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STELLINGEN

Een lineair beocrdelingssysteem voor exterieurkenmerken bij varkens
biedt goede mogelijkheden tot selectie op beenwerk.
Dit proefschrifc

De extra informatie van visueel beoordeelde lichaamsmaten en lichaams-
bouw aan het eind van de toetsperiode is voor selectie op mesterij-
eigenschappen te verwaarlozen.

Dit proefschrift

Cm de functionaliteit wvan het beenwerk van op groei en spekdikte
geselecteerde varkens op peil te houden dient de helft van de getoetste
beren op beenwerk afgekeurd te worden.

Dit proefschrift

Het beoordelen van de grootte en de evenredigheid van de achter-
pootklauwen van opfokgelten met het oog op verlenging van de levens-
duur, heeft geen zin.

Dit proefschrife

Selectie tegen afwijkende beenstanden bij opfokgelten heeft een
positief effect op de gemiddelde levensduur van de zeugenstapel.
Dit proefschrift

Voor een effectief selectiebeleid ten aanzien van beenwerk is voor
diverse beenstanden kennis van de positie van het populatie-gemiddelde
ten opzichte van het eptimum noodzakelijk,

Dit proefschrife

De zin van selectie op exterieur in een zeugenlijn ter verhoging van
de gemiddelde levensduur, zal met name afhangen van de beenwerk-
reputatie van betreffende lijn.

De opbrengst als gevolg van extra genetische vooruitgang in de
varkensfokkerij door invoering wvan het ’animal-model’, hangt af van de
juistheid van zowel de dier- als de modelkeuze.

Voor een optimale wvalorisatie wvan het varkenskarkas verdient de
benutting wvan de aanwezige variatie in vleeskwaliteit meer aandacht
dan het terugdringen van die variatie,

Voorkeurshbeleid jegens een bepaalde bevolkingsgroep maakt van het anti-
discriminatiebeleid een lachertje.

De wetenschappelijke onderbouwing van de essentiéle voorwaarde veor de
mogelijkheid van het ontstaan van leven doer evolutie, namelijk een
ouderdem van de aarde van minstens 4.6 miljard jaar, is gebaseerd op
drijfzand.
Monthy White, A.J., 1985. Hoe oud is de aarde? Evangelical Press,
Durham, Engeland.

Effectieve selectie op vleeskwaliteit is nog een taaie hap.

Proefschrift van Evert J., van Steenbergen
Relevance of exterior appraisal in pig breeding
Wageningen, é juni 1990.
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Chapter 1

INTRODUCTION

General .

The characteristics pigs have today are the results of evolution and the
selection that has taken place since thelr domestication. Foundation of
pig herdboocks and start of central performance tests at the beginning of
this century, have been important stimuli for breeders to a more systematic
selection in their breeding stock. Selection was mainly based on visual
appraisal of external characteristics and functions (exterior traits).
Organized appraisal of living pigs can be traced back to livestock fairs
or shows starting in the early 1800's in Europe and later in North America.
The main objective in most of the shows was to emphasize the ideal type
offered by leading breeders at that time. Little consideration was given
either to pedigree or individual performance. Some descriptions of the
ideal type are given by Anderson (1938): "The retention of good size with
a higher degree of quality 1is the goal for which breeders are striving;
trimness of the jowl, under line and hams is a definite indicator of
guality; the hair coat is also an index of quality; a strong constitution
is shown by a deep, wide chest, well-filled back of the shoulder, a body
of good depth, a capaciocus middle, and a good appetite™. However, despite
severe limitations of the show ring in rating animals according to their
breeding values, until about 1930 no suitable substitute was developed for
the evaluation of the general merit of the animals.

Exterior traits can be characterized by measurements (e.g. width,
height, circumference), photography (Calabotta et al., 1982) and visual
appraisal of external characteristics and functions. From a viewpeint of
objectivity and interpretation of the data, measurements and photography
are attractive, whereas low measuring costs and quickness of measuring
favour visual appraisal as means for characterization of exterior traits.
Characterization of exterior is not a goal in itself but rather serves as
an indicator of growth performance, reproductivity and constitution. This
indication might be of interest when economically important traits

(breeding goal traits) can not be measured on living animals (e.g.




slaughter and meat quality) or when traits can not be measured at an early

age (e.g. reproduction, longevity}.

Xterior tralt n relatjon to r oductive a rowth performance

Main external characteristics for reproduction and maternal ability are
number and quality of the teats. Relationships of body measurements
(length, width and height) and weight at the age of about 230 days with
reproduction are negligible (Drobig et al., 1983; Schlegel et al., 1983).

Until about 1950 estimation of slaughter quality on living animals was
based only on visual appraisal of external characteristics. Since then,
several measuring techniques for application on live animals were developed
and enabled objective and more accurate estimates of backfat thickness and

lean meat content (e.g. Price et al., 1960; Molenaar, 1985).

Exterior traits d constitution.

The term congstitution refers te the general physical structure and
condition of a body. This comprises for example locomotory ability and
susceptibility teo diseases and parasites. Constitution is considered to be
important because it is seen as an Indicator of longevity. Brody (1945)
stated: "Function is intimately correlated with structure and form. The art
of animal judging is crude because only the grosser aspects of form and
structure are available for examination and comparison. The primciple that
function is an expression of structure is, however, unassailable". Large
changes in housing systems, feeding and floor types during the last three
decades were accompanied by a considerable increase of lean meat deposition
efficiency. In the same period many reports dealing with constitutional
problems, mainly due to foot and leg disorders, were published (e.g. Smith,
1966; Grendalen, 1974a; Webb et al., 1983; Rothschild and Christian, 1988).
Leg weakness is a well-established term to describe these disorders and is
defined as a c¢linical syndrome characterized by anomalies of attitude and
gait and difficulties to rise and mount (Goedegebuure et al., 1980a). It
is concluded that the main motive for exterior appraisal is its presumed
relationship with constitution, particularly with leg weakness, Economics

and factors related to leg weakness are therefore discussed,




Economic loss due to leg weakness can arise In different ways at each
level of the production pyramid: through (1) reduced genetic improvement
in performance traits at nucleus level due to involuntary culling, (2)
premature disposal of breeding stock at nucleus and multiplier levels, (3)
loss of sales at nucleus and multiplier levels, and (4) reduced reproduc-
tion and production efficiency at all levels.

On central test stations 15 to 50X of tested boars are rejected for
breeding because of leg weakness and/or insufficient exterior (Smith and
Smith, 1965; Teuscher et al.,, 1972; Bereskin, 1979; Webb et al., 1983;
C.B.V. Annual Report, 1985). Walters et al. (1982) reported that 10X of
reared gilts of a pig breeding company are rejected for sale to commercial
multiplier herds because of insufficient "legs/feet® and "conformation”.
On multiplier herds 10 to 20X of disposed sows are culled because of leg
weakness/lameness (Dagorn and Aumaitre, 1979; Arthur et al., 1983; Te
Brake, 1986; Dijkhuizen et al., 1989). A reduction of the leg weakness
problem can increase average herd life of sows. The economic benefit of an
increase of average herd life from four to five litters iIs calculated by
Dijkhuizen et al. (1986) and De Vries (1983), and averaged Dfl. 45.= per
sow per year. Dijkhuizen et al. (1989) calculated the economic losses of
premature disposal of sows. The highest losses are found in cases of
'lameness/leg weakness', averaging Dfl. 183.= per culled sow.

Next te the economic consequences, leg weakness has a negative impact
on animal welfare and emphasizes the negative image of intensive husbandry
systems. Reduction of the leg weakness problem is therefore an important

item.

In literature many factors are studied in relation to leg weakness.
Those factors can be divided into environmental and internal (i.e. derived
from or part of the animal) factors. The main factors will be reviewed here
after.

Environmental factors. In the literature several facters concerning
housing system (e.g. type of confinement, type of floors) are indicated to
have a significant impact on leg weakness (Sather and Fredeen, 1982; Van
der Wal et al., 1984 ). A direct relationship of annual culling rate with
type of floaring during gestation, size of the herd and lactation length
is shown by D'Allaire et al. (1989).



Several studies dealt with the effect of food supplements (biotin,
sodium bicarbonate (NaHCO;) and vitamin €) on leg weakness (Penny et al.,
1980; Nakano et al., 1983; Bryant et al., 1985a,b; Van der Wal et al.,
1986). Sodium bicarbonate and vitamin C are found to have a positive effect
on locomotory ability while biotin showed an effect on severity of toe
lesions.

& feeding level effect is described by Kornegay et al. (1983) reporting
that structural soundness scores are at a more desirable level in ad
libitum-fed than in restricted-fed boars. This is not supported by results
of Grendalen (1974a), Ngkano et al. (1979) and Galabotta et al. (1982).

Internal factors. Osteochondrosis 1is considered to be the major
component of the leg weakness syndrome (Goedegebuure et al., 1980a; Nakano
et al., 1981). Grendalen (1974a,b) found the degree of osteochondrosis of
an animal to be related to leg weakness. He also suggested very broad hams,
a long back, and a narrow lumbar region to be predisposing factors for leg
weakness. Poor assoclations between the state of osteochondrosis of
fattening pigs and the degree of leg weakness are presented by Fredeen and
Sather {1978), Goedegebuure et al. (1980b), Van der Valk et al. (1982) and
Nakano et al. (1983), while Reliland et al, (1978) stated that no correla-
tion existed between presence of osteochondrosis and leg weakness,
Goedegebuure et al. (1988} concluded that although osteochondrosis may play
a role, 1t is not the primary cause of front-leg weakness in Durcc swine.
Hilley et al. (1981) stated that visual scores for leg weakness do not
relate to the degree of osteochondrosis.

Vaughan (1%71) and Grendalen (1974a) indicated that fast growing pigs
appeared to be predisposed to structural soundness and locomotion problems.
This is confirmed by Nakano et al. (1983) who found a significant
correlation between average daily gain and locomotory ability scores. Those
results do not agree with growth and leg problem figures from feeding level
experiments, which indicate either nil or a positive effect of growth rate
on locomotory ability. Conflicting results might partly be due to
differences in weight and age at which animals were scored for locomotory
ability. It is generally believed that a constant selection for rapid
growth and muscle mass results in a severe unbalance between live weight
and the immature skeletal frame (e.g. Goedegebuure et s2l1. 1980a). That

unbalance might decrease locomotory ability.
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Heredity of exterior traits.

Hetzer and Miller (1972) reported heritabilities of measures on live
animals (length, width and height) ranging from 0.36 to 0.48. Heritabilicy
estimates of total number of teats averaged about 0.30 (e.g. Pumfrey et
al., 1980). Genetic background of a large mumber of individual leg traits
is estimated by Smith (1966) and Webb et al. (1983). Heritabilities were
low, but indicated that some leg traits might have a genetic predisposi-
tion. Genetic evaluations of combined scores of leg traits, generally
reported as leg weakness or soundness scores, resulted in low to moderate
heritabilities (Bereskin, 1979; Webb et =al., 1983; Lundeheim, 1987).
Rothschild and Christian (1988) showed a direct response to five genera-
tions of divergent selection on front-leg weakness in Duroc pigs. Landrace
pigs are generally described to have poorer constitution than Yorkshire
plgs (Smith, 1966; Goedegebuure et al, 1%980a, Webb et al., 1983; Lundeheim,
1987). These breed differences indicate genetic variation. It can be
concluded that response on selection for exterior traits In pigs is likely

to occur.

Visua)l scoring of exterior traits,

In literature many reports on visual appraisal of exterior in swine deal
with scoring to an ideal, while most traits are combinations of individual
traits. Information on objectively and conclusively defined distinct
exterior traits is lacking which also holds for relationships between
exterior traits and measures of a good constitution, i.e. longevity.
Because importance of external characteristics is mainly threough their
presumed relationship with constitution, attention for exterior traits
should be focused on traits for which a relationship with constitution,
particularly with leg weakness, is indicated by literature and/or pig
breeders.

Many different methads for evaluation of exterior traits are in use.
Thompson et al. (1981, 1983) mentioned several advantages of a linear
scoring system over a descriptive coding system: (l} degree rather than
desirability is recorded, (2) scores cover the bioclogical range, (3) traits

are scored individually rather than in combination, (4) a wide range of



numerical scores can be used which allows analyses with continuous scale,
(5) heritabilities for linearly scored traits are comparable to or slightly
larger than corresponding traits scored in relation to an ideal and (6)
linear scoring permits Interpretation of biological relationships among
exterior traits., In dairy cattle linear scoring systems are practiced
widely. No literature reports, however, are found of linear scoring in

pigs.

Investigations,

This thesis focuses on the consequences and relevance of selection on
exterior traits that are presumed to be related to constitution. Results
and conclusions are based on investigations of exterior traits of centrally
tested boars and of gilts and sows on 24 commercial multiplier farms.
Investigations were set up to:

- evaluate the use of a linear scoring system for exterior traits in pigs

- obtain heritability estimates of exterior traits

- estimate genetic and phenotypic correlations between exterior traits
and growth performance

- estimate the relationships of exterior traits with reproductive
performance, reasons for disposal and longevity

- 1indicate the importance of exterior traits for pig breeding.

Before investigations started, exterior traits to be investigated were
chosen in deliberation with inspectors of the Dutch pig herdbook and three
pig breeding companies. The choice of the traits to be evaluated was based
on the expected economic value and the likelihood to have a relationship
with constitution., For the present investigations 21 exterior traits are
defined and scored on a linear scale which ranged from (¢ to 2 with 0.5
intervals. Description and evaluation of the linear scoring method is

reported in Chapter 2.

Heritability and genetic variance of a trait are main factors which
determine amount of selection response for that trait. Depending on genetic
(co)variances, selection on one group of traits might also change the

phenotypic and genetic value of other traits, Possibilities of selection




for exterior traits and impact of culling on exterior tralits for perfor-

mance traits are reported in Chapter 3.

Severity or degree of leg weakness is not linearly related with its
economic relevance. The main economic losses only occur If the level of
leg weakness is reached which necessitates premature disposal of the
animal. Longevity in a breeding herd, which among other factors is the
result of all known and unknown manifestations of leg weakness, might be
a good indicator of leg weakness (Calabotta et al., 1982). In plg breeding,
constitution is especially relevant in dam lines because these lines
provide sows for commercial multiplier herds. Longevity of these sows is
economically important (e.g. Dijkhuizen et al,, 1986), Relationships of
exterior traits, especially when judged at an early age, with longevity are
therefore investigated on commercial multiplier herds. In Chapter 4,
exterior scores in relation to age of sows, and association of exterior
traits with reasons for disposal, are reported.

Relationships of exterlor traits with reproductivity, as well as
significance of exterior traits and quantification of their effect on

longevity are described in Chapter 5.

Possibilities for incorporation of linearly scored exterior traits in
pig breeding programs and effects on performance traits can be deduced from
Chapters 2 and 3. The relative importance of exterlor traits, derived from
their relationships with leg weakness and longevity, is indicated in
Chapters 4 and 5. Practical applications of the results of chapters 2 to 5

are discussed in Chapter 6.
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ABSTRACT

In pig breeding, much attention Is paid to the animal’s exterior, which
is thought to have a predictive value for its conmstitution. The term
constitution refers to the general physical structure and condition of a
body. An important part of constitution failures consists of leg and claw
disorders. A linear scoring system for exterior traits has been set up to
study relationships of exterior traits with (re)production and longevity.
A description of judged exterior trailts is given and the linear scoring
system has been evaluated in terms of: differences between inspectors, use
of 19 (0 to 9 with 0.5 increments) categories, accuracy of the scoring
method and relationships between traits. For that purpose 40 boars have
been judged twice by each of 10 inspectors, Differences in mean and
standard deviation occurred between inspectors, with most inspectors
showing a marked preference for whole number categories. On average,
repeatability was 0.60 and reproducibility, indicating the correlation
between repeated measurements done by more than one person, was (.30,
Principal component analysis showed that 20 exterior traits could be
summarized by five interpretable factors that explained 57% of the total
variance. Those factors could be characterized as 1) side view of legs, 2)
way of walking and lifetime expectation, 3) size, 4) harmony of the frame
and 5) rear legs and claws.

In present form, usefulness of application of described linear scoring
system for exterior traits for selection purposes higly depends on the
persons who judge the animals. When selecting and training appropriate

people satisfactory repeatabilities can be achieved for most traits.

INTRODUGTION

Selection on exterior traits has traditionally played an important role
in pig breeding. Before introduction of ultrasonic measurement of backfat
thickness, selection on exterior traits was used to improve slaughter
characteristics and constitution, where constitution refers to the general
physical structure and condition of a body. Afterwards more attention has
been paid to exterior traits to improve constitution in particular. A major

constitutional problem is leg weakness, which is thought to be correlated
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with the exterior of the animal. Leg weakness is a clinical syndrome
characterized by anomslies of attitude and gait, and by difficulties to
rise and mount (Goedegebuure et al., 1980), It is an evaluation of the
pig’'s ability to move, usually based on visual iIimpression (Grendalen,
1976). Indirect selection on exterior traits is used to reduce forced
culling of sows, boars and slaughter pigs for leg weakness.

Forced culling of sows can cause conslderable economic losses. Kroes
and Van Male (1979) reported a Dfl. 143 (= US$ 70) higher income per sow
per year for farms with a low (31X) annual replacement compared to farms
with a high (55%) replacement. Reasons for culling in sows, reviewed by
Kunz (1986) indicated two important causes i.e. reproductive failure (45%)
and leg weakness (15X). In central test stations, 15 to 50X of tested boars
are rejected for breeding because of leg weakness (Smith and Smith, 1963;
Teuscher et al,, 1972; Bereskin, 1979; C.B.V. Annual report, 1985). Culling
of test station boars for leg weakness can reduce gelection intensity and,
thus, selection response for production traits.

Some estimates of relationships between leg weakness and exterior traits
are available from the literature (Webb et al., 1983; Lodde et al., 1985;
Lundeheim, 1987; Rothschild et al., 1988). Grendalen (1974) found the
shapes of the lumbar region and of the hind quarters to significantly
influence locomotory ability in slaughter pigs. He noticed a marked
relationship of a narrow comcave lumbar region and of broad hind quarters
with poor locometory ability. Although in literature leg weakness scores
concern legs and galit of the pig, definition and scoring systems for leg
weakness were mnot uniform. No clear coneclusion can be drawn from the
literature,

Many different methods for evaluation of leg weakness and exterior are
in use. Thompson et al. (1981, 1983} mentioned several advantages of a
linear scoring system over a descriptive coding system: (1) degree rather
than desirability is recorded, {2) scores cover the biological range, (3)
traits are scored individually rather than in combination, (4) a wide range
of numerical scores can be used which allows analyses with continuous
scale, (5) heritabilities for linearly scored traits are comparable to or
slightly larger than corresponding traits scored in relation to an ideal
and {(6) linear scoring permits interpretation of biological relationships

among exterior traits.
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In animal breeding, ranking of animals is based on breeding values for
traits which are of economic interest., When a large number of traits are
to be considered, then information has to be combined. Information on two
or more traits can be combined by a selection index procedure when
phenotypic and genetic parameters and {economic) weighing values of those
traits are known. However, calculation of weights for exterior traits is
hard, if not impossible. Principal component analysis allows a large set
of variables to be represented in a much smaller number of independent,
hypothetical wvariables ("factors"). The technique has proved useful in
studies on the phenotypic relationship between measures of size and shape
of live animals (e.g. Carpenter et al., 1978; Arnason and Thorsteinsson,
1982; Zarnecki et al., 1987).

In the Netherlands, an experiment has been set up to evaluate the
relevance of selection for exterior traits in pigs. In the experiment,
exterior traits of pigs were described and defined on a linear scale.
During two years, several thousand gilts and sows have been evaluated for
exterior traits to investigate the relationship with leg weakness,
longevity and sow productivity. In addition, test station boars have been
evaluated to estimate heritabilities of exterior traits and correlations
between exterior traits and production.

The goal of the present article is to describe linearly scored exterior

traits in pigs and to evaluate the linear scoring method.

DESCRIPTION OF A LINEAR SCORING SYSTEM

The choice of the traits to be evaluated was determined by the expected
economic value and the likelihood te have a relationship with leg weakness.
In total, 19 singular and two composite traits (nipple quality and
productive lifetime expectation) were described (Table 1). A further
illustration of eight traits is in Figure 1. Traits were defined on a scale
of 19 categories (0-9 with 0.5 intervals), In linear scoring systems in
dairy cattle there is nce uniformity about the scale and the number of
categories to use, although most West European countries use a scale from
1 to 9 (De Graaf et al., 1987). It is important when using the "9-scale"

that all variation in the traits between animals finds expression in the
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scores. A wide range of numerical scores is easier to handle to obtain this

variation. De Graaf (personal communication, 1987) suggested 20 catepgories

to be optimal.

Table 1. Description of 21 exterior traits.

Score
0 4k L.l 9

1.Connection of shoulder blade with body loose solid
Back and loin

2.Length short long

3.Width narrow broad

4, .Regularity irregular regular
Hams

5.Length short long

6.Width narrow broad
Forelegs

7.Frent view legs 0-shaped X-shaped

8.5ide view legs sickled straight buckled

9.8ide view pastern steep angle low angle
Rear legs

10.Rear view legs 0-shaped X-shaped

11.8ide view legs straight bow leg

12.5ide view heck joint steep sickle hocked

13.5ide view pastern steep angle low angle

14 Quantity subcut. liquid at hock joint much nil

15.Knottiness of legs; surface of tubercles = 12cm? 6em? 0 cm®
Claws rear leg

16.Ratio size inner and outer claw <h =1

17.Toe size small large

18 .Gait pattern; movements slow (stiff) easy, guick

19.8winging of back nil much

20 Nipples small large

21.Lifetime expectation short long

At the start of the research project,

inspectors were instructed to

assume a population mean of 4.5, while emphasis has been put on use of the

whole scale. In the description of the traits words such as "bad", "best”,

"satisfactory", "mormal™, etc. have not been used to avoid value judgement

by the clagsifiers. Regularity of back and loin had to be appraised by the

transition changes from shoulder to back and back te lein. Thus it will be

an evaluation of the harmony of the body frame. Side view of the rear legs
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Figure 1. Drawings to illustrate 8 exterior traits. (6) Width of hams,
(7) front view forelegs, (8) side view forelegs, (9) side view
pastern forelegs, (10) rear view rear legs, (ll) side view rear
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has been appraised based on the posture determined at the stifle joint.
Teats were appraised by size and quality (e.g. presence of inverted
nipples). Because exterior is expected to be related to sow life-produc-
tivity, lifetime expectation was defined as the expected number of litters
to be produced in the future, This expectation was based only on the
exterior of the sow. In present trial however, boars were scored for
exterior. In order to get a score for lifetime expectation, boars had to

be judged as if they were gilts.

MATERTAL AND METHOD

The scoring system was applied exclusively during the two years of the
project by inspectors of herdbook and breeding companies. To aveid
systematic changes in standard deviation and mean of inspectors during that
two year period, no attempt was made to coach or standardize them.

At the end of the two year period, a trial was set up to evaluate the
linear scoring system. Eleven Dutch Landrace (DL) and 29 Dutch Yorkshire
(DY) boars were judged twice within one day by each of 10 inspectors from
the herdbook and breeding organizations. Boars were shown to the inspectors
one by one at a random order. To reduce the chance on recognition of boars,
time between first and second judging was varied from boar to boar from .5
to 4 hours. Live weight of boars ranged from 97 to 111 kg and their ages
varied from 151 to 171 days.

The following criteria were used to evaluate the scoring system:

(a) Mean and standard deviation for each trait.
{b) Use of categories.
{c) Repeatabilities and reproducibilities.

(d) Relationships between traits.

(a) Standard deviation per inspector was used as a measure for the use
of the scale by the inspectors. Homogeneity of imspector wvariances was

tested per trait with the Bartlett test (Snedecor and Cochran, 1977 p.296).

(b) The frequency distribution, summed over all traits and inspecters,

was used to examine the use of the categories,
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(¢} To estimate the repeatability and reproducibility, wvariance

components were estimated using the following linear model:
Yy =g+ Ry + I;+ By + I¥Ryy + I¥By,; + eg5  where, L

Y, = exterior score on animal k, breed i done by inspector j

m = overall mean

Ry = fixed effect of breed i (i=1,2)

I, = fixed effect of inspector j (j-1,...,10)

By.;, = random effect of boar k within breed i

I*R;; = fixed effect of interaction between inspector j and breed i

I*By; = random effect of interaction between inspector j and boar k within
breed 1

ey = random error

Repeatability (r,) is defined as the extent to which observations on the
same animal, judged by the same inspector, correspond with each other,
i.e., an intra-judge correlation. It is Influenced only by measurement
errors. The extent to which scores on the same animal, judged by different
inspectors, correspond with each other is defined as the reproducibility
{(r;), i.e., an inter-judge correlation. Differences between r, and r, are

caused by the inspector*boar interaction. In formulae:

Repeatability (r,} =1-9% /o2,

Reproducibility (r;) = 1 - (oky + o2) / o2, where,

a2y inspector*boar interaction variance component

Te = error variance component
2 2

2 2
Ot = Op t O + O

of = boar variance component

In scme publications with repeatability and reproducibility estimates

(Hetzer et al., 1950; Evans, 1978; Jansen et al., 1985) the effect of
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inspectors was considered to be random. In those situations inspectors were
trained to judge uniformly. In the present study, however, inspectors were
from herdbook and three breeding companies, where each organization had its
own system to judge and to evaluate the animal’s exterior. In the two years
that the inspectors used the linear scoring system, no meetings were
organized to uniform scoring over inspectors. Therefore the differences
between inspectors were partly due to their background and thus considered
to be fixed. To make results more comparable with literature, the effect
of inspectors was also considered to be random and ‘variance’ components
were estimated for inspectors. The Inspector ‘variance’ component was

included in the total variance. In formulae:

Repeatability (r}) =1-092 / (a%, + o} + okyp)

Reproducibility (r;) = of / (0%, + of + olp) where,

ot = inspector ’‘variance’ component

o%.p = inspector*breed interaction 'varlance’ compenent

Variance components have been estimated with the VARCOMP procedure
(METHOD=TYPE1) of SAS (5AS Institute Inc., 1985).

{d) The correlation matrix was used to examine the observation
structure, to see whether traits could be omitted or grouped together. When
a high correlation between two traits exists, almost no new information
will be added by judging the second trait. Omlssion of one of the trailts
may then be considered.

Principal component analysis was used to reduce the large set of
exterior traits to a smaller number of independent factors, in which the
exterior traits will be grouped. In principal component analysis three
‘basic’ steps are carried out: (1) the computation of the correlation
matrix, {2) the extraction of the initial factors, and (3) the rotation to
a terminal solution., The configuration of the factor structure is not
unique; one factor solution can be transformed into another without
violating the basic assumptions or the mathematical properties of a given
solution. By factor rotation simple and interpretable factors are searched

for by measuring how close correlation coefficients between traits and
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factor are to Q or 1. The number of factors to retain is chosen arbitrari-
ly, but is mostly based on the eigenvalues of the correlation matrix., When
eigenvalues of the correlation matrix are in descending order, the first
eigenvalue represents the variance explained by the first factor. In this
study factors were extracted with principal component analysis by the
FACTOR procedure of SAS (SAS Institute Inc., 1985). Orthogonal rotation was
by the VARIMAX optiom.

RESULTS AND DISCUSSION

Mean and standard deviation

Information about means, standard deviations (s.d.) and ranges is in
Table 2. For most traits the range in inspector means was less than 2.5
points, For two traits (6 and l4), the overall mean deviated more than one
point from the scale mean (4.5). This was partly due teo the unequal number
of boars per breed, because for those traits large breed differences
existed.

The overall s.d. averaged 1.15. Three of 21 traits showed an overall
s.d. smaller than 0.9. The standard deviation within inspectors was lower
than the overall s.d. This was due to the large differences between
inspector means. Posture of both fore- and rear legs {(traits 7-13) showed
little wvariation. Almost ne variation was observed in nipple size and
quality. The wvalue of judging this trait is therefore nil, so it was
excluded from further evaluation of the scoring methed. A relatively large
standard deviation was observed for knottiness, swinging of the back and
lifetime expectation. A large standard deviation could be the result of a
distribution with two peaks which could occur when inspectors interpret a
trait as two different traits. However, no evidence of a distribution with
more than one peak could be found.

Standard deviations per inspector {averaged over boars and traits)
ranged from 0.62 to 1.16. For four inspectors a standard deviation lower
than 0.9 was observed. From the test on homogeneity of varlances it was
concluded that differences between inspectors were significant (P<0.005)
for all traits. Within some traits, inspectors differed mainly due to one

or two outliers. However, the identity of the outliers (inspectors) was
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not consistent over traits. For each trait a regression of standard
deviation and wvariance on means was carrled out. All regression coef-
ficients were found to be non-significant (P > ¢.10), so it was concluded
that no consistent relationship between variation and mean existed. A

transformation will therefore not stabilize the variance.

Table 2. Distribution characteristics of linear scored traits.

Exterior traits! MEAN Standard deviation

overall I-range? overall itdspect® I-range?

1. Shoulder blade 4.30 (2.4-5.2) 1.30 0.98 (0.6-1.5)
Back and loin
2. Length 5.33 (4.2-6.2) 1.07 0.91 (0.7-1.1)
3. Width 5.23 (4.2-6.2}% 1.05 0.93 {0.5-1.1)
4. Regularity 5.17 (4.2-6.0) 1.24 1.08 (0.4-1.5)
Hams
5. Length 5.01 (4.1-5.8) 0.96 0.75 (0.6-1.86)
6. Width 5.65 (6.5-6.4) 1.29 1.13 (0.6-1.1)
Forelegs
7. Front view legs 4,56 (4.3-5.3) 0.77 0.62 (0.1-1.1)
8. Side view legs 4 .60 (3.7-5.4) 1.11 0.95 (0.6-1.6)
9, Side view pastern 4.31 (2.8-5.0) 1.14 ¢.94 (0.5-1,3)
Rear legs
10. Rear view legs 4 .67 (4.5-5.2) 0.65 0.53 (0.0-1.0)
11. Side view legs 4,67 {3.0-5.5%) 0.98 0.70 (0.2-1.2)
12. Side view hock joint 4.58 {(2.7-5.6) 1.05 0.73 (0.4-1.1)
13. side view pastern 4,25 (2.0-4.9) 1.04 0.65 (0.3-1.0)
14. Liquid at hock joint 5.64 (4.6-7.3) 1.38 1.01 (0.4-1.4)
15. Knottiness of legs 5.43 (4.5-7.1) 1.43 1.21 (0.6-1.5)
Claws rear leg
16. Ratlo size of claws 4.95 (4.0-6.4) 1.36 1.06 (0.7-1.6)
17. Toe size 5.00 (3.9-6.7) 1.27 0,85 {0.6-1.2)
18. Gait; movements 5.24 {3.7-6.0) 1.37 1.15 (0.7-1.6)
19, Swinging of back 4.51 (2.6-5.9) 1.63 1.21 (0.8-1.7)
20. NWipples 4.51 {4.5-4.5) 0.08 0,06 (0.0-0.1)
21. Lifetime expectation 4.22 (2.9-6.0) 1.9 1.61 (0.9-2.0)

1 . Traits are described in Table 1.
: I-range = lowest and highest inspector mean.
: inspect = average of 10 within-inspector standard deviations.
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Use of the categories

From the frequency distribution in Figure 2, it can be seen that the
'half’ categories were used less than would be expected, except for &.5.
The relatively high number of observations in category 4.5 can be explained
by the instruction to the inspectors to assume a population mean of 4.5.
In Table 3 are the percentage observations in the ‘whole' categories, in
'half' categories except 4.5 and in category 4.5. Differences between
inspectors can be noticed. Traits considering fore- and rear legs (traits
7-13) were scored frequently in category 4.5, which coincides with the
relatively low standard deviation. Scoring in 'half’ categories was avoided
by a substantial number of inspectors, probably due to the coding of
categories (0, .5, 1,...) and to the total number of categories., Changing
the coding of categories might reduce the preference for certain groups of

figures. No conclusion can be drawn on the optimal number of categories.
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Table 3. Percentage observations in the ‘whole' categories, *half' excluding
4.5 and category 4.5, per trait and inspector.

GCategory Category

Trait ‘Whole’ ‘Half' 4.5 Inspect. ’'Whole’ fHalf’ 4.5
1 62 26 12 3 59 16 25
2 66 20 14 2 86 12 2
3 64 25 11 3 67 15 17
4 64 25 11 4 51 26 23
5 54 16 19 5 58 il 11
6 59 32 9 6 56 16 28
7 44 12 44 7 51 20 29
8 54 21 25 8 52 35 13
9 61 17 22 9 50 26 24
10 a7 10 53 10 74 8 18
11 55 20 25
12 47 23 30
13 50 15 35
14 71 20 9
15 70 25 5
16 64 24 12
17 67 19 14
18 69 18 13
19 70 18 12
20 -- -- --
21 70 24 6

Repeatabilities and reproducibilities

Analysis of variance showed differences between DL and DY for several
traits (P<0.0l1). For most traits, bhoar*inspector interaction was sig-
nificant (P<0.001). In Table 4 wvariance analysis with degrees of freedom
and expected mean squares is given, assuming inspectors to be random.
Variance components, repeatability and reproducibility estimates of
exterior traits are in Table 5. The boar¥*inspector interaction showed large
variance components for shoulder blade, regularity of back and loin,
dryness of hock joint and lifetime expectation. A large boar*inspector
interaction variance component points to the possibility of different
ranking of boars by inspectors. Regular coaching and discussions between
them will probably reduce that interaction. The boar variance component was
larger than the error component only for width of the hams and knottiness

of the rear legs.
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Table 4. Analysis of variance and expected mean squares,

Source d.f. Expected Mean Squares

Breed (R) 1 ef + 203, + 31.90%; + 2002 + Q(R)
Inspector (I) 9 a2 + 202, + 48.10%, + 8002

Boar (B) 38 g% + 202, + 200l

Inspector*breed (I*R) 9 o2 + 20%y + 31.%90%
Inspector*boar (I*B) 342 o + 20%.

Error (e) 400 o2

Repeatability (r;) estimates ranged from 0.33 (swinging of the back) to
0.74 (width of the hams) and averaged 0.50. Reproducibility {(r;) estimates
ranged from 0.12 (length of the hams) to 0.62 (width of the hams) and
averaged 0.34, Lifetime expectation, which is defined as a composite trait,
can be judged with a relatively high repeatability. Repeatability and
reproducibility estimates including an inspector 'variance’' component (r)
and r;) averaged 0.66 and 0.25, which is 0.16 higher and 0.09 lower than
their respective estimates without the inspector ’variance’ component.
Differences between r, and r] are due to differences in total variance
(o,). When considering inspectors random, total variance increases and
thus r] is higher than r,. Comparison of the formulae for r, and r;
indicates that r; will always be lower or at most equal to r,. When using
the scoring system in practice, uniformity of scoring will be pursued,
which probably could induce a smaller inspector and inspector¥*boar
interaction variance component. In that situation, repeatability (r]) and
reproducibility (r;) estimates would be between the estimates with and
without an inspector ‘variance’ component,

No repeatability estimates of linear scored exterior traits were found
in the literature. De Roc (1983) investigated several exterior scoring
systems that were used by herdbook and breeding companies in The Nether-
lands. He found that r] averaged 0.43 and r; averaged 0.33. Hetzer et al.

{1950} estimated reproducibilities (r3) of eight body measurements on live
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Table 5, Variance components, repeatabilities and reproducibilities of

linear scored exterior traits.

Variance components.

insp*
Exterior traits, boar insp boar error 1r; r, r] 1
1. Shoulder blade 2390 746 229 400 .61 .38 .78 .22
Back and loin
2. Length .261 292 022 432 .40 .37 60 24
3. Width L2377 .178 125 314 .54 .35 68 .24
4. Regularity .504 0311 222 513 .39 .41 .eB .32
Hams
5. Length .065 305 .152  .325 400 12 .67 .07
6. Widch .697 324 137 .298 74 .62 80 46
Forelegs
7. Front view legs .094 786 .066 301 .35 .20 .49 .16
8. Side view legs .360 266 104 _473 .49 .38 .61 .30
9, Side view pastern .38% 373 122 429 .54 .41 .68 29
Rear legs
10. Rear view legs 106 358 .071 .193 470027 U540 24
11. Side view legs 164 425 (114 (298 .48 .28 .71 .16
12. Side view hock jeint .11%9 .552 .150 .283 490,22 .75 .10
13. Side view pastern .127 703 058 .276 400 .28 U760 (11
14, Liquid at hock joint .336 .B75 .283 432 .59 .32 .78 .17
15. Knottiness of legs .708  .515 .194 644 .58 .46 .70 .33
Claws rear leg
16. Ratio size of claws 485 697 177 .536 5% .40 .72 .25
17. Toe size L2330 .928  L113  L422 A5 0300 .75 14
18. Gait; movements .559 .520 .055 .720 46 42 (62 .29
19, Swinging of back 426 1,217 .076 1.012 233 .28 .63 .15
20. Nipples --- .- --- --- -- -- -- .-
21. Lifetime expectation 1.150 1.111 404 1.164 .57 .42 70 .30

pigs of approximately 100 kg; estimates ranged from 0.56 to 0.77. Evans
(1978) investigated the precision of body condition scoring on cows and
ewes; ry; was 0.85 and r; was 0.76, Jansen et al. (1985) presented repeat-
abjlities and reproducibilities of body measurements, fleshiness and fat
covering of 15-month old bulls; for body measurements r; ranged from 0.60
to 0.78 and r) ranged from 0¢.50 to 0.76, for fleshiness r] was 0.76 and r;
0.14, and for fat covering r; was 0,80 and rj 0.14,

Although inspectors practiced the linear scoring system only during two
years for approximately two days per month, repeatability and repro-

ducibility estimates for linear scored exterior traits were higher than
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results of De Roo (1983). Repeatability and reproducibility estimates were
much lower than values based on body measurements and body condition scores
{Hetzer et al. 1950; Evans 1978; Jansen et al. 1985}).

Relationships between traits.

Pearson product-moment correlations for all exterior traits are in
Table 6. Only nine of 210 correlations had an absolute value greater than
0.5. The highest correlation (0.74) was between size and evenness of the
claws, Apparently proportional and large size claws coincide. The highest
correlation with lifetime expectation was for gait (0.69) and for swinging
of the back (—.69). Easy movements and a straight back while walking were
assoclated with a long lifetime expectation. Level of correlations did not
give a clear Indication fer omitting one or more traits without consider-

able loss of information.

Principal component analysis,

Table 7 presents the eigenvalues of the correlation matrix and the
cumulative proportion of the total variance. Seven factors had an
eigenvalue greater than unity. Together they explained 72% of the total
variance, Thus a transformation of 20 traits to seven independent factors
decreased the total variation by 28%. In Table 8, the factor pattern of
seven factors and the variation explained by each factor after orthogonal
transformation is presented. The first factor has high correlations with
side view of the legs, about $.82. The second factor can be seen as the
way of walking and lifetime expectation. Size is mainly represented by
factor three and harmony of the frame by four. Factor five provides some
information about rear legs and claws. Factors 6 and 7 are more difficult
to interpret. Therefore, it is concluded that 20 exterior traits can be
transformed to five independent interpretable factors that explain 57% of
the total wvariance. Variance components of the exterior factors are
estimated using model (1) and are presented with repeatabilities and
reproducibilities in Table 9. Estimates range from ¢.52 to 0.67 for repeat-
ability (r;) and from 0.&1 to 0.53 for reproducibility (r,). Estimates of

ry, r;, r; and r, for factor 1 and 5 (side view legs and rear legs/claws)
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are higher than estimates for its highly correlated exterior traits, while
values of the remaining three factors are comparable. Evaluation of
exterior can be made less complex by analyzing a small number of factor
scores compared to analyzing all traits separately. However, biological
interpretation of relationships between those factors and (re)production
might be more complex. The final choice of traits or factors to be

considered in animal breeding depends on their relative economic value.

Table 7, Eigenvalues of the correlation matrix and the cumulative

proportion of the total variance.

cunulative

factor eigen- proportion

nr. value of variance
1 3.43 0.17
2 2.89 0.32
3 2.37 0.43
4 1.86 0.53
5 l1.63 0.61
) 1.15 0.67
7 1.02 0.72
8 0.85 0.76
9 0.76 0.80
10 0.73 0.83
11 0.56 0.86
12 0.50 0.89
13 0.41 0.91
14 0.37 0.93
15 0.32 0.94
16 0.29 0.96
17 0.27 0.97
18 0.23 0.98
19 0.20 0.99
20 0.18 1.00

GENERAL DISCUSSION AND CONCLUSION

Scores of exterior traits were strongly influenced by inspector. large
differences between inspectors occurred for means and standard deviations
of all traits. For most traits, inspector*boar Interaction was significant.
Interaction can be caused by differences in scale and ranking. Standardiza-

tion of the scores, to remove scale differences, did not decrease the

31




Table 8. Factor pattern of seven factors and the variation explained by

each of the factors after orthogonal transformation,

Facters
Exterior traits 1 2 3 4 5 6 7
1. Shoulder blade 04,22 .09 .83 -.04 -.05 -.01
Back and loin
2. Length -.02 -11 -.12 .26 .08 .78 ~.05
3. Width .04 .03 .78 .23 -.04 -.15 .06
4. Regularity -.04 .17 13 .84 .03 14 (12
Hams
5. Length -.20 -.04 .57 .27 .02 .53 .14
6. Width .09 -.08 .88 .02 -.04 -.09 -.10
Forelegs
7. Front view legs —-.16 -.04 .03 .03 -~.04 -.02 .83
8. Side view legs .28 -~.12 -.18 -.20 -.06 .57 ~.06
9. Side view pastern .66 .08 .27 -.15 .20 -.17 .22
Rear legs
10. Rear view lags -.12 =32 -.39 .20 .06 .01 .43
11. Side view legs .81 -.22 -02 .02 -.15 .02 -.23
12, side view hock joint .83 .04 -~-.04 .12 -,04 .11 -~-.1l4
13. Side view pastern .82 17 04 =09 .19 .17 —-.08
14. Liquid at hock jeint .09 .00 .07 .09 .85 .00 -.23
15. Knottiness of legs —.06 .06 -.16 -,01 .80 .01 .14

Claws rear leg
16. Ratio size of claws .20 .35 .03 -.26 .48 43 .08

17. Toe size .25 .37 100 =033 47 47 .17

18, Gait; movements -.02 .81 -.02 01 .13 .07 -.10

19. Swinging of back ~-04 =79 07 -.19 .03 .16 -.00

20, Nipples

21. Lifetime expectation -.01 .88 .07 .26 .07 -~.08 —-.,02
Variation explained by 2.74 2,62 2.06 2.00 1.97 1.77 1.19

each factor (eigenvalue)

interaction effect. Evans (1978) and Jansen et al. (1985) found animal*-
person Interactions for body condition, fleshiness and fat covering scores.

In practice, exterior scoring of pigs will generally be by more than one
inspector. In the situation of mno inspector training, reproducibility, in
present study 0,30, is the best indicator for the usefulness of exterior
scoring. When no inspector differences would occur, then repeatability
estimates, which averaged .60, show a considerable increase in usefulness.

Careful training of inspectors and periodic standardization exercises might
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Table 9, Variance components, repeatabilities (r;) and reproducibilities

(x;) of five factors.

Variance components.

insp*
Factor boar 1insp boar error r, T, 1 r
1. Side view legs .156 668 .076 .l49 .61 .41 .86 .15
2. Walking/lifetime .276  .349 051 .305 .52 .44 .69 .28
3, Size .251 .192 .069 156 .67 .53 .78 .35
4, Harmony frame .193  ,570 .078 194 .58 .42 .81 .18
5. Rear legs/claws .319 .329 (110 .209 .67 .50 .79 .32

Note: r], rj are repeatability and reproducibility estimates including the
1r L2 P y B

inspector variance component.

decrease inspector differences and so increase the usefulness of a linear
scoring system. The standard error of an animal’s score can alsoc be reduced
by scoring the animal a second time, preferable by a different person
(Evans, 1978). In the Netherlands, a linear scoring system for exterior
traits in cows has been used for 10 years. For that scoring system De Graaf
{personal comrunication, 1987} reported a correlation of 0.8 between
exterior scores of the inspector who determines the standard and scores by
other inspectors. This too gives an indication that accuracy of exterior
scores in pigs might be increased to a satisfactory level.

Principal component analysis has been shown to be useful in grouping
correlated traits into a small number of interpretable factors. Ranking of

animals on exterior might be much easier when using those factors.
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ABSTRACT

Genetic relationships among fattening performance and 20 linearly scored
exterior traits were estimated from data of 2792 boars of several strains.
Boars were tested with ad libitum feeding from approximately 25 to 105 kg
at central test stations of the Dutch herdbook and three breeding
companies. (Co)variances of fattening performance and exterior traits were
estimated simultaneously in a multi-variate model with the Restricted
Maximum Likelihood method.

Heritability estimates of performance traits ranged from 0.24 to 0.37
and of exterior traits from 0.01 to 0.38. High genetic correlations were
found between daily gain and side view of the foreleg pastern, side view
and dryness of the hock joint. Slower growing animals have steeper foreleg
pastern, less liquid at the hock joint and more sickle hocked rear legs.
The genetic correlation between feed conversion and rear view of the rear
legs indicates that boars with better feed converslion have more O-shaped
rear legs. Moderate heritabilities were found for five linear combinations
of exterior traits (factors).

Index selection only on fattening performance will change the rear view
of the rear legs to more O-shape, change the side view of the hock joint
to more steep, increase the gquantity of liquid at the hock joint and slew
down the boar’s gait. A two-stage selection with selection in the first
stage on gait (movements) and on growth performance in the second stage,
reduces genetic progress of performance traits. When assuming a nihil
economic value for gait pattern and rejecting 50X of the boars in the first

stage, then economic merit is reduced by 24%.

INTRODUGTION

In pig breeding, increasing attention has been paid to leg weakness
during the last 20 years. Although not an exact diagnosis, leg weakness is
a well-established term to describe the syndrome of locomectory disabilities
commonly found in swine (Grendalen, 1974). The leg weakness status of live
animals is based on visual appraisal of exterior traits, such as legs and
claws, which are related to the pigs locomotory ability. The severity of

the leg weakness problem can be illustrated by the incidence of serious leg
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weakness which is generally reported in the range from 15 to 50% (Smith and
Smith, 1965; Teuscher et al., 1972; Bereskin, 1979; C.B.V. Annual Report,
1985). Culling on leg weakness can have a considerable effect on the
genetic change of performance traits and vice versa, depending on genetic
{(co)variances.

Numerous estimates of genetic and phenotypic parameters of performance
traits in pigs have been reported in literature (e.g. Sonnichsen et al.,
1984a,b; Johanssen et al., 1985; Kennedy et al., 1985 and Merks, 1987). In
contrast, relatively few estimates of such parameters have been reported
for exterior traits., Heritability estimates of leg weakness have been
reported in the range from 0.10 to 0.45 (Smith, 1966; Reiland et al., 1978;
Bereskin, 197%; Webb et al., 1983; Lundeheim, 1987; Rothschild and
Christian, 1988). Results of studies concerning the relationship between
leg weakness and productien traits are contradictory. An antagonistic
genetic correlation between leg weakness and average daily gain (ADG) was
found by Lundeheim (1987), while Bereskin (1%7%) and Sather and Fredeen
{1982) found the association to be beneficial. Non significant genetic
correlations between leg weakness and production traits were found by Smith
(1966), Webb et al. (1983) and Rothschild et al. (1988). The genetic
correlation between leg weakness and backfat thickness is generally
unfavourable (Rereskin, 1979; Webb et al., 1983; Lundeheim, 1987;
Rothschild et al., 1988). Webb et al. (1983) did not find a genetic
association between feed conversion ratio and leg weakness.

Leg weakness can be scored by many different methods. Thompson et al.
(1983) mentioned several advantages of a linear scoring system over a
descriptive coding system. Relationships among linearly scored exterior
traits and relationships between those traits and performance are easier
to interpret, while heritability estimates are comparable to or slightly
larger than corresponding descriptively coded traits (Thompson et al.,
1981; 1983). In dairy cattle, linear type appraisal has become common
practice (Thompson et al., 1983; Swanson and Bryan, 1984; Diers and Swalve,
1987). Concerning pigs, no applications of a linear scoring system for
exterior traits were found in the literature,

The present study consists of an analysis of data on linearly scored
exterior traits and fattening performance traits collected on boars of six

strains. The objective of this study was to estimate genetic {co)variances
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