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Genotype x milieu interacties tussen toets- en praktijkbedrijven worden
veroorzaakt door grote verschillen in omstandigheden tussen praktijkbe-
drijven.

dit proefschrift

De effectiviteit van de Nederlandse fokprogramma’s is aanmerkelijk te ver-
beteren door nauwkeurlg en zuiver te corrigeren voor storende omgevingsin-
vloeden.

dit proefschrift

Levensgroel is een beter selectiekemmerk dan groei tijdens de mestperiode.

dit proefschrift

De selectie in varkensfokprogramma’'s dient te worden uitgevoerd onder om-
standigheden die een goede afspiegeling vormen van de omstandigheden waar-
voor het fokdoel geformuleerd is.

dit preefschrift

Het bestaan van genctype X bedrijf interacties betekent dat men zich in de
varkensfokkerij niet meoet beperken tot eigenprestatie-onderzoek,

dit proefschrifc

De mogelijkheden voor toepassing van recurrent selectie in varkensfokpro-
gramma's worden onderschat.

dit proefschrift

In de rundveefokkerij wordt bij de selectie op vleesproduktiegeschiktheid

ten ontechte aangenomen dat genotype x bedrijf interacties afwezig zijn,

Het huidige systeem van richtprijzen voor biggen verhindert een alert rea-
geren van vermeerderaars op veranderingen in vraag en aanbod van mestbig-
gen.

Merks, J.W.M. en Van Dijk, G., 1983.
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9) De toepassing van elektronische levensnummers in de Nederlandse veehoude-

rij maakt kwaliteitscontrole betrouwbaar en geloofwaardig.

10) Het drieluik van onderzoek, onderwijs en voorlichting in de landbouw wordt

aangetast door de politiek van verzelfstandiging en privatisering.

11) Het is eerder de variatie dan het niveau van de vleeskwaliteit die van be-

lang is voor de kwaliteitsbeleving door de consument.

12) Veehouders kunmen beter proberen het vertrouwen in het dierlijke produkt

te versterken, dan te produceren tegen een nog geringere kostprijs.

13) Tegenstanders van genetische manipulatie onderschatten de kracht van moe-

der natuur.
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INTRODUCTION

A plg breeding programme generally consists of different levels in a pyra-
midal structure, indicated as nucleus, multiplication and commercial level,
Selectlion takes place at all levels but improvements generated in the nucleus
determine eventually the rate of annual genetic change. This genetic change is
economically of importance at all levels but especially at the commercial lev-
el because of its relatively large number of animals. Therefore the breeding
goal for selection on growth and carcass traits has to be defined at the level
of commercial fattening.

Selection at nucleus level for growth and carcass traits is generally based
upon performance testing, sometimes supplemented with sib information. These
tests wusually take place in central test stations under standardized environ-
mental conditions to allow a falr comparison of the tested pigs. Aspects of
standardized conditions are for example number of pigs per pen, feeding regime
and medical care, However, these sophisticated conditions deviate from the
conditions at the multiplication level and certainly also from the conditions
at commercial fattening where the breeding goal is defined. As a consequence
changes 1iIn rank order for genotypes between these environments may occur and
lower the efficiency of pig breeding programmes. The same applies to breeding
programmes with on-farm testing in the nucleus, because even on-farm tests are
performed under special conditions, especially if they are combined with an
auction of the tested animals.

Changes in vank order of genotypes between environments are indicated as
genotype X environment interaction (G x E). Falconer (1%52) proposed to meas-
ure changes in rank order between environments as the genetic correlation be-
tween the phenotypes for the same genotype in different enviromnments. This
concept is based on the assumption that the expression of identical traits may
in fact not be controlled by the same sets of genes if G x E exists. If the
occurrence of G x E is just a matter of scale, thus without affecting the
ranking of breeding animals, the genetic correlation equals one. In that case
G x E does not affect the efficiency of the breeding programme. However, at
the end of the 1970's several non-unit estimates of genetic correlations be-
tween the different levels of pig breeding programmes were reported. Bampton
et al. (1977), Standal (1977) and Schulte-Coerne and Simon (1978) reported

poor genetic relationships between central and on-farm test results, while



Ketelaars (1979) reported poor genetic relationships between central test and
commercial fattening results. These results were conslidered as serious indica-
tions for G x E in pig breeding programmes, although these comparisons con-
cerned tralts that are probably genetically not ldentical, e.g. daily gain on
test and weight for age. In some studies even different sexes were present in
the distinct environments. This G x E might also have serlous drawbacks for
Dutch pig breeding, e.g. for the Dutch herdbook breeding programme in which
three levels may be distinguished; nucleus herds with testing at cemtral sta-
tions, multiplication herds with on-farm testing and commercial herds with
fattening pigs. In this study data of the Dutch herdhook breeding programme
are used to galn more information on cause and effect of G x E.

The first main object of the project is the investigation of environmental
effects in central test, on-farm test and commercial fattening results and the
estimation of wup-to-date genetic parameters for the traits measured at these
levels of the breeding programme. The analyses of G X E may give biased re-
sults if the appropriate definitions of envirommental effects and up-to-date
genetic parameters are not used. Routinely collected central test and on-farm
test data are used next to fattening data obtained from a progeny test of AI-
boars started on commercial fattening herds. In chapter 2 the results of the
research into envirommental effects in central test data are presented and the
genetic parameters for the traits measured at the test stations are reported.
For on-farm test and commercial fattening data the environmental effects and
genetic parameters are reported in chapter 3 and 5 respectively.

The second main object of the project is the analyses of G x E in the herd-
book breeding programme. To Investigate the problem of ¢ x E in the herdbook
breeding programme, the general description of G x E by Brascamp et al. (1985)
1s extended. The problem is analysed as the genetic correlations (rG) between
identical traits measured in the three levels and the genetic correlations
(r ) among identical traits measured in various environments within each of
thg three levels. A graphical presentation of the problem is given in chapter
1. As the traits used in the different levels of the breeding programme are-
noet identical, the central test data are used to estimate genetic correlations
between the various definitions of growth rate and carcass quality, all meas-
ured on the same animals {chapter l). The genetic correlations within the nu-
cleus, the multiplication and the commercial fattening level are reported in

chapter 1, 4 and 5 respectively. The genetic correlations between these three



levels are reported in chapter 6. The data used are the same as the data used
in the first part of the project.

Finally, in chapter 7 the estimated genetic correlations between and within
the three levels are used to investipgate the general censequences of G x E for

the design and efficiency of pig breeding programmes.
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ABSTRACT

Merks, J. WM., 1986. Genotype X environment interactions in pig breeding programmes.
1. Central test. Livest. Frod. Sci,, 14: 365—381.

In this first paper of a series, Dutch ceniral test results are examined for genotype
X environment interaction (G X E) and the data are further used to estimate genetic
correlations between the various evaluations of growth and carcass quality, as used in the
distinet environments of the breeding programme. G X E in pig breeding programmes is
outlined as genotypes expressing different phenotypes in the distinct levels of the breed-
ing programme or even in different environments within a level (e.g. herds).

In most studies on G x E, the expectation of genetic correlation between similar traits
measured in different environments has been taken to be one. Estimated correlations
between similar traits measured on central tested pigs in this study indicate however, that
expeetations should be smaller, especially for carcass characteristics. Genetic correlations
of carcass backfat thickness (CB) with ultrasonic backfat thickness (UB), normally used
in on-farm tests, were 0.61 and 0.57 for Dutch Landrace {NL) and Dutch Yorkshire
{GY), respectively. Correlations of UB with backfat class, as used in commercial fat-
tening, were 0.25 and 0.42. Genetic correlations of ham + loin % with type class were
0.60 and 0.94. In future analyses of G X E these differences in genetic background of the
traits should be taken into account.

Genotype X batch and genotype X sex interactions were investigated for daily gain and
feed conversion ratio. No significant interactions were found. However, for daily gain
between arriving at the station and the end of the test, as well as for weight for age at the
end of the test, genotype X batch interaction was significant (P < 0.05). The possible
causes of these interactions are discussed. For slaughter characteristics genotype X month
interactions were not of significance.

INTRODUCTION

A genotype X environment interaction (G X E) may be defined as a change
in the relative performance of two or more genotypes measured in two or
more environments. Interactions may therefore involve changes in rank order

%In co-operation with the Department of Animal Breeding, Agricultural University,
P.O. Box 338, 6700 AH Wageningen, The Netherlands.

0301-6226/86/803.50 © 1986 Elsevier Science Publishers B.V.



for genotypes between environments as well as changes in the absolute and
relative magnitude of variance between environments. The interactions
resulting from changes in variance between environments, pseudo-inter-
actions (Dickerson, 1962), are of minor importance for the design of selec-
tion programmes. However, G X E that alters the phenotypic ranking of a
series of genotypes between environments considerably hampers selection
(Dickerson, 1962). In the literature this has resulted in a wide variety of
estimates for genotype X environment interaction effects, reviewed by Pani
and Lasley (1972) among others. In maost studies genotypes are represented
by breeds, groups of sires or sires. Environments are represented by environ-
mental factors such as feeding regime or housing system, but also by sex or
test environment.

Particularly in pig breeding, genotype X environment interaction may give
problems. Breeding values for growth and carcass traits are generally
estimated in speciaily designed test environments, as in central test and on-
farm test environments. The aim of the breeding programme is, however,
to improve the economically important traits of pigs fattened under com-
mercial conditions. At the end of the 1970s Bampton et al. (1977), Standal
(1977), Schulte-Coerne and Simon (1978) and Ketelaars (1979) reported
poor genetic relationships between similar traits measured on sibs tested in
different environments. Although these comparisons concerned traits that
are probably not genetically identical (e.g. gain on test and weight for age),
while sometimes different sexes were present in the various environments,
these results were considered as serious indications of G X E in pig breeding
programmes. This encouraged further research in the Dutch herdbook
breeding programme on cause and effect of genotype X environment inter-
action.

In this first paper of a series, Dutch central test results are examined for
G X E, since central testing is the main part of the breeding programme and
the starting point of G X E studies. Further, the test data are used to esti-
mate genetic correlations between the various evaluations of growth rate and
carcass quality as used in the distinct environments of the breeding pro-
gramme. As possible sources for G X E in centrally recorded fattening traits,
genotype X batch and genotype X sex are investigated, while for slaughter
characteristics genotype X month interactions are investigated. The paper
begins with a general description of G X E to ensure a clear understanding of
the stepwise approach in this study and to point out the gaps in the scientific
study of the problem.

DESCRIPTION OF GENOTYPE x ENVIRONMENT INTERACTION IN PIG
BREEDING PROGRAMMES

When describing the problem of genotype X environment interaction in
pig breeding programmes, genotype is always represented by sires, but for
the environment a distinction has to be made between three categories:



1. Specified factors such as feeding regime, housing system and sex.

2. Husbandry circumstances in general, e.g. herds or batches of tested pigs.

3. Levels of the breeding programme, particularly test versus commercial
environments.

Any of these categories may be a factor in G X E, In this study sex is also
considered as an environmental factor because it would be interesting to
determine whether a genotype might lead to different phenotypic expres-
sions in the different sexes. Interaction of genotype with a specific environ-
mental factor may also be responsible for an interaction of genotype and
herds if differences for this factor exist between herds. Interaction of geno-
type and herds may in turn, be responsible for interaction of genotype
and level of the breeding programme, as the commercial environment in-
cludes different herds.

Research on interaction of genotype and specific environmental factors
(e.g. King, 1963; Schnarr et al., 1982; Horn et al., 1984; Petersson, 1984)
helps to decide whether it is necessary to match these factors in the central
test with those under commercial conditions. But not all differences in
environment between central test stations and commercial herds can be
specified. It is even more difficult to specify differences in environment
between commercial herds or between batches of pigs tested at a test station.
Non-specific differences in husbandry may also give rise to G X E interaction,
defined as genotype X herd or genotype X batch interaction.

In The Netherlands interaction of genotype X specific environmental
factors has been investigated in the past for feeding level and sex (Minkema,
1970; Cop et al., 1977; Minkema, 1982), but no serious indications were
found for interactions. In this series, research on G X E is directed to the
interaction of genotype X husbandry, and genotype X level of the breeding
programme.

A short description of the G X E problem is given by Brascamp et al.
{1985). On the basis of that general description, G X E can be described as
in Fig. 1. The three blocks represent the three levels of the breeding pro-
gramme; nucleus herds with testing at central stations, sow herds with on-
farm testing and commercial herds with fattening pigs. The genotype X envi-
ronment interaction between the different levels is represented by rg, while
rg (analogous to the description of Brascamp et al., 1985) represents the
genotype X environment interactions within a level of the breeding pro-
gramme. .

In the literature most estimates for genetic correlations between the
genotypic value of a trait in different environments are, in terms of Fig. 1,
estimates for rg;. This is the case for estimates by Bampton et al. (1977),
Standal (1977), Schulte-Coerne and Simon (1978), Roberts and Curran
(1981), Sonnichsen et al. (1984b), Groeneveld et al. (1984) and Ollivier et
al. {1984). Estimates for rg, and rg; are scarce, Ketelaars (1979) estimated
rG. for daily gain and backfat thickness, while Claus et al. (1984) estimated
rG: and rg,; for various traits. There are as yet no estimates for ry, the genetic
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Fig. 1. Schematic description of the genotype X environment interaction problem in pig
breeding programmes.

correlation between similar traits measured in various environments within
a level of the breeding programme. As rg gives a kind of upper limit for rg
(Brascamp et al., 1985), these estimates in particular would contribute to a
better understanding of the G X E problem.

Good estimates for rg,, rg, and rg, as well as rg, rgi1 and rgpry are needed
to study the impact of genotype X environment interaction in pig breeding
programmes.

MATERIALS AND METHODS

Data were collected between April 1979 and August 1981 con two Dutch
test stations in the herdbook breeding programme. Dutch Landrace (NL) and
Duteh Yorkshire (GY) breeds were equally represented in both stations. The
central test mainly concerned two boars and one gilt from each litter. Data
collected were used for performance test as well as for progeny test. To
conduct a reliable progeny test, 8—12 litters are tested per sire. In order to
avoid very small sub-cells, only progeny of sires (all young A.I. boars) with
three or more litters tested were used in the analyses, including about 90%
of the tested animals. In Table I numbers of animals and sires are given for
each breed/station combination.

Pigs were tested in batches, A batch consisted of a certain number of
litters (15—30), entering the station within a short period and housed to-
gether in a particular unit of the station. No new pigs entered the unit until
all the pigs in that unit finished testing. Animals arrived at the station
at an average weight of 23 kg, were fed a mixture of standard composition

10



TABLE I

Numbers of Dutch Landrace {(NL) and Dutch Yorkshire (GY) sires and progeny used in
the analysis

Station 1 Station 2

Sires Progeny Sires Progeny
NL 141 2940 107 2512
GY 131 2564 102 30256

(9.4 Kd kg™! net energy and 18% protein) according to weight and were
housed individually. The test started at 25 kg. During the test both sexes
were treated in the same way. Only gilts were slaughtered and dissected at
the end of the test (= 96 kg live weight).

To compare different evaluations of growth, daily gain on test was com-
pared with daily gain as defined in the on-farm test and in commercial
fattening. Daily gain on test (DGT) was calculated between 25 kg and live
weight at the end of the test. In the on-farm test daily gain is measured
on the basis of weight and age on the test day, so weight for age (W/A) was
also calculated for the station-tested pigs at the end of the test. Daily gain in
commercial fattening is calculated between arrival in the fattening pen
and end of the fattening period. This definition was also used to calculate
daily gain on station {(DGS); daily gain between the moment of arriving
at the station and the end of the test. Genetic correlations are estimated for
these three traits measured on each of the tested pigs. Traits are corrected
for environmental effects by including batch effects in the model (Merks,
1985).

Some other evaluations for growth rate are also of concern. In commercial
fattening daily gain and feed conversion ratio are calculated on the basis of
slaughter weight, estimated as 1.3 times carcass weight, instead of live weight
at the end of the fattening period. To examine the effects of these differ-
ences in definition, daily gain on test and feed conversion ratio based on live
weight were correlated with daily gain and feed conversion ratio based on
calculated slaughter weight. The comparison was made for gilts, as only gilts
were slaughtered.

Genetic variances and covariances for these different definitions of growth
rate were estimated by “Henderson’s method 3", as programmed by Harvey
(1977), using Model 1. The analyses are carried out for each breed/station
combination.

Yijrim = u +8;+ Tj + 8Tjj + Dp:jj + Ry + ejrim (Model 1)
where

Yiikim = the record of the m-th progeny of the i-th sire and k-th dam
with sex [, tested in batch j;



u = papulation mean;

S; = the {random) effect of the i-th sire;

T; = the (fixed) effect of the j-th batch,;

ST;; = the (random) interaction effect of sire i and batch j;

Dg:;j = the (random) effect of the k-th dam within the {j-th sire batch
combination;

R = the (fixed) effect of sex /;

€ijkim = random error.
Variance and covariance components for each breed were pooled over
stations. Heritabilities (h?), common environmental components (c¢?) and
genetic correlations between traits x and y (rgxy) were estimated as:

2
h? = 2 2 4082 2 (1)
ogtoptogrto,

o} - ok

(2)

2 2 2 2
ogtoptogrto,

08,8

r =
8 o, *og, (3)

X

In the different levels of the breeding programme, different traits are used
to evaluate carcass gquality. On Dutch central test stations ultrasonic back-
fat thickness, carcass backfat thickness, ham + loin percentage and meat
quality are used (Merks, 1985). In on-farm testing backfat thickness is
measured ultrasonically, while in commercial fattening classification of
carcasses according to EEC regulations is on the basis of backfat thickness
and “type”. With station test results it is possible to estimate the genetic
correlations between these traits, all measured in the same environment.
Ultrasonic backfat thickness is measured on boars, while carcass backfat
thickness, ham + loin %, meat quality and classification are measured on
gilts.

For the estimation of the correlation between these traits, carcass
classification was decomposed into backfat thickness and a score for type.
According to the classification for backfat thickness (De Boer, 1982, p.28),
the class limits of 20, 25, 30 and 35 mm were used for the analyses. Nearly
all the carcasses were within the weight range 7080 kg. Type classes AA, A,
B and C were transformed into 3, 2, 1 and 0, respectively. Ultrasonic back-
fat thickness was analysed as the average backfat thickness of the boar litter-
mates. Variance and covariance components were estimated with Model 2
for each breed and pooled over stations. Genetic correlations are estimated
according to (3):

Yijm = u +8; +Tj + 8Tjj + e4jm (Model 2)

Slaughter characteristics were corrected for environmental effects, including

12




in the model the effect of the time period (7)) in which the pigs finished
test. Time periods were defined according to the length of contemporary
averages, considered to be best in correcting for environmental effects
(Merks, 1985). As periods of 1 month were optimal for ultrasonic and
carcass backfat thickness as well as for ham + loin %, month effects were
also included in the model for the other slaughter characteristics.

The results of the analyses with Models 1 and 2 for the different traits
were also used to study genotype X batch and genotype X month inter-
actions. Genetic correlations between the genotypic value of traits measured
in different batches or months were estimated. The subdivision in variance
components given by Yamada (1962) for a random model (as a result of
Yamada’s description of the random model) was followed to estimate ry:

-2

— )

& T+ ok - var (6s,) @

It was assumed that sire and error variances are equal in different environ-
ments (var (6g,) =0). This assumption had to be made, otherwise the
method was not valid (Fernando et al., 1984).

The investigation of sire X sex interaction could not be done by including
this interaction effect in Model 1. The small number of litters for each sire/
batch combination would lead to confounding of effects. Therefore genetic
correlations for daily gain and feed conversion ratio were estimated within
litter between the average of the two boars and the gilt littermate. Variance
and covariance components were estimated with Model 2 with the batch
effect included.

As all variance and covariance components are estimated from indirect
analysis (Harvey, 1977), negative variance components were set to zero
before estimates of heritabilities, genetic and phenotypic correlations were
made. Standard errors of these parameters were estimated according to
formulae suggested by Tallis (1959) and Scheinberg (1966).

RESULTS

The comparison of different evaluations of traits starts with the com-
parison of different definitions for growth rate. Averages and standard
deviations for these traits are given in Table II, In this table also phenotypic
and genetic correlations between daily gain on test, daily gain on station
and weight for age are given for each breed. Heritabilities and common
environmental components are added. The genetic correlation between daily
gain on test and daily gain on station does not differ from one. However,
heritability (h?) is higher and common environmental component (c?)
lower for daily gain on test. Genetic correlations for daily gain on test and
daily gdin on station with weight for age are somewhat smaller than one.
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The results of the comparison of daily gain and feed conversion ratio
based on measured live weight at end of test with the results based on
calculated slaughter weight (1.3 times carcass weight) are given in Table III.
The genetic correlations for Dutch Yorkshire indicate that fattening fraits
based on measured live weight are genetically the same traits as fattening
traits based on weight calculated from carcass weight. The fact that genetic
correlations of 0.8% and (.86 are estimated from Dutch Landrace is mainly
the result of lower genetic correlations (with large errors) at one station. At
the other station genetic correlations for Dutch Landrace were comparable
with correlations estimated in Dutch Yorkshire.

Phenotypic and genetic correlations between the different slaughter
characteristics are given in Table IV. The ultrasonic backfat thickness
measured on the boars correlates well with carcass backfat thickness (ry =
0.60) and ham + loin % {rg = —0.50) measured on the gilts. Correlations with
the classified characteristics are weaker., However, high genetic correlations
have been found between the carcass characteristics used for selection and
the classified characteristics. For backfat thickness genetic correlations are
around 0.80, for meat % (ham + loin % versus type) correlations range from
0.60 (NL) to 0.90 (GY).

TABLE II

Averages and standard deviations (S.D.) for different definitions of growth rate with phenotypic
(abiove the diagonal} and genetic correlations (below the diagonal), heritabilities {at the diagonal} and
common environmental components (¢?), measured on Duich Landrace (NL) and Dutch Yorkshire
(GY) pigs

Average £ §.D. DGT DGS WiA <

d ¢
DGT: daily gain NL 800+ 50 753t+t44 0.22:005 068+0.01 062001 0.13*0.03
on test (g) GY 824+52 8 t49 0.14+0.05 0.69+0.01 0.62+0.01 0.11*0.02
DGS: daity gain @ NL 685+ 51 653t45 098:0.,1B 010+0.05 0.82+001 0.220.03
on station (g) GY 1707:+54 678:49 099 +0,12 014+0.06 0.81 +001 021003
W/A: weight for NL 556 30 539:26 1.00+0.21 0.81+0.17 009006 030003
age (g day1) GY 569+32 555+20 O0.84+0.12 093 +0.09 020006 0.30+0.03

TABLE III

Phenotypic and genetic correlations between fattening traits based on measured live
weight and calculated live weight (1.3 times slaughter weight) at end of test

Daily gain (g) Feed conversion ratic (EW® per kg)
rp NL 0.87 £ 0.01 0.89 £0.01
GY 0.88 + 0.01 0.90 +0.01
ry NL 0.89 £ 0.06 0.86 £0.08
GY 0.97 £ 0.03 0.97 +0.02

AEW = feed unit {FU) corresponding to about 8.8 kdJ net energy.
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Genotype X batch interaction is investigated for feed conversion ratio
and the different definitions for growth rate. For slaughter characteristics
measured in Dutch test stations, genotype X month interaction is investi-
gated. In Table V significance levels of the interaction effect tested against
the dam effect, and estimated genetic correlations are given. There are clear
indications for genotype X batch interactions only for daily gain on station
and weight for age. For daily gain on test and feed conversion ratio, geno-
type X batch interaction is only of importance for Dutch Yorkshire pigs at
Station 2. Genotype X month interactions are absent for carcass character-
istics.

The genetic and phenotypic correlations for daily gain and feed conver-
sion ratio, estimated within litter between the average of the two boars and
the gilt littermate, are presented in Table VI. For Dutch Landrace the gen-
etic correlations indicate the absence of genotype X sex interactions for
daily gain as well as feed conversion ratio. The correlations for Dutch York-
shire show a poor relation between male and female littermates. However,
differences in genetic variance between boars and gilts are present for this
breed.

TABLE VI

Phenotypic and genetic correlations between male and female with the genetic standard
deviations for each sex/breed combination

™o ry og boars g gilts
Daily gain on test {(g) NL 0.21 +0.02 1.13+0.22 7.6 9.5
GY 0.17 £ 0.02 0.57 +0.18 8.5 12.0
Feed conversion ratio NL 0.20 £0.02 1.04 +0.23 0.03 0.03
(EW per kg) GY 0.18 +0.02 0.34 +0.18 0.03 0.05

DISCUSSION

The genetic correlation between daily gain on test and daily gain on
station clearly indicates that those two traits are related to the same geno-
type. The rather low phenotypic correlation of 0.69 is probably due to the
fact that daily gain on station is significantly affected by genotype X batch
interaction (Table V), while this is not the case for daily gain on test. The
only difference between these traits is the period between the arrival at the
station and the start of the test, the adaptation period. Apparently this
period is very important. For the data analysed, the adaptation period aver-
aged 17 days, rather a long time to gain an average of 2-kg. The large change
in environment, e.g. housing system, infection pressure and stall climate,
to which the pigs have to adapt must be the reason for this. Although
genetic correlations are almost equal to one, differences in genetic variance
justify a rather long adaptation period such that carry-over effects of herds
of origin are eliminated as much as possible,
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If this adaptation period is the source of the genotype X batch interaction,
genotype X batch or fattening period interactions may also be present in on-
farm test results and commercial fattening data. A period similar to the pre-
test period is included in those growth results. If station and on-farm tests
are related without correction for this kind of genotype X environment inter-
actions, they will probably give underestimated genetic correlations. Without
correction for significant genotype X batch interactions, heritabilities and
common environmental components for growth traits measured in central
stations were overestimated (Merks, 1984). The question whether no correc-
tion of on-farm and commercial fattening results for genotype X batch or
fattening period interaction is the reason for poor relationships between
station and commercial results found in the literature, will be examined with
Dutch herdbook data.

Genetic correlations for daily gain on test and daily gain on station with
weight for age are lower than one. This means that daily gain measured in
the central test and daily gain in the on-farm tests are genetically not exactly
the same traits, as already anticipated by Standal (1977). This is mainly the
result of the pre-test period, which is included in weight for age. Also
Bampton et al. (1977) reported genetic correlations between weight for age
in central testing and weight for age in on-farm testing that were higher than
correlations between daily gain in central testing and weight for age in on-
farm tests. Roberts and Curran (1981) however, could not confirm this.

It is not likely that these results are effected by genetic trend and the
selection of A.IL. boars. Correction for genetic trend is made by including
batch effects in the model. The selection in the sires of the test litters is
small, as only young boars were used to produce test litters. Based on the
central test index, the selection intensities were 1.0 for NL and 0.68 for
GY boars (Van Balkom, 1984). These selection intensities reduce the genetic
variance by a very small percentage (Fimland, 1979), which has little or no
effect on the correlations estimated.

Although genetic variation for killing out % exists (Minkema, 1970;
Sonnichsen et al., 1984a) fattening traits based on live weight are, genetical-
ly speaking, no different from fattening traits based on carcass weight. Low
genetic correlations between killing out % and daily gain or feed conversion
ratio are the reason for this.

The genetic correlations in Table 1V indicate that ultrasonic backfat (UB)
measurements do not refer to the same set of genes as backfat measurements
on the carcass (CB). Differences in measuring points, 5 ¢cm beside the midline
for UB and on the midline for CB, as well as differences in the technique,
ultrasonic versus linear measurements, contribute to this. The estimated
correlations are, however, of about the same magnitude as the correlations
estimated by Sonnichsen et al. (1984b) between ultrasonic backfat thickness
and carcass backfat thickness (ry = 0.88) and between ultrasonic backfat
thickness and weight of ham (rg = —0.62). Each trait was measured un a
group of station-tested pigs. For analysis of G X E in pig breeding program-
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mes this means that the correlation of ultrasonic backfat thickness measured
in on-farm tests with carcass backfat thickness measured in central tests, is
not expected to be unity. An expectation of 0.6—0.8, according to the
correlations in this paper, is more appropriate. So estimates of Standal
(1977) (rg = 0.65), Ollivier et al. (1984} (r; = 0.63) and Sdnnichsen et al.
(1984b) (ry = 0.69) between on-farm and central test results for backfat
thickness should not be considered as indications of G X E. Groeneveld
et al. (1984) however, estimated ry = 0.20 between auction sales and central
test results for backfat thickness.

The estimated genetic correlations between ultrasonic backfat thickness
and ham + loin %, ry = -0.50, are about the same size as the correlations
between carcass backfat thickness and ham + loin %. Estimates of Bampton
et al. (1977) (ry = —0.41) and Roberts and Curran (1981} (r, = —-0.53)
between ultrasonic backfat thickness in on-farm tests and lean % or weight
of ham in central tests, are of the same size. However, Standal (1977)
(rg = —0.34) and Sonnichsen et al. (1984b) (rg; = —0.36) estimated lower
correlations between these traits.

Genetic correlations between ultrasonic backfat thickness and classifica-
tion results are rather weak. It is not surprising therefore that Claus et al.
(1984) estimated a phenotypic correlation of —0.16 between ultrasonic back-
fat thickness of boars measured at auction sales and classification (% E +I)
of progeny fattened in commercial herds. Correlations between carcass
backfat and backfat ciass in Table IV are much higher. This is to be
expected, as both are measured on the carcass. The genetic correlation of
about 0.80 between carcass backfat thickness and backfat class is higher than
Ketelaars (1979) estimated (ry=0.42) between carcass backfat thickness
measured in central tests and backfat derived from classification results of
pigs fattened in commercial herds. Also the correlation of 0.6—0.9 between
ham + loin % and type class is somewhat higher than the correlation of rg =
0.48 between similar traits derived from the results of Ketelaars (1979).

In most studies on G X E in pig breeding programmes the expectation of
the genetic correlations between similar traits measured in different environ-
ments was one. However results in this study indicate that those expecta-
tions are too high. This is so particularly for carcass characteristics. Earlier
Standal (1977) and Groeneveld et al. (1984) pointed to the different defini-
tions for similar traits as an explanation for G X E. In future analyses of
G X E more attention should be paid to comparing identical traits at the
different levels of the breeding programme, or correction should be made
for the differences in the genetic basis of the traits.

Genotype X batch interaction has already been discussed for daily gain
on test and daily gain on station. For the estimation of these correlations it
had to be assumed that sire and error variances were equal in the different
environments, otherwise the estimates would have been biased (Fernando et
al., 1984). However estimates of sire variance components for the growth
traits showed large variation. Because of the small number of animals and
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sires per batch, sire variance components were even often negative. So cor-
relations in Table V should be considered only as an indication of the size
of the genotype X batch or month interactions, not as genetic correlations
between the genotypic values of the traits in different environments. Results
on genotype X batch interactions for feed conversion ratio are comparable
with daily gain on station. Slaughter traits are not affected by genotype X
month interaction.

Results in the literature, of research on genotype X sex interaction,
are rather different. In a station environment Smith and Ross (19635)
reported sire X sex interactions for daily gain and backfat. Cook (1978)
reported genetic correlations of about 0.8 between sexes for daily gain, feed
conversion and fat depths. This included a possible interaction between sires
and housing systems. Minkema (1970) derived a significant (P < 0.05)}sire X
sex interaction for ham % only (rg=0.82), while Minkema (1982) and
Ollivier (1983) found no indications for genotype X sex interaction within
a uniform environment for both sexes. Indications of genotype X sex inter-
action across environments (station—farm) are given by Roberts and Curran
(1981) and Ollivier et al. (1984), who found higher genetic correlations for
male—male comparisons than for male—female comparisons.

The results in Table VI show a good genetic resemblance for daily gain
and food conversion ratio between male and female pigs of the Dutch Land-
race breed. For Dutch Yorkshire pigs these genetic correlations indicate the
existence of pgenotype X sex interaction. However, this interaction can
probably be regarded as a pseudo-interaction according to Dickerson’s
terminology (1962). As shown in Table VI, differences in genetic variance
were found between Dutch Yorkshire males and females. Differences in
genetic variance between sexes for Dutch Landrace were much smaller. The
absence of rank-order differences for breeding values could, however, not he
proved because of the small number of pigs per sire/batch combination.

The preceding results indicate that genotype X environment interaction
does not seem to be a major problem within central test environment. For
daily gain on test sire X batch interaction is absent as long as an adaptation
period is used. The indications found for sire X sex interactions within the
Dutch Yorkshire breed for fattening traits should probably be regarded as.
pseudo-interactions.

ACKNOWLEDGEMENT

Part of the costs of this study were covered by financial support from the
Dutch Commodity Board for Livestock and Meat.

20



REFERENCES

Bampton, P.R., Curran, M.K. and Kempson, R.E., 1977, A comparison of ‘on-farm’ and
station testing in pigs. Anim. Prod., 25: 83—94.

Brascamp, E.ZW., Merks, . W.M. and Wilmink, J.B.M., 1985. Genotype—environment inter-
action in pig breeding programmes: methods of estimation and relevance of the
estimates. Livest, Prod. Sci., 13: 135—146,

Claus, H., Claus, J. and Kalm, E., 1984, Vergleich zwischen Zuchtwertschitzergebnissen
von Jungebern mit deren Nachkommenleistungen in Produktionsbetrieben. 35th
Annual Meeting, ELA.AP., The Hague.

Cook, G.L., 1978. Estimates of genetic and environmental variance components and
correlations in combined pig testing — revised 1978. Polycopie Meat and Livestock
Commission — Statistics Department.

Cop, W.A.G., Buiting, G.A.J, and Scheele, H.T., 1977. Relation between feed intake,
growth rate, feed conversion and slaughter guality in different breeds of pigs. 28th
Annual Meeting E.A A P., Brussels.

De Boer, H,, 1982. Animal production systems to meet consumer demands — Western
Europe. In: K.R. Franklin and H. Russell Cross (Editors), Proc. Int. Symp. Meat Sci.
Technol., Lincoln, Nebraska, 1--4 November, National Live Stock and Meat Board,
Chicago, pp. 17—32.

Dickerson, G.E., 1962, Implications of genetic—environmental interaction in pig breeding.
Anim. Prod., 4; 47—64.

Fernando, R.L., Knights, S W. and Gianola, D., 1984. On a method of estimating the
genetic correlation between characters measured in different experimental units.
Theor. Appl. Gen., 67: 176—178.

Fimland, E., 1979. The effect of selection on additive genetic parameters. Z. Tierz.
Ziichtungsbiol., 96: 120—134,

Groeneveld, E., Busse, W. and Werhahn, E., 1984. Practical estimates of genotype envi-
ronment interactions in the German pig herdbook. 35th Annual Meeting E.A AP,
The Hague.

Harvey, W.R., 1977. User’s guide for LSML 76 (Mixed Model Least-Squares and Maximum
Likelthood Computer Program}. Mimeo., Ohio State Univ.

Horn, P., Kovach, G., Mészdros, Z., Radnai, 1., Gelei, [. and Harskuti, L., 1984, Geno-
type—management interactions in fattening pigs. 35th Annual Meeting E.A AP, The
Hague.

Ketelaars, E H., 1979. De vererving van onder prakiijkomstandigheden geregistreerde ken-
merken bij varkens. Versl. Landbouwk. Onderz., 883, Pudoc, Wageningen (with
English summary}).

King, JW.B., 1963. A genotype environment interaction experiment with bacon pigs.
Anim. Prod., 5: 283—288.

Merks, . W.M., 1984. Vergelijkbare gemiddelden en parameters voor de selectiemesterij-
index. IL, Parameters voor het toetsen bij beperkte voedering, Repoert B-240, Institute
for Animal Production, Zeist (with English summary).

Merks, JW.M., 1985. Genotype X environment interactions in pig breeding programmes.
II. Correction for environmental effects and genetic parameters in central test. Livest.
Prod. Sci. (submitted).

Minkema, D., 1970. A preliminary report on the interaction between genotype, feeding
level and sex in Dutch Landrace pigs. 21st Annual Meeting E.A A P, Godollo.

Minkema, D., 1982. Een onderzoek naar interactie tussen erfelijke aanleg en voederniveau
bij Nederlandse Landvarkens. Report B-196, Institute for Animal Production, Zeist
(with English summary).

Ollivier, L., 1983. Dix ans d’une expérience de sélection individuelle sur des verrats
utilisés en insémination artificielle. II. Paramétres génétiques estimés. Génét. Sé&l
Evol.,, 15: 99—118.

21



Ollivier, L., Gueblez, R., Laloe, D., Runavot, J.P. and Sellier, P., 1984. Estimates of
genolype X environment interactions in the national pig breeding programme in
France. 35th Annual Meeting E.A A.P., The Hague.

Petersson, H., 1984. Studies on genotype X environment interactions in pig progeny
testing., 35th Annual Meeting E.A.AP., The Hague.

Pani, S.N. and Lasley, J.F., 1972. Genotype X environment interactions in animals,
Theoretical considerations and review of findings. Res. Bull, 992, University of
Missouri, Columbia.

Roberts, D.J. and Curran, M.K., 1981. A comparison of ‘on-farm’ and station testing in
pigs. Anim. Prod., 33: 291—298, ]

Scheinberg, E., 1966. The sampling variance of the correlation coefficients estimated in
genetic experiments. Biometries, 22; 187—191,

Schnarr, W., Dzapo, V. and Wassmuth, R., 1982. Genotyp-Umwelt-Interaktionen beim
Schwein. Ziichtungskunde, 54: 198—213.

Schulte-Coerne, H. and Simon, D.L., 1978. Correlation between performance tests of
boars on auction sales and station tests of sibs. 29th Annual Meeting E A A.P., Stock-
holm.

Smith, C. and Ross, G.J.S., 1965. Genetic parameters of British Landrace bacon pigs.
Anim. Prod., 7: 291—301.

Sonnichsen, M.-L., Claus, J. and Kalm, E., 1984a. Parameterschitzung und Indexkontruk-
tion fiir die. Populationen Deutsche Landrasse B und Piétrain in Schleswig-Holstein,
1. Sehitzung von Heritabilitaten. Ziichtungskunde, 56: 238—248.

Sonnichsen, M.-L., Claus, J. and Kalm, E., 1984b, Parameterschiatzung und Indexkontruk-
tion fiir die Populationen Deutsche Landrasse B und Piétrain in Schleswig-Holstein.
2. Schitzung von genetischen und phénotypischen Korrelationen. Ziichtungskunde,
56: 249—261.

Standal, N., 1977. Studies on breeding and selection schemes in pigs. 6. Correlation be-
tween breeding values estimated from station test and on-farm test data. Acta Agric.
Scand., 27: 138—144.

Tallis, G.M., 1959. Sampling errors of genetic correlation coefficients calculated from the
analysis of variance and covariance. Aust. J. Statist., 1; 356—43.

Van Balkom, P., 1984. De selectie bij aankoop van NL- and GY-beren door de Kl-vereni-
gingen in de periode van april 1979 tot september 1981, Stageverslag Hogere Land-
bouwschool, ‘s-Hertogenhosch,

Yamada, Y., 1962. Genotype by environment interaction and genetic correlation of the
same trait under different environments. Jpn. J. Genet., 37; 498—509.

RESUME

Merks, JWM., 1986. Interactions génotype X environnement dans des programmes
de sélection de pores. Livest. Prod. Sci., 14: 365—381 (en anglais).

Dans ce premier article, les résultats de testage obtenus aux Pays-Bas ont été examinés
sous l'angle de l'intéraction génotype X environnement (G X E). Les résultats ont en-
suite été utilisés pour estimer les corrélations génétiques entre les différentes estimations
de la croissance et de la qualité de la carcasse qui sont utilisées dans les divers milieux
de réalisation du programme de sélection. Dans ce programme, G X E apparait dans
les phénotypes différents qu’exprime un génotype aux divers niveaux du programme
de sélection ou méme lorsqu'a un niveau donné, il est placé dans des environnements
différents (par exemple, les élevages).
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Dans la plupart des études sur G X E, il était prévu qu'il ¥ ait une corrélation génétique
unique entre caractéres similaires mesurés dans des milieux différents. Cependant, les
corrélations entre caractéres similaires estimées dans cette étude sur les porcs avant
subi le testage indiquent que les prévisions pourraient &ire plus faibles, en particulier
pour les caractéristiques de carcasse. Les corrélations génétiques entre 1'épaisseur de
tard mesurée sur la carcasse (CB) et aux ultra sons (UB), utilisée normalement au cours
du testage a la ferme, &taient de 0.61 et 0.57 respectivement pour les Landrace Néer-
landais (NL) et Yorskshire Néerlandais (GY), tandis que les corrélations entre UB et
la classe commerciale d'épaisseur de lard étaient de 0.25 et 0.42. Les corrélations gén-
étiques entre le pourcentage de jambon + longe et la classe étaient de 0.60 et 0.94,
Il faudrait tenir compte de ces différences d'ordre génétique pour ces caractéres dans
des analyses futures de G X E.

On a recherché les intéractions génotype X groupe et génoiype X sexe pour la vitesse
de croissance et l'indice de consommation. Aucune d’entre elles n’était significative.
Cependant, l'intéraction génotype X groupe était significative (P < 0.05) pour la vitesse
de croissance entre l'arrivée i la station et la fin du testage, ainsi que pour le poids ou
I’dge 4 la fin du testage. Les causes possibles de ces intéractions sont discutées. Les in-
téractions génotype X mois pour les caractéristiques d’abattage étaient non significatives,

KURZFASSUNG

Merks, J.W.M., 1986. Genotyp- Umwelt-Interaktion in Schweinezuchtprogrammen.
1. Stationstest. Livest. Prod, Sci., 14: 365—381 (auf englisch).

In einer ersten Mitteilung wird an niederlindischen Stationsdaten das Vorliegen
von Genotyp X Umwelt Interaktionen (G X U) gepriift. Weiterhin werden genetische
Korrelationen zwischen @hnlichen Merkmalen der Mastleistung und des Schlachtkérper-
qualitdt geschitzt, wobei die Mermale als in verschiedenen Umwelten erbrachte Lei-
stungen aufgefasst werden, Dabei wird von einer G X U - Interaktion gesprochen, wenn
bestimmte Genotypen verschiedene phinotypische Ausprigungen in unterschiedlichen
Stufen eines Zuchtprogrammes oder in verschiedenen Umwelten (z.B. Betrieben) inner-
halb einer Stufe aufweisen.

In einer Reihe von Untersuchungen iiber G X U - Interaktionen betrigt der Erwar-
tungswert fiir die genetischen Beziehungen zwischen dhnlichen Merkmalen, die in unter-
schiedlichen Umwelten erhohben wurden, 1. Die eigenen Berechnungen ergaben deut-
lich geringere Korrelationen. Dies gilt inshesondere fiir Merkmale des Schlachtkorper-
qualitit Die genetischen Beziehungen zwischen der Riickenspeckdicke am Schlacht-
korper und der mit Hilfe von Ultraschall geschitzten Speckdicke (Merkmal aus Feld-
priifung) betragen fiir die Landrasse bzw, fiir Yorkshire 0.61 bzw. 0.57, wihrend die
Korrelationen zwischen letzterem Merkmal und der in Klassen eingeteilten Riicken-
speckdicke {Merkmal aus kommerzieller Mast) Werte zwischen 0,25 und 0.42 annehmen,
Der genetische Zusammenhang von Schinkenlendeprozent mit der Typklasse schwankt
zwischen (.60 und 0.94, Somit sollte bei Zukiinftigen Analysen von G X U - Interak-
tionen dem unterschiedlichen genetischen *“background” der Merkmale, Rechnung ge-
tragen werden.

Die Interakfionen Genotyp X Bucht und Genotyp x Geschlecht erwiesen sich fiir
die Tageszunahmen (Priifungsperiode) und die Futterverwertung als nicht signifikant.
Lediglich fiir die tigliche Zunahme (bezogen auf die Ankunft in der Station bis Ende
des Tests) und fiir die Lebenstagszunahme liess sich die Wechselwirkung Genotyp X
Bucht mit einer Irrtumswahrscheinlichkeit von P < 0,05 absichern, Die méglichen Ur-
sachen fiir diese Interaktionen werden diskutiert. Fiir Schlachtkbérpermerkmale konnte
keine signifkante Interaktion Genotyp X Monat nachgewiesen werden.
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ABSTRACT

Merks, J.W.M., 1987. Genotype X environment interactions in pig breeding programmes. I1. Envi-
ronmental effects and genetic parameters in central test. Livest. Prod. Sei., 16: 215-228.

Eunvironmental effects were investigated and genetic parameters estimated in central test results
from Dutch Landrace and Dutch Yorkshire pigs, tested on two stations under a restricted feeding
regime,

To investigate the environmental effects within test stations, different definitions of environ-
mental effects were included separately in models for analysis of variance. Batch effects were
significant (P <(.001) for daily gain and feed conversion ratio, and explained 7-12% of the var-
iance. Backfat measurements and ham +loin percentage were significantly (£ <0.05) influenced
by manth effects. Indications for an optimal environmental classification were shown only for
daily gain and feed conversion ratio. For the carcass characteristics no balance could be found
between chance and environmental fluctuations.

The estimated heritabilities for daily gain, feed conversion ratio and ultrasonic backfat thick-
ness were 0.18, 0.21 and 0.28, respectively, if averaged over the two breeds, and were lower than
those reported in the literature for pigs on restricted feeding. A different genetic structure (only
A.L data were used) and the chosen definition of environmental effects may have contributed to
these differences. The differences between the two breeds in heritability. especially for ham + loin
percentage {h”=0.34 for Dutch Landrace and h®*=0.75 for Dutch Yorkshire), may be the result
of the selection against halothane-positive animals in the first breed.

INTRODUCTION
Central tests were introduced to compare pigs across farms in a standardised

environment using uniform feeding, housing and management. However, a
complete standardisation of all environmental effects is impossible. Differ-

'In cooperation with the Department of Animal Breeding, Agricultural University, P.0. Bax 338,

6700 AH Wageningen, The Netherlands.

0301-6226/87/$03.50 © 1987 Elsevier Science Publishers B.V.
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ences in environment between stations are known (Flock, 1968; Pfleiderer,
1973; Andersen and Vestergaard, 1984 ), while the existence of seasonal effects
on all traits recorded in central test is generally accepted; significant month or
quarter effects were reported by Pfleiderer (1973), Lundeheim et al. (1980),
Konrad (1981), Blum (1983) and Sonnichsen (1983). To correct test results
for these environmental effects, contemporary averages are generally used
(Lindhé et al., 1980} . Little attention has been given to the application of the
best linear unhiased prediction {BLUP) procedure for the evaluation of cen-
tral test results, although Ronningen (1978), Kennedy (1982) and Bruns
{1983) have initiated some discussion in this area.

In the Dutch herdbook breeding programme pigs are tested in batches (Merks
and Minkema, 1983) within which the environmental variation should be small,
as the pigs are housed together in a particular unit of the station and treated
in the same way. Differences between succeeding batches might be small com-
pared to differences between seasons. As the definition of environmental effects
is of importance to obtain unbiased estimates of breeding values and genetic
parameters (Van Vleck et al., 1961; Langholz, 1965b; Eikje, 1974}, it also may
affect the analysis of genotype (sires) by environment (test versus commer-
cial) interaction. Therefore the purpose of this study was to investigate the
enhvironmental effects in central test results and to estimate suitable genetic
parameters.

MATERIAL AND METHODS

The data used were those described by Merks (1986), i.e. data from two
Dutch test stations in the herdbook breeding programme collected between
April 1979 and August 1981, Dutch Landrace (NL) and Dutch Yorkshire (GY)
breeds were equally represented in both stations. The traits measured at these
stations and used in the selection index are described in Table L.

To investigate the environmental effects within test stations, batch, month
and quarter effects have been included separately in models for analysis of
variance, which were carried out with the LSML76 program of Harvey (1977).
The average number of pigs, litters and sires for each of these classifications
is given in Table II. The month and quarter effects were defined for each litter
according to the month or quarter within year in which the first littermate
finished the test. For carcass characteristics partition of the environmental
effects according to the slaughter-day was also performed. Coefficients of
determination for the environmental effects were calculated to show the reduc-
tion in sums of squares by the environmental classification used.

To determine the appropriate definition of environmental effects, the dif-
ferent classifications of the data were compared using the following criteria:
(i) residual variance, (ii} genetic variance, (iil) heritability and (iv) the
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TABLE I

Traits measured at Dutch central test stations

Name Symbol Calculation method
Daily gain on test {g day ') bG Average daily gain between 25 kg
(boars and gilts) and end of test {96-105 kg)
Feed conversion ratio (EW kg ')* FC Feed conversion ratio between 25
(boars and gilts) kg and end of test
Ultrasonic backfat thickness {mm) UB Average of 4 ultrasonic
(only boars) measurements 5 cm beside the
central line of the back
Carcass backfat thickness (mm) CB Average of 4 linear measurements
(only gilts) on each carcass half
Ham + loin percentage (%) HL Weight of ham and loin in both
(only gilts) carcass halves as percentage of
carcass weight
Meat quality {points) MQ Subjective score for meat quality
(only gilts) based on colour and water holding
capacity

"EW =1 feed unit (FU) corresponding to about 1 kg feed.

average effective number of progeny per sire. The first three criteria were also
used by Langholz (1865b} and Henningsson {(1986) to find a balance between
chance and environmental fluctuations by minimising the environmental var-
iance and maximising the genetic variance, consequently maximising the her-
itability. The fourth criterion is appropriate in the context of genetic progress
{PIDA, 1965; Dempfle, 1977) as the correlation between estimated and true
breeding value of each sire depends, besides genetic and environmental vari-
ance, on the effective number of progeny.

TABLEII

Mean numbers of pigs, litters and sires within batches, months and quarters for each combination of breed
and test station

Station 1 Station 2
Batch Month Quarter Batch Month Quarter
Dutch Landrace
Pigs 37(19-72)"  113(70-189)  334(219-387)  21(5-37) 83(53-156)  269(234-335)
Litters  13{7-25) 38(35-57) 116(74-136) 7(2-13) 30(18-45) 94(79-117})
Sires 8(4-15) 15(10-22) 29(20-37) 5{2-9) 12(7-18) 22(16-28)

Dutch Yorkshire
Pigs 52(12-61) 96(61-126) 292(264-326) 25(9-40) 100(53-152)  315(270-393)
Litters  11(5-22) 34{21-51) 102(92-117} 9(3-14) 34(21-51) 107(91-134)
Sires 7(2-13) 14(9-23) 25(23-30) 5(2-9) 10(7-14) 16(12-21)

"Minimum and maximum in parentheses.
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For daily gain on test and feed conversion ratio the analyses were carried out
within combinations of breed and station. Model 1, as indicated in the analyses
by Merks [1986), was used and is provided below:

Yijk!m 2#+S!'+’I}+ST"j+Dk:;j+RI+eijkgm (1)

Where S, T, D and R represent the effects of sires, batches or time periods,
dams and sexes respectively.

Data on ultrasonic backfat thickness were analysed using Model 1, excluding
the sex effect. For carcass characteristics, Model 2 of Merks (1986) was used:

The variation in weight at the end of the test was partly the result of genetic
variation as pigs were weighed weekly; results were therefore not corrected for
this small variation. For each breed, all results were pooled over stations as
there was no heterogeneity between stations (Merks, 1984).

Coefficients of determination for environmental effects (abbreviated as
RZ%(T)) are calculated as follows (Searle, 1971):

R(T|uS,R)
Yy—R{u)

Further, for each trait the results of the models with different classifications
were used to estimate residual {¢,?) and sire variance (og?) components and
to calculate the heritabilities. For the estimation of the heritabilities reference
is made to Merks (1986). The average effective number of progeny per sire
{n.) is approximated by the number of ¢s? components in the model with the
concerning classification.

An up-to-date set of genetic parameters were estimated using the classifi-
cation found to be most appropriate. The variance and covariance component
estimates for each breed were pooled over stations to estimate heritabilities,
common environmental components and genetic-, phenotypic- and common
environmental correlations. The common environmental correlation repre-
sents the environmental causes of similarity between full sibs x and y and is
estimated according to:

R%(T|wS.R) = % 100 (3)

r _ JDI_\‘ T JS.\‘\'
Cxv T
J(oh —ad ) (oh, —0%)

As all variance and covariance components were obtained by indirect anal-
ysis (Harvey, 1977), negative variance components were set to zero before
heritabilities and correlations were computed. Standard errors of the param-
eters were estimated as was done in the earlier analyses (Merks, 1986} .

(4)
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