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SUMMARY

The aim of this study was to provide an evaluation of
a specialised sire-line of pigs developed at the Animal
Breeding Research Organisation (A.B.R.0.), Edinburgh.

The A.B.R.U. sire-~line was developed in 1959 from a
cross of 4 breeds with the intention of producing a strain
of pigs with exceptional qualities of lean meat production
to act as the sires of pigs destined for slaughter. In sube
séquent years the line was thrown open to stock from any
source thought to offer further improvement, ignoring breeds.
Potential immigrants to the line were mated to native sire=-
line animals and their progeny allowed to compete for
selection in the normal way. In 1966 selection for X-ray
predicted body length and average ultrasonic backfat was
superseded by selection on an index combining growth rate,
food conversion ratio and backfat., No attention was paid
to reproductive performance.

By 1971 the line was little more than 54 inbred and
contained genes from 9 pure breeds and 1 commercial hybrid,
70% of the genes being contributed by the Large white and
British and Norwegian Landrace breeds. FPopulation size
averaged 30 gilts and 8 boars, approximately one third of
matings involving immigrants, Wwith the exception of teat
number there was no consistent decline in reproductive
performance over the first 12 generations,

After a strong initial phenotypic decline in backfat, the
apparent response to selection on the index was rather poor,

In addition the central testing station performance of the line



was only slightly better than that of Large Whites., Possible
causes of a diminished selection response could have been a
lack of additive genetic variation, inconsistencies in the
performance testing procedure or alternatively a high
incidence of incorrect selection decisions on immigrants,
These three eventualities were investigated in more detail,

Estimated heritabilities of growth rate on test and
average backfat in the sire-line were respectively 0,20+ 0,13
and 0,63 + 0,13 from a half-sib analysis, and 0,65 + 0.11
and 0,30 + 0,09 by daughter-dam regression., It was therefore
concluded that additive genetic variation was unlikely to have
been a barrier to selection, or to have increased in a |
measurable amount as a result of continued hybridisation,

An examination of the performance testing procedure and
selection index indicated that under past conditions genetic
progress could have been expected in a closed population of
the same size as the A.B.R.V, sire-line, In a small trial
in 1972 the repeatability of average ultrasonic backfat in
the live pig was estimated as 0,92, and the correlation
between the averages of live ultrasonic and corresponding
carcass introscope fat depths was 0.72, Genotype by boar
performance test environment interactions among immigrants
and natives were tentatively ruled out, Addition of half=-
sib family averages to the current selection index increased
its efficiency by only 3%4.

It was shown that the selection of potential immigrants
by performance testing their F1 sire-line cross progeny along=
side natives was biased, firstly as a result of ignoring genetic
differences between native and immigrant populations, and
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secondly as a consequence of heterosis in the crossbred
immigrant progeny. An expression was derived for the total
bias which demonstrated that, in the presence of favourable
heterosis, the net bias would be greater when the immigrants
were worse on average than the natives, Between 1965 and
1970 there was evidence that the mean performance of all
potential immigrants to the sire-line lagged behind that of
natives, so that a high proportion of erroneous selection
decisions could have resulted., For relatively large samples
of immigrants the bias could be removed in future generations
by making adjustments for the estimated mean difference
between native and immigrant subpopulations, and for
heterosis which could be estimated experimentally.

It was concluded that the "open synthetic" approach to
pig improvement, employed in the A.B.R.0. sire-line, would
be hard to justify and difficult to put into practice. Iin
the future it was recommended that potential immigrant
populations should be tried at the rate of one per generation
in the sire-~line, and it was suggested that genetic progress

might be monitored through an unselected control line,
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In the past decade pig producers have come under
increasing economic pressure to step-up their efficiency.
Rising feed and labour costs have encouraged the rapid
adoption of néw production techniques which in turn have
favoured the larger enterprise. Between 1960 and 1968 there
was a 404 reduction in the number of holdings with pigs in
England and Wales, and during this time the average herd size
more than doubled (Ridgeon and Sturrock, 1969). Against this
tightening economic background has come the realisation that
genetic potential for improving efficiency has not been fully
exploited,

Two of the main factors through which genetic improvement
may affect profitability are sow productivity and food
conversion rate. These two traits influence different stages
of the production cycle and, because sow productivity is
largely a maternal quality whereas food conversion is a quality
of the offspring, they are each open to genetic improvement
by different methods, Following the lead of the poultry
industry this distinction has led to the concept of specialised
lines of stock to act as the sires and dams of market pigs
(Smith, 1964).

Adopting the unusual strategy of completely ignoring
breed barriers a specialised "sire-line'" of pigs has been
developed by Dr, J.W.B. King at the Animal Breeding Hesearch
Organisation (A.B.R.0.), Edinburgh, and forms the basis of
this study.



Chapter 2, Review of L tur

2,1 Methods of Genetic lmprovement in Figs,

From the point of view of the animal breeder traits of
economic importance in pig production fall into two categories:
traits of medium to high heritability that may be changed by
selection, and traits of low heritability that may not easily
be changed by selection. Table 2.1, abridged from Fredeen
(1971), illustrates heritabilities for 8 important characters

Table 2.1

Heritability Estimates (7o) for lmportant Performance

Trait bri rom F e
Trait median value range
Litter size at weaning 7 0 - 25
Average weaning weight 8 5 =15
Daily gain post-weaning 30 6 - 50
Food conversion ratio 30 10 - 60
Average backfat 50 20 - 70
Carcass length 55 20 - 90
Loin eye area L5 20 - 80
Lean meat yield () 45 14 - 76

and shows that moderate heritabilities are generally associated
with growth and carcass composition, while low heritabilities
are associated with reproduction and viability. Traits of

low heritability will respond slowly to selection and probably
involve some form of progeny testing, so that improvement

may be more easily obtained through controlled heterozygosity
(Donald, 1955).



Crossbreeding experiments with a variety of breeds in
different countries have yielded consistent evidence for
useful levels of heterosis in pre-weaning and grpwth
characters (e.g. Fredeen, 1957; Smith and King, 1964; Skarman,
1965)., Some average levels are shown in Table 2.2, reproduced

from Sellier (1970) who has reviewed published estimates, it

Characters oingle Cross 3=day Cross*
(Fure bred dam) (Crossbred dam)
paterna eriormal S
No pigs born alive 102 108
Proportion of pigs weaned 106 108
No pigs weaned 108 116
Litter weight at birth 104 110
Litter weight at weaning 115 125
Offspring Ferformance
Individual weight at weaning 106 107
Daily gain post-weaning 106 106
Individual weight at 154
days 110 110
Food conversion ratio 103 103
Proportion of lean in
carcass 100 100

# prelatively few trials involved

can be seen that heterosis is expressed both in offspring and



maternal genotypes,

There are thus two methods by which genetic improvement
may readily be brought about in pigs, The first, selection,
utilises additive genetic variation and may be used to effect
permanent and cumulative changes in traits of moderate
heritability., The second, heterosis, makes use of none °
additive genetic variation in traits of low heritability and
must be regenerated by repeated crossing in each new generation,
The task before the animal breeder is to design a breeding
programme which will bring one or both methods to bear in
such a way as to give the maximum financial advantage.

Choice of the optimum breeding system will usually
begin with a survey of the available breeds and strains, Their
number and relative performance levels will largely determine
the type of system adopted., It may entail selection within
one breed or strain, or within a so-called 'synthetic'
derived from a crossbred foundation and subsequently
maintained 'pure', or alternatively it may involve some
form of crossbreeding accompanied by selection within the
parent breeds, Unless one breed is particularly superior in
terme of production capactity, some form of cross-breeding will
be profitable (Jakubec and Fewson, 1970 a), Considering
the case for a '"synthetic' Hill (1970) concluded that while
this method may have the longe-term advantage of a higher
selection limit, it may take years to surpass the best pure
breed and is therefore unlikely to be cost effective, For
these reasons it seems very likely that the optimum breeding
plan for pigs will include systematic cross-breeding. As
well as heterosis this would provide an opportunity to combine



the desirable attributes of two or more breeds in the
end-product,

Smith (1966) indicated that the advantage of heterosis
in maternal and offspring genotypes would only be realised
from a 'three-way' cross of a purebred sire on a crossbred
dam, but the total heterosis from a backecross to one of
the dam breeds is expected to be only slightly lower
(eegse Hill, 1971). Smith pointed out that 'continuocus',
or 'rotational', backe-crossing of hybrid females to two or
more pure sire breeds might also yield a relatively large
proportion of possible F1 heterosis, 93 for a 4-breed
system, but would be difficult to organise in small herds
where the breed composition of individual sows might differ,
On the other hand the advantage of a 'rotational' system is
that dams would be replaced cheaply from the progeny of the
previous generation, whereas in other 'non-continuous'
systems a fresh supply of crossbred females would be required
for each new generation,

The opportunity for subsequent improvement within a
particular crossing programme will influence the choice of
system adopted. Reviewing work with laboratory animals
Roberts (1965) concluded that complex schemes aimed at
selection for combining ability, such as the crossing of
inbred lines or reciprocal recurrent selection, should be
avoided in favour of methods of utilising additive genetic
variation, which are relatively uncomplicated by genetic or
environmental interactions., For example, the cost of an
inbred line-crossing programme would be excessive as a result

of inbreeding depression, and further improvement by withine



line selection would become increasingly difficult (King,1966).
In pigs reciprocal recurrent selection would have little to
offer while the genetic correlation between purebred and
crossbred performance is high and while there is sufficient
additive variation in growth and carcass characters (Standal,
1968)., Smith (1966) indicated that the easiest means of
improvement within a crossing programme would be to select
within the best pure breeds, when crossbred performance would
approximate the average of 'parental' breeds. This would
allow selection for different objectives within the various
'pure' parental breeds, except in the case of 'rotational'
forms of crossing where each breed contributes'both as a dam
and as a sire,

Robertson (1971) suggested four factors which might
govern decisions regarding the suitability of a crossing
programme, The first two are the extent of heterosis in
offspring and maternal performance, As already seen (Table
2.2), there is considerable heterosis in litter productivity,
a point of some importance in pigs since extra progeny reared
serve to 'spread' the maintenance costs of the parental stock,
A third factor to be taken into account is the proportion of
the total cost incurred by each offspring before becoming
independent of its parents, Due to the relatively high
reproductive rate of pigs, the extra parental stock required
for crossbreeding will be less than in other livestock
species, and the pre-weaning cost per pig reared will not be
greatly increased, The final factor affecting the decision
on a crossing programme is the genetic incompatibility between

offspring and parental performance, For example, if maternal



and offspring performance were negatively correlated there
might be an advantage in a 'nonecontinuous' crossing scheme
with distinct sire and dam lines (Smith, 1964). The case
for separate parental lines will be discussed shortly.

2e2  The British Fig Industry,

it present the British pig industry is dominated by the
Large White and Landrace whose overall performance exceeds
that of other pure breeds, Litter productivity of the F1
"white cross" exceeds the better parent, and further advantage
may be gained from using the crossbred dam in a back-cross or
'three-way' cross (King and Smith, 1964). In order to fully
exploit heterosis a three-breed cross of the form C x (A x B)
would be required (Bichard and Smith, 1971), but with
existing British breeds there is a danger that the introduction
of a third inferior breed might lower, rather than increase,
the overall merit of the cross in spite of the additional
heterosis, through a reduction in carcass quality.

The present bacon grading system, based principally on
backfat measurements, would therefore favour a 'third' breed
which, as well as maximising heterosis, would improve the
carcass leanness of pigs destined for slaughter, As a
result there has been much interest in newly imported breeds
such as the Lacombe, Hampshire and Pietrain (King, 1966a).

Pig breeding in the UsK. has traditionally been
organised on a three-tier pyramidal structure (Bi_ghard, 1971)
in which pigs for slaughter are born on 'commercial® units

from parents produced in 'multiplier' herds, who in turn



purchase breeding stock from a select group of 'nucleus' herds.
This structure particularly favours the three-breed cross

since crossbred females of type (A x B) may be produced in

the 'multiplier' herds from highly selected pure~-breds obtained
from the "nucleus' herds, The crossbred females are then

sold to 'commercial' farms as replacement breeding stock,

Boars of type C may come direct from the 'nucleus', from

the '"multiplier' or by artificial insemination,

At the same time the pyramidal structure aids overall
genetic improvement, because any advance made in the relatively
managable 'nucleus' will eventually be passed downwards to
the other 'layers', which although lagging behind will improve
at the same rate (Smith, 1959; Bichard, 1971). in 1966 the
Meat and Livestock Commission, then the rig Industry
Development Authority (F.l.D.4.), introduced a scheme for
genetic improvement based on central performance testing in
the 'nucleus' herds, from which estimates of genetic progress
have been positive (Cook, Smith and Steane, 1971). The
market for hybrid female replacements coupled with the demise
of old-style "pedigree" breeding has prompted the formation
of over twenty private breeding companies, some of which
are of sufficient size to provide their own performance

testing facilities,

Sire and dam lines are simply terms given to the

different breeds or strains acting as the parents of pigs

for slaughter, which are the end-product of a crossbreeding



programme, Traits affecting the profitability of meat
production may be divided into those concerned with
'reproduction' in the dam and those affecting 'production'

in the offspring, 'Reproduction' infers an aggregate of
characters determining the number and weight of pigs weaned,
and 'production' here refers to the growth and carcass
characteristics of market animals. In the past some producers
have chosen sire and dam lines on the basis of their productive
or reproductive ability alone, hoping to capitalise on a
certain specialisation of function,

Smith (1964) algebraically compared rates of improvement
obtained by selecting either for overall performance in a
single line or for different objectives in sire and dam lines,
for a number of different selection schemes with a range of
genetic and economic parameters, The major finding was that
selection in specialised sire and dam lines is always at
least as efficient as selection within a single line, but
may well be more so under certain conditions., In addition,
'reproduction’ may conveniently be ignored in the sire line,
whereas if 'production' is neglected in the dam line efficiency
may fall below that of a single line, Smith showed that the
circumstances which favoured a higher rate of gain from the
use of sire and dam lines were, firstly, a low or negative
genetic correlation between 'production' and ‘reproduction’
and, secondly, a balance between the economic improvements
that could be made in the two traits whereby their economic
selection responses are roughly equal, Because of the low
heritability of 'reproduction' and the nature of the economic
weightings Smith concluded that specialised sire and dam



lines in pigs could only be expected to give a marginal
improvement in efficiency over selection within a single
line, Only if aen unfavourable genetic correlation is
demonstrated between reproductive performance and growth

end carcass characters would the rate of improvement be
usefully increased, From these observations it would appear
that creation of new specialised lines would not be worth-
while, and selection in existing ones would only serve to
maintain the status quo.

Smith's approach was later extended by lMoav who took
into account changes in profitability (Moav, 1966; 1900a;
1966b; Hoav and Hill, 1966), Moav expressed profit (F)
as a function of 'productivity' (y) and 'reproductivity'
(x), so that assuming genetic additivity em equation of
. the following form was cbtained:

PwCely -Nx ,

where C, G and N are appropriate economic constants. in
pigs, for example, y might represent food conversion ratio#'
(1bs. feed/lb gain) and x might represent the number of
marketable pigs per Sow per year, By rearranging the equation
y may be expressed as a function of x, which can then be
plotted on a graph for a given value of F and referred to as
a 'profit contour' as shown in Figure 2.1, taken directly
from Moav (1966). On the diagram S denotes the sire line,
with the best 'productivity' and D signifies the dam line,
while SD is the profitability of the progeny when used as
slaughter animals, It is clear that the combination cf the
two lines is more profitable than either one on its own,

Moav defined the deviation of the 5D profitability from

10



Figure 2.1 ;

Profit diagram for heavy pigs (250 1b.) (From Moav, 1966).

FOOD
CONVERSION
RATIQ

8 " 4 7 20 23
NO OF PIGS PER SOW PER YEAR

P = C-3.‘+}’ -)jcg e

(Profit is expressed in pence per lb, live-weight,
C is chosen arbitrarily, y = food conversion ratio,

x = number of offspring per sow per year).
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the arithmetic mean of the two parents as "profit heterosis"
which may stem from five different classes of 'heterosis',
The first, heterosis in the component traits, would arise
through non-additive gene action. For example both traits in
Figure 2.1 would be expected to show heterosis, in which case
their values on the graph would be slightly increased so that
the 5D point would move in the direction of higher profit . The
second and third classes are sex-linkage and maternal effects,
which might mean for example that the cross B x A would be more
profitable than its reciprocal A x B, The fourth class,
"non-linearity heterosis", results {rom the curvilinear nature
of the profit equation on a scale which is genetically
additive, This means that the change in profit per unit
change in a component trait may not be the same for all values
of the trait, and probably that the extra profit from
successive improvements may be expected to decline., The fifth
factor, "sire-dam heterosis", may contribute to profit in the
absence of "component-trait" and "non-linearity"” varities,
and arises simply from the diversity of function of the two lines.
Moav regarded this final point as a major justification for
cross-breeding even when there is no "component-trait" heterosis.
Using profit equations loav and Hill (1900) compared the
efficiency of selecting sire and dam lines on specialised
indices with the efficiency of selecting males and females
within a single line, either on the same or different indices,
over five generations, Their conclusion supported that of
Smith (1964) in finding that separate lines were theoretically
the most efficient means of improvement, They also pointed
out that in single lines or dam lines where 'reproductivity’

is already high, selection on food conversion alone is

19



nearly as efficient as selection on the optimum index,

Before attempting to make practical decisions on the
basis of these theoretical studies it is important to point
out their inherent assumptions and limitations, Uf the two
characters considered, 'reproduction' was fairly adequately
summarised by the number of pigs per sow per year, whereas
'production' was only partly represented by food conversion
since carcass traits were ignored., The same selection indices
were applied to both males and females within a line, which
were selected with equal intensity and had the same generation
interval, Heterosis was omitted from the calculations.

Moav and Hill's (1966) approach demonstrates that, when
starting from a single base population, the advantage of
separate sire and dam lines depends on a response to selection
for reproductive rate in the dam line, which may be hard to
achieve in practice, It is likely that suitable pure or
cross-bred "dam lines" may already be available with adequate
reproductive performance so that substantial overall
improvement could be obtained by selection for 'production'
alone in both lines, The utilisation of existing breeds or
crosses as sire or dam "lines" would allow any negative
genetic correlation between the two groups of traits which
may exist between breeds to be exploited. The effect of type
of production, por_k, cutter, bacon or heavy, on the suitability
of separate lines was not considered.

The general conclusion is therefore that no attention
need be paid to 'reproduction' in producing a line of pigs
to act as the sires of animals destined for market,

Attention should be paid to 'production' in the dams of
slaughter pigs, whose 'reproduction' should be maximised by

13



selection between breeds and exploitation of heterosis, In
Britain the Large white x Landrace cross, while exhibiting
heterosis in 'reproduction', suffers no set~back in growth
or carcass quality in which the two breeds are very similar
(esge Bichard and Smith, 1971) end is therefore especially
suited to be the dam of commercial pigs., There is clearly
a place for a sire-line which would further enhance the
growth and carcass merit of the final progeny.

Y, vpecialise ings,

There are three distinct alternatives for the
development of sire or dam lines, The first is to select
among current breeds for the best parental lines, and to
discard the remainder, The second is to maintain a series
of specialised lines selected either for the same or
differing objectives, The third alternative is that all
promising genetic material be included in a single 'synthetic'
sire or dam line, The advantagesof these procedures will

now be considered more fully.

The greatest initial benefits from the use of specialised
sire and dam lines would come from the correct choice of
parental strains, Although maintenaqco of the best current
strains would maximise present gzains, it may be disadvantageous
in the long run because there would be no possibility of
responding to changes in market requirements and management
techniques (Hill, 1970). With Moav's (1966a,b) graphical

procedure for the rational choice of suitable parental lines,

14



candidates are simply manipulated so that the periormance of
the sire-dam combination is moved in the direction of higher
profit (see Figure 2,1), Crossbred sire or dam lines could
then add to profitability through improved parental performance.
while a '4=way' cross offers maximum heterosis, the
increase in wmale reproductive performance would have to be
dramatic to justify the extra maintenance costs of a fourth
pure breed (Bichard and Smith, 1971). In seeking to further
reduce the number of 'pure' populations, cichard and Smith
pointed out that sire-breed C in their C x (4 x B) scheme
could not be dispensed with because of the negative correlation
between meat production and reproductive performance between
breeds, Nor could (A x B) be replaced by a single dam breed
without loss of heterosis, but the dam line could be
maintained as a rotational cross of the form (A x B) x A) x B)
X A) XeesseesoelRobertson, 1971), The use of best current
breeds as sire or dam lines would be the most straightforward
method, and may involve only a slight modificatiﬁn of

existing crossing systems,

2ebie2 n A tive Lines.

Changes in consumer demand could be catered for by
maintaining a number of alternative sire or dam lines, and
substituting them where necessary, The disadvantage of this
course is that facilities for selection would have to be
provided for each of the spare lines, which would be of less
value if allowed to lag behind, If testing facilities were
limited, this could result in an overall reduction of selection

intensity, and it is unlikely that many British commercial

15



pig breeding operations are of sufficient size to tolerate
expenses on this scale,

Watson (1968) indicated that the type of specialisation
suggested by omith and Moav, involving 'production' and
'reproduction', may be less important than other types of
specialisation separating, for example, food conversion and
lean percentage. In addition, Fredesn (1971) drew attention
to evidence from several sources of an inverse genetic
relationship between meat quality and quantity. assuming a
case exists, it is difficult to see how specialisation among
growth and carcass characters could be organised within the
present framework, Diversity of selection objectives between
the two breeds used to produce crossbred dams would confer only
4 of any improvement on the final progeny. Introduction of
further sire breeds for production of crossbred sire lines has

already been excluded on the grounds of cost,.

The creation of a specialised synthetic line from an
initial cross of two or more breeds would avoid the necessity
of maintaining the 'pure' parental stock required for simple
crossbreeding systems, The population could then either be
maintained 'closed', meaning that like a breed it is kept pure,
or 'open' in which case new genes would be admitted at any
time., Discussion will be confined to the development of a
synthetic sire line,

G S ti

The aim of setting up a synthetic sire line would

16



principally be to combine the desirable attributes of a
number of existing breeds or lines (winters, Comstock and
Dailey, 1943) in the hope of obtaining individuals superior
for all the required traits by fortuitous recombination,
Theoretically, it is intended to adjust the gene frequencies
in the population to the desired levels at a faster rate
than is possible by selection in the best existing population
Success in this respect would depend on the gene frequency
differences between breeds relative to the changes possible
by selection (e,2s Willham, 1970)., James (1900), comparing
selection from one or several foundation flocks in sheep,
found that for a single trait selection within many flocks
gave the greater gain only when the genetic variation between
populations was small, The conclusion may be tentatively
applied to "multi-breed" foundations, but James warned that
unless the best single population is quickly surpassed by
the new 'hybrid', the crossbred foundation would be unjustified.
A-synthetic may show greater genetic variation, and
therefore greater selection response, than the mean of the
pure breeds from which it was constituted. Assuming additive
gene action and ignoring linkage and epistasis, the genetic
variance in the synthetic is expected to be at least as high
as the average of parental lines (Hill, 1970). At loci
showing complete dominance the additive variance is only
higher in the synthetic when the mean frequency of the
recessive allele is greater than about 0.5, Hill concluded
that averaged over all loci the synthetic would probably have
a higher variance, James (1971) discussed the effect of

linkage on the genetic variance in a mixed population, 1f the
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gene frequencies at loci affecting a particular trait are
positively correlated, recombination after the F1 would
gradually erode the correlation and genetic variance would
decline, Conversely if the gene frequencies were negatively
correlated, the variance would increase with time, James'
view is that the average correlation is positive since animal
populations have been selected in different directions or

in the same direction with widely different intensities,
intense selection immediately after synthetic formation would
then tend to pick out blocks of genes from the best population
and so reduce the chances of combining the best alleles from
all populations, At the same time positive association
between favourable alleles would raise their chances of fixation,
Winters (1955) suggested that selection be postponed in order
to allow recbmbinatioh to take place, but this met with little
success in Drosophila (Usman and iiobertson, 1968).

As well as a faster response the synthetic may have a
higher selection limit than the average of its fcundation
breeds (Hill, 1970). OUsman and Robertson (1968) demonstrated
that the introduction of inferior genetic material may be of
some benefit as a means of increasing both the variance and
selection limit in a highly selected strain, Un the other
hand, synthetic populations of Drosophila yielded no greater
rates of genetic gain or selection limits than their parental
lines, which suggests that observed differences between
parental stocks are the result of differences in gene frequency
rather than the presence or absence of particular alleles
(Lopez - Fanjul, 1972). Even if livestock breeds differ only
in gene frequency Comstock (1960) pointed out that a synthetic
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might shift the gene frequency to a new and possibly higher
"adaptive peak”, Hill warned that extrapolation from labe
oratory species may be dangerous since there is no similar
history‘of purposeful selection,

Any heterosis in the initial stages of.the dgvelopment
of a synthetic line may help to lower reproduction costs,
The "selection and multiplication overhead" (Bichard, 1971)
of a closed synthetic sire line would be the same as for a
pure-~bred sire line, and the selection intensity would 50 no
less, However, there may be a case for having a larger
synthetic population than would otherwise be necessary in
order, firstly, to increase the probability of favourable
gene combinations and, secondly, to avoid inbreeding‘since
no 'outside' synthetic animals can be brought in as is the
case with a pure breed (Sumption, Rempel and Winters, 1961).

The development of synthetic pig populations from a
crossbred foundation is not a new ideas In the 1940'8 and
'50's a large number of new 'breeds' were developed in the
U.S5.A, and Canada, and many were based on the newly acquired
Danish Landrace as shown in Table 2.3. Genetic parameter
estimates from the new breeds are unfortuhately scarce, but
would be of doubtful validity due to varying amounts of
inbreeding., In any case Hill (1970) indicated that estimated
heritability differences between synthetic and pure
populations would suffer from low precision and be expensive
to obtain, In the mildly inbred Minnesota No 3 heritabilities
of growth rate and litter size were similar and slightly
higher respectively thgn in less heterozygous populations
(Rempel and Bl-Issawi, 1959; Sumption, Rempel and Winters, 1961).
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!Breed' Name

Minnesota No 1

Minnesota No 2

Minnesota No 3

dontana No 1

Beltsville No 1

Beltsville No 2

Maryland No 1

Palouse

Lacombe

banish Landrace
Tamworth

Yorkshire
Poland China

Foland China
Wwelsh

Large White
Beltsville No 2
Minnesota No 1
Minnesota No 2
San Fierre

Danish Landrace
Hampshire

Danish Landrace
Poland China

Danish Yorkshire
buroc :
Danish Landrace
Hampshire

Danish Landrace
Berkshire

Danish Landrace
Chester white

Danish Landrace
Chester White
Berkshire

Gloucester Uld Spot

A

57
<1
22

deller (1952)

Zeller (1952)

Mason (1969)
Zeller (1952)

Zeller (1952)

seller (1952)
seller (1952)

Fowler and
Ensminger (1959)

Fredeen and
Stothart (1969)
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Table 2 ad contd.

Managra. Swedish Landrace Lo
Wessex Saddleback 20
Wwelsh 12
Berkshire
Minnesota No 1
23
Tamworth .
Yorkshire Stockhausen
and Boylan
(1966)
San Pierre Danish Landrace -
Chester white - Mason (1969)
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There was no apparent increase in the heritability of backfat
thickness in the Managra (Roy, Boylan and Seale, 1968) or in

the "Red Line", a mixture of Minnesota No 1, Tamworth and
Duroc (Berruecos, Dillard and Robison, 1970). On the other
hand introduction of Guam stock into a slightly inbred, small
line of pigs for medical research increased the heritability
of 140-day weight from 0,21 to O.41 (Dettmers, Rempel and
Comstock, 1965). 'There was no evidence of increased genetic
variation in the Romnelet sheep, developed from the Homney
Marsh, Rambouillet, Targhee and Romeldale (Vesely and Slen,
1961) . '

Y S tic L

It has not been the general practice to allow fresh immi-
gration into synthetic pig populations after their formation.
In a sire line this policy would permit superior genes to be
incorporated at any time and would hopefully lead to greater
economic merit.

watson (1968) suggested two methods of utilising out-
standing individuals thrown up by selection programmes in
order that their superiority should not be wasted., The first
would be to sample their genes for incorporation into a germ
plasm bank or 'gene pool' and the second would be the formation
of small inbred lines by close matings, followed by line-cross
testing. Admission to a 'gene pool' would be on the basis
of a progeny test in competition with animals already in
the pool, ignoring breeds, and may have the advantage over

inbreeding methods where reproductive losses may be high
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(King, 1966), Considering how best small samples of imported
breeds of particular merit in one or more aspects of production
should be used, King (1966a) concluded that rather than be
maintained pure these breeds hould be used as a source of germ
plasm for incorporation into existing stocks, 1t would
therefore be justifiable to keep a commercial sire line 'open'
on the grounds that individuals of high merit from any source
might provide a faster means of genetic improvement than
éelection in the closed population,

The suggestion has been made that such an 'open'
synthetic line might act as a reegkoir of genetic material as
an insurance against future change in the industry (M.L.C.
Seientific Study Group, 1970). Sumption (1963) indicated
that the best way to guard against'long-term changes in
demand would be to pfeserve genetic variability in the form
of separate unselected populations from breeds of low
contemporary utility which are in danger of total elimination,
On this assessment a highly selected specialised sire-line,
developed from small samples of a number of breeds, would be
of little value as a long-term reservoir of genetic variation
since it would preserve only the genes suited to the manage-
ment and market requirements of the day, and the very genes
which would ensure against major changes in the fﬁture would
be lost,

In Drosophila attempts to introduce genetic material
into a synthetic from 'pure' laboratory populations were
unsuccessful except in the case of one recently collected
population, which probably contained "useful" variation
absent in the others (Lopez - Fanjul, 1972). In pigs the
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introduction of new genes into a potentially closed synthetic
would have the added advantage of reducing inbreeding and may
boost reproductive performance through heterosis, A practical
disadvantage of continuél immigration would be the introduction
of disease, but this might be overcome by tﬁe use of artificial
insemination (Fredeen and Martin, 1967)« & number of other
practical questions are unanswered at present, oSuppose, for
example, that stock from breed B are to be introduced into
synthetic line S, Decisions must then be made as to what
proportion of the line should be given over to 5 x B matings,
the merit of S animals mated to B immigrants and the rate at
which B genes should be spread through the line,

welect r Meat Production #ithin Sir

Fredeen (1971) divided the traits to be considered in
a pig improvement scheme into four components: reproductive
performance, physical soundness, carcass quality, and feed
conversion and growth rate, As already discussed reproduction
may be ignored in a sire line, and less emphasis meed be
placed on physical soundness since the commercial 'cross'
progeny will not be retained for breeding., All the selection
pressure will therefore be placed on growth rate, food
conversion ratio and carcass quality. The heritabilities of
growth and carcass traits are sufficiently high to permit
some form of performance or sib testing, and carcass quality
may be assessed either indirectiy from measurements taken on
the live animal or directly from the carcasses of slaughtered
sibs, For a given size of breeding herd Martin and Fredeen

(1967) showed that a performance test in which backfat was
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measured in the live animal allowed greater selection
advance than a sib test involving carcass measurements,
because of the inherent reduction in population size
resulting from loss of the sibs, The mechanical probing
technique of Hazel and Kline (1953) and the ultrasonic probe
are the most commonly used methods of measuring carcass quality
in the live pig,s Hazel and Kline (1959) showed a correlation
of 0,900 for the average of three ultrasonic probe sites, two
inches off the midline at the shoulder, mid~back and rear of
the loin, with dissected lean percentage.
Estimates of genetic correlations between growth rate,

food conversion and average backfat thickness have generally
been favourable (e.g. Smith and Ross, 1965). The most
efficient method of selection would be to combine the
performance test traits on an index of overall merit (Young,
1961)., The efficiencies of various indices have recently been
compared for é situation where sib dissection data are
available (Cunninghem and Power, 1971). The boars' own

backfat and food conversion contributed the most to economic
gain, whereas part-dissection of two full-sibs contributed

very little., BExclusion of all fulle-sib ipformation from the
index resulted in a 14k loss of efficiency, while exclusion of
the half-sib data sacrificed only 4pe. Deletion of food
conversion fe@m the optimum index reduced efficiency by 10/,
Individual food conversion data are expensive and laborious

to obtain, whereas growth rates are relatively simple, Fredeen
(1971) concluded that food conversion would have a place in

the §election programme only where it could be measured cheaply

and accurately.
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4Although no attempt would be made to improve the

reproductive performence of a sire-line, an adverse relation-
ship between intense selection for meat production and litter
productivity would clearly be a disadvantage., Hetzer and
Miller (1970) found no indication of a consistent decline in

reproductive fitness after 10 generations of selection for
high and low backfat in Durocs and Yorkshires, However in

the same lines Gerrits, Hetzer and Richardson (1969) showed
that selection had altered either the secretory rate or the
ability of the tissues to respond to somatotrophic hormone
(5TH). The longterm implications of physiological changes
of this nature are not clear, but it is conceivable that they
may be connected with an increasing incidence of various
‘undesirable physical conditions such as leg weakness, Fredeen
(1971) cited an instance where the pale, soft, exudative

(PSE) syndrome of pig meat has defin;tely been associated with
hormone deficiencies.

Frimary control of the rate of genetic progress in a

sire-line would be through the intensity of selection and

the generation interval. In an 'open' synthetic line the
introduction of supebior stock from outside would be a means
of maximising the selection differential, Choice of potential
immigrant parents will be difficult if they have been measured
in different herds, and, except in the case of small untested
imports of exotic breeds, may therefore be limited to
individuals which have been centrally tested, King and Smith
(1968) described a method of evaluating‘candidate immigrants
by performance testing their F1 sire line cross progeny
alongside animals already in the line, Two sources of bias
may affect selection decisions on immigrants made in this way.
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The first affects the estimation of an F1 immigrant cross
animal's breeding value., If the immigrant population mean
differs from the synthetic population mean, as it very probably
will, then the breeding value of F, individuals calculated
from & deviation from the sire line mean will be incorrect
Secondly, if there is genetic diversity between the two
populations, heterosis may be expressed in the cross between
then (Cress, 1966), so that a bias will result in favour of

the F1 immigrant progeny, particularly in the case of growth

rate and food conversion (Table 2,2},
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Chapter 3. The A.B.R.0, Sire-Line,

3.1 selection History,

The A.B.R.0. sire-line was started in 1959 from a cross
of Large wWhite, Landrace, Wessex Saddleback and Tamworth in
roughly equal proportions, It was designed to confer carcass
length and leanness on the progeny of linecross sows which,
although satisfactory in maternal performance, were rather
short and fat. At first the carcass quality of the line was
poor and it was therefore thrown open to stock of any breed
of fering further improvement., FPotential immigrant animals of
either sex were chosen on the basis of records taken either at
A.B.R.0, or national testing stations, but measurements were not
always available on the individuals themselves., Jlmmigrants
were mated to sire-line animals and their progeny, F1 sire=-
line crosses, were allowed to compete for selection with native
sire-line progeny. Cver the years a variety of breeds, some
imported and some themselves crossbred, have been successful
in leaving progeny in the line., The percentage breed
composition of the sire-line by years is shown in Table 3.1.
The object has been to introduce animals of potential merit
rather than simply to pool a range of diverse genotypes.
Generation turnover has been at the rate of one per year.

For the first six generations selection was for length
and backfat only, During this time the number of breeding
animals in the line was approximately 30 gilts and 8 boars,
with slightly more than a third of matings involving one

immigrant parent, Table 3.2 shows the size of the breeding
population, the proportion of immigrant litters and the
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Table 3.1

Percentage Breed Composition of the A.B.R.0O. Sire-Line

Breeding Population by Years.

Breed 1960 (1961|1962 1963 1964|1965 (1966 1967 {1968 [1969 1970|1971 (1972
Wessex Saddleback 26.0|26.3{20.8(19.5|10.5/11.4| 5.6 | 3.5| 2.9| 2.4| 2.2 | 2.1| 2.0
Tamworth 27.0{20.3/13.8 9.9 7.4| 6.6| 4.7| 3.0| 2.4| 2.1} 1.9 | 1.7| 1.7
Large White 24.0(26.3/29.2(35.7(42.8|36.4|40.6 |40.5 |42.6 |35.7|34.6 |29.8|37.2
British Landrace 23.0(27.1|36.2(34.9(33.1/32.0|25.1 (22.8 |120.1|24.1/22.9 |22.4|20.4
Lacombe ‘ 3.1 3.4| 4.0| 2.6| 4.9 4.4| 1.6 1.7| 1.6
Hampshire 3.1 8.7 8.0 6.5 T7} 5:2| 4.5 4.3]| 3.8
Pietrain 4.5/14.0|15.9| 9.7|14.6(11.4| 9.8| 9.4
Welsh 5.2| 0.6 0 0 o] 0
American Yorkshire 9.1 [23.8 9.3 %3] 5.2
Norwegian Landrace 8.1/20.0(15.6
Commercial Hybrid 3.5 1.1| 3.1




Table 3.2

8ize of the Breeding Population, The Proportion of Immigrant Litters
and the Numbers of Pigs Measured by Years in the A.B.R.O. Sire-Line.

ot

Genera- Ho. Parents Proportion of ¥o. Progeny
cion Contributing Progeny Immigrant Litters Measuraed for Selection
Dams
Year No. Sires (Litters) Number % Boars Gilts
1960 0 5 > L - - 33 62
1961 b § 10 : 29 15 52 39 73
1962 2 10 25 10 40 33 87
1963 3 7 17 7 41 38 63
1964 4 10 32 i3 41 41 75
1965 5 8 20 7 35 35 65
1966 6 ? 25 11 44 31 : 47
1967 7 12 29 17 59 58 88
1968 8 15 44 20 45 77 173
1969 9 11 37 9 24 76 109
1970 10 17 43 14 33 73 134
1571 11 17 44 8 18 120 141
1972 12 14 24 6 25 60 75




numbers of progeny measured in each generation. Until 1965
all male piglets were X-rayed at 7 - 10 days of age and the
plates used to count the numbers of vertebrae and measure the
length, Bacon Carcass length was predicted from a regression
equation using X-ray data and piglet weights (King and Roberts,
1960), About 40 boars with the greatest body length and all
the gilts were reared in paddocks, and at roughly 180lbs live
weight they were measured ultrasonically for backfat thickness,
Replacement breeding stock were those with least backfat,
estimated as the average of six readings taken approximately
6.5 cms, off the mid-line at the shoulder, mid-back and loin
corrected for live weight, Fositive assortative mating was
practised, but fulle and half-sib matings were avoided,
Because of immigration, inbreeding was maintained at a low
level throughout the development of the line (Table, 3.3).
Published results for the initial 7 year period (King
1966; Smith, 1966) are shown in Table 3.4 and indicate that
a moderate improvement in length was accompanied by a
dramatic improvement in backfat thickness. In the absence of
a control line it was impossible to tell how much of the change
was genetic, Between 1960 and 1965 replacement breeding stock
were raised on one of two feeding regimes; twice daily feeding
to appetite or ad libitum, in order to compare their relative
efficiencies for selection., Equal numbers of replacements
were selected from each regime, with animals of like regime
mated together. Their progeny were then pooled and the
cycle re-started, The results have been analysed elsewhere
but are as yet unpublished. The major finding appears to
have been that, although there was a significant difference
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Table

3.3

Average Inbreeding Coefficients of the A.B.R.0. Sire-Line

Breeding Population by Years.

Average Inbreeding
Coefficient %

1960

1961

1962¢%

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

0.50

2.28

2.63

2.64

4.29

5.46

3.61

3.30

3.21

4.22

5.10

4.21




Table

3

.4

Year Means for Traits Under Selection in the A.B.R.O.

Year

1959
1960
1961
1962
1963
1964
1965

Sire~Line.

(From King, 1966) .

Estimated Carcass Length (mm.) Average Backfat Thickness (mm.)

797
804
808
809
811
812
806

30.4*%
29.4
26.0
23.0
20.4
19.7
18.4

* measured by Lean-Meter instead of ultrasonics
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in backfat thickness between ad libitum and restricted feeding
neither regime produced a conclusively greater reduction in
backfat from selection,

From 1966 selection for length was discontinued since
it was considered adequate for current grading standards, and
both males and females were performance tested on ad libitum
feeding. In 1966 and 1967 all boars were tested singly in
outdoor accommodation, between 1968 and 1970 they were tested
outdoors either singly or in pairs, and in 1971 they were
tested either outdoors singly or in pairs in separate indoor
accommodation, From 1967 onwards gilts were tested indoors
by litter groups. In any generation equal numbers of boars
were selected from the different types of test environment.
Selection was on an index combining individual growth rate,
ultrasonic backfat thickness and group or individual food
conversion ratio as available, The method of constructing
the index is given in Appendix C, On completing performance
test all pigs were preliminarily screened on a simple index
consisting of backfat and food conversion added together. The
policy of immigration continued so that in 1967 King and
Smith (1968) reported contributions by the Lacombe, Hampshire
and Pietrain, At this time, however, the gene content of
the line was dominated by the two white breeds, and the
contributions of the original Wessex and Tamworth had become
very much reduced (Table 3.1). In the same year a sample of
20 hog=-gilt pairs from the line were tested at F.l.D.A.'s
Stirling testing station, Although the sire-line pigs
grew slightly slower and had about the same food conversion
as Large whites, they were roughly 4 mm better in backfat
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at all sites measured (King and Smith, 1968).

The line has been continued in the same way, but with
a slightly larger breeding population (Table 3.2), up until
the time of writing, More recent immigrant successes have
been the American Yorkshire and Norwegian Landrace, with
further injections from high-pointed Large Whites at

national A,l, centres,

3.2 Management,

All sire-line pigs were born and reared on one of
the Animal Breeding Research Organisation's two pig farms:
"Skedsbush" near Gifford, East Lothian and "Mountmarle"
at Roslin, Midlothian, From its inception in 1959 until
1965 the line was confined to ckedsbush, but from 1966
onwards pigs were transferred postweaning to Mountmarle for
performance testing., In 1968 and subsequent years a shortage
of farrowing accommodation resulted in farrowings being split
roughly half and half between the two farms, All farrowings
producing piglets for the next generation took place in the
summer months between late June and early September, and the
objective of a 12 month generation interval meant that with
few exceptions the line was bred entirely from first parity
or gilt litters. It has therefore been possible to discount
season of farrowing and parity effects as serious sources of
variation between generations, A brief account of routine
management procedures follows,

The breeding population of the sire~line has been
maintained under fairly extensive, low cost conditions,

Farrowing accommodation on both farms consisted of single

35



wooden huts, each with far:-owing rails, a covered creep area
and an individual outside yard. The huts were sited in a
clean grass field and moved up onto fresh ground once a week,
Two weeks before farrowing gilts were washed, wormed, dressed
for mange and installed in the huts, Immediately after
farrowing, during which ﬁhe sow was unrestrained and unattended,
the piglets were ear-notched for identification., During
lactation the dam was fed watered meal twice daily on a
sliding scale according to the number of piglets, to a maximum
of 21b plus 1llb per piglet per day. Creep feed was introduced
14 days after farrowing. The compositioms of the creep feed
and the standard ration for breeding stock used throughout
rearing, pregnancy and lactation are shown in Table 3,5 4
little straw bedding was placed on the wooden floor of the
hut, and both the dam and litter were permitted free use of
the adjacent yard., No heating was supplied in the creep, and,
although no iron injection was given, ferrous sulphate was
added to the mother's diet and to a tray of earth which was
placed in the creep, While farrowing conditions on the two
farms were fairly well standardised, it is recognised that
they may differ in ability of the stockmen and the spectrum
of subclinical disease,

In the years following 1965 prospective breeding stock
were chosen for“performance testing after weighing at 50
days of age. They were nominated on the basis of live weight,
and conformation, Boars from litters showing congenital
abnormalities of possible genétic origin, such as splaylegs

or hernias, were not tested and were thus excluded from the



Table 3.5

Ihe A X e C sitio dations I L
AgB.g :Uo bi!g'&m g.

Constituent % Creep Feed Breeding Stock*
Wheatings 40 50
Barley HMeal 20 20
Qats - 20
Flaked Maize 30 -
Fishmeal 10 10
Copper - 4
Vitamins A and D ++ -
Energy (Mcals,M.E./kg D.M.) 3.16 2.85
Crude Protein (% fresh wt.) 172 178

++ included in ration as a proprietary supplement,

# The breeding stock ration was fed on performance
test from 1966 until 1971, when a proprietary
pelleted ration (McGregor and Co,.,Leith) containing
approximately 2,99 McalsM.E./kge D.Me and 14.5%
protein was introduced. '
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line, DNumbers of boars and gilts tested from each litter
were governed by the availability of testing space from
year to year, and in general the heaviest, most well-datched
representatives of each sex in the litter were selected. As
a result there was a certain amount of pre-selection for
waight at 50 days. Boars not required for testing were
castrated and fattened to pork weight, |

Pigs were weaned at o0 days of age by removal of the
dam, at which time they were wormed and vaccinated against
erysipelas, Before 1965, when the line was restricted to
Skedsbush and selection based on length and backfat thickness,
young pigs were transferred directly to paddocks at 74 days
of age in groups of twenty boars and gilts., At this stage
they were also vaccinated against swine fever with crystal
violet vaccine, Lach paddock was provided with a wooden hut
containing straw bedding, and young pigs were fed the
standard ration (Table 3.5) either ad libitum or to appetite
on a scale riaing to 31b twice daily, as described earlier,
After reaching 1801bs live weight they were measured ultra-
sonically for backfat thickness on which they were then
selected and regrouped, the culls being sold for bacon at
2001bs live weight,

After 1965 pigs were transferred from Skedsbush to
Mountmarle at 70 days of age for feed-recorded performance
testing., Litter groups of up to 5 gilts, and pairs of boars
in later years, were tested in a Danishe-type fattening house,
Pens in the house had no provision for individual feeding,
and food conversion was therefore recorded on a full sib

group basis, The temperature in the house was kept at roughly
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60° F (15° C) by adjusting the ventilation and by the use

of electric heaters., The majority of boars were tested
either singly or in pairs in outdoor wooden huts equipped
with‘separate runs, These huts were unheated, sited on grass
and moved up regularly in the same way as the farrowing huts,
They allowed the measurement of individual or full=-sib pair
food conversions., Straw bedding and unlimited drinking water
were provided in both types of accomnodation., Dry meal was fed
ad libitum in order to create variability and give sufficient
depth in ultrasonic backfat measurements. In 1971 the
performance testing ration was changed over to a proprietory
pelleted feed, rather than the home~mixed version, Testing
took place during the winter months from October until March,
and since the outside temperature frequently falls below
freezing point at that time of year the two test locations
were regarded as being quite different.

Weaners from both farms were sprayed with insecticide
before being placed in testing pens at Mountmarle, Test
recording was started at a pen average live weight of 60lbs
so that the pigs had approximately one week in which to settle
into their new quarters, After finishing test at 1801bs live
weight the pigs were culled on the basis of their performance
and then moved outdoors into paddocks in sex groups of 12,
Once outside they were fed a slop consisting of Bibs of meal
(Table 3.5) and 6lbs of water per head twice daily from a
communal trough, and this amount remained unchanged, throughout
puberty, mating and pregnancy.

Maiden gilts were served at roughly & months of age.
During the 6 week mating period, designed to allow a gilt to

come on heat (oestrus) at least twice, one boar was placed in
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a small paddock with up to 6 gilts, At the end of & weeks the
boars were removed and this resulted in a batch-farrowing
spread over approximately 8 weeks. Wwhere potential immigrant
blood was introduced into the line by artificial insemination,
as in the case of Large Whites, either a vasectomised boar
was placed in the paddock or an entire sire-line boar was
turned in at weekends. In 1967 10 litters were produced after
cestrus synchronisation of their dams using "Almax" (L1.C.l.
Compound 33828 Methalibure.). Gilts were once again re-grouped
into larger paddocks during'pregnancy. As a rule boars and
gilts were disposed of immediately after their first litters,
unless required for re-mating in order to produce progeny

groups for testing by the Meat and Livestock Commission,

3.3 Recording,

The following traits were recorded routinely for each

individual pig in the sire-line since its creation in 1959:

(1) Number of Teats : scored at birth and confirmed
at weaning,

(2) Birth Weight: weight of the newborn piglet up to
twelve hours after birth, to the nearest ilb,

(3) 50-Day Weight: weight of the piglet at 50 days of
age (approximately 10 days before weaning), to
the nearest 31b,

(4) 150-Day Weight: weight of the piglet at 150 days
of age (lbs).

Live weights at 50 and 150 days of age were subsequently
combined to give growth rates over the intervening 100 day
period. The presence of gongenital abnormalities, such as

hernias or atresia ani, was recorded.

40



The following measurements were taken on pigs competing

for selection as parents of the next generation:

(1) Growth Rate on Test (lbs/day): individual liveweight
gain from 60 to 180lbs liveweight; first measured in 1966,

(2) Food Conversion Ratio (lbs feed/lb liveweight gain):

measured on a pen basis where boars were penned
singly or in pairs, gilts in fullesib groups to a
maximum of 5 per pen; first measured in 1966,

(3) Average Backfat Thickness (cms): predicted from
3 pairs of ultrasonic measurements taken 6.5 cms off
the mid-line at the shoulder, mid-back and loin, and
corrected to 1801lbs liveweight by a linear regression
of 0,01 cm of average backfat/lb liveweight, Frior
to 1966 this measurement was the sole criterion for
selection, after culling males on the basis of A-ray
predicted length,

Reproductive performance in the sire-line was monitored

through the following set of records for each dam farrowing:

(1) Number of piglets born alive,

(2) Egtal live birthweight of the litter; to the nearest
bo.

(3) Average piglet live birthweight in the litter (lbs),

(4) Number of piglets alive at 50 days: includes
piglets which have been fostered by the dam,

(5) Total liveweight of the litter at 50 days (lbs),

(6) Average piglet liveweight in the litter at
50 days (1lbs).

For the purpose of this study all available data for
the years 1960 to 1971 inclusive were collected together

and placed in computer storage.
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Chapter 4 Purpose of The Study

The A.B.R.0. sire-line has been developed with the aim
of producing a line of pigs with exceptional qualities of
lean meat production to act as the sires of the slaughter
generation, The line has been built up over thirteen years
by the relatively un~tried "open synthetic" approach of
selection coupled with immigration, and without any attention
being paid to reproductive performance. The purpose of this
study is to provide an evaluation of the line, in an attempt
to answerhthe following questions:

(1) Has selection with immigration resulted in a faster
rate of genetic progress than would have been possible by
selection alone in a closed population of the same size?

(2) Has there been any decline in the reproductive
performance of the sire-line during its thirteen-year period
of development? '

(3) Has thé continual introduction of new genetic
' material into the line resulted in an increase in the amount
of genetic variability available for selection?

(4) How serious are the biasing effects of heterosis
and unknown immigrant population means (Chapter 2) on the
comparison of potential_immigrant and native progeny, and
how might these be lessened or removed?

(5) What ﬁhould be the future of the A.B.1.U., sire=-
line, and what direction should this line of research now
take? The alternatives are that the line could be dis-
continued, closed to immigration and selected, or retained

on an "open synthetic" basis.
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(6) Does this method of pig improvement have any
general applicability to the British pig industry at the
present time?
It would of course be difficult or impossible to give precise
answers to these questions, but a fair amount of evidence has
been obtained from past records, from theoretical considerations
and by simple experimentation.

The investigation was divided into four parts (Chapters
5, 6, 7 and 8). In the first, all the available past and
present production and reproduction records were examined
for time trends to give an indication of the magnitude and
direction of genetic change. oecondly, estimates of genetic
and environmental variability and co@hariability in the line
were obtained for comparison with other pig populations. The
third part of the study centred on aspects of the selection
procedure within the sire-line, in order to establish that
any adverse effects on the rate of genetic progress could be
expected to be the result of immigration rather than inaccurate
performance testing. The testing procedure for the 1972
generation of the line was therefore slightly modified to
permit two small trials: the first to assess the reliability
of ultrasonic backfat measurements and the second to detect
any genotype x test environment interactions, The final and
most important part of the study was concerned with an
investigation of the effects of bias on the selection or
rejection of F1 potential immigrant x native progeny, and with
the general philosophy of immigration as a means of pig

improvement, For this purpose an experiment was specially

43



designed to measure heterosis in crosses of the sire-line

with purebred Large wWhites,



The purpose of this chapter is to examine phenotypic
trends in the mean performance of the A.5.1i.V. 8ire-line with
a view to showing, firstly, whether the policy of selection
coupled with immigration has been successful in reducing
backfat and in later years increasing the efficiency of growth,
and, secondly, whether there have been any adverse changes in
reproductive performance and viability. OUne way of assessing
the success or failure of the A.5.i.0. sire-line approach
would be to compare its current performance with the best
available contemporary material, To this end a sample of the
1971 sire-line generation was submitted for central performance
testing by the Meat and Livestock Commission and the results
are presented here,

2+2 Materials and Methods,

4 computer programme was written to tabulate standard
deviations, simple means and their standard errors for both
sexes by years from 1960 to 1971 for all traits described in
Chapter 3, Linear regression coefficients of mean performance
on generation number were calculated giving equal weighting to
generations, but levels of significance were not attached to the
estimated responses because closed population theory camnot
be applied to the "open" sire-line, Tentative levels of
significance were, however, placed on within-year sex
differences, Castrates were included in male means only for
traits recorded at 50 days of age. At all other times male
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pigs were either uncastrated or the means were restricted to
the population of entire males retained as potential breeding
animals, As the generation interval remained at 1 year
throughout, each generation will be referred to by its year
of birth.
For the purpose of illustrating overall trends the effects

of ad libitum versus restricted feeding between 1960 and 1966,
and the effects of single versus double outdoor penning, or of
indoor versus outdoor housing between 1968 and 1971 have been

ignored. Selection on the two feeding regimes has already
been examined by King {unpublished) who found an average
difference of 1.7 + O.4 gns in backfat for ad libitum minus
restricted feeding, A comparison of the carious methods of
boar testing will be postponed until Chapter 7. X-ray
predicted length between 1960 and 1965 will not be discussed,
since results have alréady been published (King, 1966).

Carcass Data,

In some years during the development of the line a
limited amount of simple carcass data was recovered from culls
slaughtered at bacon weight (200 lbs liveweight). Although the
information is scanty and from a selected sample of the line,
it provided an indication as to the type of carcass produced
and is included here for completeness, DMeasurements were
taken at two factories by a variety of operators, but all
measurements were taken at the same factory within any one year,
Pigs were slaughtered once a week and food was witheld for
24 hours before slaughter, The pigs were electrically stunned

bled to death, scalded and scraped. The carcasses were



eviscerated and weighed before being placed in a cold store
overnight, Backfat and length measurements were taken on
the cold, hanging right~hand side of the carcass on the
following morning., Eye muscle area and 'C' and 'A' fat depths
were obtained by cutting the side transversely at the base
of thé last rib, and tracing the cut faces Areas were later
obtained using a planimeter. An important distinction is
that the skin was removed for "Ayrshire Roll" curing at one
factory, while it was left intact for whole-side "Wiltshire"
curing at the other, The following were recorded:

(1) weight of the warm eviscerated carcass (lbs.)

(2) Carcass length, from the gymphysis pubis to the
anterior edge of the first thoracic vertebra

(3) Backfat thickness (mm.) in the mid-line at
three positions: '

shoulder, maximum depth
mid-back, level with the last rib
loin, maximum depth over the gluteus medius

(4) Streak thickness: total thickness of the belly
mid=way down the half carcass (mim.)

(5) Fat depths over the eye muscle and at right angles
to the skin at the last rib (mm,):

'C', normal to the longest axis of the eye
muscle as seen in cross section

"K', at the lateral extremity of the eye
muscle

(6) Area of the eye muscle (longissimus dorsi) at the

last rib (sq.cms.)

(7) Fat score: subjectivescore of firmness:
1 - soft; 2 - moderate; 3 - firm

(8) Age at slaughter (days)
Means and variability only have been tabulated, and no

correction was made for either carcass or live-weight,
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Twenty-one "combined test" groups, each comprising 2 boars,

1 castrate and 1 gilt, from the 1971 generation were submitted
for central testing at the M.L.C.'s Stirling station, 7 groups
were from first parity litters, and a further 14 groups were
obtained 6 months later from second parity matings. The two
batches of results were treated as a single sample.

Detailed accounts of the testing procedure will be found
elséhherq (ee.ge White, 19604 Steane, 1972), so that a very
brief description will suffice here. Boars and sibs (castrate
and gilt) are housed geparately. The two boars are penned
together in a kennel-type house and are fed and recorded
individually. The two sibs are housed together in indoor
accommodation and feed recorded on a "group" basis. The test
starts when the pen average liveweight reaches 60 lbs, and
finishes at 200 lbs., when the sibs are slaughtered fof carcass
evaluation., A sample dissection of the rump back is carried
out on either the hog or gilt from each sib pair, FPigs are
fed the standard diet shown in Table 5.1 twice daily to appetite.

Traits measured on M.L.C. performance test are as follows:

{1) Records taken on boars and sibs.

Food conversion ratio (kg. food/kg. liveweight zain)
Daily liveweight gain (gms./day)
Days on test

Fat depths (mm) - measured ultrasonically on boars,
from cut carcass on sibs:

Mid~line

shoulder, maximum
mid-back, at last rib
loin 2, minimum over gluteus medius



Tes Stations (supplied by i.L.C, Pig Improvemen
1

Services April 1

Constituent )
Ground Barley 60,0
Ground wheat 20,0
white Fish Meal 5.0
Extracted Soya Bean Meal 1245
Molasses Ze5
supplements:
Di-calcium phosphate 0.75
Ground limestone 050
Salt (Na Cl) 0.25
~ Vitamins and Minerals¥ **
Energy (Mcals M.E./kg. D.M,)** 3.33
Crude Protein (% fresh wt,)#* 17.7
++ included in ration
*  Amounts per ton:
Vitamin A 4O m, L.U,
Vitamin D 0.8 me LU
Riboflavine 2.0 gm.
Calcium Pantothenate 5.0 gme.
Vitamin B 12 15.0 mg.
Copper Sulphate 800,0 gm.
Zinc Oxide 80,0 gm.,
Ferrous Sulphate 280,0 gm.

#% Estimated from tabular values taken from
McDonald, Edwards and Greenhalgh (1966).
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Off the mide~line at the last rib

'C!' approximately 6% cms, off the mid-line
"K' approximately 12 cms off the mid-line
at the latero-dorsal corner of the eye
muscle

(2) Slaughter data recovered from sibs only,

Conformation score - subjective assessment of
' general shape of carcass
ranging from 1 (poor) to

7 (good) :

Streak score - subjective assessment of
appearance of the streak
ranging from 1 (poor) to
7 (good)

Eye muscle (longissimus dorsi)area - at the

~ last rib (sq. cms,)

# Lean in the rump back - obtained from sample
dissection of either hog
or gilt in each group

/o Rump in the hind quarter - sample dissection

7 Hindquarter in the side ~ obtained on both
sibs after cutting the
carcass at the last rib

Carcass length (mm.) - from gymphysis pubis to

anterior edge of first
thoracic vertebra after
removal of head :

Killing out » = cold carcass weizht
last live weight x 100

Trimming » -~ =  trimmed carcass weigh& % 100
cold carcass weight

where : cold carcass weight = weight of hot
head and chine + twice the weight of
the cold left side (including flare
fat, kidney, feet and fillet?

last live weight = mean of last
3 liveweights,

trimmed carcass weight = twice the

weight of the cold left side
(excluding flare fat, kidney, feet and
fillet)
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For each boar tested the M.L.C. combine these data into
two separate selection indices. The first, termed "iconomy
of Production”, is an index of food conversion ratio, daily
gain and killing out percentage. The second, "Carcass wuality",
is an indicator of lean as a percentage of carcass weight,
the distribution of lean in the carcass, and eye muscle area.
The two indices, each scaled to a mean of 50, are then combined
to give a Total Foints oScore with a mean of 100 and a standard
deviation of 35,6 Boars with high scores are predicted to be
genetically superior in terms of the overall economic genotype
defined by the index,

Means for the 40 surviving sire-line boars and their 41
sibs are given as deviations from the contemporary Large white
average, Differences were divided by their observed standard
errors and compared with t-tables in order to test for

significance.

5,3 Results and Discussion.

The means and variability of growth and reproductive
traits for the sire-line recorded at A.B.i.Ve, together with
the number of pigs involved, are tabulated by generations in
Appendix A, In order to illustrate timegatrends, graphs of
mean'performance against generation number are presented in
Figures 5.1 to 5.6 for the two sexes saparately.' Regressions
of generation mean on genefation number are given on ﬁhe
appropriate graph with their approximate standard errors.
Ranges for the simple standard errors of year—sex means are

also given, but should be treated with caution because the

sire-line was not a closed population and may also have been
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Figure 5,3

Mean Pre-Weaning Performance of Sire-Line Pigs

by Years (Generations),
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Figure 5.4

Mean Performance of Sire-Line Pigs Reared for Breeding

at 150 Days of Age by Years (Generations).
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Figure 5,5

Mean Farrowing Performance of Sire-Line Gilts by

Years SGenerations) s
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Figure 5.6

Litter Performance of Sire-Line Gilts at 50 Days by
Years (Generationsl.
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Selected Traits.

Graphs showing mean ultrasonic backfat, growth rate and
food conversion are given in Figures 5.1 and 5.2(a) and (b)
respectively. Figure 5.1 represents the change in backfat
throughout the life of the sire-lines 1t is clear that the
initial decline reported by King (1966) for the first five
generations was later followed by a period of little apparent
change: The sudden increase following 1970 coincides with a
changeover to a proprietary pelleted feed rather than the home=-
mixed ration (Table 3.5): The sharp increase in boar backfat
in 1966 may be the result of a switch to individual boar
performance testing in that year. As expected boars were
consistently leaner than gilts,

The remaining two traits, first measured in boars on
performance test in 1966, are shown in Figure 5:2: Ignoring
1971 when the new ration was introduced, there has been little
apparent change in either growth rate or food conversion ratio;
Before 1970 boars grew faster and converted better than gilts,
but the disappearance of the sex difference in the last two
years is difficult to explain,

Without a control line it is impossible to say whether
the'observed changes were genetic, but the initial conclusion
might be that although selection for backfat was very successful
in the first years, there was little response to index selection
in later years, HReasons for the lack of response might be
reduction of selection differential following the introduction
of performance testing and a selection index, or alternatively
the influx of genes from the Lacombe, Hampshire, Fietrain,

and Americ:n Yorkshire breeds (Table 3.1). Lxamination of
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the selection index will be deferred until Chapter 7, and a
discussion of the consequences of immigration will be found
in Chapter 8,

Could thg steep fal; in backfat thickness over the first
few generations possibly have been entirely genetic, and if
s0 was it chiefly the result of selection or immigration%
No immigrants other than from the foundation breeds were
introduced before 1964, Although some 40/ of litters were
immigrants, the incoming Large wWhite, Landrace and wessex pigs
would have needed to hgve been considerably better than nctives
in order to bring about the observed change. Some insight into
the potential of selection may be obtained by comparing early
response in the sire-line with phe response which could be
gained by mass selection for backfat alone in a closed randone=
mating population, Considering a comparable situation in
which 5 boars are selected out of 40 tested, andv30 gilts are
selected out of 80 tested, then expected response per generation
(R) may be expressed in the usual way:

T e ap ( ir+iH)

2
where hd, 6p and i are the heritability, within-year phenotypic

7

standard deviation and standardised selection differential
respectively. Inspection of Table A1 (Appendix A4) shows an
aﬁerage within year standard deviation of approximately 3 mm,
for ultrasonic backfat thickness, with a conservative maximum
value of h* of 0.6 (e.g. Smith and Ross, 1965} and setting

ir = 1,01 and in = 1,59 (Becker, 1967), the expected response
per generation is 0O.23¢m,/year, This compares with an
observed response of O,21cm,./year (Figure 5.1). OUne could

therefore conclude that in a closed population of similar size
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undergoing selection of a similar intensity, a response of the
magnitude observed here could have been entirely due to
selection, However, the observed response of 0.21 cm/
generation is twice as great as the average change per
generation of 0,09 cm., reported by Fredeen (1971) for 3
selection experiments each with control lines, In the same
experiments the realised heritability averaged 0.40, which
would reduce the response expected above from 0,23 to 0,16
cm./generation, Neverithe:less, it is not inconceivable that,
after preselection of boars on the basis of X-ray predicted
length which is favourably correlated with backfat (Smith

and Ross, 1965), and with the introduction of immigrants

from pOpulatioélundergoing parallel improvement schegés. the
observed phenotypic change in the sire-line between 1960 and
1965 might have been entirely genetic,

Unselected Traits.

Graphs showing the change in traits not directly subject
to selection are given in Figures 5.3 and 5.4, Number of
teats (Figure 5.3 (a)) showed a marked decline at the rate of
0.1 per generation, and could have been the result of introducing
shorter breeds such as the Pietrain and Hampshire into the line,
For example a random sample of 10 Hampshire litters at A.0.R.0,
in 1970 gave an average teat number of 12.1, while the sire-line
average has generally been maintained above 13.0 teats. On
the other hand the first exotic breed was not introduced
until 1964 and yet the decline had clearly begun in 1963,
However, the present average of 13 teats is considered
acceptable, particularly since females of the line would not
take part in commercial production but would only be required



for perpetuation of the line itself, The average number of
teats is well in excess of the average number of piglets born
alive within the line (see Figure 5.5 (a)).

Individual piglet birth weight (Figure 5.3 (b)) showed no
phenotypic change over the life of the sire-line, while
individual weight at 50 days (Figure 5.3 (c)) appeared to
increase slightly. The sudden dip in 50 day weight in 1965 is
difficult to explain, except that an unusually high July-September
rainfall of 13410 inches was recorded, and the effect was
apparently not reflected at 150 days.

The graph for liveweight at 150 days of age (Figure 5.4 (a))
is almost exactly mirrored by the graph for growth rate per day
over the preceding 100 day period (Figure 5.4 (b)), and both
show an apparent increase per generation which is difficult to
assess statistically. The two traits "growth rate on test"
and "growth rate from 50 to 150 days" would be expected to be
closely correlated, and by comparing Figure 5.2 (&) and
Figure 5.4 (b) it can be seen that they show a similar pattern
of change. However, growth rate to 150 days included the
period of weaning and transfer of piglets to a new location,
and is more likely to be influenced by maternal and environmental
effects than growth rate under controlled test conditions.

Boars were heavier than gilts at all ages.

Reproductive Performance.

Changes in reproductive performance areshown graphically
in Figures 5.5 and 5,6, Graphs (a) to (c) in Figure 5.5
show no significant trend in numbers of pigs born alive,
average birth weight per litter and total litter weight at
birth for the first 12 years of the line's development, 1t is
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possible that a decline in the additive genotype brought
about by the introduction of breeds with lower fertility may
have been compensated for by heterosis., The fact that some
litters were exhibiting more heterosis than others may partly
account for fairly high variation in numbers born alive.
(Table A10, Appendix A), for example, although extensive
management conditions should not be forgotten in this respect.
At 50 days of age while still suckling, graphs (a) to (c) in
Figure 5,6 show that a slight drop in the number of pigs born
alive and a slight increase in piglet weight, both clearly non=-
significant, combine to produce no change in total litter weight.
As well as heterosis, reproductive performance could have been
maintained by an element of "automatic" natural selection
whereby larger litters stand a greater chance of contributing
progeny to the next generation, as described by Strang and
King (1970).

Numbers of congenital defects in each generation are
given in Table A12 of Appendix A, together with percentage
incidence. for all births in the first 12 years., 3,884 of all
male births and 1.50% of all female births were recorded as
being abnormal, giving an overall figure of 2,09% for the line.,
Males appear to have the higher incidence simply because -
females are not subject to scrotal hernias or to the "rig"
condition of undescended testes, It is also the result of
arbitrarily classifying intersexes as males, and may be partly
due to the fact that females suffering from atresia ani or
"plind anus" are frequently viable because defaecation takes
place through a recto-vaginal fistula (Norrish and Rennie, 1968).
In males scrotal hernias showed the highest incidence,

followed by rigs and unbilical hernias, It was not possible to
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obtain the exact incidence of splaylegs, a defect from which
newborn pigs may recover. In females hernias constituted
the greatest problem,

Clearly there have been no serious outbreaks of any
particular defect although there were 21 cases of umbilical
hernia in 1971 born pigs. It is concluded that the pooling
of breeds did not result in any disastrous uncovering of
genetic defects, OUn the contrary, increased heterozygosity
in both the parents and progeny might well serve to mask
recessive defects, In view of the fact that by no means all
animals born into the line can be tested, and since rigs,
intersexes and herniated animals can usually be successfully
fattened, the level of congenital abnormalities in the sire~
line is considered to be well within the acceptable limit and

of no hindrance to selection,

Carcass lata.

Means andAvariabilities for carcass data obtained from
rejected or untested sire-line pigs in some generations are
laid ocut in Appendix B, Time trends have not been plotted
out because of differences between factories and small sample
sizes, It is of interest to note that carcass length (lable
B11) reached a minimum of 7387 mm, in 1967 when the percentage
of Pietrain plus Hampshire blood in the line reached a
maximum (Table 3.1). King (1966a) reported that both the
Hampshire and Pietrain reduced length by over 25 mm, in
crossés with the Large white., The current length of over

800 mm. is considered adequate for present grading standards,

Eye muscle area (Table B4) appears to have increased, although
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the increase of 7 sqg.ems. in 1968 was the result of switching
factories and taking the measurement before, rather than after,
the curing process, The subsequent increase in eye muscle area
could have been the result of the influx of superior Fietrain
or Hampshire genes or alternatively a favourable correlated
response to selection for feed efficiency and backfat (e.g.
Smith and Ross, 1965). Improvements of over 4 sq.cms. were
recorded in Pietrain and Hampshire crosses with Large ahites
(King, 1966a). The remaining carcass data fé}of marginal

value but may be used for reference.

MeleCs Central Test Station Hesults,

The results from 21 combined groups are summarised
separately for boars and sibs in Table 5.2, expressed as
deviations from the contemporary Large White mean. A.B.i.V.
sire-line pigs were better than Large wWhites in all measure=-
ments except killing out percentage and shoulder and loin
boar backfat depths, OSibs were comparatively leaner than
boars at all sites, and this anomaly is difficult to explain.
Percentage of lean in the rump and eye muscle area were both
significantly better than in Large whites, indibating a
tendency towards meétiness as well as leanness, Both traits
would be expected to improve as a result of selection for
feed efficiency and backfat (Smith, King and Gilbert, 196Z) and
as a result of immigration by the Pietrain and Haumpshire
(King, 1966a). Carcass length was satisfactory at 809 mm, and
in agreement with measurements taken at ﬁhe local bacon factory.
No cases of "pale, soft, exudative" eye muscle LPe3+8s)

were reported,
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Table 5.2

Performance Test Results of 21 "Combined Test" Groups
of Sire-Line Pigs at M.L.C. Testing Station, Stirling,
Expressed as Deviations from Contemporary Large White
Average. (Standard Errors of Differences are Shown in Brackets).

Character Boars Sibs
Food Conversion Ratio
(l1b Food/1lb L.W.G.) -0.07(0.02) B** -0.05(0.03) B
Paily Liveweight Gain
(gms. /day) +27.0(6.0) B¥¥w +23.0(8.0) B¥**
Days on Test ~2.9(0.6) BW** -2.8(0.8) B**
Conformation Score:
l(bad) - 7(good) - +0.2(1.4) B
Fat Depths:
Shoulder (mm.) . +0.5(0.5) W -1.1(0.6) B
Loin "2" (mm.) +0.4(0.4) W =2.,6(0.4) B¥*%w*
"c" (mm.) -0.5(0.4) B -1.5(0.6) B*
"K" {(mm) -o.2(q.4) B ~2.3(0.8) B**

Streak Score: 1 (bad)
- 7(good) - +0.4(0.1) B**
Eye Muscle (Longissimus
dorsi) Area (sg.cms.)

% Lean in Rump

Killing Out %

Trimming %

$ Rump in Hind Quarter
% Hind Quarter in Side

+1.36(0.44) B**
+3.4(1.0) B**
~0.9(0.3) We*
+0.3(0.1) B*
+0.6(0.3) B
+0.7(0.2) B**

Lengthf (ram. ) - 809
Points Score for Economy of
Production” (Mean =50,S.D.=22) 49 -

Points Score for Carcass

Quality’ (Mean=50,S.D.=17) 68 -
Total Points Score+(Mean-1OO

Estimated Difference in

Economic Value (P).Per Pig - +65

fExpraseed as absolute values and not as deviations.
* p < 0.05; *%* p L 0,01; *** p < 0.001

B= Better than contemporary mean; W = Worse than comtemporary mean.
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The sire-line was barely average on index point score
for Economy of Production, but was one standard deviation
better for Carcass Quality, The lack of superiority in the
economy index was the result of a poorer killing out per-

centage set against moderate increases in growth rate and
food conversion, OSince the genetic correlation between backe
fat and killing out percentage is positive and unfavourable
(Smith et al., 1962), a worsening of killing out percentage is
perhaps not unekpected. The superiority of the sire-line in
carcass quality was principally due to improvements in eye
muscle area and 4 lean in the rump., On total points score the
line was 17 better, or one half standard deviation above the
contemporary mean, The index points scores should be used with
caution, since they represent predicted breeding values calcul=-
ated on the assumption that the sire-line and Large White
populations have the same mean, If this is not the case, some
of the real genetic difference between the two populations
will have been treated as a phenotypic difference and the
predicted difference in breeding values will be incorrect. This
problem is discussed at length in a different context in
Chapter 8,

The difference in economic value per pig (Table 5.2),
treating the sire-line and Large whites as separate populations,
was calculated from the monetary values of improvements in
food conversion, daily gain, » lean in the side, killing out p4,
trimming 4~ and eye muscle area.put forward by Cook et al. (1971).
# lean in the side was estimated by multiplying 4 lean in the
rump by O.7. Calculations were made on the sibs' performance

only, and indicated a superiority of 65p per pig
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in favour of the sire~line, chiefly through improved eye
muscle area and » lean in the side, This compares with an
estimated superiority of Large white over Landrace of h5p and
of "nucleus" over "commercial" herds of roughly 180p as given
by Cook et al, (1971). when crossed with a Large white danm,
for example, the superiority of the commercial progeny of a
sire-line boar would be expected to be halved at 32§p per pige.
Some or all of the loss could be made up by improved viability
of the progeny through heterosis,

An idea of the rate of genetic progress in the sire-line
may be gained by comparing the 1971 results with those reported
by King and Smith in 1968, Their findings for the 1967
generation are summarised in Table 5.3, Relative to Large
whites from nucleus herds the sire-line appears to have
improved slightly in food conversion and daily gain, so that
the improvements shown in Figure 5.2 (a) and (b) for 1971
might not have been wholly the result of a change of diep. un
the other hand the average superiority in fat depths dropped
from 3,9 mm. in 1967 to 1.6 mm, in the 1971 sibs, supporting
the observed adverse trend in ultrasonic backfat (Figure 5.1).
In addition the deficiency in killing out percentage has

ﬁéorsened slizhtly and some of the superiority in eye muscle area
has been lost, while the superiority in percentage lean in the
rump back has been maintained,

Cook et al. (1971) reported rates of genetic progress
in the M.L.C. pig improvement scheme between 19060 and 1970
of 0,055 units per pig per year for food conversion ratio,

18 gms for daily gain, 0.63 sq.cms, for eye muscle area and

0429 % for killing out percentage, Bearing in mind possible
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Table 5.3

Mean Performance of 20 S;QﬁGnggg (1 Hogz and 1 Gilt)

in 1967 Expressed as Deviations from Contemporary
Large dhite Average (from fing and Smith, 1968%

Trait Difference
Daily Gain (gm/day) . 25,0 W
Food conversion Ratio - 0,01 B
Fat Depth (mm,.) ' - 3.9 B
Eye Muscle Area (sq.cm.) + 3,0 B
Killing Qut % - 0.5 W
s Lean in Rump + 345 B

B = Dbetter than contemporary mean

W = worse than contemporary mean.,

* personal communication; abstract only published.



fluctuations in the contemporary mean, one might conclude
that some genetic progress has been made in the sire-line
maintaining it on a par with Large whites, However there
must be serious doubts as to whether any advance has been made
in fat depths or eye muscle area since 1966, Fresent (1971)
performance has been let down by killing ocut percentage, but
any attempt to improve this trait directly would require the
slaughtering of sibs which in turn might lead to a reduction
of selection differential.

Dol Conclusions,

Response to selection for ultrasonic backfat thickness
in the A.B.R.0. sire-line appears to have fallen off after an
initial period of success, In spite of little apparent
improvement in backfat or feed efficiency since 13965, the
line appears to have held its own in comparison with contemporary
Large whites, showing an economic advaptage of 65p per pig |
in 1971, There was some evidence from central testing station
results that the introducﬁion of performance testing and a
selection index in 1966 may have slightly improved growth faté
and food conversion, The line was noticeably better than
Large whites in dissected lean and eye muscle area, which could
very well be the result of immigration by the Pietrain and
Hampshire. The apparent lack‘of selection response after
1965 is hard to explain., FPossible reasons might be that genetic
variance was declining or that immigration was in some way
working against selection, These two possibilities are examined
in Chapters 6 and 8. '

Theoretical considerations indicate that reproductive

performance may be ignored in a sire-line (Smith, 1964). with
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the exception of a fall in teat number no adverse changes
were recorded for any reproductive traits, and there were no
serious outbreaks of congenital abnormalities, It is
recognised that a high level of heterozygosity and a certain
amount of natural selection may be partly responsible for
upholding the litter performance of the line,

At present genetic improvements in the sire-liine would
be difficult to detect and much of the evidence presented above
has been circumstantial, Wwith the development of a line of
this sort it is important to be able to monitor genetic changes
from generation to generation so that the response to selection
and the benefits of the various immigrant contributions can be
assessed, There would therefore seem to be a case for maine
taining an unselected control line or of using some form of
repeat mating design in order to estimate genetic change,

oince the A.B.R.U. sire-line was developed as a "third
breed"” (see Chapter 2) to act as the sire of crossbred pigs
for slaughter, it should strictly be judged in that context,
Heterosis from being genetically distinct and lean-meat content
from Buropean breeds might well conspire to give greater overall
profitability than could be achieved by intense selection for
feed efficiency and backfat in the best available British
breeds, simply as a result of improved viability of the

commercial progeny and better carcass gradings.
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Chapter 6 sSources of Variation

©s1 Introduction,

In the previous chapter it was shown that, after a
rapid initial decrease in ultrasonic backfat thickness which
tailed off in 1965, there has been little further phenotypic
change in any of the traits under selection in the A.B.R.V.
sire-line, The main purpose of this chapter is to provide
information on the amouat of additive genetic variation in the
line, with particular regard to backfat. An attempt will be
made, with rather limited data, to throw light on two distinct
possibilities: firstly that the continual pooling of breeds
may have substantially increased the proportion of additive
genetic variation, and secondly that for some reason the
proportion of additive genetic variation may have reached an
unusually low level and become a barrier to selection, 1f the
sire~line parameter estimates turned out to be greatly different
from those in other pig populations there would be an opportunity

to modify the present selection index accordingly.

6.2 Material and Methods.

Heritabilities and genetic correlations were estimated
by two methods, paternal half-sib correlation and daughter-
dam regression, for seven of the individually recorded traits
described in Chapter 3.3 and set out for example in Table C.1.
Food conversion ratio was excluded from the analysis because
it was recorded on a variable-sized "group" basis, All pigs
born into the sire-line from first parity gilts between 1960
and 1971 were included in the anélyais irrespective of their
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ancestry. Calculations were done separately for various

combinations of characters involving different numbers of pigs.

Analysis of Variance,

A standard computer programme was used to perform a
hierarchical analysis of variance. As sires were used in
one year only and their progeny were all born on one of the
two farms, the analysis was carried out within places of birth
and within years (or generations) removing a total of 16
degrees of freedom. By means of a‘built-in facility of the
programme separate overall adjustments were made for feeding
regime prior to 1967 (ad libitum versus restricted), boar
performance test location in 1971 (indoor versus outdoor), and
sex. The effects of inequalities of variance among the sub-
groups and of interactions with genotypes were therefore
assumed to be negligible. Smith and Ross (1965), for example,
found that although sex by sire interactions were significant
for growth rate and backfat they contributed only 4% of the
total variation, The same authors were unable to demonstrate
significant sex differences in heritability. Results from
experiments designed to detect genotype x feeding level inter-
actions, on the other hand, have been rather inconclusive
(e.g. King, 1971).

Components of variance were obtained in the normal way
by equating observed mean squares with their expectations,

The expected composition of the various components is

summarised below: Expected Composition

Between Sires 2

ow + Koy ko  olt= Lo,
Between Dams within Sires o+ kot opr= Lot +o’
Within Litters rut 05 = Lot +ot
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where k-values are the relevant coefficients, and cgit;; and o@?
are the sire, dam and within litter wvariance respectively.
Phenotypic variance (gf) was calculated within generations as
the sum of the sire, dam and withinelitter components, Additive
genetic variance Q%f) was estimated as four times the sire
component, from which an estimate of heritability was obtained
Standard errors of heritability estimates were worked out

by the method of woolf (cited by Falconer, 1963), The
"maternal”™ component of variance (Qﬁ) arising from environ-
mental influences common to a single litter was estimated as the
difference between dam and sire components, but may also contain
non-additive genetic effects mainly due to dominance (eege
Dickerson,1969). The residual or "environmental" variance (%?)
was estimated as the within litter component minus twice the
sire component, and similarly included a proportion of non-
additive genetic variance. Components of covariance were
obtained in an exactly analogous manner, genetic correlation<
being estimated from sire components and phenotypic correlations
from the sum of sire, dam and within litter components,
Approximate standard errors of the genetic correlations were
calculated according to Robertson (1959), and of phenotypic
correlations according to Hammond and Nicholas (1972)«

No adjustment was made for the effect of positive
assortative mating which was practised in the line and which
would inflate the covariance of half-sibs, causing an upwards
bias in the estimate of heritability, The within-generation
phenotypic correlation between mates for backfat was 0,09 + 0,07,
but this figure excludes immigrants on which no measurements
were available, with the result that the true value may be
somewhat lower. The bias induced on the estimates of heritability
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was therefore expected to be small.

8 D t D i’ =

The daughter-dam regression analysis was carried out
within sires eliminating the effects of place and year of
birth as well as the effects of éssortativc mating, The
analysis was confined to female progeny in order to avoid
the complication of correcting for sex differences or differences
in boar performance testing environment after 1967. The
records of parenta'and offspring prior to 1967 were adjusted
for feeding regime using eeparate constants for each year,
obtained from a standard least-squares programme, A computer
programme was written in order to obtain estimates of
heritability using Falconer's (1963) modification of the
optimum estimation procedure of Kempthorne and Tandon (1953),
weighting sums of squares and products from each dam family
according to family size. This procedure has minimum variance
and is preferable to giving equal weight to either the dam
or the progeny Qhen there is more than one offspring per dam.
Intraclass correlations and approximate regression coefficients
required for the calculation of weigglng factors were obtained
from the hierarchical analysis of variance and from a
preliminary unweighted regression analysis respectively.
Heritability was estimated as the doubled regression coefficient
and its standard error as the doubled standard error of the
regression proposed by Falconer. In all cases the estimates
from the optimum method fell between the values obtained from
the two alternative unweighted analyses,

Estimates of genetic correlation:; were obtained from
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separate analyses giving equal weight to progeny, as follows:

f _ e (V) e (Ya X)) L
A 2 J/{ <o ( Yo ) /ao—u’(\/z/(,_)} Young, 1969)

where Y and X are observations on the progeny and dam
respectively, and subscripts refer to traits 1 and 2, The
arithmetic mean of the two cross-covariances was used instead
of the geometric mean, so that an estimate of the correlation
could still be made when the cross—covariances differed in
sign as a result of sampling, Approximate standard errors of
the genetic correlation were once again calculated according

to Robertson (1959).

The various parameter estimates from both sib and
regression analyses were not adjusted for levels of inbreeding
or selection, primarily because it was the intention of this
study to examine the genetic variability available in the sire=
line in its present circumstances., However, it is also
recognised that it would be of doubtful value to extrapolate'
back to a base population in a line subject to regular
inbreeding., From Table 3.3 it can be seen that yearly average
inbreeding coefficients have never exceeded 04 and have
frequently been much lower, Bulmer (1971) demonstrated that
although additive genetic variance declines in the first
generation of artificial selection for a metric character,
it rapidly approaches a limiting value and drops very little,a/
after three or four generations, oselection and inbreeding
are not therefore expected to cause a noticeable reduction in
additive genetic variance in future generations of the line

and their effects will be ignored.
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©.3 Hesults and Discussion,

0s3,1 Heritabilit

Heritability estimates from paternal half-sib correlation
and intrasire daughter-dam regression are given in Table 0.1,
The pattern of the estimates is roughly as expected, the
proportion of additive genetic variance declining for characters
more closely related to fitness. A slightly different sample
of dams was used for the two methods, 34 immigrant dams being
omitted from the regression analysis owing to the absence of
records, 1n spite of this, heritabiiities from the two methods
agree reasonably well bearing in mind fairly large standard
errors,

Estimated heritabilities of 0,10 and 0,17 for teat number
in the sire-line fall within the range of those reported in the
literature, For example Enfield and Kempel (1961) found values
of 0,10 # 0.0k and 0423 #+ 0420 by offspring-parent regression
and half sib correlation respectively in the Minnesota No 1,
and Gabris and Stanik (1968) gave values lying between 0,10
and 0,37 for various breeds, Heritabilities of individual
birth weight, too, agree broadly with those from other
populations, Fahmy and Bernard (1970) reported values of
0,07 + 0435 and 0,27 + 0,06 by sib and regression analysis
respectively in Canadian Yorkshires, and Hoy et al, (1968)
found a half-sib heritability of 0410 + 0415 for the lManagra.
Sire-line heritability estimates for 50-day weight also agree
with other authors' reports for individual weight at and
around weaning time, For instance aard et al, (1904) gave
pooled figures of O.14 + 0411 and 0,26 + 0,07 by sib and
regression analysis respectively for weaning weight in the
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Table

6.1

Estimates of Heritability from Half-Sib Analysis (hzﬂs) and Intrasire

Daughter-Dam Regression (hZO?), together with Estimates of the Within-

A
Year Phenotypic Standard Deviation (9r ) and the Proportions of Matermal

A
(éﬁ ) and Environmental Variance (% ) in the A.B.R.0. Sire-Line.

A A A A
Trait [Number of |Between Sire o5 ki |8-EE | G AL %/4: | Number of | i |S.E%
P P op
Pigs D.F. Dams
Number of Teats 3600 116 1.2 0.10 |0.06 0.10 0.80 312 0.17|0.04
Birth Weight
(lbs./day) 3600 116 0.63 | 0.31 |0.13 0.28 0.41 312 0.10|0.08
50~-Day Weight
(1bs.) 2972 115 6.45 | 0.30 |(0.15 | 0.34 0.36 305 0.03|0.09
150-Day Weight
(lbs.) 1727 112 20.1 | 0.14 |0.13 0.21 0.65 276 0.17(0.09
Growth Rate From
50 to 150 Days
(1lbs./day) 1727 112 0.18| 0.16 (0.12 0.16 0.68 276 0.26(0.09
Corrected Average
Ultrasonic Backfat
(cms.) 1727 112 0.31| 0.63 |0.13 |-0.04 0.41 271 0.30|0.09
Growth Rate on
Test (60-180 lbs)
(lbs./day) 1068 71 0.24 | 0.26 |0.13 0.04 0.70 144 0.65/0.11
X

approximafe standard enrrof




Minnesota No's 1 and 2, while Fahmy and Bernard zave correspond-
ing figures of 0,08 + 0,27 and 0.19 & 0,06 for 56-day weight
in Yorksﬁires. The paterhal half-sib estimates of 0,31 and 0,30
for birth weight and 50-day weight respectively in the sire-line
were perhaps a little greater than values usually encountered
for these traits. Sire-line heritabilities of 0.14 and 017
for 156-day weight were in rough agreement with Fahmy and
Bernard's 140-day weight estimates of 0,10 % 0426 and 0,05 *
0,08 under ad libitum feeding, Growth rate from 50 to 150
days of age spans the weaning period and is therefore a
composite of pre and post-weaning growth rate, It appears
slightly more heritable than its terminal 150-day weight in
the sire-line (Table 6.1), Fahmy and Bernard reported pooled
heritabilities of 0,07 and 0,12 for growth rate from 56 to
140 days and growth rate from birth to 56 days respectively,

Of primary interest in this study are the heritabilities
of ultrasonic backfat thickness and daily zain on performance
test, since these are the objects of selection, The estimates
obtained here fall within the range reported in the literature,
with the exception of the estimate of 0465 + 0,11 for daily
gain which is greater than most published values (e.zg. see
Table 2.1 abridged from Fredeen, 1971)., omith and Hoss (1965)
found a heritability of 0,74 for average carcass backfat in
2,296 British Landrace pigs, and Smith, King and Gilbert (1962)
gave values all greater than 0+60 for four indiviﬁual carcass
backfat depths in 1,976 Large Whites; ‘pigs in both studies
being fed to appetite at national testing stations, Stockhausen
and Boylan (1966), on the other hand, reported much lower
pooled estimates of 0,11 0,04 and 0.09 % 0419 from variance
and regression analyses of average mechanical ruler probe in

the Managra, individual estimates ranging from below zero to
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0.56, Roy et al. (19¢8) later estimated the heritability of
carcass backfat in the same line of pigs as 0,35 + 0.12 from
paternal half-sib correlation. Berruecos et al. (1970)
indicated an average weighted heritability from various co=-
variances among relatives of 0.38 + 0,02 for live average
‘ruler probe in the synthetic Red Line, with a corresponding
realised estimate of 0427 + 0,09 from selection response. For
post-weaning daily gain Smith et al, (1962; 1965) reported
heritabilities of 0.14 for both Large white and Landrace.
Stockhausen and Boylan gave average values of 0.25 + 0.04

and 0430 + 0,11 by regression and sib analysis in the Managra,
and Ward et.al. (1964) found values of 0,26 + 0,10 and 0,38

+ 0,09 byfvariance and intrasire regression analysis for
post-weaning gain in the first two Minnesota lines, Total or
phenotypic variance of growth rate and backfat (lable 0.1) in
the sire-line appears adequate and at least as great as in
other well-controlled pig populations, The apparently large
differences found here between heritability estimates from the
two methods are hard to explain other than by sampling variation,
However, in the presence of maternal effects the estimate
obtained by daughter-dam regression might be expected. to exceed
that obtained by half-sib correlation,. as was the case for

"~ both measures of growth rate.

" The estimates of heritability presented in Table 0.1
would seem to indicate that there are no striking differences
in the proportions of additive genetic variation.between the
AsBeReUs sire-lihe and other pig populations., With this in
mind it would be of interest to know whether heritability has
changed within the sire-line during its development. Data

for the first twelve years were therefore divided into two
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roughly equal periods and heritabilities of three traits
estimated separately by paternal half-sib correlation for
each as shown in Table 6,2, With so few sires the standard
errors of heritabilities are large and differences between the
two periods clearly non-significant, but the direction of
changes will at least provide grounds for speculation,

Only the heritability of average ultrasonic backfat
thickness appears to show any change, increasing from Q.54
in the first period, when maximum phenotypic response was
obtained (Figure 5.1), to 0.71 in the second period when there
was no response at all, On the other hand, the additive genetic
variance of backfat suifered a slight decrease over the same
period (Table 6.2), so that the improvement in heritability
is apparently the result of a decline in environmental
variation; possibly associated with the introduction of more
well-controlled performance testing in 1966. Unlike backfat
the additive genetic variance of 150-day weight appears to
have doubled in later years while heritability has remained
unchanged, As the change in the estimate of genetic variance
was only one half of its standard error the increase cannot
be taken too seriously, but the increase in phenotypic
variance appears substantial and may be due to within-pen

competition between litter-mates when on performance test.

6.3.2 Maternal and snvironmental Variance.

The proportions of variance due to maternal effects”
(c/r\nﬁ/o/’;‘) , which influence all the members of a single litter,
show very much the expected pattern for the 7 traits examined
in Table 6.1, The proportion of "maternal” variance reached

a maximum of 34 per cent for body weight at 50 days, falling
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Table 6.2

Genetic and Phenotypic Variability of Three Traits

in Barly (1960-1966) and Late (1967-1971) Periods

During Development of the A.B.R.O. Sire-Line.

1960 ~ 1966 1967 - 1971
Paranater 150-Day Growth Rate Corrected 150~Day Growth Rate Corrected
Weight 50-150 days Av. Backfat |(Weight 50-150 days Av. Backfat
(lbs.) (1bs./day) (cms.) (1bs.) (1bs./day) (cms.)
Between Sire d.f. 47 47 47 65 65 65
Phenotypic Standard 17.8 0.15 0.33 21.8 0.19 0.29
Deviation (&)
Heritabilit (3‘»‘ 51“/;‘) '

e A e 0.11 0.16 0.54 0.15 0.15 0.71
VAth Staaiane Reres (0.21)" (0.20) (0.20) (0.19) (0.19) (0.18)
Additive quetick
Variance (o2 = 403 ) 33.9 , 0.0037 0.0595 69.8 0.0056 0.0573
with Standard Error (62.4) (0.0044) (0.0239) (75.3) (0.0054) (0.0164)

*estimated standard error




off to 21 per cent by 150 days of age., "Maternal' effects
for traits measured on performance test, backfat and daily
gain, were very small as expected since litters were split up
after weaning and were no longer influenced by the dam or by
an immediate common environment, Smith et al, (1962; 1965)
found slightly greater proportions of "maternal" variance of
15 per cent for Large shites and 11 per cent for Landrace in
daily gain at national testing stations, but they found no
"maternal” variance for backfat,

Two points of particular interest arise from the cbserved
"maternal variances, Firstly it is perhaps surprising that
there should be a maternal effect on teat number. oince this
is fixed at birth one may conclude either that there is an intrae
uterine effect on teat numbers, or alternatively that the
figure found here does not differ significantly from zer0¢A
Secondly, the maternal "carry-over" after weaning to 150-day
weight appears to be rather large. DBoth of these observations
could possibly be explained to some extent by the presence of
non-additive genetic variation, especially since there might be
heterosis in the line following the continuous addition of
diverse gentoypes in each generation, 7The amount of heterosis
in backfat thickness would normally be expected to be small
(eszs Sellier, 1970) so that values of zero for proportion of
"maternal® variance in backfat might indicate the absence of
dominance and epistasis as well as true maternal effects,

The proportions of residual or "environmental" variance
are of course complementary to the sum of the other two
sources of variation, but for daily gain on test and backfat
are higher than those reported by Smith et al, (1962; 1965)

under standardised conditions, In the A.B.i.,0, sire-line
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unequal numbers of pigs per pen together with intra-pen
competition in later years, and outdoor paddock conditions in
earlier years may account for part of the environmental variance.
The very high phenotypic standard deviation of 20 lbs. for

150 day weizht (Table 6.,1) implies that there may be differences
of 80 1lbs between pigs at that age. All the pigs contributing
to this figure were successfully measured ultrasonically for
backfat at 180 lbs live weight, and so this gives some idea of
the magnitude of environmental effects on the population under
test, Disease may unfortunately account for a substantial
portion of the environmental variation on performance test in

some generations,

0e3:3 Genegié and Fhenotypic Correlations,

Estimates of genetic and phenotypic correlations from
covariance analysis and of genetic correlations from intrasire
regression are shown in Table 6,3, Numbers of pigs associated
with each figure are those given in Table ©,1 for the lower of
the two traits in each pair., Genetic correlations were subject
to large standard errors, and some estimates from sib and
regression analysis were in striking disagreement, For
this reason they will be discussed only very briefly here,
Fhenotypic correlations followed more of the expected pattern
and had lower standard errors,

Fahmy and Bernard (1970) reported positive and relatively
high genetic and phenotypic correlations among body weights
at birth, 56 and 140 days and post-weaning growth rate, and
this has been the general finding of other authors,
Corresponding phenotypic correlations in the A.5.i.U. sire-line

were all positive, though genetic correlations were variable,
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Table 6.3.

Estimates of Phenotypic Correlations (above the diagonal) and Genetic Correlations (below the

diagonal) in the A.B.R.0O. Sire-Line with their approximate standard errors (in brackets).

Genetic Correlations are presented from Half-Sib (upper) and Daughter-Dam (lower) analyses.

I

Trait Teat . Birth 50 Day 150 Day Daily Gain Average | Daily Gain on
Number A Weight Weight Weight from 50- Backfat | Test (60-180 1lbs.)
150 Days
N
S (0.02) (0.03) (0.03) (0.03) (0.05) (0.04)
s
Birth Weight -0.15 0.5} 0.32 0.21 -0.14 0.14
(0.37) e (0.02) (0.03) (0.03) (0.03) (0.04)
>1.00 Pt
50 Day Weight 0.33 0.60 \\ 0.56 0.32 -0.06 0.13
(0.35) (0.21) | 2 (0.02) (0.03) (0.03) (0.04)
>1.0° "* 3 N
150 Day Weight -0.62 0.12 008 0.96 0.11 0.63
(0.24) (0.34) (0.24) s (0.002) (0.03) (0.02)
0.94 -0.34 -0.23 Bl
(0.04) (0.54) (0.82)




Table 6.3 (cont.)

Trait Teat Birth 50 Day 150 Day |Daily Gain Average | Daily Gain on
Number | Weight Weight Weight from 50- Backfat | Test (60-180 1lbs.)
150 Days
N
Daily Gain from -0.72 -0.05 0.36 0.94 a 0.15 0.67
50 to 150 Days (0.18) (0.32) (0.30) (0.03) N (0.03) (0.02)
0.69 | -0.31 -0.33 0.99 e
(0.15) (0.47) (0.65) (0.01)
Average Backfat 0.22 -0.38 -0.56 -0.12 0.08 \‘\ 0.20
(0.24) (0.18) (0.18) (0.23) (0.22) K (0.03)
-0.11 >1.00 >1.00 0.54 0.46 RS
(0.28) (0.23) (0.22) s
Daily Gain on -0.68 -0.08 0.37 0.74 0.66 -0.06 D
Test (60-180 1lbs.) | (0.19) (0.27) (0.28) (0.20) (0.20) (0.21) X
%*
0.45 0.54 - >1.00 0.95 0.86 R
(0.19) (0.21) (0.02) (0.05) N
N

*
Negative daughter-dam covariance estimates.




Some comfort is derived from the expectedly high average
figure of 0.97 for the genetic correlation between 150-day
weight and preceding growth rate, Wwith the exception of birth
and 50-day weights average sire-line genetic correlations

with teat number appear close to zero, as do all phenotypic
correlations except perhaps birthweight,.

Both genetic and phenotypic correlations of backfat with
the two measures of growth rate were found to be positive on
average in the sire-line (Table 6.3). oSmith et al., (1902;
1965) reported values close to zero for both correlations in
Large wWhites, and a genetic correlation of =0,20 in Landrace.
Summarising the results of 8 separate studies they also put
forward average values of =0,15 and =0,07 for genetic and
phenotypic correlations between carcass backfat and daily gain,
Stockhausen and Boylan (1966) indicated a moderate negative
correlation of «0,24 for live backfat probe and growth rate in
the Managra. It is therefore tempting to conclude that the
AJB.R.0., sire-line might be rather unusual in having a positive
genetic correlation between growth rate and backfat, and this
view would be supported by the relatively high positive
phenotypic correlation between the two traits, omith and Ross
(1965), for example, found a correlation of 0,80 between pooled
estimates of genetic and phenotypic correlations, and sugzested
that in the absence of reliable estimates of genetic correlations
it might be bettér to estimate them from the phenotypic

correlations,
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6.3,4 Maternal and Environmental Correlations,

Estimated "maternal" and "environmental' correlations
among 7 traits in the A,B.R.0, sire-line are set out in
Table 6.4, "Maternal" correlations, arising from influences
of the dam environment which affect more than one character,
were positive and high among successive body weights and 50 to
150~day growth rate as expected, "Maternal" correlations
involving backfat were predictably low and zero with both
measures of growth rate. Pre-weaning and 150-day weight
"maternal" effects had a lesser influence on growth rate on test
than on growth rate to 150 days. A negative correlation of
«0,38 between 50-day weight and growth rate on test is surprising
but may represent evidence of compensatory growth on leaving
the maternal environment, For example pigs in large litters
may have their pre-weaning growth limited by milk supply,
while their post-weaning growth on ad libitum feeding would
subsequently be expressed to the full, showing a compensatory
effect,

"Environmental"” correlations, representing residual
correlations between environmental deviations as well as
various non-additive genetic effects, show the expected
pattern, On the whole the "environmental" correlations of
all traits with teat number and ultrasonic backfat were
positive but low, while correlations among body weights and

gains were rather greater,
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Table 6.4.

Estimates of Maternal Correlations (above the diagonal) and Environmental Correlations

(below the diagonal) among 7 Traits in the A.B.R.O. Sire-Line.

Trait Teat Birth 50 Day 150 Day Daily Gain Average| Daily Gain on
Number | Weight Weight Weight from 50- | Backfat| Test (60-180 1lbs.)
150 Days

Teat Number 0.34 -0.06 0.40 0.49 -0,01 ~-0.00

Birth Weight 0.16 0.52 0.65 0.56 ~-0.00 0.1l1

50 Day Weight 0.02 0.41 0.73 0.46 0.07 -0.38

150 Day Weight 0.14 0.51 0.58 0.94 0.11 0.26

Daily Gain from 0.13 0.45 0.39 0.98 0.00 0.51

50-150 Days

Average Backfat -0.07 0.16 0.20 0.20 0.17 0.00

Daily Gain on 0.06 0.31 0.13 0.68 0.72 0.35

Test (60-180 1l1bs.)




Osh Conclusions.

The main result from the foregoing analysis is that no
great difference was found between the estimated heritability
of backfat thickness in the A.B.i.0. sire-line and in other
pig populations, There was no suggestion that heritability
might be so low as to obstruct the selection programme, or
that it might have been significantly raised by the pooling
together of many breeds, There was, however, an indication
that the heritgbility of backfat might have increased slightly
during development of the line, but this was due to a reduction
in environmental variation rather than to an increase in
additive genetic variation, There was also evidence of a
positive genetic association between growth rate and backfat
which may be peculiar to this population., Backfat and daily
gain on test were relatively unaffected by the common litter
environment,

The question arises of whether any of the parameter values
hitherto used in the sire-line selection index, and shown in
Table 6.5, should be replaced by their estimates from this
study. Cunningham (1972) reviewed the consequences of poor
parameter estimation in an index and concluded that, while
errors in heritabilities have a relatively small effect,
errors in phenotypic and genetic correlations may be more
serious, Heritability estimates of backfat and daily gain
found here span those previously used in the index, and no
change would probably be advisable, The only correlation which
could be estimated was that of backfat with daily gain, and
the unusual positive estimate of 0,20 could possibly be
substituted for the value of 0,00 previously assigned to both
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Parameter Values Used in the A.B.R.O.

Table 6.5.

Sire-Line Selection Index:

Phenotypic Standard Deviations, Economic Weights, Phenotypic Correlations (above the diagonal),

Genetic Correlations (below the

diagonal) and Heritabilities (on the diagonal).

Trait Phenotypic | Economic Daily Gain Food Con~- Corrected
Standard "Weight" on Test version Av. Backfat
’ Deviation Ratio
Daily Gain on Test (lbs/day) 0.20 1.8 0.30 -0.6 0.0
Food Conversion Ratio 0.40 ~-4.8 ~0.7 0.40 0.4
(1bs food/lb L.W.G.)
Corrected Average Backfat 0.25 -5.4 0.0 0.5 0.50

(cms. at 180 lbs. L.W.)




phenotypic and genetic correlations, Values of 0,20 1b /

day and 0.25 cm previously used for the standard deviations
of daily gain and backfat respectively could also be replaced
by their estimates of 0.24 lb/day and 0.31 1lb/day from this
analysis, In addition maternal effects could be disregarded

for the two traits.
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Chapter 7. The Performance Test,

a1 Introduction,

The previous two chapters have shown that while there has
been little phenotypic improvement in selected traits in the
A,B.R.U. sire-line since 1965, genetic variability appears
adequate for daily gain and backfat. The beginning of the
period during which there was little apparent change in
average backfat roughly coincides with the introduction of
performance testing and a selection index (Figure 5.1), and
the object of this chapter will therefore be to bring certain
aspects of the performance test under closer scrutiny.

As explained in Chapter 3 both boars and g;lts were
performance tested between 60 and 180 lbs. live weight, and
then selected on an index combining growth rate, pen food
conversion ratio and average weight-corrected ultrasonic backe
fat, Before 1971 boars were tested either singly or in pairs
in outdoor huts, but in 1971 they were tested either outdoors
singly or indoors in pairs, Gilts were tested indoors by litter
groups, All pigs were preliminarily screened immediately after
completing test by means of a simple index consisting of growth
rate and food conversion ratio added together, enabling culls
to be sold at bacon weight.

Attention will be concentrated on four main areas:

(1) the effect of boar performance test environment,
(2) the accuracy of ultrasonic backfat measurements,

(3) the need for correction for live weights at
start and finish of test,

(4) an examination of the preliminary and final
selection indices,
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In the following analyses ansattempt will be made to discover
whether one or more of these factors could in some way be
responsible for arresting genetic progress, and to see whether
any worthwhile improvement could be introduced into the

existing selection procedure, Uppermost on the list of possible
causes of poor selection response might be genotype by boar
test environment interactions, a faulty selection index or
errors in ultrasonic backfat measurements, Each topic will

now be considered separately, although they are to a certain
extent inter-related, and most of the discussion will be

postponed until the end of the chapter.,

Zs2 The Effect of Boa: Performance Test fLnvironment,

The consequences of testing boars either singly or in
pairs in the outdoor accommodation between 1968 and 1970 were
investigated by means of an analysis of variance in ofder to
demonstrate the statistical importance of differences between
single and double penning, and hopefully to uncover any
immigrant versus native genotype by environment interactions,
Breed by pen environment interactions might, for example, be
expected if there are differences in social effects such that
some breeds respond better to pairing or solitude than others.

In 1971 when boars were penned outdoors singly or‘indoors
in pairs, the effects of number in the pen and test location
were confounded.With the intention of separating the effect of
single versus double penning from the effect of indoor versus
outdoor housing, a trial was set up for the 1972 sire-line
generation in which boars were performance tested either singly

or in pairs, both indoors and out in a 2 x 2 factorial design.
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Unfortunately, owing to an unprecedentedly poor conception
rate and farrowing, roughly only one half of the expected
number of boars were born, The results are nevertheless

presented here.

{21 Material and Methods,

A general least squares computer programme for the
analysis of variance (Harvey, 1964) was used for the analysis
of boar performance test data between 1968 and 1970, when
all the boars were penned outdoors. For the purpose of this
analysis only, boars were classified into two rather arbitrary
"genotypes": Native and Immigrant, Immigrants were first crosses
of pure breeds with the sire-line and Natives were pure sire=-
line animals, as explained in Chapter 3. Immigrants chiefly

consisted of F1 crosses with Large Whites, Hampshires, Pietrains,
Lacombes, Yorkshires and their various inter-crosses in 1968
and 1969, and with Large Whites and Norwegian Landrace in 1970.
Several of the Immigrant breed combinations were represented
by a single sire and different combinations of breeds were
present in each year, and as a result it would have been of
little benefit to classify the various breed combinations
separately, Pigs in the analysis were the progeny of 14,

10 and 16 sires for the three generations respectively.

"Pen number", referring to single versus double penning,
years and "genotypes" were fitted as main effects together with
their two-factor interactions. The analysis was repeated for
the three performance-recorded traits: daily gain on test,

food conversion ratio, and average ultrasonic backfat corrected
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for liveweight at time of measurement, For boars tested in
pairs, the fact that food conversion was measured on a pen
Qpaais was ignored, and pen averages were attributed to
individual boars, Because pen means were based on only two
observations this is expected to cause only a small reduction

in the error variance, and consequently a slight over-estimation
of variance ratios,

In order to separate the effects of number of boars in the
pen and test location, the 1971 method of performance testing
boars, described in Chapter 3, was slightly modified the
following year. To achieve a 2 x 2 factorial design, double=-
penning was once again introduced to the outdoor boar huts and
single-penning was introduced for the first time to the indoor
accommodation. Centre partitions were removed from some of the
yards of the outdoor paired huts, making single runs of roughly
the same area as the indoor pens., In each new double run the
boars were fed together from one ad libitum feeder, and although
all pairs had access to two sleeping area they invariably shared
the same hut, Similarly, boars were placed on their own in
some of the pens in the Danish-type fattening house where
 normally two boars or up to five gilts would be tested., 1t was
rarely possible for one dam to contribute boars to all four
test environments, in which case © "testable" boars would have
been required. Instead an effort was made to distribute
families as widely as possible over environments, keeping the
numbers of progeny on each approximately equal., The pelleted
ration fed in 1971 (Chapter 3) was fed ad libitum, but with
the addition of "Grofas" (trademark for 1.C,l1. Wuindoxin
non-antibiotic growth promoter) at 50 gms per ton, Almést all
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the boars in the Danishe-type house suffered from an attack of
enteritis towards the end of the test period, and were treated
with a variety of wide-gpectrum antibiotic preparations,
Recovery was complete and there were no losses,

An analysis of variance was again performed with the aid
of a standard programme, In this case individuals were
classified into 4 genotypes or "breeds", to avoid confusion with
the previous analysis, comprising pure sire-line and F1 sire=
liné crosses with Large white, Norwegian Landrace and commercial
"Harris Hybrid", The first three "breeds" were contributed by
9, 4 and 1 sire respectively, and the "Harris Hybrids" were
the progeny of 1 dam only., Young boars taking part in the
trial were the progeny of a total of 22 dams, uain effects
fitted were "breeds", locations (indoors or out) and "pen
number" (one or two boars per pen) with first-order interactions,
The analysis was carried out for the three traits as before,
treating pen food conversions as individual observations. There
were two measurements per pig for each trait, taken at intervals
of roughly one week for the purpose of estimating repeatabilities
(section 7.3).

Lol Res )

1968 - 1970 Boar Performance Test Hdesults,

Means and numbers of pigs by subclasses for boar perform-
ance testing between 1968 and 1970 are given in Table TeRals
The corresponding analysis of variance is shown in Table 7.2.2.
Differences between years were highly significant for food

conversion and significant at a lower level for average
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Table 7.2.1.

Least Squares Boar Performance Test Means by Years, "Genotypes” (Natives versus Immigrants) ,

and Pen Number (Single versus Double) between 1968 and 1970 in the A.B.R.O. Sire-Line.

Approximate Standard Errors are shown in Brackets.

Number of Year (Generation) 1968 1969 1970
g::rs n "Genotype"” Native Immigrant Native Immigrant | Native Immigrant
Number of Pigs 22 19 27 13 35 10
Daily Gain 1.65(0.04)|1.74(0.04) 1.76(0.04) | 1.67(0.05)|1.71(0.03) 1.71(0.06)
Single- (1bs./day)
Penned Food Conversion
Ratio (lbs. feed/|3.23(0.08)|3.20(0.08) 3.20(0.07) | 3.45(0.10)| 3.58(0.06) 3.32(0.11)
1b.L.W.G.)
Corrected average
Backfat (cms.) 1.77(0.05)|1.82(0.06) 1.73(0.05) | 1.95(0.07)|1.67(0.04) 1.64(0.08)
Number of Pigs 22 14 32 4 15 13
Daily Gain 1.59(0.04)|1.72(0.05) 1.62(0.03) | 1.61(0.10)|1.64(0.05) 1.64(0.05)
Double- (1bs./day)
Fonmen Food Conversion !
Ratio (lbs. feed/|3.17(0.06)|2.87(0.08) 3.19(0.05) | 3.15(0.15)| 3.38(0.08) 3.59(0.08)
1bo L‘WOG. )
Corrected average
Backfat (cms.) 1.62(0.06) [1.77(0.07) 1.70(0.05) | 1.89(0.13)|1.57(0.07) 1.82(0.07)




Table 7.2.2.

Analysis of Variance Table for Boars Performance Tested

OQutdoors Either Individually or in Pairs (Pen Number)

Between 1968 and 1970.

Source d.f. Mean Square

Daily Gain Food Conversion | Average Backfat

(1bs. /day) Ratio (lbs feed (cms.)

/1b. L.W.G.)
dhh

Years 2 0.0052 2.3292 0.2968
Pen Number 1 0.2455"" 0.4435 0.0260
"Genotypes"” i 0.0133 0,0051 0.9326"'
Years x Pen
it 2 - 0.0262 0.0883 0.0692
Years x .
"Genotypes " 2 0.1117 0. 3460 0.0764
Pen Number x
"Genotypes" 1 0.0105 0.0082 0.1967
Remainder = |216 0.0349 0.1177 0.0654°%
* *® R

$ 215 d.£f. for remainder after adjustment for liveweight.
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ultrascnic backfat, Table 7.2.1 indicates that these differences
were the result of a steady worsening of food conversion

over the three years, and an improvement in backfat in 1970,
Fart of the difference in food conversion between years may be
explained by variation in outdoor conditions, since in wet
years feed hoppers tended to become contaminated with mud
leading to rejection by the pigs, and any spilled meal was
quickly lost underfoot. Growth rate was the only trait
significantly affected by the number of boars in the pen, and
was consistently lower for double-penned boars compared to
singles, A possible explanation for the difference could be
the existence of a social effect on two boars in the same pen,
resulting either in increased activity ahd a higher maintenance
requirement for energy or alternatively in a reduced degree

of boredom leading to a lower food consumption, That there
was no significant difference in food conversion between the
two types of penning would tend to favour the second explanation,
but as the 5% level was only just exceeded it would be

unwise to draw a definite conclusion, With double-penning
there was a slight nonesignificant increase in the withine
subclass variance of individual growth rate measurements.to
0.036 (lbs.)z. compared to 0,034 (lbs;)2 for single boars,

A significantly greater variance for double-penned boars could
have been taken as evidence of a competition effect, one boar
tending to thrive at the expense of its companion so causing

a divergence in growth rate., Natives and lmmigrants,
genotypes", differed significantly in backfat thickness

alone, and with the exception of single-penned boars in 1970
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Immigrants were considerably fatter than Natives (Table 7.2.1).
A discussion of the consequences of immigration will be
postponed until the next chapter.

None of the year by pen number interactions approached
significance indicatirig that any differences between single
and double penning were the same in all years, The year by
"genotype" interaction was significant only for daily gain,
but this was unexpected since the corresponding mean squares
for the year and "genotype" main effects were nonsignificant,
80 that the present result was attributed to chance. The
grouping of all immigrant breed combinations together as a
single class in the analysis may have contributed to the year
by "genotype" interaction, as a result of varying but small
differences between immigrants and natives from year to year,
This type of interaction would not be expected to interfere
with selection which is practised within years and pen types.
None of the pen number x "genotype" interactionswas significant,
and again it is accepted that this may be the result of treating
all immigrant crosses as a single genotype. Neverdthe-less,
the classification successfully exposed a "genotype" difference
in backfat, yet did not show any interaction., The absence of
a "genotype" by pen number ipteraction would indicate that
there is no danger of a serious change in ranking between
Immigrants and Natives penned singly or in pairs, and that
the selection or rejection of potential immigrants in one
environment could be expected to have been duplicated in

the other.



1972 Comparison of Boar rerformance Test Environments.

The performance and numbers of boars by test environments
and "breeds" in the 1972 generation of the sire-line are
shown in Table 7.2.3, and the analysis of variance is given
in Table 7.2.4. The presence of one missing subclass, "Harris
Hybrid" outdoor double-penned boars, did not affect the estim-
ation of two factor interactions. All main effect and
interaction mean squares were tested against the between-pig
mean square.

"Breed" differences among pure sire-line boars
and sire-line F1 crosses with three prospective immigrant
breeds were detected in daily gain and average ultrasonic
backfat. As in earlier generations, immigrants were fatter
on average than natives, but pure sire-line boars grew more
slowly (Table 7.2.3). There were no significant differences
between single-and double-penned boars, and the observed
superiority of outdoor single-penned boars between 1968 and
1970 was not confirmed, A significant difference between
performances in the outdoor boar huts and in the Danish-type
testing house was shown for growth rate and food conversion,
The food conversion ratio was consistently greater in the
outdoor environment, and the rate of growth was with one
exceptioh slower. Both these differences could be explained
by lower outdoor temperatures, althougb the poorer outdoor
food conversion might have been partly the result of
increased wastage of feed, However, the introduction of a
pelleted feed in 1971 was designed to minimise the amount of

spillage in both environments. There were no obvious effects
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Table 7.2.3.

Least Squares Boar Performance Test Means by "Breeds" and Environments for the 1972 Generation

of the A.B.R.O. Sire-Line. (Where Appropriate, Approximate Standard Errors are Shown in Brackets).

(1e]3

" " 3 Norwegian
Breed Sire-Line Large White LsndFace Harris Hybrid

Number in
on Location IN oUT | IN ouT IN ouUT IN ouT

Number of Pigs 7 8 3 5 1 1 1 2
One Pig

Daily Gain (lbs/day) 1.86 1.63 1.92 1.81 1.86 1.36 2.0 1.54
per Pen (0.08)| (0.12)| (0.12)| (0.09) (0.08)
(Single) |Food Conversion Ratio 3.07 3.48 3.10 3+15 3.22 3.78 2.94 3.12

(l1bs feed per 1lb. gain) | (0.11)| (0.19)| (0.15)| (0.06) (0.15)

Corrected Average 2.08 2.05 2.29 2.41 2.43 2.24 2.49 2.38

(Ultrasonic Backfat (0.09)| (0.10)| (0.13)| (0.09) (0.05)

(cms.)

Number of Pigs 8 12 4 2 2 2 2 0
Two Pigs | na11y Gain (1bs/day) 1.30 | 1.€2) 2.0 | 1.8 liae | aise iy |-
per Pen (0.12)| (0.08)| (0.13)| (0.25) | (0.14)| (0.08)| (0.04)
(Double) Food Conversion Ratio 3.31 3.60 2.76 3.07 3.01 3.66 2.98 -

(lbs feed per lb. gain) | (0.14)| (0.13)| (0.05)| (0.03) | (0.07)| (0.08)| (0.03)

Corrected Average 2.03 2.05 2.55 1.89 2.33 2.26 v I -

Ultrasonic Backfat (0.08) | (0.10)| (0.09)| (0.14) | (0.21)]| (0.12)| (0.11)

(cms.)

*
: Two Measurements per Pig (See Text).




Table 7.2.4.

Analyvsis of Variance Table for Boar Performance Test Data

in the 1972 Generation of the A.B.R.0. Sire-Line.

Source d.f. Mean Squares
Daily Gain Food Conversion Average Backfat
(1lbs./day) Ratio (lbs feed (cms.)
/lb. L.W.G.)
* *k

"Breeds" 3 0.38738 0.70926 0.83393
Pen Number 1 0.15148 0.02306 0.00005
Locations |1 |0.76152" 2.07798"" 0.17017
"Breeds" x
Pen Number 3 0.23665 0.26409 0.02739
"Breeds" x
Locations 3 0.10273 0.14161 0.08056
Pen Number x
Locations : § 0.00888 0.02110 0.11700
Between Pigs| 46 | 0.13615 0.26784 0.15560 ¥
Within Pigs | 60 | 0.00343 0.00750 0.00717

®

P <0.05

*
P<0.01
%Rk
P<0.001

$45 d.f. after adjustment for liveweight.
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on the performance of indoor-housed boars which could be
attributed to the outbreak of enteritis,

None of the two factor interactions was significant
(Table 7.2.4), the majority of the variance ratios being less
than 1,00,

The 1972 trial, based on only 60 pigs, has confirmed the
finding of the previous analysis that "breed" or "“genotype"
by pen number (single versus double) interactions involving
the sire-line and its potential immigrants are unimportant.
In addition the 1972 trial has indicated that the division of
boar testing between indoor and outdoor accommodation is
unlikely to lead to genotype x environment interactions which
would seriously affect the selection of immigrants. However,
because of the arbitrary nature of the "genotype" classification
in the first analysis and the small numbers of pigs in the
second, the degree of certainty that such interactions do not

exist is undoubtedly very low,

The Accuracy of Ultrasonic Backfat Measurements

iwo methods were used to check the accuracy of ultrae-
sonic backfat measurements in the 1972 generation of the
A.BsR.VU. sire-line, Firstly, repeatabilities were calculated
after measuring each pig twice at an interval of roughly one
week, oOecondly, ultrasonic fat depths were correlated with
carcass measurements taken after slaughter at the same sites
in a sample of culled pigs. At the same time the opportunity
was also taken to obtain the repeatabilities of growth rate

and food conversion ratio.
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Lsd.1 JMaterial and Methods,

Pigs taking part in the investigation were sire-line

and F, sire-line cross boars and gilts from the 1972 gener-
ation on routine performance test. The management of the
boars was described in detail in Section 7.2.1, and the gilts
were penned in litter-groups of up to 5 in a Danish-type
fattening house as in earlier generations (Chapter 3). The
pigs were first measured ultrasonically as soon as possible
after reaching 180 lbs, live weight, as indicated by weekly
weighings, At the same time the self-feeder and its contents
in each pen were weighed so that pen food consumption and
therefore food conversion could be obtained., when one pig
finished test before its pen mates it was credited with the
pen food conversion on that day for the purpose of this
investigation and for screening on the preliminary selection

index. FPen mean food conversion was later taken as the
average of pen food conversions at the dates on which each
pig in the pen completed test., Ultrasonic backfat and food
consumption measurements were repeated after seven days, so
that in effect the end of test procedures and calculations
were carried out twice for each pig. Owing to a breakdown

by the ultrasonic machine roughly halfway through the trial
the interval between measurements was extended to 12 days for
one batch of pigs only, and thereafter returned to an 8 day
interval, The outbreak of enteritis which affected indoore
housed boars (Section 7.2.1) also involved most of the gilts,
which were housed in the same building, and although there
was a rapid response to antibiotics a handful of pigs lost

rather than gained weight between measurements,
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The ultrasonic machine was a LUKATLOT model Tl of the
standard i-scan type operating at 5.0 megacycles per second,
with oscilloscope display and calibrated in halfemillimetres,
neadings were taken at three sites on each side of the back:
approximately 0.5 cms off the mid-line as measured by the
distance between the tip of the index finger and thumb, slightly
behind the shoulder, in the middle of the back and at the loin
over the gluteus medius, Halir was not clipped at each sito.

but a spot of motor oil was used to ensure good contact, At
all sites ultrasonic reflections were obtained from two distinct
interfeces at different depths, The first, referred to here
as layer 1, was takca to represent either connective tissue,
a thin sheet of muscle in the fat layer or the interface
between fat layers of different densities, but was none-thee
less recorded, 7The second reading, always greater than the
first and referred to &s layer 2, was taken L0 represent the
total depth of subcutaneous fat and was used for selection,
dightehand measurements were taken before left at each
position, and measurements were lamediately repeated if the
two sides differed by wmore than five hall-millimetres, while
being measured pigs were totally restrained in a standing
position with their heads raised in a specially designed crate,
At the cutedoor boar huts the crate and measuring equipamsnt
were moved from run to run in the field, while in the Janish
testing house the crate was placed at the end of a race
through which the pigs were circulated by pens, 1lhe pigs
\uere always welghed at the time of measurement, 4 single
experienced operator, who had measured all the previous
siree~line generations, was used throughout, Lstimated average

backfat was routinely calculated as the mean of the six total
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(layer 2) ultrasonic readings expressed in centimetres and
corrected to 180 lbs., live weight by a linear regression of
0,01 cm,./1b,

Repeatabilities of each of the 12 individual ultrasonic
backfat readings and the 3 traits routinely measured on
performance test were calculated aiter computing the variance
between and within pigs from within subclasses; with the aid
of a standard least squares programme (Harvey, 1964). Boar
subclasses were "bbeed"—teating house wing combinations
since gilts occupied two separate wings of the same building.
All individual ultrasonic readinge as well as average backfat
were adjusted for live weight at the time of measurement,
Repeatabilities and their approximate standard errors were
calculated according to the method described by Becker (1967).
They were estimated for boars and gilts separately, and
then for indoor and outdoor housed boars separately since
both the operator's working environment and the pigs'
environment were different, 4 total of 57 boars and 77 gilts
contributed to the analysis, Subclasses containing only 1
boar (Table 7+2.3) were omitted from the analysis. Average
live weights at the time of the first and second sets of
measurements on each pig were 187 and 201 lbs respectively.

The carcass fat depths of boars and gilts which were culled
on the basis of the preliminary selection index were measured
from one to three hours after slaughter at a local abattoir,
The pigs were slaughtered in the usual way by stunning and
bleeding, after which carcasses were scalded and flailed,
eviscerated, split and hungin a chill-room where the
measurements were taken, In order to be able to locate the

exact ultrasonic measuring sites on the carcass, the three
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right-hand sites on the back, at which the second set of

live ultrasonic readings were taken, were marked with a

tattoo which was clearly recognisable after death, Carcass
fat depths off the mid-line were measured by introscope at the
three tattooed sites on the right-hand half-carcass and at the
corresponding unmarked sites on the left-hand side. Lquivalent
mid-line measurements at the shoulder, mid-back and loin were
made with a steel rule on the split surface of the right side.
The introscope, an optical probe which allowed off-the-mid-
line measurements to be taken without cutting the carcass

into segments, was of the type used routinely for carcass
grading by the Meat and Livestock Commission, and was
calibrated in millimetres., Carcass weights wefe not available.
Carcass measurements were available on 52 of the 137 sire-~line
pigs measured alive ultrasonically,

Simple product-moment correlation coefficients of carcass
with live ultrasonic fat depths were calculated from within
sexes, Uff mid-line and mid-line carcass fat depths were
correlated with the average of the two total ultrasonic fat
depth readings (layer 2) at the same site from the repeatability
trial., Individual carcass measurements were adjusted for live
weight on the day before slaughter, and first and second
ultrasonic measurements at each site were weight-corrected
before being averaged, The mean live weight for ultrasonic
measurements was 192 lbs,, but owing to delays between the
second set of ultrasonic measurements and slaughter, mean
live weight for the carcass measurements was 243 lbs, The
averages of right and left measurements at the shoulder,
mid-back and loin, and the average of mid-back and loin

averages were included in the analysis as well as the mean of
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all six off-mid-line total depths used for selection, The
pigs in this trial were, of course, a deliberately selected
sample consisting of the poorest performing pigs tested, since

the remainder were required for breeding,

Ls3s2 Results,
R bil of Ultrasonic Fat th

lieans and within-subclass standard deviations and repeat-
abilities for boars and gilts are presented in Table 7.3.1.
Means and standard deviations of upper-layer (layer 1) fat
depths were roughly half those of the total (layer 2) depths
at the same sites, Upper-layer fat depths were noticeably
less repeatable than total depths only at the loin, All
shoulder measurements were very slightly less repeatable than
the others in boars, but otherwise no striking pattern emerges,
There were no consistent differences in repeatabilipies of
right- and left-hand side measurements, although the right
side was always measured first with the result that there may
have been some dependence of left readings on right.
Repeatabilities of the three performance test traits, average
backfat, daily liveweight gain and food conversion ratio,
were all satisfactorily high and marginally greater in boars
than in gilts, The lower repeatibility of food conversion in
gilts may be partly the result of the outbreak of enteritis
in the indoor testing accommodation or alternatively the
larger numbers of gilts per pen, but is otherwise difficult
to explain,

A similar set of results for indoor versus outdoor housed

boars are given in Table 7.3.<2. In this case the ultrasonic
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Table 7.3.1.

Least Squares Means, Within-Subclass Standard Deviations

and Repeatabilities of 12 Ultrasonic Backfat Readings and

3 Traits for Boars and Gilts in the 1972 Generation of

the A.B.R.0. Sire-Line.

Measurement Mean Standard Repeatability
Deviation
Boars| Gilts| Boars| Gilts| Boars| Gilts

Ultrasonic Backfat

Readings (in half

millimetres):

Shoulder: Right 1'| 32.2 |30.4 [3.7 |4.0 |o0.79% 0.83%
Right 2 65.9 |63.1 |8.2 8.5 0.78 [0.74
Left 1 32. 30.4 |3.7 4.0 0.78 | $.83
Left 2 66.1 |63.3 (7.6 8.6 0.80 |0.78

Mid-Back: Right 1 23.4 |[22.0 |2.8 2.9 0.86 |0.78
Right 2 36.3 | 34.8 (5.4 8.7 0.87 [0.85
Left 1 23.4 |22.1 |2.6 2.9 0.87 | 0.81
Left 2 36.5 [35.0 (4.9 5.6 p.8 0.78

Loin: Right 1 26.5 (26.4 (3.8 4.3 0.82 |0.81
Right 2 41.2 |42.4 |6.2 6.8 0.90 |0.86
Left 1 26.3 (26.7 (3.8 4.3 0.83 |0.84
Left 2 41.5 |42.7 |6.2 70 0.86 |0.89

Performance Test

Traits.

Average Ultrasonic

Baukint (dne ) 2.25| 2.21|0.27 |0.31 |0.92 [0.91

Daily Gain (1lbs/day) 1.69| 1.64(0.27 |0.28 |0.97 |0.93

Food Conversion Ratid

(1bs feed/lb L.W.G.) 3.22| 3.21(0.38 |0.26 |0.95 |(0.80

*
Ultrasonic fat depths 'l' and '2' refer to upper-layer and
total fat depths respectively as explained in the text.

$Approximate standard errors range from 0.01 (for a tepeatability
of 0.95) to 0.06 (for a repeatability of 0.75).

Between boar d.f.=45; Within boar 4.f.=56;
Between gilt d.f£.=70; Within gilt d4.£.=76.
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Table 7.3.2.

A Comparison of the Within-Subclass Repeatabilities of 12

Ultrasonic Backfat Readings and 3 Traits for Indoor and

Outdoor Performance Tested Boars in the 1972 Generation

of the A.B.R.0. Sire-Line, with Corresponding Least Squares

Means and Standard Deviations.

Measurement Mean Standard Repeatablility
Deviation

Indoor| Outdoor| Indoor| Outdoox] Indoor| Outdoor

Ultrasonic Backfat
Readings (in half
millimetres) :

*

0.74% | 0.82%

Shoulder: Right 1 (32.3 32.0 3.4 3.9
Right 2 67.4 |64.3 8.1 8.1 0.71 | 0.83
Left 1 32.4 31.9 3.5 4.0 0.72 |0.84
Left 2 67.1 65.2 7./'7.7 7.6 0.69 0.89
Right 2 [38.7 33.8 4.6 5.9 0.72 0.95
Left 1 R4.1 |22.8 2.3 2.9 0.80 |0.93
Left 2 [38.6 34.5 3.7 5.8 0.77 |0.93

Loin: Right 1 26.6 26.4 3.4 4.0 0.74 |0.86
Right 2 42.4 40.0 |5.8 6.4 0.85 |0.93
Left 1 26.6 25.9 3.3 4.2 0.70 |0.88
Left 2 (42.8 40.1 5.5 6.7 0.75 |0.92

Performance Test
Traits:

Average Ultrasonic

Daily Gain

Food Conversion

/lb I‘cWch)

*
Ultrasonic fat depths 'l' and''2' refer to upper-layer and
total fat depths respectively as explained in the text.

$Approximate standard errors range from 0.04 (for a repeatability
of 0.95) to 0.08 (for a repeatability of 0.70).

Between indoor boar d4.f£.=20; within indoor boar 4.f.=25;
Betwwen outdoor boar d.f.=25; within outdoor boar d.f.=30.
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repeatabilities of indoor-housed boars were consistently
lower than those housed outdoors, to the extent that the
estimated average backfat was 11/ less repeatable., This is
the reverse of what might be expected since the ultrasonic
operator's working environment is stationary and more
comfortable indoors, However, it is possible that the
continuous streaming of pigs to and from the measuring crate
indoors placed pressure on the operator to finish each pig
more quickly, and therefore resulted in a. higher incidence
of inaccuracy. Alternatively, the repeatability may have
been lowered as a result of the enteritis outbreak in the
indoor housing, but this is unlikely because indoor food
conversion and growth rate were no less repeatable, and food
conversion was 154 more repeatable than for gilts in the same

building (Table 7.3.1).

Correlation Between Ultrasonic and Carcass Fat Depths,

deight-corrected means for culled boars and gilts and
pooled within-sex standard deviations of the various ultra=-
sonic and corresponding carcass measurements are shown in
Table 7.3.3. In the table "Mid" refers to measurements
taken on the split mid-line sﬁrface with a ruler, and
"Average" refers to the mean of right and left intrascope
readings at the same position along the back, Boar and gilt
averages for both types of measurement are given in whole
millimetres, and it can be seen that the introscope (carcass)
readings were consistently lower than the ultrasonic (live)
ones, in spite of being measured at a heavier weight, This
could have resulted from the shrinkage of subcutaneous fat
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Table 7.3.3.

Least Squares Means and Pooled Within-Sex'Standard Deviations of Various Introscope Readings

and their Corresponding Ultrasonic Measurements on the Live Animal, from the 1972 Generation

of the A.B.R.0O. Sire-Line.

43}

Ultrasonic (Live Animal). Introscope (Carcass).
(millimetres) (millimetres)
Character Boar Gilt Standard Boar Gilt Standard
Average Average Deviation Average Average Deviation
Shoulder:
Mid o ——— e 42.6 41.4 2.0
Right 34.6 36.4 4.0 30.5 30.7 6.0
Left 34.5 36.4 4.0 29.5 29.0 5.4
Average 34.5 36.3 3.9 30.1 29.9 5.3
Mid-Back:
Mid - —— —— 22.0 23.2 4.9
Right 19.5 19.2 3.0 16.8 18.4 4.7
Left 19.7 19.3 3.2 17.4 17.7 4.4
Average 19.1 19.9 3:1 i7.1 18.0 4.5
Loin:
Mid oo ———— oo v 20.1 22.0 6.0
Right 21.6 24.5 3.7 17.4 17.6 5.2
Left 22.0 24.5 357 18.5 19.6 5.9
Average 21.7 24.4 3.7 17.9 18.6 5.4
Average Mid-Backﬁ/




Table 7.3.3 (cont.)

Ultrasonic (Live Animal).

Introscope (Carcass).

(millimetres) (millimetres)
Character Boar Gilt Standard Boar Gilt Standard
Average Average Deviation | Average Average Deviation
Avarage Mid-Back+ 2.04 2.21 0.32 1.75 1.84 0.47
Loin (cms.)
Average Shoulder+ 2.51 2.68 0.32 2.17 2.21 0.43
Mid-Back+Loin (cms)

Number of Boars = 28;

Number of Gilts = 24.




on chilling after slaughter, and also from the removal or
distortion of part of the skin by the flailing process, This
type of discrepancy would be expected to be fairly constant
and should therefore have little effect on the correlation,
Standard deviations of introscope readings were, however,
roughly 50% greater, Part of this difference stems from the
fact that ultrasonic values were the means of two repeated
measurements at the same site, part is undoubtedly due to an
inexperienced introscope operator and part the result of
measuring carcasses in varying states of chill, Both intro-
scope and ultrasonic mide-backfat depths were less variable
than at other sites,

Correlation coefficients of average total (layer 2)
ultrasonic fat depths with corresponding carcass measurepents
at the same sites and at the mid-line are shown in Table 7.3.k.
Correlations among off-mid-line fat depths (first column)
were greatest at the mid-back, a little less at the loin and
very much lower at the shoulder. Correlations of off-mid-
line ultrasonic measurements with mid-line carcass depths (
(second column) were greatest at the loin, closely followed
by the mid-back, but those at the shoulder were once again
smallesﬁ. The very low shoulder correlations with introscope
measurements were not unexpected, since the greatest difficulty
was experienced in determining the total fat depth, There
were two reasons for this: firstly, the coloﬁr of the muscle
did not appear to differ sufficiently from the colour of the
fat in order to detect the true interface when viewed through
the introscope, and secondly there appeared to be one or
more layers of muscle or other tissue within the fat.layer

itself making it difficult to recognise the base of the
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Table 7.3.4.

Simple Product-Moment Correlation Coefficients of Ultrasonic

with Corresponding and Mid-Line Carcass Fat Depths, Pooled

from within Sexes after Adjustment for Live Weight.

Correlation Coefficient
Character Ultrasonic fat depth | Ultrasonic fat depth
with corresponding with mid-line carcass
carcass depth depth at same site
Shoulder:
*
Right 0.27" 0.45
Left 0.16 0.48
Average 0.22 0.46
Mid-Back:
Right 0.82 0.63
Left 0.80 0.62
Average 0.85 0.63
Loin:
Right 0.71 0.68
Left 0.72 0.70
Average 0.73 0.70
Average Mid-Back
+ Loin (cms.) 0.81
Average shoulder
+ Mid-Back + Loin 0.72
(cms.)

*
Standard errors range from 0.08 (for a correlation of 0.85) to
0.14 (for a correlation of 0.15), with 49 degrees of freedom.

Number of Boars = 28; Number of Gilts = 24.
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subcutaneous fat, A lesser degree of difficulty, reflected
by an improvement in the correlations, was experienced in
measuring the mid-line carcass fat depths at the shoulder,
because fat and muscle layers appeared to gradually merge.
rather than to show a sharp interface, and shrinkage of

the fat often severely distorted the cut surface, Fate
muscle interfaces at the mideback and loin were relatively
clearcut for both types of carcass measurementy although
mid-line fat depths were more difficult to determine accurately
when carcasses had been untidily split. The correlations of
right-hand ultrasonic with carcass fat depths were greater
than ﬁhose on the left only at the shoulder, indicating that
incorrect location of the probing site, marked with a tattoo
only on the right side of the carcass, may partly account
for the poor off-mid-line correlation at the shoulder, but.
had little effect at other positions,

The reasonably satisfactory correlation of 0,72 between
average backfat in the live pig and on the carcass was
raised to 0.81 by omitting the shoulder measurements (Ilable
7¢3¢4)e 1t is probable that these correlations would have
been greater if the pigs could have been slaughtered within
one week of the second set of ultrasonic measurements, rather

than allowing more than three weeks to elapse.
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7.4 The Importance of Correction for Live Weights at
Start and Finish of Test,

in past performance-tested generations of the sire-line
it has been the practice to adjust only average ultrasonic
backfat thickness for live weight at the end of test, For
this purpose a linear regression of 0,01 cm,/1lb was used
(Chapter 3), calculated from a between-pig analysis under
the implicit assumption that the between- and within-pig
regressions do not differ. No correction was made for daily
liveweizht gain or food conversion ratio and no attention was
paid to live weight at the start of test. The validity of
the present backfat correction and the case for other possible
corrections which might usefully remove variation due to body
weights were investigated by linear regression analysis, &as
only one observation was available on each pig, the analysis
was again confined to a between-pig approach and it was
recognised that extension of the results to the withinepig
situation might be invalid,

Zg&.] Material and Methods,

Data for the analysis were the performance test records
of a total of 920 sire-line and F1 sire-line cross boars and
gilts between 1968 and 1971, Management during the test
period was deécribed in Chapter 3. ln each year or generation
the pigs were divided into 3 groups: single-penned males,
double~penned males, and females, making a total of 12 year/
test-type groups in all, The numbers of pigs in each group

are shown below,
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Test-Types: Single-Penned Double~Penned Females

Years Males Males

1968 43 36 183
1969 40 36 109
1970 45 28 134
1971 58 6k 1kh

A computer programme was written to carry out a linear

regression analysis according to the following model:

b g e T (31"13 + eij g for i = 1,,..000¢y 12 groups;

iJ
J = 1se0es Ji pigs in the ith group,

where Yij is an individual observation on trait Y,
xij is an individual's live weight,
<y is the height of the ordinate in group i,
@i is the regression coefficient of‘Ii on 4y
ith

in the group,

eij is the deviation of Yij from the regression line,

Regressions were estimated in two stages. I1n the first an
overall regression coefficient (F) was fitted by pooling sums
of squares and cross-products from within each year/test-type
group, under the null hypothesis that the slopes for

individual groups (fi) did not differ but that the group means,
~and therefore the ordinates Czi), were different, In the
second stage the sums of squares rémaining after fitting/3

were used to fit separate slopes (f;) for each group, providing
a statistical test for a difference in slopes between groups.
The analysis was performed for three Cases:

(1) regression of performance test traits on live
weight at the end of test,
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(2) regression of performance test traits on live
weight at the start of test,

(3) regression of performance test traits, corrected
for live weight at the end of test, on live weight
at start of test,

The Case (3) analysis was intended to show the effect of
correction for finishing weight on the regressions on

starting weight, Traits were corrected to the overall mean
live weight at the end of test. The analysis was conducted
for growth rate and average backfat, and a reduced analysis
based on 186 outdoor single~penned boars was carried out for
food conversion., The use of pen mean food conversion was
ruled out because all the pigs in a pen did not necessarily
complete test on the same date, IHean squares for all effects
were tested against the residual mean square. Means and
standard deviations of live weights at start and finish of test

may be seen in Table A4 of Appendix A,

2 HRes S

Analysis of variance tables for Cases (1) to (3) are
given in Table 7.4.1. Terms for the overall mean (<) and
the means of year/test-type groups (a&) were all highly
significant, indicating real differences between groups as
expected., Dealing first with Case (1), overall withine-group
regression coefficients (F) were highly significant for daily
gain and backfat, but not for food conversion., ilean squares
arising from the individual slopes (f&) were all very low and
non-significant, and it was therefore concluded that the

common slope (ﬂ)‘would adequately describe the situation,
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Table 7.4.1.

Analysis of Variance Tables for Regression of Performance

Test Traits on Live Weights at Start and Finish of Test

in the A.B.R.0. Sire-Line.

Case (1) Regression of Uncorrected Traits on Weight at End of Test.

Daily Gain Food Conversion| Average Backfat
Source (lbs/day) Ratio (cms.)

d.f. MOSO d-f. M-So dlf. !‘1.8.

FRE TR T

Fit single«x 112616.605,,, 1 2024.022,,. 1 /4070.062,,,
Fit p after «; 1 9.526 1 0.274 ! 3 *1.652
Fit ¢, after ¢ | 11 0.065 3 0.047 11 0.070
Residual 896 0.044 178 0.128 896 0.082

Case (2) Regression of Uncorrected Traits on Weight at Start of Test.

Source

Fit single o<
Fit «; after«x
Fit after «,
Fit ¢@: after
Residual

Daily Gain Food Conversion| Average Backfat
(lbs/day) Ratio (cms.)
d-f. I”loS- d‘f. .KICS. d.f. M.S.
* %k *hk * %k %
12616.605,,, 112024.022,,, 1 [4070.062, .,
11 1.635,.% 3 1.049 11 1:887 .00
1 2.408 : 3 0.003 Y| 2.976
11 0.067 3 0.095 Lk 0.062
896 0.052 178 0.129 896 0.103

Ccase (3) Regression of Traits,

Corrected for Weight at End of Test,

on Weight at Start of Test.

Daily Gain Food Conversion|Average Backfat
Source (1lbs/day) Ratio (cms.)

d.f. M.S. dlf' Iﬁ.s. d.f. bl.s.

Rk dk T

Fit single 1 2622.511 .. 112090.971, 44 113448.403,,,.
Fit «x; aftero< i1 163144 3 0.912 11 2.357
Fit s after «; 1 0.655 1 0.003 1 0.297
Fit ¢; after 3 11 0.034 3 0.058 11 0.028
Residual 895 0.044 177 0.128 895 0.082
4 ek L]
P<0.05; P<0.01; P< 0,001,
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Estimates of the resulting pooled overall regression
coefficients may be found in Table 7,.,4.2. The estimate of
0.01 cm./1lb. for backfat was exactly equal to the value
actually applied to all previous sire-line generations., The
estimated regression of food conversion on live wgight, though
non-significant, was negative implying that heavier pigs were
more efficient, This was the opposite of what might normally
be expected, and was explained by the fact that pigs which
exceed the minimum finishing weight (180 lbs,) by the
greatest amount must necessarily on average have grown the
fastest and, again on average, have been more efficient since
a phenotypic correlation of =0.6 (e.g, Smith, King and
Gilbert, 1962) may be expected between the two characters.

In this situation live weight at the end of test is not
strictly an independent variable because it contains an
element of weight for age.

Uverall regressions Q3) of daily gain and backfat on live
weight at the start of test (Case 2) were highly significant,
and the individual slopes (ﬁi) did not differ significantly
from the common slope, OUnce again there was no significant
regression of food conversion on live weight. Aafter applying
the corrections for weight at the end of test (Case 3), the
regression of daily gain on weight at the start of test
diminished in significance while‘the regression for backfat
became non-significant, Regression coefficients were markedly
lower after adjustment for weight at the end of test (Tablel
7+44+2), which means that the covariance with starting weight
was reduced by correction for finishing weight, This could

be explained either by a decrease in the variance of the
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Table 7.4.2.

Pooled Regrgﬁgigg;ggqgiiqiggtg«iél_gf_gggﬁggmgpce Test Traits on Live Weights at Start and

Finish of Test with their Standard Brrors (SE(p)), Estimated from Within Year/Test-Type Groups

and Expressed as Units of Bach Trait per 1b Change in Live Body Weight.

ici

Daily Gain (lbs/day)| Food Conversion Ratio| Average Backfat (cms.)
CASE P S.E.(é) (3 S.E.((’) (é S.E.((f)
(1) Uncorrected Traits
on Weight at End of Test 0.0070 0.0005 -0.0024 0.0016 00,0105 0.00086
(2) Uncorrected Traits
on Weight at Start 0.0054 0.0008 0.0006 0.0037 0.0056 0.0011
of Test
(3) Traits Corrected
For Weight at End, e 0.0028 0.0007 0.0006 0.0037 0.0019 0.0010
Weight at Start




traits after correction, or by a correlation between start
and finish weights. A priori, no association would be
expected between start and finish weights since, although the
pigs in a pen commenced test together, they finished test
independentlys On the other hand, if the smallest pigs in a
group are the slowest growing at the start, they might pass
the finishing weight of 180 lbs. more slowly and stand a
greater chance of finishing test at a relatively lower weight,
This explanation will not however be pursued since the operate-
jonal usefulness of the corrections is of prime interest here,
The usual procedure would be to correct for weight at the end
of test, and then apply any necessary adjustments for weight

at the start of test to the corrected data.

lskel hpplication,

To assess the relevance of the various possible weight
corrections in the sire-line it will be necessary to obtain
the expected ranges of weights at the start and finish of
test., From Table AL (Appendix A) the average standard
deviations at start and finish were roughly 9 and 13 lbs,
respectively. Approximately 954 of pigs would therefore
be expected to weigh within 18 and 26 lbs, of the mean
weight at the beginning and end of test, Taking 1970 as a
sample generation, starting weights ranged from 57 to 101 lbs.
and finishing weights from 165 to 237 lbs. at the eXtremes.

Adjustment of the growth rate of a pig whose finishing
weight is 2 standard deviations from the mean, using the
regression coefficient from Table 7.4.2, would produce a

change (Ay) of:
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Ay ® Py g7
= 0,0070 x 26
= 0,18 lb./day
= 0.18/0.24 0

= 0075 O-y

where oy ® Q424 for daily gain (Table 6.1). Correction for
finishing weight would therefore almost certainly produce
changes in the ranking of daily gain, Further correction

for two standard deviations difference from the mean starting

weight would similarly result in a change of':

'Ajy = 0,0028 x 18
~ 0005 lb./day
= . g
0421 y

assuming no change in o_ following prior correction, which

may have a small effectyon ranking, Applying eguivalent
corrections (Table 7.4.2) for the same liveweight deviations
to average backfat, the primary adjustment for finishing
weight would be 0.7 cms, (0.87c7y, for oy ® 0.31) and the
secondary adjustment, though nonsignificant, would be 0.03 cms.,
(0410 GY assuming no change in ay). hgain, only the adjustment
for end of test weight would be expected to seriously affect
ranking.

The importance of liveweight corrections would clearly
diminish if the variation in the weights themselves could
be reduced, This might be achieved by better management in
placing pigs on test at a strict pen average of 60 or 05 lbs,
and by more frequent ultrasonic measuring sessions t0 narrow
the range of end of test weights, This analysis has verified

the existing weight correction for backfat, and shown that
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correction of daily gain for live weight at the end of test
is expected to have nearly as much relative effect on the
ranking for the trait as does the backfat correction. Un
the other hand, live weight itself may to a certain extent be
dependent on daily gain, which receives considerably less
emphasis in the selection index than backfat. Further
discussion will therefore be postponed until the more

general discussion at the end of this chapter (section 7.6).

n k on he S v Iind

In view of the apparent absence of selection response
since its introduction, it was considered prudent to carry
out a re-appraisal of the selection index, This will now be
conducted by examining various parameters relating to
efficiency, and evaluating the relative contributions of
each item of individual or family information to genetic
progress. In 1972 the index was modified to include half-sib
records, and the efficiency of the resulting new index will
be compared with that of the existing one. In addition, a
check will be made on the validity of the preliminary index

for screening out the worst pigs at bacon weight.
Ze5.1 Material and MHethods,

A description of the set-up and method of calculation of
the A.B.R.0., sire-line selection index will be found in
Appendix C, The investigations were all carried out with the

aid of a specialised selection index computer programmne,
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"SELIND" (Cunningham, 1969), designed to give various
indicators of comparative efficiency. Elements of the
phenotypic (P) and genetic (G) variance-covariance matrices
were obtained from the sire-line's own selection index
programme and input as data to the SELIND programme. The
following quantities were given by the programme for each
index calculated:

(1) relative index coefficients or "weights" (bi),
‘ (2) percent reduction in the rate of genetic
¥ progress on aggregate genotype which would

result if each variate in turn was omitted,

(3) genetic regression of each trait in the
aggregate genotype on the index (p,[),

(4) percent of the total gain in aggregate genotype
accounted for by each trait,

(5) gorr?lation of the index and aggregate genotype
)’m ’

(6) standard deviation of the index (o7 ),

(7) standard deviation of the aggregate genotype (M ).

The definition of the aggregate genotype (M), comprising an
individual's breeding value for growth rate, food conversion
and backfat, and therefore its standard deviation (o, ) were
constant throughout,

In the first part of the investigation four separate
indices were compared, The first (Index 1) was the full
index used for the selection of singlé-penned boars between
1966 and 1971, when family information from male and female
full sibs was included., The second index (Index 2) was
similar to the first except that the boar's individual food
conversion was omitted, so that it was equivalent to the index

for a double~penned boar. The third and fourth indices
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(Indices 3 and 4) were analogous to the first two, but
contained male and female half-sib in addition to full=-sib
femily records, A full-sib family size of 2 boars and 3 gilts,
and a half-sib structure of 2 dams per sire were assumed, since
these approximated average family sizes in past generations.
Information from related double-penned boars was not used

in computing the selection indices of single-penned boars,

and vice versa.

The second part of the investisation was concerned with
the preliminary selection index, which simply consisted of
the sum of corrected average backfat and individual or'pen
food conversion as available, Individuals with the lowest
values were retained, and re-selected on the full index
after all the pigs in the generation had completed test. Two
simple selection indices were calculated with the SELLIND
programme, The first (Index 5) consisted of individual daily
gain and corrected average backfat together with individual
or pen food conversion. The second (index 6) resembled the
first except that individual daily gain was omitted. Soth
indices were re-calculated for full-sib pen sizes of one to
five pigs.

All index calculations were carried out for the single
set of genetic and economic parameter values currently in
use in the sire-line and set out in Table ©.5. The effects
of varying the values of different parameters were not

investigated.,
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lebe2  HResults,

The Full Selection index,

Farameters from Indices 1 - 4 containing different
combinations of fulle and half-sib family information are
shown in Table 7.5.1. The presence of index weights (by)
indicates that a particular variate has been included in the
index, At the bottom of the table the relative efficiencies
of the indices may be compared, either directly from their
correlations with the aggregate genotype (/@w) on a scale in
which a 100% efficient index would have bm ™ 1.00, or
alternatively from the ratios of their standard deviations,
since fy,, =<V, /0;.% = 97/0m 4 where coy =07 for scaling
and O, is constant. Taking 100 ), as the universal measure
of efficiency, loss of individual food conversion caused a
reduction of only 1% in both Index 1 (full-sib records) and
index 3 (full- and half-sib records)., with larger family
sizes this reduction in efficiency is expected to be even lower,
because family means based on greater numbers are better
predictors of genotype., uith or without individual food
conversion ratio, the inclusion of half-sib family means
improved efficiency by a meagre 3r.

Index weights (b;) were positive with respect to merit
for all variates in Index 1, but in index 2, after dropping
individual food conversion, the weights on full-sib (F5)
male means unexpectedly turned negative, However, the sums of
Individual and FS male weights were exactly equal for all

three traits in Indices 1 and 2, while the weightings on

127



8zl

A Comparison of Four

Table 7.5.1.

Selection Indices Utilising Different Combinations of Full-~Sib (FS)

and/or Half-Sib (HS)

Family Information.

Table shows Index Weights (bi)' % Reduction in

Overall Genetic Gain if Variate is Dropped, Regression of Each Trait on Index (g.J), % of

Gain Accounted for by Each Trait, Correlation of Index and Aggregate Genotype (/);.) and

Standard Deviation of Index (o7).

Variate (x 100 for Index 1 Index 2 Index 3 Index 4
% % %
Index Calculation) bi Reduction bi Reduction bi Reduction| bi Raduction
Daily Gain (lbs/day):
Individual 0.37 0.03 1.92 1.46 0.36 0.03 1.92 1.34
FS Male Mean 0.18 0.00 ~1.37 0.32 =0 l3 0.00 -1.68 0.25
FS Female Mean 0.30 0.02 0.29 0.02 0.41 .02 0.40 0.01
HS Male Mean - - - - 0.56 0.02 0.56 0.02
HS Female Mean = - - - -0.10 0.00 -0.08 0.00
Food Conversion Ratio:
Individual ~1.39 1.47 - - 1 .39 3.37 o -
FS Male Mean ~0.49 c.10 ~1.88 3.67 Q.71 0.12 -0.67 0«15
FS Fzmale Mean ~0.73 0.42 ~0.73 0.43 ~1.38 0.52 -1.39 0.54
HS Male Mean - - - - -1.83 0.69 -1.84 0,72
HS Female Mean ™ e - - 0.57 0.05 0.59 0.06
Corrected Average
Backfat (cms.):
Individual 2 .55 202 ~3.40 6.35 -2 .55 2.51 ~-3.40 5.85
FS Male Mean ~0.49 0.06 0.36 0.04 1.77 031 2.62 0.74
FS Female Mean ~-0.73 0.25 ~0.73 0.26 ~2 .36 0.62 -2 .36 0.64
HS Male HMean - - - - -2.99 0.87 -3.00 0.89
HS Female Mean - - - - 1.59 0.20 1.59 0.21
Trait 6x] | 8 of Gain] [P~I | % of Gain| (I | % of Gain| (.. | % of Gain
Daily Gain (lbs/day) | 0.025| 4.49 0.025| 4.43 0.025| 4.56 0.025] 4.50
Food Conversion Ratiof0.113|54.23 ~0.111 [53.36 -0.11354.41 -0.112(53.61
Corrected Average . o i &
Backfat {cma.) 0.076 (41.28 0.078 |42.20 0.076(41.03 0.078|41.88
Parameter
Correlation of Index
and M (7, 0.7075 0.6971 0.7354 0.7254
Standard Deviation 140 138 146 144
Ino/ex (0’,)

Stavolard bew‘ezlfm ){L /477%7@1{ gencfyfe (6m) = 198,




female variates remained identical. 7The two indices therefore
put equal weight on the three characters, but placed.different
emphasis on the various items of family information within
each character. A similar pattern was observed in the weights
of the two half-sib indices (lndices 3 and 4).

A surprising feature of these results was that in all
four indices the percentage reductions in the rate of genetic
progresé, which would fesult on deletion of a single variate,
were very low., In all cases individual backfat was the most
important variate, but the maximum loss that could be incurred
by dropping it was onlybp (Index &4). As expected the removal
of individual food conversion ratio caused its FS male mean
to rise in importance, but also caused individual daily gain
and backfat to become more critical., The apparent robustness
of these indices to the loss of single variates, and the way
in which the importance of variates alters as a result, is
explained by the generally favourable genetic and phenotypic
correlation structures among the three traits (Table 6.5).
The percéntages of genetic gain in aggregate genotype
attributable to each trait, shown in the centre portion of
Table 7.5.15 were very similar in the four indices. In spite
of its greater economic weighting and heritability, backfat did
not contribute the most to genetic gain, Instead food
conversion, through its higher genetic correlations with daily
gain and backfat and greater variability, made the greatest
contribution to genetic advance,

As the Izm values indicate the expected gzain, in standard
deviations of aggregate genotype (o, ), from one standard

deviation of selection on the index, it is clear that positive
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genetic gains would be expected from Indices 1 - 4 (Table
7¢5.1)« Values for the genetic reéressions of the traits on
the index (3./), in the centre of Table 7.5.1, permit calcule
ation of the expected advance in each of the three characters
from selection on the index, The expected genetic change

in the jth trait, 4= , is as follows (e.g. Turner and

Young, 1969):
Ax;-@ﬁIlAI -G%Ii%ui R

where i 1is the standardised selection differential. It

will be useful to briefly consider the magnitude of advances
in daily gzain, food conversion and backfat expected from one
generation of selection on index in the A.5.H.0. sire-line,
For simplicity suppose that the sire-line is a closed
population, that all selection is practised on males and that
10 out of 100 individually-penned males are selected on Index
1+ Then i = 1,73, . = 140 and; removing the scaling factor of
100, /%, = 2,42, so that for daily gain, for example:

- A= 2,42 x 0,025 = 0,061 lb/day,

and similérzif;for food conversion and backfat are - 0,274

1b feed /1b L.W.G, and - 0,184 cm, respectively. With selection
on males only, one half of this improveﬁent would be passed

on so that the population would be advancing at 0.03 1b/day,
«0414 1b feed/lb L.W.G, and =0,09 cm, per generation for the
three traits respectively. Reference to Figures 5.1 and 5.2
shows that, disregarding 1971 when the ration changed, average

improvements per generation of this order were certainly not
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realised. for food conversion and backfat in the sire-line
between 1966 and 1970, The expectéd rate of advance in the
aggregate genotype, equal toioi since the regression of
aggregate genotype on index is 1,00, would be 121 points per
generation forvthe hypothetical population considered above,
From the introduction of the index until-1976, the average
yearly change in aggregate genotype of the sire-line was

+12 points, although this figure also contains mean annual
environmental fluctuations, oSimilar calculations show that
the effect of‘subdivision of the male population into outdoor
single- and indoor double-penned subgroups, coupled with
independent selection of 5 out of 50 boars on each of Indices
1 and 2, produces a negligible reduction in the gainé expected
in each of the traits (47x),

In the 1971 sire-line generatioﬁ simple standard deviations
of boar selection indices were computed from observed sums of
squares for comparison with the theoretical value calculated
as 0; = b Pb , where P is the phenotypic variance-covariance
matrix and b is the vector of index weights. The observea
standard deviation was only 100 index points, while the
average of the éxpectea standardgdeviations was roughly 140
index péints. A possible explanation is that many of the
individuais in the population were full-sibs of. one another,
whereas the variance accbrding to b’PbLimplicitly assumes
individuals to be unrelated (Hill, personal communication).
With 0. = 100 rather than 140 points the rates of progress
given above are reduced to 0,02 lb/day, =-0:10 lbfeed/lb L.d.G.
and -0,07 cm per generation for daily gain, food conversion and
backfat, Recognisable genetic improvements would therefore
still be expected in food conversion and backfat after 5

generations of selection,
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The Preliminary Selection Index,

Results for the two simple selection indices (Indices
5 and 6) for one to five pigs per pen are shown in Table 7¢54<e
Index 5 utilises pen food conversion and individual daily
gain and backfat, and Index 6 resembles lndex 5 except that
daily gain is omitted. Index 0 therefore uses the same
information as the preliminary index applied to the sire=-
line. Clearly the difference in the efficiency (/;,) of the
two indices as a result of dropping daily gein is minimal,
although it widens as the number of pigs in the pen increases.
As expected the use of pen mean rather than individual pig
food conversion initially causes a slight fall-off in efficiency
which then passes through a minimum and begins to rise with
increasing numbers of pigs per pen, - Indices 5 and 6 with two
pigs per pen are, of course, special cases of index 2 (Table
7.5.1) in which all full sib data except for male pen average
food conversion has been omitted, Thus it can be seen that,
for the family sizes considered in Table 7.5.1, full=-sib
family information adds only two per cent to the efficiency
of selection, This figure would, however, increase for larger
family sizes, The remaining parameters in Table 74542
follow the expected pattern and theupr, especially, are
changed very little from lndex 1.

The main reason for calculating these indices has been t0
compare the 1:1 ratio of index weights presently used for
backfat and food conversion with the theoretically optimum
value, However, when working out the preliminary index in
practice as each pig comple:tes test, the variates could not

be expressed as deviations from the population mean which at
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Table 7.5.2.

A Comparison of Two Simple Selection Indices for Rapid Selection in the A.B.R.O. Sire-Line.

Table Shows Index Weights (bi)’ Relative Weightings (bilgj), % Reduction in Rate of Genetic

Gain by Dropping Each Variable, Regression of Each Trait on Index (PxI), % of Genetic Gain

Accounted for by Each Trait, Correlation of Index with Aggregate Genotype ()&I)' and

Standard Deviation of Index (6i). Note that different numbers of pigs were involved in

each calculation.

Index 5: Individual Daily Gain (DG), Corrected Average Backfat (BF) and Pen Food
Number of Conversion Ratio (FCR).
Pigs in Pen Trait bi bi/bj Reduétion FxI ggﬁggfc )/MI o1
DG 0.56 1.00 0.19 0.024 4.3
1 FCR -1.93 -3.45 B.12 -0.112 53.7 0.6841 135
BF -3.18 -5.68 13.91 -0.078 42.0
DG 1.30 1.00 37 0.025 4.4
2 FCR -2.01 -1.55 y S & -0.110 52.9 0.6815 3135
BF -3.53 -2.72 20.15 -0.079 42.7
DG 1.47 1.00 1.86 0.025 4.5
3 FCR ~-2.18 -1.48 8.13 -0.110 52.8 0.6842 135
BF -3.60 -2.45 21.54 -0.079 42 .7
DG 1.54 1.00 2.11 0.025 4.5
4 FCR -2.32 -=3.51 8.46 -0.110 52.9 0.6866 136
BF -3.62 -2.35 22.05 -0.079 42 .6
DG 1.58 1.00 2.25 0.025 4.6
5 FCR -2.43 ~1.54 8.72 -0.110 53:.0 0.6886 136
BF ~3.63 -2.30 22:25 -0.079 42 .4




Table 7.5.2 (cont).

Index 6: Pen Food Conversion Ratio (FCR) and Individual Corrected Average Backfat (BF).
Number of % ?f
Pigs in Pen |Trait b1 bi/bj Reduction ﬁxI Eggét e rhl O-I
DG 0.023 4.1
1 FCR ~2sd3 1.00 18.31 -0.112 53:7 0.6828 135
BF ~3 08 1.43 14.46 10.078 42.2
DG 0.020 36
2 FCR -2.45 1.00 17.02 -0.108 521 0.6722 133
BF =333 1.36 19.16 -0.082 44.3
DG 0.020 35
3 FCR -2.68 1.00 16.49 -0.108 517 0.6715 133
BF -3.41 1.27 20.59 -0.083 44.8
DG 0.019 3.5
4 FCR -2.83 1.00 17.02 =0.107 51.6 0.6722 133
BF -3.45 1.22 21.20 ~-0.083 44.9
5 FCR =2.95 1.00 17.14 -0.107 51.5 0.6731 133
BF ~-3.46 3. 57 21.49 -0.083 45.0

Standard Deviation of Agyregate Genotype (0,) = 198




that stage was unknown, As Henderson (1963) pointed out,
unknown means only leave the ranking unaffected when the

family sizes of each individual are equal, since when
I = by =x) + b,y =),

and 1 = by em) + b (3 =)y L41, v by,

then Il = b, (y, = v/) + b, (y,=v/),

and =(b 4+ b,u) is common to all indices., If food conversion

is based on varying numbers of pigs per pen, the b, for

indices involving different numbers are not equivalent

(e.gs Index 6), and:

I=1"= (b —bp) #bi (=1 )+ by (1=, ) = (bupa=bJps), : /
I+1, y;#Y,, b#b

when%ﬁ¢q7q so that terms in 4, no longer cancel. lenderson

indicated that this difficulty could be overcome by maximising

Y, Subject to the condition E(I) = O, but this will not be

pursued here,

The problem of unknown populatiop means will therefore not
affect the preliminary selection of boars in the sire-line
because they are already selected from within single-penned
and double-penned groups, with the same amount of information
available on every individual in the group. Past relative
Weightings of 1.00 on food conversion and backfat may be
compared with the optium weightings in Table 7.5.2 where weights
are expressed as ratios of one another (bi/bj)' For single-
penned boars the optimum weighting is 1,00:1.43 for food
conversion: backfat (Index 6), while for double-penned boars

it is 1,00:1.36, It is doubtful whether anything was actually
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lost by departure from the optimum weighting in past
generations, since preliminary culling levels were pitched
well below actual culling levels on the full index, It is
nevertheless of interest to note that backfat was the under=-
weighted trait, The bi/bj values in Index 5 show what the
relative weightings would be if daily gain was included in the
preliminary index,

The guestion of unknown population means arises when
initially selecting gilts, because pen sizes may vary from one
to five pigs per pen all selected as a single population,
However the optimum bi/bj values (lndex 6) approach the 1:1
ratio used in practice as numbers per pen increase, and optimum
relative weightings are all very similar for 3,4 or 5 gilts
per pen so that bi/ﬁf*’biyi and terms involving the mean
will have little effect on ranking, FPossible solutions might
be to select gilts from within sub;populations according to
pen group size, or alternatively to select pen group sizes of
Ik or 5 gil§s as a single pﬁpulation when an overall weighting
of 1,20:1.00 for backfat: food conversion should suffice., The
use of a rolling or accumulating contemporary mean is ruled
out, owing to small numbers of pigs tested and the fact that
index theory assumes the mean to be known without error
(esg. Henderson, 1963). :

The final selection of each pig on Index 6 as iﬁ completes
test at first appears to be an attractive proposition, since
only 2% would be lost in terms of genetic progress compared
to the full-sib index (Indices 1 and 2, Table 7.5.1) and a
considerable saving in feed costs would be made by earlier
cul.'l.:l.ng.~ Howevgr, experience has shown that pigs finishing
test first invariably include a higher proportion of those
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finally selected on the full index. Futting this another
way, the proportions which should be selected from each batch
of pigs finishing test will undoubtedly fall off, and in
order to set a suitable culling level on the index the
breeder is forced to anticipate the performance of the pigs
still on test, Witholding decisions on borderline pigs
awaiting the performances of others would simply throw away
the advantages of the reduced preliminary index in allowing
culls to be marketed at bacon weight. The argument would
therefore be in favour of retaining the full index, with the
maximum available amount of family information, for use when
all the pigs in a generation have completed test. worst
animals would still be culled on the optimum (Index ©)
préliminary index immediately after completing test.

Finally it is emphasized that the findings reported here
for Indices 1 = © should not be generalised beyond the
practical situation to which they apply, since the effects
of varying economic and genetic parameters, of varying family
sizes and structures, or of varying selection objectives

were not investigated.

7.6 Discussion and Recommendations,

The findings from the foregoing investigations into
various aspects of the performance testing procedure in the
A.BeR.,U. sire-line indicate that a positive response to
selection on the index would be expected, and that no single
factor could be responsible for the apparent lack of progress
since 1966, The resu}ts will, however, serve to show whether

the performance test can usefully be improved upon in any way.

135



Although no genotype by boar test environment inter-
actions were demonstrated in two very crude analyses kith
low numbers, these could by no means be entirely ruled out
and it would therefore be more satisfactory if all boars
could be tested in one environment, The index studies show
that, at worst, only 1% would be lost in the rate of genetic
progress by penning boars in pairs and using joint rather
than individual food conversion, To avoid the risk of sex
by environment interaction and the hazards of variable mid-
winter weather conditions, the better policy would probably .
be to house all the boars indoors in the same building as
the gilts. In the existing Danish-type testing house penning
boars in pairs would be wasteful in terms of space, because
all pens hold up to five pigs. An alternative would therefore
be to increase the boar test group size to four full-sibs.
This may at first seem unacceptable since food conversion is
expected to contribute the most to genetic progress, but in
practice when fewer than a dozen boars are required in each
generation one is frequently obliged to select only unrelated
boars to avoid inbreeding, with the consequence that family
selection takes place., This in itself would tend to lower
the selection differential but is preferable to a rise in
inbreeding. Under these circumstances the penning of boars
in fulle-sib groups would have no effect on selection of the
best families, but would place all the emphasis of within=
group selection on daily gain and backfat. Individuals'
breeding values for food conversion would then, in effect,
be predicted from genetic correlations with the other two

traits as deviation from the group mean, resulting in only
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a small loss of accuracy, A definite case could therefore
be made for testing boars and gilts in fulle-sib groups, all
under the same roof,

A relatively sophisticated selection index procedure of
the sort applied to the sire-line cannot be expected to lead
to rapid improvement unless the characters involved are
measured with a fair degree of accuracy, Ually gain, the
easiest to obtain and probably least subject to measurement
errors of the three characters, contributed the least to
genetic progress, For food conversion ratio, errors of
measurement are particularly likely in food consumption since
not all the food recorded as "used" may actually have been
"consumed" due to spillage. That the repeatabilities of food
conversion were high signifies only that the final weighings
and calculations were accurate and gives little indication of
inaccuracy from wastage. A consoling factor is that wastage
may be fairly constant for each pig in a given environment,

The repeatabilities of ultrasonic fat depths and their
correlations with carcass measurements ih the sire-line were
in accord with those reported in the literature and recently
reviewed for example by Sundgren (1973). Correlations of
live and dead measurements at the shoulder were a little
lower than those usually reported for most sites, and a
definite anomaly exists in the}sire-line results in that
while the correlation bestween ultrasonic and carcass
measurements was reduced from 0,80 to 0.2 at the shoulder
compared with other sites, the repeatability at thérwgé only
very slightly smaller, The ultrasonic method may therefore

be able to'constantly.pick out a particular muscle~fat inter-
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face which it is difficult to distinguish by eye. Are there
any grounds for omitting ultrasonic shoulder measurements
from average backfat because of the low correlation with
carcass depths? Clearly only a fractional increase in the
repeatability of estimated backfat, already greater than 0,90,
would result, and there is evidence that shoulder fat is as
good a predictor of lean percentage in the carcass as loin
fat, and a better predictor than mid-back fat (Hazel and
Kline, 1953). Wwhat increase in the accuracy of selection for
pbackfat would result if ultrasonic measurements were routinely
repeated after one week, and pigs selected on the mean of

the two estimates? Phenotypic variance would be reduced

and heritability increased according to the formula:

hzl-hz[: ” ] s
1 + (n—j) R

/
where h2 is the improved heritability and R the repeatability

on n records per pig (e.g. Becker, 1967). with the repeat=-
ability of roughly 0,90 found here heritability would be
increased by a factor of 1.05, or 2.5 with an original value
of 50 as used in the index (Table 6.5). The expense and
effort involved in measuring pigs a second time would therefore
seem unjustified under research or commercial conditions.
Having established that performance test traits can be
measured with a fair degree of accuracy it is important that
variation due to live weight should be removed so that
selection takes place at a constant weight. The accuracy of
corrections will obviously become more important as the
range of live weights increases, so that keeping the ranges
of finishing weizhts to a minimum is a simple means of

avoiding errors. The regression analysis carried out earlier
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(section 7.4) has verified the present between-pig correction
of 0.01 em./1b, for backfat at the end of test, and indicated
that a correction of 0,007 lb/day per lb, might be applied

to daily gain, 1f, as already suggested, live weight at

the end of test contains an element of weight for age and is
not purely an independent variable, then some over=correction
of daily zain may result through the high positive correlation
between daily gain and weight for age (e.g. Table 6.3). In
other words, pizs may tend to have high weight deviations
because they have a higher growth rate, whereas they do not
have high weight deviations because they are fatter, Great
care must therefore be exercise& in applying corrections to
growth rate, and in view of the fact that daily gain receives
a relatively low weighting (b;) in the selection index
(Tables 7.5.1 and 7.5.2) so that small changes in its ranking
will have little effect on the indices of individual pigs,
the correction may probably be safely lgnored.

Corrections of backfat for live weight in the sire-line
have so far been based on regressions estimated from between
pigs. Minkema (1972) pointed out that such regressions
would be better estimated from repeated cbservations within
pigs, He showed that within-pig regressions of ultrasonic
backfat on weight were a%ightly.lower than when estimated
from between pigs, and démonstrated a sex difference in the
within-pig estimates, Minkema also developed a procedure
which would take account of the fact that the regression of
backfat on liveweight within pigs may be dependent on the
pig's own fatness, This approach would clearly warrant
investigation for the sire-line, but three or four repeated

observations per pig would be desirable in order to have some
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idea of the error attaching to individual within-pig regressions,
A rough estimate of the within-pig regression for backfat

from the average slope (y, = y,)/(x2 - x;) in the 1972
ultrasonic repeatability trial was 0,0074 cm./lb which is
slightly less than the usual between-pig regression of

0,01 cm,./1b,

Given that reliable measurements of the separate
characters were available, and the variation due to live=
weight had been removed, it was shown that genetic progress
would have been expected irom selection on the index used in
the sire-~line between 1966 and 1971, The further addition of
half-gib family information was shown to contribute an extra
3/c to the rate of genetic progress, bringing the total
contribution of all sib information up to 54, These figures
would be increased if all boars could be tested in a single
environment and male full-sib family size effectively raised,
This would overcome the deficiency of the past procedure in
failing to acknowledge that there were really 3 "sexes":
single-penned males, doubled-penned males, and females,
when male sib information from the second environment was
not included, Alternatively information from the third
"sex" could be included in the index as & further O measured
variates, but computation would then prove laborious and
expensive, OSimilarly, within-sexefamily pen effects could
be taken into account by breaking family structure down one
stage further into half-sib, full-sib and pen averages. The
value of this addition would depend on the magnitude of the
between-pen within-family variance. Hefinements such as these
are, however, time-consuming to initiate and generally yield

only small improvements in efficiency.
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In summary, possiblevimpfovements to the existing
selection procedure in the sire-line might include the
performance testing of all boars by litter groups of two or
more in a single environment, the use of Opt;mum weightings
for the preliminary selection index and a narrowing of live=-
welght ranges at the start and finish of test, Calculation
of preliminary and final indices, and of the traits themselves,
might be greatly facilitated by total computerisation of the
test resﬁlts. Then, for example, optimum prelimihary index
weightings and liveweight corrections could be applied quickly
and accurately. _

Discussion of possible modifications of a more longterm
nature, such as alterations to the objectives of selection
or to the ad libitum feeding regime, has deliberately been
postponed until Chapter 9. The object here has been to show
that genetic progress would be expected in a closed populatign '
under A.,B.R.0. sire-line conditions, Apart from looking
for possible genotype by test environment interactions, no
.attempt has yet been made to investigate the effects of
immigration on the sire-line improvement programme and this

will be the subject of the next chapter,
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Chapter 8 immigration

Introdu

The most novel aspect of the A.B.R.U. sire-line has been
that, in addition to intense selection, new genes have been
introduced each year without regard to breed. This policy
was adopted with the intention of bringing about a faster
rate of genetic improvement than would have been possible by
selection alone in a closed line of the same size, In so
doing it was intended to make full use of small samples of
newly imported breeds such as the Lacombe and Pietrain, as
well as boars of exceptionally high merit at British central
testing stations., It has already been pointed out (Chapter
5) that, in the absence of reliable estimates of the rate of
genetic progress, the current performance of the sire-line
in comparison with highly selected contemporary Large Whites
at national testing stations is the best guide to the success
of the whole enterprise, The emphasis of this chapter will
therefore be on the accuracy of the procedure for selecting
immigrants into the line, rather than on aspects of comparative
performance.

The examination of the immigration procedure will be
divided into two parts., The first will take the form of
a study of possible sources of bias in the past method of
selecting immigrants, and the second part will attempt to
relate the findings of the first to some simple practical
observations from past generations. The objective will be
to provide a critical appraisal of the concept of immigration,
using all the available information,
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The procedure for testing immigrants for admission to
the sire-line has already been described in Chapters 2 and 3,
Potential immigrant animals of any breed and from any country
of origin were simply mated to sire-line pigs of the opposite
sex and their "cross-bred" progeny allowed to compete
directly for selection as parents of the next generation, As
indicated in Chapter 2, the comparison of immigrant and
native progeny is open to bias from two sources, Firstly, the
F, immigrant x sire~line progeny (hereafter referred to only
as "immigrant progeny") may exhibit heterosis on performance
test, causing an upwards bias in their selection indices and
erroneously increasing their chances of being selected. Iin
1973 a small trial was set-up to measure heterosis in
immigrant x sire-line crosses in order to assess the import-
ance of this bias, and some results will be presented here.
The second bias arises from the fact that native and immigrant
progeny have been treated as members of a single population,
leading to incorrect estimates of immigrant breeding values
relative to those of natives, This bias is less straight=-

forward and will now be considered first.

8.2 Differences Population il

Treating immigrant and native progeny as members of a
single population may result in bias simply because
immigrant breeding values are then expressed as deviations
from the sire-line rather than their own population mean,

The way in which the bias could arise may be demonstrated by
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treating the native sire-line and each potential immigrant
breed, for example Landrace or Large wWhite, as separate
populations, In fact, this is an over-simplification

because the native sire-line population is itself a collection
of sub-populations as a result of immigration in previous
generations, However a single native population will serve
here for illustration, and may be a reasonable approximation

for practical purposes.

S ti r C

Suppose that individuals of conventional breed "B", with
contemporary breed mean /<; , are to be tested in the usual
way as immigrants to the sire-line (SL), with mean 4, 4 for
a single trait which does not exhibit heterosis: backfat
'thicknese, for examples Assume also that mass selection is
practised on males only, that immigrant and native parents are
assigned to mates at random and that the heritabilities (hz)
and phenotypic variances of immigrant and native populations
are equal, The parental and resulting progeny distributions
are depicted diagrammatically in Figure 8.1. Selected sire=-
line boars of average superiority (631 7/31) are mated to
unselected gilts to give "pure" native progeny of meanp,
where:

P
9"/&31_.__ h (Sgl-/,cgl
2

In the same way selected potential immigrant sires with
superiority (S, = f¢,) over their breed "B" mean are mated
to unselected sire-line gilts, producing a sub-population

of "cross-bred" prospective immigrant progeny with mean A ,
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Ficure 8.1

Native Sire-Line and Immigrant Population Means and

Distributions Before and After the Mating of Selected
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Explanation of Symbols

AMal "
e =

Ssl
/“b=
Sbé
M =

A«

mean of sire-line parental population

mean of 'pure' sire-line progeny after selection
and mating of parents

mean of selected sire-line parents
contemporary mean of whole immigrant population

mean of immigrants chosen to be mated to the
sire-line

overall mean of all progeny measured in any
one generation

mean of F1 immigrant x sire-~line progeny

phenotfpic observation on one immigrant x
sire-line individual

phenotypic observation on one sire-line individual
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where:

Ao = Pyopg) o0 By o)
2

In practice/usl may be estimated, but/ab and Sb are generally
unknown, However, native (&) and immigrant ( A) progeny

means may be estimated directly as each generation completes
performance., Assume for the present that o and A y and the
overall mean of all progeny tested («) are known without
error,

According to the past method of evaluation, treating
immigrants and natives as a aingle population.(Method 1),
the predicted breeding values of native (Aj,) and immigrant

(AI) individuals for comparison are as follows:

hg(r) = B &=k,

The predicted difference in breeding value between an
immigrant and a native is then:
2 .
AI‘1) -Aﬁl“) = h (I'-‘)ooooooooooo-ooo- (1)

Now treating immigrants and natives as separate populations
(Method 2), these quantities become:
2

Af(2) = B2 (L <L) ¢ (2s0),

and Ay = hgy(z) = B2 I =2) + (ee)] - [p* (k-ella

The difference in the estimated genetic superiority of an
immigrant over a native by the two methods is then a
convenient measure of the bias which results from treating

the two progeny populations as one, OSubtracting equation (2)
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from equation (1) the estimate of bias,q , becomes :

Q& hz(lfs) RSl 2 PV T PIT RO Rek g |
= (Z-Q)(hz-")

The bias is therefore negative when the immigrant population
is on average superior to the native population (1>6 : hé< 1.0),
and positive when the immigrant population is inferior

(<63 h2<i1.0). This implies that in the past prospective
immigrants which were on average better than the sire-line

have been under-rated, while those which were poorer in
performance were over-rated., The ability to discriminate

among native and immigrant sub-populations was therefore
reduced, LEquation (3) demonstrates that the bias stems from
treating the average difference between immigrents and natives

(A=©) as a phenotypic difference when in fact it is genetic.

Lxample

For the sake of example, the true values of the sub-
population means will be replaced by their estimates for
ultrasonic backfat in the sire-line in the 1970 generation
when Norwegian Landrace and Large Whites were tried as
immigrants, The following were the year means for both sexes

in all environments:

Genotype Mean = No, Pigs No,Sire
Standard error
"Pure" native sire-line (&) 1.80 % 0.02cms. 140 12
F, sire-line x Norwegian Landrace
(An1)  1.59 2 0.0ucns, 31 2
F, sire-line x Large white (A1) 2.21 % 0,06¢cms, 22 2
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Assuming the phenotypic variance of the three sub-populations

2 o 0.5 and zero heterosis, the bias (6) from

to be equal, h
using Method 1 as opposed to Method 2 may be calculated from

equation (3):

A
Norwegian Landrace: Q4

0.5 (1059 e 1080) - (1059 - 1080)
- 0.105 cm, or + Q.34 T

P
A
Large White: 9w = 0.5 (2,21 - 1.80) = (2.21 > 1'80)
= = 04205 em, or = 0,66 o

where T W 0+31 cm, (Table 6.1). According to these
calculations, treatment of all progeny as a single population
would have undere-rated Norwegian Landrace crosses by 0,105 cm.
and over=-rated Large Whites by 0.205 cm, in a mass selection
programme for backfat alone, Clearly detrimental biases of

this magnitude could hamper genetic progress.

The above example has helped to illustrate two properties
of the bias: that it is reduced as heritebility increases,
and more obviously that it depends on the degree of super-
iority or inferiority of the immigrant sub-population., It
is noteworthy that, if only one individual immigrant off-
spring is tested in any generation, according to Method 2
I=A end the prediction of breeding value (A;) reduces to:

AI(Z) = (X’e) - (I «-@)

s0 that under these circumstances the animal's phenotype
(I) is the best indicator of its breeding value, and the

measure of bias, Q, is unchanged,
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Selection For More than One Character,

The problem may now be directly extended to the situation
where individuals are selected on an index combining several
traits, Selection in the A.B.R.0. sire-line has been on an
index comprising daily gain, food conversion ratio and
average backfat since 1966, The detailed form of the index is
described in Appendix C, but takes the general form

1 = %:bi (yi -/Li) for i= 1........ m Variates.

where y, is the measured variate,,xi the appropriate
population sex mean and bi the index coefficient., oSimilarly,

the aggregate genotype takes the general form
M = Elajxj for 4% 15s4+sy N traits,

where x:j is an individual's true breeding value and aj is the
economic partial regression coefficient. The mean aggregate

genotype (M) for a group of individuals may be estimated as

M = §a3h 5
where /*j’ the observed mean phenotypic value, is assumed
equivalent to the mean genotypic value,

Assume for simplicity that an equal amount of family
information is available on each individual so that the same
index weights (bi) apply to all pigs. Let,xi be a trait-sex
mean for the whole population of progeny on test, and let
64 and)\i represent means for "pure" native and separate
immigrant crossbred populations, assumed to be known without
error as before. Treating natives and immigrants as members

of a single population (Method 1), the individual selection
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criteria or index values for a native (Isl) and an immigrant
(I;) are:
Laagr) = 2By byy =/4)
iR | Bk O W
where z4 distinguishes observations taken on immigrants from

those taken on natives (yi). The estimated superiority of
an immigrant is then:

11(1) - 181(1) -Zl:bi (zi st Yi)ooooc (k)
Acknowledging the fact that immigrant and native population
means are different (Method 2), native and immigrant index

values are calculated as:

Is1(2) *® LZbi (yy =4
In estimeting the index value of an immigrant the second
term is an adjustment for the difference in mean ag:regate

genotype between immigrant and native populations, obtained

simply as follows:

M = )
i ;aj /15
a1 =225 %
Bp= Mgy ’%aj (A; =6y

For the purpose of selection Method 2 index values of
immigrants may be directly compared with those of natives,
since (e.z. Henderson, 1963)
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for an immigrant: B (Mg | I,) = M1 * %o

and for a native : E(Msll Io) = fuls1) * Io,

where I° is an observed index value and /4, is the appropriate
true mean aggregate genotype. The estimated superiority of

an immigrant over a native by Method 2 is therefore:

) = Taaga) = {J0alss = Ay + Zag 4 =6 - [}jbicyi - oy} (5)

The bias (Q) which results from using Method 1 rather than
Method 2 is then obtained by subtracting equation (5) from

equation (4) as before:

= ;bi (/li -Gi) "';aj‘ 23 - QJ) ssssee (6)
which is analogous to equation (3) in the case of a single
character.

Returning to the earlier example of the 1970 generation,

the necessary sub-population means with standard errors are:

Genotype uaiiy Gain FoC ol :verage
"Pure" native sire-
line ( &) 1.69 £ 0,02 3.52 20,03  1.80 2 0,02
i".z.ni:-;‘i;l%‘i°w’i)’,‘°’"°g““ 69 2 0,06 3.45 20,05  1.59 £ 0.04
whsim-;fj::)lx)mrge 1,62 £ 0,04 3.53 20,05 2421 20,06

Assume now that pigs are selected on a simple index consisting
of records taken only on themselves so that i = j. The
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necessary index weights (bi)' taken from Table 7.5.2, the
economic weights (aj), taken from Table 6.5, and some
intermediate stages in calculating ( are set out in Table

841, Summation of the third column for each breed shows that
the mean difference in aggregate genotype between immigrants
and natives was + 148 points (better) for Norwegian Landrace
and - 239 points (worse) for Large whites, The estimate of
bias (Q) from using Method 1 as opposed to Method 2 is obtained
by subtracting the sum of the third column from the sum of the

second, when:

‘anl = 80 - 148 = « 67 points or 0,50 R
Loy
“w = ~136 + 239 = +103 points or O.76<71 !

where 07 = 135 points (Table 7.5.2)« Treating immigrants and
‘natives as members of a single population would therefore
have caused Norwegian Landrace to be under-rated by 67

index points and Large Whites to be over-rated by 103 points,
There can be little doubt that differences of this magnitude
would affect the selection of immigrants,

2o far an attempt has only been made to demonstrate that
the bias occurs, 1In principle the simplest way to avoid the
bias in future generations would be to adopt Method 2 and
‘estimate native and immigrant sub-population means from the
data separately, making the adjustment for differences in
aggregate genotype. Unequal amounts of family information
cn each pig would not affect the method of estimating an
imuigrant's index value (11(2) ), but the bias (Q) would
differ from pig to pig since the by would no longer cancel.
The main drawback to the practical application of the new
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Table 8.1.

Sample Calculations of Various Quantities Required for Estimating Selection Bias in Comparisons

of Immigrants and Natives in the A.B.R.0. Sire-Line.

v

& Norwegian Landrace Large White
Trait i b a. NEEL
i J lf ,e;)$ b,‘(/‘,‘_e," a,’,(x/ted) (Ai-e;f bl.(Ai —@I> a"i ("J' 'e'))
Daily Gain (lbs/day) +0.56 | +1.80 0 0.0 0.0 -7 ~3:9 | «12:6
. Food Conversion Ratio -1.93 | -4.80 =7 +13.5| +33.6 +1 -1:9 -4.8
Average Backfat (cms.) =318 | =5+40 || =41 +66.8 (+133.4 i +41 -130.4 |-221.4
+80.3 [+148.0 ~136.2 |-238.8

%
For explanation of symbols see text.

SMultiplied by 100.



estimation procedure (Method 2) is the assumption that the
sub-population means are known without error. Clearly, there
will be occasions when only a very limited number of immigrant
parents of a particular breed are available, with the result
that the immigrant progeny population will be very small.

This might be the case where small samples of newly imported
foreign breeds or individuals of exceptionally high merit are
the candidates for immigration, If it is accepted that breeds
are "{fixed" effects, or that they do pot represent random
samples from a wider population, it is difficult to see how
the problem may be resolved since individual breed means
cannot then be regressed to the overall mean, In the unlikely
event that an argument could be made out for treating breeds
as "random" effects, the genetic variance could be partitioned
into between~ and within-breed compénenta in the manner described
by James (James, 1966; Jackson and James, 1970) and handled

in the same way as between- and within-family variation., The
question of how best to utilise "fixed" effects means of lowl
precision will therefore be a subject for future statistical
investigation, Usual selection index théory assumes that

the population means are known without errvor, and is widely
used in practicé for large population sizes. In order to
usefully apply Method 2 in favour of Method 1 it would be
desirable to have as large an immigrant progeny population

as possible, with numbers approaching those of the native
population. With small groups of immigrants on test Method

2 may be as much in error as Method 1., A practical way of .
maximising the size of the immigrant population, where there
are sufficient parents, would be to test only one immigrant

"breed" in each generation, The preliminary selection index
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(Chapter 3 and Chapter 7), to which Method 2 cannot be
applied because the means are unknown, would also need to
be used with caution to avoid culling under-rated immigrants
prematurely, |

Finally it should be pointed out that if an F1 immigrant
X sire-line individual is successful in being selected as a
parent of the next generation, the bias will still be present
in the backcross progeny but will be reduced since the quantity
(AJ - J) will be roughly halved in each successive generation,
The native population is therefore an aggregate of such sube
populations all of which are slightly genetically different
from one another, The first trial of an individual from
outside the line as an immigrant is however the most critical,
since erroneous rejection is absoclute or alternatively, once
incorrectly selected, it will be much more difficult to
remove the relatively large numbers of progeny by subsequent

selection.,

22 H .

The occurence of heterosis in the cross-bred F‘ progeny
of potential immigrants may increase their chances of selection
relative to native sire-line progeny in which the amount of
heterosis would be expected when the sire-line and immigrant
populations are genetically dissimilar. From the 1972 breed
composition of the sire~line (Table 3.1) it can be seen that
at least half the genes of any native pig would be expected
to differ in origin from those of any existing breed which has
already contributed to the line, and would of course differ
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totally from those of a new breed being introduced for the
first time, Genetic diversity between immigrants and natives
would therefore usually be greater than genetic diversity
among nativea, and bias in selection would result from the
relative increase in heterosis levels in immigrants compared
to natives.

It will be useful to briefly consider the circumstances
under which the bias due to heterosis is likely to have the
greatest effect, Suppose that heterosis is shown by the
cross~-bred immigrant progeny but not by the native progeny.
Suppose further that mass selection on phenotype for a single
trait is practised at an intensity (Psl) of 04,10 among
native sire-line boars, and that truncation selection to the
same cut-off point (T) is applied to the immigrant progeny
population, The distributions of native and immigrant
progeny (solid lines) are drawn diagrammatically in Figure
8.2, The presence of heterosis in the immigrant progeny,
assumed to affect all pigs equally, would cause an upwards
shift in the immigrant distribution (dotted line) equal to
the amount of heterosis (H/0). The effect of heterosis would
then be to inflate the proportion of the immigrant distribution
from which immigrants could be selected, as determined by the
cut-off poinf (T) at which 10% of natives are selected. The
net result of heterosis is thérefore to lower the selection
intensity applied to the immigrant test population , and to
cause the selection of a proportion of animals whose
"heterosis-free" value would be below the level of acceptance
(1) for immigration into the sire-line, This model is some-
what simplified because in practice the truncation peint (1)
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would be determined by the joint performances of immigrants
and natives. Where small numbers of immigrants are tested
however, T would be largely determined by the performance of
the natives,

For a given difference between immigrant (/ul) and native
9#31) true progeny population means, and with equality of
variances (&), the distance (x;) between 4y and T can be
deduced as:

Xy = X4 - (/"I "/“‘.1)0
where x.; is known (Pgy = 0410)s The proportion of tested
immigrants which could be selected QPI) may then be obtained
from tables, H standard deviations of heterosis would
reduce the true x; to (g = H), increasing p; to fi'.
A proportion (P{ = p1) of all would-be immigrants tested would
therefore have a chance of being erroneously selected solely
aé a result of heterosis, Consequently a proportion R =
(Pi 'PI)/Pi of immigrants actually selected in the presence
of heterosis might have been selected in error, R could
then be interpreted as.the probability that an individual's
heterbsisufrea value lies below the truncation point (I),
given that it has already been selected. Again this may be an
over-simplification since not all the individuals lying
within the selected portion of the immigrant distribution may
be required as parents and there must be a gradation of
probabilities inside the truncated area. MNevertheless the
value of R will be sufficient to compare the relative
seriousness of the bias under different conditions,
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" Figure 8.2

Diagrammatic Representation of Quantities Required for
Calculating the Probability of Incorrect Selection of

IMMIGRANT X SIRE - LINE
POPULATION

NATIVE SIRE - LINE
POPULATION

IMMIGRANT X SIRE - LINE
POPULATION EXHIBITING

*\

F&z»z”’ HETEROSIS
bty
L

PsL

diSTRIBUTIONS OF PRoGENY
POPULATIONS ON PERFORMANCE
TEST

-~

N

PHENOTYPIC STANDARD
DEVIATIONS

Explanation of Symbols

A = true mean of immigrant x sire-line population.
Mg] = true mean of sire-line population.

X1 = distance between cut-off point and/“l, in
standard deviations,

Koy = distance between cut-off point and/ﬂsl, in
standard deviations,

PI = proportion of immigrant x sire-line population
selected. '

Pgl " proportion of sire-line population selected.

H. = amount of heterosis occurring in immigrant x
' sire-line population, in standard deviations.

T = cut-off (truncation) point.

'/*1 ;/*sL = XgsL- Xg
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Lxample

Suppose the true means of immigrant and native progeny
populations on test differ by (/4 =44 ;)/o = 0.2, and that
heterosis in the immigrant population amounts to H/9 = 0,5,

If 10/ of natives are selected, p oy = Ol and x_; = 1.28

(Table II1 of Fisher and Yates, 1963). Then x; = 1.28 ~ 0.20 =
1.08 for the heterosis~free immigrant distribution so that

PI = 0,14, Taking account of heterosia){l is reduced to

x{ = 1,08 = 0.50 = 0,58 and p; is increased to p{ = 0.28.
The probability that an immigrant has been incorrectly

selected due to heterosis is therefore:

R = 0,14/0.28 = 0,50 or 50/,

Results of sample calculations of R for differences in
population means ranging from + 1,56 to = 1.06 and heterosis
levels ranging from 0,26 to 1.5¢ are given in Table 8.2,

The Table includes the values of the standardised selection
differentials (11 and ii) corresponding to pq and/ii,
obtained from tables for a population size of 100 (Becker,
1967), giving an indication of the loss of selection
differential on immigrant boars due to heterosis, For a
given situation the superiority of the selected immigrants
over the native population mean could then be evaluated as

(g =)/ + if  for direct comparison with i .

The pattern of R values in Table 8.2 confirms what is
intuitively obvious: namely that the probability of selecting
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Table 8.2.

Sample Calculations to Show the Relative Effects of Varying Levels of Heterosis in the Performance of
Potential Tmmigrants and Varying Differences Between Immigrant and Native Populations on the Selection
of Immigrants. (A full explanation of symbols is given in the text in conjunction with Figure 8.2).

091t

Mean Distance Proportion Proportion Selection Selection
Difference | Heterosis from without with Differential|l Differential R =
to cut—-off Heterosis Heterosis without with
) Heterosis Heterosis 4
D il % ? it Pr —fr
o a *r 2 f r L e
1.5 0.2 =0.22 0.59 0.66 0.65 0.55 Ol
0.5 0.76 0.41 0.22
1.0 0.89 0.21 0.34
155 0.96 0.09 0.39
1.0 0.2 0.28 0.39 0.47 0.98 0.84 0.17
0.5 0.59 0.65 0.34
1.0 0.76 0. 41 0.49
135 0.89 0.2 0.56
0.5 0.2 0.78 0.22 0.28 1.33 1,19 0.2%
0.5 0.39 0.98 0.44
350 0.59 0.65 0.63
14+5 0.76 0.41 SiTE
0.2 0.2 1.08 0:14 0.19 1.57 .41 0.26
0.5 0.28 2.X9 050
1.0 0.47 0.84 0.70
1.5 0.66 0.55 0.79




Table 8.2 (cont).

/

/“ — ) z . o7 P R
Zd-« SU .é_ xI PI Pz 11 zr I PI/DI
0.C 0.2 1.28 0.10 0.14 1.73 1.57 0.29

: 0.5 0.22 1.33 0.55
1.0 0.39 0.98 0.74

1.5 0.51 0.65 0.83

~D.2 0.2 1.48 0.07 0.10 1.88 1.73 0.30
0.5 0.16 1.50 0.56

1.0 0.32 h 49 i 2 0.78

1.5 0.51 0.78 0.86

"0.5 0-2 1‘78 0004 0006 2-10 1095 0033
0.5 0.10 1.73 0.60

1.0 0.22 1.33 0.82

15 0.39 0.928 0.90

-1.0 0.2 2.28 0.011 0.019 2.51 2.33 0.39
Q.5 A 0.04 2.30 G.75

1.0 0.10 1.73 0.90

1.5 0.22 1.33 0.95




an immigrant whose heterosis-free value lies below the
acceptance limit (T) increases with the amount of heterosis,
and with decreasing levels of real superiority of immigrants
over natives. For example, with heterosis at 0.50, or 5k
in a character whose coefficient of variation (cf¢u1) is'iOﬁ,
R ranges from 0,22 where the immigrants are 1.50 better, to
0.55 where there is no difference between immigrants and
natives, down to 0,75 where immigrants are 1,00 worse., For
higher amounts of heterosis the values of R are correspondingly
greater. At the extremes R = 0 (P -f’l = 1,00) when
immigrants are very much better than natives, and R = 1,00

(PI = 03 P& > 0) when immigrants are very much worse.

In the A.B.R.0, sire-line performance test, heterosis might
be expected in deily gain and food conversion ratio but not in
ultrasonic backfat (e.g. séllier, 1970) « 5k heterosis in
daily gain'and food conversion, for example, would bias the
mean difference in aggregate genotype between immigrant and
native progeny, Zaj(/lj - ej) (from section 8.2.1), by
Zaj g 70 index points or 0, 52 °t, where H is the amount of
heterosis in units of the J trait and 67 = 135 points.

As there is little reason to suspect that presently available
pure breeds are greatly superior to the sire-line on

aggregate, and since any real superiority would be halved in
the "cross~bred" candidate immigrant population on test, it is
likely that heterosis, if present, might have quite a large
effect on the accuracy of selection decisions on immigrants
(Table 8.2). If hetercsis levels are known they could be

taken into account by modifying Method 2 of the previous
section for calculating the index values of immigrants, so that:
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Iyz) = 50 (B =Ay) + %aj [y -6 - 1)

As already discussed, this solution to the problem of bias
has questionable utility with small population sizes since
the means are assumed to be known without error, WNote that,
when calculated from actual performance test results, the
observed immigrant subpopulation means (Ri) contain average
heterosis effects, but the first term ;;bi(zi -,li) is
unbiased when heterosis is assumed to aéfect all individuals
equally.

In order to obtain estimates of the levels of heterosis
present in potential immigrants on performance test, an
experiment has been set up to measure heterosis in crosses
of the sire-line with Large whites., The results will now

be presented.

8,2,2,1 Est n of H i
) -l Cros °

Desi d A .

The experiment to measure heterosis on performance test
was designed as a 2 x 2 reciprocal mating of a sample of the
sire-line with some outbred Large whites (e,g. Robertson,
1949)., The sire-line parents were randomly chosen 1971-born
boars and gilts., The Large White parents were made up of
pigs from a small herd of outbred Large whites maintained at
A.B.R.0. together with stock purchased from the University
of Newcastle., Both sire-line and Large White females were

of mixed, first and second, parities. In setting up the trial
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the object was to maximise the number of sires rather than
to test a large number of progeny per sire, 8 sire-line (SL)
boars and 9 Large white (LW) boars were each mated to both
sire-line and Large White females, giving 4 classes of progeny:
SL x5L, SL x Lw, LW x oL and LW x LW, FPigs were born
contemporaneously on A.B.R.0.'s two pig farms (see Chapter
3), those farrowed at Skedsbush being transported soon after
weaning to Mountmarle for testing.

The trial was intended to imitate as closely as possible
the conditions under which sire-line and potential immigrant
progeny are performance-tested in each new generation, described
in Chapter 3. 7To avoid the possibility of genotype or sex by
environment interactions boars and gilts were all tested
indoors in the Danishe-type fattening house, and therefore in
order to economise on testing accommeodation all the boars
were penned in pairs, The two heaviest, most well-matched
boars and up to 5 of the heaviéat gilts in each littef were
placed in twe equally sized pens., In this way each dam
contributed two pens of tested progeny: one containing a pair
of boars and the other a group of gilts., Where a subclass of
the 2 x 2 table was poorly represented, two pairs of boars
were exceptionally tested in separate pens., The layout of
the experiment, the number of dams contributing offspring
from each sire and the numbef of progeny tested from each sire
are shown in Table 8,3, Due to poor reproductive performance
by the LW females, two of the SL boars failed to contribute
oL x LW progeny, and two of the LW boars failed to contribute
LW x LW progeny. Only one of the dams shown in the Table

failed to contribute at least one offspring of both sexes,
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Table 8.3.

Numbers and Distribution of Pigs Tested by Subclasses in

Experiment to Measure Heterosis in Sire-Line x Large White

Crosses.
BREED OF DAM
Sire-Line (SL) Large White (LW)
Boar Number| Number |Number| Number
Identity of of of of
Dams Progeny| Dams Progeny
(Boars+ (Boars+
Gilts) Gilts)
L 1 7 ¥ 4
2 2 10 ¥ 7
3 1 5 1 6
4 2 10 0 0
Bire= | ' g 2 8 1 9
Line 6 2 11 0 0
(85 7 2 12 1 8
BREED 8 1 6 ) 3 6
Total: i3 69 6 40
o 1 2 i d 1 7
2 1 5 -X 7
3 2 L2 0 0
SIRE 4 4 \
Large- A 2 %
White 5 2 12 0 0
(LW) . 3 . _ 3 ?
7 2 11 ;& 7
8 2 13 1 7
9 2 14 1 7
Total: 15 88 8 55
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The testing procedure was carried out as normal, and pigs
were fed ad libitum on a proprietary pelleted ration containing
approximately 2,99 Mcals, M.E, per kg. of dry matter and
14,5/ crude protein (fresh weight), and supplemented by
"Grofas" (trademark for 1.C.I. wuindoxin non-antibiotic
growth promoter) at 50 gms, per ton, Growth rate, pen food
cenversion ratio and average ultrasonic backfat thickness were
recorded as each individual pig attained 150 lbs, liveweight,
There were no_recognisable outbreaks of disease during the
trial,

The analysis was performed with the aid of a general
least squares computer programme able to handle unequal or
missing subclasses (Harvey, 1960), according to the following
model:

Yijklm “a; +b;scys (ab)ij + (ac)y, + (bc)Jk + Si(j)

+ (Cs)kl(j) + em(ijkl).

where
a. = effect.of sex i

by = effect of 3P

sire breed
Cx = effect of kth‘dam breed

Sl(') = effect of lth boar (sire) with
B sire breed J :

em(ijkl) = within-subclass residual effect,

Faired main efiects denote first order interactions, and
a3 bj and ¢ are assumed to be fixed while sl(J) and
em(ijkl) are assumed to be random effects, oex was treated
as an overall main effect as described by Johnson, Umtvedt

and walters (1973), but interactions of sex with breed of sire
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and dam effects were included to remove breced differences,
Parity effects of the dam were removed by partial regression,
although significance levels of all main effects were unchanged
by removing this source of variation, Since all the progeny
of a given sire were born on one of the two farms, any
difference between farms was confounded with sire differences,
Removal of the between-farm sum of squares, calculated via a
linear contrast, from the between-boar sum of squares

resulted in a negligible -reduction in the mean square for
boars, so that farm effects were subsequently ignored. for
growth rate and average backfat the analysis was conducted on
individual pig records, but for food conversion it was

conducted on un-weighted pen means,

Results,

The analysis of variance for performance test records on
252 purebred and crossbred pigs, consisting of 92 boars and
160 gilts in a total of 90 pens, is given in Table 8.4« The
three mean squares involving sex were tested against the
remainder, As expected the overall sex effect was significant
for all three traits, but none of the sex x breed interactions
was significant indicating a similar sex difference in the
four types of progeny. The breed of sire mean squares were
tested azainst the mean squares for boars within breed of
sire, while the breed of dam and breed of sire x breed of
dam interaction mean squares were tested against the breed
of dam x boars within breed of sire interaclion:mean squares
(e.g+ Bereskin, Shelby and Hazel, 1971). 4 degrees of

freedom were lost from the breed of dam x boars within
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Table 8.4.

Analysis of Variance Table for Trial to Measure Heterosis in Sire-~Line x Large White

Crossbred Progeny on Performance Test.

Source

d.f.

Mean Sguares

Growth Rate (lbs/day)

Food Conversion Ratio
(l1bs feed/lb gain)

Average Backfat (cms.)

Sex
Sex x Breed of Sire
Sex x Breed of Dam

Breed of Sire
Boars/Breed of Sire

Breed of Dam

Breed of Sire x
Breed of Dam

Breed of Dam x Boars/
Breed of Sire

Remainder

T I

15

1

11
218

T3
1.047

0.124 ©S
0.112 us

0.294 NS
0.236

*
0.891
0.516 NS

0.179

0.050

ek
0.574

0.084 NS
0.011 NS

0.022 NS
0.093

*
0.284
0.143 NS

0.056
0.042%

K
0.093
0.001 NS
0.002 NS

%%
1.063
0.109

ES
0.520
0.024 NS

0.049%
0.019

NS = non—-significant.

s56 degrees of freedom

&
= P 0,05;

Ty
= P<L0.01;

*
= P< 0.001.

for the remainder - analysis carried out on pen means.




breed of sire mean squares owing to the presence of 4
missing subclasses (Table 8.3). Only the breed of sire
mean square for backfat was significant, whereas the breed
of dam mean squares were significant for all three traits
suggesting the presence of maternal effects for growth
rate and food conversion, The breed of sire x breed of
dam interaction mean squares, providing a statistical test
for heterosis, were non-significant for the three traits,
Although significance levels are not shown, the two error
terms for the breed effects were significantly different from
thecremainder mean squares except in the case of the breed
of dam x boars within breed of sire mean square for food
conversion, However the interaction or heterosis mean square
for food cohversion remained non-significant even after
pooling to give a new error term with 67 degrees of freedom.
Least squares means and constant estimates are shown in
Table 8.5. OStandard errors of progeny class means and sex
differences are based on the total variance of each trait,
whereas standard errors of the three linear contrasts were
calculated approximately from the appropriate error terms in
the analysis of variance table, OSignificance levels are
therefore those shown in Table 8.4. The estimates of breed
of sire effects indicate that the sire-line were 0.08 lb/day
and 0,03 1b, feed /lb.gain worse tham Large white in daily
gain and food conversion ratio respectively, and 0,15 cm,
better than Large whites in average backfat. The corresponding
effects of the dam breed for growth rate and food conversion
were much larger, and the difference between sire and dam

breed effects may be taken as a measure of maternal influence,
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Table 8.5.

Least Squares Means and Constant Estimates with Approximate Standard Errors from Trial

to Measure Heterosis in Sire-Line x Large White Crossbred Progeny on Performance Test.

Effect Growth Rate (lbs/day)

$

Food Conversion Ratio
(lbs feed/lb gain)

Average Backfat (cms.)

Progeny cross means:

SL x SL 1.606+0.030 3.161+0.042 2.013+0.019
SL x LW : 1.861+0.040 2.931+0.057 2.148+0.025
LW x SL 1.79240.027 3.032+0.038 2.184+0.017
LW x LW 1.830+0.034 2.99240.052 2.273+40.021
Constant estimates:
Breed of Sire (SL~LW) ~0.07840.070 0.034+0.068 -0.148+0.048
Breed of Dam (SL-LW) ~0.147+0.066 0.135+0.058 ~-0.11240.035
Heterosis (crossbreds - 0.108+0.064 ~0.09540.057 0.023+0.034
purebreds)
Sex (boars - gilts) 0.141+0.031 ~0.170+0.044 ~0.042+0.019

$Analysis based on pen means.




The linear contrast for estimating heterosis was defined

asi

H=%(5L x L) + 2(LW x 5L) - (5L x SL) - z(Lw x La),

which was free from maternal and sire effects, The estimated
values indicate an advantage of cros;breda over purebreds of |
0.11 1b,/day in growth rate and 0,10 lb, feed/lb., gain in

food conversion, Iin addition there was an adverse heterotic
effect of 0,02 em, in average backfat. Whone of the heterosis

estimates was significantly different from zero,

Discussion.

For the purpose of estimating the biaalaffecting selection
decisions on the incorporation of potential immigrant
crossbred progeny into the sire-line, the magnitude of the
obsefved heterosis is of more interest than its statistical
significance, Taking the heterosis estimates (Table &.5)
as percentages of the mid-value of the "pure" breeds, they
amount to 6p, 3% and 1% for daily gain, food conversion and
backfat respectively, The values for the first two traits
were in exact agreement with the'mgan figures for a two=-way
cross put forward by Sellier (1970) in his review (Table 2.2),
and this might be taken as evidence that the sire-line and
Largze Whites are as genetically distinet from one another as
any other two breeds which might normally be used in a
crossing programme, Although relatively small, positive
heterosis in average ultrasonic backfat thickness was un-
expected, and may well be due to chance, However, Bereskin

et al, (1971) detected significant positive heterosis for
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carcass backfat in crosses of Durocs and Yorkshires, and
sugzested physiological conflicts between parental strains
as a possible cause,

From the values for heterosis found here, the bias in the
mean difference between the aggregate genotypes of sire-line
and sire-line x Large white progeny on performance test would
be %%ajﬂj 2= 53 index points or O.Ibtfi where gy = 135 points,
feturning to the worked example of the bias on ipdex selection
ar151ng from unknown population means on page IS| 5 the igean
dlfference between sire~line and Large white progeny,

de (4 =65) = = 239 points, could be adjusted by Z}a:j j to
'%aJ‘{(AJ -9 ) = Hj} = = 292 points, Hemembering that the
cbserved value for the mean of the imuigrant subpopulation
(li) will contain any heterosis, the "total" bias taking into
account both heterosis and differences between native and

immigrant population means then becomes:
Qe = Db, =0,) =Fa. (], =6.-H.)
A e AR ST

which is equal to + 156 points or 1,166, If Norwegian
Landrace crosses with the sire~line showed an equal amount
of heterosis, the two sources of bias in the example would
.Ooppose one another and anl would be reduced from =07 points
to a trivial - 15 points, There would therefore appear to
have been a greater risk of over-rating inferior immigrants
in the past than of under-rating superior ones,

Before taking practical steps to combat the possible
heterosis bias it will be important to establish that the
levels found in this experiment were not simply due to chance,

and to determine whether similar levels apply to crosses with
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other potential immigrant breeds. For this reason plans are
now in hand for a second larger trial crossing the sire-line
with Norwegian Landrace, Because of the magnitude of apparent
maternal effects (Table 8,5) it may be wise to avoid the use
of female immigrant parents whenever possible,'since a bias

similar to that arising from heterosis may result.

8e3 Fast lmmigration,

In the preceding section it was shown that, on the present
method of performance testing crossbred immigrants alongside
natives, immigrant progeny which aré poorer in performance
than the sire-line would tend to be over-rated as a result,
firstly, of treating the sire~line and immigrant populations
as one and, secondl* of ignoring the eifects of heterosis., Un
the other hand, crossbred potential immigrants which are
truly superior to the sire-line would tend to be under-rated
due to the first source of bias and over-rated due to the
second, Incorrect selection decisions on immigrants would
therefore have been more likely in the case of inferior
immigrant individuals than of superior ones., In this section
the available evidence relating to past immigration will be
reviewed. From now on it will be convenient to refer to
unselected potential immigrant x native crossbred progeny
simply as "immigrants",

The numbers of male and female parents of each
genotype that has contributed progeny for testing as potente
ial immigrants to the A.b.R.U, sire~line are shown in

Table 8,6, The first 5 genotypes listed as contributing all
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Table 8.6.

Numbers and Genotypes of Male (M) and Female (F) Immigrant Parents Contributing Progeny

for Testing as Potential Immigrants to the A.B.R.0. Sire-Line, by Years.

Genotype 1960[1961[1962[1963] 1964] 1965] 1966] 1967|1968 1969]1970] 1971] 1972

A

MF MFMF|MF|MF MF MF | M[F | MF |MF |MF [M|F

Native Sire-Line O | 0|7 21|6 23|14 16|7 |24/ 6 |16|5 (19|5 28| 8 |41|8 |37|1243| 1344|9 |23

Immigrant:

Tamworth x Wessex Saddleback 1
Tamworth x British Landrace 2
Large White x Wessex Saddleback?2
British Landrace
Large White
Wessex Saddleback
Lacombe 1 1
Hampshire 1 Al 1 : |
Pietrain 1 2 1
Hampshire x Pietrain
Lacombe x Pietrain
Lacombe x Hampshire
Welsh 1
Yorkshire 3 -
Large White x Hampshire 1
Large White x Pietrain 3
Pietrain x (Large,White x B.L.) 1
Commercial Hybrid
Norwegian Landrace

2

10

10 b 4
1

2

el
NN
L
-]
et e
=
o
[
=
w
=
N
N
-3

= NWw
-

VN
N
[

Total Immigrants 5 25(3 | 8|4 2(3|1{3 | 8|2 4/4 |/ 6|7| 1|7 | 3|3| 0

Total Number of Parents 5 25|1029|1025|7 17|1032{8|16|9 |25/1229|1544| 1137 l7k

17441424

*
The two commercial hybrid immigrants were not from the same company.




the measured offspring in 1960 were regarded as the founders
of the sire-line, so that their progeny were the native
parents of the 1961 generation, The pure Large white breed
was most frequently tried as an immigrant, wherea#@nly one
representative of the welsh breed and some of the crosses

was tried, All the founder parents containing Tamworth genes
were the progeny of a single boar, which was given no further.

opportunity to contribute,

1 _FPerformance of lmmigrants Versus N

To compare the performances of the 19 immigrant geno-
types with the "native" sire-line in each year would be of
little value since there were very few progeny from any one
genotype in a given year. However the mean performance of
all immigrant breeds together in relation to natives would
give an indication of the average superiority of the immi-
grants in each generation, This is shown graphically for the
three performance testing traits in Figures 8.3 = 84,5, and
the‘corresponding means with standard errors are given in
Tables 8,7 = 8.,9. Heferring to Figure 8.3 for example, the
broken line represents a trend line of the mean performance of
all immigrants, irrespective of breed, in each generation,

The solid line joins the generation means of natives, and the
weighted mean of the two lines would reduce to the graphs
shown in Figures 5.1 and 5.2

Figure 8,3 shows that before 1966, when there was a
strong phenotypic decline in backfat, the immigrants were no
better or worse than the natives, but between 1965 and 1970

immigrants appeared to lag some way behind, This is best
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Figure 8.3

Graphs to show Mean Average Ultrasonic Backfat of

Native Sire-Line Progeny (Solid Line) by Generations

with Trend Line (Broken Line) Indicating whether

Potential Immigrant Progeny were Better or Worse on:
Average than Natives
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Figure 8.4

Graphs to show Mean Daily Gain of Native Sire-Line

Progeny (Solid Line) by Generations with Trend Line

(Broken Line) Indicating whether Potential Immigrant

Progeny were Better or Worse on Average than Natives,
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Figure 8,5

Graphs to show Mean Food Conversion Ratio of Native
Sire-Line Progeny (Solid Line) by Generations, with
Trend Line (Broken Line) Indicating whether Potential
Immigrant Progeny were Better or Worse on Average
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Table 8.7.

Average Weight-Corrected Ultrasonic Backfat Thickness (cms.) of Natives and Immigrants in the

*
A.B.R.O. Sire-Line by Test Environments and Years. Table Shows the Number of Pigs Tested,

Subclass Mean and its Standard Error (S.E.).

Single-Penned or Paddocked Boars Double-Penned Boars Gilts
Natives Immigrants Natives Immigrants Natives Immigrants

Year (No. | Mean |S.E. |No. | Mean |S.E. |[No.| Mean [S.E. |[No. | Mean |S.E.|No. | Mean |S.E. |[No. MeaniS.E.
1960|33 2.61/0.07 62 2.92/0.05

196119 | 2.28|0.06(20 | 2.26|0.06 29 | 2.66/0.06(44 | 2.58|0.03
1962|18 | 1.95/0.05(15 | 1.950.07 50 | 2.21|0.03|37 | 2.35|0.04
196318 | 1.82/0.07(20 | 1.87|0.08 27 |1.99(0.05(36 | 2.10(0.05
1964(31 | 1.73/0.07|10 | 1.68|0.08 60 | 1.98/0.04(15 | 1.920.05
1965|24 | 1.52|0.05(11 | 1.52|0.09 47 | 1.82|0.04(18 | 1.86(0.08
1966|14 | 1.69/0.06(17 | 1.850.06 26 | 1.79(/0.06(21 | 1.92|0.07
1967(24 | 1.51/0.05(34 | 1.65|0.04 : 39 | 1.75|0.04|49 | 2.02|0.04
1968/24 | 1.75/0.04(19 | 1.82|0.06(24 | 1.61|0.04|12 | 1.84|/0.08|86 | 1.80(0.03|87 | 2.06|0.03
1969|27 | 1.73/0.04(13 | 1.95/0.05|32 | 1.70|0.05| 4 | 1.89|0.15(73 | 1.89(0.03|36 | 2.09|0.05
1970/35 | 1.67|0.04/10 | 1.64/0.13|15 | 1.57|0.07 |13 | 1.83|0.07|/90 | 1.88/0.03|44 | 1.93|0.06
197145 | 1.88(0.05|11 | 1.92 (0.08 (56 | 2.07 0.03| 8 | 2.18(0.10|114 | 2.24|0.03|27 | 2.25(0.05

¥ see Section 3.i
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Table 8.8.

Average Daily Liveweight Gain (lbs/day) of Natives and Immigrants in the A.B.R.0. Sire-Line

by Test Environments and Years.

Table Shows the Number of Pigs Tested, Subclass Mean and

its Standard Error (S.E.)

SINGLE-PENNED BOARS DOUBLE~-PENNED BOARS GILTS
NATIVES IMMIGRANTS NATIVES IMMIGRANTS NATIVES IMMIGRANTS

Year | No. Mean|S.E.| No. Mean|S.E.| No. Mean|S.E.| No./Mean|S.E.| No. Mean|S.E.| No.| Mean|S.E.
1966 |14 1.59/0.04(17 1.63/0.02

1967 |24 1.67/0.05(34 1.71|0.04 39 1.45/0.03)49 1.48|/0.04
1968 (22 1.65/0.04(19 1.74|0.04|22 1.59(0.05(12 1.69/0.04|86 1.58/0.02(|86 1.59|0.02
1969 |27 1.76(0.03|13 1.67|0.05|32 1.62|0.03| 4 1.61|0.08(|73 1.44/0.02|36 |.1.44|0.03
1970 (35 1.71|0.03|10 1471 160.:0815 1.64(0.06|13 1.64|/0.05(90 1.70(0.03 |44 1.65/0.03
1971 (45 1.83|0.05|11 1.88|0.06(56 1.85(0.04| 8 2.12|0.06(114 |1.90/0.03|27 1.84|/0.04
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Table 8.9.

Average Food Conversion Ratio (lbs feed/lb. liveweight gain) of Natives and Immigrants in the

A.B.R.O. Sire-Line by Test Environments and Years.

Table Shows the Number of Pigs Tested,

Subclass Mean and its Standard Error (S.E.)

SINGLE-PENNED BOARS DOUBLE-PENNED BOARS GILTS
NATIVES IMMIGRANTS NATIVES IMMIGRANTS NATIVES IMMIGRANTS

Year | No.| Mean|S.E. | No.| Mean |S.E. | No.|Mean |S.E. [No.| Mean |S.E. | No.| Mean |S.E. | No.| Mean |S.E.
1966 (14 | 3.33|{0.06 | 17 | 3.39|0.07

1967 | 24 | 3.42|0.06 | 34 | 3.50|0.06 39 | 3.52|0.06 | 49 | 3.53|0.10
1968 | 22 | 3.23|0.09 | 19 | 3.20|0.07 |22 | 3.17(0.07 |12 | 2.88|0.11| 86 | 3.33|0.04 | 86 | 3.48|0.05
1969 |27 | 3.20{0.08 | 13 | 3.45|0.09 | 32 | 3.19/0.05 4 13.15|0.15| 73 | 3.73|0.04 | 36 | 3.89|0.07
1970 | 35 | 3.58|0.06 | 10 | 3.32(0.08 [ 15 | 3.38(0.07 (13 | 3.59(0.04 | 90 | 3.52|0.04 | 44 | 3.50|0.04
1971 | 45 | 3.22{0.05| 11 | 3.10|0.06 | 56 | 2.94|0.04 8 12.79|0.06 (114 | 3.10|0.02 | 27 | 3.18(0.03




explained by the fact that before 1966 most of the potential
immigrants were British Landrace, Large #White or Wessex
Saddleback sire-line crosses: three out of the four founde-
ation breeds, Lither parallel improvement programmes in
these breeds had kept pace with progress in the sire-line,
or théy had been subject to the same environmental influences
as the sire-line, After 1965 immigrants contained a large
proportion of Lacombe, Hampshire, Pietrain and Yorkshire
genes (Table 8,6), and were fatter on average than natives.
With the trial of Norwegian Landrace as immigrants in 1970
the gap once again began to close, No such clearcut differ=
ences between immigrants and natives were visible for daily
gain or food conversion (Figures 8,4 and 8.5).

Ignoring the two other traits for the time being, the
graphs of the average backfat of immigrants and natives
(Figure 8,3) will serve to illustrate an important point.,
Considering all the immigrants in any one year together,
any gene flow between immigrants and natives during the period
from 1966 to 1969 would on average clearly be expected to be
harmful, Picking out the few superior immigrants which
could contribute "useful" genes to the sire-line will there-
fore heavily depend on accurate breeding value estimation,
and this is by no means guaranteed as shown in the previous
section, Thus it is possible that the apparent termination
or reversal of selection response for backfat after 1966
could be the result of the erroneous incorporation of immi-
grants, rather than the introduction of 3=-trait performance

testing or other environmental factors, 0OUn this hypothesis
immigration could "hold-back" rather than enhance genetic

progress in the Line, 1In addition the situation where a
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pure-bred immigrant population is considerably worse on
average than the sire-line would also seem to be the least
predisposing to correct decisions on the incorporation of
individual immigrants,

From the graphs in Figure 8.3 there is no indication that
immigration could have held back genetic improvement prior
to 1966 when selection was solely for backfat thickness after
L-rayed body length, To ascertain whether immigration could
have slowed genetic progress from 1966 onwards when selection
was based on an index, the mean aggregate genotype, calculated

—

as Z.S%? st where X, is the observed mean, by years has
been plotted in Figure 8.6, A low value of M is favourable
reflecting the predominance of backiat and food conversion,
and the graphse indicate that before 1970 immigrants tended

to be poorer on average than natives, This is not altogether
unexpected since by 1968 the line contéined welsh, Yorkshire
Fietrain, Lacombe and Hampshire blood as well as the 4
Foundation breeds (sce Table 3.1). It is therefore a
definite possibility that between 1965 and 1970 genetic
progress in the line could have been held back as a result of

incorrect selection decisions taken on immigrants, whose

overall merit was over-rated.

182



Figure 8.6

Graphs to show Mean Aggregate Genotype (M) of Native
Sire=Line Progeny (Solid Line) by Generations, with
Trend Line (Broken Line) Indicating whether Potential

Immierant Progeny were Better or Worse on Average than

of 1/100, and that low values are favourable),
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8.3,2 Success of Immizrant Breeds,

Indirect evidence as to the success of past immigration
may alternatively be obtained from the changes in the bréed
composition of the sire-line over time, since an immigrant's
estimated breeding value ultimately determined whether or hot
it was selected, In each generation the native sire-line
may be regarded as a "tester" against which the best available
contemporary stock have been evaluated, The observed or
"actual"” (A) percentage contribution of a particular breed
in any one year may therefore be compared with its "possible"
(F) contribution under conditions of random mating. L1f the
actual contributions of each breed te the line do not differ
from their possible values under random mating, then it
could Ee concluded that the selection procedure has failed to
discriminate between breeds of high and low relative merit and
breeds have been incorporated at random. l1f, on the other
hand, some breeds show a much greater contribution and some
a much lesser contribution than would have occurred from
random mating, this could be interpreted as evidence that the
selection procedure was successful in discriminating between
breeds., As a method of assessing immigration, the ratic A/P
takes into account the generations of selection which follow
the initial introduction of a breed, and the fact that if
immigrant progeny are incorrectly selected in one generation
the opportunity exists fof them to be selected out again in
later generations,

The"actual™(A) and "possible" (P) percentage breed
compositions and the A/F ratio for the A.B.R.U., sire-line

are shown in Table 8,10 by years., A was taken to be the
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Table 8.10.

Success of Breeds Contributing to the A.B.R.O. éire~Line: "Actual” Observed (A) and "Possible"

Under Random Mating (P)

*
Breed Compositions (%) of Parents Leaving Progeny by Years, Together

With Ratio of Actual/Possible (A/P) Compositions.

Breed 1960 1961 1962 1963 1964

A P  am I P A/P| A P A/|A P A/P| A P A/
Wessex Saddleback 26.0 26.0 1.00|26.3 26.2 1.00|20.7 24.9 0.83|19.5 26.4 0.74 (10.5 21.1 0.50
Tamwor th 27.0 27.0 1.00|20.3 20.0 1.01|13.8 16.0 0.86| 9.9 12.7 0.78| 7.4 10.1 0.73
Large White 24.0 24.0 1.00|26.3 28.1 0.94(29.3 32.5 0.90(35.7 33.9 1.05(42.8 41.1 1.04
British Landrace 23.0 23.0 1.00|27.1 25.7 1.06 (36.2 26.6 1.37 (34.9 27.0 1.30(33.%F 21.5 1.54
Lacombe 3.1 3.1 1.00
Hampshire ik 31 1,00
Pietrain
Welsh

American Yorkshire
Norwegian Landrace
Commercial Hybrid 1
Commercial Hybrid 2

*
Compositions were evaluated to more decimal places than shown, and, due to rounding,

do not always total 100%.




Table 8.10 (cont).

Breed 1965 1966 1967 1968 1969

A P A/P| A P A/P| A P A/P| A P A/P| A P A/P
Wessex Saddleback 11.4 20.0 0.57| 5.6 15.6 0.36| 3.5 11.0 0.32| 2.9 8.5 0.34| 2.4 7.5 0.32
Tamworth 6.6 8.5 0.78| 4.7 6.6 0.70| 3.0 4.7 0.64| 2.5 3.6 0.68| 2.1 3.2 0.66
Large White 36.4 36.8 1.00(40.6 32.7 1.24(40.5 31.7 1.28|42.6 29.1 1.47(35.7 26.9 1.33
British Landrace 32.0 20.3 1.57|25.1 15.9°1.58/22.8 16.4 1.39.|20.2 12.7 1.59 |24.1 12.5 1.93
Laconbe 3.4 2.6 1.30| 4.0 5.1 0.79| 2.6 3.6 0.73| 4.9 6.2 0.79| 4.4 8.1 0.54
Hampshire 5.7 7.2 0.79]| 6.0 11.6 0.52] 6.5 X1.6 0.56| 7.7 13.0 0.59 | 5.2 11.4 0.46
Pietrain 4.5 4.5 1.00(14.0 12.5 1.12|16.0 15.8 1.01| 9.7 13.9 0.70(14.6 17.6 0.83
Welsh 5.2 5.2 1,00 0.6 4.00.14| O 3.5 6
American Yorkshire 9.1 9.1 1.00(11.49 9.3 1.23

Norwegian Landrace
Commercial Hybrid 1
Commercial Hybrid 2




Table 8.10 (cont).

Breed 1970 1971 1972

A P A/R|A P A/P|A P A/P
Wessex Saddleback 2,2 6.3 0.35| 2:1 5.7 0.36]'2.0 5.0 0.40
Tamworth 3.9 2.7 0.70[1'X:7 2.40.72]1:3:7 2.1-0.78
Large White 34.6 27.2 1.27 (29.8 27.0 1.10(37.2 31.9 1.17
British Landrace 22.9 10.4 2.19|22.4 9.5 2.36|20.4 8.3 2.45
Lacombe 1.7 6.8 0.24| 1.7 6.2 0.28| 1.6 5.4 0.29
Hampshire 4.5 9.6 0.47| 4.3 8.7 0.49|.3.8 7.6 0.50
Pietrain 11.4 14.7 0.77| 9.8 13.4 0.73| 9.4 11.8 0.80
Welsh 0 2.9 0 0 2.7 s S 2.3 0
American Yorkshire 9.3 7.8 1.19%|° 7.2 7.1 0.,99/-5.2 6.2 0.84
Norwegian Landrace 8.1 8.1 1.00(20.0 14.1 1.42|15.6 14.4 1.09
Commercial Hybrid 1 3.5 3.5 1.,00| 1.1 3.2 0.35/°3.0 2.8 0.37
Commercial Hybrid 2 23d- 2% 100




unweighted average breed composition of parents, both
immigrent and native, leaving progeny in the line, F was
calculated as the expected average composition of the progeny
of the parents in the previous generation assuming they had
been mated at random and left equal numbers of offspring

from which parents were randomly chosen, For the F values

the parents of a given generation were therefore assumed to
have the same average composition as the grandparents, whereas
for the A values their composition was assumed to have been
determined only by selection. In practice, of course, there
will be an effect of relative fertility which could raise or
lower a breed's contribution purely by chance, For ease of
interpretation over the whole 12 year period the A/P values
have been graphed in Figure 8.,7. On the graph A/F values of
greater than unity represent observed contributions in excess
of those expected under random mating, and infer that the
immigrant has something to offer in terms of improved performe
ance. The converse applies to 4/F values of less than one,
which approach zero as a breed nears total elimination from
the line (A = 0),

Figure 8,7 indicates that the British Landrace consistently
had the highest A/P ratio and appeared to be more successful
than even the Large white, which continually made the greatest
"actual" contribution after 1963. The explanation for the
apparently inordinate success of the Landrace is that,
compared to Large whites, few Landrace immigrants were tried,
Consequently the "possible" contribution of the Landrace was
always smaller than that of the Large whites (Table 6410),
and pigs with a high proportion of Landrace genes were selected

in spite of low amounts of fresh immigration. Table 8,6, for
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Figure 8,7

Success of Breeds Contributing to the A.B.R.0. Sire=

Graph to show the Ratio of "Actual! Observed

Line

Breed Composition of Parents Leaving Progeny to the

"Possible" Composition Expected Under Random Matin
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example, shows that a total of 32 pure Large Whites were

tried as immigrants compared to only 12 British Landrace, After
1967 when the last pure Landrace immigrant was tested, the
graph of "success" (A/P) clearly breaks away. In view of its
increased number of opportunities to contribute to the line,

it could be argued that the Large White breed has enjoyed
comparatively mediocre success.

The graph (Figure 8.7) shows that only one breed, the
Welsh, has been eliminated from the sire~line, and this was
the result of reproductive failure. The Wessex Saddleback
was the least successful of the foundation breeds, since un=
like the Tamworth it was re-tried as an immigrant in later
generations, Three separate breeds, the Lacombe in 1964,
the Pietrain in 1965 and the American Yorkshire in 1968, had
A/P ratios greater than unity in the first generation after
their introduction, but these fell off rapidly to become less
than unity in the next two or three generations. 1t appears
therefore that subsequent immigration attempts were for some
reason proportionately less successful than the first.

It is concluded that the graphical representation in
Figure 8.7 provides evidence that the past selection procedure
for immigrants to the A.B.R.0. sire~line was at least to
some extent successful in discriminating between "useful"™ and
"non-useful" breeds., The ranking of A/F, "success", values
for the various breeds is roughly as expected from theié
recognised characteristics., For example the three most
successful breeds in 1972 were the Bfitish Landrace, Large
White and Norwegian Landrace, while the least successful
breeds were the Lacombe, a Commercial Hybrid and the wessex

Saddleback., However a disturbing feature of these findings
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is that no breed has failed to contribute to the line or been
~eliminated from it purely on the grounds of performance as
one might expect. This could indicate either that all the
breeds truly éontained individuals of sufficient merit for
incorporation or alternatively that a certain proportion
of selection decisions regarding immigrants were incorrect.
Finally it should be emphasised that the A/F values
given here refer not to the relative performance of immigrant
breeds, but to their contribution to the line relative to
the number of opportunities to contribute, If every breed
had had an equal opportunity to contribute, the ranking on
A/P would more nearly reflect the ranking on performance,
Further complicating factors are that some breeds have been
tried as crossbreds, thatjsome breeds have been placed at a
disadvantage because they have been tested in company with
a second superior immigrant breed, that native population
size and therefore immigrant acceptance levels have fluct-
uated, and that some immigrant genes may be "masked" from
selection by exceptionally good native genes, However, the
A/F¥ ratio provides a better measure of the "historical success
of breeds than the current "actual" composition which is

directly influenced by recent immigration,
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8 Discussio usions

Evidence has been presented that selection decisions on
past immigrants to the A.B.R.U. sire~line could have been
biased firstly as a result of treating immigrant and native
populations as one, and secondly by the occurrence of
heterosis., In the case of an immigrant population which is
superior to the sire-line the two sources of bias tend to
cancel one another out, whereas if the immigrant population
is inferior they are added together., For example, if heterosis
amounts to +50 index points and the breeding values of
members of two immigrant populations, one superior and the
other inferior, are each under- and overestimated by =100 and
+100 points respectively, the net bias would be =50 points
for the superior immigrants and +150 points for the inferior
immigrants, With this in mind, it was demonstrated that
the average performance of contending immigrants has seldom
been better than that of contemporary natives, and frequently
very much worse. There was however, some justification for
the view that the selection method had been able to exercise
at least some discrimination among breeds, so that in terms
of success they ranked roughly as expected.

For a given selection objective, immigration would only

be worthwhile in the sire~line if selecction with immigration
resulted in a faster rate of genetic improvement than would
have been possible by selection alone in a closed line of the
same size. At present the only clue to the success of the
immigration policy has been the contemporary performance of
the line at M.L.C. testing stations, described in Chapter 5.
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The suggestion has already been made that an unselected
control line should be maintained in order to monitor genetic
progress, This would not, however, indicate whether
supplementing selection with immigration was of any extra
benefit to the rate of genetic improvement. An alternative
would therefore be to maintain a selected, but "non-
immigrated"™ control line against which the fruits of
immigratién could be judged directly.

lgnoring cost, the value of immigration as a means of
genetlic improvement in a sire-line must depend solely on
the accuracy of selection, "Holding=-back" of the rate of
improvement by immigration would only be expected to occur

in the event of incorrect selection decisions on the incor-

poration of immigranﬁs. If the rate of progress in the line
is so high that it advances beyond the reach of other pop-
ulations, then immigrants would be expected to become less
and less successful until finally the line became closed of
its own accord and no outside stock was capable of making a
further improvement., However, the findings of this chapter
indicate that the selection bias is expected to be most
serious in the situation where the immigrants lag behind
the natives, The methods of alleviating the bias su:gested
earlier are of limited value since they depend on large
numbers of immigrants on test, and on accurate and repeatable
estimates of heterosis., Is there an alternative method of
testing immigrants for admission to the line which would be
free of one or both sources of bias?

Before considering alternative selection methods for

immigrants it is necessary to review the circumstances under
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which immigration is carried out, In the A.B.R.0. sire-line
immigration was adopted in three different cases, listed

below:

(a) importations of small samples of foreign breeds,

(b) individuals of exceptionally high merit from
populations believed inferior,

(e) easily available strains or sub-populations
believed to be superior for one or more traits,

Examples of (a) would be the first importations of the Pietrain
Hampshire, Lacombe and Yorkshire breceds, while examples of
(b) would be high index-pointed Large whites or Landrace
standing at national A.I, centres, Clearly there might be
difficulties in obtaining large numbers of immigrant progeny
in these circumstances, and heterosis estimates in (a) would
probably be ruled out, Examples of (c¢c) would be larger
samples of imported br.eds such as the Norwegian Landrace,
strains or herds of British breeds such as the Large white,
or specialised commercial hybrids., In this case there might
be an opportunity to test larger numbers of immigrants and
possibly to measure heterosis,

The readily available alternative methods of testing
immigrants have been set out diagrammatically in Figure 8,8,
Alternative 1 represents the procedure hithertoo adopted in
the sire-line, but with the added option of repeated back=-
crossing before finally allowing the immigrant to contribute
to the line, Without backcrossing Alternative 1 has been
used in the past for all eventualities (a) to (c) above, and
is prone to both types of bias as already discussed at length,
While heterosis would be halved and the complication of
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Figure 8.8.

Schematic Representation of 3 Alternative Methods of Testing Immigrants (I) for Admission

to the Sire-Line (SL).

Year | Natives | Alternative 1l: "crossbred" |Alternative 2: "purebred" | Alternative 3: "tester" (T)
*

h 9 SL x SL I x SL I x /I X T SL x T
/
/

¥ Use? Use? “use? compare
2 | SL x SL|¢ - I.SL x SLL repeated i e I € - I.7¢ - - ISL.T
backcrossing

Use?

to sire-line

3 SL X SL|¢ - (I.SL)SL x SL

Use?

|

|

| |

4 | SL X SL[¢ - ((I.SL)SL)SL |

*
sire always precedes dam




unknown population means would be reduced in the backcross
progeny, the immigrant genes would become further diluted

and one or more generations of ' selection would be lost, In
addition a strategy of backerossing would increase the number
of immigrant matings in any one generation, The backcross
test might however have an application where the F1 immigrant
performance is unexpectedly good and confirmation is required
before formal entry to the line,. where sufficient numbers

of unrelated immigrant parents are available, as in case (c¢),
there would be an opportunity to make an F, rather than a
backcross after the F1 and possibly to accompany this with
selectiony OUn the other hand, the bias due to differences
between means would not be reduced in the F2.

The heterosis bias could be avoided altogether by adopting
Alternative 2 in Figure 8,8, which involves the mating of
immigrant parents inter se {or purebred comparison with the
sire-line, This would not be possible where the available
immigrants were all of the same sex or closely related to one
another as might be the case for imported stock (a) or
individuals of high merit (b); it would have the disadvantage
of doubling the difference between immigrant and native test
population means, and would therefore only be feasible where
there were sufficient numbers to estimate the difference
with some degree /of accuracy. No time would be lost in the
initial test, but after the decision had been made to use
the immigrarts in the line, selection of the F, crosses would
be biased by heterosis as before,

Alternative 3 provides for the contemporary testing of

natives and immigrants by crossing each to a third "tester"
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(T) breed, This would take the form of a comparative progeny
test of one or more individual immigrants, which would be
relatively free of heterosis, but the bias resulting from
differences in means would remain and require correction. In
addition one generation would be lost before crossing the
original immigrant to the sire-line, and the extra resource
of a third breed could probably rarely be justified. Again,
if the immigrant was successful, the problems of bias would
recur in the F,.

There is therefore no easy alternative to the present method
of performance testing F1 immigrents alongside natives which
would bypass the biasing effects of heterosis and differences
between means. 1t is unfortunate that the effects of bias
are most difficult to handle in the situation where immigration
might be of most value, that of utilising small imports of
foreign breeds or individuals of unusual merit. In this case
the effects of bias could be reduced by backcrossing in
Alternative 1, or heterosis alone could be eliminated by resorte
ing to Alternative 3. For larger samples of immigrants an
ad justment could be made for the estimated difference Letween
immigrant and native sub-populations on Alternative 1. un
the other hand if heterosis estimates are nct available, and
these would normally be expensive to obtain, the fpurebred”
Alternative 2 would provide a heterosis-free comparison,
Alternative 2 might therefore be put into operation for groups
of immigrants in which there are unrelated members of both
sexes, and which a priori are not expected to contribute
to the line but are nevertheless being screened,

In the past immigrant matings have constituted a prop-

ortion greater than one third of the total, so that if an
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inferior immigrant population was tested and failed to
contribute, the net result was an effective reduction of the
selection differential among natives, This leads to the
recommendation that the native population size should be kept
constant at an acceptable minimum allowing useful selection,
after which the immigrant "test population" should be as
large as the available stock and facilities will permit.
The selection or rejection of crossbred immigrant progeny
could be greatly influenced by the degree of assortative
mating of immigrants with the sire-line, Unless there is
good prior evidence that the immigrents are superior, it might
therefore be better to mate immigrant boars to average sire-
line gilts only, making the test slightly more conservative.
The natives could then be mated asscrtatively and the immigrants
assigned to as many remaining females as necessary., Putting
the immigrants at a slight disadvantage in this way will have
little effect, since if an immigrant is substantially better
it will be incorporated anyway, whereas if it is only margin-
ally better and is not admitted little will be lost,

| In a single trait selection programme, the native popul-
ation should theoretically be replaced by any immigrant pope-
ulation which turns out to be superior, For example, in the
early years of the A.B.R.0U. sire-line when selection was for
backfat and body length (Chapter 3), the Tamworth-iessexe
Large White-Landrace synthetic line might well have been
replaced by pure Landrace, but for the intention of increasing
the genetic variability, Where the number of superior
immigrants was limited, for example by a small importation,
total replacement would be ruled out, and immigrant genes

should then be spread as rapidly as possible avoiding
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inbreeding, The situation is less clear when selection is

for more than one trait., In principle an immigrant population
of superior aggregate genotype (i) should replace the sire=
line, 1In practice, however, there are many combinations of
traits which could lead to the same value for ﬁ} since
deficiencies in one trait can be counterbalanced by superiority
in others. Under these circumstances the aggregate genotype.
itself could be misleading due to non-linear economic¢ changes,
such as exist for example as a result of a threshold grading
system. The crossing of populations having equal values of

M made up of différent attributes could also lead to an
improvement in the overall aggregate genotype. For example,
ignoring genetic correlations the values of M for the
following two populations are equivalent at -2166 points,
using the economic weightings given in Table 6,5.

Daily Gain Food Conversion Av,Backfat e
Popul-  (lbs/day) Ratio(lbs feed/ (cms,) 1
! Ab LeW.Ge)

ation G
A 2.00 2.90 2.10 “2166
B 2.00 3.00 2.01 -2166
AxB 2,00 2495 2405 -2160

As a result of crossing the two populations, however, the
mean aggregate genotype is 6 points better, and immigration of
one population into the other would appear worthwhile,
Calculations such as this could be performed for each F1
immigrant x sire-line sub-population to gain some idea of the
effect of introduction on the aggregate genotype, Current
evidence and thinking (Chapter 3) would indicate that

immigration for the sake of obtaining an increase in additive
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genetic variance or recombination among genes affecting
different traits would be unjustified.

The aim of the A.B.R.0. sire-line project has been to
produce a line of pigs with an outstanding capacity for the
production of lean meat. A possible pitfall of an enter-
prise of this type is that attempts might be made to introduce
by immigration stock with attributes which could not be fully
"reéognised" by the aggregate genotype. The aggregate geno-
type in the sire-~line has been defined very narrowly, for
practical reasons, as the economically weighted sum of daily
gain, food conversion and backfat, Taking the Fietrain and
Hampshire as examples, poor food conversion and growth rate
coupled with moderate reductions in backfat (e,g. King, 1960)
probably resulted in fairly low ratings on the present
selection index, Inclusion of carcass traits such as eye
muscle area, , lean in the rumpeback or killing-out percentage
would have enabled these traits to be taken into account
through their genetic correlations with those measured pheno=-
typically., ?he result would’have been to change the index
weighting (bi) on the measured traits, and pogsibly to have
made more use of the considerable advantages of the Pietrain
and Hampshire in lean meat production, Gjedrem (1972)
indicated that the aggregate genotype should include gll
economically important traits even when they are not recorded.
The effect of this on the sire-line would be to place less
emphasis on economy of production and more emphasis oﬁ carcass
quality, In addition less reliance would be placed on average

backfat as a predictor of lean content, between breeds.
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. In the foregoing chapters an analysis has been made of
the first 12 generations of the development of the A.B.R.0,
open synthetic sire-liné. An initial period of strong
phenotypic response to selection for average ultrasonic backe
fat after X-ray predicted body length was followed by a
period of very little response to selection for growth rate,
food conversion and backfat, It was unfortunate that the
apparent tailing off of selection response coincided both
with the introduction of formal pérformance testing and with
the successful immigration of some [reshly imported breeds,
and the results might have been easier to 1nterpfet if single
trait selection for backfat had been continued throughout.
However an examination of the performance testing procedure
and selection index (Chapter 7) showed that genetic progress
could have been expected in a closed population of the same
size, so that suspicion fell heavily on immigration as the
reason for the lack of improvement after 1966, In Chapter 8
it was demonstrated that erroneous decisions on the selection
of immigrants were more likely when the prospective immigrant
population was poorer on average than the native population,
Between 1965 and 1970 it was shown that phe average performe
ance of all immigrants lagged behind that of natives, and this
was taken as an indication that a number of past selection
decisions on immigrants may well have been in error, Lack
of additive genetic variation was ruled out as a possible
reason for the lack of selection reSponsé in btackfat
(Chapter 6).

The "success" of the A.B.R.0. 8ire-line was difficult to
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assess directly. In the absence of estimates of genetic
progress or of data on the performance of the line in its
intended role as a commercial sire-line, the contemporary
performance of the line in comparison with Large whites from
nucleus herds at national testing stations was the best |
indicator of success, This showed the sire-line to be one
half standard deviation better than Large wWhites on the M.L.C.
index of predicted breeding values assuming equivalence of
means, with an estimated extra return of 65p per pig and
all the superiority.being attributable to improved carcass
quality. In terms of the aggregate genotype on which the
sire~line itself was selected, comprising daily gain, food
conversion and average backfat, the sire-line boars and
slaughtered sibs were respectively 0,24 and 0,78 standard
deviations better than contemporary Large wWhites, This |
level of performance was not outstanding considering the
duration of the project and the resources devoted to it, and
a similar level of economic merit might very well be achieved
by sampling the best Large white herds at the present time,
although the superiority would probably stem from a different
set of characters less well suited to a " meaty" sire line,
The A.B.R.0., sire-line approach has combined two relat-
ively new methods of pig improvement: the philosophy of
having separate sire and dam lines, rationalised by Smith
(1964), which defines the selection objective within a
given population, and immigration which is a possible means
of attaining that objective most rapidly. As well as |
providing a potential method of obtaining additive improve=
ments in lean meat production, immigration has caused the

sire-line to become sufficiently genetically distinct to
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exhibit heterosis in crosses with Large Whites. For this
reason the sire-line ought to be especially well suited to
act as the third breed C in the C x (A x B) commercial
situation, improving the carcass quality of the slaughter
progeny and enhancing their preweaning growth and viability,
The "success" of the line should therefore strictly be judged
under commercial conditions, and plans are under way for a
large scale field trial comparing a sire-line boar with a

producer's own boar on 22 farms in south-east Scotland.

t P Indu

Separate sire and dam lines are, in a sense, already
widely in use in the pig industry, since different breeds
or breed combinations often make up the sires and dams of
pigs for slaughter. For example, the dam "line" is frequently
a cross of two or more pure breeds, which in turn is
finally crossed to a sire "line" consisting simply of one of
the dam breeds or involving a third breed altogether,
possibly as a crossbred. The question naturally arises of
whether the open synthetic approach applied to the A.D.i.U*
sire-line is strictly necessary for the development of a
legn meat-type sire line, and of whether a similar approach
would be justified if a specialised sire line was to be
developed at the present time., The A.5.R.U. line was
developed under a rather special set of "historical"
circumstances.

Firstly, the sire-line was started from a crossbred

foundation with the intention of showing whether a useful
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increase in the additive genetic variability available for
selection would result, 1t is at least theoretically possible
that the additive genetic variance would be increased in a
synthetic (Chapter 2), but either there was no change in the
variance, or, more likely, the change could not be detected
(Chapter 6). Secondly, the sire-line project was in progress
at a time when a variety of overseas breeds offering improve-
ments in production characters were being imported into
Britain for the first time, These imports often consisted of
small samples of a breed which, if kept as a "pure®
population, would have become rapidly inbred, and there was
the very real problem oﬂhow best the genes from the new
breeds could be used, In first crosses with Large whites
breeds such as the Pietrain and Hampshire were superior in
lean meat production (e.g. King, 1966), and it was concluded
that one way to make permanent use of these genes would be

to incorporate them into a lean meat-type sire line, All
imported breeds arriving at A.B.R.0. were theréfore tried as
immigrants to the sire-line, The situation where a number

of small samples of new breeds are imported in rapid success-
ion is, however, unlikely to be repeated in the future.

It has been shown that the selection of immigrants into
an open synthetic line may be subject to biases. which are
very difficult to remove in the case of small sub-groups
such as first imports or high-pointed individuals at national
testing stations, It is therefore questionable whether
immigration into an open line is the best way of utilising
any superiority which they may offer, Clearly, high-
ranking individuals from British breeds should be used
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extensively in their own nucleus populations as part of the
normal cycle of selection, If an imported population is too

small to be maintained "pure", there is little option to
some form of immigration or cross~breeding such as the
formation of a "half-bred" with a complementary British
breed, If immigration is adopted, a sufficient number of
immigrants should be tested to allow correction of the bias
as suggested in Chapter 8. If it could be established that
the immigrants were definitely superior, then of course their
introduction could hardly fail to be beneficial., Experience
with the A.B.R.,0. sire-line, however, has indicated that
immigrants are likely to be worse or only slightly better than
the native population, with the result that all selection
decisions are likely to be critical, 1f a situation arose
in which immigrants were consistently better than natives,
either the method of selection within the line or the choice
of foundation stock would become suspect, The suggestion
that all rare or exceptional genes be incorporated into a
"gene pool" (e.g. Watson, 1968) is subject to the same
reservations that apply to the A.B.R.U. sire-line, since
the gene pool would have to be subjected to intense selection
in order to remain competitive,

It is concluded that the open synthetic approach would

be unlikely to offer a worthwhile increase in the rate of
genetic progress in a sire line for lean meat production,
provided the choice of foundation stock was correct. Choice
of the foundation breeds for such a selection programme
would probably be the most important determinant of profit-
ability, since a high level of initial performance and
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selection response would ensure a rapid return on capital
outlay, incurring less interest and allowing early reinvest-
ment of returns (Hill, 1970; 1971a). There is no reason
why a crossbred foundation should not be used, but breeds
should be chosen strictly on the basis of their average
additive perfamance in terms of the aggregate genotype.
Breeds should not be included at the expense of the average
performance simply to give a synthetic base (see for example
Chapter 2). In a commercial situation immigration as
practised in the A.B.R.0. line would be expensive, but the
incorporation of one or two individuals of exceptional merit
over three to five years or the frequent introduction of
individuals of marginal superiority would not greatly
increase the average performance of the whole population,
Nevertheless in the event of a suitable condidate, the option
of immigration is open to all selected populations whether
they be deemed "open", "pure" or "synthetic",

Possible foundation breeds for a sire line aimed at lean
meat production might be the Large White, Hampshire, rietrain
or the various strains of European Landrace. These might be
complemented by dam lines containing Large white, Landrace,
Welsh or British Saddleback genes, the "commercial" dam
herself being an F1 cross in order to give maximum heterosis,
Choice of the correct combination of breeds could in principle
be facilitated by manipulation of the parental types on a
"profit diagram" as proposed by Moav (1966b, and see Chapter 2),
but data on the contemporary performance of many of the
breeds are scarce and economic values would differ among
systems of production, There is a need for a "whole system

of production" approach to the choice of breeds and crossing

M)



systems, taking into account the reproduction and maintenance
costs of all purebred stock contributing to the final cross
and the revenue of the overall production process as if

it was a single integrated operation,

Future the AB.its0, Sire-L

It has been emphasized that the correct way to judge
the A.5.,R.0. sire-line would be in terms of producers'
bacon gradings and feed costs in its commercial context as
the sire of slaughter pigs. The results of the proposed
field trial comparing sire-line boars with producers' own
boars under farm conditions will therefore undoubtedly play
an important part in determining the future of the line., The
second experiment to measure heterosis in crosses of the
sire-line with Norwegian Landrace will play a less important
part but will help to establish the degree of heterosis bias
on immigration decisions and will indicate the extent to which
the sire~line can be regarded as genetically distinct from
other breeds, In view of the evidence indicating rather
little genetic progress in the second half of the life of
the sire-line, it will be worthwhile to consider briefly
the various alternative courses which future development
of the line could take.

The question arises of whether the practice of immigr-
ation in the A.B.R.0. sire-line should cease, and the line
be operated in future on a closed basis. 1t was argued
earlier that immigration would have little application in

a competitive commercial meat sire line, However, in the
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A.B.R.O, experimental line, continued immigration would allow
the methods of correcting bias put forward in this thesis

to be tried out in practice, In addition the immigration

of genes for carcass quality might be desirable if the
aggregate genotype for selection was altered in the direction
of lean meat content as suggested in the previous chapter.
Following earlier recommendations, a reduction in the number
of candidate immigrant populations, usually breeds,on test in
any one generation and a reduction in the proportion of
immigrant matings would allow more accurate selection of
immigrants and more intense selection on natives,

Under what circumstances would ;hera be a case for dis-
continuing the sire-line altogether? This course of action
would probably only be justified if the line performed very
badly in on-farm trials, and if no research-use could be
found for the multinreed hybrid population. For example,
no steps have yet been taken to find out whether hormone
levels or other parameters such as fat composition or the
incidence of leg weakness have been changed by the pooling
together of breeds. If, on the other hand, the field trials
show the line to offer a significant improvement in the
performance of the "final" cross, there would be an oppor-
tunity to expand and market the sire-line on a commercial
basis.

In the preceding chapters two types of control lines
were proposed for the A.,B.R.U. sire-line, The first would
be a sub-line from the existing population in which selection
had been relaxed, and would provide a measure of the genetic

progress resulting from selection and immigration together.
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The second type of control would be a sub-line undergoing
selection at the maximum intensity, which would show whether
selection with immigration could produce a greater rate of
genetic progress than selection alone in a closed line of the
same size, The outcome of this second type of cdntrol, however,
would depend on the relative superiority of the potential
immigrant population, so that any conclusions drawn would
apply to rather specific circumstances, 7The simpler une-
selected control line might prove to be of more general

value in indicating the overall rate of progress in the line.
It could be maintained with as few as 16 boars and 32 randomly
mated gilts, turning over generations annually and ensuring
that each sire contribufea one son and each dam contributes
one daughter so that the variance of family size is close to
zero and the effects of random drift are minimised (Hill,
1972a) . Hill pointed out that a control population formed
by relaxation of a selected population may undergo some
initial regression in the presence of epistatic loci which
are not in linkage equilibrium, and may also be especially
prone to the effects of natural selection., On the other
‘hand, the difference between control and selected populations
should probably include any regression in performance of

the control, since it represents part of the measurable
return to the selection programme.

An alternative and less expensive method of monitoring
genetic progress would be the regular submission of samples
of the sire-~line to the M.L.C. for central testing in
comparison with Large whites. However, fluctuations in the

station contemporary mean might cause the estimated difference
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between sire-line and Large white to be an unreliable
indicator of the rate of response, A further alternative
would be to test sire-line pigs alongside those from existing
British control herds at Newcastle, Bangor or Wye, again
using central testing stations, This might prove unaccepte
able because of the distances involved and the need for ree
drganiaation 80 that sire-line progeny would be produced at
the same time as control herd progeny. In addition, either
alternative would necessitate a repeat mating of sire-line
parents in each generation to produce sufficient progeny for
testing, and this would require almost as much farrowing
accommodation as a control line. A control herd started from
the sire-line in its own environment would have the advantage
of giving a disease-free comparison, and of demonstrating the
magnitude of environmental fluctuations under the conditions
in which selection takes place.

In the past the size of the sire-line breeding population
has tended to be rather low as a consequence of the lack of
inbreeding following continued immigration., However, the
phenotypic correlation between native mates for backfat
thickness was only 0,09 & 0,07 (Chapter 6) indicating that
the intention to carry out positive assortative mating was
not fully realised in practice, This is attributed to small
population size and the need to avoid full- and half-sib
matings, In addition. the highest ranking boars in any
Ageneration have tended to be the sons of two or three sires
only, and their genetic superiority could not be fully
utilised in order to ensure genetic diversity in future

generations, Both these factors may have resulted in a
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"hidden" reduction in selection differential, which an
increase in population size might help to remove. Fredeen
and Martin (1967) found that increasing the size of a
breeding unit beyond 4 boars and 20 sows resulted in little
improvement in selection intensity (1) compared with increasing
the number of sows per boar., A widening of the boar: sow
ratio in the A.B.R,0., sire-line would be inadvisable since
inbreeding would certainly result, which immigration could not
be relied on to relieve., It should be remembered that, in
& "synthetic", replacement stock could not be brought in
from outside in the event of a build up of inbreeding as
would be possible for a "pure" breed. In an open "synthetic"
the need to avoid inbreeding may have the advantage of
causing a rapid spread of immigrant genes through the line,
The possibility of changing the object of selection or
the aggregate genotype has already been discussed (Chapter 8).
The way in which the selection cbjective is achieved could
also be changed by an alteration in the number or identities
of the traits which are measured phenotypically. For example,
the option exists of returning to a simplified improvement
scheme in which growth rate and food conversion ratio are
not recorded, ileasons for this could be inaccuracies in the
recording of feed consumption, rendering it worthless, or a
desire to concentrate on carcass characteristics and rely
on positive genetic correlations (e.g. Smith and Ross,
1965) to ensure at least that no genetic decline occurs in
food conversion. Wwhen sufficient data have accumulated
from the sire~line, the heritability of food conversion will
provide a convenient guide to its usefulness in the selection

programme, If more emphasis was to be placed on carcass
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traits such as killing out percentage , sib testing for
carcass assessment could be introduced, but would reduce
the number of pigs available for selection,

As well as altering the traits which are actually measured,
the method of feeding on which pigs are selected could
easily be changed. Alternatives to the present ad. libitum
method would be twice daily feeding to appetite, often
referred to as "semi-ad libitum", or feeding to a time or
live-weight scale (e.g. M.L.C. Scientific Study Group,
1970)« Ad libitum feeding was chosen originally in order
to give adequate variability in ultrasonic backfat measure=-
ments., However, "semi-ad libitum" feeding has proved
satisfactory for performance testing at M.L.C. central
testing stations, At present it is an open question as to
which of the two diets would provide the greatest rate of
genetic progress, and the effect of the appetite component
on ad libitum feeding is poorly understood., Intuitively, it
would scem that any measure of efficiency should be at a
fixed level of input, which in this case is food., For
experimental purposes, a change of diet mey be disadvanta=-
geous in rendering subsequent analyses of data based on the

whole life of the line more difficult to interpret.

Concluding Remarks,

In conclusion, the A.B.i.U, sire-line venture has
provided valuable experience of the practical problems of
immigration in an open synthetic line of pigs. It has
shown that while the multi-breed synthetic approach itself

has no disadvantages in terms of reproductive performance,
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there are equally no recognisable advantages in terms of
increased genetic variation, In pig production a policy
of continual immigration as a means of genetic improvement
would not generally be recommended, unless the superiority
of the immigrant population was well established and there
was a good reason why it should not totally replace the
native population, In the future it is recommended that
immigration be reduced in the A.B.R.0. sire-line, and it is
suggested that genetic progress could be monitored through

an unselected control line,
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Table Al.

Average Ultrasonic Backfat Thickness Corrected to

180 1lbs. Live Weight (cms.)

"BOARS GILTS BOARS-GILTS
YEAR| No. Mean S.E.#s.nf No. Mean S.E. |S.D.|Difference s.Ef*
1960| 33 |2.61(0.07 0.40| 62 2.92 0.05|0.36|-0.31"*" |o0.08
1961| 39 [2.27(0.04 0.26| 73 |2.61 0.04|0.31|-0.3¢""" |0.06
1962 33 |1.95/0.04 0.24| 87 2.27 0.03|0.23|-0.32""" | 0.05
1963| 38 [1.85(0.05 (0.32| 63 2.050.03/0.27|-0.20"* | 0.06
1964 | 41 |1.72/0.06 0.35| 75 |1.97 |0.04|0.31[-0.25""" |0.06
1965| 35 |1.52(0.04 0.26 | 65 |1.84 0.04|0.29|-0.32""" [0.06
1966 | 31 |1.78/0.04 (0.24| 47 |1.85|0.05 0.31|-0.07 0.07
1967| 58 |1.59(0.03 0.23| 88 |1.90[0.03|0.26|-0.31""" |0.04
1968 | 77 |1.74|0.03 [0.24 (173 [1.93[0.02 |0.26|-0.10""" |0.04
1969 | 76 |1.76 [0.03 [0.24 (109 |1.96 [0.03 |0.28|-0.20"*" |0.04
1970| 73 [1.670.03 (0.28 (134 |1.89 |0.030.32|-0.22""* |0.04
1971 (120 |1.99 [0.03 0.30 (141 |2.24 0.02 [0.29-0.25"** |0.04

* LT3 L2 2 ]
P<£0.05; P<L0.01; - P< 0,001
‘atandnrd error of mean
t standard deviation

Yt standard error of difference



Table A2.

paily Gain on Test. (lbs/day).

BOARS GILTS BOARS~GILTS

YEAR| No. Mean S.E. |8.D.| No.| Mean S.E. |S.D. |Difference S.E.

1966 31 10‘1 0-02 0.12 - o b i - .
1967| 58 |1.69/0.03/0.24| 88 | 1.46 0.02 0.22| 0.23""" |0.04
1968| 75 | 1.66 0.02|0.20(172 |1.59|0.02/0.20| 0.07"" |o0.03

1969| 76 | 1.68(0.02/0.18 (109 |1.44|0.02(0.17| 0.24""" |0.03

1970| 73 | 1.68|0.02(0.19/134 1.68(0.02(0.23| 0.00 0.03
1971|120 | 1.86 (0.03|0.29|141 [1.890.03(0.32(~0.03 0.04
Table A3.

Food Conversion Ratio (lbs Food/lb Liveweight Gain).

BOARS GILTS BOARS-GILTS

Year | No. Mean S.E. |S.D. | No. Mean |S.E, |8.D. |Difference|S.E.

1968| 75 |3.150.04/0.37 (172 |3.400.03/0.38|-0.25""" |o0.08

1969 | 76 |3.24|0.04(0.34 (109 [3.78 |0.04|0.39|-0.54""" |o0.06
1970| 73 |3.50|0.04|0.33 (134 [3.51 [0.03|0.34|-0.01 0.05

1971 (120 |3.05 |0.03 |0.34 |141 [3.11 |0.02 (0.24(~0.06 0.04

% wh hhh
P<0.05; P<L0.01; P<0.001.
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Table Ad.

Live Weights at Start and Finish of Performance Test (lbs).

START
BOARS GILTS

YEAR| No.| Mean|S.E.|S.D.| No.|l Mean|{S.E.| S.D.
1966| 31 | 70 7 - - - -
1967| 58 | 69 i & 8 886 | 64 1 8
1968| 75 | 70 i 2l 172 | 65 1 8
1969| 76 | 63 1 5 109 | 64 3 8
1970 73 | 66 1 5 134 | 69 1 10
19711120 | 72 1 15 141 | 67 ¥ 12

FINISH
BOARS GILTS

YEAR| No.| Mean|S.E.|S.D.| No.|Mean|S.E.|l S.D.
1966 | 31 | 201 2 11 - - ~ -
1967 | 58 | 201 2 13 88 |187 : 7
1968 751207 2 19 172 | 196 3 13
1969 | 76 | 205 2 16 109 | 190 1 12
1970 | 73 | 195 2 15 134 | 195 ; 13
1971 (120 | 198 i | 16 141 | 194 1 15
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Table AS.

Teat No. at 50 Days.
BOARS GILTS BOARS~GILTS

YEAR| No.|Mean |S.E.| S.D.| No.|Mean|S.E.| S.D.| Differencel S.E.
1960133 (14.310.1 | 1.1 |133 [14.1X/0.1 | 0.9 D2 0.12
1961 /142 |14.1(0.1 [1.0 |130 {14.1/0.1 |1.0 0.0 0.12
1962133 (14.2/0.1 1.0 118 |[14.3/10.7 ‘1.1 I'=0.1 0.13
1963| 76 [(14.0(0.1 |1.0 86 [14.0/0.1 | 1.1 0.0 0.17
1964139 |13.710:) |22 1146 X3. 7011 .X 0.0 0.14
1965| 94 [13.3|0.1 | 1.4 98 (13.6(0.1 | 1.4 |-0.3 0.20
1966 (X119 32.810:) | 1.1 0112 |'12.810,.):01.) 0.0 0.14
1967 (309 (13,4 0.1 | 1.0 |3113 |13.5(0.2 1 1.2 |=0.1 0.15
1968 (211 (130 (0.1 1:1:-3 1:222 133 D,y 3. 2 —0.3* 0 s
1969 (176 |13.1|0.1 |1.3 |184 |13.5|0.1 | 1.2 |-0.2"" 0.13
1970|234 |12.6 (0.1 |1.3 |203 |(12.8(0.1 | 1.3 |=-0.2 013
1971 12588 13,2 0.1 | 1.4 |'224 | 13.316.) | 1.2 |=0.) Q.12
* "% kR

P< 0.05; P< 0.01; P< 0.001.
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Birth Weight (1lbs).

Table A6.

BOARS GILTS BOARS-GILTS
YEAR| No.|Mean S5.E.|(S.D.| No.|Mean|S.E.|S.D. |Difference S.E.
1960|133 |3.16|0.06/0.71|133 |3.02|0.06|0.64| 0.14 0.08
1961 (142 [3.42(0.05/0.57|130 |3.36/0.05|0.58| 0.06 0.07
1962 (133 |3.15|0.04/0.50(118 [3.06|0.05|0.51| 0.09 0.06
1963| 76 |3.26(0.07|0.63| 86 |3.07|0.06/0.55| 0.19" 0.09
1964 (141 |3.08(0.05/0.60|146 |3.11(0.05|0.65|-0.03 0.07
1965 95 |3.17]0.06|0.62| 98 |3.12|0.05|0.51| 0.05 0.08
1966 (119 |3.15(0.04|0.48|112 [2.97|0.05|0.51| 0.18"" |o0.07
1967 (109 |3.40(0.05|0.54|114 [3.31|0.05|0.56| 0.09 0.07
1968 211 |3.21|0.05|0.69|222 |3.15(0.04|0.63| 0.06 0.06
1969|177 |2.98(0.05|0.61|184 |2.85|0.04|0.58| 0.13" 0.06
1970|234 |3.07/0.05|0.72|203 |3.09|0.05|0.67|-0.02 0.07
1971|255 |3.29(0.05|0.74|227 |3.21|0.05|0.70| 0.08 0.07
*P<0.05; ' P<0.01; 'P<0.001.




Table A7.

Weaning Weight (1bs).

BOARS GILTS BOARS~GILTS
YEAR| No. Mean | 8.E,.|8.D.| No. Mean |S.E, |S.D. |[Difference| S5.E.
1960|106 [28.79|0.82 (8.46|104 [27.13|0.67|6.79| 1.67 1.07
1961|115 29.60|0.59(6.33(114 29.390.62|6.60| 0.21 0.85
1962120 |30.38|0.60(6.58|111 [29.08|0.56 |5.88| 1.30 0.82
1963| 68 [30.19 |0.61|4.99| 81 28.18|0.60(5.38| 2.01" 0.86
1964|112 31.14|0.58|6.11(121 |30.38 (0.64|7.00| 0.76 0.86
1965| 83 27.51|0.71|6.50( 86 (27.24|0.57(5.26| 0.27 0.91
1966 | 97 29.16 ([0.56|5.48| 88 28.45|0.59(5.56| 0.71 0.81
1967 | 93 |31.11|0.75(7.24| 98 |31.04 (0.69|6.80| 0.07 1.02
1968 (170 (31.46 0.46|5.98|196 [30.94 |0.47|6.57| 0.52 0.66
1969 |152 30.29 |0.53|6.56 (153 29.93 |0.49|6.01| 0.36 0.72
1570|170 29.44 |0.56 |7.28 (171 29.30 (0.56(7.30| 0.14 0.79
1971 |189 (30.41 |0.43|5.96 |165 29.87 [0.49 [6.33| 0.54 0.65
*p<o0.05; ""p<o.01; *“*p<o0.001.




Table AS8.

150-Day Weight of Pigs Reared for Breeding.(lbs).

BOARS GILTS BOARS-GILTS
YEAR| No ] Mean|S.E.|S.D. | No. Mean |S.E. S.D. |Difference S.E.
1960| 33 (153.1{3.7 |21.3| 62 [150.7 (2.4 | 18.7] 2.4 4.2
1961 | 39 |154.2|2.8 [17.6| 73 142.5(2.0 |26.7[12.7""" | 3.4
1962| 33(162.4|3.6 |20.7| 87 [154.3(1.7 |15.6] 8.1 | 3.5
1963| 38(134.1|2.4 [14.7| 63 [132.7|2.4 |19.0] 1.4 3.6
1964| 41 |150.0/3.4 |21.7| 75 [142.2]1.8 |15.7]| 7.8" 3.5
1965| 35147.7|2.7 |16.1| 65 [138.6(1.9 [15.3] 9.2*" 3.3
1966| 31|162.5(3.4 |18.7| 46 [141.6(2.8 |19.0(20.9""" | 4.4
1967| 58 |171.8|2.9 [21.9]| 88|165.2|2.1 |19.8| 6.6 3.5
1968| 77|172.0(2.1 |18.4(168 [169.7|1.4 |18.1] 2.3 2.5
1969 | 74 |174.4|2.6 |22.3|107 |161.8(1.9 |19.8[12.6 " | 3.2
1970| 67(173.4(2.8 |23.1|130 [167.6(1.8 | 20.4] 5.8 3.2
1971|117 [174.7(2.4 [26.5|136 [173.7|2.4 | 28.4] 1.0 3.5

%* *k * %k
P< 0.05; P<0.01; P< 0.001.




Table A9.

Growth Rate from 50 to 150 Days - Pigs Reared for Breeding (1bs/day) .

BOARS GILTS BOARS~-GILTS

YEAR| No.| Mean|S.E. [S.D. | No.| Mean |S.E. |S.D. Differenc4 S.B,

1960| 33 | 1.25/0.03|0.17| 62 | 1.23|0.02(0.16| 0.02 0.04

1961| 39 | 1.24/0.02/0.15| 73 |1.11/0.02|0.13| 0.13*** | o0.03

1962| 33 |1.31/0.03|0.16| 87 | 1.24/0.010.13| 0.07** | o0.03

1963| 38 |1.04/0.02|0.12| 63 |1.04]0.02]0.17! 0.00 0.03
1964 | 41 |1.18|0.03/0.20| 75 |1.12/0.02|0.14| 0.06" 0.03
1965| 35 |1.17|0.03/0.15| 65 |1.10l0.02 |0.14| 0.07" 0.03

1966 | 31 |1.31]/0.03|0.16| 46 [1.13]0.03/0.17| 0.18"** |o0.04

1967| 58 |1.40[0.03|0.19 | 88 |1.33]0.02|0.16| 0.07" 0.03
1968 | 77 [1.39|0.02|0.16 |168 |1.38|0.01]0.16| 0.01 0.02
1969 | 74 |1.43|0.02(0.19 107 |1.32]0.02 |0.17| 0.11"** |o0.03
1970| 67 |1.42|0.03{0.21 [130 |1.37|0.01]0.17| 0.05 0.03
1971|116 |1.45|0.02(0.23 (136 |1.44 |0.02]0.25| 0.01 0.03

* k% *kk
P< 0.05; P<0.01; P <0.001.
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Table AlO.

Farrowing Performance of Sire-Line Gilts.

(1)

No. Born Alive Av. Piglet Wt. Total Live Wt.

at Birth (1lbs) of Litter (lbs)(l)

YEAR| No. Mean| S.E.| S.D.| No.| Mean|S.E. |S.D. | NoJ] Mean |S.E. |S.D.

1960| 21 | 8.1 | 0.8 | 3.5 20 | 3.46|0.09 [0.40| 21| 27.2|2.5 |1l1.2
1961 | 23 (10.2 | 0.6 | 2.7 23 | 3.09 |0.06 |0.28 23| 31.5]|1.7 7.9
1962 | 17 | 9.5 | 0.6 | 234 17 | 3.24|0.10(0.41| 17| 30.4|1.8 7.4
1963 | 24 | 8.2 | 0.5 | 2.5 24 | 3.11|0.09 (0.45 | 24| 24.9 (1.5 7.4
1964 | 18 | 8.6 [ 0.5 | 2.3 18 | 3.22(0.09 |0.39 | 18| 27.7(1.8 7.6
1965| 19 | 8.3 | 0.7 | 3.0 19 | 3.14(0.07|0.30| 19| 25.7|2.1 9.0
1966 | 28 | 7.4 | 0.7 | 3.6 28 | 3.47(0.09 |0.45| 28| 24.9|2.2 |1l1l.5
1967 | 40| 9.4 | 0.4 | 2.3 40 | 3.30|0.08(0.50| 40| 30.3 1.2 7.8
1968 | 41 | 9.3 | 0.4 [ 2.9 41 | 2.87|0.09|0.56 | 41| 27.2 (1.4 9.2
1969 | 38 | 9.4 (0.4 | 2.4 38 (3.11(0.08|0.52 | 38| 28.9|1.2 7.5
1970 | 49 10.6 |0.4 | 2.8 | 49 | 3.35(0.08(0.54 | 49| 34.5]|1.1 Ts9
1971 | 23 | 6.9:}0.7 /3.2 23 | 3.58(0.13|0.62 | 23| 24.4|2.3 |11.3

Table All.

Litter Performance of Sire-Line Gilts at 50 Days.

No. Alive at Av. Piglet Wtsz) Total Live Wt.
50 Days (1) ,(2) at 50 Days (1lbs) of Litter (1lbs) (1),(

YEAR | No.| Mean| S.E.| S.D. | NO.|Mean |S.E. |S.D. | NoJ Mean |S.E. |S.D.

1960 | 21 | 743 |0.7.1 3.3 19 (28.4(1.1 (4.8 21(202.6 (19.4(88.9
1961 | 23 9.5 (0.5 [2:3 23 [29.3]|0.8 3.9 23|272.8(12.5|59.8
1962 | 17 | 8.9 (0.6 | 2.5 17 |30.0(1.0 |4.1 17 (259.4 (14.5(59.9
1963 [ 24 | 7.0 |0.6 (3.0 | 22 |31.1/1.1 (5.2 241213.3|17.6|86.0
1964 | 18 (8.1 |0.5 |2.1 18 [27.5(1.1 |4.6 18 (218.0|14.3|60.7
1965} 19 | 7.1 /0.8 |3.5 18 (29.2 (0.9 |3.9 19 (201.0 (20.8(90.7
1966 | 28 | 6.7 |0.6 (3.0 |28 (32,7[1.1 [8.7 28 (207.3 |14.3|75.7
1967 | 40 | 8.3 |0.4 |2.3 40 |31.9|0.8 |4.8 40|257.4 (10.8(68.1
1968 | 41 | 8.1 |0.5 |2.9 38 |30.3|0.7 |4.5 41 (241.3 (13.1|84.0
1969 | 38 | 7.8 (0.5 (2.9 36 |29.1(1.0 |6.2 38 |225.1 (14.1(87.1
1970 | 49 (8.2 |0.4 |2.5 48 (30.6|0.7 |4.8 49 (246.0 |10.0(69.7
1971 |23 |6.1 (0.8 |3.8 |19 |31.1[1.7 |7.3 23|178.6 |21.2|101.7

(1) Inclodes ol weovds on gqllts peachs owing hovse.
(2) Tncludss Fostened Pias. 9 "9 jin 9
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Table Al2.

The Incidence of Congenital Abnormalities Affecting Viability in the A.B.R.0O. Sire-Line.

(a) MALES

CONDITION 1960 1961 1962 1963 1964 1965 19266 1967 1968 19692 1970 1971 [TOTAL |% INCIDENCE
Umbilical hernia 0 0 0 0 0 0 0 0 0 10 10 0.53
Scrotal hernia 3 3 0 3 1 2 4 1 0 4 4 0 25 1.33
Atresia ani 0 0 1 O 2 9] p ¥ 0 3 9] O (6] 7 0.37
g;?:;lé;:fIUding e T N e e ST G e R e o e 0.64
Two or more defects 0] 0 0 ) 0 0 0 (6] 0 o) 0 1 2 4 0.05
Intersexes 0 0 4 0 0 0 0 0 0 0 0 0 4 0.21
iiggtéﬁgﬁigfhid' CTATED U TSI S e Ry ey Wte b RE (s o B 0.75
No defects 125 138" 136 73 129 90 ~106 110 211 191 258 255 1803 s
Total Pigs Observed 130 142 144 74 134 94 110 114 218 201 262 267 |1876 3.88
(b) FEMALES

CONDITION 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 [TOTAL |% INCIDENCE
Umbilical hernia 1 0 o} 0 0 0 0 1 2 0 0 11 15 0.83
Atresia ani 0 0 () ) () (o) 0 0 0O (&) (o) (8 0 o)
g;?i;léégfluding R e D e G B e A T S R 0.67
Two or more defects 0 0 0 0 0 (6) 0 0 0 0 0 0 0 0
No defects 123 126 117 80 134 92 ‘309 °.°110 220203 237 227 17711 b
Total Pigs Observed| 125 126 117 80 139 94 109 113 222 204 238 238 (1798 1.50




RC EASUREMENTS TAKE

LOCAL SLAUGHTERHOUS

(unadjusted for carcass or live weights)



Table Bl.

Maximum Backfat Thickness at the Shoulder (mm.).

HOGS GILTS

YEAR |No. Mean ([S.E. | S.D. | No. Mean |(S.E. | S.D.

1962" |66 | 36.3 0.6 | 4.7 | -- RV T TN
1964 6 | 34.3 |1.2 | 2.9 |20 | 28.9 {1.2 |5.3

1967" |-- P oS RSO g ™ T TR TR O T |

1968 |-- S A RS VRO E e A T BT e e

1969 ST o L e 46 42.7 008 5.4

1971 |-- el e A N5 v LSRR ESE T (R R
Table B2.

Mid-Back Fat (mm.).

HOGS GILTS

YEAR |No. Mean |S.E. | S.D. | No. Mean | S.E. | 8.D.

1962 |66 | 20.6 (0.4 |2.9 | -- N ET T
»*
1964 | 6 | 19.5 |1.0 |2.4 |20 | 15.6 1.0 | 4.2

1967 |-- s e il eSO & TRl el G o e

1968 |-- - - - 94 21.5 [ 0.5 5.0

1969 el os: e J — 46 19.9 006 4.0

1971 = 50" i ll gt o 40 22.7 0-6 3'8
Table B3.

Minimum Backfat Thickness at the Loin (mm.).

HOGS GILTS

YEAR [No. Mean |S.E. |S.D. | No. Mean | S.E. | S.D.

1962" |66 | 17.8 |o.5 |4.2 | -- Tl B G TR LR
*
1964*| 6 | 20.3 |1.9 |4.6 |20 | 15.0|1.1 | 5.0

1967 |- i B £ R Y
1968 |-- B il e o 5 e VR g
1969 |-- e ] el gl agg L 0 iy
1971 |-- e |Eapa e G SR o [ S S g 24

*
Measured after skinning.




Table B4.

Eye Muscle Area (sqg. cms.).

HOGS GILTS
YEAR No. | Mean |S.E. |S.D. No. Mean |(S.E. S.D.
1964 | 6 |20.0 |0.90 |2.21 | 20 | 27.27]0.90 | 4.02
| g MO SR S SO SR L P T e
1968 | - | == | =- | --= | 94 | 33.94|0.36 | 3.51
1969 | == | == | —= | —- | 46 | 34.85|0.84 | 5.72
970 | == | == |l acl | 4o | 35.04/0.69 | 4 .28

Table B5.

Fat Depth 'C' (mm.).

HOGS GILTS
YEAR No. | Mean | S.E. | S.D. No. | Mean |S.E. | S.D.
1964 | 6 | 9.9 |0.8 |3.5 | 20 | 17.7 |1.9 | 4.8
ot TR S SV R [ )
1968 | -- | —= | == | = | 94 | 16.4 (0.4 | 4.0
1969 | == | -= [ == | == | 46 | 15.3 |o0.6 | 4.3
1970 | == | == | == | wa | 41 | 28.4 l0.7 | 4.2
Table B6.

Fat Depth 'K' (mm.).

HOGS GILTS

YEAR No. | Mean | S.E. | S.D. No. | Mean (S.E. | S8.D.

1964 6 22.0 2.3 5.7 20 15.8 |1.1 | 8.0

T b e ] o ) Y R BRI PR
1968 [ | en Das Ul g agcaileis e
1969 == | == | == | = | 46 |17.7 lo.7 | 4.7
L R T B e T T

a
Measured after skinning and curing.
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Last Live Weight (lbs).

Table B7.

HOGS GILTS
YEAR No.| Mean |S.E. (S.D. No.| Mean | S.E.| S.D.
1962 66 | 194.5 0.6 4,7 - - - -
1964 6 192,85 ‘1.4 3.3 20 (196.3 | 1.3 5.8
1967 -— - - - 38 1185.5 | 1.1 6.6
1971 - - - - 41 (202.0 (1.9 |12.5
Table B8.
Streak Thickness (mm.) .
HOGS GILTS
YEAR No.| Mean |S.E. |S.D. No.| Mean |S.E.| S.D.
*
1962 66 16.6 | 0.4 3.5 - o - -
1964%| 6| 15.2 /1.8 4.4 | 20| 12.4 |1.0 | 4.5
1967 | = | Ee et o g E g R 0 P ik
1968 - - - - 93 21.3 | 0.4 3.9
1969 - — - - 46 29.7 | 0.8 41
Table BY9.
Fat Score (points 1 - 3).
HOGS GILTS
YEAR No.| Mean |S.E. |S.D. No.| Mean |S.E.| S.D.
—
1962 66 2.6 0.1 0.6 - o - -
1964"| 6| 2.5 lo.2 (0.5 | 20| 2.0|0.2 | 0.8
&
1968 e - - - 93 2.3 (0.2 0.7
1969 it _—ue —— e 46 1.9 O.l 0.7

*
Measured after skinning.
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Between 1966 and 1971 boars and gilts in the A.B.i.U.
sire-line were selected on an index using individual and
fullesidb family information from both sexes. in 1972 the
index was modified to include helf-sib family records, 7he
following is a description of the method used in construction
of the index, together with values adopted for the reqﬁir.d

pm“m.

Senersl Form of index

A eseparate index was calculated for each individual
according to the amount of family information available
- (esge Henderson, 1963}, The index took the usual t‘om:‘

=2 by
where y; is the e m:‘sumont on an individual or its
relatives, and by the appropriate weighting factor; the
object of the index being to prediect the individual's
aggregate genotype or "net merit" (M)3

Z a; X,

where X, is the j‘“ trait to be improved and a; is ite
economic partial regression coefficient,

Hore explicitly, until 1972 the index for a male,

for example, was:

1= 5 Cbu(Ky = fude +be(R <A, +b(% )]

3 ]
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for T = "0000033 traits; daily Sﬁm. food conversion
ratio and average ultrasonic backfat, where:

weighting factor for the ath

" information on trait T,

..individual measurement taken on the kth
mgi: from the mating of the j dam with the
S ’

xF“k,nn-"individual measurement taken: on the ke female
" from the mating of the j dam with the i sire,

plece of

1th

? ST mean of k male full sibs from the mating of
J dam j with sire i ,

Ay s g observed population mean for all males tested
in this generation,

and subscript T defines the relevant trait, Iin 1972
the index was extended to :

"Z [bT(X / M)+ z()_(M;d‘:-/a M)T-I_b‘rg( X;;j," /Q r)r+}’n()—c,l._'/cm)f-brf()zi:/A?)J
where XMz" s for example, is the mean of all mal; halfe

sibs from the i*® sire family,

The aggregate genotype (i) was defined throughout as
s 4
M 'Z‘QTZTJ

T=/(

in order to provide simultaneous improvement in the 3
measured traits: daily gain, food conversicon ratio
and backfat.,

Computation,

Indices and their variances were computed using the
standard matrix procedure (e.g. Cunningham, 1972) in which:

W plebutiiaal Ge Tatpy o il
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b is the vector of index weights to be estimated

¥ is the square symmetric phentoypic variance=
covariance matrix,

G is the genetic variance-covariance matrix,

a is the vector of economic partial regression
coefficients,

5+ 1is the estimated variance of le

it will be necessary to extend the existing notation
80 that two different traits are defiﬁed by £ and ¥ and:

Ay is the true breeding value of an individual for trait X,

Ay is the true breeding value of an individual for trait Y,

Yu.., for example, is an individual measurement for trait

- Y% Y taken on the k™ male from the mating of the j** dam
with the i* sire,

xmﬁ is the number of male progeny derived from the
mating of the j™ dam with the i* sire,

Km;, is the number of male progeny derived from all
matings involving the i* sire,

e is the additive genetic variance for trait i,

., is the "maternal" variance for trait X,
oA is the "environmental" variance for trait i,

op  is the total or phenotypic variance for trait X,
h, is the heritability of trait X,

e, is the progortion of maternal variance 023/6?)
for trait



Corresponding covariances and correlations are
denoted by cov and,]’reSpectively and it is understood
that all parameter values are estimates, oclements of
the two matrices were calculated from the quantities

shown below, - There were no missing observations,

(1) FPhenotypic Matrix (¥).

\/(XM;J-/() :O_P: :

2
2

Oy
_ 7 P C MBI T SR e
C&W(mek,XMm.)s V(XMQ» —'%x(i-*szu).#qw‘+lfmq

= [! *('hzx’ # 62 )(Ho; ~ /)J/Kw

Ccanpuling form)

c 3

CO’I"(XM"J‘/() YF;‘/‘.) 5 CU‘"(XM;J. 3 XFi\j-) ,= LZ a;’x

, - il
S m:ﬂ g Km;
/KM,J

e
=
s
>
-
’\
N~
=
L
}
h\
+
3
=
~<
e
<’\
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7. 7 A
CMF(X”NI(/ Fmij o Cmf( Mijar YF'J > e
Covr (XM,-J-[( ,XM ) C"U‘[X—Mq >—— V(X )
< . Z’KM + %KM'J M O/Et
4x(4‘ 4 Ky 7,,4 > & K, % s
> e 534
M 2 1
= x[/-f’hx(KM;__/_,[ v 7+Cx( —[)J
iy L i




ZK:, Z ZK:”
L Al G
COV(XM § Ax A\ 4 4./’(;4. 'Z-KM{ 2 aZKM Z
a

Oh:::c%:A: for computing. Corresponding coe
variances of measured variates with breeding values of
- different traits were obtained by substituting cog%yfor a;:

in the above, For example:

Gl A= <o, (5 zKM;J-) 'M’*”[’*_T_J / o
Sl A
where g %oy Tpy h, l')' )/ﬂxy for computing.
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Both common environmental and genetic "maternal"
covariances between the two sexes were assumed to be
relatively small, and were therefore ignored. Genetic
covariances of half-sib family means with other variates
of the same sex were correct for equal numbers of progeny
per dam, but were only approximately correct in the un-

balanced case,

Parameter Values.

The values of the genetic and phenotypic parameters
used in calculating all indices are shown in Table 6.5
“llaternal" variances and covariances were fixed at 10z

of the total variation for each character:

Cee
o z—o/o"‘
My o8 P )
AV = 0| eV
Mey i Pxy
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