
reduced modeis.

Age at first service in heifers and calving to first service interval in cows did
not affect the ranking of sires and technicians. The routine monthly evaluation
of non-return results of sires required a correction for parity of cow and month
of insemination. In addition group of descendents and number of inseminations
should be considered. The monthly evaluation of technicians can be based on devia-
tions within studs.

An annual evaluation of sires and technicians should include a herd effect as
well. The correlation between solutions (56 days non-return) in the full model and
one without a herd effect was 0.94 for both sires and technicians, whereas the

absolute average change was 0.5%.

1. Introduction

Artificial insemination studs in The Netherlands evaluate non-return rates of
bulls and technicians on the basis of monthly averages of cumuiative yearly aver-
ages. Results of technicians may be used for management purposes in Al-organisa-
tions. Results of bulls are frequently published together with information with
respect to breeding values for production and management ftraits. In addition to
the latter traits non-return rates may be taken into account when expected returns
from an insemination are calculated (Everett, 1975; McMahon et al., 1985).

Besides differences due to bulls and technicians, differences in non-return rates
are also caused by effects of herd-year-season, parity, genetic group and the inter-
val calving ta first service (Jansen, review, 1985; Taylor et al., 1985). These effects,
however, are usually not taken into account in the evaluation of bulls and tech-
nicians. This may result in bias dependent on the confounding of these etffects
with bulls and technicians. Furthermore confounding of bulls and technicians may
cause bias in the results.

The purpose of this investigation was to study whether the monthly and yearly
evaluation of insemination results of bulls and technicians required a correction
for the effect of year, month and herd of insemination and interval to first service

and parity of cows.
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2. Material

Breeding receipts were obtained from 326 herds with Friesian cattle from the
province of Friesland. Data were provided by the Friesian Cattle Syndicate {FRS),
spanning July |, 1979 to February 29, 1984. Procedures for selection of the herds
and a description of all the data collected are given in Kooper and Wilmink (1983).

Al data were matched by parity with registration and calving data. The criteria
for validation of data and assignment of lactation numbers are given in Jansen
(1986). After matching, the following records were removed: records with no in-
semination data or non-Al breedings, records with no exact sire of insemination
or technician code, age at first service in heifers less than 338 or greater than
631 days and interval calving to first insemination less than 30 or greater than
155 days. Technicians were required to have at least 50 inseminations per parity.
To provide equal opportunity for conception records with a first insemination past
June 1983 were removed. Finally, bulls were required tc have at least 55 insemina-
tions in cows in order to get a manageable matrix. This reduced the number of

sires from 683 to 283. Table 1 summarises the different editing steps.

Table 1. Editing of records in sequence of selection

parity
G 1 2 3 24

initial number 523%0 28977 23907 18517 33721
removed because of

no mnseminations 33388 1419 1023 636 1034
non-Al breedings 502 35 29 29 39
interval restriction] 461 773 510 397 749
no exact technician or

bull cede & 93 396 314 657
< 30 ins. per inseminator 266 54 34 34 66
past June 1933 - 3342 29388 2456 4304
< 535 ins. per bull 1566 4307 1013 700 1382
remaining 11203 18734 1791% 13951 25310

1 t interval to first insemination in heifers > 338 days and < 631 days
interval calving to first insemination > 30 days and < 135 days.

3. Methods
3.1. Models

The basic linear model considered the following effects:
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herds (326)

- genetic group. Two groups of bulls were considered. One group contained 100%
Holstein bulls, either with imported semen or semen produced within the country.
The other group comprised mainly 100% Dutch Friesian bulls but alsc a few cross-
breds of Holsteins with Dutch Friesians.

- sire of insemination (283)

- technician (37)

- parity (0,1,2,3 and 3 4)

- year of insemination {¢& years from July to June next year)

- month of insemination {12)

- age at first service in heifers and interval calving to first service in cows. The
continuous variables age at first service and interval to first service were divided
into classes according to table I
The traits considered were 28 days and 56 days non-return rate after first in-

semination (NR28 and NR56).

Table 1. Distribution of records according to classes for age at first service
or interval to first service.

age at first service interval to first service
days number days number
< 400 209 < 45 2604
400-419 712 45-50 3006
420-429 842 51-55 3748
430-439 1365 56-60 5305
440-449 1574 61-65 7490
450-459 1576 66-70 3267
460-469 12605 71-75 3088
470-479 881 76-80 7354
480-499 1192 81-85 6367
500-5349 1147 86-90 5537
> 549 560 91-95 4120
$6-i100 3181
1G1-110 4384
111-120 2366
> 120 3392

Firstly ordinary least squares analyses per parity were carried out to study the

effect of interval calving to first service/age at first service and the interaction
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year times month. In these analyses all effects except the herd effect were con-
sidered. Because the monthly pattern per parity seemed to differ, the interaction
parity*month was subsequently tested in cows (parities 1,2,3 and greater than or
equal 4) and in aill data. In the latter case the effect of interval to first service
and age at first service were not taken inte account.

Finally evaluation procedures were compared using mixed models.

The following general model was applied:

y=X+Zu+e

where
y = NRZ& or NR56
B = vector with fixed effects
4 = vector of sire effects
e = error,

X and Z are design matrices relating the fixed effects and the sire effect to the

observations. y, u and e were considered random with expectations and variances
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Solutions for 8 and u were obtained from the normal equations
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In the normal equations a ratio k (02e / Uzu) of 350 was added to the sire*sire
(Z'Z) part. This ratio corresponds to a heritability of about 1%. The make up of

the fixed effects will be presented when the results are discussed.
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3.2, Criteria for comparison

Dempfle and Haggar (1983) proposed the correlation between split samples as
a criterion for comparison of models. The model with the highest correlation be-
tween split samples e.g. of sires or technicians, would be the best. The correlation
between split samples, however, may be biased due to confounding of the effect
considered and other effects in the model and was therefore not used. Instead
the model with the smallest mean square error and all effects significant, was
choosen as the reference model. Reduced models were subsequently compared

on the basis of correlations.

it. Results and Discussion

4.1. Interval to first service

Average non-return rates by parity are given in table Il. 23 days and 56 days
non-return differed by about 8%.

Table IIl. Average non-return rates by parity

parity NR 28 NR 56
G 23.44 77.01
1 79.69 7l.64
2 78.30 70.31
3 78.07 69.56
24 76.01 £7.11

First data of cows only were used to study the effect of interval to first service.
All etfects except the herd effect were considered. A correction for the interval
to first insemination hardly affected the ranking of sires. The correlation between
the solutions with and without a correction was 0.998 and 0.997 for NR26 and
NR 56, respectively. This is due to the fact that sires and interval calving to first
service were rather balanced. Therefore the interval to first service could be drop-
péd from the model in cows. Least squares constants for age at first service in
heifers showed no clear pattern and this effect was thercfore also not considered
further. The latter is in agreement with Janson (1980} and Hansen et al. {1983).
As the results for NR28 and NR56 were essentially the same, the comparison of
models was restricted to NR 56.
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4.2, Monthly evaluation

The monthly evaluation of bulls and technicians within studs in The Netherlands
is based on data of the last year up to the last month. A model containing a herd
effect is not feasible due to the large computional efforts involved every month.
Therefore the herd effect was left out when the monthly evaluation was studied
in more detail. Correlaticns between sire solutions from different models are shown
in table 1V. Although the interaction between month and parity was significant,
primarily due to a different pattern in heifers and to some extent older cows,
hardly any differences in ranking were found compared to a model with month
and parity separately (r=0.993). When parity, month and year were dropped, the
correlation was reduced to 0.932. The largest change occurred when groups were

subsequently removed from the model (r=0.791).

Table 1V. Correlations between sire soclutions from different models

maodel
model with fixed effects 2 3 4 5
L. group, technician, 0.995 0.932 0.791 0.735
parity*month, year
2. group, technician 0.945 0.802 0.752
parity, month, year
3. group, technician 0.851 G.731
&, technician G.835

5. sire fixed

-4L L 1 I o
JAN, APR. JuLy oGT. DEC.
MONTH OF INSEMINATIQON

Fig. I. Pattern of 36 days non-return rate over the year.
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The pattern of NR36 over the year is shown in figure 1. The drop in August
and September may be a result of reduced quality of heat detection due to the
holiday season and reduced energy content of the roughage at the end of the grazing
period. Poorest results were obtained in the winter season, when cows are kept
indoors. Qur results are rather similar to those of Janson {1980), but differ from
Thibault et al. {1966), cited by Janson (i980) and McDaniel {personal communication,
1984). The seasonal pattern is clearly dependent on managemental and climatolegical
conditions. Differences between years were rather small. As the monthly evaluation
is done within years, the effect can be neglected.

Least squares constants for parities are shown in table V. Results for heifers
may be biased upwards due to unknown use of natural service during the grazing
perioed. Records with known natural service had been removed. First and second
parity cows hardly differed, but third parity and especially older cows had clearly
lower results. Our results differ from De Kruif (1975). He reported highest calving
rates for four-year cld cows, while two-year old cows had 7% lower calving rates
than four-year olds.

Currently results of sires are presented as raw averages or deviations from the
average, not accounted for sampling effects. Therefore a model with sires fixed
was also included. As expected this affected the resulis greatly. The correlation

was reduced to 0.735.

Table V. Least 3quare Constants by parity

parity NR?73 NR 56
2 4.09 5.75
i -0.12 -0.27
2 -0.14 -0.27
3 -0.86 -1.30
4 -2.98 -3.90

Table V1. Correlations between solutions for technicians from difierent models

model
model with fixed effects 2 3 4
1. group, technician, 0.999 0.994 0.987
parity*month, year
2. group, technician 0.995 0.987
parity, ﬁwnth, year
3. group, technician 0.991

%, technician

24




Correlations between solutions for technicians from different models are given
in table V1. In all cases correlations were larger than 0.985. It can be concluded
that the evaluation of technicians does not require any correction, primarily because
of a more balanced distribution across these effects. These results differ from
those of Chavaz and Weber (1985), who proposed to correct results of techrucians
for parity, bull and month of insemination. Despite continuous guidance considerable
differences between technicians were found- The range in solutions was about
9%.

Both for sires and technicians rather large numbers should be considered before
sufficiently repeatable conclusions can be drawn from the monthly evaluation.
For sires 300 first inserminations were required to obtain a repeatability of about
50% (cf. Solbu, 1972). At least 200 first inseminations are needed for technicians

to obiain standard errors less than 3%.

4.3. Annual evaluation

Subsequently medels for the annual evaluation were studied. The reference model
contained the following fixed effects: herds, group, technician, parity¥month and
year. Figure 2 gives the distribution of estimated breeding values for NR6. The

distribution was slightly skewed to the left, primarily due to one outlier.

NUMBER OF SIRES

7

50}

st

301

20F

10

-6 .4 -2 a 2 4 8
NR 56 %

Fig. 2. The distribution of sire effects for 56 days non-return rate.
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Table VII. Comparisen of solutions for sires from reduced models and a model with
effects of herd, group, sice, technician, year and parity*month

fixed effects in correlation average absolute average of 10
reduced model change largest abs.
: changes

1. group, technician 0.944 C.05 Ly
parity*month, year

2. group, technician 0.935 0.6 1.48
parity, month, year

3. group, technician 0.894 1.¢1 3.50

&. technician 0.825 0.64 3.29

5. sire treated fixed 0.793 3.75 12.09

Table VII shows the results of the comparison of the different reduced models
with the reference model. In addition to the correlation the average absolute change
and average of ten largest absolute changes were calculated. Omitting the herd
effect had a considerable effect; the correlation between the solutions of the two
models was 0.9%. The average absolute change was about 0.5%, whereas the average
of the 10 largest changes was 1.44%. When the interaction parity*month was neglect-
ed subsequently, the results were about equal (r=0.933). When parity, month and
year were left out of the model, the correlation was further reduced to 0.35. The
lowest correlation was found when sires only were considered in the model and
treated as being fixed. Then the correlation dropped to 0.79. The average absolute
change was 3.75% and the average of the 10 largest changes was 12.1%.

From these results it is concluded that a herd effect should be included in the
model for an annual evaluation of 28 and 56 days non-return rates of sires, as
well as the effects of group, parity*month and year. The effect of technician could
be left out as there was not much confounding between sires and technicians.

A stud effect could not be considered, because data of one stud only were avail-
able. Differences between studs may be due to differences between areas in which
the studs operate. Inclusion of the herd effect in the model takes account for
differences in non-return rate between different areas. Another cause of differences
between studs may be differences in semen processing. These differences, however,
atfect the results of bulls and should therefore be maintained.

The comparison of solutions for technicians in the reference modei with a herd
effect and a model without, gave similar results as for sires. Dependent on the
correction for parity, month and year the correlation ranged between (.91 and
G.94. The absolute average changes varied from 0.55 to 0.66%.
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Analysis of NR36 will be sufficient for the annual evaluation. The monthly evalua-

tion of sires and technicians may include NR28 in order to be more up to date.

4.4. Conclusions

From these results it is concluded that routine evaluation of sires for non-return
rates can greatly be improved by a correction for group of descendance, parity
and month of insemination. Subsequently deviations from the average have to be
regressed to account for sampling effects. For an annual evaluation the herd effect
should also be considered. Despite the low heritability, still considerable differences
in non-return rates between sires can be found. In our study the range was 10%.
The monthly evaluation of technicians can be done on the basis of deviations within
studs. In an annual evaluation this can be improved by accounting for the herd

effect.
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Abstract

Variance and covariance components for sire of cow and sire of insemination
of fertility traits were estimated by parity using REML-procedures. Subsequently
direct genetic and maternal components were calculated. Heritabilities for 56
days non-return rate, conception rate (heifers, parity one to three) and days open
(parity one to three) varied between G.007 and 0.049. The heritability for age at
conception in heifers was 0.192. The maternal component for days open was greater
than the direct genetic component. The genetic correlations between sire of in-
semination and sire of cow for non-return rate changed from -0.29 in heifers to
0.592 in parity three, that for conception rate from -0.74 to C.48 The relation
between maternal and direct genetic components changed from -0.9% to 0.26 and
-0.97 to 0.12 {for non-return and conception rates respectively. Changes in correla-
tions for days open from parity one to three were smaller. The results indicated
that the genetic correlation between the sire of cow components for non-return

and conception rate in heifers, first parity and older cows may differ from unity.

1. Introduction

The outcome of an insemination is influenced by both the sire of insemination
and by the cow. The cow provides the uterine environment and influences the quality
of the egg {maternal effects), and has also a direct genetic effect on the embryo.
The sire has an effect via the quality of the sperm and the genes transmitted
to the embryo (direct effect). Indirectly, the sire affects the fertility of the cow
one generation later via genes transmitted to the cow.

Information concerning the relation between the direct and indirect effects
of the sire on fertility is limited. Hansen {1979) and Syrstad (1982) reported genetic
correlations of 0.3 to 0.4 between non-return rates of the sire and those of his
female progeny. It is unknown whether this relationship is dependent on the age
of the sire and of his progeny group.

The direct and the indirect effects of the sire on fertility have hardly been
studied simultaneously. Haussmann and Kieninger (1982) reported that the direct
component of variance for the trait "interval between first and last insemination"
was greater than the indirect component (0.64% to 0.36% of the total variance).
In this study the interval between calving and first insemination was used as a
covariable and therefore the indirect sire component may be reduced (Jansen,
1985).

Because the sire of insemination and the sire of the cow both transmit genes

to the embryo, these components will be related per se. This relation depends
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on the size of the maternal component and the correlation between the maternal
and the direct genetic component. Both are unknown. This information is, however,
of interest to predict the possible effects of selection on fertility of sires for
the fertility of their progeny and vice versa.

The purpose of this study was to estimate the direct and indirect sire components
of variance on fertility and their covariance as well as the underlying direct genetic
and maternal components. The analysis was within parity to study the effect of

age of the cow on the parameters.

2. Material

Breeding receipts were obtained from 326 herds with Friesian Cattle from the
province of Friesland. Data were provided by the Friesian Cattle Syndicate (FRS),
spanning July 1, 1979 to February 29, 1984, These herds had been selected to estab-
lish a data base for research on field data. The procedure for selection of the
herds and a description of all the data collected, is given by Kooper and Wilmink
(1983).

Insemination data were matched with registration and milk recording data. The
basic data sets contained 57812 registration records, 126476 lactation records
and 210296 insemination records. Reasons for removing cows or records from the
data base were: cows not registered, age at first calving less than 631 days, calving
before June 10, 1979, lactation lengths greater than calving intervals and intervals
between subsequent inseminations longer than 300 days.

Because lactation numbers were not available, lactation numbers for the first
available record were assigned according to table I. Later lactations were numbered
consecutively. Only records of parities 0 (heifers), |, 2 and 3 were used for further
analysis. To provide equal opportunity for conception, records with the last insemina-

tion after March 31, 1983 were removed.

Table 1. Lactation number of first available record according to age at calving
(days) and total number of records by parity

parity age ai calving total number
0 - 52390
1 631 - 990 28977
2 1021 - 1260 23%07
3 1384 - 1620 18517
>4 > 1771 36910
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Records were only used if the calving date of the subsequent lactation was
known. The following selection ctiteria were used after inspection of the raw data.
Age at first insemination in heifers was restricted to at least 338 days, but less
than 631 days; the interval between calving and first insemination to 30 and 155
days; gestation length to 263 and 293 days in heifers and 264 and 294 days in cows.
Subsequently animals were removed if they had been inseminated by an inseminator
with less than 50 inseminations per parity. This was done after some confounding
between sire of insemination and inseminator had been detected. Finally animals

with an unknown sire were removed.

Table II. Editing of records in sequence of selection

parity

0 1 2 3
starting 52390 28977 23907 18517
subsequent calving
date > 990 days 10164 - - -
no INseminatons 23664 1419 1023 636
no exact insem. data 421 1 - -
inseminations past
March 31, 1983 4876 3893 5006 4046
gestation length i733 1320 943 677
age/interval to
first service 328 574 362 289
mseminator < 30 insem. 70 257 167 139
unknown sire 960 4819 4577 3830
culled during lactation 1202 1986 [767 1581
remaining 8972 12708 10062 7299

The editing steps for parities 0, 1, 2 and 3 aresummarized in table II. The main
causes for loss of records were: no insemination data (26742 records), age restric-
tions on young heifers (10164), time restrictions {1982!) and no sire identification
(14186). The number of records remaining were 8972, 12708, 10062 and 7299 records
for parities 0, 1, 2 and 3 respectively. The number of sires was too large to cal-
culate the inverse of the design matrix (672, 1257, 128 and 1050 sires in parity
0, 1, 2 and 3 respectively). Therefore a minimum was imposed on the number of
herds in which sires should have daughters or inseminations. In this way the effects
of a possible confounding of herds and sires were also reduced. The limits, the
number of sires meeting the limits and the total number of records remaining

are given in table IlIl. As a rule first lactation heifers have to be inseminated with
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unproven sires In The Netherlands and therefore many sires had no daughters and

only a small

number of inseminations in first parity. The total number of sires

which were evaluated, was 84, 125, 115 and 96 for parity 0, 1, 2 and 3, respectively.

Table 1. Minimum number of herds in which sires had either progeny, insemnations

or both (nurmber of remainmg sires 1n brackets)

sire of sire of both records left
pariry COwW Insemination
0 12 {11 12(6) 8 (67) 6497 { 84)
1 25 (12) 55 (438) 25 (65) 3704 (125)
2 20 {16) 20 (20) 10 (79} 6833 (119
3 26 {17 20 (19) 10 (60) 4711 ( 96)
3. Methods

3.1. The genetic model

The genetic medel for a trait which is influenced by both the sire of the cow

and the sire of insemination is described by Wilham (1963} and Van Vleck {1978).

When we ignore all other fixed and random effects, the result of an insemination

can be described by

p
where p
S
t
e
Then o

s. + 1.+ e
! J

= result of an inseminaiion

sire 1 of cow {indirect sire effect)

sire j of insemination (direct sire effect)

errcr

Now s, contains half of the maternal effect {m) and 25% of the direct genetic

effect {d), whereas tj contains half of the direct genetic effect.

1/4 d + 1/2 m;

1/2 d.
f ]
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The variance and covariance components for the direct and indirect are then

composed as follows

2
7, - 1/1502d+ 1/402m+ oy

ozt: ifs o

and o - 1/8c2d+ tu

m

Cid m

Thus the direct genetic and maternal components can be calculated after the vari-

ance and covariance components for sire of cow and sire of insemination are esti-

mated.

3.2. Linear model

After preliminary analyses concerning the significance of the effects of the

percentage Holstein in sire of cow and sire of insemination, the effect of insemina-

tor and the interaction of herd by year-season, the following model was used to

estimate genetic parameters per parity.

¥ = Xby + Xoby + Zju v Zou, v e

where

Pt

vector of observations on ftraits non-return (56 days), conception
rate and days open (1*n}

vector with herd effects {fixed, l*pl)

vector with year-season effects (fixed, I*p2]

vector with effects of sire of cow (random, l*ql)

vector of effects of sire of insemination {random, l*qz)

error

)_(l, )_(2, gl and gz are incidence matrices, relating the effects

b, b

2pr 20 )

and u, to the observations, q, and g, are of the same length.

Z

Four seasons per year were distinguished: Feb, - April {1), May-July (2), Aug.-Oct.

(3) and Nov.-Jan. of the following year (4). July 1979, the first month for which

data were available, was combined with season 3 of that year due to smali numbers.

First and second moments of the random variables are as follows:
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1 -1=1 b

1o 1o o o+

o

VO

e symm.

| —
=]

+102

and VY =22 ) v 2,2y 00, - 2y - 220 0, < 10
An extensive description of the model is given by Van Vleck and Johnsen (1980).
Instead of an analysis by parity, the possibility of a multiple trait study with
each parity as a separate trait was also considered. In case all cows in the data
set would have a parity 0 record, this would also circumvent the possible effect
of selection on the parameters. The limited number of cows having a heifer record
as well as a second or third parity record prevented this analysis. Besides selection
probably has only a minor effect, firstly because selection pressure is low, secondly
mass selection on fertility is very inaccurate due to a low heritability and low

repeatability of fertility measures. Therefore the first procedure was chosen.

3.3. Estimation of variance components

-1
LetG=V v, then G = 1 o !alz
U, Toy
) 1 -1 1
Lets=1 - X X1 [ X' % 5% LX) %

L4 5%

After absorption of herd and year-season effects the normal equations can be writ-

ten as
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Both Zl and gz may contain columns with only zero's, since some sires may not
have daughters and some sires may not have inseminaticns.

Let the inverse of the coefficient matrix be

S Sz

(;12 g22

The order of this matrix is 4, + 9, (qls qz). REML-estimates of variance com-
ponents can now be calculated as

Fy s Wy-EXY - wZy) /(N )
2 '
=y gyl
2
ooy = luluy et Gy 020) !a
o {u'u, + tr C 02)."
R ) 112%¢ 1 9)

Ordinary least squares estimates of 020, 021, and 022 were used as starting values,

while 612 was assumed to be 0 in the first round.

The EM-algorithm (Henderson, 1973) was modified to speed up the process of itera-
tion. Instead of using the estimate of the last round as prior for the next round,
the difference between the estimate of last and previous round times 2 was added
to the new estimate of the genetic components. In theory this may lead to over-
shooting. Therefore the average of the estimates of the last and the previous round

was used as prior for the next round when the sign of the difference between rounds
changed.

¢ M= cly 2l di-dly)
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The following convergence criterion was used.

Calculate G - (}n_l = A

Then let x =i| A|] = (Z; Ej azij)'5 and g = [| G || {Schaeifer, 1985).

Convergence was assumed when (1-x/g) * 100 was greater than 99.5.

3.4. Measurements of fertility

The fertility traits studied in parity 0 to 3 were: non-return rate at 56 days
after first insemination, conception rate after first service and days open. 56 days
non-returns were used instead of number of inseminations per service period, be-
cause these traits were genetically highly correlated {Janson, 1980} and non-return
is currently used as a measure for fertility for sire of insemination in practice.
Days open was included to study the combined effect of the interval between cal-
ving and first service and conception rate. Days open was replaced by age at con-
ception in heifers. The estimates for the direct sire components of days open and
age at conception may be affected by the fact that a cow may be reinseminated

with another sire after failure to conceive at first service.

4. Results

Means and standard deviations of traits are given in table IV, Cows in first
lactation were inseminated about three days later than second and third parity
cows. Non-return and conception rates were higher than usually reported because

animals with no subsequent calving date were not taken into account.

Table 1V. Mean and standard deviation of traits by parity. (standard deviation
15 given in brackets. Those for non return and conceptieon rate can be
calculated as p * (i-p) )

interval calving- non return conception days
parity first insemination 56 days rate open
o! 4624 (40.4) 76.8 "73.1 476.2 (52.9)
1 80.2 (20.9) 74.5 69.4 96.6 (42.3)
2 77.4 (20.4) 72.2 67.6 93.6 (33.8)
3 77.1 (19.5} 715 67.0 93.7 (38.5}

) parity O: age at first insemination in stead of interval calving to first
insemination and age at conception instead of days open.
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