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GENERAL INTRODUCTION

In 1981, an EAAP working group reported that central bull performance
testing had widespread application in European cattle-breeding schemes.
Large differences in testing techniques were observed. Therefore, the
group proposed general recommendations on procedures for performance
testing for beef characteristics and on needs for further research.

Since last publicatlion, experiences and results have accumulated in
geveral countries on genetic parameters of efficiency of growth, feed
intake, metabolic and immunological traits and on estimation of breeding
values. Through the introduction of milk quotas and new technical
developments, conditions that have an effect on the importance of
performance testing in the total breeding scheme have also changed.

These proceedings contain contributions of the EAAP-seminar of the
study commissions om Cattle Production and Animal CGenetics "Performance
testing of bulls for efficiency and beef production in dairy and dual-
purpose cattle”. This seminar was held 27-29 April, 1987 in Wageningen,
The Netherlands.

The objectives of the seminar were:

- A review and an exchange of results and experiences about performance
testing of bulls in dairy and dual-purpose breeds with experts from
different countries.

~ Recommendations for testing procedure and further research.

During the seminar the following topice were discussed:

~ Comparison of performance test results for beef characteristics with
male progeny tests in different eavironments.

~ Comparison of performance test results for efficlency traits with
female progeny tests in different environments.

~ Fertility traits and value of metabolic and lmmunologlcal parameters of
performance tested bulls for predicting traits of progenies.

=~ Estimatlon of breeding values of performance tested bulls.

~ Implications of performance test results for breeding programmes.

Organizers

8. Korver Dept. Animal Breeding, Agricultural University,
Wageningen, The Netherlands.

G. Averdunk Bayerische Landesanstalt fUr Tierzucht, D-801l1 Grub,
Fed. Rep. of Germany.

B. Bech Andersen National Institute of Animal Science, Research

Center Foulum, Denmark.




GENERAL ASPECTS OF PERFORMANCE TESTING OF BULLS IN AI: DATRY AND DUAL
PURPOSE BREEDS

S. Korverl, B. Bech Andersenz, G. Averdunk3d

1. Departmerit of Anima)l Breeding, Agriculrural Uaiversity, Wageningen,
The Netherlands

2. National Institute of Animal Science, Research Centre Foulum, 8833
Orum Sdrl., Denmark

3. Bayerische Landesanstalt flir Tierzucht, D~8011 Grud, Federal Republic
of Germany

Introduction

A working group of the EAAP~commission on cattle production had
presented in 1981 a report about the objectives of performance testing of
potential AI-bulls, guidelines abput testing enviromment and recommenda-—
tions for further research (Andersen et al., 1981). This paper will
summarize a . number of the extensively desctihed general aspecta of
performance testing.

Andersen et al. (1981) also presented a survey of performance testing
of bulls in EAAP countries. Up to date figures about capacity for
performance testing, number of tested bulls, housing- and feedlng system
will be presented in this paper.

Traits for testing amd selection

In dairy and duval-purpose breeds in Westera Europe the main objective
of performance testing is to fmprove or to maintain the gemetic capacity
of efficiency of lean-meat production. Lean-meat in these populations are
produced by male and female calves reared to slaughter and to females as
culled cows. Secondairy objectives are focussed on the efficiency of milk
production by selection on e.g. appetite, hormones, enzymes, etc.

The most Important traits for testing and selection in performance test
are:

- Growth rate. Rate of gain has a2 great impact on the cost of feed,
invested capital and labour. Most veal and beef operations have fixed
slaughter weights or fixed growing periods and in both systems differ-
ences in profitability of individuals could be explained by growth
rate.

~ Feed efficiency. Feed efficlency could be defined as overall efficilen-
cy namely the ratio of input to output and is highly correlated with
daily gain. The different underlying components of efficiency are:
- maintenance requirement
- relative proportions of lean tissue and fat deposition
- feed intake
- digestibility and efficiency of deposition fat and protein.
The knowledge about the genetic parameters of these components is
limited.

- Carcass quality. Thé performance test is mainly focussed on lean-meat
and this imply measuring the carcass composition. For the performance
test predictive parameterws are used to estimate the muscle mass. This



trait may be measured or assed visually. Fleshiness and fatness are
inexpensive to measure subjectively but they are very rough predic-
tors. Ultrasonic measurements of subcutaneous fat and longissimus
dorai are to some extend better predictors.

Appetite. The advantages of a good appetite are intake and digestion
of less concentrates and more roughage and reduction of the negative
energy-balance in first part of lactation.

Other traits. Measurements of hormones, enzymes and antigen responses
could make it possible to include indirect selection for dairy or
constitutional traits into the performance test. A correlated increase
in birth-weight arising from selection for growth rate can have an
undesirable effect on ease of calving. Ease of calving can be measured
on the tested progeny bulls.

Testing circumstances

Adaptation period. This period should be long encugh to equalize the
body conditions of the animals and to decrease the effect of pre—test
environment, The difference in pre-test environment could be elimi-
nated when bull calves arrive at the test centre as soons as possible
after birth. The minimum adaptation period should be three weeks.

Feeding system. Daily gain in growing animals depends onp intake
(energy and protein) and the way of using nutrients. There are
differences between animals in using energy for maintenance, deposi—
tion of fat and protein and the conversion of gross energy to net
energy. Table 1 summarized the influence of the feeding regiwme on the
selection response. The appropriate feeding system will depend on the
breeding objective. Ian most dairy and dual-purpose breeds the system 3
and 4 seems mosat relevant.

Table 1. Schematic illustration of the importance of feeding regime for
selection response when selection 18 based on growth rate (Andersen et
al., 1981).

Selection response on:

residual L.T.G. physiolog. physiolog.
efficien- capacity appetite appetite
cy

Feeding Regime

1.
2.
3.

4

Roughage restr./

concentrate restr. +H+ +H + (+)
Roughage Testr./

concentrate ad 1ib. +H + + {(+)
Roughage ad lib./

concentrate restr. + ++ (+) ++H+
Roughage ad 1ib./

concentrate ad 1ib. + ++ ++ 4+

Length of test period. The length of the period and the age of the
bulls is dependent on the breeding goal of the breed and the genetic
variation of the traits. Experiments have shown that genetic variation




of growth rate and fleshiness increases with months of age until a
year. The impact of the breeding goal could be the differences between
veal and beef.

Survey of performance testing of bulls in EAAP~countries

During the last 25 years considerable facilities have been established
for the performance testing of AL bulls in many European countries.
Information in reply to a questionaire is presented in table 2 about test
stations and breeds (dairy/dual-purpose on beef). The total test capacity
in 1987 is comparable with the capacity in 198l.

Housing systems (table 3) have been divided into three types: animals
kept tied, loose~housed individually, or im groups. Since 1931 the group—-
system is increased. The feeding system is presented im table 4. There is
a clear tendency favouring system 3 where roughage is ad libitum and
concentrate restricted. This feeding regime is foeussed on physical
appetite and residual efficiency (table 1).

Table 2. Capacity for perfdrmance testing in EAAP countries.

Country Stations Places Breeds
Number Z for Dairy/ Beef
beef dual- "
purpose
Belgium 2 700 43 4 1
C.5.8.:R. 9 1500 0 5 -
Denmark 3 1050 20 4 6
F.R. Germaay 10 1630 13 7 2
Finland 1 330 0 3 -
France 29 2030 58 6 9
German D. Rep. 6 2000 15 1 2
Great Britain * 0 0 0 - -
Greece * 0 0 0 ~ -
Ireland 3 336 66 1 8
Italy 6 520 48 3 4
Netherlands 3 360 0 2 -
Norway 3 420 0 1 -
Poland 25 3300 0 2 -
Portugal 5 224 55 1 3
Sweden 7 550 24 4 5
Switzerland 1 280 0 3 -
Yugeslavia 3 272 0 3 -

* All performance testing at farm




Table 3. Housing systems in performance testing stations.

Country Dairy/dp Beef

’ ind. group tied ind. group tied
Belgium x X X
C.5.5.R. X X
Denmark b4 X X X X
F.R. Germany x X x x X
Finland b4
France X x X X X x
German D. Rep. Xx b4 X x
Great Britain * X
Greece ¥ x
Ireland X X x
Italy X X
Netherlands b4 x
Norway X X
Poland x
Portugal x x
Sweden X X X b4
Switzerland x b4
Yugoslavia X :
#* All performance testing at farm
Table 4. Feeding syatem31 in performance tests
Country Dairy/dp Beef

1 2 3 4 1 2 3 4

Belgium X
CSSR X
Denmark x b4
F.R. Germany x x X
Finland X
France b4 X b x X
German D. Rep. X X
Great Britain b4
Greece X
Ireland x x
Italy b4 X x
Netherlands X
Norway x X
Poland x
Portugal X X
Sweden X b4
Switzerland X

lSystem l: concentrate restricted/roughage restricted.
System 2: concentrate ad lib./roughage restricted.
System 3: concentrate restricted/roughage ad Iib.
System 4: concentrate ad lib./roughage ad lib.
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METHODS OF DESCRIBING BODY COMPOSITION AND MAINTENANCE REQUIREMENTS OF
BULLS TESTED

Per Madsen 7
National Institute of Animal Science, Research Center Foulum,
P.0O. Box 39, 8833 grum Sgnderiyng, Denmark

Summary

Various techniques for in vivo estimatlon of body composition are com-
pared on repeatability, reproducibility, predictive value and practicabi-
lity. It is concluded, that with the present equipment, the method of
choise in a performance testing program is ultrasonnic scanning followed
by visual assessment and handling.

Different methods for estimation of maintenance requirements {or "non-
productive use of energy”) are briefly described. For use in a performan-—
ce testing scheme, a method based on recordings of feed intake and weight
gain in successive time periods is proposed. Varlation in "non-productive
use of energy” due to feeding level and genotype are demonstrated.
Keywords: body composition, maintenance requirement, performance test,
cattle,

Introduction

In breeding programmes for a simultanecus improvement of milk and beef,
the most important traits are milk production capacity and growth rate.
Other traits of importance are carcass guality, feed efficiency and appe-
tite., Carcass quality traits are closely related to body composition.
Feed efficiency are related to maintenance requirement.

During growth, not only the weight but also the body composition of the
animal continually changes, and so do its maintenance wetabolism. In
growing cattle maintenance metabolism {or "non-prodictive use of energy"}
is seldom less than 40 per cent of the total metabolism and usually more
(Van Es, 1280}, Hence, differencies among animals in maintenance metabo-
lism also results in differencies in feed efficiency.

Therefore, methods for deacribing body composition and maintenance re-
quirements are important tools in testing and breeding programmes.

Methods of describing body compoaition

Potential methods

The most accurate methods of estimating the body composition of an ani-
mal is to slaughter it and then performe dissection and chemical analy-
gis. However, this is a destructive method, which also suffers from the
disadvantages that it is expensive and that only one assessment of body
composition can be made con each animal, i.e. this method can neither be
used for describing changes in body composition during growth, nor can it
be used to describe carcass traits of potential breeding animals.



During a CEC workshop in Copenhagen (December 1981) various techniques
for in wvivo estimation of body composition in cattle were discussed. Bas-
ed on the procesding from this workshop, and on more recent literature
various in vivo technigues are summarized in table 1. The different tech-
niges are compared on: repeatability, reproducibility, predictive value
and practicability. Repeatability is defined as the extent to which mea-
surements on the same animal under simular conditions correspond with
each other., It is influenced only by measurement errors and time effects.
Reproducibility is difined ag the relationship between measurements under
different conditions. Besides measurements errors and time effects it is
also influenced by the person performing the meagurements. The predictive
value is defined as the relationship betweeen the in vivo measurements
and the carcass traits. Practicability includes the pracitically possibi-
lities of the method in a performance testing program, i.e. size and por-
tability of the egquipment, time requiared to performe the measurement,
limitations on the size of the animal which can be measured etc.

Table 1. Comparison of various in vivo techniges for describing body com-
position in cattle.a)

Repea- Repro- Predic- Practi-
tabi- duci- tive cabi-
Methad lity bility wvalue 1lity Reference
Live weight ++ 4+ 4+ + O+ + + + Kempster, 1982

o g o ——— - —————————

Visual assessment

and handling + + + + + + + + Kempster, 19382,
Jansen et al., 1385
Body dimensions +++ A+t o+ + + + Kempster, 1982
Density + + + (+) Miles, 1982
Dilution + o+ + + + + Robelin, 1982
Dielectric . . . + Miles, 1982
Ultrasonic + + + 4+ + + + + Andersen et al.,1982
Jansen et al., 1985
X-radiography . . . + Miles, 1982

Computerised x-ray
temography (CT) + + + + + + + + + - dgrensen, 1987

Nuclear magnetic
resonance (NMR) + + + + + + + + + - Miles, 1982

Potasgium (40K) . . -+, o+ Miles, 1982

Neutron activation
analysis . . . + Miles, 1982

Hormone measurements + + + + + Miles, 1982

a) +: low, ++: medium, +++: high, . : information not available
-: can not be used due to limitations on size of body which can be
measured
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Experimental results from Denmark

Ultrasonic equipment (*Danscanner") has been used on performance test
stations in Demmark since 1276 for prediction of carcass quality. The re-
peatability and predictive value of the technigue has been teated in se-
veral experiments, and the precision of predicting a given carcass trait
varies widely. Generally, the best predictors of dressing percentage and
lean-to=bone ratio are obtained through ultrasonic measurements of muscle
areas, while ultrasonic fat measurements are the best predictors of lean
and fat percentages in the carcass {Andersen et al., 1982 and 8im, 1983).

The repeatability of the "Danscanner" measurements at the Danish per-
formance testing stations has been calculated by Andersen et al. (1987}).
The correlations between reapeated measurements (adjusted to constant
live weight) were calculated within six months time periods. Correlations
between measurements at 9 and 10 months of age range from 0.49 tc 0.69
{mean 0.61), between measurements at 9 and 11 months of age were from
0.49 to 0.67 (mean 0,59) and between measurenments at 10 and 11 months of
age range from 0.50 to 0.72 (mean 0.64).

Andersen et al. {1987) used the correlation between ultrasonically
{"Danscanner") measured muscle area and carcass traits on bulls slaugh-
tered immediately after the performance test to describe the predictive
value of ultrasonic measurements. The results {table 2} demonstrate that
it is possible by ultrasonic measurements to obtain the same preciBsion in
prediction of carcass traits as from corresponding muscle areas measured
on the sectioned carcasses. It is also shown in table 2 that conformation
scoring and body lenght measurements directly on the carcass give the
same and/or a poorer description of body composition than muscle area
measurements on live animals.

Table 2. Phenotypic correlations between ultraschic muscle area and car-
cass quality traits (within year, breed and station and adjusted to con-
stant live weight - n = 243}. (Andexsen et al., 1987}

Carcass traits

Dressing Confor- Lean/ Muscle

percentage mation Bone area .
Ultrasconic muscle area 0.30 0.27 G.36 0.49
Carcass muscle area 0.30 0,27 0.41 -
Carcass conformation 0,27 - 0,33 0.27
Carcass lenght -0,09 -0.28 =0,05 =0.06

Computed tomography (CT) scanning has been used to discribe body compo-
gition of dairy goats (Sgrensen, 1987)}. A total of 41 lactating goats
were scanned and subsequently slaughtered, dissected and analysed for
chemical composition. The CT~data were condensed by principal component
analysis. Based on standard error of estimate (SEE) and on standard error
of predicted value (SEP)} the "Best" predictor for each of seven composi-
tional traits were selected., The validity of CT-scanning was expresgsed in
the percentage of reduction in SEP when a model based on live weight
alone was compared to a model based on live weight plus CT-informatiocn.
The percentage reduction in SEP was 0 for carcass water and carcass pro-
tein, 50.5 for carcass fat, 15.4 for non-carcass water, 26.0 for non-~car=-
cags protein, 74.7 for non-carcass fat and 72.3 for total energy content.

!




Methode of describing maintenance requirements

Potential methods

As pointed out by Van Es (1980) three different approaches can be used
to estimate maintenance requirements for energy.

The animals can be fasted for a number of days at the end of which es-—
timates of maintenance metabolism can be derived from heat preduction and
urinary energy losg measured in respiration chamber (method a4).

The animals can be fed approximate maintenance ration; from their aver-
age daily gain {(method B1) or energy balance measured in respiration
chamber or by the comparative slaughter technique (methed B2) the part of
the ration needed for maintenance can be computed.

The third method (the regression approach} derive maintenance require-
ments from measurements of weight gain or energy balance at two or more
feeding levels followed by extrapotation to zero production (method C).
Van Es (1980) discussed different regressions models. From the simples
form, where maintenance requirements are estimated as the intercept-value
from either regression of production on intake or regregsion of intake on
production (model C1 and C2 of Van Es, 1980), to more comblex models,
where production are divided into energy retained in the body either to-
tal (RE} or as protein {(RE,) and fat'(REf), (from respiration chamber or
from comparative slaughtering) and where maintenance requirements are
estimated as the partial regression of metabolisable energy (ME) on meta-
bolic weight (Wafg). The most complex model {model C9 of Van Es, 1980)
includes in addition to the above mentioned factors also factors relating
efficiency of ME utilisation to relative rate of protein deposition and
to physical activity of the animal (i.e. degree of maturity).

Experimental results from Denmark.

Thorhek (1980} used the regression method and measurements of retained
energy (measured in respiration chamber) to estimate maintenance require-
ment for energy of youny calves in different liveweight intervals {(from
100 te 275 kg, with intervals of 25 kg, n=176). Maintenance requirement
per kg metabolic welght varied from 377 To 486 KJ per day, with no pro-
nounced relation to liveweight.

Based on data from four production experiments with young bulls on
individual records of feed consumption, serial slaughtering and complete
carcase dissection, Andersen (1980} estimated maintenance reguirements
using the fecllowing basic regression models:

NE = bg + by IW9+73 + EP; (1)
NE = Dby + by 1073 + byLG + b3F per cent + byD per cent (2)
where EP = energy in product;
NE = net energy consumed per day,
W0+ 73 = metabolic weight, i.e. the liveweight raised to the
power 0.73;
ire] = liveweight gain per day.

D per cent = dressing percentage;
F per cent = fat percentage in the carcase.

12
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In experiment 1, 165 male calves of Red Danish evenly distributed in
progeny groups from four sires, four feeding levels (ad libitum, 85 per
cent, 70 per cent and 55 per cent) and seven slaughter weights {from 180
to 540 kg, with intervals of &0 kg), the maintenance requirement (bq) was
agtimated within feeding levels. The results shows an increase in main-
tenance requirement wlth increasing feeding intensity (from 282 to 532 KJ
per kg metabolic weight and day for 55 per cent intengity and ad libitum,
respectively). °

Experiment 2 and 3 comprised of 307 and 409 young bulls, respectively,
from a comprehensive crogsbreeding experiment, where different beef breed
were used on Red Danish and Black and White Danish cows. In experiment 2,
the bull calves were feed with concentrate ad libitum and three glaughter
points were used (300 kg, 12 months and 15 months)}. In experiment 3,
three feeding levels (ad libitum, 85 per cent and 70 per cent) and three
slaughter weights (320 kg, 440 kg and 560 kg) were used. In both experi-
ments, maintenance requirement was estimated within sire breed and signi-
Eicant effect of sire breed was found. In accordance with experiment 1,
differencies in maintenance requirements between the different feeding
intensities in experiment 3 was observed.

The 4th experiment consist of data from the progeny test for beef
traits in dual purpose breeds. A total of 300 bull calves evenly distri-
buted on 30 gires, fed with concentrates ad libitum and tested in the pe-
riod from 4 weeks of age to a liveweight of 340 kg, was included 4in the
analysis. Model 1 was used on recordings from puccegsive 28 days periods,
and dally gain in each period was used to describe energy deposition
(EP). Maintenance requirements (bq) was estimated within sire, and a high
within breed variation was found. An heritability of 0.31 for the bq-va-
lues was estimated.

Preliminary resulta from an experiment with 720 young bulls evenly de-
stributed on 30 progeny groups and three slaughter weights (340 kg, 470
kg and 600 kg) also shows variation among progeny groups in maintenance
requirement (Jensen, 1987).

S¢rengsen (1987} used CT-scanning to estimate maintananc requirement of
lactating dairy goats (n=4o}. The energy balance was estimated from the
CT-scanning, and maintenance requirement was calculated as: net energy
congumed per day — energy in milk ~ energy balance. A regression of the
estimated maintenance requirements on metabolic weight only explained 11
and 4 per cent of the variation in the estimated maintenance requirements
in early and middle lactation, respectively, and the regression coeffi-
vients was not significantly different from null. This indicate that
maintenance regquirements can not be digscribed by the metabolic weight
alone.

Discussion and conclusion

The review of various in vivo technigues for estimating body composi-
tion in the first part of this paper, shows that the "best" prediction is
obtained by CT- or NMR-scanning. Unfortumately, the§e methods can not be
used on cattle due to limitation of the size of body which can be scan-
ned, Other drawbacks are the high price of the equipment and that it is
unportable. Until these problems are solved, the methods of choise is ul-
trasonic scanning followed by visual assessment and handling.

13



Regarding estimation of maintanance requirements, the following have to
be noticed; method A and B can not be used on fast growing animals, since
these young animals are easily stressed and may show an abnormal behavior
under the fasting period (method A) or under the period fed at maintenan=-
ce level (method B}, (Van Es, 1980). This leads to the regresion approach
(method C) as the method of choise for estimating maintenance require-
ments of young growing animals. However, the more complex regression mo-
dels require measurements of energy depogition. In a performance testing
program, measuring the energy balance by means of respiration chamber is
almogt impogsible due to the high price of the equipment and labor com-~
sumption, the comparative slaughter technique can not be used on poten-
tial breeding bulls, and the CT-scaﬁning method used by Sgrensen (1987}
can as above mentiocned not be used on cattle.

The method used in the 4th experiment of Andersen (1980) could be used
in a performance testing scheme, as it only requires recordings of feed
intake and weight gain in successive time pericds. The method could pro=
bably be improved hy including ultrasonic measurements to describe energy
depogition more precisely than by weight gain alone.

The results from Andersen {1980) and from Jensen (1987) demonstrates
that maintenance requirement is influenced by feeding level as well as by
genotype. Hence, it is possible to manipulate the "non-productive use of
energy”, in the short run by change of feeding inteneity and in the long
run by selection. .
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Abstract

It is important to introduce evaluation methods for carcass traits in order to
avoid negative long—term effects on carcass composition of selection for daily gain
only, and to evaluate for traits more closely related to the breeding goal in beef
production than is just daily gain. Several methods of evaluation carcass composition
are available, Exact measurements of bedy composition, however, require expensive
techniques that are not yet applicable in a practical evalvation procedure. Ultrasonic
scanning is the most tested method for in vivo estimation of carcass traits and
routinely used in Denmark. Recent results from Sweden and some other countries
show that the additional information obtained from scanning measurements does not
increase accuracy greatly, compared with what is already gained by means of live
weight. For a routinary use it is important to test new and more simple scanning
equipments and other evaluation methods such as body measurements, scoring of
fleshiness and progeny testing for carcass traits.

Keywords: in vive, carcass traits, ultrasonic, cattle.

Introduction

With time it has become obvious that evaluation of bulls for growth rate only is
not sufficient to improve the efficiency of lean—meat production. The need to
include measures on carcass traits in the evaluation procedure in order to balance
the negative correlations between daily gain and certain carcass traits has been
pointed out often, eg. Andersen (1977). This scems especially important in view of
the increasing importance of Holstein in many European cattle populations. Thus
Holstein has often been reported to have a Thigher daily gain but more
unfavourable carcass traits than some European Friesian strain, e.g. Philipsson et al.
(1981) and Stolzman et al. (1981).

In order to get an early evaluation for carcass traits one must seck for methods

to estimate carcass composition on live potential AI bulls. There has been a very
rapid technical development in this area and various methods have been described
and extensively discussed during the last decades. Especially two CEC workshops
have been held on this subject, viz. in Copenhagen (Andersen, 1982) and in
Bristol (Lister, 1983).

Some of the "new" techniques such as Computerized Tomography (CT), Nuclear
Magnetic Resonance (NMR) and Video Image Analyses (VIA) are promising for use
in animal breeding in the semse that they have been shown to measure body
compositienr in live animals with great accuracy, However, the equipments are today
expensive, have limited ~motility and not yet suitable for larger amimals such as
cattle. The development of these techniques will certainly continue and they may in
the future be important tools in the evalvation of carcass composition.

The “classical* method in the field of estimation body composition is the

ultrasonic technique. Also more simple methods for predicting slaughter quality have
been described, eg. linear body measurements and scoring of conformation type,
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fleshiness and fat covering.

Progeny testing for carcass traits could be an alternativ to the in vivo methods in
a breeding program including slaughter quality.

It will fall out of the frame of this paper to review and discuss all possible
methods to evaluate carcass composition. Furthermore there are excellent reviews
available in this field, e.g. from the CEC workshops. In this paper, I felt it meore
important to discuss seme of the methods that could be available today for
practical application in a breeding program and to underline certain aspects
concerning repeatability, accuracy in prediction and costs of the measurements. In
addition some recent results, mainly Swedish ones, concerning vultrasonic scanning
will be discussed.

The ulirasonic technigue

Ultrasonic technique has been used to evaluate carcass traits of live cattle for
more than 30 years. During this time period the technique has improved
considerably, new more sophisticated equipments have been developed and precision
of measuring has increased. Numerous investigations in this field have been
reported. For review see eg. Simm (1983) and Kempster et al. (1982).

It is often difficult to wmake comparisons of the results from different
investigations. The studies include various types of cattle, slaughtered under differing
conditions and different types of scanning equipment have been wused. ,

Important factors for the wvalue of scanning technique are repeatability of
measurements, precision of prediction carcass traits, properties of the equipment and
costs for a routinary use in the performance testing.

Repeated meagurements

The interpretation of scanning pictures is of particular importance for repeatability
of the measurements. Generally, repeated measurements made by the same operator
on the same animal show fairly high correlations. Repeatabilities of 0.70—0.97 are
often found, e.g. Andersen et al, (1982).

Of more interest are the correlations between interpreters evaluating the same
scans. These correlations vary often between 0.6 and 0.9 when measurements are
taken at the lumbar region. The intraclass correlations reported by Henningsson et
al, (1986) were rather moderate and lower than those reported by other authors,
0.58:0.12 for muscle area and 0.42:0.14 for subcutaneous fat thickness when
interpreted by two persons who had earlier been trained together in interpreting
scanning pictures., The corresponding figures were 0.35£0.16 for both measurements
when interpreted by two persons not earlier trained together. Although it was not
possible in this study to separate the influence of interpreter from that of the
training method it seems most probable that the differences in intraclass correlations
at least partly depend on the preceding training situation. It is thus important that
operators and those who evaluate or interpret the scanning pictures are well aun fait
with animal anatomy, that they be trained continuously in the use of the
equipment and that they make regular checks of their resulis against ecach other
and against carcass measurements, Interpretation of each picture by more than one
person could also be recommended in order to increase accuracy still further.

The accuracy of the scanning measurementis could also be improved by including

several measurements made at certain time intervals in a regression in order to
estimate the values at a preferred age (Jensen & Andersen, 1982). The question as

17




to whether improved accuracy achieved by making repeated measurements at certain
intervals should be wtilized must be weighed against the cost of measuring each
animal several times.

Precision of prediction

The quality of an in vivo technique depends lagely on its predictive wvalue. This

is measured by the relationship between in vivo traits and carcass traits. The most
commonly wused measures of precision are correlations between ultrasonic
measurements and the carcass traits concerned. A better measure, which also takes
account of the variation in the trait to be predicted i3 the residual standard
deviation (r.s.d.), Kempster et al. (1982).

Phenotypic correlations reported in literature vary considerably depending on
carcass trait studied, scanning measurement and equipment wused. Andersen et al.
(1982) reported correlations between muscle area at the lumbar region and dressing
percentage of 0.33—0.58. Appel (1980) obtained correlations of 0.2—0.6 between
scanning measurements and weight of various carcass cuts. Henningsson et al.
(1986) estimated correlations of 0.34—0.48 between muscle area measured prior to
slaughter and several carcass traits, Corresponding cotrelations between muscle area
measured at one year of age, which is the end of the performance testing period,
and carcass traits were lower, 0.11—0.35. For fat thickness measured by scanming,
the correlations were usually low — with some traits negative. E

Correlations or residual standard deviations do not necessarily indicate the best
combination of prediction. The best way of test is to examine the various
combinations of ultrasonic measurements, with live weight, in multiple regression
equations for different carcass traits. Precision is then usually expressed as
coefficient of determination (R2). Henningsson et al. (1986), though, used as a
measure of predictability the relative importance of different ultrasonic measurements
in explaining the variation in the carcass traits, expressed as the reduction in error
mean square when one more measurements was included in the multiple regression
equation.

Explained variation in carcass traits

Several  jnvestigations have  examined wvarious combinations of  ultrasonic
measurements, with live weight, in multiple regression equations for different carcass
traits. Generally, ultrasonic measurements show a moderate relationship with carcass
traits, However, when data are adjusted for live weight or examined on a
percentage basis, the relationships become much weaker, Henningsson et al, (1986)
found that the relative importance of live weight measured just prior to slaughter
in explaining the overall variation in carcass weight, the amount of lean meat and
valuable cuts was high, 71—91%. This could be expected, since these tralts
constitute a considerable proportion of the live weight. On the other hand, live
weight contributed noting or wvery little to the variation in the proportions of
various carcass traits. The relative importance of the muscle arca was quite modest,
but did reduce the error variance when included in the model, by some 1-18%,
The largest reduction in error variance was obtained for valuable cuts and for
dressing preentage. Fat thickness did not help reduce the error variance ~ except
for fat tissue, where it contributed 4—5%.

When data on live weight, muscle area and fat thickness were combined, the
contribution of scanning measurements was 7—17% higher in comparison with
figures for live weight alone for the amount of fat tissue, dressing percentage and

* valuable cuts.
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When measured at one year of age, live weight contributed only 12—16% to the

reduction of error variance in carcass weight, the amount of muscles and valuable
cuts when included in the model. Muscle area at one year of age only helped
reduce error variance for percentage of valuable cuts, 26%, and to some degree
for dressing percentage, 49. Fat thickness at one year of age explained relatively
more of the variation in percentages of the traits than did fat thickness prior tfo
slaughter. A combination of live weight, muscle area and fat thickness recorded at
one year of age reduced the error variance for dressing percentage and percentages
of muscle and fat tissue by 5—8% and percentage of valuable cuts by 33%, in
comparison with live weight alone,

Similar results were reported by Janmsen et al. (1985) who found that both carcass
value and lean weight were determined primarily by live weight (R2=0.8) and that
ultrasonic measures explained 3% additional variation in lean weight,

Also Eriksson (1985) reported similar results from the analyses of field data. In
that study a combination of live weight, muscle area and fat area recorded 40
days before slaughter increased the degree of expfanation (R2) of the amount of
muscles and fat by 6—11% in comparison with live weight alone. The
corresponding figures for the percentage of muscle and fat in the carcass were
15—-19%.

The additional information obtained by measuring fat thickness (or fat area) is for
most carcass traits greater than that obtained from muscle area {Henningsson et al.,
1986; Erikson, 1985). Similar results are reported by Andersen (1982) who
concluded that measurement of the subcutaneous fat layer gives the best description
of carcass fatness and lean tissue content while measurements of muscle area are
the best description of dressing percentage and lean/bone ratio. For a routine use
of ultrasonic scanning, it is therefore important to include measuring of fat
thickness.

The result from the investigations mentioned here and other have shown that a
somewhat greater part of the variation in certain important carcass traits can be
explained by combining information on live weight, muscle are and fat thickness,
than by using live weight only. However, the additional information are rather
sparse for most traits. Even small contributions from the scanning measures in
explaining the wvariation in a trait can be useful when no explanation of the
variation can be obtained from live weight alone. Such traits, mainly expressing
carcass composition, might be of increasing importance in the future when new
breeds are introduced that may have a less favourable carcass composition than the
European breeds. If the long—term effects on dressing percentage and carcass
composition of selection for growth rate are negative, as reported by Andersen
(1977), even small contributions from scanning in balancing these could be justified.

The scanning eguipment

Several types of scanning equipments have been developed and tested, eg. by
Andersen et al. (1982) and Kempster et al. (1981). The two most frequently used
"classical® machines might be the "Danscanner® and the "Scanogram". These two
equipments were originally built specially for vse on animals. No big differences
between these equipments have been described (Andersen et al., 1982),

The "classical® machines are delicate equipments and it is necessary to follow
some basic rules in order to get reliable results (Busk, 1983). Thus both operators
and interpreters must be carefully instructed, they must measure many animals in
order to aquire the routine and they must meet regularly to compare their resuits,
Furthermore, service of the equipment is very important, The machines should be
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brought together often and compared.

These circumstances makes the ultrasonic scanning technique laborious and
expensive. It would therefore be important to find and test more simple scanning
equiptents that are easier to handle. Such machines have also been developed and
one, the “Aloka echo camera", is used in Denmark (B. Bech Andersen, personal
communication).

Body measurements and scoring

Alternative methods to assess carcass quality on lve cattle could be body
measurements and scoring of fleshiness and fat covering, Such methods have the
advantage to be both simple and cheap. Jansen et al. (1985) found that in vive
scores predicted fleshiness and price per kg of the carcass better than wltrasonic
scanning, while body measurements were poorer predictors.

Body measurements and scoring of muscularity and fatness are made routinely at

two Swedish performance testing stations testing Friesian bulls. The bulls are
slaughtered after performance testing or when the collection of semen is finished
and some carcass traits such as carcass weight, dressing percentage and grading are
registered. These data will be analysed in the near future to see if it is possible
fo use in vivo measurements and scoring to predict carcass characteristics.

Progeny testing for carcass data

An alternative to in vivo estimation of body composition at the performance
testing is progeny testing for carcass characteristcs. Such methods have already been
investigated (see e.g. Maijala, 1974; Liboriussen et al., 1984). A prerequisite for
progeny testing is that progenies of the bulls to be tested can be identified, raised
for beef production under field conditions and judged in the commercial slaughter
routines. The Swedish breeding structure for dual—purpose catile with a high
percentage Al usage ought to be suitable for progeny testing for beef production
based on field data. Gravir (1984} suggested groups of at least 50 male progenies
to be preferable. The main problems reported with progeny testing under field
conditions (Liboriussen et al., 1984; Gravir, 1984) were lost information on
slaughter registrations and problems in connecting the identification of the animals
at slaughter with that from the production recording. These problems were believed
to be solved by introducing improved routines and common computer registrations
in production recording and at slaughter. It should be noted when discussing the
advantages of progeny testing that only bulls selected for Al can be tested, while
their selection in the first step would still have to rely on their performance
testing results.

Final remarks

It is not obvious from the results received, whether ultrasonic scanning should be

recommended as a way of improving the evaluation of performance tested bulls for
carcass traits. The Swedish conclusion today is that the benefit of scanning
measurement might be to small in comparison with the expense of routine
measuring. It has therefore been decided not td introduce ultrasonic scanning at
this stage as a part of the Swedish beef evaluation program, but to follow
carefully investigations in this field, especially those going on in Denmark.

Alternative methods will be evaluated. Body measurements and scoring have

already been mentioned. Progeny testing accoring to the Norwegian model (Gravir,
1984) will be investigated. .
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PHENOTYPIC AND GENETIC FARAMETERS OF GROWTH TRAITS IX
SUCCESSIVE PERIODS
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The coefficients of heritabtlity, of phenotypic, genetic
and environmental correlations concerning the successive
weights from 7 to 12 months of age and the corresponding
monthly gaine were estimated on 734 bulls (83 sires) of the
Belgian Bilue breed {double-muscled type). The heritabilities
of the successive weights ranged from 0.206 to 0.265, of the
monthly gains from 0.06 to 0.278. The estimate of the
heritability of the overall daily gain (7-12 months) was
0.44. The estimates of the genetic correlations between the
weights and subsequent gains were not significantly
different from zero. On the other hand, the genetic
correlations between the periodic gains were high (median =
0.94) but the phenotypic <correlatiens were low (median =
0.04). The choice of the selection criterion {(weight for age
or daily gain) and the pessible genetic alteration of the
growth curve in arder to ensure a high daily gain relative
to mean weight are discussed. Correlations between
performance test results and progeny test results on the
farm have also been estimated.

Keywords: performance test, cattle, growth traits, genetic
parameters.

Introduction

Performance testing in Central Station is organized in
Western Europe aince a decade or two. The testing procedures
applied in different European countries have been reviewed
by Andersem et al. 198l. The main problems raised in
practice are : the size of the station, the housing system,
the age of the bulls at admission and at the start of the
testing period, the length of the testing period, the
feeding level, the feed intake recording, the estimation of
the boedy composition, the choice of the selection criteria,
the method of genetic evaluation, its repeatability in the
farm conditions, the impact of the test results on breeding
decisions. .

The intent of this paper is to analyze the data collected
at the Performance Testing Station of Ciney and to estimate
the phenotypic and genetic parameters of the following
growth traits ! the successive weights and monthly gains
from 7 to 12 months.
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Heritabilities, phenctypic, genetic and environmental
correlations were estimated on 734 performance tested bulls
from 83 sires. All these animals belonged to the same breed
: the Belgian Blue {double-muscled type). They were reared
in station and were fed ad libitum from 5 to 12 months with
a concentrate and straw. The testing period started at 7
months and ended at 12 months. The bulls were allotted in
groups of five, were kept in loose-housing on straw bedding.
Method 3 of Henderson was used to estimate the genetic

parameters. The effects in the mixed model were : randem
effects : sire; fixed effects : year (8 levels), season of
the completion of test (6 periods of 2 months), interaction
year x season, age at admission (3 levels : below 90 days,

between 80 and 150 days, between 150 and 210 days). The
Least Squares and Maximum Likelihood Computer Program
(LSML78) was used for this analysis (Harvey 1977).

The coefficients of heritability are given in
table 1.

Table 1. The coefficients of heritability (h?®) and their
standard error (8.E.).

Trait h? {S.E.) Trait h? (8.E.)
Weight at Ave. daily gain
7 months 0.207 (0.106) 7- 8 months 0.250 (0.111)

8 months €.226 (0.108) 8- 9 months (.060 (0.088)
9 months 0.206 (0.1066} 9-10 months 0.278 (0.114)
10 months 0.235 (0.109) 10-11 months 0.081 {(0.092}
11 months 0.214 (0.107) 11-12 months 0.104 (0.095)
12 months 0.285 (0.111)

7- 9 months 0.1687 (0.102)
7-10 months ©.434 (0.128)
7-11 months 0.448 (0.130)
7-12 months 0.440 (0.129)

The heritabilities of the successive weights increased
noderately with age, from 0.207 at 7 months to 0.265 =at 12
months. Regarding the heritabilities of the gains during the
successive periods, the estimates fluctuated from one period
to the next. The heritability estimate of the average daily
gain became stabilized around ©.44 when the daily gain was
averaged over a period of at least 3 months. The genetic and
Phenotypic correlations between successive gains are given
in table 2.
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Table 2, Genetic and phencotypic correlations between

periodic gaina (above diagonal : genetic; below diagonal :
phenctypic) (in parentheses ! the standard error).
rg 7-8 8-9 9-10 16-11 11-12 7-12

0.229 1.011 1.071 0.684 6.977
(0.599) |(0.286)|(0.695)((0.522) |(0.150)

rp 7_8

1.117 0.145 0.593 0.788
(0.918) 1(0.939) | (0.226) [ (0.487)

8-9 0.083

0.925 0.983 1.049
(0.635)(0.514)(0.134)

9-10 0.111 0.007

1.137 0.811
(0.834)1(0.372)

10-11 0.035 0.109 0.034

11-12 |-0,007 0.0356 0.073 0.046 0.817

(0.316)

7-12 0.444 0.443 0.468 0.499 0.435
e

The phenotypic correlations between the partial gains were
very low (median : 0.04) while the <corresponding genetic

correlations were large (median : 0.94) but the standard
errors are also large., The environmental correlations were
low and generally negative (median = -0.12}. On the other

hand, the genetic correlations between the partial gains and
the c¢overall gain (7-12 months) had a central value of 0.91,
the phenctypic correlations of 0.44 and the environmental
correlations of 0.37. The genetic correlations between the
weights at different ages and the subsequent monthly gain
had a central wvalue of 0.20. The <correlations between
initial weight (7 months), final weight (12 months) and
overall daily gain (7-12 months) are given in table 3. These
correlations are presented with the cerresponding
correlations estimated on an independent set of data (505
bulls, from 52 sires, entered at one month of age, same

station). The heritabilities of these traits are also given
in table 3.

The results of these two independent studies are quite
comparable : heritability of gain higher than the

heritabilities of weights; low or zero correlation between
initial weight and subsequent gain; high correlations
between initial and final weight, between final weight and
overall daily gain but these correlations are between a part
and its whole.

-

Discussion

As the ¢growth perfermances are significantly affected by.
year and season, they are to be adjusted for these factors.
Each station hes probably its own seasonal characteristics
- and these are expressed through the growth parameters of the
animals and their variability.
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Table 3. Correlations between initial weight {IW})}, final
weight {(FW) and overall daily gain (ADG). Heritabilities in
the last column.

Traits Correlations Heritabilities
Phenotypic . Genetic
IW x ADG 1 0.144 -0.035 {0.281) W 1 0.21
2 0.122 ~0.344 (0.292) 2 0.27
IW x FWw 1 0.834 0.6895 {0.154) Fw 1 0.28
2 0.831 0.613 (0.220) 2 0.20
FW x ADG 1 0.659 0.698 (0.146) ADG 1 0.44
2 0.651 ¢.529 (0.237) 2 0.44
1l = Pregsent study 2 = from Hanset et al. (1987).

Heritability estimates quite comparable te those found in
this study were reported hy Swiger (1961} for monthly growth
rate and by Fimland (1973) for bimonthly growth rate. In our
data, the daily gain had to be averaged over a period of at
least 3 months to reach its maximum of 0.44. Fimland (1973)
found a maximum of 0.54 for the heritability of the
cumulative gain 90-330 days. The error variance was
stabilized with having more than 180 days in test. In our
data, the heritability of the final weight was smallér than
the heritability of gain {table 3}. Perhaps, a longer test
period would have been necessary to reach a higher
heritability. The heritability estimate Tfound by Fimland
{1973) for the final weight was 0.37 against 0.49 for the
overall daily gain and the estimates of heritability of
cunulative growth rate increased steadily from §.06 (150
days) to 0.49 (380 days).

Concerning the negative genetic correlaticns between
Pre—-weaning gain and post-weaning gain found by some
authors, such a result could be due to chance, to a real
genetic antagonism or to the automatic negative correlation
between gains made in adjacent periods because of
differences in fill (Koch and Clark 1955). Moreover, as the
Pre-weaning period and the post-weaning period provide
different environments, apparently different sets of genes
condition the response of calves in .these different
environments. As a consequence, selection on pre-weaning
gain would be ineffective in improving the genctypes for
later gains {(Koch and Clark 1955}. This is also the opinion
of Bogart and Prischknecht {19687} who found no relation
between gains made during the nursing period and subsequent
gaining ability. They concluded that records on pre-weaning
and post-weaning performance are necessary for impraoving
both.

On the other hand, like most authors, Tong (1982) found
significant regression coefficients (both linear and
quadratic) for on-test daily gain on initial weight and this
observation is considered by him as "a consequence of high

genetic correlations for growth at different ages".
Moreover, like most authors, he found very low estimates of
the phenotypic correlation hetween pre-test daily gain and
on—-test daily gain (range : -0.15 to 0.02).

25



In contrast to the phenotypiec correlations, the genetic
correlations between periodic gains, estimated from our
data, are generaly high. The negative sign of several
environmental correlation estimates is likely to be ascribed
to errors in weighing, differences in fill at the end of the
different periods and to cyclic and compensatory growth.

For non overlapping 56 days intervals, Koch et al. (1982}
found an average phenotypic correlation of +0.14, an average
environmental correlation of -0.03 and an average genetic
correlation of +0.77. The genetic correlations tended tc
decline for more distant gain intervals (e.g. frem 0.8l +to
(.51 when the distance increases from 0 to 112 days).

High genetic cerrelations between gains made during
successive periods imply that the same growth genes are
involved. It was the case in our data for the 5 monthly
gains between 7 and 12 months. On the other hand, low or
zero genetic correlations between successive gains mean that
different genes are involved. We found =such a situation
between initial weight and subsequent growth. Now, a slow
growth rate at an earlier age with consequently a lower
initial weight followed by a rapid growth rate, during the
fattening period, will ensure a better food conversion ratio
and a better income since such a growth pattern” provides a
high daily gain relative t¢ mean weight (Pasternak and
Shalev 1983, Hanset et al. 1987). On the other hand, high
genetic correlations throughout the entire growth period
would mean that testing for growth could be done at any
moment during the growth period.

Performance testing is expected to reveal those genetic
differences that are the most profitable in the farm
conditions. Would it be preferable to select on average
daily gain during the test period, or on weight for age, or
on boeth. If average daily gain is measured during the test
period, final weight is a function of birth weight, pre-test
and test gain. Tong (13982) has suggested to combine in an
index both weight for age and on test daily gain. Hanset et
al. (1987) showed that final weight was a poor selection
criterion if the goal was to maximize net income during the
fattening period. In this cennection, daily gain and feed
conversion ratio were far better as selection criteria.

For 75 performance-tested bulls, selected for A.I. and
then progeny-tested on the farm, the rank correlations
between perfermance test results (IW; FW; ADG; deviations
from seasonal means) and progeny test result (weight at 12
months, on the farm Wiz, progenies of both sexes} were
calculated (table 4).

The high correlations between initial weight and final
weight, and between daily gain and final weight, all traits
measured in station, are part-whole correlations. The
correlations between initial weight on the one hand and
daily gain (station) and weight on the farm, on the other
hand, are not significant. The ranking of sires ¢en the
basis of their daily gain in station is apparently closer to
the ranking based on weight on farm than the ranking on
final weight in station.
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Table 4. Rank correlationg between performance-test and
progeny test results.

IW(st) FW{st) ADG(S8t) Wiz(F)

IW(St) 0.654% | ~0.149 | 0.012

FW(St) 0.5853 | 0.243!

ADG(St) { 0.3362 J
§t = Station F = on the farm

(from Hanset and Michaux : unpublished results).

The genetic correlations between the traits measured on
station and the trait measured ¢n the farm could be drawn
frem the regressions of progeny test on performance test.
These correlations are : 06.64 for gain and 1.04 for final
weight. In other words, the relation between daily gain
(station) and weight on farm would have been closer given
the heritability of 0.44 for daily gain if the genetic
correlation between these two traits had been equal to
unity.
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P.0O. Box 501, 3700 AM Zeist, The Netherlands and
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Summary

A field trial was conducted to determine genetic parameters in veal and
beef production and relationship between performance test and progeny test
for veal and beef production. Progeny of 61 performance tested MRY bulls
were fattened for veal and beef. With about 325 kg milk replacer per head
1188 progeny were reared in a specialized fattening unit to an average
live weight of 226 kg. Mainly with corn silage and concentrates 1168
progeny were fattened in nine different farms to an average live weight of
520 kg in on average 440 days. Heritabilities in veal and beef production
traits varied from 0.09 to 0.30 and 0.0B to 0.48 respectively, which makes
effective selection possible. Genetirc correlation between corresponding
traits in veal and beef production wvaried from 0.50 to 0.79, which
indicated selection on veal production will improve beef production and
reversed. Selection on daily gain, weight and pelvic height at 365 days imn
the performance test improves both veal and beef production ability of

progeny.
Introduction

In The Netherlands 60 per cent of the new born Dutch Red and White (MRY)
calves, not required for replacement in the dairy herd, are reared as veal
calves and 40 per cent are grown as beef bulls. To maintain or improve the
merit of MRY calves for veal and beef preoduction a beef index, based on
the performance test of AI bulls, was intreduced (Jansen et al., 1984).
Since knowledge of genetic parameters for the beef index of MRY performance
tested bulls was limited, a progeny test was conducted of performance tes-—
ted bulls as veal calves and beef bulls, The objectives of this study were
to estimate genetic parameters for veal and beef production characteris-—
tics and to establish relationship between performance test, veal and heef
production traits.

Hateripgl
Performance test

Performance test data were avallable from 721 purebred MRY bulls, born
between September 1981 and October 1985, and reared in twoe central test sta-
tions for at least 245 days. These bulls were progeny of 42 sires. The
bulls were tested on & diet with concentrates supplied according to age
and roughages supplied ad libitum. The traits weasured were daily gain be-
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tween 120 and 365 days of age and body welght, pelvic height, fleshiness
and fat covering at 365 days,

Progeny test

The progeny test for veal and beef production was conducted for 61 per-
formance tested pure bred MRY bulls from AI studs in the eastern and
southern part of The Netherlands between April 1984 and March 1985. Within
Al areas test inseminations with semen from each bull on heifers in first
lactation were performed within a period of two months. From each sire 34
nev born male calves of 6 - 13 days of age were purchased. With regard to
weight at delivery and type score, two equivalent groups were composed.
One was reared for veal and one for beef production. Monthly a progeny
i group of a reference sire was purchased in both AI areas for the
~ estimation of non-genetic effects. These groups were also allocated in

two comparable groups, one for veal and one for beef production. The veal

calves were reared in a specialised fattening unit. According to weight at
delivery, the calves were allocated among four feeding schemes with
different slaughter ages. Equal amounts of milk replacer were supplied

{325 kg) to all the individuals during the rearing period, Milk refusals

were welghed and recorded. Calves were weighed before slaughter. Carcass

welght, fleshiness, meat colour and price per kg were recorded after

slaughter. The data of 11B8 veal calves were eligible for statistical
! analysis. The beef bulls were allocated over nine fattening units. Weekly,
: the delivered progeny was sent to one of these farms. After the adaptation
period (60 days) they were kept in groups and fattened with (mainly) corn
silage and concentrates for on average 440 days up to on average 520 kg
live weight. Bulls were weighed and after slaughter carcass weight, fles-
hiness, fat covering and price per kg were recorded. The data of 1168 beef
bulls were eligible for statistical analysis, The merit of the new born
calves for respectively veal and beef production was calculated as carcass
value minus costs during the growing peried.

etho

Variance and covariance components were estimated by a Restricted Maxi-
wmum Likelihood (REML) procedure, using the EM-algorithm described by
Schaeffer (1983). The start characteristics, veal and beef production
traits and performance test traits were modelled as:

I Xb+Zu+te

were y is a vector of observations, b a vector with fixed effects, u a
vector with effects of sire, e a vector with error temrms and X andlz are
known incidence matrices of appropriate order. -

First and second moments are:

I} |3 Y| |Ze2'c] + Iop ZGal lo]
Eluf=|"0| var|u|-= f 7% i3
e [i] e symm s Ep:

where ¢ = matrix of additive genetic relationship,. o:

and 0¥ = error variance.

Progeny data were analysed by a sire model with effects of sires of
Progeny as random effects (62 sires). For arrival and veal productioen
traite two breeding areas: east and south, and four year-seasons:

» gire variance
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April - Junme 1984, July - September 1984, October - December 1984 and
January - March 1985 were distinguished, For beef production traits the
mentioned breeding areas and in total 49 herd-year-seasons were distinguishes
Performance test data were analysed by a sire model with effects of
sires of performance tested young bulls as random effects (42 sires).
Bulls were tested in two central test stations. Eight year-seasons: Oct.1981-
March 1982, April 1982 - Sept. 1982, ...., April 1985 - Sept. 1985 were
distinguished.
Sire components of covariance were estimated analogously by summa-
tion of traits:

O, = i(G; - 0; - U: ), where j and k indicate different traits.
jk (+x) 7] k

For estimation of covariance components between pertormance test,
beef production and veal production traits a multivariate lineair model
with unequal design was used. Information on a trait was measured
on different animals and in different enviromnments and the design of
the two traits was allowed to differ. Analysis was pairwise. The gener-
al lineair model is an extension of the univariate model, equation (1):

5] [50] e [z 7 [e] Te )
0 b| T lo z * : (2)
I |? % |k 2 %y |5 |22

: . . . th .
with the subscript referring to the i~ trait.
First and second moments are

Y| [= y] fzez'+r 26 R
Eju|=)| 0 varfuj-= G [
el | S e symm L3
with
c=[a..o0" 4.0
= =ii "s, =i} s,
i ij
A 0, A o:
__J ij 3] 3
R=J1a2 0
i
0 Io?
= = e,
L- J
A,. = matrix of additive genetic relationship sires traiti X sires

3 trait..
J

Estimation of covariance components is described by Schaeffer (1983);
accounting for additive genetic relationship is described by Henderson
{1984)}. The quadratics necessary for estimation are

tr. (Q; 6= 8'q;3 + tr(Q;C,,),

-] -l
with gi =6 G.C (i=1,3) and 922 is the inverse of the coefficient

s matrix (random part)
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and , (
- 5'P.8 4 WCW?
tr (B;R) 9_213;1 tr_§1WCW 3,
with P. = R R.R  (i=1,3) and W is the coefficient matrix with
-1 inverse matrix C.

Iteration was stopped when change between rounds was smaller than 1 Z.

Results

Veal and beef production

Table 1 is a sumary of overall means, genetic variationm,
heritabilities with standard errors and responses to single trait se-—
lection based on 50 progeny per sire and a selection intensity of 0,798
(50 %) in sires.

Table 1. Mean values, genetic variation (o ), heritabilities {h?) with
standard errors (§,,) and selection responfes for traits at start, veal
production and bee?‘production traits.

Trait Mean Ug h? Sy SR
Start: ;

Weight (kg) 46,0 2.7 0.26 0.08 0.9
Type score (1-10) 7.5 0.6 0.23 0.08 0.2
Price (Df1.) 626.3 43.5 0.19 £.07 14.4

Veal production:

Daily gain (g) 1179 31 0.12 0.06 9.7
Feed per kg gain (g) 1741 59 0.27 0.08 21
Carcass weight (kg) 144.3 2.9 0.10 0.05 0.9
Carcass fleshiness (1-5) 3.5 0.23 0.30 0.09 0.08
Meat colour (1-5) 1.4 0.19 0.15 0.06 0,06
Price per kg carcass (Dfl.) 10.17 0.22 (¢.29 0.08 .09
Value of the calf (Df1.) 619 53.6 0.23 0.07 18.4
Beef production:

Daily gain (g) 1076 30 0.14 0.06 9.6
Carcass weight (kg) 304.1 6.3 0.08 0.05 1.8
Carcass fleshiness (1-5) 2.7 0.23 0.48 0. 11 0.09
Carcass fat covering (1-3) 2.6 0.16 0.27 0.08 0.06
Price per kg carcass (Dfl.) 8.22 0.06 0.28 0.08 0.02
Value of the calf (Df1.) 533 77.3 0.15 0.06 24.9

Weight, type score and price at start may be improved through selec-
tion, Heritability estimates for veal and beef production characteristies
varied between 0.10 = 0.30 and 0.08 - 0.48, respectively. Value of the
calves is mainly determined by carcass characteristics. In veal produc-
ticn, price per kg was calculated from carcass fleshiness and meat eolour;
in beef production it was from carcass fleshiness and carcass fat covering.
In both types of meat production heritability estimates for quantitative
traits (e.g. daily gain or weight) are somewhat lower than those for
qualitative traits (e.g. fleshiness). Genetic correlations among respective-
ly veal and beef production traits sre given by Dijkstra et al. (1987).
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Genetic relation between veal and beef production
Genetic correlations between veal and beef production characteristics

are presented in Table 2,

Table 2. Genetic correlations between veal and beef production characte-
ristics. ’

Beef bulls
Veal calves DG W CF PC Ve
Daily gain (DG) 0,53 0.74 0.14 0.53 0.72
Carcass weight (CW) 0.42 0.64 0.29 0.62 0.65
Carcass fleshiness (CF) 0.69 0.91 0.79 0.82 0.82
Price per kg carcass (PC) 0.25 0.26 0.51 0.50 0.38
Value of the calf (VC) 0.45 0.65 0,37 0.24 0.70

Veal calves differ from beef bulls in feeding regime and age at slaugh-
ter. Nevertheless all traits meptioned in Table 2 showed positive rela-
tionships. The genetic correlation between corresponding traits in veal
and beef production varied between 0,50 and 0.79. Considering the level
of the genetic correlations for both kinds of meat production, selection
for veal production will improve the. genetic ability for beef production
(and reversed).

Performance test and relation between performance test and progeny test

Table 3 is a summary of overall means, genetic variation and
estimates of heritabilities with standard errors of the performance test
data.

Table 3. Mean values, genetic variation (0_) and heritabilities (h?) with
standard errors (Sh#) for performance test®traits.

Trait Mean 'UE. h? 812
Daily gain (g) 1176 52 0,41 .12
Weight at 365 days (kg) 417 16 0.40 0.12
Pelvic height at 365 days (em) 125.3 1.6 0.48 0.14
Fleshiness at 365 days (1-6) 3.3 0.14 0,12 0.08
Fat covering at 365 days (1-6) 1.8 6.10 0.18 0.09

At 365 days, fleshiness and fat covering showed low heritabilities,
When considering the heritability estimates, daily gain, weight at 365
days and pelvic height at 365 days are most suitable for selection after
performance testing. -

A summary of genetic correlations between performance test traits and
traits in progeny testing is given in Tabel 4.
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Table 4. Genetic correlations between performance test traits and pro-
geny test traits.

Performance test

Progeny test Daily gain Weight at Pelvic height Fleshiness
. 365 daye at 365 days at 365 days
Start
Weight 0.36 0.49 -0.21 =-0.41
Type score 0.31 0.15 0.22 =D.44
Price 0.42 0.42 ~0.06 -0.54
Veal production
Daily gain 0.58 0.47 0.57 -0.50
Feed per kg gain -D.64 -0.51 -0.10 -0.01
Carcass weight 0.28 .20 0.77 -0.74
Carcass fleshiness 0.59 0.52 0.07 0.18
Meat colour 0.26 0.16 0.92 -0.01
Price per kg carcass 0.17 0.12 -0.88 0.23
Value of the calf 0.69 0.56 0.57 =g.11
Beef production
Daily gain 0.66 . 0.47 0.69 -0.28
Carcass weight 0.61 0.40 0.77 -0.37
Carcass fleshiness -0.19 0.33 -0.76 0.37
Carcass fat covering 0.13 0.24 ~0.15 0.64
Price per kg carcass -0.05 0.43 -0.72 0.50
Value of the calf 0.70 0.52 0.74 -0.36

Daily gain of the performance test had a genetic correlation with daily
gain of veal calves and beef bulls of (.58 and (.66 respectively. The fig-
ures for live weight and carcass weight were somewhat lower. Fleshiness at
365 days of the performance tested bulls showed small positive correla-
tions with carcass fleshiness in veal and beef production. Selection on
weight of performance tested bulls will improve quantitative and qualita-
tive traits in veal and beef. Selection on pelvic height at 365 days and,
to a lesser extent, daily gain will improve quantitative traits in veal
and beef, but will have none or undesirable effects on qualitative traits.

Discussion and conclusions

Heritability estimates for veal and beef production characteristics in-
dicate that selection for veal and beef production by progeny testing might
be effective. Heritabilities presented in Table 1 may be underestimated
for the following reasons. First, sires of calves were performance tested
and selected with an intensity between 33 and 50 Z., This selection is main-
ly for pelvic height at 365 days and, to a lesser extent, body weight at
365 days. The 61 sires of the calves had on average a significantly higher
Pelvic height and weight at 365 days compared to their contemporaries. Se-
lection in sires of veal calves and beef bulls will influence sire vari-
ance components of progeny downwards. Second, effect of sires is confounded
with effect of season. Test inseminations of unproven sires are carried out
within a period of two months. Therefore, progeny of a reference sire was
purchased all over the year teo cancel this confounding. Besides, using a
relationship matrix to estimate variance and covariance components will
diminish the confounding of sire with season. Oldenbroek and Meijering
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(1986) in a similer study with Black and White dairy cattle estimated sea-
sonal effects from progeny data of the reference sire and, after pread-
justing data of unprovén sires, estimated heritabilities. They found that pr
adjustment did not result in higher variances between progeny groups. How-
ever, the preadjustment has the disadvantage of introducing of a correla-
tion between residuals within season classes. Therefore a simultaneous ad-
justment was used in this study.

In The Netherlands, price differences of newborn calves sold for meat
production are based on weight and score for type. As can be concluded
from Table 1, arrival characteristics can be improved through selection.
The correlation with qualitative and quantitative veal and beef produc-
tion characteristics however, was rather low, Genetic correlations between
weight and score for type at start with value of the calf for veal produc-
tion were 0.14 and 0.19 respectively and with value of the calf for beef
production 0.36 and 0.63 respectively. Therefore, selection on start charac-
teristics will have a small effect on the improvement of genetic ahility
for veal and beef production. Moreover, selection on start characteristies
can give rise to an increase of dystocia and stillbirth in the population.
In the present situationm, prices of calves are mainly determined by
supply and demand of newborn calves; price differences don't reflect the
merit of the calves for veal and beef production.

Oldenbroek and Meijering (1986) estimated genetic correlatiomns between
performance test traits and progeny test traits using the method described
by Blanchard et al. (1983). Herein, genetic correlation is a function of
the correlation between breeding values and the accuracy of the breeding
values estimated. As pointed out by Dijkstra et al. (1987) in some cases,
especially in case of low heritabilities, the former method yields over-
estimated genmetic correlations. In the present study genetic correlations
between traits in performance and progeny test are estimated by means of
a comprehensive REML-algorithm to solve this problem.

This study showed selection on daily gain, weight at 365 days and pelvic
height at 365 days to be useful for improvement of veal and beef production
characteristics. Fleshiness at 365 days of young AI-bulls in performance
testing had a low heritability and small positive correlations with car-
cass fleshiness of veal calves and beef bullg. Hence, fleshiness at 365
days is less suitable for selection. To study the consequences of selec-
tion on veal and beef production based on performance test an index, con-
sisting of daily gain, weight at 365 days and pelvic height at 365 days of
a young bull with the same information on 5 half-sibs, was constructed.
The breeding objective consisted of value of the calf for veal and beef
production. Economic values were discounted by the Geneflow method to the
veal calf level according to Brascamp (1978). Economic values, total gain
and genetic progress of traits in aggregate genotype are presented in
Table 5.

Table 5. Economic values (v), percentages of total gain accounted for by
gain in each trait (p) and genetic progress (bg) of traits in the aggre-
gate genotype for selection by means of performance testing (selection

intensity is 1).

.

traits in aggregate genotype v p(%) Ag(D£1)
value calf for veal production 1.000 49.8 14.7
valuve calf for beef production 0.579 50.2 25.6
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Standard deviations of index and breeding goal were Dfl. 59.16 and

Dfl. 90.51 respectively. The correlation of index and aggregate genotype
(accuracy of breeding value) was 0.65. Despite of higher genmetic varia-

tion in beef production compared to veal production, both types of meat

production contribute one half to total gain due to a higher discounted

economic value of veal.

Selection for wveal and beef production by means of performance testing
will decrease the response in selection on milk production caused by a
decrease in selection intensity in the dams of the sires, Since relationships
between milk and dystocia traits on the one hand and veal and beef produetion
characteristics on the other hand in the MRY-breed are not available, at
present optimal breeding plans can not be calculated; before long data sets
will be available to estimate these relatiomships.
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PERFORMANCE TEST RESULTS IN RELATION WITH PROGENY TESTS UNDER STATION
AND FIELD CONGITIONS FOR FLECKVIEH.

G.Averdunk, B.Woodward!, G.Sauerer, H.J.Schild? and F.Reinhardt>

Bayerische Landesanstalt f. Tierzucht, D-8011 Grub, Fed. Rep. of Germany

Summary

Performance test data from three Bavarian test stations were analyzed
and a comparison with different types of progeny test results canducted.
From a total of 3.942 performance tested bulls, 48.6 % were accepted but
only 37.2 % of the total finally conducted test matings in AI. Only half
of the theoretical possible selection difference for 420 day weight or
gain on test was realized,

The comparison of sire-son relationships for 148 pairs with station
progeny tests showed genetic correlations from 0.65 - 0.79 for gain
and weight. Correlations with carcass traits are also given. Informaticn
from contract herds were available from 119 pairs, resulting in genetic
correlations of 0.77 - 0.90. The EEC-conformation score had a genetic
cerrelation of 0.52 with the round circumference. A progeny test under
field conditicns collecting data from slaughter houses for slaughter
weight and EEC-grades resulted in 385 sire-son pafrs with at least 20
progeny. The genetic correlations for net gain ranged from 0.49 to 0.61
indicating a less favourable conformity, but the herd envircnment could
not be eliminated due to missing information. It 9s concluded, that per-
formance test results agree with progeny test data for comparable traits
under comparable feeding conditions and weight ranges.

Keywords: Cattle, performance test, progeny test, growth traits, carcass
traits, genetic parameters

1. Introduction

Performance tests of Fleckvieh bulls at central test stations started
in Germany twenty years ago when model-calculations indicated an
advantage over progeny testing in situations where differences in
carcass quality were of minor importance (Bogner, 1967, Rittler, 1967).
In the beginning, the bulls were owned by the individual breeders, which
caused problems in acceptance by AI-studs. Therefore, performance
testing was incorporated into the breeding schemes in 1970, when the
bull calves 1in Bavaria were bought by the breeding organizations,
combining the interests of herdbook-societies and AI-studs on a regional
level. These organizations also fund the performance tests with regional
differences.

2. Materials and methods

2.1 Performance test data

-

Buil calves from planned matings are inspected at 3 to 4 weeks
of age and should originally arrive at the test station between 5 and 7

1

DAAD-fellow from Department of Animal Science, Cornel1-University,
) Ithaca/NY. USA.

Landeskuratorium f. tierische Veredlung in Bayern, D-8000 Munchen

3 Lehrstuhl flr Tierzucht der TU Minchen, 0-8050 Freising-Weihenstephan
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weeks of age. Health programs which differ between stations have
prolonged this time period as the report by Hahn (1987) indicated.
After a weaning and adjustment-period, the test period runs from the
117th to the 420th day of age. The bulls are group-housed and fed ad-1lib
with corn silage 1im combination with an age-dependeant concentrate
mixture, the composition of which has changed over the years (Hahn,
1987). Feed intake s not recorded, based wupon the early EAAP
recommendation (Krdusslich, 1974). Evaluation is presently based on a
rolling station average using 30 contemporaries from previous test
groups.

Selection is practiced in connection with the ticensing of Al~bulls at
the end of the test period. Besides growth performance and muscularity,
physical soundness of the bulls s also evaluated, using an index for
milk and beef traits described by Averdunk and Alps (1985). Selection
of Al-test bulls is practiced in three stages:

~ official licensing by a five-man panetl
- acceptance by the AI-stud based on physical appearance and
- final passing of fertility control for Al-service.

Table 1. Selection of performance tested Fleckvieh bulls in Bavaria
and selection differentials from 1971 to 1984,

Selection stage 420-day~weight Gain in test period
Trait n mean s mean s
Bulls testad 3942
absolute trait 559 44 1308 126
deviation from +1 40 +2 110
contemporaries

Bulls accepted at

licensing 1914 48.6%

deviation +21 31 +57 86
Selection differential 0.50 0.50

Bulls finishing test
matings 1468 37.2%

deviation +20 3l +58 86
Selection differential 0.48 0.51

The selection differentials for 420-day wefght and gain during test
are given in table 1 for the combined data, where the deviation from the
contemporary-average 1s used to eliminate systematic effects. On average
49% of the bulls finishing the test are Ticensed,with variations between
stations from 44 to 54 percent. Approximately 3.8% of the bulls are not
accepted by the Al studs due to physical problems. Another 7.6% are
eliminated because of fertility problems (11bido and semen quality).
There 1s no difference in growth traits between all bulls licensed and
those accepted for Al test service, indicating that nc antagonistic
effects were observable. The Tlosses after completion of the test
reduced the selection pressure remarkably:only half of the theoretically
possible selection difference could be realized. For all other traits
measured during the performance test, about 50-70% of the selection
differential for weight and gain are realized, as was shown by Averdunk
& Binder (1986).

.
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2.2. Progeny test data
2.2.1 Station test

Station progeny test data were available from itwo test stations which
have ccmparabie management and fattening regimes to the performance test
stations. Twelve progeny per sire are fattened to constant age (500 +/-6
days) and evaluated in the slaughter-house of the institute. Besides
weights at different ages, carcass data and estimates of lean, bone
and lean to bone ratio are available (Alps et al., 1980). Important
traits used 1in prediction of 1lean and bone content are also given.
Traits are expressed as devyiations from station-year-season averages
and breeding values are calculated, using recent heritability estima-
tes (table 2). Heritabilities for station progeny test results are bet-
ween 0.50 and 0.70, which could be inflated by some common environment.

2.2.2. Contract field test

In 1579, a pilot study was started in Lower Bavaria, where a randcm
sampie of 15 to 18 sons were distributed to contract farms, following
examples from Switzerland. There ave no regulations regarding final
weight or fattening period, but the farmer has to sell the bulls to
cooperating slaughter houses. In addition to three weights-taken during
growth and directly before slaughter through a production recording
organization ("Mastprifring"), the farmer is obligated to deliver
individual carcass weights and EEC-grades as of 1983. Recently, the
weight of the front feet, the hide and the kidney and channel fat have
also been recorded. Data are analyzed by a BLUP-procedure considering
slaughter day within farm and age at arrival on the farm as systematic
effects (Reinhardt and Dempfie, 1986). Traits and heritabilities used
are given in tabie 3.

2.2.3. Field data from slaughter houses.

Data from slaughter houses have been recorded since 1982, using the
1ifetime eartag number of the animals in conjunction with the carcass
weight and the EEC grades. The eartag number is matched with the calf
registry to obtain birth date and parentage. In the beginning of
this system, special eartags were used for progenies from test bulls,
but they are no longer used because of discrimination reasons. Through
the development of this system over the years, data from 60,000 animals
have been recorded in 1986. Data are analyzed by a BLUP-procedure,
considering the regfon of origin by slaughter house-season interaction,
the EEC-fat-class and an age correction (Schild, 1986).

Since the farm of fattening is not available from the slaughter house,
the employed interaction considers the main flow of calves for bullfat-
tening. Une point of constant discussion is, what age levels should be
aliminated. At present, animals up to 800 days are accepted since some
regions would lose too many progeny. Heritabilities for the traits used
(table 4) are in the lower range of the literature values, but theavai-
lable information also has to be considered. Traits used are age-correc-
ted net gain, muscularity grade expressed in DM/kg and a value of gain
per day of age as a product of net gain and grading. To aveid non-random
price fluctuatiens, constant differences between grades are applied.

For the relationship betiween performance test and the different
progeny test results, the product-moment correlations between breeding
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yalues were converted to genetic correlations. Heritabilities used
(1isted in the respective tables) were from recent analyses of the
different data sources.

3. Results

The relationship between performance test data of the sire and the
station results of his pregeny are given in table 2. For fattening
traits, the genetic correlations are in the range 0.6 to 0.8 with the
highest value for gain during test, even if the periods were not
comparable. The present genetic correlations are somewhat lower than
those published earlier for 2/3 of the present data (Averdunk et al.,
1980), resulting in higher heritability estimates used here for
performance test traits. While the relationship between frame size of
the sire and weight of his progeny decreased with increasing age, the
reverse was true for the round circumference and tour spiral measures.
Since the last two measures are weight-dependent, this tendency would be

Table 2: Genetic correlations hetween performance test traits of
the sire and fattening results from progeny at test
stations (n = 148 with 11.3 effective sons).

Traits from performance test of sire:

Ve

Traits of Herita- 420-day Gain in  Height at Round Tour
progeny: bility weight test period withers circumfer. spiral

Heritability : 0.35 0.3% 0.34 0.33 0.25

Weight at
365 days 0.64 +0.70 +0.69 +.46 +0.17 +0.56

420 days 0.71 +0.68 +0.64 +0.42 +0.24 +0.57
500 days D0.66 +1.79 +0.75 +0.29 +0.23 +0.68

Gain on test 0,64 +0,77 +0.80 +0.24 +0,26 +0.65
(112-500 days)

Net gain 0.69 +0.66 +0.69 +0.24% +0.21 +0.61
Dressing % 0.72 -6.12 +0.06 +0.02 +0.13 +0.02
Est. lean % 0.71 +0.13 +0.19 +0.23 +0.47 +0.,26
Est. bone % 0.568 +0.20 +0.24 -0.10 -0.10 +0.18
Lean-bsne 0.66 +0.,25 +0.32 -0.02 +0.02 +0.25
ratic ]
Pistol cut % 0.70 -0.24 -0.23 +0.20 +0.24 -0.14
Kidnay &. 0.73 <0.13 -0.08 +0.09 +0.28 -0.05
channel fat¥

Feet weight % 0.59 -0.62 -0.63 -0.35 -0.24 -0.61

expected. The correlations for net gain are in comparable magnitude
to 1ive weight gain, while the dressing percentage shows no rela-
tionship to the performance test data recorded. The correlations with




the estimated lean and bone content of the carcass and the lean-bone

ratio do not demonstrate severe antagonistic problems. The relationship

between the round circumference and lean content (+0.47) requires more
detailed investigation, since Burgkart and VY&ikl (1964) found a

phenotypic correlation to the weight of the hindquarter of 0.88.

The negative relationship between weight and the pistol-cut in percent
is to be expected because of the change of body proportions with increa-
sing weight (Averdunk, 1974). While the kidney and channel fat has
na pronounced tendencies, the weight of the four feet, expressed in
percent of the carcass, resulted in a rather high negative relationship
with gain and weight.

Table 3 contains the results for the progeny tests on contract farms.
While the genetic correlations between the fattering traits show a close
relationship between sires and their progeny, the correlations to body
measurements are comparable to thase of the station test. For dressing
percent, higher negative correlations were unexpectedly found for chest
girth and the round measurement 1in comparisan to station test results.
The EEC grades were available for only 82 sire - progeny pairs.
Conformation score had a reasonable heritability, but fat score showed
nearly no variation in Fleckvieh and therefore a heritabiiity of 0.01.
The cenformation score had a high positive relationship with the
fattening traits of the sire, but also to his circumference measures.
Part of the results could be explained by the fact that, within breeds,
conformation scores 1n practice are not findependent from carcass
weights. The correlations with the fat score are beyond reality, due to
the Tow heritability, but are given for completeness.

Table 3: Genetic correlations between performance test traits of
the sire and fattening results of progeny in contract
farms {(n = 119 with 11.3 effective sons).

Trajts from performance test of sire:
Traits of Herita- 420-day Gain in Height at Chest Round Tour
progeny: bility weight test withers girth circumf. spiral

Heritability: 0.35 0.35 0.34 0.36 0.33 0.25
Gain (birth) 0.26 +0.90 +0.86 +0.41 +0.42 +0.43  +0.49
Gain (test) 0.22 +0.89 +0.89 +0.41 +0.50 +0.47 +0.56
Carcass wt. 0.22 +0.82 +0.75 +0.27 +0.24 +0.28 +0.53
Dressing % 0.43 -0.03 -0.11 -0.23 -0.40 -0.21 +0.13

Net gain 0.26 +0.83 +0,77 +0.29 +0.24 +0.31 +0.51
Conformation
score 1) 0.22 +0.59 +0.53 +0.04, +0.39 +0.52 +0.65

Fat-score 1) 0.01 ~-2.56 -2.08 -1.15 -1.04 -0.80 -1.79

D n =82 sires with 11.5 effective sons

The highest amount of sire-son pairs is available for the field test,
as shown 1n table 4. Two alternative results are given for age Tlimits
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for field data, which are at present under discussion. The genetic cor-
relation between the fattening results of sires and their progeny js'1n
the magnitude of 0.50 - 0.60 and do not increase when lower age Timits
are used; however, the same heritabilities were applied for this subget
of the data. The conformation score indicated the same tendency as with
the contract farm results, but on a lower level and the value gain per
day was highly determined by net gain. It shouid be mentioned, that the
correlations with the circumference measures of the sire (round and tour
spiral) have the same magnitude as 420-day weight and gain on test.

Tzbie 4: Genetic correlations between performance test traits of the
sire and fattening results of pregeny under field conditicns

Traits from performance test of sire:

Traits of Herita- 420-day Gain in Height Chest  Round Tour
progeny: bility weight test withers girth circumf.spiral
Heritability: 0.35 0.35 0.34 0.36 0.33 0.25

a) Age restriction < 800 days
Carcass wt. 0.11 +0.49 +0.57 +0.39 +0.29 +0.49 +0.60

Net gain 0.12 +(.49 +0.56 +0.38 +0.29 +0.49 +0.60
Conformation  0.09 +0.12 +0.21 -0.30 +0.13  +0.09 +0G711

score
Value gain/day 0.12 +0.48 +0.55 +0.35 +0.29 +0.48 +0.59

b) Age restriction < 700 days
Carcass wt. 0.11 +0.53 +G.61 +0.42 +0.32 +0.51 +0.66

Net gain 0.12 +0.53 +0.59 +0.41 +0.32 +0.51 +0.65
Conformation 0.09 +0.14 +0.24 -0.28 +0.17 +0.14 +0.16

score
Value gain/day 0.12 +0.51 +0.57 +0.37 +0,32 +0.50 +0.83

385 sires with 58.2 effective sons
385 sires with 50.0 effective sons

4. Discussion

The comparison of sires and progeny is always influenced by the fact
that comparable traits are rather limited, especially since carcass data
and environmental conditions also differ. Another prcblem involves the
reliability of population parameters, which should be free of common
environmental effects. Nearly all of the problems mentioned were faced
in the data. The population parameters used for the performance and
station progeny test data were estimated by Henderson's Method III after
pre-correction for systematic effects. For the performance test data,
some type of compensatory mating could influence the genetic
parameters. The station progeny test data contained a confounding of
season and progeny groups, which led to extremely high heritabilities.
In contrast to those high values, rather Tlow heritabilities were
found for the field data, since the most important source of variation,
the fattening farm, 1s not known. With 50 resp. 58 progeny it is assumed
that these progeny are randomly distributed and that no genotype x en-
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vironment correlation is present. The results of the different data
sets showed that for station and contract farms, the genetic correla-
tions for rather comparable fattening traits were in the magnitude of
0.7 to 0.9. While the fattening conditions for these two subsets are
in a comparable intensity with the performance test station, the field
data showed correlations of only 0.5 to 0.6 under a variety of conditi-
ens, which is demonstrated by the age limits applied. Genotype x fee-
ing intensity interactions have been demonstrated in several investi-
gations (e.g. Langholiz et al., 1983). Since a subset of the field
data in a region with higher intensity showed a higher genetic corre-
lation of gain on test with net gain (r = 0.67 vs. 0.59 for the complete
data), there are indications of some effects mentioned above,which
at present cannot be specified.

Sire-progeny retationships for beef traits in the Titerature are not
many-fold and have been summarized recently by Parnell et al.(1986). The
studies with beef breeds (Kincaid and Carter, 1958; Shelton et al.,
1858; Carter, 1970; Smith et al., 1979) found lower relationships than
expected, but these tests started after weaning. Comparable results have
been reparted by Lessel & Francis (1968) and De Roo & Fimland (1983).
Problems Jnvolved are pre-test environment and the possibility of
compensatory growth, differences in test period length, sex and feeding
intensity, which all could lead to lower relationships betwesen sire
and progeny (Parnell et al., 1986). The review on the value of prewea-
ning growth for selection in cattle (Barlow, 1978) also included valu=
valuable information on possible reasons for interactions.

~ The correlations of fattening traits and body measurements of the sire
with carcass traits of his progeny are in the direction, which weuld be
expected from direct measurements. Some tendencies, especially for the
round measurement, need further investigation. Unfortunately, data for
a comparison of muscularity scores on live and conformation scores an
slaughtered animals are rather iimited, but are being accumulated for
use in the near future. The results available indicate that selection
for higher weight in performance tests does not negatively influence
the lean content of the carcass and the conformation score, used for
payment on the market. This holds only on a within breed basis and the
obvious tendency that conformation scores are weight dependent should
be watched carefully in the future.

Central performance testing of young bulls s effective to 1improve
fattening traits, as has been shown by the data analyzed. The realized
selection differential in our performance test is only half of the
theoretical possible. Every possible means should be used to improve the
selection efficiency, especially to avoid losses after the test through
1ibido and semen probiems or physical appearance. This is especially
necessary if the costs of testing are increased through the recording
of individual feed intake {Langholz, 1984), which wi1l be more impor-
tant in the future.
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P.0C. Box 501, 3700 AM Zeist, The Netherlands

Summary

The efficacy of a performance test for growth and slaughter quality of
Black and White bulls for improving veal and beef production of progeny
was studied in an experiment with offspring of 38 bulls, which were fatte-
ned for veal and for beef. Heritabhilities for veal and beef production
traits indicated possibilities to improve these traits by means of selec-
tion. Corresponding traits in veal and beef preduction had positive gene-
tic correlations. Selection for daily gain and final weight in the per-
formance test may improve the value of offspring for veal and beef pro-
duction in Black and Whites.

Introduction

Performance testing of young sires is carried out to improve vesl and/or
beef production., The performance of young sires is measured in standard-
ized rearing conditions. Their progeny will be more intensively fattened
as veal calves or as beef bulls.

The efficacy of selection on performance test data may be measured as
the regression from the breeding value for veal or beef production on the
sires’ own performance. Less progeny groups are required to estimate such
a regression than to estimate a genetic correlation. The accuracy of these
estimations may be improved, through fattening progeny from sires with ex-
treme performances only (Hill and Thompson, 1977). Genetic and phenotypic
parameters for quantitative performance and fattening traits are rather
well known (Andersen et al,, 198l). Using Holstein Friesians in the Dutch
Friesian population has mainly a negative effect on the qualitative trait
fleshiness in veal and beef production (Oldenbreek, 1982). These two argu-
ments led to an experiment with progeny of 38 Black and White sires with
an extreme score for fleshiness in the performance test. The two groups of
bulls differed significantly in the performance test for fleshiness (0.66
EUROP-points). Their progeny groups were fattened for veal and beef at the
experimental farm 't Gen from 1979 - 1986.

The purpose of this paper is to describe the possibilities for selection
on veal and beef production after performance testing. Variances and her-
itabilities for performance test tralts, veal production traits and beef
production traits will be described. Genetic correlations between veal and
beef production traits will be presented. The regresslon and correlation
coefficients between both types of fattening and performance testing will
indicate the response to selection in veal and beef production after
performance testing.
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Material and methods

Performance and progeny test

Performance test data was avallable from 587 bulls, born between Decem-
ber 1980 and Cctober 1985, and reared in the central test statlon of the
province of Friesland for at least 245 days., These bulls were progeny of 9
Dutch Friesian and 35 Holstein Friesian sires and of 71 purebred Dutch
Friesian dams, 259 dams with 50 % HF-genes, 178 with 75 %, 46 with 88 %
and 33 with 100 %. The bulls were tested on a diest with concentrates sup-
plied according to age and hay supplied ad libitum. Their data on daily
gain and feed conversion between 120 and 365 days of age and body weight,
pelvic height, fleshiness and fat covering at 365 days was available,

Test inseminations with semen of each sire on heifers in first lactation
were carried out in the province of Friesland within a period of one
month, 5o, progeny groups could be sampled within a period of 3 - 6 weeks.
Every six months, from October 197% onwards, progeny groups of four sires
two with a low score and twe with a high score for fleshiness in the per-
formance test were sampled. The extremes had to be found within bulls with
the same percentage of HF-genes. Calves to be purchased had to be healthy,
single-born males out of second calf cows with a gestation period of 260 -
293 days. They were delivered at the experimental farm between 6 and 13
days of age. Progeny groups (with three exceptions, from which only beef
bulls were kept) consisted at least of 32 calves. According to weight at
delivery and type score, a progeny group was split up in a group of 16 for
veal production and a group of 16 for besef bull production.

The calves for veal production were assigned, according to weight, to
four feeding schemes: £ 36 kg, 37 - 42 kg, 43 - 47 kg and > 48 kg. In each
scheme the calves were allowed to consume about 300 kg of milk replacer
before slaughtex, Within a scheme, calves were offered a fixed weighed
amount of milk replacer according to age. Refusals were weighed and recor-
ded. The data of 532 veal calves from 35 sires was eligible for statisti-
cal analysis,

The calves for beef production were reared up to 10 weeks with milk re-
placer, concentrates and some roughage. From week 10 until slaughter batch
1 - 5 was fed ad libitum with a complete diet of grass silage, corn silage
and concentrates; batch 6 - 10 was fed with concentrates according te
weight and corn silage ad libitum. Beef bulls were tied up and fed indivi-
dually in order to measure feed intake. The beef bulls were slaughtered
around 490 kg live weight, For statistical analysis, the data of 621 beef
bulls from 38 sires was eligible. The value of calves for veal and beef
production was calculated as carcass value minus the costs of fattening,

Analyses

A mixed model was used containing fixed effects for seasonal effects
(Oldenbroek and Meijering, 1986) and percentage of HF-genes (0, 50, 75, 88
and 100 %), and random effects for wvariation between and within sires. A
matrix for genetic relationships between sires was included in the model.
Components of variance were estimated by REML.

The progeny dataset was analysed with a half-sib model. Fixed effects iIn
the model represented environmental differences between batches of four
sires, differences between sires in percentage of HF-genes (0 %, 50 %,
more than 50 $) and the corresponding interaction. Random effects
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£ s

represented between sire variation (within the three percentage classes of
HF-genes) and within sire var&ation,between ogfspriag. 2 2 2

The heritability estimate A° follows from A° = 483/(6B + &), where 83
and &.. are the estimates of the between and within components of wvariance
respectively.

The estimate for the genetic correlation £ between two traits x and ¥
follows from £ = GB(x,y)/GB(x)GB(y), where &_(x), GB(y) are the estimates
of the between components of variance from the analy¥ses of traits x and y
respectively and the covariance estimate §,(X,y) may,be obtalned from an
analysis of the sum x+y. The heritability <stimate R” may be considerably
biased hecause of selection on fleshiness of sires. An estimate with smal-
ler bias was obtained by using results from the regression from offspring
on sires' score for fleshiness (Hill and Thompson, 1877).

Genetic correlations between veal and beef production traits were esti-
mated with a multivariate linear model with unequal design (Dijkstra et
al., 1987).

The genetic correlation between a trait x from the performance test of a
sire and a trait y observed on his offspring was estimated by using re-
sults from the regression of progeny means v on sire observations x (Hill
and Thoempson, 1977).

Results

Performance test
s
The performance test traits dally gain, feed per kg gain, final body
welght and final pelvic height showed moderate estimates for the heritabi-
lities with acceptable standard errors (Table 1). The estimates for final
fleshiness and fat covering scores gave doubts about their usefulness for
selection after performance testing.

Table 1, Mean values with genetic standard deviation (¢ ) and heritabili-
ties (h™) with standard errors (Shz) for performance teSt traits,

Trait Mean Gg h Sh?

Daily gain (g) 1053 48 0.39 0.13
Feed per kg gain (VEVI) 3277 203 0.24 0.11
Final body weight (kg) 383 11 0.21 0.10
Final Pelvic height {cm) 128.9 1.3 0.25 0.11
Final fleshiness (1-5) 1.6 0.1 0.06 0.08
Final fat covering (1-3) 1.5 0.1 0.05 0.07

Veal and beef production
Weight and price at start had low heritability estimates. The estimate

for heritability for type score was higher, but will be positively biased
because sires were selected on fleshiness (Table 2).
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Veal calf traits showed heritabilities between 0.36 (daily gain) and
0.56 (feed per kg gain), but after correction for selection on fleshiness
in the sires most of these heriltabilitlies decreased. Only the estimates
for carcass weight and meat colour remalned constant,

Beef bull traits showed heritabilities between 0.23 (fat covering of the
carcass) and 0.87 (fleshiness of the carcass). The heritability estimates
for carcass weilght, carcass fleshiness, price per kg carcass and value of
the calf for beef production decreased through the correction for selecti-
on in the sires on fleshiness.

Tahle 2. Mean values, genetic standard deviations (0 ), heritabilities
(h”) with standard errors (S ,) and heritabilities cBrrected for selection
on fleshiness in the sires (h?;).

Trait Mean Gg h Shz hC
Start:

Welght (kg) 41.4 1.5 0.11 0.05 0.11
Type score (1 - 10) 5.1 0.6 0.29 0,09 0.26
Price (Dfl) 380 28 0.16 Q.07 0.15
Veal calves; -

Daily gain (g} - 1037 50 0.36 0.14 0.28
Feed per kg gain (g) 1840 97 0.56 0.17 0.49
Carcass weight (kg) 129.6 5.8 0.51 0.16 0.50
Carcass fleshiness (1-5) 2.3 0.3 0.51 0.16 0.35
Meat colour (1-5) 1.6 0.4 0.47 0.16 0.46
Price per kg carcass (Dfl} 9.45 0.18 0.51 0.16 0.38
Value of the calf (Dfl) 343 57 0.43 0.15 0.22
Beef bulls:

Daily gain (g) 1043 56 0.59 0.17 0.58
Feed per kg gain (VEVI) 4730 232 0,59 0.17 0.59
Carcass weight (kg) 26%9.5 8.5 0.47 0.15 0.39
Carcags fleshiness (1-5) 2.4 0.4 0.87 0.20 0.73
Carcass fat covering (1-5) 2.9 0.2 0.23 0.10 0.22
Price per kg carcass (Dfl) 7.71 . 0.18 0.66 0.18 0.55
Value of the calf (Df1l) 488 123 0.77 0.19 0.63

Genetic relation between veal and bheef production
Table 3 is a summary of genetic correlations between veal calf and beef

bull traits, All genetic correlations between corresponding traits were
positive.
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i Table 3. Genetic correlations between weal calf and beef bull traits.

Veal calveg

Beef bulls DG FG CW CF PC vc

Daily gain (DG} 0.61 -0.37 0.47 0,43 0.32 0.64
Feed per kg gain (FG) -0,40 0,49 -0.09 -0.32 -0.23 -0.53
Carcass weight (CW) 0.58 -0.35 0,42 0.52 0.31 0.67
Carcass fleshiness (CF) 0.06 -0.17 0.21 0,90 0.5%4 0.46
Price per kg carcass (PC) 0.04 -0.16 0.19 0.85 0.49 0.40
Value of the calf (VC) 0.46 -0.43 0.29 0.75 0.47 ©.71

Relation between performance and progeny test

The relation between performance test traits and the important traits in
progeny testing 1s described in Table 4 through the regression coeffi-
cients from progeny traits on performance traits and the correlation be-
tween phenotypic value in performance test and breeding wvalue in progeny
test. From both parameters it can be deducted that selection on daily gain
or bedy weight in the performance test improves all fattening traits, Se-
lection on fleshiness of performance tested bulls has alse a favourable
effect on progeny tralts, except dally gain in beef production. Selection
on pelvic height of bulls has no favourable effect on progeny traits in
veal or beef production,

Table 4. Regression coefficients from progeny test traits on performance
test traits (b) and the correlation between phenotypic value in the per-
formance test and breeding value in the progeny test (r).

Performance test traits

Daily gain Fleshiness Body weight Pelwvic height
¢:9) {1-5) (kg) {em)

Progeny traits b r b T b r b r

.039 0.20 10.464 0.31
Daily gain veal (g) L420%0.93 22.390%0.41
Fleshiness weal (1-53) 0.002%0.64  (.165%0,54

Price at start (Dfl) C
4]
0
Value calf wveal (Dfl) 0.411%0.83 37.668%0.74
0
0
0

.158 0.26 -2.304 -0.4C
.867%0.82  3.376 0.34
L003%0.52  -0.030 -0,48
.889%0.71 0.481 0.04
.605%0.51 2.146 0.13
.005%0.53 -0.0l0 -0.12
.619%0.62 2.973 (.12

Daily gain beef (g) .286%0.68 15,402 0.22
Fleshiness beef (1-5) 0,002%0.83 0.174%0.38
Value calf beef (Dfl) 0.693%0.73 356.068+%0.41

HFOODOOoOOo

* Regression coefficient significantly different from zere (p < 0.05).
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Discussion and conclusions

Heritability and genstic correlation are concepts defined within the
framework of a mathematical model. One of the assumptions underlying this
model is that the population under study is in equilibrium, i.e. the
distribution of genotyple wvalues is stable. This assumption is not met in
the data presented in this paper: due to the Iintroduction of HF-genes the
characteristics of the population were changing in time.

Therefore the genetic variation is estimated within classes of percen-
tage of HF-genes. Although this approach reduces the problems following
from multi-model probability distributions, extrapclation of the results
of the analyses bears some risk since the population under study is
changing rapidly.

In a former study, Oldenbroek and Mei]ering (1986) reported unstable
heritability estimates for performance test traits of 338 bulls of 41
sires born between April 1980 and October 1983 and tested In the central
test station in Friesland. The estlmates were very semsitive for the num-
ber of sons per sire, which varied widely. For the present analysis 587
sons of 46 sires were available. There was still a large varlation in num-
ber of sons per sire, but the number of sires with many sons increased
congiderably and sires were better spread over seasons. These facts led to
more stable estimates for heritabilities of performance test tralts than
in the former study (Oldenbroek and Meijering, 1986). For daily gain and
fleghiness heritabilities were similar as in the performance test for MRY
(Dijkstra et al., 1987), but in MRY bulls heritabilities for weight and
pelvic height at 365 days of age were twlce as high. In both breeds the
herjtability estimate of the score for fleshiness at the end of the
performance test is too low to facilitate effective selection. This may be
due to limited scoring possibilities for fleshiness in the EUROP-system
for bulls of the same age and the same genotype and/or to the intensity of
rearing in the performance test, which impedes the expression of genstic
capaclity for fleshiness.

In the present study it was attempted to use sires with extreme scares
for fleshiness. However, finally the difference in fleshiness between the
two types of sires was rather low: 0.66 EUROP-points. This difference was
associated with significant differences in final bhody weight (21 kg) and
daily gain (55 g/day) 1n the sires, but not with a difference in pelvic
height. Amongst other (dairy) characteristics pelvic height was an impoz-
tant critericn for culling bulls after the performance test, So selectiom
for fleshiness was to some extent selection for welght traits. The selec-
tion of the sires influenced the heritebility eatimates. After correction
for this selection in the sires the heritability estimates for daily gain,
carcass fleshiness and value of the calves are 50 per cent of those esti-
mated in a former study with Black and White veal calves (Oldenbroek and
Meijering, 1986). But in both studies the standard errcrs of the estimates
do not invite to an intense discussion about the source of the differences
between the studies. The heritability estimates for veal calf traits in
MRY (Dijkstra et al., 1987) are in agreement with those found in the pres-
ent study. All three studies indicate that veal calf traits can be im-
proved by means of selection. The heritability estimates for beef bull
tralts in the present study are high in comparison with beef bull traits
in MRY (Dijkstra et al., 1987). An explanation might be that Black and
Whites have never been selected for this type of beef production. From the
present study and from the study in MRY it can be concluded that beef pro-
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duction traits may be improved by means of selection.

Veal production and beef production differ largely in feeding system and
in age at slaughter. Despite these differences pgenetic correlations be-
tween corresponding traits In both types of production are positive. The
size of these correlations indicates a sire x productien-type interaction
(except for fleshiness), but the final conclusion might be that selection
for veal production improves the genetic ability for beef production (and
the reverse). The study in the MRY breed {Dijkstra et al., 1987) yilelded
similar genetic correlations between corresponding traits in veal and beef
production and led to a similar coneclusion,

In the former study with Black and Whites (Oldenbroek and Meijering,
1986) no significant relation could be found between breeding values for
performance test traits and breeding values for veal production of prog-
eny., The study in the MRY breed (Dijkstra et al., 1987) vielded the con-
clusion that daily gain, final weight and final pelvic height in the per-
formance test are ugeful selection tralts for improvement of veal and/or
beef production, The present study indicates daily gain and final weight
as ugeful performance test traits. Apparently, pelvic height in Black and
Whites gives no indication for veal or beef production capacity.
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RELATIONSHIP BETWEEN PERFORMANCE TEST AND VARIOUS PROGENY
TRAITS IN THE SWISS DUAL PURPOSE BREEDS

Jacques Chavaz

Schweiz. Verband fiir klnstliche Besamung, Postfach 36,
CH-3052 Zollikeofen, Switzerland

Summary

Genetic correlations between performance test and varicus
progeny traits were estimated for 184 Brown Swiss bulls
and 231 Red andWhite bulls. Antagonistic relationships
were found between performance test and calving ease

{(r from .20 to .32 for birth weight, stillbirth rate

and dystecia rate). A strong positive correlation exists
between daily gain on performance test and carcass

welght gain on beef progeny test (.88 in Brown Swiss, .70
in Red and White). The relationship with daughters

type conformation is also favourable, especially in the
Red and White breed. In loocking at these correlaticns
within selected grcocups of bulls, it appears that the relation-
ship with carcass weight gain is far more stakle than
these with dystocia rate or conformation scores. This
allows the conclusion that a more efficient two steps
selection could be applied in order to improve the heef
traits of the Swiss dual purpose breeds.

Introduction

The two main breeds held in Switzerland, Brown Swiss

and Red and White, wich represent together mecre than

80 % of the total cattle population, both have a dual
purpose breeding goal. In accordance with this breeding
goal, the A.I. testing scheme includes a performance

test in a central station and a progeny test on beef
performance in the field, e.g. on specialised fattening
farms. Up to now, the selection pressure on daily gain on
performance test has been very low, and because of the economic
situation, the results of the beef progeny test lacked
weight in the final selection of A.I. bulls. Tnere are
arguments about the necessity of progeny testing all
young bulls on beef production, especially the bulls

with higher percentage of American dairy genes.

The main purpose of the present investigation is to
establish the relationship between performance test
and progeny test results on daily gain, Cther traits
are also included in the analysis.
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Material

Performance test and progeny test results were :zollected
from three batches of young bulls of beth the Brown Swiss
and the Red and White breed. These bhulls were performance
tested between 1980/81 and 1982/83 and subsequently used

in A.I. The exact number of bulls involved in the computation

of correlations is given in table 2. The progeny test

on daughters conformation was not yet completed for the
third batch of bulls, This fact accounts for the lower
number of bulls included in the correlations with confor-
mation traits.

rerformance test

all bull calves born from planned matings are raised in

a central performance test station. The station in Langnau
bei Reiden has a capacity of 250 bulls. The calves enter
the station at 60 to 20 days of age. Average daily gain
from 120 to 350 days is recorded as growth trait. after
the test, approximatively 60 % of the bulls are moved to
an A.I. station and used in the progeny testing scheme
if semen production and quality are satisfactory. The
main culling reasons are feet and legs conformation and
type; only few bulls are eliminated based on average daily
gain, Buri-Gminder (1986) gives a detailed survey on test
procedure, genetic parameters and estimation of breeding
values for the Swiss performance test station.

Progeny test

Each young bull is used for at least 700 firg inseminatiocns
in contract herds. Calvingperformance data are recorded
from 400 to 500 calvings per bull. Breeding values are
computed for the traits mentioned in table 1 separately

for 1lst and other parities, taking into account sex of
calf, year and season effects (Gaillard, 1980).

25 to 30 bull calves are alloted to contract fattening
farms for progeny test on beef production. The bulls are
slaughtered at 13 to 14 months of age with280 kg carcass
weight on average. A BLUP sire evaluation procedure is
applied on daily carcass weight gain as main criterion

of growth and fattening performance and on various carcass
traits recorded in the slaughterhouses = (Chavaz, 1986)

Conformation scores and measurements are recorded on the

50 to 55 first freshning daughters of each bull by classi-
fiers of the A.I. Federation and of the herdbook. Part

of the traits are also included in the present investigation
(table 1)}. Detailed information on the scoring scheme
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and sire evaluation procedure is given by Chavaz (1983).
Other traits included in the progeny testingscheme (milk
yield milking ability, fertility) were not considered in
tnis paper.

Method

Genetic correlations between traits recorded on different
animals were derived from the correlations between breeding
values as preoposed by Mason (19%64) and applied by Gaillard
(1980) and other authors. The confidence range of the
correlations was computed according to an approXimation
formula (Rcbergson, 1972; cited Bar-Anam, 1973). In order

t¢ account for non additive effects, the gorrelations

were computed within year and within genetic group (cross-
preeding level with American Brown Swiss resp. Red Helstein).

Results and discussicn

Table 2 contains all correlations between performance

test and the considered progeny traits.There exists a signifi-
cant relationship between performance test and calving
performance. With higher daily gain on performance test,
increase in birth weight as well as in stillbirth and
dystocia rate can be expected, The relationship with birth
weight 1s slightly stronger in the Brown Swiss as in the

Red and White peopulation, while the other correlations

lie at the same level in hoth breeds.

The high ceorrelaticn between performance test and carcass
weight gain on progeny test shows that, tc a large extent,
both traits trace back to the same genetic backgrcund.
Again, the correlations are slightly higher for the Brown
Swiss bulls. The subjective fleshiness score is also
positively related to performance test, but the thigh
volume, which is corrected to a constant carcass weight,
is negatively correlated with performance test. This could
be an indication about an antagonism between high growth
potential and comgpact carcass type.

The correlations with conformation traits of the daughters
show different patterns in the Brown Swiss and in the

Red and White. Chest girth, depth, width and muscling
scores seem to be closer related to performance test in
the Red andWhite. Nevertheless, selection on high daily
gain on performance test should lead to improved type
conformation in both breeds.

-

In table 3, three correlations (performance test with
dystocia rate, carcass weight gain and combined type score)
were computed within specific bull groups in order to analyse
breed differences and the effects of selection. As with
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reduced number of bulls the standard error of correlations
increases, the results have tc ke carefully interpreted.

This observation concerns aspecially the correlation with
dystocia rate. Even with the whole material, its confidence
range is relatively wide. Within specific bull groups

the correlation becomes close to O or even negative. This
can be explained with the fact that: the breeding values

for dysteccia are not normally distributed and the re-
lationship with performance test may not be linear on

the whole variation range. The correlations with the combined

type score show larger differences tco, especially in
the Red and White groups selected on daily gain.

For practical purposes,the correlation between performance
test and beef progeny test is the most important one.

The estimated values remain consistent from group to group.
This shows that the relationship is similar in dual purpose
as in more dairy genetic groups. A strong selection on
performance test would probably not affect to a large
extent the relationship with beef progeny test results.

The hypothesis that an optimized two stage selection scheme
could be applied in order to improve the beef characters,
of dual purpose hreeds is thus substantiated.
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TABLE 1 : Description of traits included in the investigation

Short name Tralt Heritability

gize of
progeny group

Performance test

ADGPT average daily gain (120~350day) .40

Progeny test on calving ease (direct effect)

GESTLE gestation length .55
BIRTHW birth weight .21
STILLB stillbirth rate .03
DYST dystocia rate .07

Progeny test on beef production

CARWG carcass weight gain .25
FLESH carcass fleshiness score .20
THVOL estimated thigh volume .15
ccvr compined carcass value index .18

Progeny test on daughters type

WIEEI withers height .55
CHGIR chest girth -40
LENGTH length score .35
DEPTH depth score .35
WIDTH width score .25
MUSCL muscling score .25
CTYSC combined type score .30

400-500
400-500
400-500
406~500

25-30
- 25-30
25-30
25-30

50-55
50-55
50-55
50-55
50-55
50-55
50-55
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TABLE 3 : Genetic correlations between performance test and
three progeny traits within specific bull groups

Correlated trait DYST CARWG CTYSC
number r number r numper r
of bulls 9 of bulls 9 of bulls g

Brown Swiss, distributed acc. to US Brown Swiss blood percentage
< S0 % 114  .456 112 .672 54 .221
> 50 % 70 024 70 .999 54 .437
Red and White, distributed acc. to Red Holstein blood percentage

0 % (=Simmental} 60 . 560 60 .738 43 .725
> 0% 171 . 255 169 .683 112 .659
> 50 % 130 . 298 128 .719 85 .658
= 75 % 57  .4B9 55 .508 38 .842
Brown Swiss, distributed acc. to breeding value for ADGPT
= 1t40 g 47 -.088 47 .B65 3l 641
> +20 g 70 L30T . 70 .829 31 . 799
= 0 g 109 . 302 108 .690 a6 .609
< G g 78 . 001 77 702 43 .463
Red and White, distributed acc. to breeding value for ADGPT
= +40 g 52 .278 51 .999 28 -.167
Z +20 g 83 .268 82 .627 49 104
Z 04y 133 .5852 131 .761 84 . 553
< 0 g 105 -.421 105 . 296 77 .077
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RELATIONSHIP BEIWEEN THE MEAT EFFICIENCY OF SIRES AND THAT OF THEIR
SONS AT THE TESTING STATIONS

J. Golda

Research Institute for Cattle Breeding, Rapotln, CSSR

Summar

We have established positive correlations between quantitative indices
of meat efficlency of sires and these of their sone during the fattening
period. When evaluating the weight of bulls at rearing stations at 12
months of age and welght gains of their sons during the fattening period
we have established correlation r = Q.146; as for the relation between
gains of sires during the teststation period, respectively gains from
birth and gains of their fattened sons from birth, we have determined r =
0.086, respectively r = 0.081. Moderate correlations were also es-
tablished between dressing percentage of sons and quantitative indices of
thelr sires at rearing stations (r = 0.i18 to 0.189). Similarly as in the
case of sires weight at 12 months, moderate correlations betweenrn the
weight at 3 years of age and the net gain of their fattened sons were
established (r = 0.206). The mentioned relation is more signlficant
compared to the sgires welght at 12 months of age (r = 0.169). Sires'
welght at 3 years of age as well as their dressing percentage have not
influenced dressing percentage of the sons. We have not found a correla-
tion between the weight of pelvic and kidney fat in sires at 3 years of
age and that of their sons (r = -0.049). Close relationship between
indices of the weight gain and the carcass value of sons and the sires!
welght at 3 years of age is similar to the case of evaluating sires at 12
months of age. When evaluating relations between sires' galms from birth
and indices of the welght gain and carcass value of their sons we have
determined somewhat higher correlations at 3 years cowpared to 12 months
of age.

Keywords: sires, meat efficlency, correlation between sires and sons.

Introduction

In our study we have tried to find relationships between the meat
efficiency of sires and that of thelr sons at testing stations
respectively indices established during the primary selection of sires at
12 months of age. Data for the evaluation were gained from eleven A.I.
stations on the territory of the Gzech soclalist Republic during the
yvears 1981 to 1985. Bulls of the Bohemian Pied breed including crosshreds
with a small share of the Ayrshire and the Red Holstein breeds (n = 139)
were slaughtered at 3 years + 1,5 months of age. Evaluation of their sons
included estimation of net gains, galng from birth, the fimal body weight
at 500 days of age, the weight of half-carcasses and the welght of kidney
and pelvic fat.

Results and discussion

The found relationships between indices observed in sires at 3 years of
age and those established during the primary selection at 12 wmonths of
age present moderate or mlddle correlations {(tables 1 and 2). That
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confirms the importance of sires selection and its continuity with
consecutive life period of the bulls at A.I. stations. Zero or slightly
negative correlations were only found between the weight of kidney and
pelvic fat, dressing percentage at 3 years of age and the values obtained
during the primary selectlon at 12 wonths. The mentloned negative
correlations between growth rate and dressing percentage have heen
ascertained by many authors and they are supposed to be related to the
different maturity rate of individual types of cattle.

Table 1. Correlation coefficients between indices of bulls at 3 years of
age and at primary selectlon (n= 139).

12 months Weight gain Helght at Body weight
withers at at 12 months
during from 12 months
3 years test— birth
station
Height at withers 0.135 0.254 ¢.332 0.168
Dept of chest 0.047 6.088 0.096 0.057
Width of chest 0.052 0.197 0.107 0.175
Width of hips 0.128 0.229 0.050 0.141
Width of pelvic region 0.151 0.264 0.124 0.241
Length of croup 0.1l6l 0.175 0.159 . 0.189
Length of trunk 0.163 0.277 0.246 © o (0.333
Girth of chest’ 0.126 0.234 0.193 0.245
Circumference of .
foreshank 0.130 0.158 0.056 0.132

Established correlations between the weight at 3 years of age and the
welght gain from birth to primary selection (r = 0.409) are essentially
1n accordance with results mentioned by Sereda et al. (1979) (r = 0.440)
in bulls at 2 years of age. As for the gain during the teststation
period, established correlatlons are different (r = 194, respectively r =
0.552).

Table 2. Correlation coefficients between indices of weat efficilency of
bulls at 3 years of age and at primary selection.

12 months Welght gain Height at Body weight
withers at at 12 months
during from 12 months
3 years testation birth ’
Slaughter weight 0.194 0.392 0.235 0.365
Welght of warm carcases 0.262 . 0.376 0.243 0.433
Weight of kidney and
pelvic fat ~0.056 -0.046 -0.001 -0.016
Gain from birth 0.276 0.409 = 0.314 0.485
Net gain 0.276 0.383 0.164 0.404
Dressing percentage 0.095 0.075 -0.029 0.059

Correlations between the values of growth efficiency at 12 months of

.age, trespectively at 3 years of age and the values of investipated

indices of their sons at testing stations of fattening capacity are
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signiilcant.

Evaluating the body weight of sires at rearing stations at 12 months of
age and weight gains of their fattened sons (table 3) we found a correla-
tion of 0.146, which is almost consistent with results of Sereda et al.
(1979) (r = 0.,131). Correlsations between sires' gains during the test—
station period, respectively from birth and their fattened soms' gains
from birth were lower (0.086, respectively 0.081) compared to results
mentioned by Sereda (0.101, respectively 0.130).

Table 3. Correlation coefficients between the rearing of sires and
carcass value of their fattened sons.

Sires at 12 months Weight gain Height at Body weight
withers at at 12 months
during from 12 months
Fattened sons test— birth
station
Net gain 0.105 0.118 0.186 0.169
Proportion of kidney fat 0.077 0.095 0.166 0.118
Dressing percentage 0.118 0.187 0.063 0.174
Relative breeding value
of net gain -0.085 --0.096 -0.140 -0.160
Slaughter weight 0.080 0.183 0.074 0.226
Weight gain from birth 0.086 0.081 ¢.189 0.144
Welght of warm carcass 0.124 0.245 0.094 0.275
Weight of kidney and
pelvic fat 0.079 0.120 0.152 ¢.161

In contrast to the statement of Sereda et al. (1979) that there is no
correlatign between net gains of sons and the quantitative indices of
sires at rearing statioms, we have found positive correlatioms (r = 0.105
to 0.169). This ascertainment corresponds with the finding of Averdunk et
al. (1980) mentioning correlations r = 0.311 to 0.379.

Moderate correlations were found between dressing percentage of sons
and the quantitative indices of their sires at rearing stations (r =
0.118 to 0.189); Sereda et al. (1979) found correlations approximately at
the same level, but the negative ones, whereas Averdunk states zero
values of correlation as for body weight of sires at 420 days the
positive correlation r = 0.344 as for gains of sires during the testation
period (112-420 daye).

In our findings weight gains from birth and weight at 12 months of
gires were more closely related to net gains, dressing percentage,
slaughter weight and weight of half-carcasses of sons than to sires' gain
during the teststation period.

Similarly to the case of sires' weight at 12 wmonths we have found
moderate correlations between the weight at 3 years of age and net gains
of their fattened sons (r = (.206) (table 4).
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Table 4. Correlation coefficients between indices of weight gains and
carcass value of sires at 3 years of age and their sons from testing
stations of fattening capacity.

Sires at 3 Weight Gain Dressing
years percentage
slaugh- warn kidney from net
Fattened ter carcass and pel- birth
sons vie fat

Net gain 0.206 0.189 -0.108 0.271 0.167 -0.018
Proportion of .

kidney fat 0.110 0.014 -0.025 0D.116 0.058 -0.120
Dressing per-

centage 0.045 0.113 -0.089 0.080 0.072 0.061
Relative

breeding value

of net gain -0.042 -0.092 -0.021 -0.123 -0.122 -0.054
Slaughter

welght 0.180 0.151 -0.020 0.238 0.246 0.067
Gain from birthk 0.219 0.191 -0.100 0.282 0.173 -0.019
Weight of warm

CArCass 0.179 0.182 ~0.060 0.243 0.248 0.086

Weight of kidney
and pelvie fat 0.154 0.081 -0.049 0.200 0.135 -0.059

This correlation 1s more significant compared to the weight of sires at
12 months (r = 0.169). The corresponding level was also established in
the case of relations to their sons' gains from birth to the end of the
fattening period {r = 0.219), respectively to their slaughter weight (r =
0.180). Body weight of sires at 3 years of age as well as their dressing
percentage have not influenced dressing percentage of their sons No
significant correlation was found between the weight of kidney and pelvic
fat in sires at 3 years and that of their fattened sons (r = -0.049).

Correlation between net gains of sires at 3 years and indices of
fattened sons reaches similar values (respectively slightly lower) as in
case of sires' gain from birth. It is important that the mentioned
correlations are positive in quantitative indices ineluding net gains.

Net gain in the estimated set of sires (n = 392) presents variability
s.d. = 37 g); it would be possible to use it for culling 5 — 10% of bulls
with the lowest values. Warranty of utilization of sires' net gains at 3
years, respectively their gains from birth for selecticn purposes needs
verification by means of calculating heritabllity coefficients. Unifica-
tion of nutrition intensity of sires at all A.T. statlions presents
another necessary prerequlsite for it.
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PERFORMANCE TEST RESULTS IN RELATION TO PROGENY TESTS UNDER FIELD CONDI-
TIONS FOR DANISH BREEDS

Bernt Bech Andersen

National Institute of Animal Science, Researcn Center Foulum,
P.O. Box 39, 8833 @rum S¢gnderlyng, Denmark

performance testing of bulls prior to their use in AI has been an im-
portant element in the breeding plans for Danish dairy and dual purpose
cattle breeds since 19375. The performance testing stations are owned and
administered by the organisation EGTVED. This organisation covers a wide
gpectrum within production, breeding, sale and slaughtering of cattle.
The economic basis of the activities is annual grants from a fond admi-
nistering glaughtering fees and other levies as well as income from the
performance testing activities. The National Institute of Animal Science
is invelved in the theoretigal planning of testing procedure as well as
in the routine testing work, and computation of breading values.

The performance testing arrangement has met increasing approval from
year to year as shown in table 1, and nearly all bulls are now performan-

ce tested before they enter an AI-center, ;

Tabla l. Davelopment in number of performance tested bulls per year and breed Aeatribu-
tion (Andersen et al. 1987).

1975 1976 1377 1978 1979 1980 1961 1982 1983 1984 1985

Testing year =76 =77 =~78_ -79 ~80 -B1 -B2 -B3 -84 -85 -8
Total no. of _bulls _ _ _ _ _ _ 215_ 452 510 568 _580_ 508 _630_ 571 _675_ 818 821
Proportion of AI bulls_(%)_ _ _ 48_ 42 _ 51 43 _ 54 62 _70_ 77 _8_ 75 174
Proportion of (%

RCM (Red Danish) 35 42 46 40 37 42 15 32 30 33 4
5DM (Black and White Dantsh) 52 47 40 46 43 44 51 54 53 51 51
DRK (Red and White Danish} ] 4 4 4 3 0 1 2 2 2 2
JER (Danish Jersey) 2] 7 10 10 11 14 13 12 15 14 13

However up till 1983 only a part of the AI bulls were performance test-
ed and some other bulls were progeny tested on an central testing sta-
tion. Only few bulls were both performance tested and progeny tested.

Relations between station results and field results

In the beef industry we are faced with a very wide range of production
8ystems varying from intensive veal producticn based on bull calves
slaughtered at 200 kg live weight to extensive grasaland systems based on
steers glaughtered at 3 years of age. Progeny of the same sire may often
be found in all systems and it makes creation of testing and selection
brocedures more complicated.
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Several studies have been carried out to analyse the genotype x produc-
tion system interaction and/or the genetic¢ correlation between station
performance test results and progeny test results based on field data.
The correlations obtained in those investigations varies from ¢ (Clden-
broek and Meijering, 1985 - Holland)} over 0.3 (Gravir, 1985 ~ Norway)} to
0.9 (Rave, 1973 - Germany). It is important to notice, however, that such
results depends on a multiplum of factors {(age interval, definition of
growth trait, sex, feeding system etc,} In the Dutch experiment t.ex.
growth rate of the performance tested bulls is measured from 120-365 days
of age, and the feeding based on a roughage diet. Those measures are then
correlated to growth rate of progenies fed on a milk replacer diet from
10-150 days of age, From a physiclogical point of view it may be totally
different traits. In the investigations from Norway the growth rate of
the performance tested bulls are measured in the age interval 90-360
days, and the following progeny test results is based on carcass weight
ajusted to 15 mth”™s of age. Such a trait is influenced not only of growth
capacity but also of variation in birth weight and dressing percentage,
and relatively low correlation between performance test and progeny test
resulte should therefore bhe expected,

A direct measure of the relationship between statlon performance teat
results and field progeny test results have not been carried out on
Danish data. Hovewer, 32 performance tested sires of the breed Red Danish
héve also been station progeny tested for beef production, and following
gorrelations between the results from the two testing gsystems are obtain-
ed (table 2}. ’

Table 2. Correlations between testing results from individual performance
tests and gtation progeny tests (32 Red Danish sires).

Performance test results
Growth  Ultrasonic Daily  SpU/

Progeny test resultg index index gain Xg gain
Total beef index 0.39 -0.08 0.46 0.01
Daily gain 0.38 ~0.09 0.45 ~0.14
SFU/kg gain ~0.47 0417 -0.52 0.12
Carcass muscle area 0.02 9.35 ~0.01 0.25
Assuming rp = 1.0 the expected correlation between the two measures of

breeding values is 0,5 = 0.6. However the results presented in table 2
indicates that the underlying genetic correlations can vary from 0.2
{feed conversion ratio) to 0.8 {growth rate}. The testing conditions at
the performance test station was feeding with a roughage dlet according
to age and a testing period from 1 1/2 to 11 mth”s of age. The corres-
ponding ¢onditions for the station progeny test was concentrate ad
libitum and a testing period from 4 weeks of age to 360 kg live welight.
Genetic correlations below 1.0 are therefore expected.
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In a breeding experiment designed by Liboriussen et al. 1984, the gene-
tic aspects of progeny testing of young AI bulls for beef production
characters by meang of information from field data was examined. The work
was based on analysis of two different datasets both collected from prac-
tice (fielddataset 1 and 2). In addition the results have been compared
with corresponding data from the Danish progeny test station “Egtved".

Fielddataset 1 contained information on 866 young bulls distributed on
32 Danish "Black and White" gsire groups. The data was collected from AT
centers and slaughter plants in 1980 and 1981, Fielddataset 2 originates
from a calf-weighing programme and covers the period from 1970 to 1978.
The genetic analysis of this material was based on 4138 young bulls dis~
tributed on 108 Red Danish and 76 Black and White Danish siregroups. The
traits included in the analysis were daily carcass gain and carcass
grading score. The following heritabilities were estimated (table 3).

Table 3. Variation in carcass gain and grading score between and within
half gib families and estimates of heritabilities (Liboriussen et al.
1984).

Data s2(between) s2(within) h?2 + SE
Fielddata 1. carcass gain 25 3357 0.03 0.04
_______ grading goore _0.031 _  _ 1.3%9 _ 0.3¢4 0.11
Fielddata 2. carcass gain 185 2165 0.32 0.05
_______ grading score _0.150 _ __ 1.209 = 0.44 0.06
Teat station carcass gain 235 1574 0.52 0.086
grading score 0.068 0.937 0.27 0.05

The main conclusion from the experiment was that young AIbulls can be
progeny tested with high accuracy for both carcass gain and carcass grad-
ing by ¢ollecting field information from the number of male progenies
resulting from the test inseminations. However, as a criterion of gelec-
tion for beef production in a total breeding programme individual perfor-
mance tests are more competitive (stepwise selection).

The expected as well as the actual, calculated correlations between
breeding values estimated from field- and station data respectively are
shown in table 4. The "expected correlations® are based on the the as-
sumption that the genetic correlation between results from the two sy-
stems is 1.0.
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Takle 4. Correlations between results from gtation- and field progeny
testg. 59 siregroups (Liboriussen et al, 1984).

Texpected Tactual
Carcass gain
{station/fielddata 2) 0.58 0.28
carcags score
{station/fielddata 2) 0.54 0.20

The difference between the actual and expected correlations can be due
to overestimation of the heritabilities and/or genetic correlations dif-
ferent from f.0. The first reason seems to be the most important, but the
results also indicate that the testing condition at the performance test-
ing stations has to be as close ag possible to "common practice" for fu-
ture production systems.
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RELATIONSHIP BETWEEN PERFORMANCE TESTING AND FIELD PROGENY TESTING FOR
BEEF PRODUCTION

Torstein Steine
Norwegian Red Dairy Cattle Association/Department of Animal Sience,

As, Norway

Surmary

Data on 358 bulls show a genetic correlation between growth rate
from 90-360 days of age and carcass weight and carcass value reccrded
on male progeny of 0.3. This clearly shows that growth rate in the
performance test and beef production in terms of weight and value of
carcasses are different traits.

Selection based on performance test gives a sample of bulls with
significant better beef production potential than with no selection at
the early stage.

Introduction
Even though potential AI bulls are performance tested and a certain

proportion of bulls is culled because of growth rate this is hardly
very efficient with regard to beef production if no further informa-

tions on this trait are included in the final selection after the

progeny test is finished. One way of overcoming this is to try and
measure traits related to carcass quality on live bulls, but so far
such methods have not shown to be as good as informations on carcass-
es,

Progeny testing of bulls for beef production has been included in
the breeding program for Norwegian dairy cattle since 1959,

Data

From 1959 to 1971 this progeny test was based on data from special
stations. Because of limited station capacity only a small sample of
the bulls were progeny tested for this trait, and consequently it had
rather little influence on the selection of bulls.

Therefore NRF decided to change to a system based on field data, and
this was done in 1971. The farm animal recording system, the coopera-
tive slaughterhouses and NRF cocperate to obtain these carcass data,
Until 1985 all the data from slaughtering have been collected by means
of special ear tags where date of slaughtering, carcass weight and
carcass grade have been written con and then sent to NRF.

With later developments of computing systems there is now a change
to a system where all these data are taken directly from electronic
ascales at the slaughter houses. Based on a direct linkage the carcass
data are put together with the cow recording data and are then avail-
able for use in the progeny testing of NRF bulls. An extra gain from
this method is that the farmers get results about beef production as
well as milk production from the cow recording system. This direct
recording system works Jjust as well as the special ear tags when only
the animals have got the correct identification and are included in
the cow recording system.

Table 1 shows how the number of animals with carcass data has varied
since 1974. There has been a steady increase until 1984, but mainly
because of the change of system there is a small reduction of data the
last year. The number of records in 1986 is not available yet,
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The old system provides data on male progeny only, but the direct
system also includes data of heifers and cows. In the future it will
be possible to include heifers in the progeny testing if desirable,
and the data will provide informations on trends in carcass weight on
older cows.

Table 1. Number of carcass records and size of progeny groups.

Year Number of Size of Number of
carcass records progeny groups progeny tested bulls

1974 3131 15 66
1975 3 877 17 115
1976 2 068 23 109
1977 3 902 20 119
1978 5 451 22 . 141
1979 7 398 33 112
1980 8 659 47 109
1981 8 601 ] 53 110
1982 6 286 44 104
1983 11 2363 30 107
1984 13 608 46 114
1985 10 751 51 117
1986 39 127

Progeny test method

The progeny test is carried out on two traits; carcass weight and
carcass value., To obtain the carcass value the grade is used to find
the price per kg.

The carcass data may _be from animals slaughtered at various ages,
and before estimating the breeding values the data are adjusted to an
age of 17 months. Then this model is used (Fimland, 1984):

T=XB 5 e

whexre ¥ is the vector of observations.
X is an incidence matrix showing progeny in a combined classifi-
© cation of district and slaughter months,
B is a fixed effect of district and slaughter months jointly,
Z is a matrix showing presence of progeny of different young
bulls,
S is a vector of random effects of young bulls, and
e is a vector of residuals.

With more data we hope to be able to take into account herd effects,
and we will aim at using data from several years at a time to be able
to estimate genetic trends. So far data has been restricted to progeny
of test bulls only, but with the new recording method no such limita-
tions will exist. .

Relations between performance test and progeny test.

Data on the progeny tested bulls in 1984-86 are used to investigate
this qguesgtion. This is a total of 358 bulls,

Table 2 shows some correlations between traits at the performance
test and the breeding values for beef production.
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Table 2. Correlations between performance test and progeny test
results, 358 bulls.

Performance test
Progeny test Weight at Growth rate Index for growth rate includ-
360 days 90-360 days ing paternal half brothers

Carcass weight .15 - 0.15 0.16
Carcassg value 0.14 0.15 0.16

As shown by these correlations carcass weight and carcass value are
almost the same trait because value is almost fully determined by the
weight. The correlaticon between the breeding values is 0,99, and the
genetic correlation is 1.00.

The correlations in Table 2 seem small, but the genetic correlations
derived from this analysis are not so small. The genetic correlations
are cbtained by changing the variances to genetic variances by taking
into account the accuracy of the traits, which are the heritability of
the performance test results and the accuracy of the breeding value
for the carcass traits.

This results in genetic correlations of 0.3 which shows that carcass
traits and live weight or live growth rate are different traits. With
the selection carried out these correlation are prcbably biased down-
wards.,

In addition it may be arqued, that some weaknesses by the model used
to obtain the progeny test results lead to smaller correlaticng than
it should be. But even go it is doubtful if the true genetic correla-
tion is above 0.5-0.6, and that shows that use of informations on
carcasses is necessary if we want the selection to be successful.

Effect of performance test selection on beef production

In a program with some progeny test for beef production performance
test is still of geat dimportance because selection at that stage
determines which bulls are entering AI. The existing data make it
possible toc get some idea about the effect of this early selection.
Table 3 shows the regression coefficients for the effect of performan-
ce test index on subsegquent progeny test result for carcass weight and
carcass value. The bulls entering AI are selected from the begt half
regarding the performance index. With an index ranging from 1 to and
10 and with a standard deviation on 1,5 this leads to an expected
selection differential of 1.2 index units,

Using the results from Table 3 this shows that the performance test
selection for growth rate increases the average carcass weight and
carcass value of the AI bulls' progeny with 0.6 kg and Nkr. 20.30 res-
pectively. The prices used are from 1986,

Table 3. Average increase in carcass weight and carcass value of the
progeny by one unit increase in the bull's performance index.

Carcass weight 0.48 kg/index unit (S.E. = 0,15)
Carcass value 16,90 Nkr/index unit (S.E., = 5.,64)
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DISCUSSIQN (SESSION I)

R.D. Politiek

Department of Animal Breeding, Agricultural University, Wageningen, The
Netherlands

Introduction

At the start of the discussion Bech Andersen summarized the main
results about the genetic correlatiom between performance test and
progeny test for beef traits. The following methods to estimate the
relationship between performance test and progeny test were
distingulished:

1. Correlation between phenotyplc value in performance test and breeding
value in progeny test.

2. Correlation between breeding value in performance test and breeding
value in progeny, weighted by accuracy.

3. Restricted Maximum Likelihood (REML). “

The genetic correlation between performance test and progeny test
results for live-weight gain and carcass gain reached a level of 0.6-0.7.
Thus selection on performance test tralts is effective for beef
production as long as the fattenling system 1s comparable.

Table 1. Correlation between performance test traits and progeny test
results (explanation methods: see text).

Authors Daily gain/ Daily gain/ Daily gain/ Method of

daily gain carcass carcass estimation
waight value

Hanset et al. 0.64 1

Averdunk et al.:

- station 0.80 2

~ contract herds 0.89 2

~ field data 0.57 0.56 2

bijkstra et al.:

- veal 0.58 0.28 3

=~ beef 0.66 0.61 3

Chavaz:

~- Brown Swiss 0.88 2

- Red and White 0.70 2

Qldenbroek et al.:

- veal 0.93 . 1

- beef 0.68 1

Steine D.15 0.15 1
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veal calves/beef bull production

Progeny test results of veal and beef bull production are genetically
related to a substantial level as is demonstrated by Oldenbroek et al.
for Dutch Black and White and by Dijkstra et al. for Red and White Cattle
(Table 2).

Table 2. Genetic correlation between veal calf/beef bull production based
on progeny tests.

Dutech Friesian Red and White
Daily gain 0.61 .53
Carcass welight 0.42 0.64
Carcass fleshiness 0.90 0.79
Carcass price per kg 0.49 0.50

Selection strategy

In the discussion on selection strategies it is clear that a first step
of selection based on performance test is effective (h2 about 0.4,
genetic correlatlion about 0.6) with practically no loss 1n dairy traits.
With an additional progeny test on beef traits, a second selection step
1s possible., The accuracy of the progeny test can be higher, but the
results are available later and selection on beef tralts competes with
i the selection on dairy traits. An optimal combination of performance and
progeny test, as proposed by Steine, and discussed later by Nlebel et al.
is a possible sclution.

Performance test methods and accuracy of test

‘ Different aspeacts are discussed, but not always a firm coneclusion or
reconmendation could be derived. Variation is dependent on breeds,
production systems, structure of and Iinvestment in AI breeding schemes.

- Age at beginning and end of test.
In dairy breeds, with bucket feeding of calves, it is recommended to
raise the bull calves from about 4 weeks at the station. In the pretest
period, quarantaine and wmore uniformity in raising conditions are
possible. In beef breeds, with a suckling perilod, the pretest period is
much longer e.g. Hanset et al.
. A number of countries are decreasing the end of test from 12 months of
‘ age to 11 months. This especially to get the young AI bulls trained and
tested for fertility traits. In Bavaria, the end of test in the
Fleckvieh 1s &t 14 months. In this later maturing breed, it is expected
that they demonstrate more accurately the beef traits at an older age.
4 compromise of both aspects is the result of this part of discussion.

—~ Feeding systems
There are differences in feeding systems and energy density of the
tatio. Sometimes complete diets are fed ad libitum. Restricted feeding
is not supported because in many production systems animals are kept in
groups and they get ad libitum roughage. A system of feeding
concentrates restricted to age and a high quality roughage at libitum
can be seen as a good solution.
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Maintenance requirement, residual energy intake.

Feed conversion is an economically iwmportant trait, but it can only be
calculated when feed intake is measured. Genetie variation is demon—
strated e.g. Madsen h2=0-3, Van der Werf et al. h2=0.21. Maintenance
requirement can be derived from a regression approach {Madsen h2=0-31).
In the experiment of Korver et al. feed intake characteristies had a
heritability of about 0.5 and the calculated residual energy intake a
heritability of 0.25.

A general recommendation to measure feed intake 1s not given, but this
area of research has promising aspects.

Estimation of lean meat production capacity and conformation traits

Henningson has discussed methods to score fleshlness and fat covering.
This can be a cheap method, but the accuracy and classified variation are
very important. Bech Anderson remarked that in the data of Oldenbroek et
al. a small genetic variation in fleshiness scores was found e.g. mean
1.6 and" Og 0.1. Irn that case a low h2 (0.06) and low predictive wvalue
can be expected. To his opinion, a more accurate ultrasonic measurement
is necessary to demonstrate sufficient variation in fleshiness. It may be
remarked, that in the young Holstein Friesians bulls of 1 year kept under
a restricted concentrated feeding level and hay ad 1libitum, not much
variation can be seen (low level of fleshiness). In the Dutch Red and
White bulls a higher level of fleshiness is demonstrated (3.3 points) and_
there is also not much variation oy 0.14 and a low h2 of 0.12. The use of
a danscanner 1is ‘doubtful in the hands of not danish specialists. In
general, it is worthwhile to increase accuracy of measurements. The EAAP
working group on assessment of carcass traits (H. de Boer) is planning to
work on recommendations for optimal carcass assessment procedures as part
of performance test procedures. De Boer had made a short note on
selection for performance test which is added to this discussion.

SOME NOTES ON SELECTION FOR BEEF TRAITS (Mr. H. de Boer)

The goal to increase lean productlon potential may be completed with a
requirement on saleabllity; a similar meat yield has a higher value/kg if
miscles are thicker and fatness more optimal.

In performance testing with appropriate feeding system the main
quantitative and qualititative data of interest are
— estimated carcass weight
~ estimated muscle weight
- a measure of muscle thickness.

The main determinant of carcass and muscle weight 1s live weight; it is
difficult to find additional measures to obtain a more accurate estimate.
However, it seems questionable whether it pays to pursue very great
precision, in view of other factors limiting the strength of conclusions.

It seems worthwhile to understand why mudcle thickness is important as
a criterion. No doubt it has a rather low value as a (co~}predictor of
carcass composition, which is mainly influenced by fatness. Still, there
is a systematic relation by its effect on the muscle/bone ratio; though
limited in ultimate effect on composition, it 15 very consistent.
Moreover thickly muscled carcasses sell better, because consumers do not
behave rationally in covering their protein needs. Different from some 10
years ago visual/tactile assessment of muscling (fleshiness) and fatness
seems to be accepted as a respectable method everywhere. This emphasizes
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questions of standardisation, reproducibility and alsc of interpretatiom.
To these aspects, the following comments are:

- Standardization of scorings can only be realised via parallel carcass
scoring according to carcass standards; it seems however that this is
net effected in many cases. To avold deviations in the longterm,
precautions are necessary (standard series of slides).

~ Reproducibility of scorings can be checked rather easily by independent
parallel scorings or repeated scoring after some time. Tt seems that
checks of this kind are not much applied.

- Correct interpretation of assessed musecling in terms of potential
muscling may be difficult without accounting for fatness. If fat has
developed, this indicates that potential muscling has been developed to
full extent. In case no fat has developed, this is not necessarily so,
and differences in potential muscling between animals may become
obscured.

It seems that lower heritabilities for fleshiness assessed in live
animals at the end of the performance test, compared to carcass
fleshiness of progeny, may be due to two factors, alome or in
combination:

a. less accurate scoring in the live animal.

b. insufficient development of potential muscularity in performance
tested bulls (feeding level).

The last complication also applies in case a measure of muscle thickness

is applied, e.g. Danscan muscle area, or round circumference. ‘

In addition to the lean weight for age criterion in performance testing
it seems relevant to improve and to compare the various parameters of
muscle thickness, primarily because of the importance of the trait by
itself for carcass yield. It seems relevant to take account of carcass
fatness in selection only if, under prevalling commercial conditions of
beef production, this has proven to give serious difficulties not
surmountable by adapted management.
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Comparison of performance test results for
efficiency traits with female progeny tests in
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AN AUTOMATED SYSTEX OF RECORDING FOOD INTAXE BY INDIVIDUAL ANIMALS
HOUSED IN GROUTS AND FED SILAGE AD LIBITUM

D.A. Jackson, J.K. Vorbes and C.L. Johnson

Department of Animal Physiology and Nutrition, University of Leeds,
Leeds 132 9JT, England

Summery

Rationing systems for cattle and genetic selectlon criteria cannot be
made more precise until we have a more complete understanding of the
factors which control forage intake. In order to collect information on
forage intake and feeding behaviocur from a large number of cattle kept
under farm condiiions we have developed a system in which cattle are
identified from collar-borne transponders es they eat from weighed
blocks of ailape, Date are collected and prs-processed by a micro-
computer which also controls the allocation of compound feed from dis-
pensers. The micrecomputer ils programmed in 'C', a high level language,
using a comprehensive software development system; the program is
easily portable to other computers. Information on the timing and size
of meals is traneferred on floppy disc to a mainframe computer for
gsorting, statietical analysis and graphical ocutput.

Keywords: Computerised date cellection, Cattle, Feed intake.

Introduction

During the last thirty years there has been a phenomensl increase in
our knowledge of the nutritional physiology of ruminant animals. As a
consequence the Agricultural and Food Research Couneil (AFRC, 1965,
1680) published texts that synthesise this and other knowledge into a
gystem for feeding ruminant farm animals. The system condenses the
nutrient requirements of a particular class of stock, and dietary ways
of meeting those requirements, into a form applicable tc the average
animal in a specified group in commercial enterprises.

Central tc the applicability of any diet i the predicticn of feed dry
matler intake (DMI), which in effect sets the nutrient concentration te
meet a given need. Many of the aveilable prediction equations have
been derived from dala obtained in experiments made for other reascns
and often from cows that were fed mixtures of forages (MAFF, 19843
Bines & TForbes, 1980). The time interval over which the experimental
data have been reported and the change In breed or geneiiec censtituticn
may reduce the relevance of such eguations {e.g. Vadiveloo & Holmes,
19739) teo present day feeding systems end feeds. Further problems
include the effect of level of feeding or the proporiion of, concentrates
or compound feeds and their interaction with forage quelity on Fforage
DMI {Thomas, 198C).

A1l of the prediction equations recommended for use on commereial
farmg include the live weight of the animal and this is taken to be
poeitively related to DMI. It is generslly accepted that the larger the
cow the more she will eat; it is also now acceptsed that the fatter the
cow the less she will eat (Garnsworthy & Topps, 19803 ILend & Leaver,
1980) though this aspect has not yet been incorporeted into prediction
equations.

Direct measurements of silage DMI, when variable amounts of

77



concentrated feeds are given, have beern made either on cows kept in
individual stalls, or on group-housed cows with restricted sccess to
their own feeder by electronically controlled gates. Decause of the
high labour demand DMIs are often recorded by difference between the
filled weight of the feeder and the weight after several days of access.
Thus it is not possible to record the number and size of individual
meals or how they vary with dietary constituents, the psttern of feeding
over 24h pericds, the repeatabllity of these characteristies, the sccial
dominance order and competitive effects.

The system described below was developed to provide information on
thege aspects of dairy cow nutriticn. It consists of equipment to
identify cows auvtomaticslly when they are feeding, to weigh the blocks
of silage to which the cows have access and to control the dispensation
of compound feeds to individually-identified cows from out-of-pariour
feeders. The monitoring and control of this eguipment, ard the storege
of relevant data, are performed by a micro-computer.

Hethods

It is convenient to describe the experimental methods in terms of the
hardware and scftware employed.

Hardware

The system described is designed to house approxinately fifteen
cattle, allowing silage to be fed ad libitum, with a controlled compound
allocation via out-of-parlour feeders. TFigure 1 is a diasgram of the
layout of the yard.

aerial feed platform
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Fig. 1. Diagraem of the layout of the yard and equmpment used to monitor
feeding behaviour of cattle.
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Silage blecks of approximately 500kg are cut using a conventionzl
block-cutier and placed on each of five load platforms. These load
platforms consist of four compression-type load cells, the output of
which is input via a signal conditioner to a mierocomputer.

Cattle have continuous access to the silage on the load platforms via
a Teed barrier with one access peoint per platform. Lach access point is
fitted with an serial loop which energises an active transponder on the
collar of any cow that feeds at that particular platform. The activated
trensponder iransmits the identity of the cow to the microcomputer,

This identification system is based on that developed at the Hational
Institute of Agricultural Engineering (Brindle, 1976).

Divlisions projeciting about 0.75m at right angles to the feed barrier
reduce the problen of aggressive replacement of a feeding cow by
another, They also cause sufficient delay during & rapid replacement of
one cow by another to enable a reliable weight to he obtained for the
finigh of one meal and the start of the next.

Accuracy wag assessed by simulating meals using suitable weighis up to
10 kg; the mean error was +0.75kg per meal which 1s egulvalent to
approximately 2.25kg per day for a typical cow.

Compound allocation is controlled by twe out-of-parlour feeders which
have been modified to operate via the same identification system and are
contrelled by the main recording software. All data of concentrates
dispensed and all meals of silage taken by individual cattle in the
group are stored on floppy disec, giving a complete picture of the
feeding behaviour of each animal. g

The computer hardware used is based on & standard "bus" to minimise
the need for the design, construction and commissioning of hardware
(Hoyle 1985). Tor this work the system chosen (Minstrel, Hotel
Microsystems Lid., London) was based upon the "S1CC bus", now
standardiszed as "IERE 696",

Seftware

The language "C" was chosen as it provides all features associated
with modern high-level languzges and is "portable" to other types of
computer.

4 program in the "C" language consists of a main segment which ealls
functions that perform specific tasks., In this application the main
segment scans the keybcard for operator instructions and at regular
intervals {typically 1 sscord) calls functions to interrogate the cow
identification system, to weigh the blocks of silage and to put data
inte a file on floppy disc when required. Three files are produced:
cne stores the silage meal data, a second records the times at which
cows enter the compound feed dispensers while a third i1s for messages
generated automatically or by the operator. & fourth file is used to
store current system perameters such as the identification numbers and
daily compound feed allocations of cows currently in the system,
calibration factors for the load platforms and the weight dispenses by
each ocut-of-parlour feeder at each "drop'. This information is thereby
automatically avalilable to the program after a restart. Host of the
information which is accessed by more than one funetion is stored in
permanently defined "global" storage.

The following features are provided:

calibration of load platforms; set or reset the cleck; read the tag
nunbers of cows currently identifisd; intersctively set or reset the
date; automatically increment the date at midnight; interactively set
or reset various gystem parameters; close files, either automatiically

79




at midnight or interactively when the data disc is nearly full; open
new data files; actuate a "drop" of feed from a dispenser; interpret
an operator instruction and call the appropriate function; get or save
the system parameters from the parameter file automatically at midnight
or when the program is restarted, or under operator control; check that
a cow identified by the system is on the current Iist; 1list the
identitlies and current allocation of compound feed for all cows, or a
particular cow, on the screen; determine whether a meal or sllage has
just started or finished; put a 1list of options con the screen; allow
the operator to type a messags which is put into a disc file along with
mesgsages generated automatically by other functions; allocate s new
day's compound feed ration to each cow at a specified time of day.

Software - data reduction and analysis

Data files are uploaded to an Amdahl 5860 mainframe computer using a
microcomputer that is linked with the University network. The Amdahl
has a huge on-line storage capacity with facilities for unlimited
off-line storage. The massive amounts of date generated by the feed
monitoring system can, therefore, be stored for an indefinite periocd and
be accessed elither imnediately or relatively quickly.

Each day's data file is sorted according to cow, using the.3tatistical
Analysis System (SAS, SAS Institute Inc., Carey, North Caroline). The
sorted data are thern scanmed by means of a program writien in FORTRAN to
determine which consecutive meals should bs merged according to a
minimum intermeal interval which can he specified when the program is
run. SAS is then used again for cealculation of summary statistics and
for preparation of graphilcal output. At any stage files from different
days can be merged in order to examine periods of greater than cne day.

Although it 1s essential for cur use of the data-collection systen
that we have access to these powerful tools, simpler analyses cculd be
performed using the microcomputer on the farm site.

Results and Discussicn

Although this is a description of the system for recording feeding by
cattle it is appropriate to present some examples of the results which
are being cbtained in order to illustrate the extent to which the aims
of the project are being met.

Figure 2 shows the distribution of mealg throughout a R4h period for
one cow. The mean number of meals for all 12 cows over a perioed of 110
days was 15.7 per cow per day with az mean daily intake of 45.7kg silage
for the twelve cows over a week in mid lactation.
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Fig. 2. An example of a 24h meal pattern of a cow recorded by the
system described in this papsr. The height of each bar represents the
weight eaten while the width is the duration.

The ability fto control automatically the times at which cows cad get
allocations of compound feed will make it easy o investigate the
effscts of different patterns of allocation within the day or the
effects of feeding different amcunts on different days. HMHonltoring the
times at which cows approach the compound feeders should help in
determining the optimum interval between feeds and the number of cows
whiech can use a feeder without undue competiticn. The relationship
between the timing and size of voluntary mezls of silage and
dispensation of compound feed will also be relatively simple to
determine; we alrsady have ths data to achieve this. In the current
studies some cows are given an allocation of one compound feed dispensed
by one out-of-parlour feeder, while others have access to & compound of
different composition from the other feeder.

In conclusion, the system described enables continuous monitoring of
the feeding behaviour of any number of cattle kept in conditions which
do not differ, as far as the animals are concerned, from those on many
comnercial farms. The long-term storage of the data on a mainframe
computer allows them to be processed by fast and powerful softwsare,
ineluding sorting, condensing, statistical analysis and graphical
output.
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AUTOMATIC RECORDING OF ROUGHAGE INTAKE UNDER LOOSE HOUSING CONDITIONS

Junge, W.; F. Bottger; J. Claus and E. Kalm

Institut fir Tierzucht und Tierhaltung, Christian-Albrechts-Universitat
Olshausenstr. 40, 2300 Kiel, Germany

sSummary

The paper gives a short description of the development of an automatic
roughage intake monitoring system for dairy cows. The main points *o
consider for running tests on such a system are mentioned. Several ifems
affecting the accuracy of the total installation are discussed. An
outlook is given on the scientific topics related with the intake
measurement.

Keywords: Dairy cows, feed intake, automatic monitoring

Introductiion

The system of keeping dairy cows has changed during the last years.
More and more there is a trend towards loose housing for milking cows.
This development can not only be observed in commercial farms also
research operaticns changed the housing system of cows. The measurement
of the roughage intake of individual dairy cows is even in a tie stall
barn a very labour intensive job. In a loose housing barn this measure-
ment requires a lot of technical installations. Due to this there is
little data available on roughage intake for every individual cow over
the whole lactation in a freestall operation.

So there is a situation that the research farms are in need of a
simple equipment for determining the roughage intake on a low cost and a
low labour basis. For that reasen the Institute for Animal Breeding and
Animal Husbandry of the University of Kiel developed the technical
equipment to measure roughage intake in free stall operations. The
equipment 1is installed on "Karkendamm" the dairy research farm of the
institute and works now for 15 month. In this paper there will be
presented a short description of the installation and a report of the
prcblems which arose during the develcpment and the test pericd of the
feeding apparatus.

Development of the feeding apparatus

Design of the hardware of the system

The equipment has to be designed in a way that it fits for the normal
work in a barn. For our operation that means, that the feedstuff has to
be filled into the feeding containers by a mixing waggen and the contai-
ners have to be big enough, so that cne has to dispense the feedstuff
only twice a day.

The feeding containers are made from flexible plastic and they have a
length of 70 cm, so that the ratic of animals per feeding place is
about 2 : 1. This Container is attached with lever arms to a load cell
on each side. This electronical load cells measure the weight of the
feeding container permanantly. For removing the rest of the silage out
of the container it is possible to tip it over.

At every feeding place there is installed a small microcomputer for
the calculetion of the feed intake. On the one hand this computer is
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hooked up to the load cells of the feeding container and on the other
hand there is a connection to the identification antenna. The 28 small
computers in the barn are hooked up fo a host computer in the office by
a ring line. The computer at the feeding place has the function to
identify the animal, to calgulate the amount of intake from the weight
change of the feeding container and to send the complete intake process
of the specific cow to the main computer.

The host computer has the function to sum up the several intake
processes on a per cow basis, on a per feeding place basis and on a
total basis. Furthermore it has to store the information on a floppy
disk when one day is completed,

Necessary software to cperate the system

For the operation of the system it was necessary to develop several
software packages. The program for the identifikation and the calcula-
tion of the feeding process is installed in the small computers at every
feeding place. The software for the communication hetween the host
computer and the computer at the feeding places is installed partly at
the host and partly in the feeding place. For maintaining the output of
the small computers there is a program on The host computer. This pro-
gram has also the function to initialize the small compuiers at the
startup of the system. -

Problems in software development

The most critical point at the software development was to program the
feedingplace computer. It was very difficult to have good results for
the 1intake processes because of the heavy weight changes at the load
cells while the cow is eating. To eliminate this weight changes the
programm calculates a wmoving average of the weight from the last 32
values. The weight changes caused by the eating of the cow are calcu-
lated frem this averages. But this method of calculating the intake
process does not fit if the cow is immidiately followed by another one.
In that situation it is more suitable to determine the amount of intake
from the actual weight on the load cells.

Beside of that the feedingplace computer has to realize wether there
takes place a filling or removing of feedstuff at the container. For
that reason in the program there is an upper value for the weight change
during a given time intervall. If the weight change of the load cells is
bigger than that value the feedingplace computer sends a message to the
host that there has been a filling in or removing of silage.

Ancther critical point is to determine at which time the cow disap-
pears from the feeding place if no other cow follows immidiately. At the
time the cow leaves the place the computer gets another identification
but it can not be seen that the cow diappears. The time the cow leaves
the feeding place is calculated from two different sources. The first is
a timeout factor. That means that you don't get a new identification for
a given pericd of time. The second is the stability of the weight on the
load cells for a given periocd of time. IFf both values are true it is
assumed that the cow has left the place and the final calculation of the
intake process takes place.

Accuracy of the system

The accuracy of the system depends upon three factors. At first there
Is to mention the quality of the load cells. There is a large variety of
load cells on the market. For the system at the research operation
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cheap load cells were chosen. The tests of the accuracy of the load
cells have shown that they are accurat enough. When filling the feeding
containers with roughage, the deviation between the amount of roughage
the feeding system reports and the true value was about 40 kg per ton.
If one compares the reported amount of silage eaten by the cows per
place one finds a deviation of three to four percent.

It is very difficult to find out how accurat the calculation of the
individual intake process under practical feeding conditions is. If one
makes an attempt to do so, the situation is, that one has to weigh back
about 40 kg of silage from the feeding container, just to find out
wether the reported amount of 200 g is true. But by extensive laboratory
tests 1t can be shown that the weighings are reliable as soon as the
amountt of eaten silage is greater than 100 g. For that reason the system
considers an amount less than 100 g as no intake.

The second important point for the accuracy of the results is the
quality of the identification. For a system without feeding gates at the
headlocks it 1is extremely important tc have an identifikation rate of
100 percent. By observation during several days it was prooved that every
cow is identified as soon as it enters the feeding place. To assure
that, it 1is important that one has a very quick identifikation system.
The identification of the feeding apparatus has a rate of ten identifi-
cations per second. In compariscn to a commercial system this is much
faster, for example a normal commercial antenna ideniifies at a rate of
one identification process every two seconds. Another important point
concerning identification is the possible distance between the antenna
and the responder. For the normal commercial identification the range is
about 10 to 15 cm, To have a reliable identification at the feeding
place for roughage the distance has to be increased to a vrange of 20 to
22 cm. As socn as all the peints mentioned above are considered it is
possible to operate such a system without gates at the headlocks.

The third point where it is possible to loose information is the
communication between the computer at the feeding place and the host
computer. Under practical conditions it could be observed, that the
communication is extremely reliable. The rate of lost intake processes
is below one percent. To control the communication every feeding place
computer reports to the host whenever it was not able to deliver the
results of the intake calculation to the host. From the host computer it
is possible 1o get a list of the number of lost intake processes for
every feeding place. If the computer at the feeding place breaks down
the host computer reports the number of unsuccessful tries to reach that
specific feeding place so that it is easy to see wether every computer
in the barn is working properly or not.

The information which the host computer gets from the feeding place is
the number of the feeding place, the number of the responder of the cow
the amount of silage the cow has eaten and the number of minutes the cow
has occupied the place. The host computer adds on the actual time when
the message is received. Beside of that the host recieves evry filling
and emtying of the feeding containers. After receiving the message the
host computer conmects the barn number of the cow to the number of the
responder and he sums up the received intake to an intake per day. The
total eating time of every a&nimal and the number of visits are also
reported on a daily base. The same calculations are done for every
feeding place and as a grand total.

As an option it is possible to record every single intake process on a
floppy disk with the informations mentioned above. With that information
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it is possible to find out at which time and how long every cow has been
at a feeding place and how much roughage the cow has eaten during her
visit. At the research farm we store that information but this option
proeduces a lot of records. For example if one controls 60 cows that way
there is an output of 3000 records per day and 60.000 characters have to
be stored.

From the research farm the datas are transfered to the mainframe for
further scientific analyses.

Current research projekts based on the roughage monitoring system

Up to now there are three projekts dealing with the roughage intake of
dairy cows. The first is to determine the variation of roughage and
total intake beiween individual cows and between different breeds. Also
the most important parameters which effect the intake of the cows will
be analysed. After that it is planned to calculate the energie balance
for every animal to find out how efficient the used feeding strategy is.
It has to be calculated wether there are considerable differences in the
utilisation of the feedstuff.

The second trial deals with the relationship between the concentration
of metabolites and enzymes analysed from blood and milk samples and the
energie balance of the animal.

The third projekt is an attempt to estimate the intake only from the
information that ‘is optained from the identifikaticn process namely from
the number of vists, the daytime of the visits and the length of the
intake process. Beside of this information other specific parameters of
the cow may be included. The plan is to develop a cheap system for
;onEToliing the roughage intake just by identifying the cows at the

eadlocks.

Conclusions

The most important things which should be considered in the develop-
ment. of automatic monitoring system for roughage intake of loosed housed
dairy cows have been pointed out in this paper. With the example of the
feeding apparatus which is installed at the dairy research farm "Karken-
damm" of the Institute for Animal Breeding and Animal Husbandry of the
University of Kiel it is shown that the automatic recording of intake in
loosed housed cattle is possible with a reasenable technical equipment.
If some similar monitoring system is available from commercial dealers
at reasonable prices there will be the opportuniiy of measuring the
intake capacity mwuch easier in dairy herds and also in performance
testing stations.
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RELATIONSHIP BETWEEN APPETITE AND EFFICIENCY COF THE BULL AND HIS FEMALE
PROGENY DURING GROWTH AND LACTATION

Bernt Bech Andersen

National Institute of Animal Science, Research Center Foulum,
P.0O. Box 39, 8833 ¢rum S¢gnderlyng, Denmark

Summarz

Improvement of feed efficiency and appetite has a great potential im-
portance in cattle breeding. Based on Danish experimants is it shown that
those traits has a significant genetic variation in growing bulls. No in~-
teraction if found between genotype and concentrate/roughage ratio in the
diet, but the daily energy intake has a great influence on the genetic
correlation between appetite/daily gain and daily gain/feed utilization.
Feed efficiency of performance tested bulls has very little influence on
the daughters milk production index., The design of a comprehensive “"life-~
cycle" experiment is described, The purpose is to investigate the genetic
variation in appetite and efficiency in  growth and lactation as well as
the genetic relationships between such traits measured on young bulls,
heiferg and lactating cows. ‘

Introduction

The most important cost factor in the dairy/beef industry is the con-
sumption of food, and therefore the question about individual genetic
controlled differences in feed efficiency has heen discussed in many
years. Efficiant AI breeding programmes ccombined with a heavy import of
Holstein-Friesian genes have increased the milk production capacity of
the dairy cow at a rate of 1% per annhum or more, and several investiga-
tions have shown that selection for higher milk yield automatically im-—
proves the feed efficiency. T.ex Mason et al. {1957) has analysed data
from the old Danish progeny test stations for milk production, and
found a genetic correlation between FCM-yield and feed efficiency on
0,95, Such strong relationship is confirmed in subsequent experiments
(Freeman, 1975), but the cows were fed according to requirements for
maintenance and yield and it will automatically lead to a high correla-
tion. In an experiment with ad libitum feeding, Gibson {1986} has shown
that for every 10% genetic increase in milk yield, the efficiency of con-
version of food to milk was increased by 7.3%. However, it is also dis-
cussed by Gibson (1986) that the correlated response in efficiency may be
reduced when the milk yield attain a higher level.

The quota limitations on milk production has not so far had any mea-~
sureable impact on the breeding schemes, but on a long view the conse-
quences can be a movement from "maximal yield breeding” to “"efficiency
breeding” (Andersen, 1985). Consequently a direct selection for feed ef-
ficlency could be of importance if possible. An other trait of potential
importance is appetite, as further increase in milk production capacity
in the dairy breeds wlll reguire larger feed intake and larger rumen ca-
pacity to reduce energy undersupply in the first part of lactation. It
means that direct selection for both feed efficiency and appetite could
be of importance in modern breeding programmes.
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Significant genetic variation in both traits are demonstrated, but the
necessary registrations will be difficult to carry out in a great scale
in practice. In addition both appetite and efficiency are traits of a
very complex nature which regults from many underlaying biological compo-
nents. Therefore the biological effect of a genetic improvement/changing
can be difficult to predict. It means that much regearch work has to be
done before it is peoassible eventually to recommend incorporation of appe-—
tite and efficiency as a direct breeding goal in the breeding schemes.

Theoretically testing and selection for appetite and efficiency can be
included in the young bull selection (performance testing stations), bull
dam selection (bull dam stations) or proven bull selection (field test of
daughter groups). The experimental activities in Denmark is concentrated
on the first two alternatives.

Contribution from Danish experiments

Genetic variation in appetite and efficiency in young bulls

In order to examine the genetic variation in appetite and feed effici-
ency, 10 years of data of performance tested bulls were analysed. The
data consisted of 5337 bulls. From 1975 to 1980 the bulls were fed with
concentrate on a high level (according to age but nearly ad -libitum), and
since 1981 with a restricted amount of concentrate and on a roughage diet
mixture ad libitum. The results are presented in table 1 (and the data
was not adjusted for gene import and heterosis).

Table 1. Genetic parameters on growth, feed intake and feed utilization
calculated on data from restrictive feeding and ad libitum feed-
ing respectively (Andersen et al., 1287).

h2 genetic SD

Restrictive feeding DG 0.52 53
n = 1856 AP 0.28 0.03

no. of siregroups = 159 FU 0.48 0.18
Ad. lib. feeding DG 0.57 65
n = 3481 AP 0.39 0.20

no. of siregroups = 215 FU 0.33 06.15

Genetic correlations

DG/FU DG/AP FU/AP

Regtrictive feeding ~0.92 0.71 -0.63
Ad., lib feeding =0.76 0.77 -0.17

DG = liveweight gain in grammes per day.
AP = feed intake in Scand. Feed units per day.
FU = feed utilization in Scand. feed units per kg gain.

Change from restrictive to ad libitum feeding has lead to an increase
in genetic variation in daily gain and to a reduction in the heritability
of feed efficiency. As expected the genetic variation in daily feed
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intake is drastically influenced. The feeding system also affect the ge-
netlc correlations between daily gain and feed utilization and between
daily gain and appetite.

Corresponding analysis have been made on data from the progeny test
station for beef production. The feeding regime was concentrate ad libi-~
tum and the test period from 1 1/2 mt s to 360 kg liveweight. The results
presented in table 2 confirm the results from the performance test data.

Table 2. Genetic parameters on growth, feed intake and feed utilization
calculated on progeny test data {(Stockvisch, 1982)

h? genetic SD
DG 0.46 66
AP 0.73 0.20
FU 0.33 0.15

Genetic correlations

DG/FU DG/AP FU/AP
-0.40 0.62 0.47

DG = liveweight in grammes per day (1 1/2 mt"s - 360 kg).
AP = feed intake in kg drymatter/day. P
FU = feed utilization in kg drymatter/kyg gain.

Stokvisch (1982) also compared the effect of selection on indices con-
taining growth rate (DG}, growth rate + feed utilization (D@ + FU) and
growth rate + feed utilization + appetite (DG + FU + AP) respectively.
The results indicated that the highest accuracy and the highest total
econolmic responce was reached by selecting on an index containing all
traits, when only beef production was concerned (table 3)}. In dual pur-
pose breeds, however a high appetite might be valuable in itself as high
appetite is of importance for the milk production. A closer study of
thegse relations has therefore to be done in order to make a correct de-
cision by which relative weight of appetite and feed utilization should
be included in the selection of performance tested bulls.

Table 3. Genetic superiority by selection for various indices {(i=1),
{(Stokvisch, 1982}.

Indices
|3.¢] DG + FU DG + FU + AP
DG (gr/days} 49.6 38.6 T 39.9
FU (kg DM/kg gain) -0.05 -0.08 -0.10
AP (kg DM/day) 0.11 0.02 0.01

In order to evaluate the effect of genotype x feeding regime interac-
tion, male progeny of 24 Holstein-Friesian sires were tested on four dif-
ferent diets. Each progeny group consisted of 24 young bulls assigned at
random to four concentrate levels (100, 75, 50, 25 %). Roughage was given
ad libitum and the indiviual feed intake was reglistated. Preliminary re-
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sults from the experiment demonstrates that the effect of siregrouvp, year
and diet on daily feed intake, feed conversion and growth rate are
strongly significant, but no interaction between genotype and roughage/
concentrate ratio in the diet can be seen (table 4}.

Table 4, Effect of genotype, energy level in diet and interaction on -ed
intake (AP), feed utilization (FU) and dally gain (DG).

Level of significans

Effect of DF AP FU DG

Year 3 0.0001 0.0001 0.0166
Bire (year) 20 0.0284 0.0090 0.0004
Diet (year) 16 0.0001 0.0001 0.0001
Sire x diet 76 0.3708 0.9933 0.9965

However feeding intengity and energy level have a great influence on
the gentic correlations between appetite/daily gain and daily gain/feed
efficiency (table 1 and 2) and therefore the feeding regime can he of im~
portance when the relationship between appetite and efficiency of the
bull and his female progeny has to be examined. .

Performance test results of bulls related to progeny test results of
daughters. '

As shown in table 5 only the correlation between height of the perfor-
mance tested bulls and height of the tested daughters is on an important
level. Feed efficiency of the tested bull has nc or very little influence
on the daughters milk production index.

Table 5. Correlations between test results of bulls and progeny test
regsults of their daughters.

Individual performance test results

Progeny test results Growth Ultrasonic SFU/

{daughters} index index kg gain  Height
Red Danish - n = 90:

Butterfat-index 0.24 0.10 =-0.14 0.17

Height 0.35 =-0.22 -0.34 0.42

Black and White Danish - n = 2173
Butterfat- index -0.02 =0.16 0.0t 0.06
Height 0.12 -0.15 “0.11 0.49
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in 1984 a comprehensive "lifecycle™ efficiency experiment was started
in Denmark with the purpose to investigate the genetic variation in appe-
tite and feed utilization in growth and lactation, as well as the genetic
relationships between those traits measured on young bulls, heifers and
lactating cows respectively.

The experiment 1is based on progenies from 5% AI sires performance test-
ed for growth, muscularity, appetite and efficiency. Male and female
calves from the national test inseminatlon programme are brought to the
experimental gtations at an age of 3-4 weeksa. Half of each male progeny
siregroups are tested on a concentrate diet ad libitum and the other half
on a roughage diet ad libitum. The test period is from 1 1/2 to 11 mt”s
of age, the feed intake is individually recorded and after the test all
bulls are slaughtered and dissected into lean, fat and bone. The female
progeny siregroups are divided intc three subgroups each on three calves.
The test period is from 1 1/2 mt”s of age to 300 kg live weight. The
feeding regime for the three subgroups are low energy diet, medium energy
diet and high energy diet fed ad libitum, and the expected average daily
gain 500 grammes, 650 grammes and 800 grammes respectively. The feed in-
take is individually recorded. $ix heifers from each of the siregroups
are then tested in 250 days of lactation. Pally feed intake and milk
yield are recorded and the energy mobilization is followed by regularly
welghings and ultrasonic measurements. At the end of 250 days lactation
the cows are slaughtered and dissected into lean, fat and bone. Thé
cutline of the experiment is summarized in table &,

Table 6. Outline of a Danish "lifecycle" efficiency experiment. Male/
female halfsibs on test stations.

FPemale progenies
No. of Male progenies Rearing heifers Lactating cows
lsiregroups {1 1/2 = 11 mt"s (1 1/2 mt"s -~ 300 kg's) {250 days}
a. {224) c¢. {(168)
56 4. {168) £. (336)
b. (224) e. (168)

no. of animals in brackets.

a. Young bulls tested on a concentrate diet ad libkbitum.

c. Heifers tested on a low energy diet ad libitum {500 g/day).
d. Heifers tested on a medium energy diet ad libitum (650 g/day).

f. Lactating cows tested on a high energy diet ad libitum.

The first 700 animals have started in the experiment and 65 cows are
lactating. According to the plan, the experiment is finished in 1991 and
no preliminary results are calculated.
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PERFORMANCE TEST RESULTS OF YOUNG BULLS IN RELATICN TO FEED INTAKE AND
EFFICIENCY OF FEMALE PROGENY

S. Korver, H. Ves and J.H.J. van der Werf

Department of Animal Breeding, Agricultural University, P.0. Box 338,
6700 AH Wageningen, The Netherlands

Summary

Performance testing of young AI-bulls gives the possibility to select
on feed intake in a breeding program. A selection experiment is going on
for two generations in five years (five batches). Young performance
tested bulls were selected on roughage intake. The weighted standardized
selection differential applied was 2.54 in sires and dams were random.
Data of progenies were recorded on young growlng, pregnant and lactating
heifers for intake, growth and milk yield. Data were partly available on
one generation and included 202 young heifers and 127 pregnant and
lactating heifers. Genetic parameters were estimated only for young
heifers by paternal half-sib analyses. Feed intake characteristics had a
heritability of about 0.50. Residual energy Intake, energy intake
adjusted for growth and metabolic weight, had a heritability of 0.25.
Standardized selection responses for roughage intake in young, pregnant
and lactating heifers were 0.28, 0.12 and 0.04. Roughage intake of
lactating heifers adjusted for mwilk yield resulted in a standardized
selection rasponse of 0.13.

Keywords: feed intake, performance test, heritability, selectioun.

Introduction

Dairy farming has evolved into a specialized system for producing as
much milk per cow as possible, without attention to nutritional inputs.
Freeman (1975) concluded that selection for higher milk production
automatically improves feed efficlency. This conclusion was based on
results of the Beltsville trials (Hooven et al., 1972). They defined ef~
ficiency as the ratio of fat-corrected milk to energy intake. Because
concentrates were fed according to milk production, the corrvelation
between efficiency and fat-corrected milk might be expected to be high.
Cows with high milk yields received relatively more concentrateg; cows
with lower milk vields received relatively more roughage. They reported a
genetic correlation of (.93, based on 305 daughter-dam pairs. Heritabi-
lity was 0.56 for feed efficiency and 0.56 for fat-corrected milk. The
value for fat-corrected milk is rather high compared to other literature
sources. Huizinga et al. (1986) have shown that daughter-dam estimates
were higher generally than paternal half-sib analyses.

Begides feed efficiency, feed intake is an important trait. In the
first part of lactation, intake of nutrients, especially energy and
protein, does not meet requirements of the high yielding dairy cow. This
negative energy balance could be reduced by increasing density of the
diet by a higher proportion of concentrates. There are limitations to the
density of the feed because approximately 30% of the dry matter should be
long roughage to enable the rumen to function normally. Gravert (1984)
showed results of 32 sets of monozygous twins with 96 lactations. Cows
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were fed a mixed ration of roughage and concentrates ad libitum. Herita-

bility of energy intake during the initial 20 weeks of lactation was 0.16

and its genetic correlation with milk production was only 0.12. Results

suggested that selection on milk yield would not automatically increase
feed Intake of dairy cows in the first part of lactation. In circum—
stances with feeding concentrates according to milk yield this genetic

correlation was 0.86 on a total lactation basis (Hooven et al., 1972).

Performance testing of young AI-bulls gives a possibility for selection
on feed intake in a breeding program. In 1982/1983 a selection experiment
on feed intake started with the following objectives :

- To estimate the relationship between young performance tested
potential A.T. bulls and female progeny during growth and lactation
for traits feed intake, residual feed intake and efficiency on an
ad libitum feeding system without feeding concentrates according to
production. .

- To study relationship between feed intake and efficiency traits of
young (growing), pregnant and lactating cows.

This selection experiment will be carried out during two generations
and has in total 5 batches. A batch 1s defined as the group of animals in
one year. At this moment we have only data available of partly 1 genera-
tion and this includes 3 batches of young heifers and 2 batches of
lactating animals. The numbers of lactating animals are small so we will
pay most atteation to the preliminary results of young heifers.

This paper was focussed on the analysis of feed intake, residual feed
intake, efficiency and production characteristics:

- Estimation of direct and correlated responses of the divergent
selection for roughage intake of young potential A.I. bulls.

- Estimation of genetic parameters on basis of progeny groups of
young heifers. :

Material

The sires had been tested in a central station on a diet with con-
centrates suppllied according to age and roughage (hay) ad libitum. Data
are normally gathered on daily gain, feed intake and thereby on feed
converslon between 120 and 365 days age and fleshiness at 365 days.

Young performance tested bulls were chosen for this selection experi-
ment on the basis of their feed intake performance. For the 3 batches of
this selection experiment 38 sires were selected in two groups, omne each
with a high or a low feed intake. Contrasts for roughage dry matter
intake between the two sire groups varied between a proportion of 25 and
40 of the average of all the sires. Sires were used in more than one year
to eliminate year effects. Sires varied .in proportion of Holstein
Friesian genes from 0 to 100. Inseminations with semen of each sire were
randomly carried out on dairy cows of the experimental unit of the
Agricultural University. These cows also varled in proportion of Holsteln
Friesian genes. The selection experiment is more extensively described by
Korver & Vos (1986).

The three available batches of 202 voung heifers for the analysis
originated from 24 sires. The phenotypic selection differential applied
between 12 sires with a high feed intake and 12 sires with a low feed
intake was 2.76 phenotypic standard deviation units (8/0_) dry matter
roughage intake. When weighted for number of progenies Ser gire, the
"effective” selection differential was 2.54 units phenotypic standard
deviation. For analysis, two. batches of pregnant and lactating heifers
were available, consisting of a total 127 animals. Weighted selection
differential was 2.42 standardized phenotyplic standard deviations dry
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matter roughage intake.

The individual feed intake of the young heifers, and thereby feed
conversion, was measured at 44, 48, 52 and 60 weeks of age. Body weight
was recorded at start and finish of each measuring week. The diet
consisted ad libitum roughage (hay) and no concentrates.

Body weights of pregnant and lactating heifers were recorded monthly
and milk production (including components) weekly. Feed intake was
measured individually during weeks 35 and 36 of pregnancy and eight weeks
during the first 15 weeks of lacration. The diet was ad libitum roughage
{grass silage) and 1 kg per day concentrates during pregnancy per day.
During lactation, cows were offered a fixed amount of 6 kg concentrates,
independent of milk production level, and ad libitum roughage. Energy and
crude protein content of the diet were analyzed weekly.

Methods

The following model was used to estimate parameters for the different
traits:

yijklm =8 + crj + js + s + eijkl , where

Yy = observation

gijklm = effect of selection group i (i=1,2)

et = effect of crossbred group j (j=1,4;i=0%, >0-40%, >40-607 or >60%
i Holstein Frieslan genes) e

iy = effect of year-season k (k=1,12 or 1,8)

8 = random effect of sire 1

1

Year—season classes were defined as four periods per year according to
birth (young heifers) or calving (lactating cows). Perliods for each group
were : December - January, February, March, and April - May. For sires
Eé }=0 and var{s ) waso’i ; for errors E(e )=0 and var(e } was

. Relationships among sires were include@ gire variance c%mponents
wefe estimated by an univariate REML algorithm described by Meyer (1986).
The selection groups could have a downward effect on the estimate of
variance component. Covariance components were obtained from a multitrait
equal design REML algorithm (Meyer, 1986) by analyzing- two traits
simultaneously. Iteration was stopped when change between rounds was
smaller than 1%.

The model was adapted for calculation of residual feed intake as
defined by Koch et al. (1963). In young heifers residual feed intake was
energy intake adjusted for daily gain and metabolic weight. These two
covariables were added to the model. This trait reflects differences
between animals in using metabolizable energy for maintenance and growth.
For lactating heifers, metabolic weight and fat protein corrected milk
(Korver, 1982) were added as covariables.

Results and discussion

Young heifers

Heritability of feed intake of young helfers at an age of 44-60 weeks
was 0.55 from half-sib analysis (table 1). This estimate was adjusted for
proportion of Holstein Friesian genes of the heifers and year-seasaon.
Adjustment of roughage intake for differences in metabolic weight changed
heritability of dry matter intake from 0.55 to 0.17. Residual energy
intake, ME intake adjusted for growth and metabolic weight (maintenance
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requirement), had a heritability of 0.25. This reflects genetic differ-
ences between animals 1in efficiency of using metabolizable energy for
growth and maintenance. Andersen (1980) showed within breed variation in
maintenance requirements of beef bulls and calculated a heritability of
0.31 on a limited data set.

Table 1. Overall mean, contrasts between selection group (Qow - High),
standardized selection response (Rﬂjp) and heritability (h™) (s.e.) of
traits of 202 young heifers.

Mean Contrast R/Up h<

Roughage intake (kg dm/day) 6.42 =-0.17 -.28 .55(.26)
Roughage int;§?4 88.9 -1.7 —.24 J17(.21)
(g dm/day. ) .
Energy intake (ME kJ/day) 62030 -1678  -.28  .58(.27)
Daily gain (g/day) 638 ~53 ~.63 +31(.22)
Average live weight (kg)  301.0 -3.0 -.16  .53(.26)
Feed conversion (ME kJ/g) 101.0 +6.7 +.40 A3( 24}
Fleshiness at week 60 7.1 =-0.17 -.24 .51(.26)
Fatness at week 60 5.7 -0.17 -.22 «S55(.27)

Residual intake (ME kJ/day) 62030 -331 -.07 «25(.27)

The observed contrast between two selection groups for roughage Iintake
was 0.17 kg dry matter Intake per day im the period of 44-60 weeks. This
contrast was most expressed in week 60. Contrasts in the different weeks
of measurements were : week 44, 0.02: week 48, 0.15: week 52, 0.24: and
week 60, 0.29., The standardized phenotypic selectlon respomse (R/¢ ) was
0.28 units phenotypic standard deviation, compared with the standabdized
weighted selection differential of 2.54 in the sires while the dams of
the young heifers were random. This computes to a heritability of 0.22,
assuming that roughage intake of the young potential A.I.bull and the
young heifer are the same trait. This assumption is questionable because
of differences such as age of measuring of animals, sex and feeding
regime. Heifers were measured at 310 to 420 days of age and young bulls
were measured at 120 to 365 days of age. Van der Werf et al. (1987)
analyzed data of the performance test stations and estimated a heritabil-
lity of 0.29 for roughage intake of young sires. This calculation was
based half-sib groups.

Heritability of daily gain was 0.31. This figure corresponds with
several literature sources {e.g. Andersen et al. 1981). The correlated
standardized response was 0.63. Heritabllity of feed conversion was 0.42
and the genetic correlation between feed conversion and daily gain wasg—
0.72 {(table 2). Comparable results were found for young performance
tested bulls {van der Werf et al., 1987). Roughage intake and body weight
had a genetic correlation of 0.9%. This was higher than the genetic
correlation of performance testing bulls at 120 to 365 days of age
{0.54).
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Table 2. Phenotypic (above diagonal) and genetic (below diagonal)
correlations between feed intake and efficiency traits of young heifers
(age 40-60 weeks).

Trait 1 2 3 4

1 Roughage intake «58(.05) .25(.07) .35(.07)
2 Body weight +99(—-) - 08(.08) .28(.07)
3 Daily gain «19(.50) 27(.49) -.76(.03)

4 Feed conversion 254(436) W3B{.42) -.72(.26)

Table 3 shows Best Linear Unbiased Estimates for feed intake and
efficiency characteristics of young heifers, depending on the proportion
Holstein Friesian (HF) genes.

This proportion had a clear influence on feed intake and daily gain. A
higher proportion of HF gepes in the heifers resulted in a higher feed
intake and daily gain.

Table 3. Best Linear unbiased estimates of feed intake and efficiency
traits of young heifers (age 40-60 weeks) with different proportion of
Holstein Friesian genes. ,

Proportion Holstein Frieslan genes

0% >0-40% 40-60% >60%
Roughage intake (kg du/day)y, 6.29 6.39 6.47 6.52
Roughage Iintake (g dm/day.W ' 189.7 88.1 88.2 89.0
Energy intake (ME kJ/day) 60750 61780 6259G 62870
Daily gain (g/day) 611 641 657 64l
Feed conversion (ME kJ/day) 103.2 100.0 99.0 102.0
Body weight (kg) 289.3 302.0 306.4 306.3
Residual intake (ME kJ/day) 63239 61583 61362 61936

Lactating heifers

Preliminary results of pregnant and lactating heifers are in table 4.
Roughage dry matter intake per day was significantly lower for progenies
of sires with a low roughage intake than for progenies of sires with a
high roughage intake. The selection response, as a proportion of the
phenotypic standard deviation, was 0.12 during pregnancy. The value for
young heifers was 0.28. This response decreased from pregnancy to
lactation from 0.12 to 0.05. Qne reason for the obhserved differences for
feed intake between pregnancy and lactatlon could be the physiologiecal
status and milk production of the animal. Growth and lactation are
different biological processes. Progenies of "low"” sires produced more
milk than progenies of "high"” sires despite of the comparable pedigree
breeding values of the sires as young Al bulls.

Adjusting the values of roughage intake by milk yield in the first 15
weeks resulted in a response of 0.13 as a proportion of the phenotypic
standard deviation. The adjusted contrast was (.ll1 kg dry matter intake
of roughage per day. Thils result was comparable to the pregnancy period.
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Table 4. Overall mean, contrasts bhetween selection groups {(Low-High) and
standardized selectlon response (R/fop) for traits of pregnant and
lactating heifers.

mean contrast R/oIJ

Pregnant heifers weeks 35 + 36

Body weight (kg) 523.0 -11.7 -.36
Roughage intake (kg dm/day) 8.30 -0.12 -.12
Energy intake (ME kJ/day) 85840 -1310 -.12
Lactating heifers weeks 1 to 13
Body welght (kg) 482.8 -12.3  -.40
Roughage intake (kg dm/day) 9.34 -0.0 -.05
Energy intake (ME kJ/day) 159817 50 +.01
Residual intake (ME kJ/day) 159817 469 +.06
Milk (kg/day) 17.9 0.5 +.23
Fat % 4.17 0.00 -—
Protein % 2.93 0.00 ——=
Fat Protein Corr. Milk (kg/day) 17.7 0.4 +.20
Feed conversion {FPCM/ME)*1000 .189 0.006 +.24
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Summary

In winter 1984/85 a field test was carried out, where the cattle owners
measured during 4 consecutive days feed consumption of 1001 heifers of 44
Finnish Ayrshire sires. Among those sires 34 had been on feed consumption
contrel during their performance test. Measuring stage in farms was 60-
150 days after calving (average 101 days). Test period was in the same
week than milk recording and milk production was om average 20.4 kg/d.
Live weight at first calving ranged from 304 kg to 614 kg and heifers'
dry matter intake ranged from 0.5 kg/d to 22.8 kg/d with an average of
15.1 kg/d which is equivalent with 3.3 kg per one hundred kg live weight.
Heritabilitles and their standard errors for feed intake and milk produc-
tion were .07 (.053) and .14 (.066) respectively and the genetic correla-
tion was .60 (.266). There were differences in daily feed consumption
between the sire groups but relatioms to the sires' own feed consumption
data were weak.

Intreductieon

Feed intake and feed conversion efficiency are wvery varlable traits as
well in milk as beef production. Many studies have found that these
traits are inheritable with reasonably high heritabilities (Gravert,
1984). So the selection for feed intake or feed efficiency could be
profitable although measuring is laborious and expensive. Therefore most
breeders consider 1t more profitable not to include these traits in a
breeding program.

In Finland there 1s only one performance test statiom for bulls and
none for progeny testing. In winter 1984, a fleld test was carried out to
measure feed consumption during the first lactation. The main purpose of
this study was to look at the possibilities of collecting this kind of
data from farms and to estimate genetle parameters in the Finnish
Ayrshire population.

Material and methods

About 1700 farmers were asked to partlcipate in the test. 1841 heifers
of 44 young bulls, used in A.I. during 1980-1981, were available at these
farms. Heifers had calved between 15th August and 15th December 1984. So
it would be possible to get information of thelr feed consumption during
4 consecutive days in the period from 60 up to 150 days after calving.
The owners weighted the feed on these four consecutlive days. The test
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period was arranged in the same week as the milk recording day. Live
welght was estimated by measuring at first calving. The traditiomal
feeding system in Finnish dairy herds is feeding according to production
level and live welght. Owners had got instructions to feed their heifers
just as they usually did.

We gathered records of about 1300 heifers' feed consumptions from which
299 were eliminated for different reasons. Main reason (242 heifers) was
over— (>130%) or underfeeding ((;9%) co?gared to the norms; 0.4 f.v./l kg
FCM and 4.0 f.v. * live welght "'7/500""".

Therefore the size of the test material was 1001 heifers. Feed consump~
tion was measured between 60-150 days after calving with an average of
101 days (range 60-150 d, s.d. 15.9) and calving age was about 26 months
{22-35, s.d 2.4).

Proportions of grass, hay, and concentrates intake in dry matter were
37.6, 21.6, and 38.5% respectively and the consumption rate roughage:
concentrate was 59:41. The quality of roughage, hay and grass sllage was
reasonable.

Phenotypic correlations were calculated both by regression of the sire
on daughter and regression of sire on daughters mean. Genotyplc correlat-
ions and heritabilities were calculated by regression of sire on daughter
for FCM, dry matter intake and live weight in the heifer wmaterial. Only
the sire was Included in a model. Stepwise regression analysis was used
in order to study the non-genetic factors affecting the intake of the
heifers. :

Results and discussion

Bulls in performance test

During 1979-1980 an experiment, which measured in addition to the
standard procedure feed consumption, was carriled out at the performance
test station In a two-week perlod with bulls of 5, 7 and 9 months of age.
Therefore total consumption during the performance test (from 3 to 12
months) was not obtalned. 34 of the 44 sires with daughters took part in
this consumption control.

Table 1. Growth and feed intake results of 34 Finnish Ayrshire bulls in a
performance test station at different ages (mean, s.d.).

Age 5 month 7 month 9 month
Live weight, kg 148 16.7 207 19.5 283 23.8
Feed intake, kg/d 4.3 .4l 6.1 .61 8.2 .61
Hay, kg/d 1.8 .34 2.7 .53 3.9 .56
Growth rate, g/d 863 191 1209 128 1272 146

Table 1 presents growth results which are averages of three months of
age; 4-6, 6-8 and B8-10 months. Growth rate of the whole test period (3-
12 months) was 1115 g/d. Average hay consumption was at different ages
42, 45 and 47% of average dry matter consumed. At the station was during
the testing time (1979-1980) a pneumonia epidemic and growth rate was
clearly hampered.
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Table 2. Phenotypic correlations between dry matter intake at different
ages, live weight and growth rate of 34 Finnish Ayrshire bulls in a
performance test.

Intake Live weight Growth rate
Age - month 5 7 9 5 7 9 12 3 79 3-12
Intake hay 5 +95 .54 47 .63 Bl .63 .48 .54 - - +35
7 .54 .97 .51 .51 .52 .35 - 40 - - -
9 4T .49 .97 - - - - W46 - - -

Only statistical significart correlations {p < .05) given.

The phenotypie correlations between the growth rate of the whole period
and weights at 5, 7, 9 and 12 months of age were significant; .46, .58,
+64 and .91 respectively. Lampinen (1987) found similar results in
Ayrshire material (1977-1985) with 1408 bulls and 60 sires. Heritabilit-—
les for growth rate and the weights at 3, 6, 9, 11 and 12 months were in
that study .52 (.11}, .25 (.07), .25 (.07), .49 (.10), .50 (.10) and .50
(.10) respectively. The material (34 bulls) was to small for genotypic
calculations.

In table 2 correlations between Intake and live weight were quite high.
The size of an animal and/or the slze of his digestive traét will
determine the dry matter intake. But still there were poor and good
consumers with the same weight and many bulls seem to grow respite of
'underfeeding' and vice versa. Repeatability of feed intake from one age
to another was weak.

Heifers in farms

Table 3. Milk production (FCM), live weight (LW) and feed intake (DMI) of
1002 Finnish Ayrshire heifers.

Mean $.D. Range
FCM, kg 20.4 3.6 10.8 - 31.6
Fat % 4.4 <54 2.5 - 6.9
Protein % 3.1 »23 2.4 - 3.9
DMI, kg/d 15.1 1.9 9.5 - 22.8
DMI/.01%LW 5.3 -4 2.0 - 4.1
W, kg 457 42 304 - 614

Feed consumption in feed units was .62 f.v./FCM kg (.41-.91). The
number of cows per herd was 16 and their milk production varies from 3699
to 9791 kg FCM with an average of 6174 kg FCM. In 1984 the production
level in milk recording was very similar, 12.8 cows per herd and 6032 kg
milk in average.

Mostly, the test period {60 ... 1530 days after calving) is responsible
for the range in the milk production (table 3). Most important factors
affecting the dry matter intake (DMI) of a heifer were mlilk (FCM) and
live weight (LW). According to Lehtinen (1986) regression equation was:
DMI = 4.48 + .26 ( .014) * FCM + .01l ( .001) * LW.{R**R = .35),
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This is in good agreement with the correlations of table 4.

Table 4. Heritabilities (diagonal), phenotypic (above) and genotypic
correlations for dry matter (DMI), wilk production (FCM), and live welght
of 1002 Ayrshire heifers (mean s8.e.).

DMI LW FCHM
DML .07 +053 «38 +54
LW 75 .139 42 +114 «25
FCM .60 «266 .38 «217 14 -066

Sire = offspring

Phenotypic correlations between sire and his offsprings’' feed intake
were statistically non significant, =-.0l, -.33 and -.19 for 5, 7 and 9
months of age respectively. There was only a significant correlation
between gires' feed consumption at 5 months of age and offsprings’' live
welght: .44.

Sire's final weight (12 months) was significantly correlated with his
offsprings’' feed intake (.33).

Possibilities to estimate a cows' feed intake in milk production on the
basis of her sires feed consumption in the performance test seems to ba
insufficient. But the material is small and circumstances at the perfor-
mance test station were not ideal for any kind of test.

When and how long time has to be to control feed intake are very
important questions. According to Leukkunen (1985) control period should
not be more than four days. Leukkunen admits that information collected
on farms 1s never so precise and therefore in practice the period should
be more than four days. But if the period is to long it will be hard to
find herds to start a test. Another possibility is to concentrate on a
performance test where feed intake for beef production is measured.
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PERFORMANCE TEST RESULTS OF THE BULL AND FEMALE PROGENY REGARDING
CALVING RESULTS, GROWTH AND MUSCLING.

G. Averdunk, C. Binder, C. Schrooten, B, WOodwardl, A. Gottschalk and
R. SchiBler
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Summary

The genetic relationship between station performance test results and
the direct and 7ndirect calving results were investigated using data
from the Fleckvieh population in Bavaria. For the direct effect anta-
gonistic relationships were found between growth of the sire and the
calving results of the calves the sire produced. The calving ease sco-
res of the daughters were in most cases not unfavorably correlated with
the perfarmance test results of the sire, since larger sires produce
also larger daughters, for the different parity groups, the correlations
varied to a certain extent, partially due to very low heritability esti-
mates for some calving traits. Several body measurements showed the same
tendency as 420-day~-weight or gain during the test pericd.

The genetic correlation between performance test results of the sire
and measurements and classification scores of their daughters were cal-
culated for the data from 1980 tc 1986 wusing 208 sire-progeny  groups.
Far withers height a genetic correlation of +0.90 was found, showing a
good agreement. Chest girth and musculariiy score showed a Tess pronoun-
ced correlation (+0.62 resp. +0.34). Since the daughters are classified
3 to 5 month after calving, the evaluation of muscularity may be influ-
enced by the stage of lactation. The genetic correlations between the
body measurements of the sire and the daughters were 1in most cases as
expected.

Keywords: Cattle, performance test, dystocfa, female growth, genetic
parameters, antagonism

1. Introduction

The Fleckvieh breed is in Southern Germany and in parts of Austria and
Switzerland the dominant breed, which is selected as a meat-pronounced
dual purpose breed. Selection programs are applied to improve beef and
dairy traits through performance and progeny testing. Recording of
calving performance is incorporated in the dairy-recording system, where
the farmer answers questions about the birth process of heifars and cows
in 2B-day intervals. The antagonistic effects beiweer growth of the
sire and calving performance of his calves' respective daughters have
been investigated (Binder, 1986). In the rowtine Progeny testing program
of Al-bulls, 50 daughters are classified three to four months after
calving by coworkers of the institute. Evaluation of physical soundness
and scoring of stature, form, muscularity and udder is conducted.
Body measurements are also recorded, which are used to estimate live
weight. The retationships between the performance test of the sire and
calving traits as well as classification traits are presented in this
\ study. Population parameters used are described in more detail by
|
1

Averdunk & Binder (1986).

1 DAAD-fellow from Depariment of Animal Science, Cornell-University,

Ithaca/NY. USA.
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2. Material and metheds

2.1 Calving traits.

Calving performance data are recorded for survival and calving assis-
tance separately and also for gestation length. Survival includes the
following scores: surviving, stillborn, dead within 48 hours p.p., and
dead after 48 hours p.p. Calving assistance is recorded as no help, one
person, 1iwo or more persons helping, veterinary assistance and
operation {caesarean cr embryctomy).

Data from 2.458 mil. calvings during 1972 - 1980 were used to estimate
genetic parameters for direct, indirect and maternal effects. The <traits
were analyzed as all-or-ncne traits, separately for parities 1, 2 and
all others, using mixed-model procedures (Harvey, 1977) and the follo-
wing systematic effects: sex of calf, year, seasor, region and calving
age as a covariate with linear and quadratic terms. Heritability estima-
tes for direct and indirect effects were derived, using the above model
and the terminology of Willham (1963). The covariance between the direct
and the maternal component was derived from the regression of daughters
records upon paternal records, which were weighted by the inverse of the
variance due to differing numbers of observations, as proposed by
Rutzmoser (1977). Heritabilities for maternal components- were also
derived, .

Genetic correlations between the performance test result of the bull
and his paternal and indirect calving records were derived from the pro-
duct-moment cecrrelations between breeding values, which were computed
after correction for systematic effects, by applying the heritabilities
from the whole data set. A minimum of 20 calving records per parity was
required to be included in the analysis, which led to the structure in
table 1. Approximate standard errors for genetic correlations were cal-
culated using the formula from Robertson (1972),quoted by Bar-anan{1973).

Table 1: Number of sires and progenies for genetic correiations
between performance test and calving traits.

péterna] indirect
Parity no.sires no.calvings no.sires no.daughters
1 650 41.4 509 60.5
2 747 48.7 413 45.5
3 or more 750 92.7 316 63.4

2.2 Measurements and scores of daughters,

Classificaticn data with comparable informssion w&re available for 1981
to 1986, including 58,910 daughters from 1,962 sires. Scores for stature
and conformation or muscularity on a 9~poifit scale and measurements of
height at withers, chest girth and body Jength (withers to hooks) were
analyzed. Effects for sires within classifiers, year-season, age of
calving and evaluation date after calving as covariates were fit using
mixed model techniques (Harvey, 1977). The traits were then correcied
for the systematic effects and the phenotypic correlations with the
performance test trafis were calculated using 208 sires with an average
of 43.97 daughters. The genetic correlations were derived from the
product-moment correlations, using the population parameters.
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3. Results

Heritablities used and the genetic correlations between performance
test results of the sire and the paternal calving data are given in
table 2 for some selected trait combinations. In general there 1is an
antagonistic effect between higher weight or gain of the sire and the
calving ease of the calves produced. The vrelationship between sire
performance traits and the surviving rate of his calves ranged frem no
relationship to -.36, with the highest correlation usually occurring for
third and later parities. Also, there seems to De nc weight independent
body measurement which could be wused as a restriction criterion. The
results between parities seem to vary, but are within the limits of
their standard-errors; some deviations for the second parity are caused
by very low haritabilities for the direct calving trait. There 1s also
no divergent relationship for external width measurements, except the
rather uniform  tendency that broader animals lead to decreasing
gestation length.

Table 2: Genetic correlations between performance traits of the sire
and calving records of his calves (paternal or direct effect)

Trait of the calves of the sire:
Surviving Death Assistance Veterinary Gestation

rate rate >= 2 men support length
Parity: Heritability:

Trait of 1 .04 .03 .09 .05 .41
sire: P .03 .03 .09 .01 .41
Heritability 3+ .02 .02 .10 .01 .39

420 day 1 -.13 +.24 +.19 +,34 -.00
weight .35 2 +.03 +.01 +.21 +.62 +.03
3+ -3 +.30 +.13 +.39 +.00

Gain 1 -.17 +.29 +.16 +.24 +,01
112-420 .35 2 -.04 +.02 +.,17 +.51 +.01
days 3+ -.31 +.16 +.08 +,28 -.03
Withers 1 -.10 +.10 +.31 +.27 -.00
height .34 2 -.09 +.04 +.19 +.18 +.01
3+ -.30 +.16 +.22 +.22 ~.02

Round 1 -.04 +.12 +.05 +.08 -.10
circum- .33 2 +.03 +.05 +.02 +.34 -.04
ference 3+ -.23 +.21 +.10 +.22 -.10
Chest 1 -.14 +.13 +,13 +.01 -.11
width .28 2 +.17 -.08 +.27 +.52 -.07
3+ -.15 +.15 +.12 +.14 -.14

Hip 1 -.12 +.17 -.0¢ +.24 -.20
width .16 2 -.10 +.16 +.29 +.53 -.12
3+ -.36 +.12 +.32 +.30 -.16

SE (r(q)) = 0.07 to 0.25

The genetic correlaticns for the indirect effects (daughters calving
performance) are given 1in table 3, which also contains the heritabili-
ties used. These results are less uniform, compared with those in table
2, and were partially affected by very low heritabilities for the
indirect calving traits (especially parity 2). Since the correlations
between direct and maternal effects of the calving traits were in most
cases negative (Binder, 1986), the signs of the genetic correlations
with the performance test data are also reversed. The antagonistic
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tendencies are 1less opronounced, if at all observable, since selection
for higher weight leads to larger body dimensions of the daughters. The
correlation of the indirect calving traits with hip width indicate that
a broader hip does not automatically lead to a wider pelvic opening. In-
ternal pelvic dimensions provide more accurate information (Holzer 1983),
but they are also complicated to copllect.

Table 3: Genetic correlations between performance test traits of the
sire and calving records of his daughters (indirect effect)

Traits of daughters
Surviving ODeath Assistance Veterinary Gestation

rate rate >= two men support length
Parity: Heritability: .

Trait of 1 .03 .03 .09 .04 .13
sire: 2 .01 .02 .09 01 13
Heritabjility: 3+ .02 .02 .14 .02 .15
420~-day 1 +.06 -.11 +.04 +.08 -.02
weight .35 2 -.06 +.08 +.10 -.24 -.02
3+ +.38 -.41 +.00 -.20 +.02

Gain 1 +.04 -.06 +.08 +.01 -.02
112-420 .35 2 -.11 +.,22 +.10 -.40 -.05
days 3+ +.19 -.41 -.01 -.31 -.03
Withers 1 -.04 -.03 +.04 +.03 +.02
height .34 2 -.22 +.25 -.02 +.40 +.14
3+ +.08 -.10 +.14 +.01 +.12

Round 1 +.09 -.08 ~.05 +.10 -.02
circum=- .33 2 +.02 +.10 -.02 +.00 -.00
ference 3+ +.25 -.07 +.03 +.04 +.12
Chest 1 -.14 -.00 +.26 +.24 +.00
width .28 2 +.76 -.44 +.14 +.31 -.17
3+  +.83 ~.90 +.18 +.01 -.22

Hip 1 -.22 +.14 +.14 -.07 +.03
width .16 2 +.22 -.10 +.17 +.66 -.03
3+ +.09 -.58 +.40 +.32 +.31

SE (»(g)) = 0.09 to 0.45,

For the comparison of the daughters' evaluation with their sire's per-
formance test, the heritabilities for the data from 1980 -to 1986 were
also used for the test station results (table 4). A subjective conforma-~
tion or muscling score also 1s included. These recent estimates were
somewhat lower than those from the combined data, wused in table 3.
Height at .withers of the sire at 14 months resulted in the highest
genetic correlation with the same trait of the daughters at 31 months
of age. Since the stature score is closely related to height, it is not
surprising that the correlation is of the sape magnitude. Chest girth
had a genetic correlation of +.62, which is reasonable, considering
that the daughters are measured shortly after peak lactation. De Roo &
Fimtand (1983) found this correlation toc be +.56 wusing WNorwegian Red
Cattle and Friesian sires from three other countries. Their genetic
corretation for height at withers was alsc lower than in  this study
(+.79 vs. +.90). The highest relationship for gain on test was with
chest girth, as was expected, but the relationship (+.29} is rather
Tow. The relaticnship between growih and chest girth for the De Roo &
Fimland study was +.40. )
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Table 4: Geretic correlations between performance tast traits of the
sire and scores and measurements of daughters.
(208 sires with 43.97 daughters).

Traits of daughters:

Stature Muscula- Withers Chest Badly
score rity s¢c. haight girth Tength

| Heritability:

j Trait of .36 .29 .38 .35 .41
sire: Keritability:
Gain on
test .32 +.10 +.15 +.11 +.29 +.17
Withers
height .30 +.85 -.13 +.90 +.26 +.52
Chest
girth .33 +.11 +.33 +.11 +.62 -.01
Round
circumf, .19 +.28 -.04 +,.32 +,22 +.10
Tour
spiral .23 +.30 +.11 +.30 +.48 +.20
Chest
width .34 -.15 +.38 -.13 +.25 -.11
Hip "
width .25 -.27 +.16 -.25 +.06 -.14
Muscula-
rity score .37 -.28 +.34 -.33 +.22 -.22

While the muscularity score of sire and daughters had a genetic correla-
tion of +.34, some antagonistic effects of this score with size were
obvious. The round circumference of the sire was not related to the
muscutarity score of the daughters, but the tour-spiral was found to
have a positive relationship to chest girth and body 1iength, which
should be expected since 11 {s the best measurement of body dimensions.
It is also worth mentioning that chest width had a higher positive
relationship with daughter's muscularity score than to hip width. The
cross-relationship with milk production might explain some cof these
results, but further investigation {s necessary.

! 4. Discussion

The relationships between performance test traits of bulls and the di-
rect and indirect components of calving ease were investigated on a ra-
ther large sampie of sires under field conditions. For this study, only
the calving results from test matings were used to avoid the effect of
disassortative matings, which are frequently used by producers trying to

| avoid dystocia problems. One disadvantage of this requirement is that
the number of progeny per parity is small (on average 40-90), which
affects the estimates of the genetic relationships. Also, & quantitative
trait 1ike birth weight was not available.

The results indicate that unfavorable genetic correlations between
growth and calving ease were more pronounced for direct effects than for
indirect effects.This antagonistic effect between paternal calving traits
and performance traits of the sire was also found 1in an earlier study
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with part of the data (Osterkorn et al. 1977). Similarly, Gaillard's
(1980) analyses indicated positive correlations for direct effects
between productian traits (height at withers, chest girth and growth
rate) and calving performance traits (caiving &ifficulty and birth
weight) for heifers and cows. The investigated external Dody measure~
ments showed no  pronounced, weight independent vrelationship with
calving ease and a multiple vregression approach did not, in contrast
t0o the results of Hissig et al. (1980}, dncrease the correlations
However, these authors had the measurements from the heifers
thamselves.

The report of an E.E.C./E.A.A.P. working group suggested three possib-
le breeding strategies, the choice of which naturally depends on each
particular production system and seriousness of the problem (Philipsson
et al., 1979). The methods included: 1) differential wuse of bulls on
heifers vs. cows, 2) selection of bulls for calf effects and 3)
selection for dam effects. Hanset (1981) has shown, that the rate of
total progress for calving ease depends upon the ratio of the genetic
variance of the maternal to the direct component and the correlation
between both. Since the variance for the maternal component is only
slightiy less than the direct ccmponent and the correlation between
both is between -~0.25 and =0.40 for the traits shown here, an index for
improvement of calving ease should be used, according té the results
of Hanset {1981)

Calving ease should be included in 2 selection index of AI-bulls to be
applied for the different sources of information for beef traits in the
Fleckvieh breed (Averdunk 1984). Studies of the eccnomic weight for
calving ease shculd also consider the side-effects of calving difficul~
ties, including a higher culling rate after the first parity, a higher
insemination index, a longer calving interval and a Jlower milk yield,
as recent investigations with Holstein-Friesians from the United States
and with Fleckvieh in Bavaria have shown (Djemali, 1985; Sauerer et
al., 1987). As with most secondary traits, inclusion of calving ease in
the selection program calls for larger progeny groups in the active
population. Daughter groups of 120 to 150 may result in breeding values
with higher precision, which are also required for maternal fertility
and stayability.

Selection based on the results of perfermance tests of bulls is also
increasing the size of the adult animal, which is to some extent demon-
strated with the comparison of measures on daughters after calving. The
antagonistic relaiionship between growth and body size of the sire, and
surviving rate and calying scores of his calves s reasonable given that
Simmental calves larger at birth tend tc also 'be larger at later ages
(Burfening et al., 1981). While size showed a very close relationship,
the correlations between measures of wefght were less pronounced. Cne
reason for this result can be that the evalation time three to five
months after calving is rather unfavourable ,to estimate the real weight
of an animal. On the other hand, the 420-day weight may be correlated to
a lesser degree with adult weights, as compared to longer testing peri-
ods, Flatnitzer et al. (1969) found lower correlaticns between first
calved cows and their male half sibs for weight and gain compared with
heifers. Also an increase of the relationship was found with increasing
age of the male half sibs. Without further investigations cn muscularity-
scores and chest girth, the results should not be interpreted a s
genotype x sex or genotype x age interactions.
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DISCUSSION (SESSION II)

Bernt Bech Andersen

National Institute of Animal Science, Research Center Foulum,
P.0.Box 39, 8833 @rum, S¢gnderlyng, Denmark.

Genetle improvement of feed intake capacity and feed efficiency has a
great potential importance in dairy cattle breeding. Testing and selec—
tion for these tralts can theoretically be included in the bull dam
selection (at bull dam stations), in the young bul selection (at perfor-—
mance testing stations) or in the proven bull selection (field test of
daughter groups).

In session II Jackson et al. and Junge et al. described an automatic
roughage intake monitoring system for dairy cows tested under experimen-—
tal farm conditions. Practical problems concerning price, robustness,
welghing back procedures, length of test periods and the use in practice
were discussed. It was suggested that the techniques would be available
for practice {individual breeders and test statlons) within a short time.

A Finnigh paper (Haapa) indicated a bad relationship between performance
test results and daughters' feed intake (one day control). From Holland
and Denmark extensive breeding experiments dealing with this topic were
described. Averdunk et al. showed an unfavourable direct correlation
between growth of sire and calving results of calves and a favourable
indirect correlation to calving ease as a trait of the daughters.

An important genetic variation in feed intake and feed efficiency of
growing bulls was demonstrated at the seminar. The relative importance of
intake capacity and efficiency as well as the genetic relationshsip
between the traits measured on growing animals and lactating animals are
under investigation in Norway, Holland and Denmark, and results will be
presented within the next three years.
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HYGIENIC AND FERTILITY ASPECTS OF THE PERFORMANCE TEST

R. Hahn* and H, Kraus**
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Summar,

The probands for performance tests come out of different herds with all
kinds of hygienic problems, To ensure reliable results the hygienic
regulations must therefore be very severe. Furthermore, the tested bulis
shall go in the A. I. stud, which also asks for a high hygienic standard.
The hygienic regulations are reported.

Since 15 years a certain percentage of the tested bulls does not
fulfill the breeding soundness conditions, which are necessary for an
A. I, bull, This percentage is higher compared to the corresponding
percentage of the auction- bulls.

Introduction

I

Organization

The central breeding organization VFR is operating the performance test
station Brandhof since 197i. The Brandhof is one of three test stations
in Bavaria. Until 1986 2,021 male calves {Simmental and Gelbvieh) have
been tested,

Animals

The young bulls enter the test station at an average age of 60 days and
an average weight of 106 kg. The test period starts with the 112th day
and ends with the 420th day.

Housing

The bulls are kept in groups in boxes with straw. To each box belongs a
paved run without a roof, The feed is offered partly outside, partly
inside the stable. During the last 4 - 6 weeks of the test period the
bulls are kept in a stanchion barn. Enough place, a good barn climate and
optimal light are ensured; furthermore behaviourial disorder (etho-
Eath1e§é gs well as damages by construction errors (technopathies) should
e avoided.

Feeding

Since 10 years the feeding is carried out according to Table 1.
The amounts are weighed resp. fed exactly. For concentrates a special
mixture is used. Since 1983 the following ingredients are used: & %
minerals, 23.5 % each coarse soya bean meal, winter wheat, winter barley
and oats. Thereby the share of raw protein was lowered (185 g of raw
protein/660 stu).
The mineral has a wide Ca : P-relation (6.5 : 1}.
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Table 1. Feeding schedule,

Age period Concentrates Grass cobs Hay Straw Corn silage
{= weight period) kg kg kg kg

?3p11§t2p33¥ 150 ka) T (g 2.8) - 1 - adlib
Et e 5 SR SR
225th to 420th da 3.0 2 _ 9 ad 1ib

{ca. 300 - 580 kg

Daily gain
The daily gain aver the years was 1,312 g in average; the excessive
gain (above 1,400 g) was reduced to 1,300 g and less as shown in Table 2,
oG P
9
Table 2: Daily gain in performance test period.

1415

1.400

1300 |

1,200

Hygienic aspects

The probands are coming out of different herds with all kinds of
hygienic problems and risks. Therefore it is necessary to establish a
very strict hygienic program. The bull calves are delivered in 6 groups
per year, consisting of 15 - 20 animals per batch, According to the A. I.
breeding program about one third of the young test bulls necessary for
replacement should come out of the performance station and about two
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thirds out of auction sales. Since 15 years a certain percentage of the
performance tested bulls don't fulfili the requirements for good 1ibido
and semen quality. This percentage is always higher compared to the
auction bulls. Useless bulls are slaughtered. This causes not only
genetic but also financial losses.

Results and discussion

1. Hygienic aspects
The hygienic conditions for the calves are very severe and costly.

Table 3. Hygienic conditions {tests and treatments)
for the calves,

1. Origin-herd
frae of: tuberculosis, brucellosis, leucosis
in future: unsuspectable for BHV, (IBR-IPV-IBF)

2. Calves
2.1, First treatment (immidiate)
Blood: BHY

Vacc.: Bov}gripp (5 ml s.c.)
Pasteurella (2 ml nasal)
BVD ,
Inducer {1 ml oral and 2 m] s.c.)

2.2. Second treatment (4 weeks later)

Blood: BHY

Vace.: Bov}gripp {5 ml s.c.)
Pasteurella {2 ml nasal)

These conditions have the aim to keep up a healthy herd in the perform-
ance test station. After all, the performance test should be finished as
effective as possibie according to the genetic value. There is also the
risk to pick up all kinds of diseases existing in the country. Every calf
is coming out of a single herd; every herd has its individual hygienic
problems, The mentioned conditions for the calves are developed out of
our experiences in the past 15 years and are generally proven, Never-
theless, it is essential that you permanently contact specialists in the
virus-laberatories for new problems and adapt the regulations to the new
epidemical situation. It also should be mentioned that you never can
prevent all the diseases, especially in the cold-humid period, when the
calves come out of their individual environment, where they had been kept
very carefully by the breeder. But the different vaccinations prevent
more severe diseases, The so-called colds after fransport can be treated
easily and successfully by a consequent veterinarian treatment.

Finally, the selected bulls definitely should go into the A. I. stud.
The hygienic standards of the A. I. station (Table 4} are high and
regulated by different laws of the state government., The performance test
statfon must therefore be considered as a hygienic prestep of the A. I.
station and all the mentioned private regulations for the performance
test station must finally follow the laws for the A, I, station,
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Table 4. Hygienic standards for the performance tested bulls.

1. Two weeks before licencing
Blood: BHY,, leucosis

2. First Tests -"A, I. station
Blood: BHY., brucellosis, leucosis, leptospirosis
Praeputial- *1ushing: trichomoniasis, vibriosis
Tuberculosis
Vacc.: food and mouth
Vitamins
Antihelmintica

3. Second Tests - A, I. station {2 - 3 weeks later)
Repeat: BHVI, praeputial-flushing, excrement-tests

2. Fert1]1ty aspects

The BVYN is buying the pos1t1ve tested bulls after 11cenc1ng from the
VFR-Company at a standard price of DM 6,000,--, Therefore we have the
situation of buy and sell and the guarantee conditions for breeding

soundness, are described in Table 5, Useless bulls are returned after the

so-called guarantee period and slaughtered.

Table 5. Guarantee regulations for breeding soundness
edited by the Bavarian cattle breeding saciety and
the Bavarian associations of the A. I. Organizations
{1. Jan. 1986)

Breeding ability guarantee period
Libido, propulsus, ejaculation 6 weeks
Semen quality - fresh 12 weeks
volume =2 ml
density =600 000 sperms/nn
path. sperms <20 %

progr, motility =70 %
Semen quality - frozen {since 1987)

progr. motility 50 % { ==2/3 of all samples)
Fertility - 16 weeks

Regarding the fertility aspects the results of three investigation
periads are described (KANTOR et al 1977, RUHRMOSER 1979 and HAHN 1987).
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Table 6. Kumber of bulls without useful breeding soundness ( + };
comparison of performance tested bulls and bulls from auction sales.

Investigation Perform. tested bulls Auction sale
period

n + +% n + +%
1 KANTOR et al 134 26 19.4 274 41 15.0

(1971-1974}
KANTOR et al

(1875 1676) 86 31 36.1 231 57 24.7
2 e 121 42 3.7 32 72 21.6
3 {187s-1086) 470 116 24.7 1152 209  18.1
$1+2+3 811 215  26.5 1989 379 19.1

Table 6 shows:

In the average of these three investigation periods the performance
tested bulls had a worse breeding soundness than the bulls from auction
sale; that means 26.5 % of the performance tested bulls did not fulfill
the guarantee conditions compared to 19.1 % of the auction bulls,

The highest differences were registered in the investigations of RUHR-
MOSER and KANTOR b; these differences were statistically significant.
Exactly in these periods we have had the highest daily gain (compare
Table 2}, According to these bad results the feeding intensity was
lowered. Furthermore, grass cobs, hay and straw were fed and a special
composition for the concentrates was used. The aim was to obtain more an
optimum thar a maximum of daily gain. So the daily gain was lower in the
following years. It is also remarkable that in investigation 1 (KANTOR a)
the daily gain of the performance tested bulls was lower than these of
the auction bulls,

Regarding the libido we observed that generally the auction bulls
showed a better libido. The reason could be the group-housing of the per-
formance tested bulls during the test period. We changed the hausing,
which means one month before the licencing all performance tested bulls
were taken out of the group and were then kept separately.

Up to 1976 we always had very dramatic outbreaks of bronchopneumonia
and enteritis.

The testicles of all slaughtered bulls were histologically checked. The
results were irreparable damages in the tissues, which causes a bad semen
production, It was assumed that these damages in addition to negative
nutrition effects could be a further reason for the worse breeding
soundness of the performance tested bulls in investigations 1 and 2.
After 1976 we therefore developed the already mentioned hygienic program
and tried to prevent diseases by prophylactic vaccinations.

If you compare investigations 1 resp. 2 with 3 it is obvious that the
breeding soundness improved as well for the performance tested bulls as
for the auction bulls. The explanation could be that also the specialized
bull breeders improved their management. Or had we really succeeded in
improving fertility by a stronger selection between the bull-lines for
increase male fertility?
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Summarized it is assumed that a lower feeding intensity, a better
housing and a good prophylactic hygienic program may be the reasons for
the improved breeding soundness in the third investigation period.
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IMMUNOLOGICAL TRAITS IN YOUNG BULLS IN RELATICONSHIP WITH HEALTH
STATUS OF PROGENIES

Henrik Solbu, @ystein Lie and Reger L. Spooner

Summary

Relations between immunological traits in young bulls and the resis-
tance to mastitis of their daughters are studied in Norwegian red
cattle. There are no significant correlations but so far the data set
is very limited. With new generation of bulls it will be possible to
get more accurate informations on these relations. The results indi-
cate that some relations exist, and The BolA system seems very pro-
mising.

Introduction

Diseases cause large economic losses in milk production. If possi-
ble, disease resistance should therefore be included in breeding
programs.

In Nerway we have a disease recording program where all disgeases
treated by a veterinary surgecn in milk recorded herds are recbrded
(Solbu, 1983). Information is used to progeny test bulls for different
diseases, The bulls' progeny tests for mastitis and ketosis are inclu-
ded to calculate the bulls' total breeding value (Fimland, 1984;
Fimland and Gravir, 1984). These total breeding values are the selec-
tion criteria for the bulls.

Most dairy cattle disecases in Norway are sex limited to the cow and
they have low heritabilities {(Solbu, 1984 a). Effective evaluation for
these traits results mainly through progeny testing.

In many cases the disease frequencies increase with the age of the
cow (Solbu, 1983). To wait for final progeny tests will therefore
increase generation intervals and the breeding wvalues estimated for
diseases might be biaged becauge of selection.

I1f disease resistance could be measured in the animals' lives and on
both sexes, the effficiency of selection could be increased. It is
therefore of interest to find marker traits linked to diasese resgigt-
ance that can be used in selection. In many countries this would be
the only possibility to select for disease resistance since diseases
are not recorded.

Mastitis is the disease that causes the largest economic losses.
This disease is, at least to scme extent, of an infectious nature. It
would therefore be natural to loock for connections between resistancy
to mastitis and different immunological traits. An experiment has been
designed to investigate this possibility.

Materials and Metheds

The immunclogical system is very complex (see for example Bier et
al., 1981). Many different traits can therefore be studied and one has
to choose among traits when setting up experiments.

In the present study the following traits were studied: the bovine
MEC (BoLA) antibody response to human serum albumin (HSA) and to the
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synthetic polypeptide (T,G)=-A--1l, serum levels of complement, the C
compound of complement and serum levels of lysozyme and of IgM.

All the immunoological traits were measured on young bulls in per-
formance test stations. The animals used for the experiments and the
different experimental procedures have been described hy Lie and Solbu
{1983), Lie et al. (1983), Lie et al. (1986) and Syed et al. (1986).

The progeny test for mastitis has been described by Solbu (1984 b)
and Fimland (1984}.

Possible connections between the different immunological traits and
mastitis have been studied by using analysis of variance. The bull's
progeny test result for mastitis was regarded as a dependant variable
with the different immunclogical traits as independant variables.
Separate analyses were performed for the different immunological
traits and appropriate models according to earlier findings (Lie and
Solbu, 1983; Lie et al., 1983; Lie et al., 1986; Syed et zl., 1986}
were used in the different analyses. So far, 39 bulls are progeny
tested for mastitis and have antibody responses to HSA and {T,G)-~A--L.
The same 39 bulls also have measurements of complement levels, C
levels, lysozyme levels and IgM levels. The different BoLa-typeE
represent different alleles at the Class I MHC-locus in cattle. Thir-
teen different internationally "workshop approved" alleles were recog-
nized in the tested bulls {see Lie et al., 1986). The frequency of the
BolA alleles differ very much and gome of the alleles are fare in the
bulls tested. A complete analysis including all different alleles and
all different combinations of alleles cen only ke performed when a
large number cf animals are both BoLA-~tested and progeny tested for
mastitis., So far 110 bullg are both BoLA typed and progeny tested and
that is not enough for a combined total analyses. The effect of the
different BelA alleles was therefore analyzed in separate analyses,
one of each allele and the bulls were grouped according to whether
they had the allele in guestion or not.

3

Results and discussion

The main preliminary results are summarized in Table 1, The table
shows the different immunolcgical traits studied, whether the traits
have a significant association with mastitis and in what direction the
agscociation exists. (An increase in resistance to mastitis with an
increased level of the immunological trait is recorded as + and the
cpposite as ~).

Table 1., Association between different immunological traits
measured on young bulls and the resistance to mastitis in
their daughters.

Immunological Significant Direction
trait level p= of association
Lysozyme n.s. ‘
Complement 0.10 +
n.s.
HgA 0.20 +
(T,G) =A-~L 0.15 -
IgM n.s.
BoLA& * + -~ *

* Some of the BoLA alleles had significant association to
mastitis resistance, some pogitive and some negative. See
text for further explanation.
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Lysozyme

No significant connection between lysczyme level and mastitis fre-
quency was found. However, Lie and Sclbu (1983) discovered a "lysozyme
gene" in the Norwegian dairy cattle population with a frequency of
about 6%. Only four of the 39 progeny tested bulls had thig “"lysczyme
gene". The data are limited. Further investigations shculd be under-
taken. -

Complement and C3

There is a tendency that increased complement levels in the bulls
increases the resistance to mastitis, while no association was found

between C3 levels and mastitis registance.

Hsa and (T,3)-A--L

Neither for HSA nor for (T,G)-~A--L were strong significant associa-
tions to mastitis resistance found. However, the relationship between
the two traits was negative. Increased response to HSA followed incre-
ased resistance wile decreased response to (7,G)-A--L followed incre-
ased resistance.

IgM
No correlation beteen IgM and mastitis resistance was found.
BoLA

Five of the BelA alleles had a relationship with mastitis resistance
with significant level p<0.20. Four of these five alleles had negative
associations with mastitis resistance. That means that daughters of
bulls carrying this allele are more susceptible to mastitis than
daughters of other bulls, wile the opposite was the case for one
allele. Twe of these five alleles are carried by very few bullls in
this material (one and four bulls respectively). Some of the "workshop
recognized" BoLA alleles represented in the Norwegian red cattle
population were not found in the bulls that were both BoLa typed and
progeny tested for mastitis.

The presented results are not very conclugive and that might Qdis-
courage further research in this area. However, these results are
based on a very limited amount of data. To get more conclusive results
further research is necessary. In Norway this work will be carried on
and as new bulls are progeny tested for mastitis more information will
be available.

The immunological system is a very complex system. It has many times
been shown that selection for different immune responses is possible
(see for example Biozzi et al., 1982). However, high immune responses
are not always correlated to high resistance to all infectious discas-
es (Biozzi et al., 1982). So the seemingly antagonistic results for
antibody responses to HSA and T,G)-A--L should not be surprising.

Mastitis is a very complex disease. It may have many different
causes and many different agents might be involved in “common" dairy
cattle mastitis. To be resistant to mastitis cows should, therefore,
have a good "general" immune system and this might not be measured
with any of the immunological measurements used in this work. With a
more specific infectious disease than mastitis, stronger connection
with different immunological traits might be expected. Such diseases
are, however, not common in Norway, sSo Norwegian field data cannot be
used to verify this,
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Conclusions

There is some evidence that immunological traits measured on young
bulls are connected toc mastitis resistance in the bulls' daughters.
However, more research is needed to get conclusive results.

If a strong connection is established between mastitis resistance
{(or resistance to any other important disease) and immunological
traits measured on bulls, this can be uged in selection for disease
resistance. However, since the animals' immunclogical system is so
complex and they are living in envirconments with many immunological
challenges, one should be cautiocus when genetically manipulating the
animals' immune system. A change might give better resistance against
one disease but make the cows more susceptible to others. If selection
ig initiated for a given immunological trait, one must ke certain that
this selection does not negatively influence other traits.
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USE OF HORMONES AND METABOLITES IN PREDICTION OF DAIRY MERIT OF PROGENY

Peter Lgvendahl & Kristen Sejrsen

Naticnal Institute of Animal Sclence, Research Center Foulum,
P.C. Box 39, 8833 @rum S¢nderlyng, Denmark

summary

In the search for possible predictors of dalry merit, the regulation of
traits involved in milk production might be the key. Among these, feed
intake, the particning of nutrients between tissues and the ability to
mobilize energy from body tissues, shows genetic variation and may find
expression even in ycoung bull calves. The trailts are under hormonal con-—
trol. Insulin, growth hormone and thyroxine are the key hormones invol-
ved.

Simulating the lactational stress of a cow during the energy deficit
period on young animals has been able to show differences between select=-
ed lines. A current experiment is used to illustrate how the preparation
of animals, the metabolic challenge tests and blood sampling is carried
out in practice. There is need for serial blood sampling and analysgis for
many hormones and metabolites in each sample. The interpretation of the
results is briefly discussed.

Keywords: Hormoneg, selection, metabolism, cattle.

Introduction

The genetic progress in milk production by means of traditional breed-
ing plans is limited by some biological facts, namely that milk produc-
tion is solely expressed in the adult female, and that the reproductive
rate of females is low compared to that of bullas. Dairy merit of bulls
must therefore be assessed by progeny testing. This means a generation
interval of about 7 years, deapite the bulls are fertile when they are
one year old. If dairy merit of bulls could be measured while the bulls
are staying at the performance test station, a substantial increase in
yearly genetic progress is possible, when utilizing nucleus breeding
plans (Christensen & Liboriussen, 1986).

The purpose of this paper is to review parts of metabolic regulation
agsociated with milk production and to present an experiment designed to
evaluate various measures of metabolic and endocrine fitness in young
animals.

Traits affecting milk preduction

Milk yield is affected by a number of traits, each showing genetic
variation, but some are only expressed in the lactating cow (table 1).
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Table 1. Traits affecting milk yield, their expression and the genetic

influence.
Expression
Adult Young Young  Genetic

Trait female female male variation
Feed intake + + + + +
Digestion & absorbtion + + + ?
Maintenance + + + +
Partitioning + ? ? +
Mobilisation + ? ? + +
Milk gynthesis

Mammary slze + {(+) - + +

Cell efficiency + - - 0

Among the traits mentioned, feed intake can be measured on bull calves
and possess genetic variation. But it remains to be verified whether feed
intake in lactating cows and in growing bull calves is the same trait.
Digestion and absorbtion of energy seems to be unaffected by selection
for milk yield (i.e. Davey et al., 1983) even if there may be genetic
variation in the trait. In a dairy merit selection experiment, Davey et
al. (1983}, found nO‘ane differences in ability of cows to ‘metabolise
dietary energy, nor in“their heat prodyction. Maintenance requirements
may therefore represent a smaller component of variation in total effi~
ciency.

Partitioning of the absorbed nutrients between body tissues and mammary
gland is heavily influenced by selection {Davey et al., 1983). The parti=-
tioning of nutrients can favour the mammary gland and at the same time
mobilize energy from body tissues, thus c¢ausing a weight loss. A fuller
discugsion is given by Bauman et al. {1985}.

The mammary gland synthesls capacity is determined by the number of ge-
cretory cells and the efficlency of the single cell, Across species,
little wvariation is found in efficiency of the secretory cell. Total num~
ber of secretory cells, also expressed as size of udder, shows large ge-
netic variation. Indirect meagures of mammary gland size are not easy to
suggest for young bull calves (Sejrsen, 1986).

Hormonal regulation

All the traits affecting milk yield are to a greater or lesser extent
under hormonal regulation and the secretion of hormones are also affected
by genes. A change in secretion of the hormones through selection there-
fore must be a reflection of a change of the genome., The endocrine system
regulate and coordinate the interaction between the traits affecting milk
production (fig. 1).

-
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Figure 1. The partitioning of nutrients between tissues (mod. after Rines
& Hart, 1982)

Glucose and fat metabolism is regulated by insulin. A high level of in-
sulin favours deposition of body fat. Hart et al. (1978) found decreased
levels of insulin in lactating dairy cows, compared to lactating beef
cows. The experiment was repeated, but with eqgual energy balance in the
two groups of cows and no difference was found in insulin (Hart, 1981}.

Vs

Growth hormone injected to lactating cows increased milk yield by
changing the partitioning of nutrients towards mobilization (e.g. Eppard
et al., 1985). Differences in growth hormone level in cows due to selec-
tion is shown by Flux et al. (1984).

Among the other hormones known to affect milk production just a few
should be named here: Thyroxine, glucagon, prolactin, placental lactogen,
somatomedin etc.

Testing metaboligm in calves

Thyroxine, which is known to affect milk yield in cows, was measured in
AI-bulls by Joakimsen et al. (1971). The genetic correlation of thyroxine
degradation rate to milk yield in the offspring was rg = 0.42. These re-
sults were confirmed by Sgrensen et al. {1981), but they d4did not recom=-
mend selection based on thyroxine measures until more was known about
possible detrimental effects. The necessity of using radicactive com-
pounds in live animals raises further ethical and veterinary gquestions.

At the peak of lactation, while the cows are mobilising energy from
body tissues, genetic differences are seen most ¢learly. A simulation of
this metabolic stress on the young animal could possibly be a measure of
metabolic fitness related to milk production capacity.
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Sejrsen et al. (1984) fasted Red Danish calves from lines selected for
high and low dairy merit. Blood was sampled during ad. lib feeding, fast-
ing and after refeeding. Differences between lines in plasma urea and
free fatty acids (FFA) was most pronounced by the end of the fast. Diffe-
rences in ingulin response to fasting and thyroxine response to refaeeding
approached significance.

Intravenous infusions of hormones or metabolites are precise ways to
challenge metabolism, Land et al. (1983) infused propionate into dairy
(Friesian) and beef (Hereford x Friesian) calves. Ingulin response was 3
to 4 fold greater in beef calves compared to dairy calves.

Non genetic sources of variation in hormones and metabolites

Investigations on the relaticnships between circulating levels of hor=
mones and dairy merit have often given conflicting or disappointing re-
sults. This may arise from lack of control cover, or knowledge about con-
founding environmental factors (Sejrsen & ILgvendahl, 1986).

Environmental and management factors, known to affect metabolites and
hormones are feeding regime, composition of diet, condition of animals,
confinement, day length and temperature., Pituitary hormones, e.g9. growth
hormone are released episodically to the blood stream, giving a randomly
peaking pattern.

The influence from environmental and random sources of variation must
be minimized by carefully planned and controlled experiments as discussed
by Trenkle (1978}). Physiological challenges can help in amplifying gene-
tic differences above experimental noise as shown by Land (1981),

Statistical methods based on the split-plot designs (Gill & Hafs,
1971), or subsampling methods (0"Sullivan et al. 1984), are useful in
planning and evaluation of repeated measures and serial blood sampling.

Practical design of metabolic challenge test experiment

In a current experiment a numbexr of metabolic challenge tests are eva=-
luated. Sixty female and male calves from lines selected for high and low
dairy merit are experimental animals. The difference in milk yield be-
tween the two lines is about 20%.

Each animal is tested between 3 and 4 months of age and again between 9
and 10 months of age. The testing procedure (fig. 2} is the same at both
ages and for both sexes. It comprises four days for standardizing feed
intake and two days with freguent blood sampling around the metabolic
challengea. To minimize stress due to blood sampling, calves are fitted
with a jugular vein catheter the day before sanmpling begins.

+
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Hour: 6:00 == ----=------ > 18:09
1.day HNormal feeding Fasting
2.day Feed, 1/2 ration Feed, 1/2 rat?nn
3.day Feed, 1/2 ration feed, 1/2 ration
4.day feed, 1/2 ration Catheter in vein Fast:ng .
N, \
5.day
B.day
7.day Normal Feeding

ooo Samples for baseline
Y Challenge
Samples after challenge

Figure 2. Testing proceduvre.

Blood is drawn at short precise intervals and cooled off immediately
and plasma isolated and frozen (20 C) until analysed. Glucose, urea and
FFA are determined by a photometric method. Growth hormone, insulin and
thyroxine are datermined by radio immunoc assay (RIA).

Preliminary results

The project was started in January 1985 and the last blood will be
sampled in June 1988. Metabolites have been determined in a good part of
the plasma samples, but we have just started analysing for hormones. Be=-
low in fig. 3 the concentration of FFA during days 5 and 6 are plotted

versus the time of day they were drawh.
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Figure 3. Plasma free fatty acids in bull calves age 3-4 months on the

days 5 and 6. See fig. 2.
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The short fasting period initiales a mobilisation of fatty acids. After
the meal FFA dropsa, but gives a spike after adrenalin injection. This re-
agtion is short and FFA starts raising slowly. The glucose load stops mo-
bilisation immediately but after 1/2 hour the glucose is used up and FFA
raises again. FFA does not respond to thyrotropin releasing hormone. In-
sulin raises FFA in much the same way as do fasting.

Differences between lines are small during most of the time. But what
kind of differences are to be expected? How is the response measured?
Simple concentrations as shown here are of little value, Alternatives may
be: bageline, largest regponse, retention times or degradation constantsa.
The choice between these must be done according to their predictive
value, statistical robusineas to missing values and to their bicloglcal
meaningfulness.

Selecticon on metabolic fitness test?

Before any selection can be based on these tests, we need genetic para-
meters and a simpler and cheaper testing procedure. Likewise the labora-
tory function must be standardised and evaluated critically.

During these experiments we aguire knowledge about the interaction be-
tween genetics and endocrinology. This may help us avoid inereasing fre-
guencies of metabolic diseases in our selection schemes.
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SUITABILITY DOF THE EFFECTIVE THYROXIN RATIO AND OF THE
TRITIODOTHYRONINE CONTENT AS AUXILIARY TRAITS IN THE
SELECTION FOR GROWTH

6. Seeland and P. Reinecke

Bereich Tierzichtung und Haustiergenetik der Sektion Tier-
produktion und Veterindrmedizin der Humboldt-Universit#t,

~Invalidenstirafle 42, Berlin 1040, DOR

Summary

The thyroid activity of 2 795 young bulls aged 3, 6 and
5 months was investigated by monitoring the effective
thyroxin ratio (ETR) and- the T.-content of the animals.
The repeatability was low becaase of the long time interval
between the investigations. Also the heritability coeffi-
cients of the traits were in the low range and exceeded .l
only in one case. The phenotypic correlaticns between the
thyroid traits and growth hardly reached the significance
1imit. Because of the high standard error the genetic
correlation coefficients permitted no unequivecal conclu-
sions. In their present form, the investigated thyroid
traits are not suitable as auxiliary traits of the selec-
tion for growth.
Keywords: effective thyroxin ratio, triiodothyronine,
genetic and phenotypic correlation, heritability,
repeatability, growth, cattle

Introduction

The use of metabolic parameters for indirect estimation
of the genetic predisposition to economically important
performance traits could help enhance the efficiency of
selection measures in breeding programs.

In particular, it promises to be successful where sex-
limited traits preclude selection by phenotypic performance,
and progeny testing decisively prolengs the generation
interval. Both these circumstances hold for the selection
of bulls for the improvement of milk performance in dairy
and dual purpose breeds. Advantages can be expected also
for the selection for growth though to a lesser extent,
because the growth traits are not sex-limited and can be
measured at a relatively early time. However, knowledge of
the relationships with both trait complexes is necessary in
order to estimate potential effects on growth if such traits
are being used for improvement of milk performance.

It is under these aspects that the thyroid activity of
yourng bulls has been investigsted. As parameters are used
the effective thyroxin ratio (ETR) and the triiodothyronine
content (Tj).
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Material and Method

The investigations were carried out on 2 795 young bulls
from two performance testing stations. The standardized
feeding conditions in these stations were suited most to
maintain the influence of feeding on thyroid activity at
a uniform level.

Blood for measuring the thyroid activitiy was drawn from
the young bulls at the age of 3, 6 and % months.

The day of investigation had a considerable effect on the
variance of the thyroid traits. This effect has been
eliminated and comparability of the traits over the farms
and periods of investigation has been achieved through a
correction by means of the herdmate average. The growth
traits studied were submitted to a similar correction prcecce-
dure in order to exclude seasonal effects.

Results
Means and coefficients of variation

Table 1 lists the means and coefficients of variation of
the thyroid criteria separately for the twc stations. Bath
traits differ between the stations. Whereas the ETR shows but
little differences, the latter are considerable for the
T.-content but are getting less at the later blond witH-
d%awals.

Table 1. Means and coefficients of variation of thyroid
traits.

station 1 station 2
n X 5% n X 5%
1. Blood withdrawal .
ETR 545 .94 6.5 709 .96 6.6
T.-content
(%g/ml) 495 1.74 34,3 661 1.32 34.6
2. Blood withdrawal
ETR 799 .95 5.5 923 .94 5.8
T.-content
(Rg/ml) 686 1.86 22.6 B95 1.57 27.0

3. Blood withdrawal
ETR 728 .97 6.1 841 .93 5.6
T.-content
(gg/ml) 660 1.8s5 23.8 B33 1.77 25.0
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Since blood was withdrawn at a fixed age, the alterrations
also revealed age-related influences. The ETR shows only
differences with age, which revealed an opposite tendency in
the twe stations. In contrast, the To-content increased in
both stations with the age of the an%mals. However, the
age-related increase was lower in station 1, so that the diffe-
rences between the stations decreased with age and were no
longer significant at. the age of % months. Ceontrary to the
ETR, the T.-content exhibited a very high variation, with
coefficients of variation rangig from 23 to 35 %.

Repeatability and heritability

The repeatahility was estimated within the stations
{Table 2). The estimated coefficients of repeatability are
all very low. It has to be assumed that the low values were
due to the long time interval between the investigations.
Osmond et al. (1981) have demonstrated for the T.-content
at a 3-day interval between the investigations a“coefficient
of repeatability .382, whereas the lang-term repeatability
between 6 and 16 weeks of age also amounted to only .1.
Thus, it eappears impossible to obtain, over a long period
of time, 2 trait value that is characteristic of the
animal. ‘

Table 2. Coefficients of repeatability of thyroid traits
within the stations.

ETR Tj—content

n W 5, W 5y

Station 1 1949 L1086 .028 .087 .023
Station 2 1694 .D49 .024 .091 .026

Owing to the low repeatability one could also expect low
heritability coefficients, which could be confirmed
{Table 3). The majority of the estimates were below .1.

Flach (19B3) found & .similarly low value (h° = .14) for
To-content. Thus, the thyroid traits have much lower heri-
tgbilities than the growth traits and are aslready for this
reason not suitable as early selection criteria. On an
average of the three investigations there occurred, as
expected, an increase in heritability, without reaching a
magnitude relevant for breeding, however.
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Table 3. Estimated heritability coefficients of the ETR
and the TBicontent.

o2 -
n h 5h2

1. Blocod withdrawal

ETR 1253 .187 .084

Tj—content 1155 L055 .074
2. Blood withdrawal

ETR 1720 .G87 .057

Tj—content 1579 .066 .058
3. Blood withdrawal

ETR 1568 .084 L061

T3—content 1492 .085 063
average

ETR © 1678 .180 .071

Tj-content 1573 174 DTy

Relations between the thyroid traits and the traits of
grawth

In order to characterize the relations between the traits
of thyroid activity and the traits of growth, phenotypic
and genetic correlations have been used {(Table 4). The pheno-
typic correlations are all in a very low range with changing
signs between the blood withdrawals. The significance
threshold is reached only once. Also the average trait values
from the three blood withdrawals did not reveal any closer
relationship with the daily gain.

The genetic correlations exhibit absolutely higher values
in comparison to the phenotypic ones. Beiween the ETR and
the daily gain they change from positive values in the first
blood removal to negative values in the third withdrawal.
The high standard errors suggest possible random fluctua-
tions, so that no strict causal relationship can be inferred.
The genetic correlations between the T,-content and the daily
gain are around zero in the first two BlDDd withdrawals,
while in the third one a negative estimate occurred with high
standard error.

Bobek (1980) found a higher phenotypic carrelation of
r = .484& between the Tj—content in calves and their daily
gain.
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Tahle 4. Phenotypic and genetic correlations between the
thyroid traits and the daily gain from day B to 365.

r r
P p o g
1. Blood withdrawal
ETR 920 032 .033 . 428 440
T,-content 859 082" .D3¢ .000 .000
2. Blood withdrawal
ETR 1334 -.001 .028 .1Bé .335
T3—Content 1230 .057 .G28 .000 .000
3. Blood withdrawal
ETR 1306 -.01¢9 .028 -. 473 .514
T3—content 1238 -.015 .029 -.608 .554
average . K
ETR 1316 .00z .028 .138 . 293
T3—cnntent 1241 .038 .029 -.334 .571

¥ Level cof significance P = .05

Discussion

Thus, we could not reach in our investigations the more
close relationships, reported in the literature, of other
thyroid traits with growth, such as the thyroxin content
(Graf and Grosser, 1979) or the thyroxin degradation rate
(Tang Sdrensen et al., 1981).

Hence we have to conclude that the investigated thyroid
traits in their present form cannot be used as auxiliary
means of selection for growth. Nevertheless, & causal rela-
tionship between the thyroid functions and growth is un-
disputed, so that further investigations to find appro-
priate criteria accounting for further hormones and meta-
bolic parameters should not entirely be denied.
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STRESS TEST FOR BULLS IN WAITING - METABOLIC REACTIONS IN RELATIONSHIP
TO FERTILITY OF HER PROGENY

E. KALM, E. FEDDERSEN
Institut fiir Tierzucht und Tierhaltung, Kiel, Germany

Summary

In  conducting a stress test on bulls in waiting the aim was to
discern wether on the basis of metabolic reactions to an insufficient
energy supply, one can select the daughters in respect to metabolic
stability and fertility. A total of 54 bulls in waiting in three tests.
were exposed to metabolic stress of insufficient energy supply. An
increase in variation especially of enzymes could be observed. The bulls
metabolic reactions are not comparable to the cows metabolic stress
occuring during high lactation. Cows have an increased basal metabolic
rate to maintain the level of milk praduction, whereas the energy con-
sumption rate in bulls is clearly reduced. In all tests limear correla-
tions, r= -.30 to r= -.80, between the metabolic reactions of the bulls
and their daughters reproductive performance (breeding value for days
open) could be measured. For only 7 bulls and three parameters repeata-
bilities could be estimated for the metabolic reactions between the
different tests. The intra-class correlations were .60 for Y-GT, .24 for
GPT and .88 for glucose. These parameters appear suitable for an estima-
tion of female fertiliy on the basis of the bulls metabolic reactions.
The multiple regression analysis showed a multiple correlation with the
breeding value (days open) of ri= -.47; r2= -. 87; and r3= -. 63 in the
three tests.

Keywords: Stress test. fertility, performance test bulls

Introduction

Investigations made by DEPKE (1981) and GRAF (1981} discovered signi-
ficantly elevated blood parameters in some daughter groups. Thus one can
conclude that reaction to metabolic stress is genetically determined.
Initial investigations, with waiting bulls which were exposed to a
specific metabolic stress, revealed differing metabolic reactions among
the bulls (ROEVER, 1983; FEDDERSEM et al.. 1984). A correlation between
the inability of the bulls to regulate their metabeclism and a reduced
fertility in the daughters was indicated. Therefore the goal of this
study was to develop a metabolic stress test in bulls to permit selec-
tion for physical conditions and female fertility.

Material and methods

r

At two A.I. stations, 58 waiting bulls with an age of 3.7 to 5.0 years
were available for the physical constitution test. Three experiments
were divided into a control period and a period of insufficient energy
supply. whereby each of these periods was subdivided intc an adaption
period of three to four weeks, to allow the rumen to get used to the
feed, and a measuring perjods of three weeks. During the control period
the bulls received a ration which covered their maintenance needs.
During the stress period, with energy undersupply, the bulls were fed
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barley straw ad lib. 0.5 kg of soya grain extract and small portions of
minerals.

Blood samples were taken during ihz measuring period twice weekly at
the same time and in the same sequence by puncturing the jugular vein to
exclude the influence of daily fluctuations. At the end of the experi-
mental periods, six blood samples per bull were available and 2 blood
samples out of the control period. Blood levels of the following sub-
stances were determined: Y-Glutamyl-Transferase (Y-GT). Aspartat-Amino-
transferase (GOT), Alanin-Aminotransferase {GPT), Glucose {GLu}, D-{-)-
3-Hydroxybutyrat (8-HB), triglycerides (Trigly) and urea (Harnst). In
periods 1 and 3 urea analysis was restricted to samples taken during the
stress period.

With the Least-Squares-Maximum-Likelihood-Programm (HARVEY, 1976) the
following models were applied:

Model At ¥ijximn= Y +d5 + Si5 + Pg * Tpox * Ik * €4jkimn

wherby
Yijklmn®
fixed effect of the series {i=1,2,3); S

observation value for the jth bull; wu= least-sguares-mean; di=

j=random effect of the bull {j)

within the series; = fixed effect of the test pericd (k=1,2); tl'k=

fixed effect of the measuring day (1} within the test period (k)./gm_k2=

fixed effect of the loss of weight (m) within the test period (k=2},

eijklmn= random residual error.

= U+ s+ dj + eijk
The repeatability of the reactions in response to siress could be

estimated for 7 bulls that were examined in both tests 1 and 2. For this

purpose, wmodel B had to be simplified due tc the limited amount of data

material available.

Results

Influence of stress

Insufficient energy supply during the stress period caused a reaction
in the bulls' metabolic parameters, which can be determined from the
difference between the stress value minus the control value. The diffe-
rences in reactions appear more revealing than the absolute rate of the
stress value Decduse of the genetic determination of the regulation
capability, the influence of age on the standard value and the high
individual differences between the base values. The extent of these
reactions can be calculated with the fixed effect "test period" and the
application of model A (R =P, - P,) as depicted in table 1,

The results show that stress had a signifikant influence on all para-
meters expect on Y-GT in test 1. Since GPT shows the highest rate of
activity in the skeletal muscle system (KELLER. 1971) a loss of activity
can be attributed to reduced energy turnover which can then conceal any
increase in the liver. In contrast to experiments with lactating cows or
starving calves (TILKARATNE et al., 1980; BLUM et al.., 1981; a highly
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significant decrease of B-HB could be observed in all tests. This is
mainly a results of feeding. since during the stress period the bulls
were almost exclusively fed with straw, and a decrease in the butyrate

Table t. The bulls reactions to stress (estimated value from the
difference: stress value - control value, and standard error of the
difference).

1) 2)

parameter u1 R1 sR1 Uy R2 st u3 R3 sR3
Y-GT 14.9 .02 .14 13,5 1.02 .06 13.7 .38 .08
GOT 31.5 .98 .24 28.6 -1.22 .20 24.7 2.96 .22
GPT 7.8 -1.14 14 16,5 -2.,22 .18 11.7 1.93 .24
giucose 61.0 -5.33 .58 62.9 -3.42 .54 621 .92 .30
A-HB 1.65 .20 .04 2.04 -1.07 .04 1.40 - .15 .02
trigly-

cerides t2.2 -4.76 .30 13.2 -2.03 .24 15.4 -5.10 .28
urea - - - 4.9 -3.54 .26 - - -

2Tstandard error

stress value - Pcontrol value
concentration in the rumen was to be expected (ORTH et al.,” 1961). The
result is a considerable reduction in the synthesis of B-HB in the rumen
wall, such that an increase in ketone bodies in the caused by fat
reduction, cannot be detected. The decreased concentration of tryglyce-
rides in the stress period suggests a removal of lipoproteins released
from the liver (HENRICSON et al., 1975;) which, in the case of protein
deficiency. can become even greater (KAUFMANN, 1984}. The simultaneously
low wurea concentration during the stress period confirms this assump-
tion. the subsequent stress on the liver is revealed above all in the

third test in which the triglyceride level has decreased most and 1in
which, as a consequence, the strongest reactions of enzymic activities
can be detected.

The repeatability of blood parameters:

The repeated measure within the test period indicated considerable
stability of the parameters. During the stress period. repeatability was
often greater than during the contrel period. this suggests a stabiliza-
tion of the parameters during the energy deficiency period. In 7 bulls
that participated at station 1 in two subsequent tests, it was possible
to check the repeatability of the reactions between the test series. The
bulls were under the same conditions in both test series but these tests
were seperated by exactly one year. The repeatabilities were estimated
as intra-class correlations {ICC) with model B and are given in table 2.
Glucose and Y-GT show a high repeatability, whereas for GPT a large
standard error was found. Because of negative variance components the
ICC could not be estimated for GOT, B-HB arfd the triglycerides.

The bulls metabolic reactions and their daughters fertility:

The breeding value of the bulls' days open (D0} served as the fertili-
ty parameter. Days open is the period between the first insemination and
the subseguent conception within a given service period. Since 8 bulls
from test 2 had no daughters or less than 10 lactating daughters with
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Table 2. Repeatabilities (ICC) in the reactions of 7 bulls from two
tests. and their standard errors.

parameter o _____E?? ____________________ flgg ________________
Y-GT .601) 27

GOT - -

GPT .27 .39

glucose .88 10

B-HB - -

triglycerides - -

1)negative variance components

fertility results. these bulls were excluded from subsequent analyses.
The correlations between the bulls reactions and the fertility results
of their daughters are shown in table 3. The results from the bulls
tested by ROEVER (1983) have been included. The results reveal similar
and in part significant correlations for Y-GT and GPT. Surprisingly, the
daughters were found to have better fertility when the bulls show a
greater reaction in enzymic activity. Only GOT in test 2 shows a devia-
tion from this observation. In contrast, the reactions of the metabolic
concentrations of bulls are not entirely clear. From fest to test,
different but barely significant correlations with daughters fertility
can be observed.

Table 3. Correlations between the bulls enzymic and metabolic reactions
and their breeding value for days open {DO}.

parameter RTT test 1 test 2 test 3
number of bulls 20 20 11 14
average nummber

of daughters 89 46 35 78
Y-6T - .50% - .28 e
GOT - .16 - .3 .32 - .25
GPT - 24 - L83 - .40 - .3
glucose .192} - .19 .1 - .44
3-HB - .30 .25 - .3
triglycerides - - .38 - .03 - .06
urea .12 - - .12 -
P .05 .43 A3 58 51

1)Roever (1983); 2)not examined

As previously shown in table 3 the reactions of some blocd parameters
have a close relationship to female fertility when the bulls have been
under stress. By means of multiple correlation, the joint influence of
the metabolic concentration and enzymic activities investigated here can
be singled out. The combination of the standardized reactions of the
bulls provided an optimal source of information concerning the fertility
{D0) of the female offspring. When considering several metabolic parame-
ters together, the multiple correlations were r, = .70 - .90 (table 4)
which implies R® = .50 - .80, therefore the eﬁzymes have a especially

139




high percentage of the variance explained.

Table 4. Results of the multiple regression analysis {dependent
variable: breeding value days open (DO)).

) test 1 test 2 test 3
A o o LI
GPT .42 Y-GT .83 Y-GT .48
A-HB .53 GOT .86 B-HB .60
triglycerides .66 GPT .89 GPT .73
Y-GT .68 &-HB .90 glucose .75
glucose .69 glucose .90 GOT .78
GOT .70 urea .9 triglycerides .79
R 49 .83 62

1h;equence of independent variables included

Discussion

The result of this paper was to develop on the basis of a more exten-
sive data. base the possibility for selecting female fertility using the
metabolic regulation capacity which is both genetically determined and
measurable. Also it appears that a relationship between the blood para-
meters and the reproduction characteristics exists. The results show
that stress from an insufficient energy supply in bulls cannot be com-
pared to the metabolic stress ocuring in cows during the prime lactation
period. Whereas in the case of lactating cows an increased basal metabo-
lic rate. which maintains the level of milk performance, <an be obser-
ved, the energy consumption rate in bulls is reduced ("saving metabo-
lism"}. On the basis of these experimental stresses, insights inte the
metabilic regulation capacity and the relationship to fertility are
however to be expected (ROEVER. 1983; FEDDERSEN et al., 1984).

In these experiments the conditions mentioned above are met mainly by
the enzymes Y-GT and GPT since their activities
- show partly a good repeatability between test periods {table 2).

- show in all tests a high and similar correlation to the daughters
fertility (table 3} and
- contribute thereby in all test series when taken together, can explain

the biggest share of the variance 1in female fertility (table 4}.

0On account of the high repeatability between the test periods, glucose
appears to be an additional, suitable parameter for estimation metabilic
stress capacity. Therefore only the parameters Y-GT, GPT and glucose
were taken into consideration in a further, multiple regression analy-
sis. Significant correlations of r = -.47 in test 1, r = -. 87 in test 2
and r = -, 69 in test 3 resulted between the combination of Y-GT, GPT
and glucose and the breeding value DO. These correlations indicate that
with an insufficient metabolic regulation for the bulls, a deterioration
in the fertility of the daughters is to be expected. Thus, it may be
concluded that insufficient metabolic regulation capacity is inherited
from the bulls to their daughters and results in reduced fertility.

In conclusion the following can be stated:

1. The stress test for bulls (FEDDERSEN, 1986) as introduced and modi-

‘fied during the tests by ROEVER (1983} permits, on the basis of the

metabolic reactions it causes, a differentiation between metabolically
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stable and unstable animals. Overall, stress should be increased by a
further ration reduction during the period of insufficient energy supply
so as to better distinguish differences between bulls.

2. Above all, the blood parameters Y-GT, GPT and glucose should be
investigated. Further for their use as predictors for female reproduc-
tien.

3. The previous results of these stress tests can at present be applied
in addition to bull fertility-in order to provide more information for
an assessment of the offspring's reproductive performance and constitu-
tion. In this connection, bulls whose values lie more than one standard
deviation below the average {metabolically unstable) should be investi-
gated closer.

4. As a future preliminary test for young bulls stress test could pro-
vide the possibility to identify poor fertility transmitters and ex¢lude
them from further breeding. In breeding programmes, the stress test
could be carried out during or after the performance test.

Further studies should develop a standardized test procedure and help to
explain the connections between the bulls' and cows metabolic reactions.
Only then will it be possible to give a final assessment of stress tests
with bulls.
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METABOLITES, ENZYMES AND HORMONES IN FATTENING SIMMENTAL
BULLS: HERITABILITIES, FACTOR ANALYSIS AND RELATIONSHIPS
TO PERFORMANCE TRAITS

F. Graf

Institut flir Tierzucht und Tierhygiene der Universitit
Minchen, Federal Republic of Germany

Summary

In 593 male progeny of 41 Simmental AI-bulls the bklocd
values of thyroxine, triiodothyronine, glucose, urea, and
the liver-specific enzymes GLDH, SDH, ASAT and ICDH are ana-
lysed at the age of 2, 5 and 7 months. All blood values were
genetically influenced,. the heritabilities ranging from 0.14
{SDH) to 0.65 {(thyroxine). In the factor analysis 3 factors
could be extracted: factor I was high loaded by all liver-
specific enzymes, factor II by thyroid hormones and

factor III by some blood values dependent on age. Only low
correlations between blood values and production and
fertility traits could be found.

Key words: blood values, fattening bulls, Simmental cattle,
heritabilities, performance traits.

Intreduction

In former works significant relationships between some blood
values and production traits could be found in lactating
Simmental cows (Graf, 1981). As they proofed to be influ-
enced genetically, now the experiment was repeated in male
animals. There is some incidence, that blood values of bulls
are connected with performance in male and in female animals
of Simmental breed (Graf, 1979, Schwab, 1986}, as it was
found in other breeds by several authors (good reviews are
given hy Schwab, 1986 and by Reinecke & Seeland, 1985},

Material and Methods

For our analyses 41 progeny groups of Simmental-AI-bulls
were available; the average number of the male progeny per
group was 14, making a total number of 593 fattening bulls.
They were kept under equal housing and feeding conditions
(maize silage) in 12 farms.

During the fattening period blood samples were collected at
the age of approximately 2 months (80 kg live weight),

5 months (170 kg) and 7 months (265 kg).

The blood samples were analysed for the values of thyroxine

(T4}, triiodothyronine (T3), thyroxine binding capacity

(TBI), glucose, urea and for the activities of the enzymesg
SDH, ASAT, ICDH. ,
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Results and discussion

Heritabilities

Genetic differences in some blood values are depending on

age, especially in T4: older animals differ more genetically

than younger animals. The heritabilities shown in table 1
were estimated from mean values of each animal,

Table 1. Heritabilities of blood values

h.2 Sh2
T4 0.649 0.163
T3 0.175 0.063
TBI 0.281 .0.085
Glucose 0.241 0.077
Urea 0.283 0,086
GLDH 0.138 0.055
SDH 0.136 0.055
ASAT 0.027 0.032 4
ICDH 0.165 0,061

Factor analysis

The factor analysis allowed to extract 3 factors {Table 2).
Factor I is explained as "liver factor", factor II as
"thyroid factor" and factor III as "age factor" due to the
fact, that ASAT, ICDH, glucose and urea were found to be
age—dependent.

Table 2, Factor analysis: Factor-loading

Factor I Factor II Factor III

T4 0.798

T3 0.743

TRI -0.636

Glucose . —-0.658
Urea 0.504
GLDH 0.826

SDH 0.836

ASAT 0.576 0.519
ICDH 0.525 0.632
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The most important result of the factor analysis is, that
the so called "liver-specific enzymes", which are normally
used in clinical diagnocsis of liver diseases, are liver-
specific in healthy fattening bulls too and therefore can
be used for testing their liver-stability.

Relationships to performance

For each sire the breeding values for blood parameters are
correlated with the breeding values of performance traits.
The correlations are low and only in few cases significant,
Neverthless the signs of the correlation coefficients are
of interest: T4 is positively correlated with daily gain
(r = + 0.21}, carcass weight (r = + 0.15), butterfat

(r = + 0,21), but negatively with the non-return-rate 90

of lactating cows (r = -0.40). The correlation coefficients
of T3 to all mentioned traits have reverse signs, a
surprising finding, if one considers the results of the
factor analysis. The fact, that T4 is only the precursor of
the more efficient T3 may be one of the reasons for this
phenomenon,

Glucose values are negatively correlated with weight gain
and with milk yield. For the explanation the insulin and
glucagon levels might be of great interest; they are the
objective of current investigations.

The positive correlations of liver-specific enzymes to
fattening and to milk production traits are to be expected
as well as the negative correlations to non-return-rates
(resp. positive to days open) in lactating cows: The load
of the main metabolic organ, the liver, leads to a
desintegration of liver cell membranes and might, in
addition, cause a faster cell turnover and lead to an efflux
of liver cell enzymes into the blood., The activity of liver
cell enzymes is therefore an indicator of liver-stability.
Lactating cows with genetic predisposition for livercell
desintegration tend to fertility difficulties. But it
should be stressed, that the correlations are low (r < 0.1)
and not significant,

Conclusions

None of the blood parameters can be used as a selection
criterion, but they can help us in better understanding the
genetics of the physiological background of performance.
Especially the liver-stability seems to be involved in all
production and fertility traits, A connection of those
parameters with a hormone profile (thyroid hormones,
insulin, glucagon and growth hormoneg) and additional with a
c¢hallenge (fasting, injection of glucose etc.}, as proposed
by Tilakaratne et alk., 1980, Feddersen et al., 1984,
Schwab, 1986, Graf & KrduBlich, 1986, might be more helpful.
But up to now routine-measurements of insulin, glucagon,
somatotropin and of their receptors are very difficult and
very expensive, especially in connection with an
experimental challenge in bulls. Heowever, correspondlng
research work is in progress.
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PERFORMANCE TRAITS OF ITALIAN SIMMENTAL YOUNG BULLS.
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Summary

Blood samples were taken from 345 Simmental young bulls, sons of 21
sires, at 3, 6, 9, 12 months of age and at sleughtering. Averages of
plasma concentration at 6, 9 and 12 months were used, Among the 15 blood
components considered, Lactic Dehydrogenase (LDH) and Alkaline
Phosphatase (AP) showed medium-high heritabilities (.39 and .61,
respectively), hipgh genetic correlations with daily pain {-.52 and -.585}
and moderate genetic correlation with trimmed fat percentage on carcass
{-.13 and -.30)}. AP presented alsc a moderate genetic correlation with
lean meat percentage on carcess (,28)., The concentration of these two
enzymes at 6 months of age presented the same pattern of correlations
with production traits at maturity.

Keywords:performance—test, blood components, genetic correlation.

Introduction

Highly heritable traits c¢an be measured on young bulls during
performance test in order to rank the animals by their genetic value.
Some important beef production traite cannot be measured in vivo (i.e.
dressing percentage, carcass composition), and direct selection does not
rely on objective criteria. Therefore, it is necessary to rely on
estimates or on indirect selection for correlated traits. Preliminary
experimental results on the correlations between gome blocd components
and production traits and on their heritability (h”) will be presented.

Meterial and methods

345 Simmental young bulls from 21 sires were teated in 4 subsequent
batches in the performance station of the Italian Simmental Breeders
Association (A.N.A.P.R.I,) from 1984 to 1986 as described in a previous
paper {Spanghero, 1985), Blood samples were taken from jugular vein of
fasted animals at 3, 6, 9, 12 months of age and at slaughter age (15-19
montha). For each sample were quantified the Packed Cell Volume (PCV)
and the following plasmatic components: Glucose (Gl), Total Protein
(TP), Albumin {Ab), Globulin (Gb}, Urea {Ur), Creatinine (Cr}, Inorganic
Phosphate (P), Caleium (Ca), Magnesium (Mg), Potessium (K), Glutemic
Oxaloacetic Transaminase (GOT), Glutamic Pyruvic Transaminase (GPT),
Lactic Dehydrogenase (LDH) and Alkaline Phosphatase (AP) {Bonsembiante &
Bittante, 1980). At the end of the trial, Daily Gain (DG) and some
slaughtering and jointing parameters were computed., Among these, Lean
Meat percentage on carcass (LM%), trimmed bone on carcass (B%), trimmed
fat on carcess (F%) and the ratio Lean Meat/trimmed bone (M/B) are
congidered. Data were analysed by implementing the following univariate
mixed model:
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where y is the dependent variable, b is the fixed effect of the batch of
young bulls on trial (1 i 4), & is the random effect of the sire nested
within bateh (1 j 6) and e is the random residual. Heritabilities and
genetic and phenotypic correlations were computed from variance
component estimates obtained by the REML algorithm in the VARCOMP
procedure by SAS Institute (SAS Institute Ine., 198%),

Results and discussion

Heritabilities of blood components, defined as average of 2nd’ 3 rd and

sampling, are reported in table 1 together with results publlshed by
other authors {Peterson, Nash & Shelford, 1982; Rowlands et al., 1974;
Rowlands et al.,, 1983).

Table 1, Heritabilities of some blood components from literature and
from the present trizl.

Rowlands Peterson, Nash Rowlands Present
et al., 1974 & Shelford, 1982 et al,, 1983 trial
Animals 242 fattening 545 lactating cows 428 fattening 345 young
calves bullocks bulls
Genetic Rereford x Holstein Friegian British Italian
type Friesian Friesian Simmental
Sire
groups 12 29 72 21
Reritability
PCV .50 - - .24
Gl .18 .02 .41 W16
TP - .20 - .20
Ab .10 .19 .38 .02
Gb .00 .06 .65 .30
Ur .00 .17 .29 .07
Cr - .44 - .18
P .18 .10 .49 .01
Ca .19 .00 .16 .00
Mg .21 - .33 .21
K .40 .23 .82 .00
GOT - A7 - 12
GPT - - - 15
LDH - - - .39
AP - .52 - .61

PCV, TP, Gb, and Mg showed a moderate heritability, within the range
.20-,30, and only LDH and AP showed a medium-high heritability, .39 and
.61 respectively., Differences among estimates by other authors and among
these and our results are generally large. It is worth noting that the
few heritability estimetes for enzymes available in literature are in
agreement with the estimates from the presente trial (Adam et al., 1985;
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Gondesen, 1980). In this preliminary work we discuss only correlations
among those traits which presented an heritability level of at least
.15, Phencotypic correlations are presented in table 2 and genetic
correlations are in table 3.

The analysed variebles did not show fairly high phenotypic
relationships with the performance traits, and all the correlation
coefficients laid within the range -.13 and +.18. Among blood components
with moderate heritability, PCV presented a medium positive genetic
correlation with DG {.41) and with F% {.46), and a negative correlation
with B% (-.39), while Gb showed a genetic correlation of some importance
(.30) only with LM¥%. More interesting is the pattern of genetic
correlations with production traits of LDH and AP: both enzymes did not
show substantial genetic correlation with B% and M/B, but they showed

Table 2. Phenotypic correlations between average concentrations of some
blood constituents at 6, 9 and 12 months of age and some
productive parameters.

DG LM% B% F¥ ¥/B
PCY .083 -.121 -.019 .176 -.024
Gl .042 062 ~.118 000 Y ,118
TP .057 -.020 1,013 .046 -.018
Gb -.004 .048 . .042 ~.040 -.021
Cr .053 .084 -.134 ~.126 .134
Mg .075 -.032 -,001 006 -.024
GPT -.018 -.075 121 021 -.094
LDH -.029 -.031 .007 -.014 -.C04
AP -.114 .087 011 -.119 .020

Table 3. Genetic correlations between average concentrations of some
blood conatituents at 6, 9 and 12 months o¢f age and some
productive parameters,

DG LM% B% F% M/B
PCV .412 T -,045 -.394 L 461 .241
Gl -.534 ~-.169 -.208 .107 007
TP .170 .039 .267 .219 -.203
Gb .046 +296 .085 -.194 .037
Cr .176 .171 .187 -.160 -.030
Mg 412 -.263 .198 049 -.344
GPT -.464 ‘ +401 .392 -.648 -.222
LDH -.515 -.013 ~.084 -.128 -.016
AP -.5563 .287 .069 -.299 .074

medium negative correlation with DG (-,.52 and -.55, respectively) and a
moderate negative one with F%¥ (-,13 and -.30). Finelly, AP presented &
medium positive pgenetic correlation with LM% {.29). The high
heritabilities and genetic correlaticns with the production traits
showed by LDH and AP, as average of their concentrations st 6, 9 and 12
monthe of age, suggested the usage of the plasma level of these enzymes
at early ages as indicators for growth capacity and carcass composition
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at maturity. LDH and AP did not show substantial genetic variability at
3 months of age while at 6 months they showed noticeable heritabilities
{.29 and .66, respectively) and genetic correlations with DG {-.48 and
-.50) and with F% (-.36 and -.29).

Conclusions

These preliminary results indicate that LDH and AP plasma
concentrations in young bulls could be used as objective criteria for
evaluating carcass composition in live animals at the end of performance
test. Also, AP and LDH concentrations at early ages could be used as
indicators of growth potential and carcass traits at maturity for calves
before entering performance test. However, these results need to bhe
confirmed by implementing Multiple Trait Analysis in order to obtain
more relyasble correlation estimates and to be verified on larger data
sets.
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GENERAL DISCUSSION (SESSION III)

R. Aleandri

Assoclazione Ltaliane, Via G. Tomasetti 9, 00161 Roma, Italy

The discussion was focussed on three pointa of interest:
1. Parameters related to the sexual and reproductive performance of young
bulls.
2. The use of a stressing procedure to get indicators of physiclogical
reactions of the animal.
3. Possibilities for selection on disease resistance.

Sexual and reproductive performance traits as libido, semen quality and
semen quantity, are often used as culling criteria of young bulls. We
loose on selection intensity and it 1s difficult to determine correla-
tions with field performance for fertility. Standards are usually
determined by AI-studs including the rate of dilutionm.

With respect to metabolic parameters and stressing procedures it was
discussed which test would be useful and which animal we need to select.
If we use metabolic parameters as wmeasure of animal xesponse to a fasting
gtress to predict, for example, the fertility of a bull's daughter, we
would like to have "stable” animals. According to German research liver
stability seems to be iInvolved in all production and fertility traits.
For high producing cows the load of the liver produce a disturbtion of
the liver cells giving the cow a higher liver cells turnover. The level
of liver cell enzymes In the blood is an indication of liver stability.
Experiments were presented with different challenge tests as fasting,
adding adrenalin, etc. General questions that were arised:

- What do we want to simulate with a glven stressing procedure?

— What is the predictive value of the stressing procedure of young bulls
for the metabolic status of e.g. the high producing cow?

- What kind of reaction is preferable of a stressed animal?

Selection for disease resistance can be supported by measuring specific
parameters related to immunclogical responses. The effectiveness of this
approach depends on the trailt you are dealing with. Field tests e.g. for
mastitis showed low heritabilities but selection experiments with
challenge tests in other sgpecies have shown reasonable rxesponses.
Preliminary results of research in Norway showed a small positive
relationship between several immunological traits and mastitis. A problem
may be the way of characterizing mastitis.

Research 1is 1In progress oriented to study the possibility to measure
hormonal parameters of young bulls and to quantify their Iimportance as
predictors of breeding values to support selection decisions.

,
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Session 4

Estimation of breeding values of performance
tested bulls
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ESTIMATION OF BREEDING VALUES FOR GROWTH IN PERFORMANCE TEST IN NORWAY

Torstein Steine
Norwegian Red Dairy Cattle Association/Department of Animal Science,
As, Norway

Summary

The method of utilizing the performance test data in Norxway is des-
cribed. The accuracy of the breeding value for growth at the perfor-
mance test stations is digcussed.

introduction

In Norway the performance testing of potential AI bulls has been a
part of the breeding program since 1957.

From 1972 two stations are used for this purpose and they have a
total capacity of 400 bulls per year.

wWith a dual purpose breed thig performance test has an important
role to play beth in providing data for selection and in giving a
standardized environment for the young bulls.

Test period

The test period used te start at three months of age and last dntil
12 months of age. In 1986 the length of the test period was changed
from 270 to 240 days by ending the test at 11 months of age. The
reason for this is that the twelvth month normally is used to test the
bulls' ability to produce semen, and it has been shown that this
testing affects the growth rate, FPimland (1973} and Kirkeeide (1985).

The data also show that a test period of 240 days is sufficient for
the purpose.

Traits

From 1972 the selection criterion has bkeen average daily growth in
the test period. The bulls are fed concentrates according to age and
roughage {mostly grass silage) ad libitum., With this feeding regime
and selection for growth rate the intension is teo improve the animals'
ability tc grow fast on a diet with a high percentage of roughage.

Table 1 shows genetic and phenotypic parameters estimated from data
for the years 1972-1584, a total of 4320 tested bulls with 144 sires.

The results in Table 1 shows that there are high genetic correla-
tions between all these traits. This demonstrates clearly that selec-
tion for one trait or for combinatichs of traits will lead to increas-
ed size of the whole body. It also shows that selection with some
restriction on the final weight may be little effective,
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Table 1. Genetic and phenotypic parameters for some traits recorded at
the performance test stations 1972-1984.

Genetic correlations above the diagonal, heritabilities on the diago-
nal and phenotypic correlations below the diagonal.

Daily Weight Heart Height

growth 90 d. 360 d. girth at rump
Daily growth 0.39 0.51 0.96 0.82 0.45
Weight, 90 4. 0.14 0.24 0.74 0.62 0.64
Weight, 360 4. 0.89 0.57 0.43 0.85 0.57
Heart girth 0.61 0.45 0.71 0.34 0.46
Height at rump 0,33 0.40 0.46 0.37 0.60

Standard errors of heritabilitiesg: 0.04-0.08
Standard errors of genetic correlation: 0.03-0.09

Breeding value

The breeding value is calculated using only growth rate. The result
of the bull itself is combined with results on the bull's paternal
half brothers. Until now we have used a heritability of 0.55 according
to the findings of Fimland (1973), but it will be changed to 0.40.

Before entering the computation of breeding values the growth rate
is expressed as deviation from the mean of the group of contemporary
bulls at the station. Congequently the number of contemporaries may
affect the accuracy of the breeding values. The breeding values are
presented as an index ranging from 1 to 10, the performance index.
Selection of wyoung bulls is done four times a year and within each
group +the maximum age difference is about 3 months. This may also
affect the accuracy of the breeding value, especially if there is some
variation in feed guality within this period. The two Norwegian sta-
tions are of different size and consegquently the groups of contempor-
aries are of differenty size too. The biggest station has a capacity
of 250 bulls while the smaller cne has a capacity of 150 bulls.

In order to see if the group size affects the accuracy of the per-
formance index we have estimated the correlations between performance
index and progeny test result for beef production within performance
test stations and for bulls tested in small and big groups.

The results are shown in Table 2,

Table 2. Correlaticns between performance index
and progeny test results for beef production.

Number Performance index -
of bulls progeny test

. Emall 120 0.13 .
Station Big 238 0.17
croup size <50 233 0.13

P S1Z€ Sep 125 0.19

As leohy as the progeny test is equally accurate for all bulls these

‘correlations show that there is an effect on the accuracy of the per-

formance index of group size.
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Future breeding value

The existing breeding values are probably quite useful because there
are only two test stations and the groups are never at the absclute
minimum size. However, it will be possible to improve the breeding
values by using a BLUP procedure with the relaticnship matrix includ-
ed. That will make it possible. to connect the two stations because the
bulls at the different stations have the same sires.

In this way the performance index would be more accurate, but as
long as we are just selecting the best half of the bulls it is not
likely to have much effect on the selection response achieved.
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ESTIMATION OF BREEDING VALUES FOR BEEF PRODUCTION TRAITS ON
SWEDISH DUAL—-PURPOSE CATTLE

Thore Henningsson

Department of Animal Breeding and Genetics,
Swedish University of Agricultural Sciences,
S—750 07 Uppsala, Sweden

Abstract

A Mixed Model procedure has been applied to the Swedish performance testing of
dual—purpose bulls and was officially introduced ln the evaluation for growth rate
from January 1987, The model include fixed effects of test station, year and
season of birth and breed of the bulls tested and the random genetic effects of
sire, maternal grandsire and each individual bull. Due to large variation in
year—season effects in daily gain at most stations, breeding wvalues are estimated
using the deviations of daily gain of the single bulls from a rolling station average.
Breeding values will be related to the average breeding value of a rolling base of
the latest 4 years and presented as relative breeding values.

Keywords: growth rate, performance testing, breeding value, BLUP.

Introduction

Performance testing has become an important tool in many countries in the
evaluation of bulls for beef production traits, particularly growth rate. The
estimation of breeding wvalues for bulls has generally been done by comparing their
performance with a rolling average of contemporaries. Changes in breeding
structure, new breeding goals and improved breeding programs have modified the
assumptions that were necessary for the old procedures to work satisfactorily,
Theoretically better evalvation methods have been developed and at the same time
computer facilities have made it possible to handle vast quantities of data.
Henderson's Mixed Model or the Best Linear Unbiased Prediction (BLUP) procedure
(Henderson, 1973}, has become a standard method in amimal breeding and is
widely used in many countries for evaluating the genetic merit of individuals for
many traits. Due to the great flexibility of this method it is possible to find
evaluation procedures that suit different types of environmental conditions.

The aim of this paper is to describe the application of a Mixed Model procedure
to the Swedish performance testing of dual—purpose bulls.

General structure of the performance testing

The Swedish performance testing scheme has ,been described by Henningsson
(1986a), and others, The testing of dual—purpose bulls is today carried out at
seven stations with a fotal capacity of 500—550 bulls tested annually. The stations
are run by the AI cooperatives under supervision of The Swedish Association for
Livestock Breeding and Production (SHS). Bulls are evaluated for daily pgain
between 2 and 12 months of age. The evaluation has been done from 1963 until
now by using a Contemporary Comparison method. Daily gain of a single bull was
compared with the average growth rate of other bulls which were tested
contemporarily at the station. A relative breeding value, T, for daily gain on test
was then calculated according to the formula:
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T=h2(R—100)-+100

where

h2= heritability for growth rate = 0.4

R = relative growth rate, i.e. growth rate of the young bull as a percentage of
that of its contemporary group.

The need for a new evaluation method

Data from the performance testing have been analysed by Henningsson (1986
a,b,c). The main results from these analyses can be summarized as follows:

Non genetic factors, such as test station, year and season of birth and
interactions between these, were found to have a significant influence on daily gain.
In order to obtain good estimates of the breeding walue for growth rate,
pre—~adjustment should be made for some of these effects. However, difficulties
arise when seeking generalized adjustment factors, due to the occurence of
interactions.

The contemporary groups did not as a rule adjust satisfactorily for seasonal
effects, due to the limited number of bulls and sires tested within a reasonable
period of time.

Furthermore, the intensive use of sires over a short period of time, which has
been increasingly pronounced during recent years, gave rise to contemporary groups,
consisting of only few progeny groups, though large. In such circumstances the
genetic level of the contemporary groups would fluctuate, which would affect the
estimates of breeding values of the young bulls. It seemed difficult to deal with
these circumstances by the Contemporary Comparison method, but could be solved
with a Mixed Model procedure.

Introduction of a Mixed Model procedure

In the application of a Mixed Model procedure reported by Henningsson (1986d)
the following linear model was wused for the evaluation within breed of
performance tested bulls born 196782,

Yiji= ti+8j*+sjk+Pijki+ ¢ijkl Model 1
where

Yijki = an observed daily gain on test

t = fixed effect of ith station—year—season of birth

g = fixed effect of jth sire group

Sik = random additive genetic sire effect

Bijki = random additive genetic effect of each individual bult

€jjki = a random error associated with each individual bull's record.

For a detailed description of the model and the solutions, see Henningsson
(1986d).

Growth rate records were pre-—adjusted for the average effects of momnth of birth
by using adjustment factors described by Henningsson (1986¢). Each year was then
divided into two seasons, wviz. December—May and June—November. In this way,
months with similar effects on daily gain were combined in the same season. It
would have been possible to form more than two seasons per Yyear, but then the
number of records per station—year—season subclass would have been small,

Groups were formed for sires to account for genetic trends over time. The
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grouping was based on year of birth of the sires. Three to five consecutive years
were brought together in order to get approximately 50 sires in each group.

Predicted sire transmitting abilities, PD, for growth rates measured on the sons of
any sire, were expressed by (Bj"'sjk)-

The estimated breeding values for bulls, EBV, were obtained in the following
way: -

EBVjjki= & +5jk *Pijki

For practical purposes, EBVs were converted into relative breeding values (RBV)
in the following way:

RBy- _EBVHADG 4,

ADG
where ADG is the average daily gain on test,

Test for disconnectedness between test station—year—season subclasses were made
as described by Eriksson et al. (1978). All subclasses were found to--have sires in
common and were thus connected.

Results

The results obtained could be summarized as follows: (For details see
Henningsson, 1986d).

Heritability estimates for dally gain on test varied between 0.29 and (.38 for the
two main dual—purpose breeds, Swedish Red and White (SRB) and Swedish
Friesian (SLB), respectively.

Correlations within year between breeding values by the Mixed Model procedure
and breeding values by the Contemporary Comparison method were 0.88 for SRB
and 0.83 for SLB. This shows, assuming that BLUP gives accurate breeding values,
that it would be possible to improve the accuracy of selection for daily gain by
12—17% by using the Mixed Model procedure.

Andersen et al. (1984) reported slightly higher correlations (0.89-0.93) between
breeding wvalues by BLUP and T-—values from the Danish performance testing of
dual—purpose bulls.

Annual genetic trend in growth rate of performanee—tested bulls was positive,
though fairly small. Weighted by their use in Al, the trend was estimated to 1-3
g/day. The modest genetic improvement was expected in view of the low selection
intensity after performance tesing, where on average only 20% of the bulls tested
for daily gain were culled due to low growth rate.,

Application of a modified BLUP procedure

In a foilowing uwp study on essentially the same data, viz. bulls performance
tested 1967—85 Eriksson (1986) applied the following modified model for across
breed evaluation:

Yigt =Gt Bsjetpijiat el Model 2
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where in addition to Modell 1

13 = fixed effect of jth breed
sik = ga random additive genetic effect of the kth maternal grandsire (MGS)

The inverse of the additive relationship matrix was computed according to
Henderson (1975} and considered sires and MGS of the bulls. MGS with less than
4 maternal grand sons and no sons were treated as unknown. Precorrection of
daily gain for the effect of month of birth was done as described by Henningsson
(1986c).

Grouping was not included in this model in order to aveid possible problems with
obvious under or overestimations of group effects,

Growth rate,

Deviations,
g/day ~—— Growth rate {pre-adjusted}
100 - ~+—+ [eviation from rolling average

=100

e

‘r 1 1 1 N 1 1 1 1 L 1
68.1 701 721 741 76.1 76.1 80.1 821 84.1 86.1
Year-season

Fig. 1. Year—season effect on daily gain and on the deviation in daily gain from
a rolling average in one test station (Eriksson, 1986)

Eriksson (1986) especially pointed out the large variation in daily gain expressed
as year—season effects that existed in most stations, particularly between adjacent
seasons. As an example the year--season e¢ffect on daily gain in one of the largest
test stations is shown in Fig. 1. Such large variations were also described by
Henningsson (1986a,b). This large variation in growth rate is unacceptable regarding
the evaluation of the bulls. Especially problems arise at the border between two
seasons, In the extremes there could be a difference of 100 grams in daily gain
between two consecutive scasons, which could cause an incorrect difference in
estimated breeding values between bulls of 3—4%. To overcome this problem
Eriksson {(1986) suggested that breeding values for daily gain should be estimated
using the deviations of daily gain of the single bufls from a rolling station average.
This rolling station average was calculated for each single bulls as the average daily
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gain during a 5 months period with month of birth of the single bulls in the
middle of this period. The year—season effect estimated on deviations in daily gain
from the rolling average is shown in Fig. 1 for the same test station as mentioned
before. It can be seen that the differences between year—seasons is less but still
there are some varlation left. This is especially the case for the last season which
might be explained by the fact that only few bulls are included.

Breeding values calculated from deviations as described above showed a slightly
lower variance than did breeding values estimated from daily gain. The difference
between the two types of breeding values had a standard deviation of 0.45
T—units which is rather much, Table 1. The correlation between the two types of
breeding values was 0.98-0.99,

Table 1. Means and standard deviations for breeding values calculated from daily
gain and from deviations from rolling station averages (Eriksson, 1986)

Breed No of Breeding Mean S.D.
bulls value

SRB 5.760 Daily gain 100.24 2.56
Deviatlon 1060.20 2.49

' Difference 0.05 0.43

SLB 2.143 Daily gain 100,26 2.65
Deviation 100.32 2.58

Difference -0.06 0.45

An alternative for the evalvation could be the application of an animal model.
This has however not been considered so far. An animal model would be more
expensive to run and furthermore, the correlation turned out to be good between
breeding value of the sires in their performance testing and that of their sons.

The Mixed Model described here (Model 2) was officially introduced in the
evaluation of performance tested dual—purpose bulls in Sweden from January 1987.

Daily gain will be evalvated as deviation from a rolling station average as
described above. Included in the rolling averages will be bulls from 8 months of
age. Breeding value will be estimated for bulls from 10 months of age.

Live weight at one year of age for all bulls included in the evaluation procedure
will be estimated from their live weight, registered during the preceding 2 months
by means of a lincar regression.

Daily gain on test will be pre—adjusted multiplicatively for the effect of month
of birth by means of adjustment factors given by Henningsson (1986c), for the
effect of breed by additive adjustment factors given by Eriksson (1986) and to 60
days of age at start of test by a coefficient of regression of —1 g/day.

Breeding values will be related to the average estimated breeding value (EBV) of
a rolling base of performance tested bulls which finished their test during the latest
4 years. This base will be moved one year in September each year.

. The breeding values will be presented as relative breeding values (RBV}. (In
Sweden they might be called T-—values as before). The RBV:i will have a natural
variation and average daily gain within breed for bulls tested the latest 4 years will
be used as a base,
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The relative breeding value of the bulls will then be computed as follows:

Sjk"'%s“jk"'pijkl -EBV+ADG
RBV= x 100
ADG
where in addition to Maodel 2

RBY = relative breeding value (T —value)

EBV = average estimated breeding value of the base years.

ADG = average daily gain within breed of bulls tested during the base years.
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ESTIMATION OF BREEDING VALUES FOR MEAT PRODUCTION IN GERMANY
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Summary

The level of performance test for growth and carcass traits in cattle
the Federal Republic of Germany are described. Breeding value estimation
differs by breed and region. Procedures, including deviation from
rolling base and BLUP were carried out. A reduced animal model for
estimating breeding values from this data of 1individual performance
testing, data from stations and field data are presented.

Keywords: Germany, performance test, rolling base, reduced animal model.

Introduction

In the Federal Republic of Germany, dual-purpose catile-prevail with
different level of importance given to milk and meat production. There-
fore the breeding value estimation of growth and carcass traits is not
separated from the milk production.

The performance tests and the breeding values estimation are
implemented by the "Verordnung ilber die Kérung von Bullen" (BGBl. I p.
1477, 20 -August 1979) on recommendation of the "Arbeitsgemeinschaft
Deutsche Rinderziichter" (ADR, 9 November 1983). The interpretation of
these laws apply to the federal countries and breeding organisations.

Performance testing of bulls

In the FRG there exists individual (IPT) and progeny performance
testing (PPT}. The IPT is performed at stations or in field tests for
potential future A.I. bulls., At stations, gain and sometimes feed intake
are recorded from bulls of planned mates. The test regimes (duratien,
feeding and housing} are different for station and breed. At the moment,
there are ten IPT-stations with a total capacity of 1541 places (72 -
280 places per station). The test period varies between 218 (112-330
live days) and 360 days (60-420)(Holm, 1986).

The IPT on field tests incliudes the measurement of live weight at
auction. The calculations of daily gains require the assumption of a
mean birth weight of the different breeds. In the last year 14996 dual-
purpose and 505 beef bulls were tested on the field (ADR, 1986). The
criterium for percentage lean by IPT is the subjective grade for
muscularity.

The PPT (females and males) is carried out for test bulls on different
test regimes: station and simple and controlled field tests. Besides
growth and feed intake, carcass traits are recorded. There are seven
stations with 1523 places (125-540). The age at the beginning of the
test period varied between 28 and 113 living days. The end of the test
period lies between 245 and 520 live days or is reached at a given live
weight {350-450 kg)(Holm, 1986).

The organisation of the field test (PPT) depends on the breed and
region. For example, there is the simple field test in Bavaria (Fleck-
vieh and Gelbvieh breeds) and the controlled field test in Hohenlohe-
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Franken (Fleckvieh breed). The first alternative makes it possible to
registrate the carcass traits of 17000 young bulls a year. This allows
the testing of 430 test hulls (40 males/fest bull). In the second case,
90 progeny per year are analyzed (15 males/test bull}.

Estimation of breeding values

The Index

For the registration in herdbook it is necessary to calculate an index

with the following informations:

- the breeding values for milk yield of the ancestors

- the breeding value for meat production

- the subjective valuation of the appearance

- the evaluation of the sperm production (only Angler breed)

The index is compuied without consideration of phenotypic and genetic
correlations (base index). The coefficients of the index are
standardized to reach a given value for the standard deviation in each
partial breeding value and depends on the breed and region. The total
standard deviation must total 36 points.

Partial breeding value for meat production

The partial breeding value (lean) consists of the information ¢of <the
individual, progeny and sib records. For consideration of different
traits (daily gain, feed efficiency, carcass traits) a subindex is
constructed with inclusion of the genetic and phenotypic correlations.

The estimation of the partial breeding values makes use of the
deviations from individual records or progenies averages and a rolling
average, which is at least the mean of 30 tested bulls. The deviations
are multiplied with the heritability (IPT) or with the factor 2n/(n+k)
{PPT), where n describes the number of progeny and k is corresponding to

(4-h2) /n2.

An alternative to the above mentioned principle is the best linear
unbiased prediction (BLUP). The mixed model which produces BLUP is
applied to single traits by individually tested bulls (Wenzler, 1986) on
station and progeny test on the field {Schild, 1986)in Baden-Wiirttemberg
and Bavaria respectively. The sire-model used in Baden-Wirttemberg
considers the fixed effects of station-year-season and the genetic
groups of the sires. Wenzler (1980) analysed the correlation between the
breeding values of bulls with the "split and compare" method. The
author shows that the relationships between both breeding values were
higher with the BLUP-method (Baden-Wirttemberg) than with the simple
deviations {(Table 1).

A reduced animal model for prediction breeding values

In the station of the Angler breeding organisation in Siiderbrarup
(Schleswig-Holstein) all potential future A.I. bulls are individually
tested for growth capacity. At the Institut for animal breeding in Kiel
a model was developed which perimits the prediction of breeding values
for daily gain of this station. The analysis of the data show that 20%
of the bulls have less than five half-sibs. The application of a simple
sire-model shows that the prediction of breeding values for these bulls
was very inaccurate. Therefore, additionally information was taken into
account. This new information was the relationships on the mother's side
and the performance of individually tested sires (if it exists).
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Takle 1. Correlation between sire-breeding values
estimeted on two groups of sons (Weazler, 1980).

Method * Number of sires Correlation
I 70 .37
11 70 .53
111 70 .61

* I sums of deviations

II
111

contemporary comparison
BLUP of breeding values

nunn

A total of 912 self performance results ware evaluated over $ix years.
Nearly 48% of the bulls have half sibs on the -mcther's side. The
individual performance records were available from 31 sires (total
number of sires = 126).

For the prediction of breeding values, a reduced animal model (RAM)
was choosen under consideration of all the relationships. In spite of
the limited computer capacity (a inversion in core of a 300 x 300 matrix
was possible) the results were obtained by the inversion of the
coefficient matrix of the mixed-model-equations (MME). This allows
simultaneous estimation of the components of variance by restricted
maximum likelihcod (REML} and calculation of the accuracy of the
prediction for each breeding value. )

Table 2. Means of the ratio cfzthe variance of prediction error
and residual variance (PEV/E.°) for different groups of bulls
dependent on the number of pate?nal half-sibs (Mendizabal, 1986).

Group  Number of Number of 2
half-sibs animals PEV/Sé
RAM sire-model
A VAR 85 L343 .423
B £ 20 310 L334 AN
C Z 60 557 .323 .397
All animals 912 314 .385

Following computation a comparison was made between RAM and the sire-
model. The accuracy of the estimates were expressed as the variance of
the prediction error (PEV). The average PEV was lower with RAM compared
to the sire-model (Table 2). The order of rank from bulls within years’
was alterated slightly between these two unbiased methods, but in
individual cases the change was very evident. The inclusion’ of the
relationships on the mother's side caused a lot of small differences- in
the rank of order. However, the sequence of bulls was strongly
influenced by the performance of their sires {Table 3). In the future,
this factor gains in significance with an increased number of tested
sires.
~ The estimation of components of variance and breeding values required
five iterations with a CPU-time of about one minute per iteration, The
expense is minimal compared to the gain on informations:
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-the estimation of components of variance by REML
-the increased accuracy of the estimation
-the calculation of the accuracy of each breeding value.

Table 3. Number (n) of changes in the rank of order within years*
{(Mendizabal, 1986).

Size of the Cause

change of rank
Relationships on Self performance Both infor-
the mother's side of the father maticn
n n n
> 30 6 6 14
> 25 8 10 20
> 20 23 14 40
215 43 19 75
710 98 27 146
> 5 202 a1 294

* Average number of bulls per year = 152

The prediction of breeding values for station and field data

The same method (RAM) was applied to predict comparable breeding
values for station and field tested bulls. Therefore the model was
extended in order to make allowance for genetic correlated traits
(station or field). Each bull has an observation either on station or on
field. The number of station observations was not sufficient to obtain a
satisfying estimation of the correlation between the two traits. If
exact values for this correlations are available, the estimation of
comparable breeding values for all animals is possible.
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ESTIMATION OF BREEDING VALUES IN DENMARX FOR BEEF TRAITS ON DANISH DAIRY-
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Summary

The testing scheme for performance test for beef traits on dairy- and
dual-purpose cattle breeds in Denmark are briefly described. Systematic
environmental factors affecting the performance test results as well as
the currently used least squares method for estimating breeding values
for daily gain and carcass quality are discussed. Futhermore, possible
improvements of the evaluation procedure by using a BLUP-procedure with a
full animal additive genetic mixed model, and by taking the effects of
gene importations (additlve genetic effects and heterosis) into account.
Keywords: Performance test, cattle, BLUP, animal model, heterosis.

Introduction ,
Selection on basis of performance test results is particularly useful
for traits of moderate to high heritability. Selection can be carried out
at the game time as the animal reaches breeding age. It will reduce the
generation interval, and in addition no semen collection, test insemina-
tions or progeny tests for dairy traits have to be carried out for bulls
culled on poor breeding value for beef tralts. The most important traits
for testing and selection in performance tests are growth rate and car-
cass quality, but also other traits can be of potential impertance i.e.

feed eficiency, physiological parametersg, resistance to diseases etc.

Actual traits for selection

¢ally and/or physiologically regulated), the residual efficiency of the
animal {maintenance requirement, heat loss related to growth and the ef-
ficiency of the digestive tract), and the tissue growth capacity.

Carcass guality includes the tralts dressing percentage, fatness,
muscle-to-bone ratio and conformation. Indirect prediction of body compo-
sition in live animals can be made by & subjective scoring system, or by
an objective ultrasonic measurement of fat thickness and muscle area in
the loin region.

Testing scheme

Potential breeding bulls of the breeds RDM (Red Danish}, SDM (Black and
white Danish), DRK {Red and White Danish) and DJ {Danish Jersey) are tes-
ted in the age interval from 42 to 336 days. The bulls are feed with re-
stricted amounts of milk and concentrates and a complete diet mixture ad
libitum, weighed every four weeks, and each day their feed comsumption is
recorded. The health is controlled and all veterinary treatments
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recorded. At an age of 9 1/2, 10 and 10 1/2 months the area of bulls M.
longiseimus dorgil LD area is measured by means of ultrasonic egquipment.

Collection and analysis of data as well as the publication of testing
results is done by the National Institute of Animal Science.

Breed characterization

Total means per breed for the most important traits based on 10 years
data are given in table 1.

Table 1. Breed averages for the most important traits recorded on
performance test stations. (Andersen et al,, 1987).

Breed RDM SDM DJ DRK
No. 1811 2391 526 120
Weight at 42 days, kg 62 04 37 63
Weight at 336 days, kg 418 436 292 437
Daily gain, g 1211 1263 867 1272
Total feed intake, SFU 1605 1660 1158 1566
Feed efficiency SFU/kg gain 4.52 4.47 4,55 4.2¢
LD area at 400 kg, cm? ) 61,8 59.8 - 64.7
Wo. of diseases : 2.45 2.34 1.50 3.52

Bystematic environmental factors

The factors influencing growth rate and feed efficiency'have been in=-
vestigated by Jensen and Andersen (1982) and more recently by Andersen et
al., (1987}, using the following fixed model:

= + + + +
Yijklmn STi BYj BM, (ST x BY X BM)ijk (1)

B, + + +
LT S YR ¥ en ki

Where ¥jikimn is the observed value for the nth animal after the mfh sire
from breed 1, born in month k of year j and tested at station i, b is the
regression on age (a) at arrival at the station, and e is the random re-
sidual.

Based on analysis of data from the first 10 years of performance test-
ing (Andersen et al.., 1987}, no general envirommental trend (year-effect)
was found, but some variation from year to year appeares. General station
effects on daily gain and feed intake were significant. These effects are
due to differences in the housing system, variations in the feed stuffs
available and perhaps some differences in the management of animals. Sea-
song have a general effect on growth rate. Calves born in the autumn have
had a 3-4 per cent higher daily galn than calves born during spring, with
other periods being intermediate. However, the three main effects
mentioned above are not mutually independent as the three-way interaction
were significant for daily gain and feed efficiency (P<0.0007}. It is
mainly the differences between stations and the effect of season that
varies from year to year and from station to station. This is problably
due to unsystematic variation in quality of available feed and effects of
epldemic diseases that affect the stations from time to time.
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For muscle area, measured by ultrasonic, Jensen and Andersen (1982) and
Andersen et al. (1987) used the following fixed model:

Yilegm: STg ¥ My B B wld ) £ B St e kim (2

where Yilkjm is the mth measurement, taken on station (ST) i, onh day of
measurement (M) 1, at age-group (A) k. The regression by x w(Ag) is the
individual regression within age group on the live weight of the animal
at day of measuring. B refers to breed and S are sire groups within
breed.

The ultrascnic measurements are carried cut at a fixed age, and hence
variation in weight at measurement appear. Due to carry over effects from
daily gain, station effects on muscle area have been present, but after
correction to constant weight these differences were removed. {Jensen and
aAndersen, 1982},

An important uncontrolled factor on ultrasonic measurements has been
the effect of day of measurement. In model (2) effect of "day of mea-—
surement™ has been highly significant (P<0.000%1). The causes of this
effect are unknown. The use of the ultrasonic equipment is complicated
and involves several tasks, which can contribute to error. Even though
intensive invegtigations have been carried out, it has not been possgible
to identify single sources of variatlon (Busk, Personal communication).

Prediction of breeding values

After the test, relative breeding values for daily gain (T-index) and
for muscle area (U-index) are calculated. A total performance test index
(I-index) is calculated as the sum of 7- and U~index deviations from 100.

The T=index is calculated as:
Teindex = h2 x ((Py x 100 / P) — 100) + 100
where h? = coefficient of heritability for daily gain = 0.6.

Py average daily gain for the bull.
P breed average at the station.

The U=index is calculated as:

U-index = h2 x ((Uy x 100 / U) - 100) + 100

where h2 = coefficient of heritability for ultrasonic muscle area:
0.40 in RDM and 0.45 in SDM and DRK,

= yltrasonic muscle area adjusted to conatant liveweight.

breed average at the station.

C.‘g‘C'-

The procedure used for estimating the breedstation averages (F and E)
has undergone some development during the decade the performance test
stations have been operating. ’

In the first years a simple rolling staticon breed average was used.
Over the years use of bull sires became more and more concentrated on
fewer bulls and further those bulls were used within a short time period.
This influenced the rolling station average and biagsed the predictions of
breeding values. Hence the procedure wag changed, so that the
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environmental level in a specific station-year-season was estimated by
least squares techniques on data from all bulls tested within the last
four years, using model (1) and (2) for growth rate and ultrascnic mea-
surements, respectively. Consequently, the breeding values are expressed
relative to a rolling genetic base consisting of the bulls tested in the
last four years.

Further improvement of the evaluation procedure

The procedure for estimating breeding values used at present gives un-
biased predictions but the predicted breeding values will not have mini-
mun prediction error variance, because the least sguare procedure does
not take intc account that the gire effect is random., Further more, this
method does not utilize information from relatives. An increasge in accu-
racy could be obtained by using a full Animal additive genetic Mixed Mod-
el (AMM). This procedure takes the random nature of the genetic effects
into account and utilizes all the infeormation in the data,

An other possible improvement of the evaluation procedure would be to
take into account the effect of gene importation, which has had a great
impact on the Danish cattle breeds during the last decade {(Madsen, 1985).
Posgible effects of this gene importation could be additive-genetic
differences between the involved breeds/populations and heterosis.

To investigate the effects of using an AMM procedure and to take into
account the effects of gene importation Andersen et al. (1987} used the
following mixed model:

Y =8¥S, + b
1

i3kl X8 + by xd 3)

+ B, + BYS
1 ;|

jk1 ijki
+ b3 * p(ABK) + b4 x p(HF) +§§;bm x P (Oml + animalijkl + eijkl
where ¥j4i1 is the 1th observation on an animal belonging to breed j and
recorded in station-year~season i, by is the regression on age{(a) at ar-
rival at the test station. The regresaion by is the regression on the ex-
pected proportion of heterosis due to dominance effects. Heterosis was
defined as general or average heterosis across all present breed combina-
tions. The regressions by-bjyp were the regression on the proportion of
imported genes of different origin in each individual. Out of the 7 dif-
ferent origins of imported genes only 2 were of importance. Those were
American Brown Swiss (ABK) and Holstein-Friesian (HF)} from North America,
Regressions on the proportion of native Danish genes in each individual
was removed from the model as a constraint. The regressions on the pro-
portion of imported genes estimate the additive genetic differences be-
tween the native Danish populations and the imported breeds/popula-
tions, Further included in the model was effect of animal and the addi-
tive relationship matrix based on sire and maternal grandsire. Bull dams
were unknown and assumed unrelated. In ordef to account for a pogsible
trend in the population of bull dams the breed-year-station (BYS) was in-
cluded into the model. The heritabilities used in the computations were
those shown in table 3, estimated in a model taking the effects of the
gene import ihto account.

The BLUP solutions for the breeding values were relative to a base po-

pulation without gene importation. To convert to absclute breeding values
additive genetic effects from the gene importation must be added.
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The most important gene importations have been from ABK toc RDM and from
HF to SDM, and only those will be discussed here, together with the gene-
ral heterosig effects. Additive effects were significant for all analysed
traits, and the estimated effects are shown in table 2.

Table 2, Estimates of additive genetic differences between RDM and ABK
and between SDM and HF and general heterosis effects. {(Andersen
et al., 1987).

Heterosis

ABK—-RDM HF=-5DM effect

Abs. % Aba. % Abs. %

Weight at 42 days, kg 4.4 7 1.7 3 =0.4 =-0.7
Weight at 336 days, kg 49,9 12 5.3 1 5.2 1.4
Daily gain,g 155 13 11 1 21 1.7
Total feed intake, SFU 116 7 6 0 =-1.2 =0.1
Feed efficiency, SFU/kg gain -0,27 =6 0.01 0 -0.07 ~1.5
1D area at 400 kg, cm? -1.9 =3 -4,7 =8 0.7 1.1
Wo. of diseases =0,13 =5 ~0.32 =14 ~0,46 -18.8

Large additive genetic differences was detected between RDM and ABK.
ABK has a 155 g higher daily growth rate during the test period tgan RDM,
resulting in ABK having a 49.2 kg higher live weight at 11 months of age
than RDM. ABK has a slightly smaller muscle area than RDM.

Only small genetic differences in growth rate was found between SDM and
HF. The importation of genes from HF to SDM has led to a considerable de-—
terioration of carcass guality, here estimated at 8 per cent.

Heterasis effects was significant for most traits, although generally
small as expected for growth traits. The estimate of heterosis for growth
rate was 1=-2 per cent, and for muscle area 1 per cent. For disease
frequency a larger advantageous heterosis was esatimated.

Gene importation has increaged genetic variation in the Danish dual
purpose cattle population. Andersen et al. (1987) estimated genetic vari-
ances in models with and without parameters to account for the effects of
gene importation. As showen in table 3, the estimated h? was biased up-
wards when gene importation was not taking inte account.

Table 3. Heritability and phenotypic and genetic standard deviation, es-
timated with and without correction for effect of lmmigraticn.
(Andersen et al., 1987)

With correction Without correction

Pheno- Gene- Pheno- Gene-
typic tie typie tic
h2 SD 8D h2 gD SD
Weight at 42 days, kg 0,12 7.30 2.55 0.15 7.32 2.81
Weight at 336 days, kg 0.39 26.1 16.3 0.58 26.8 20.5%
Daily gain 42-336 days, g 0.40 79.4 50.3 0.60 81.8 63,2
Total feed intake, SFU 0.26 72.6 37.2 0.37 73.8 44.7
Feed efficiency, SFU/kg gain 0.31 0.27 0,15 0.40 0.27 0.17
LD area at 400 kg, cm? 0.34 4.39 2.54 0.47 4,49 3,08
No. of digease, total 0,13 1.65 0.59 0.14 1.65 0.61
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Heritability estimates from models that took the effects of gene impor-
tation into account were well in accordance with results from the litte—
rature e.g. Andersen {1977), de Rooc and Fimland (1983) and with earlier
analysis of parts of the performance test data (Jensen & Andersen, 1984),

Andersen et al. (1987} calculated a correlation across breeds of 0.86
between breeding values for daily gain predicted by the AMM-procedure and
by the present used least squareg-procedura. The fact that the correla-
tions are less than 1.0 can be due to several reasons, the AMM~procedure
using model (3) accounts more efficiently for fixed effects, it takes ac-
count of additive effects and heterogis caused by the immigration, and it
utilizes information from all relatives. If the AMM-breeding valuas are
assumed to be the “true breeding values", then 7 per cent of the devia-
tion from unit correlation are due to heterosis and 21 per cent are due
to additive effecta. The regidual 72 per cent is dde to a more efficient
estimation procedure.

Further improvements in accuracy could be obtained by use of a multi~
trait procedure, but some computational problems still need to be solved

before this can be put into practical use.
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BEEF INDEX IN GREAT BRITAIN

D.E. Steane

Meat and Livestock Commission, PO Box 44, Queensway House, Bletchley,
Milton Keynes, MKZ2 2EF, Great Britain

Summary

The British beef industry has a considersble dairy component. The
pedigree beef breed structure is poor for making genetic change. A beef
selection index has been developed and could be used in dairy selection
programmes, particularly MOET schemes. The Beef Index objective is "to
maximise the financial margin between the value of saleable meat and the
cost of feed, taking into account the cost of calving difficulties" and
uges a minimum of four, and up to seven, measured traits. Details of
parameters are given, together with a discussicn of the methodology of
the contemporary comparison systems used and predicted responses from
ugse of the index.

Keywords : beef, selection index, contemporary comparisons.

Introduction

Beef production in Britain is around one million tonnes each year, of
which about two thirds come from the dairy industry in the form of cull
dairy cows and dairy-bred calves; the remainder coming f{rom the beef
herd. Abocut a third of the 4.0 millicn dairy cows and heifers are
crosshred to beef bulls and most of the calves are reared for beefl,
although some of the heifers are reared as suckler herd replacements.
The influence of the Holstein has had a detrimental effect on beef
producticn efficiency and carcase merit in Britain. The beef suckler
herd is 1.3 million cows. Mozt suckler herd matings are by natural
service whereas for the dairy herd about half are by natural service
(mainly heifers), the remainder being by AI.

Pedigree Recording

The pedigree beel herd in Britain has undergone some dramatic changes
over the last twenty years, particularly with reference to breed
substitution. However, small herd size is a structural deficiency in
terms of potential genetic change {see Table 1). Beef pedigree
recording in Britain is by the Meat and Livestock Commission (MLC).
Pedigree recording is based on weight recording at about 100 day
intervals, with 200-day weight indicating performance to weaning and
400~day weight providing an estimate of subsequent growth. MLC also
operated performance test centres with a total annual capacity of around
500 bulls. These were closed in 1986 in favour of on-farm performance
testing which is expanding rapidly. In 1985/86 about 1,100 cattle were
tested in about 100 on-farm performance tests and in 1987 at least 1,500
bulls will be tested.
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Table 1. Structure of pedigree beef herds
recorded by MLC; Autumn 1986.

Breeds Total Cows per hera* Average
herd per herd

1~-20 21-40 41-60 60+

Abardeen-Angus 33 52 27 15 & 26
Blonde d'Aquitaine 24 83 13 4 - 12
Charolais 193 81 14 3 2 15
Devon i3 30 46 B 16 29
Hereford 88 40 41 12 7 28
Limousin 171 80 17 2 1 14
Simmental 259 90 9 1 1 1¢c
South Devon 42 38 36 22 4 32
Sussex 18 56 22 & 16 31
Welsgh Black 13 23 15 46 15 54

* Figures ghow % of herds in category

Beef Index

MLC beef breeding services have been reviewed recently and a beef
gelection index has been developed. The index could be used with
suitable modification for performance testing dairy bulls before
subsequent progeny testing for milk., Recent developments in embryo
transfer would allow dual testing without any material reducticn in the
intensity of selection for milk production (Steane & Swanson, 198%). In
addition, the authors point out that any MOET dairy scheme could use a
beef index on all animals and probably could justify the recording of
individual feed intake.

The objective of the Beef Index is "to maximise the financial margin
between the value of salsable meat and the cost of feed, taking into
account the cost of calving difficulties". After much discussion,
measured traits have been limited to seven, four of which are now
compulscry before an index score can be calculated. The compulscory
traits are - calving difficulty score (on a 5 point scale as a trait of
the calf), 200-day weight, 400-day weight, and a muscling score on a
15 point scale based on the proposals of De Beer et al (1974). The
other three traits which can be added to the minimum data are - birth
weight, fat thickness, and daily feed intake.

Gestation length was not included as a measured trait since it is
difficult to ascertain in field recording and is, therefore, subject to

error.

Index Parameters

The parameters are summarised in Table 2. It should ke noted that for
certain parameters there are different preferred values for different
breed types (see Table 3). For the muscular breed types (C and D) the
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relationship between muscling score and leanness has been increased.
However, the heritability of fatness has been reduced for those breeds
where fat thickness is low and, therefore, difficult to measure
accurately.

Table 2. Heritabilities and dorrelations used in the MLC Beef Index
(heritabilities on diagonal, genetic above, phenotypic below).

Measured
birth 200-day 400-day feed fat muscling calving
weight weight weight score score
1 2 3 4 5 6 7
1 .40 40 .40 .10 -.07 .20 .50
2 .38 .25 .80 .50 0 .20 .20
3 .35 .72 .40 .70 .30 .25 .10
4 .10 .42 .63 .40 .15 .20 0
5 -.27 .32 .23 .37 - 30% 0 0
6 .10 .25 .25 .10 -.10 . 20+ A0
7 .33 .20 .10 G 0 10 .10
Objective
total saleable calving
feed meat difficulty
8 9 1¢
1 .10 .35 .50
2 .50 .60 .20
3 .70 .70 .10
4 .90 .50 0
5 .15 -.20 0
6 .10 L 30# .10
7 0 .10 .90
8 .50 .50 o)
9 40 8]
10 .10

* .10 for C and D type
+ .30 for C and D type
# .20 for B type
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Table 3. Breed index groups.

A B C D
Aberdeen-Angus Deven Belgian Blue Charolais
Beef Shorthorn Hereford Blonde d'Aquitaine Chianina
Murray Grey Lincoin Red Limousin Gelbvieh
Sussex South Devon Simmental

Welsh Black

Responses

The relative accuracies of indices involving different numbers of
traits have been calculated for all four index designs developed so far
{Table 4). It should be noted that, particularly for the continental-
type breeds, the value of feed intake is high although it is not very
often measured in on-farm tests. For the breed types A and B, fat
thickness is very influential on accuracy, as might be expected.

Table 4. Relative accuracies (%)

Index type

A B o4 D
All measured traits 100 100 100 100
excluding birth weight a8 100 100 100
" fat thickness 82 83 88 96
" feed intake a5 24 87 86
" fat & feed 66 6% 72 74
" fat & birth weight 82 81 84 95
" feed & birth weight 93 94 a7 88
" fat, feed & hirth weight 65 59 65 71

The predicted changes both for measured traits and for the selection
objective are shown in Tables 5 and 6. Calving difficulty will tend to
remain at the present level, feed intake will increase marginally with a
substantial increase in the weight of saleable meat. It should be noted
that for the "C" type index, fat thickness has been held constant,
whereas for "D" the response is predicted ad zero.
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Table 5. Predicted responses (genetic standard
deviations per standard deviation of index).

Index type

A B Cc D
Birth weight LOv .18 .19 .19
200-day weight 27 .30 .24 .22
400-day weight .2b 27 .34 .32
Feed intake .12 .09 .07 .03
Fat thickness -.27 -. 25 0 0
Muscling score .08 .04 .19 .18
Total feed .14 .12 .10 .06
Saleable meat .36 .37 .31 .29
Calving difficulty -.08 -.00 -.03 ~.03

Table 6. Economic response (contribution per £ progress).

Index type ’
A B C D
Feed -0.26 =0.22 -0.23 ~0.14
Saleable meat 1.16 1.22 1.19 1.10
Calving difficulty =0.10 ] 0.04 0.04

Envircnmental Corrections

A universal problem in testing is the calculaticn of contemporary
comparisons in order to estimate breeding values. The herd siructure of
most breeds in Britain militates against the use of techniques such as
BLUP. In addition, the use of AI in many breeds is low and many small
herds use a single bull.

In the MLC scheme the measured traits are treated in the following
way. Weights are cbtained by linear regression using at least 3 weights
to predict either the 200 or 400-day weight {(with maximum psrmitted
intervals between the weighings). Moving averages of a contemporary
group are calculated firstly by updating the correcticns for parity and
gex, and then using these corrections on the animals concerned.
Contemporaries are defined as those animals born within 50 days of the
subject animal. Each record is then weighted by p~ where p is the fixed
paramster (usually 0.98 or 0.97) and d is the difference in days of age
between the contemporary animal and the subject animal, Before an
animal can be indexed the sum total of these weights must be at least
5.0. Where this is s0, the deviation of the subject animal from the
contemporary comparison is calculated. This is then divided by the
standard deviation which is itself an exponentially smoothed deviation
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combining both the group and the breed standard deviations in
proportions according to the numbers invelved in the test. The record
which-is carried with the animal from then on is the deviation in
standard deviation units, Using standardised deviations tends to
dissuade any attempts either to adjust records or to include extremely
peor animals in an effort to obtain good index scores on other animals.
The effect of the introduction of poor animals alters the mean and also
the variance - the latter effect tends to be relatively greater than the
effect on the mean, resulting, in cases so far, in a reduction in score
for the above average animals. Indexes are calculated using the
standardised deviations, and scores take into account the relative
accuracy of the index as indicated by the measured traits available.

At present, genetic differences between herds are assumed to be zero.
It is anticipated that over the next three to five years BLUP systenms
will be developed for a new MLC computing facility., This will allow
adjustment for between herd differences. By this time, multitrait
systems should be well developed and will be used.

Dalry Cows

r———————- 5.1 millien -
Beef Suckler] cull .

Lows TV Cows
1.3 miltion

247

Progeny purebred

Home
2% Produced
Beef

Progeny

241
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[rish stores —2

Fig. 1. Sources of home produced beef.
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RELATIONSHIP BEIWEEN YOUNG BULL PERFOKMANCE AND DAIRY PERFORMANCE OF
PROGENY
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Summary

Genetic relationships between test performance of young bulls and dairy
performance of female progeny were estimated for Dutch Black and White
cattle. Performance test data for 7 traits was available for 751 young
bulls: growth rate, feed conversion, fleshiness, fatness, welght, pelvic
height and roughage intake. 145 of those bulls had a known progeny test
for dairy performance.

Genetic correlations between performance traits and milk yield were low
and varied from -0.14 to D.18. Correlations of performance traits with
fat % and protein ¥ varied from —-0.13 to .22 and -0.12 to 0.17 respec~
tively. Correlations with fat yield and protein yield varied from -0.21
to 0.30 and -0.20 to 0.26 respectively. Correlations were more negative
with feed conversion and most positive with growth and weight. Fleshi-
ness, fatness, pelvic height and roughage intake during performance test
of young bulls showed low correlations with dalry performance of progeny.

Introduction

In European dual purpese and dairy breeds beef production results from
culling of dairy cows and raising of calves that originate from the dairy
herds. The calves can be reared either in a specialized veal production
system or as beef bulla. Performance testing of young bulls, as 1is done
in The Netherlands, was set up to enable conslderation of beef producing
ability In the breeding program of those dual purpose and dairy breeds.
Young bulls can be selected on a 'beef index' consisting of the traits:
growth rate, fleshiness, feed conversion and birth weight {Jansen et
al,1984). '

The centribution of performance testing of young bulls to dual purpose
breeding programs depends upon the genetlc relationships between the
traits measured in the performance test and production tralts measured
on progeny groups. The main part of the genetic gain (in monetary units}
results from dairy traits. For a total optimization of breeding programs
relationships between performance test and dairy performance of progeny
are important as well.

Estimates concerning the correlation between performances of young
bulls and milk production of progeny are scarce (Pirchner 1986). Dif~
ferences between breeds have been pointed out before (More O'Ferral
,1982). Between breeds a negative correlation can be observed for beef
production traits and dalry traits. Although 'within breed' genetic
relationships are scarce, it was concluded that the economic merit of
selection on beef tralts 1is high in dual purpose cattle (More
O'Ferral,1982,1985).

Pirchner(1986) mentions correlations between meat proportion and meat
growth with dairy performance being negative (-0.26 and -0.38). Other
performance traits such as growth and body weight may not be negatively
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correlated with dairy tralts. In thils paper, genetic relationships
between traits measured on voung bulls during performance test and traits
for dalry performance, as measured using female progeny, will be es-
timated.

Materials

Data of young bull performance of Dutch Black and White Cattle were
collected at the Terwispel test station. The bulls had been tested in a
central station on a diet with concentrates supplied according to age.
Roughage was fed ad libitum. From September 1979 through November 1985
751 bulls were recorded for eight traits: pelvic height, fleshiness,
fatness and body weight were determined on live animals at the end of the
testing period (365 days of age). Roughage intake and total energy intake
were recorded during the test period which varied from 235 up to 265 days
depending upon the age of arrival. Growth rate and feed conversion were
calculated subsequently. The bulls that were tested were more or less
influenced by the introduction of Holstein genes. Breed composition
varied from 100% FH (purebred Dutch Black and White) to 100ZHF (purebred
Holstein). Five genetic groups were distinguished: 0Z, 1-50%, 51-75%, 76—
87%, 88-100%. Distribution of 751 young bulls over genetic groups was
102, 83, 211, 278 and 77 respectively.

Milk performance data were taken from progeny of young bulls that were
tested for performance im Terwlspel since 1979. For 145 of those bulls
about 18.922 progeny records were available from the period September
1983 through September 1986. 305 days records were taken for the traits:
kilogram milk, % fat, % protein, kg fat and kg protein. Records were
adjusted for age, days open and lactation length according to Wilmink
(1987). Incomplete records were extrapolated to 305 days when lactations
had been longer than 120 days (Wilmink, 1987). Progeny receords were only
taken from the test period of young bulls. In addition to records from
progeny of young bulls, records of other herdmates were used as well for
an accurate estimation of herd-year—season effects. Herdmate records were
used only from bulls with a minimum of 10 daughters in 6 herd-year-
seasons (total 451 sires with about 97000 records).

Method

First, performance test data and progeny test data were analysed
separately to determine variances and covariances. For each dataset a
multivariate sire model was used. Variance components were estimated by a
REML method using an EM algorithm. Relationmships between animals were
considered. Traits were measured on the same animal for all traits. In
the algorithm a transformation to canonical scale was used reducing a
multivariate analysis to t unlvariate analysis (Meyer,1385) were t 1s the
number of trailts considered.

For performance data a genetic group effect and a year season effect
were considered. Two covariables were used, in the model; length of test
period (days) and concentrates intake(kg). Two seasons were distinguished
per year.

For the analysis of (co)varlance among dairy traits, a multivariate
sire model was used with herd year seasons and genetic groups as fixed
effects. Genetle groups were determined by the ZHF blood of of the
progeny. The same classification was used as for performance test data.

For the analysis of correlations between performance test traits and
traits measured on progeny, analysis was pairwise. A bivariate model can
be considered for two traits, the first being measured on young bulls,
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the second on their progeny.

¥1 X1 0 b1 z; 0 uy el
= o+ +] (L)
3 Q Xq by 0 Zy uy ey

in which the i-th subscript refers to the i-th trait and
yi is a vector of nj observations
bi is a vector of py flxed effects
uj is a vector of sy random effects
¥; and Z; are design matrices for fixed and random effects respectively.

Records for different traits are measured on different environments and
the environmental correlation can be expected to be equal to zero. uj
refers to breeding values for the first trait and up to sire effects for
the second. For each trait u; has length equal to nj young bulls with
progeny (n;=145) plus ny, ancestors (ny=30). To estimate G;, Information
on half sigs with no progeny can be incorporated in the prediction of the
sires of young bulls. Genetic correlations can be estimated from @] and
0. Since relationships between bulls ex1sted u¥ and ug were used rather
than uy and up. uf = wyL” -l and L lp—t= p-1 50 u{ 1s a vector of uncorre-
lated randem deviates with var(ui)— 1g? gi (Quaas,1984). ;

Solutions for u* were obtained by a sire model. For the first trailt,
salutions for young bulls were obtalned by solving from the sire model
solutions:

ﬁ'f young bulls = 1 1 (y- XB -.503) (2)
V.75 1T+ /3«

To increase the accuracy of estimates of (2}, information on correlated
traits was used as well. Estimation was on a canonical scale after a
transformation of the observations per anlmal. & refers to dze /g%, on a
canonical scale. Solutions to (2) are approximations of solutions for u¥*;
from a (reduced) multiple trait animal model.

Components of variance were estimated by a method according to
Blanchard{1982);

% % K
Ggi = ui’ui/ zbik and ag = u ‘u, / Zbik Ik
for variances and covariances respectively. bik stands for the accuracy
of breeding wvalue for the k~th animal on thé i-th trait. This method
gives a reasonable approximation of variance component estimates when
random effects are uncorrelated and residual covariance equals zero
(Taylor, 1982).

Results and discussion

Performance data were analyzed for 57 sires having 751 sons in test.
Table 1 shows means, phenotypic and genetic standard deviations for the
eight traits considered.
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Table 1. Performance test traits. Means, genetic and phenotypic standard
deviations and heritabilities.

[y *]

Trait Mean oy Sy h
Growth rate(g/d) 1033 44.7 74.7 .36
Feed conversion(VEM*/kg) 5291 181 399 .21
Fleshiness(1-18} 4.82 0.44 1.00 .19
Fatness(l-18) 4.28 0.27 Q.55 .13
Body Weight at 365 d.(kg) 384.4 11.4 24.5 .22
Pelvic Height(cm) 128.5 1.43 2.57 .31
Roughage intake(kVEM*) 661.9 44,5 83.1 .29

* 1 VEM=6.9204 kJ net energy

Heritability figures for fatness and fleshiness was relatively low.
Oldenbroek et al (1986) found in similar material that fleshines,
measured on life bulls, are poor predictors of fleshiness of their
progeny. Heritabilities were somewhat higher than Oldenbroek et al
probably due to a greater percentage of FH bulls in the data. GLS
estimates of the genetic group effects were linearly decreasing with the
percentage of HF genes for the tralts: fleshiness, fatness. For roughage
intake and feed conversion group sclutions were not linearly related to
breed HF%.

Table 2. Genetie (below diagonal)} and phenotypic (above diagonal)
correlations between performance test traits.

1 2 3 4 5 6 7
1 Growth rate Fkk -.67 .35 W25 .80 .29 37
2 Feedconversion -.72 *h% -.24 -.06 -.35 .02 a4
3 Fleshiness .29 -.38 Fkk .36 37 -.04 .13
4 Fatness .56 =.09 -.54 H sk .30 .09 .22
5 Welght 365 d 84 -.55 .39 .38 *kk 49 52
6 Pelvic Height -.11 «50 -.49 .32 -.02 *kk 37
7 Roughage Intake .57 .15 ~,03 +68 +56 W48 dekde

Table 3 shows the results of 18,922 dairy records considered for 145
young (random} bulls and about 97,000 from 451 proven (fixed) bulls.

Table 3. Dairy performance traits. Means, genetic and phenotypic standard
deviations and heritabilities.

Trait Mean o o h*
Milk yield 305d (kg) 5182 426 665 41
Fat 305 days(%) 4.39 0.32 0.36 .79
Proteln 305 days(®) 3.38 0.13 0.17 +63
Fat yield 305d (kg) 226.8 21.2 52.4 .56
Protein yield 3052 (kg) 174.9 13.5 20.6 43
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Genetic group sclutions were consistently Increasing with EFZ for milk
yield, fat yield and protein yield. Heritabilities were high which might
be the result of residual breed effects affecting the random sire
component. Half of the progeny belonged to the second genetic group(l-
507BF). Wilmink and De Graaf (1986) also found high genetic variances
when mixed breeds were analyzed. Heterosls effeects might play a role as
well although it was shown not to be of great importance in milk produc-—
tion traits (Scholte Coerne,1986).

Table 4 shows the estimated genetie correlations between performance
test traits and dalry traits for progeny. Progeny test were available for
145 young bulls descending from 30 sires.

Table 4. Relations between performance test tralts and dairy
traits.

Milk kg FatZ Prot? Fat kg Prot kg

Growth Rate .03 22 W17 .21 .12
Feed Conversion -.14 -.13 -.12 -.21 -.20
Fleshiness .G3 \; .08 .02 .06
Fatness -.03 .12 .02 .08 0

Weight 365 d .18 +19 W15 =31 26
Pelvic Height(cm) -.09 0 o] -.06 -.09
Roughage intake -.10 .11 .06 .02 -.06

Relationships between growth and weight of young bulls and milk yield
and mllk composition eof progeny were positive. Correlation cof feed
conversion with dairy traits was negative. Other tralts as fleshiness,
fatness, pelvic helght and roughage intake showed low correlations with
dairy performance of daughters. Korver et al. (1987) also found low
relations between roughage intake of young bulls and roughage intake of
progeny. They concluded that those traits were not equal for reasons of
physiology as well as feeding strategy. Feed conversion based on total
energy intake showed a more significant relationship with milk produc—
tion.

A selection bias might occur since only a selected group was allowed to
have progeny. Considering selection practice for own performance this
might influence correlations of pelvic height with yield traits downward.
Alternatively a REML method might account for some selection bias. REML
estimates were consldered with a sire model for each trait. Estimates for
correlations were effectively based on 30 sires of young bulls only,
which was considered too low. A REML method based on an animal model for
performance traits gives computational difficulty. Furthermore, it was
congldered to be more important to estimate breeding wvalues on young
bulls accurately using information on correlated traits. Minimum accuracy
of those estimates varied from 0.3 to 0.5 based on correlations in Table
2.

The implications of breeding programs were not exactly determined. From
our results it can be expected that selection on young bull performance
will not greatly reduce variance for dairy traits. Apart from a decrease
in selection intensity, selection based upon own performance will not
greatly reduce genetic gain from milk production traits.
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GENERAL DISCUSSION (SESSION IV}

D.E. Steane

Meat and Livestock Commission, Queensway House Bletchley, United Kingdom

The correlations between milk and beef traits was discussed with quite
a range being quoted. In general, the Danes felt that the average effect
was virtually zero with muscling being -0.2 and growth being +0.2,
although it was pointed out that the relative economic values would be
important in drawing any conclusions for breeding schemes. The general
consensus was that there was a valuable correlation between growth and
vields of protein/fat although it was not clear whether adverse relation~
ships with muscling were due to a direct relationship with milk or simply
due to the 'type' selectlion exercised by breeders. It was pointed out
that Niebel uses -0.5 in his modelling of dual purpose breeding options
but the general opinion was that this was too high an adverse relation-
ship.

The Chairman then raised the problems of differences in variance and
the normal assumption of homogeneity. He pointed out that chapges in
variance were more likely to be environmental rather than genetic and
thus the British performance testing schemes took a simplistic (although
partially erroneocus) approach by assuming that such changes were non~
genetic. Dutch workers pointed out that other evidence analysing data by
different yield groups showed that heritabilities were similar in
different sections, except for highest yield group. Varilances were not
similar, which indicated that changes in variance should not be assumed
to be genetic but might be proportional. 1t was also pointed out that the
Dutch work reported that the variance for milk was quite high and
discussions on reasons for such high variances might give some indication
of the reasons for the high heritabilities quoted.

The problems of compensatory matings for size was ralsed and how such
matings could be taken into account in an animal wmodel. This was llkely
to be particularly lmportant in testing dual purpose breeds. A similar
effect would occur with imported bulls being mated to those cows which
were considered to be best providing assortative matings which, again,
were almost impossible to take Iinto account in BLUP systems or, indeed,
in any other system.

There was further discussion on multitrait BLUP and on indexing far
“dual purpose ability", and whilst there were some reservations on the
knowledge of the parameters needed, such practlces are under active
discussion, for example in Denmark.
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Session 5

Implications of performance test results for
breeding programmes
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THE IMPORTANCE AND THE USE OF BEEF IN THE BREEDING GOAL OF DAIRY AND
DUAL-PURPOSE BREEDS IN WESTERN EUROPE

E. Niebel, D. Fewson and H. Bovenhuis

Institut fir Tierhaltung und Tierziichtung der Universitdt Hohenheim,
GarbenstraBe 17, D=-7000 Stuttgart 70

Summary

In all countries of Western Europe extensive beef-production with spe-
cialized beef cattle is of minor importance. Beef production with dairy
and dual-purpose breeds prevails. Milk quota reduces the number of cows
and of calves required to produce beef. Therefore a high genetic poten-
tial for beef production of cur dairy and dual-purpose cattle is desir-
able. New technologies like embryo transfer, sex-determination and jmpro-
ved twin rates, however, can reduce the significance of bheef performance
in the future, Nevertheless it is to be expected that specialized dairy
and duai-purpose breeds will produce most of beef.

In beef production the performance traits to be considered are daily
gain, food conversion rate, growth capacity and muscie content. Milk,
beef and secondary traits are involved in the breeding goal of the dairy
and dual-purpose breeds. For high genetic success each trait competes for
available selection pressure.

Based on model calculations several suggestions are made for improved
genetic gain in the use of beef in the breeding goal. A main point is to
extend the jndividual beef performance test of young bulls on station by
larger test capacities for increased selection intensity. The same applies
to longer test periods in arder to decrease the genotype-environmental
interactions. The introduction of additional progeny testing of bulls for
beef improves the accuracy of estimated breeding values. In the second
selection step of bulls, however, the selection for beef is Timited by
the need to select for dairy and secondary traits. Finally, the model cal-
culations suggest that use of nucleus MOET-Test fHerd schemes are superior
to conventional schemes with respect to the increase of the genetic gain
in beef.

Keywords: Beef, dairy and dual-purpose cattie, breeding goal, model cal-
culations

Introduction

Under the European circumstances of intensive cattle production, the
selection for beef in addition to milk can increase the overall merit of
genetic improvement. This situation is quite different to that of the
United States, Canada or Australia where the dominant goal is milk pro-
duction based on Tow-cost concentrates. In the last 20 years the propor-
tion of specialized dairy breeds is increased considerably in Eurcpe. To-
day, in agriculture over-production prevails. This is especially true for
the submarket of milk. After introduction of the milk quota allocation
HENZE et al. (1980) and ZEDDIES {1985) have shown decreased economic
weights for dairy traits and increased weighting of beef performance. In
this contribution the importance and the use of beef traits in the bree-
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ding goal of dairy and dual-purpose breeds in Western Europe is investiga-

ted on the basis of model calculations. In particular the following points

are considered:

- emphasis on milk and beef,

~ parameters for model calculations,

- influence of breeding goal on breeding schemes,

- efficiency for different forms of beef performance tests,

- syperigrity in genetic improvement of conventional and nucleus MOET-
Test Herd schemes dependent on breeding goal for milk and beef,

~ conclusions.

Emphasis on milk and beef

The inclusion of milk, beef and secondary traits in the breeding objec-
tive requires relative weighting of the traits. The relative weights of
the traits balance the genetic gain between milk and beef performance and
influence both the importancé of the single traits in the breeding objec-
tive and in the estimated total breeding value. Between the different
cattle populations used in Europe for milk and beef there is a wide range
of economic weighting for milk and beef traits. The items which lead to
a preference of beef versus dairy traits are:

- A high price of concentrates leads to an early maturity and a high fat

content in the carcass. .

- Increased milk yield reduces the potential number of fattehing calves
and increases the importance of genetic improvement in beef production.

- The discounted expressions of beef traits are increased in the dual-
purpose breeds due to a lower number of terminal crosses with beef
breeds.

- The standardized and discounted expressions influence the marginal
change in profit of milk and beef characteristics. Short investment pe-
riod and high interest rates favour beef relative to dairy traits.

On the other hand new technologies like embryo transfer in combination
with sex-determination and improved twin rate favour milk traits heavily
versus heef traits.

Parameters for model calculation

In recent years the situation in most Western Europe countries has
changed by the mitk quota allocation, but is still characterized by over-
production in milk. To demonstrate the possible effects of different
weighting of milk and beef five situations for economic weights are sum-
Tarized in Table 1. For comparison all weights refer to real prices of

985.

The first set of weights was derived by ADELHELM et al. (1972), where
micro economic conditions are assumed. The economic weights of beef traits
are obtained for single farms by a Linear Programming Mcdel. The relati-
vely high weight of milk yield against beef traits results from unlimited
milk production based on high milk prices in the late sixties.

In a comprehensive work by HENZE and ZEDDIES (1979), HENZE et al. (1980),
ZEDDIES et al. (1981} the economic weights of the most important dairy
and beef traits are derived by means of Linear Programming and the so
called "regional equilibrium model®™ fer the second and third economic si-
tuation. The second situation assumes micro economic conditions, which is
the individual farm situation. From an additional macro economic or na-
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Table 1. Economic weights and monetary genetic variation of individual
farm situation and of milk quota situation,

Performance/ Unit Gen. Economic situation

Trait var. 1 II 111 Iv )
Indivi- Indivi-  Pre-milk Milk (II-111)
dual farm dual farm quota quota

Up vl} VG, vl) Voo, vl} Vg, vl) vVGy vl) vea,
(DM) (%)™ (DM) (%)™ (DM) (%) (DM) (%)™ (DM) (%)
Milk: 42 36 28 14 28
MiTk yield
FCM kg 400 0.50 0.36 0.25 0.14 0.30
Beef: 37 40 45 63 27
Food con- MJ/
vers.rate kg 1.5 -26.0 -16.5 -16.5 -17.0 -16.5
Daily gain g 60 .58 0.87 0.87 2.15 0.87
Growth ca-
pacity kg 35 0.68 0.30 0.30 0.07 0.30
Muscle con-
tent of
shrunk live )
weight %o 5  6.75 6.75 6.75 6 6
Secondary: 21 24 27 23 45
Milking 9/ .
speed min 200 .09 .09 .09 .06 .06
Calving
difficuity, _ i
direct class 30 ~.8 ~-.8 -.8 .8 .8
difticaty, ¥
ifficulty, - _ _ _ _
naternal class 30 .8 .8 .8 .8 .8
Calving
interval
Days - - - - -
gpen} days 10 -0.65 0.84 0.84 0.77 3
Productive
Tife day 183 - - - - 123
Mastitis %o 60 - - - - -1.4

1) Economic weight

tional point of view the third situation anticipates milk quota alloca-
tion and therefore is called "pre-milk quota situation™. The most impor-
tant result for the second individual farm and the pre-milk quota situa-
tion is the reduction of the economic value of milk yield. Therefore a

relative high weighting of beef traits must be assumed compared with the

first economic situation,

In several contributiens the effects and consequences of the milk guota
allocation are analyzed with respect to the concerned farmers and bree-
ders (e.g. KOHNE, 1984; ZEDDIES and DOLUSCHITZ, 1984; STEINHAUSER, 1985).
These investigations confirm that the economic weight of milk yield is
considerably reduced due to the quota allacation., Therefore, ZEDDIES
{1985) has presented new calculations about economic weights. These pre-
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liminary calculations are based on isolated regional equilibrium models.

In situation IV the decrease of the weight of milk compared with pre-milk
quota situation can be explained by the decrease of saved opportunity costs
and by considering higher veterinarian and finance costs of high yield
cows. On the other hand the weight of daily gain is remarkably increased
because of the high increase of costs for buildings and labour.

In situation ¥ the economic weights correspond with the weights of milk
and beef in situation II and III. In situation V additional secondary
traits and economic weights are introduced, which are drawn from the work
by FEWSON and NIEBEL (1986).

In the breeding objective the percentage of monetary genetic variation
of beef is considerably increased from economic situation I to IV, In si-
tuation V the monetary genetic variation of milk and beef is about the
same while near]y half of the percentage variation is accounted for by se-
condary traits.

In the model calculations a dual purpose cattle population is assumed
where the dairy index includes milk yield and milking speed. The breeding
objective for .beef is composed of daily gain, food conversion rate, growth
capacity and muscle proportion of shrunk Tive weight. Frame score and
muscle score are used as auxiliary traits in the selection index.

In Table 2 the phenotypic and genetic parameters are summarized used in
model calculations. The population parameters are estimates mainly obtai-
ned from dual-purpose cattie populations. More detailed information about
the applied parameters can be obtained from GRASER et al. {1985} and
FEWSON and NIEBEL (1985, 1986). i

In Table 3 all sources of information for the different selection groups
are summarized, which are used in the conventional and the MOET-Test Herd
breeding schemes. In the conventional schemes the selection groups of cows
to breed sires, cows to breed cows, test sires and proven sires are di-
stinguished. For the nucleus MOET-Test Herd scheme only the two groups of
nucleus cows and sires must be defined.

In the conventional breeding schemes the waiting bull system is used.
This is characterized by the fact that young bulls from planned matings
are tested on beef performance in station. The bulls are selected and used
in A.I. to produce test daughters for half a year. At the same time a 1i-
mited number of semen doses is sampled and deep frozen to secure the use
&s bull sires, if the bull does not survive the waiting period. After a
second selection stage bulls with highest breeding values are used as bull
sires and bulls with second best breeding values as cow sires. In the ac-
tive breeding popuiation all cows are milk recorded and 90 % are artifici-
ally inseminated. The rest of the cows is mated with proven cow sires.
Further details about the assumed breeding plan can be obtained from
AVERDUNK and ALPS {1985} and GRASER et al. (1985). The most important pa-
rameters of population structure, biological coefficients, the cost fac~
tors and investment parameters are listed in Table 4. The parameters are
needed to establish the conventional and the nucleus MOET breeding sche-
mes .
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Table 4: Parameters of population structure, biclogical coefficients and

investment parameters

Parameter Scheme
Conventional jMOET-Test
Herd

Population structure
- Total population size (breeding and commercial cows) { 1 000 000 500 000
« Praportion of active breeding population (nucleus),

% 40 (0.2)
- Proportion of test matings {commercial cows), % 30 {3.8)
- Number of test matings for first lactation record 5 6
- Capacity for performance test of young bulls in

station 1123 260
- Proportion of young bulls selectedenbeef performance .50 .30
- Number of daughters per test bull 50 50
- Number of sires to breed sires (cows) 10 (15) 4
- Herd size 20 50
Biological coefficients
- Suryival rate of bulls after performance test in sta-

tion, % 90 90
- Proportion of bulls usable for AI, % g5 80
- Age at first calving, years (milk) 2.5 2.3 (2.0)
~ Calving interval, years 1.04 1.07
- Number of inseminations required per pregnancy 1.7 1.6
- Number of deep freezable doses of semen per sire - 45 000
- Survival rate of bulls during waiting period 70 -
- Productive 1ife of proven bulls, years 2.8 -
- Survival rate of embryos, % - 70
- Rearing rate of females till first calving, % 70 70
- Survival rate of cows during one lactation, % 80 80
- Number of deep freezable doses of semen per sire

and year 8 000 15 000
Cost factors in DM
- Fixed costs in total population per cow and year 3.75 1.00
- Costs of milk recording attributed to breeding per

cow and year (test herds) 30 (40)
- Costs for beef performance test in station per bull 1 000 1 000
- Losts for waiting bull system per bull and year 4 000 -
- Costs for production of one dose of semen 1.5 1.0
- Costs of the storage of one semen dose per year .03 .03
Investment parameters
- Investment period, years 25 25
- Interest rate fer return, % 6 6
- Interest rate for costs, % 4 4
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Influence of breeding goal on breeding schemes

The breeding response for ecenomic situation I to IV was calculated by
NIEBEL (1986) and is summarized in Table 5. In these model calculations

Table 5. Breeding response for different economic situations where young
bulls are tested for beef performance in station (NIEBEL, 1986),

Criterion Economic situation
I 11 111 v
Individ. Individ. Pre-milk Milk
farm farm quota quota
Genetic gain per cow and year, DM 48,0 34.3 24.7 23.4
Profit per cow and year, DM 233.1 171.3 133.5 172.4
Return per cow and year, DM 256.0 194.3 156.5 195.3
Costs per cow and year, DM 23.0 23.0 23.0 23.0
Genetic gain per year:
- Mitk yield FCM, kg 81.7 74.4 62.9 30.3
- Food conversion rate, MJ/kg - 0,12 - 0.13 - 0.15 - 0.16
- Daily gain, g 5.1 5.8 6.4 7.2
- Growth capacity, kg 3.5 3.3 3.3 2.7
- Muscle content of shrunk Tive
weight, % - 0,36 - 0.25 - 0.12 0.04
- Milking speed, g/kg 14 15 14 6
- Calving difficulty, direct,
% class .09 .10 .10 .09
- Calving difficulty, maternal,
% class - 11 - L1l - .12 - .10
- Calving interval, day. 0.53 0.46 0.35 0.12

only young bulls are tested for beef performance in station and no pregeny
test for beef is assumed. The results show a noticeable genetic gain of
milk yield and an increased genetic gain of the beef traits is obvious due
to decreasing economic weighting of milk against beef in the sequence of
economic situation I to IV, In a comprehensive study about breeding stra-
tegies for milk and beef production CUNNINGHAM and MULVIHILL (1985) ob-
tained similar results due {0 the reduced economic wéight of milk in the
quota system.

The influence of the economic weights in situation I to IV and of the
method of beef performance test on the breéding response is demonstrated
in Table 6. The genetic gain of the single traits and the profit of the
different breeding schemes show that economic weighting and in addition
the test method for beef influence the breeding response of milk and beef
traits cons1derab1y For all test methods of beef the profit-cost ratio -
is higehst in ecaonomic situation I, due to the high economic weight of
milk yield. Besides, the 1ntroduct1on of beef performance tests increases
the profit-cost ratio. This shows us that beef recording is more cost ef-
fective than milk recording. CUNNINGHAM and MOIOLI (1981) and GRASER et
al. {1985) got nearly the same results.

In all economic situations and breeding schemes the genetic gain of

milk and beef traits, except of muscle content, is satisfactory. A positi-
ve genetic gain of muscle content is only obtained in situation IV, when
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Table 6. Effect of economic situation and of method of beef performance
test of buils on breeding response.

Test Economic situation
method Criterion I II 111 IV
for Indiv, Indiv. Pre- Milk
beef - farm farm milk quota
quota
Genetic gain per cow and year, DM 47.4 33.4 23.5 12.3
Profit/cost ratio 12.6 8.5 6.0 2.2
Genetic gain per year
No - Milk yield FCM, kg 116 6 85.9 80.1 73.6
test - Food conversion rate, MJ/kg .07 - .07 - .07 - .07
~ Daily gain, g 2.5 2.6 2.8 2.8
- Growth capacity, kg 3.8 3.8 4.0 3.9
- Muscle content of shrunk live
weight, % - B3 - ,52 - .49 - 47
Genetic gain per cow and year, DM 48.¢c 34.3 24,7 23.4
Perfor- Profit/cost ratio 13.3 2.5 7.1 7.8
mance Genetic gain per year
test - Milk yield FCM, kg 81.7 74.4 62,9 30.3
of - Food conversion rate, MJ/kg - .12- 13- .16 - .16
bulls - Daily gain, g 5.1 5.8 6.4 7.2
and - Growth capacity, kg 3.5 3.3 3.3 2.7
COWS - Muscle content of shrunk live
weight, % - .36 - .26 - .12 .04
Perfor- Genetic gain per cow and year, DM 48,7 35.4 26,6 29.6
mance Profit/cost ratio 13.7 10.0 7.8  10.0
test of Genetic gain per year
bulls - Milk yield FCM, kg 78.4 69.5 b7.2 26.9
and . - Food conversion rate, Ml/kg - .15 - 17 - .19 - .21
cows -+ - Daily gain, g £.8 7.8 8.7 9.8
progeny - Growth capacity, kg 3.7 3.6 3.5 3.0
test of - Muscle content of shrunk live
bulls weight, % - .30 - .18 - .04 14

assuming performance or progeny test for beef. This can be explained by
the antagonistic relations between Tean meat and milk and the negative
correlated response of lean meat due to the high selection pressure for
milk (PIRCHNER, 1986).

The effect of the economic situation and the testing capacity of beef
performance on the proportion of selected young bulls and the genetic
gain is analyzed in Table 7. The genetic gain is related to the starting
point of economic situation I to IV in Table 5. In all breeding schemes
the lowest number of selected bulls is 1 out of 4. The optimal setection
rate of young bulls after beef performance test increases from situation
I to IV with relatively high economic weighting of the beef traits. For
the optimized gehetic gain an increase of the number of test places is
also advantageous independent of the economic situation.
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Table 7. Effect of economic situation and the testing capacity of beef
performance test on the proportion of selected young bulls and the rela-
tive genetic gain.

Number of Economic situation

test I 11 IT1 IV
places Individual Individual Pre-milk Milk quota
farm farm quota

Number of young bulls selected

20C 1: 4 1: 6 1: 8 1:15
400 1: 8 1:10 1:15 1:15
800 1:10 1:15 1:15 1:15
1600 1:15 1:15 1:15 1:15
Relative genetic gain, %

200 104 106 110 123
400 107 111 116 127
800 110 114 119 127
1600 112 115 120 125 .

Efficiency for different formsof beef pérformance tests

In most cattle populations of Western Europe the potential for genetic
improvement of beef is underdeveloped in accordance with performance te-
sting for beef. In the work by GRASER et al. (1985} planning calculations
for the further development of beef performance tests have been cohduc-
ted for dual purpose cattle., From this work the essential results are
extracted and summarized in Table 8. The figures shown in the table are
slightly modified to obtain comparable results for the breeding schemes.
Ihese are dugto deviating population parameters used in the model calcu-

ations,

The calculations refer to different procedures of the beef performance
test of sires. As a reference basis the performance testing in stations
of young bulls has been chosen up to 330 days of age {I-330D). Keeping
the end of the station test at 330 days, the improvement of the estima-
tion procedure for breeding values and the introduction of ultrasonic
measurements (I-330DD} results in a limited increase of the genetic gain.
Only the prolongation of the testing pericd to 420 days {I-420D) can
achieve an effective increase of genetic gain and breeding profit. The
calculations consider also a cheap performance test and in the field
{I-field), which refers to young bulls reared in the herd of the breeder
to be sold as breeding animals.

For progeny testing 4 different forms are distinguished. Firstly, in
controlled fattening farms {P-CFF) it was assumed that frame and muscling
were visually scored. Secondly the test environment for the progeny test
in uncontrolled fattening farms (P-field) with male progeny is equiva-
Tent to the production environment. In this testing method for the sco-
ring of carcass quality the carcass classification of the beef trading
industry was used as a beef performance test., Thirdly the cattle bree-
ding technician can measure length and breast girth of heifers to esti-
mate the weight in addition to scoring of frame and muscling {P-heifer).
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Finally the progeny test in station (P-stat} offers favourable testing
conditions. The disadvantage of this testing method is the high cost per
proven adult sire.

Generally, the introduction of a progeny test allows an important im-
provement of the breeding response. A second progeny test for beef per-
formance achieves no c¢lear increase of the breeding response. This is due
to the small increase of the reliability of estimated breeding values
with the second progeny test for beef performance.

Superiority in genetic improvement of conventional and nucleus MOET-Test
Herd schemes dépendent on breeding goal for milk and beef

In the preceding medel calculations only conventional breeding schemes
have been investigated. The introduction of the nucleus Multiple Ovula-
ticn Embryo Transfer scheme (MOET) by NICHOLAS and SMITH {1983) shows con-
siderable effects in the genetic improvement of dairy cattle populations.
In Table &, 9 and 10 conventional breeding schemes can be compared with

Table 9. Effect of the inclusion of secondary traits in the breeding ob-
jective and the selection process for conventional breeding schemes
{FEWSON and NIEBEL, 1586)

Criterion Secondary traits in breeding objec-

tive
No Yes Yes
Secondary traits in selection pro-
cess
No No Yes
Genetic gain per cow and year, DM 31.6 24.0 25.6
Profit per cow and year, DM 203.7 158.7 164.7
Return per cow and year, OM 237.5 192.5 201.5
Costs per cow and year, DM 33.8 33.8 36.9
Genetic gain per cow and year:
- Milk yield FCM, kg 72.4 58.9 53.5
- Food conversion rate, Md/ka - .17 - .18 -~ .18
- Daily gain, g 7.9 8.8 8.6
- Growth capacity, kg 3.8 3.9 3.9
- Muscle content of shrunk 1ive
weight, % - .15 - .11 - .13
- Milking speed, g/min 0 - .0 1.4
- Calving difficulty, direct,
% class 1.1 .9 1.1
- Calving difficulty, maternatl,
% class - .8 - 1.0 - 1,8
- Days open, day .68 , .48 .34
- Productive life, day : - 6.2 -4.,4 - .9
- Mastitis, % 3.1 2.2 .6

MOET-Test Herd schemes in Table 10 dependent on breeding goal for milk and
beef. For the model calculations of the conventional and the MOET schemes
the parameters are described in Tables 1 to 4. More detailed information
about the conventional schemes can be obtained by FEWSON and NIEBEL (1986).
In these schemes the breeding geal is oriented towards milk and beef, Also
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enormous efforts are made in the genetic improvement of secondary traits
which can be derived from high weights of secondary traits due to econo-
mic situation V¥ in Table 1.

Table 10. Comparison between a conventional breeding scheme and MOET-Test
Herd schemes dependent on breeding goal for milk and beef,

Criterion Breeding scheme
Canven- MOET-Test Herd
tional

Breeding objective

Milk Milk Milk and beef
and
beef
Analysis
base base opt. base opt.
Number of sires per year 10 4 4 4 4
Number of donors in nucleus per
year - 64 192 64 192
Number of caives per donor - 8 8 8 , 8
Number of progenies per test )
sire 200 50 50 50 50
Generation interval, year 5.28 3.91 3,91 4.16 4,16
Genetic gain per cow and year,
DM 26.7 23.3 26.9 34.1 37.2
Profit per cow and year, DM 178.2 146.5 164.5 263.1 277.7
Return per cow and year, OM 205,8 153.7 188.0 271.0 303.0
Costs per cow.and year, DM 27.6 7.2 23.5 7.9 25.3
Genetic gain per year:
- Milk yield FCM, kg 55.8 88.1 100.6 66.3 73.3
- Food conversion rate, Ml/kg - .17 - .03 - .03 - .28 - .31
- Daily gain, g 8.1 1.2 1.3 13.2 14.2
- Growth capacity, kg 4.0 1.8 2.1 5.2 5.6
- Muscle content of shrunk
Tive weight, % - .19 - .82 - .%% - .10 - .10
- Milking speed, g/min 1.0 2.0 2.3 1.3 1.5
- Calving difficulty, direct,
% class 1.2 -1.6 - 1.8 1.7 1.9
- Calving difficulty, maternal,
% class : -2.0 -1.7 -2.1 -2,0 -2.2
- Days open, day .32 .65 .71 .53 .59
- Productive life, day .8 -4.3 -49 -2.0 -2.3
~ Mastitis, % - .1 2.4 2.7 1.2 1.3

For a satisfactory genetic gain of dairy and secondary traits all MOET
schemes incorporate test herds in Table 10. In the breeding objective of
the MOET scheme which is oriented on milk, all beef traits have zero eco-
nomic weights. For high genetic gain the advantage of the MOET schemes is
a relative short generation interval. The generation interval is reduced
by 1.1 years in the assumed adult nucleus MOET scheme with the breeding
objective for milk and beef compared to the conventional scheme.
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From Tables 6, 9 and 10 the potential of conventional and nucleus MOET
schemes for genetic improvement of beef can be derived with respect to
the breeding goal of dairy and dual purpose breeds. The most important
points are summarized as follows:

- If beef performance is economically unimportant a higher genetic gain
in milk yield can be derived with the conventional scheme compared to
the nucleus MOET scheme.

- Usually, in the breeding goal of the cattle populations in Western Eu-
rope, mitk, beef and secondary traits are included. Secondary traits
have low heritability coefficients and are aniagonistic correlated to
milk and beef. Further genetic deterioration of secondary traits must
be tolerated if nucleus MOET schemes does not include test herds.

- High economic importance of beef in the breeding goal favours nucleus
MOEY breeding schemes because of high heritability coefficients and ac-
curate estimates of breeding values of the beef traits.

- By introducing the young bull breeding system and by only using heifers
for planned matings a high genetic gain in beef could also be obtained
with the conventional breeding scheme.

Conciusions

In dairy and dual-purpose cattle breeding many traits are of economic
importance for the breeding goal in Western Europe. The genetic improve-
ment and the economic evaluation of the traits are oriented towards the
distant future. BAKKER (1979) enumerated several points, which influence
the derived economic weights: structural changes in cattle popuiations,
improvement in the efficiency of production, economic aspects and future
trends of supply and demand functions, strategie studies and sustained
research political decision making, structural changes in farm management
and developments in agricultural labour ferce, capital investments and
market structure developments. This tells us that for estimation of eco-
nomic values the animal breeder needs support from economists, market
scientists, politicans as well as nutritionists.

In the agriculture of Western Europe and specifically in the EEC-market
over-production prevails and this most for mitk, But also for the sub-
markets of beef and grain over-production is the rule. The economic eva-
luations of HENZE et al. (1980) and ZEDDIES (1985) show ncreased ecoho-
mic weights of beef traits and a reduced economic weight of milk yield
with the introduction of milk quota allocation in most of Western Europe.
To increase the efficiency of breeding work in use of beef in the bree-
ding goal of dual-purpose breeds the following suggestions can be made:

- extension of beef performance tests for a higher accuracy of estimated
breeding values, )

- enlarged test capacity of young bulls on beef performance in station
with an extended period and an increase of the selection intensity,

- introduction of the young bull breeding system with only use of hei-
fers for planned matings in the conventional breeding scheme,

- use of nucleus MOET-Test Herd scheme with high potential for genetic
improvement in beef, where the reduced possibilities for genetic gain
can be tolerated in secondary traits.
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FUTURE MARKETING AND ECONOMIC DEVELOPMENTS FOR BEEF WITH
REFERENCE TO BEEF FRCM DAIRY AND DUAL-PURPOSE BREEDS

J. Viaene
Department of Marketing for agricultural and horticultural
produce, Gent, Belgium —

Summaxry
In past years, the EC situation was characterised by a

' surplus of beef and wveal as a result of increased

production and contraction in demand. The exports of beef
and veal to non member contries increased permanently, to
restrict surplus. After three years of application of the
quota system, additional measures are outlined to reduce
dairy herd. The production of beef bulls is a good
alternative for the farmer. Profitability of beef
production is expected to increase slightly. Veal
production 1is expected to decrease in the next years and
even profitability will not increase.

The improved economic situation has a positive effect cn
consumption, but the consumer attitude limits the con-
sumption increase to about 0,5 %. The export of beef and
veal have to continue and have to be further stimulated by
export refunds.

Introduction

Beef production developments in the EC are highly
dependent of dairy herd. Dairy quotas and the increasing
beef surplus results in lower producer prices. On the
other hand the evelution of consumption.and. trade . with
third countries give relative market prospects. In a first
point a broad perspective on the EC evolution of beef
supplies and demand is given. 1In the second part the
effect of the dairy quotas on beef and veal production are
analysed. The final section of the paper presents future
market developments.

EC beef supplies and demand

From the cattle numbers, the relative importance of the
beef and dairy cattle in every member state is not very
clear. Evenhow a general indication on the kind of beef
produced emerges from the census figures.

1 present address : Coupure Links 653, 9000 Gent,
Belgium
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Table 1. EC-cattle numbers : December census 1986

% cows from which % calves % other Total

and % Friesian cattle cattle
heifers '
Germany 50.6 40 34.9 14.5 15232
France 46.8 57 25.7 27.5 22158
Italy 52.2 49 28.4 19.4 8866
Netherland 64.5 63 32.1 3.4 4922
BLEU 53.2 23 26.2 20.6 3146
U.K. 38.4 90 28.4 33.2 12476
Ireland 34.4 80 24.0 41.6 5626
Denmark 55.0 52 39.0 6.0 2490
Ellas 39.6 15 32.2 28.2 761
EUR-10 47.5 29,1 23.4 75677

Milk cows are dominating in the Netherlands and Denmark;
the more the Friesian type cows represent more than 50 %
of the dairy herd.In Belgiuwm the dairy herd is also very
important, but with 23 % the Friesian type cows are quite
low and the main type is dual purpose cattle. The share of
young calves is the highest in Germany, Netherlands, Den-
mark and Greece."The other cattle” which is in fact
slaughtering cattle is higher than the EC-average in
Ireland, United Kingdom, France and Greece.

Beef/veal producers fall into three main categories,
corresponding te the three categories of animals reared
- derived products of milk production : cull cows and

young calves;

- extensive beef production : suckler herds and grass-
reared adult cattle;

~ intensive beef producticn: young male cattle fattened on
cereal based feedingstuffs (maize sillage) in special
production units.

In past years, the Community had abundant supplies of
beef/veal as a result of fairly steady production, import
commitments entered into and intervention stocks. The
evolution in bheef production is characterised by two
regular patterns. First, a general trend indicates an
increase of about 2 % per year. Second, a cyclical
meouvement o©f about five years gives a variation cf about
20 % between peak and depth. Market price for adult cattle
shows an opposite mouvement. After the peak in 1984,
beef production declined by 2,1 % in 1985 and further 1,2
% in 1986, compared with the previousg yvear.
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Table 2. EC-heef balance 1000 tons

1983 1984 1985 19861

Net Production 6924 7507 7410 7300
Stock change 177 388 55 - 1¢0
Imports 384 383 395 390
ExXports 500 694 733 690
Consumption 6631 6808 7017 7100
Rate of Self.Suf. 104.6 110.8 105.3 103.0

1 estimated

The average slaughter weight of adult cattle is regularly
increasing. In keeping with the trend recorded in recent
years, the average slaughter weight of calves shows a
sharp rise during last years.

The imports of beef and veal from non member countries
are quite constant at about 400.000 tons per year. Many of
these imports enter the Community on special terms.

The exports of beef and veal to non member countries
increased permanently and reose te 805.000 tons in 1985,
EC-beef exports are concentrated in three regions. The
Middle East/North Africa accounts for 55 % of EC-exports
of beef and veal; Eastern Europe accounts for ancther 20 %
and the European Meditarean countries about 10 %. The
supply surplus of beef results in an increasing export at
supported prices.

Consumption of beef and veal in 1983 was about 5 % down
on the 1980 figure. 1In 1985 consumption has reached again
the level of 1980, mostly due to the price decrease on the
beef market. The share of beef and veal in total meat
consumption has declined from 37 % in 1980 to 27 % in
1985,

238,

218,

1980-83 1960-72

158,

PRICE OF BEEF RS PERCEXT OF DTHER KERY PRICES
124

118,

26.9 4.0

20.0 32,9 3.8 36,8 0,0
PERCEHTAGE MARKET SHARE DF BEEF AND YEAL

Fig. 1. EEC beef demand
Source : Brian Revel: Market situation and outlook for
. beef and sheep meat, 1985

Figure 1 shows the relationship between the market share
of beef and its price, relative to that of other meats. A
mouvement up or down the line implies that consumption for
beef has changed due to relative price mouvements. A shift
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in the curve to the left indicates a decline in beef
demand due to factors other than price relation. For any
given price of beef relative to that of other meats, the
market share will be  smaller than before the shift
occurred. Beef demand contracted in 1973 and again in
1980. The 1984 and 1985 relationship shows the
improvements in beef consumption resulting from lower
relative beef prices.

In order to support the market, the Community has
continued to apply a number of measures. During 1983-198%6,
the direct buying-in by public intervention agencies
reached about 500.000 tons vearly, representing about 7 %
of Community beef production. Counting public stocks of
intervention meat, more meat is abailable than is
consumed. The self-sufficilency rate was about 105 % in
1985 and 103 % in 1986.

Effect of dairy gquectas on beef and veal production

The introduction of milk quotas and the reduction in the

dairy herd which fcllowed, was the main reason for xthe
boost in beef supplies in 1984 and 1985. The beef market
reacted to the high supply of beef by a sharp fall in
prices, which adversely affected all parts of the
beef/veal sector. After three years of application of the
gqucta system, immidiate acticns are prepared to avoid the
continuing high level of butter and skimmed milk powder
purchases into intervention and to bring the quota system
back into 1line, with its original.. cbhjectives of
reestablishing market balance in the milk sector. To
achieve these objective steps are cutlined to a further
reduce in reference guantities of 9,5 % during 1987/83 and
1988/89 compared ta current levels.
The application of the additional levy system in the milk
sector will result in a decrease of 4 % of the dairy herd
to 1990. 1In addition, further milk vield improvements,
results in a run-down in dairy cow numbers of about 1 %
per year. However the push out from the dairy herd will
be 1lower in practice, by the previous reducticn in the
number of heifers for breeding. This means that more
calves are becoming available, for veal or beef
production.

The production of beef bulls is a good alternative for
the farmer, to compensate for the drop in milk cows.
Crossbreeding with bulls of beef breeds in dairy
populations is intensified in most countries of the
Community. The decrease of dairy-derived beef production
at the one hand and the increased bull beef producticon at
the other hand results in an expected decrease in
production of about 3 % in 1990. It means that the rate of
self-sufficiency moves to about 100 %. The average
slaughter weight and the gquality of beef produced will be
higher.
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The profitakbility of the beef producticn is expected to
increase slightly. The supply is still larger than demand
in the medium term and the market prices for adult cattle
are expected to recover slightly. At het production side,
prices of young calves will increase, while the higher
availability of maize sillage and concentrates results
in lower feed costs. It means after all, that the
profitability do not allow new investments and only
permits the replacement of milk cows by dairy-beef crosses
and beef type dual purpose breeds. In this way, the
existing feed, 1labour and investment is valcrised most
efficiently.

Veal ©production is expected to decrease in the next
vears. The reduction in cow numbers means that less young
calves are available. At the other hand, the improvement
of milk yield makes that more cow calves are used for veal
production. The drop in production will be compensated
partly by the further increase of the average slaughter
weight of calves. Not only a rise in wveal price is
expected, but also a price increase of young calves, so
that profitability will not increase. The more, price of
milk powder has a tendency to increase taking into account
the restriction on the intervention of skimmed milk
powder. In the competiticn between beef and veal producers
for young calves, the beef producer can pay a higher
price, because the part of the young calve related to
total production costs is smaller.

Future market developments

The EC market situation 1s 1likely tc be o©ne of
persistent structural surplus in medium term. After the
analysis of production aspects, two other components
determine market situation:the demand recovers slowly, the
export depends of the level of restitution.

Consumption of beef and veal is a function of population
growth, economic growth, price changes, tastes and
preferences. Populaticon growth slowed down to 0,1 % at
this moment and for the next decade it is even expected
that the Community population is rather decreasing at a
rate of 0,1 %.

The eccnomic and employment situation improves and is a
major factor affecting overall consumption levels.
However, recent research makes clear that meat consumption
is becoming less responsive to changes in income. Income
elasticity for beef is still positive and is at a further
consumption increase of about 0,5 % per year. Veal is a
luxery product and means that consumption increases
relatively more than income.

Price is the most important factor contributing to the
changes in warket shares for meat. The sharp £fall of
prices for protein-rich products used in animal feed has
stimulated pig-and poultry meat production. Prices of both
substitutes have declined relative to the price of beef
and makes that the market share of beef is further under
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pressure. Also the market share of veal is decreasing.
Research on consumer attitudes to meat cuts indicates that
health, nutrition and dietary concerns have a negative
influyence on beef consumption. White meats have the image
of being leaner and lighter. Veal is perceived as 1lean,
but is asscciated with growth promoters.

The EC is the first exporter for beef in 1986, Also in
the next years the EC-countries have to continue to export
large volumes of beef to third countries. The weakening of
the dollar has increased the cost of export refunds.
However it is evident that exports are necessary to recuce
the persistent stocks. The export opportunities in beef
depend largely upon the institutional arrangements for
export refunds. At the other hand, the Community geces on
to import large but constant gquantities of beef on the
basis of bilateral and multilateral agreements.
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CONCLUSIQNS AND RECOMMENDATIONS

-Results from different countries and different testing systems show that
performance testing leads to the expected improvements of growth in the
progeny 1n comparable conditions (e.g. age interval, feeding intensity).
The same rate of improvement does not necessarily occur under other
conditions.

-Results indicate that performance test procedures, particularly with
regard to the intensity of feeding and the length of the test period,
should be orientated towards the prevailing conditions under which
progeny have to perform.

-Recording of feed intake in performance testing is essential to evaluate
the efficiency of growth and to quantify non-productive intake. Recent
developments in electronics make 1t feasible to automatically record
roughage intake under ad-1lib feeding cenditions.

-Control of appetite could be recorded under ad-1ib testing conditions.
Research 1s In progress regarding the relationships between appetite,
feed efficiency and other parameters of performance tested bulls and
their female progeny during growth and milk production.

~Physioleogical and immunological parameters of the bulls at the end of the
test (in connection with a challenge) may provide indications with regard
to metabolic stability in productions apd diseases.

~The estimation of fleshiness of the live animal using subjective scoring
systems, ultrasound or other measurements, should be encouraged in view
of the indications that this will benmefit changes in muscling, meat to
bone ratio, dressing per cent and fat deposition.

—Systematic environmental and genetic effects upon the performance test
results have to be eliminated using appropriate statistical methods and
models (e.g. BLUP). Additional measurements should be included 1f they
reduce prediction errors.

-Growth and muscularity tralts should be combined In a selection index,
including information from relatives (e.g. sire's progeny test).

Further research needs:

~Genetic correlations between physical and physiological appetite of sires
and their daughters.,

~Genetic parameters between components of efficiency (growth, maintenance
and resgidual efficiency).

-Physiclogical importance of fat and lean deposition and mobilization in
males and females.

—Genetic factors influencing the growth curve from birth to maturity.

-Use of specific challenge tests or marker genes as indications of traits
in the progeny.

~Use of indirect measurements (e.g. physiological tests) at an early age
to predict traits in the progeny. .

~Adaptation period at the start of test (treatments for infectious
diseases, immunity problems)}.

-0Objective methods to improve estimates of body composition in live
animals.

-Relationships between live animal appraisal, carcass grading and carcass
composition with the goal of efficlently producing red meat with accep-
table meat quality.

-Implementation of statistical methods such as animal model or reduced
animal multi-trait BLUP models, selection index, restricted index keeping
birth weight (or other traits) constant.
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