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ABSTRACT

The effects of nongenetic factors on Record of Performance (ROP)
test results were examined i{n a data set comprising the records of
9679 ROP station tested boars. The records spanned a period from. late

v

1975 to.early 1979.

, -

The deve'lopment of pig testing in~Canad; and a descripti of the
present da; ROP proyram were provided to outline the principles and
practices which constitute the ROP program. This was followed by a
numerical description of the data set on hand. |

An examinagion of potential sources of variation Iin the data
Indfcated that contemporary groups (fill periodsnuitﬁ}h a gtation and
breed) and group sizés (singles, pairs and fours) dlffered
significartly for certain performance traits. This made it necessary

to.accommgdate this variation in subsequent anaiysis by re;cricting
individualkstudies to particular subsgets of ;he overall data set.

Heritabilities and éenetic and phenotypic correlations derived from
these data were in general accordance with literature estimates.

An éxamination of the effects of thé'pretest,environment as
indicated by weight, weight per day of age ;nd'variation in these
tralits among pen mates at the time of delivery to the test stations
revealed éhat there weré significaht trends in average daily gain,
fee§ conversion and performance index aésociated with weightvag
delivery. All three performance traits exhibited improvemgnt as
delivery weight {ncreased. An increase in weight per day of age at

delivery was associated with a decrease in the rate of growth between

delivery and test commencement suggestive of compensatory gain.



An examination of the ROP backfat adjustment procedure was

accomplished using “real”™ ROP data (i.~. as collected Iin the test

i

- stations and which provided a single backfat measurement) and a

supplementary data set which provided sequential backfat measurements

on individual boars. Both studies indicated that the present backfat
) : Bt

. adju tment procedure.blased adjusted backfat values {n favour of those

b§ars which completed test heavier théd'9Q kg. The amount 6f bias
inflicted by the adgustment procedure was debéndent on.the deviation
in weight from 90 kg but could be as‘much as 21 indeéx points over the
range of acceptable terminal weights of 75'to 105 kg.

Thé ROP brocedure for adjusting age'td,a standard 90 kg terminal
weight was shown to be a relatively effecfive adjustment procedpre.

An examination of alternate twé trait selection\indexes (comprising °
average daily gain. and backfat) indicated that the additional genetic
and economic‘pro%fess possible from the inclusion of genetic and
economic parameters in the index was.negligible. Thé genetic selection
index was shown to be highly robus; over a wide range of economic
weights, heritability estimates and genetic énd phenotypic
cdrrelafions.‘

The inclusion 5f halothane testing in the ROP pfbg;am'as'a means of
controlling stress problems was examined from a theoretical and
practical standpoint. It was concluded that hanthaﬁe Cestng 1éck8
justification in the Caqfﬁ%iy'swinevtesting program. However, further
examination of halothane sengitivity was suggested in terﬁs'of the
possible exploitation of some of the beneficial characteristics
associated with this condition.

The overall conclusion of this study was that there were nongenetic

vi



factors affecting the Interpretation of ROP rest results. Suggescléﬁs

for accommodating some of these problems"were presented.
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I. INTRODUCTION

The attainment of genetic improvement i1n livestock {s contingent
upon en,accgrate meane for identifying animals of superior genetic
merit to serve as progenitors of the next generation. Such
identification is complicated by the fact that an indication of
genotypic merit must be obtained indirectly from theimeesurement of
phenotypic characters. The phenotype, however, represents the etfects
A of both the genotype and the environment. Thus, “accurate genetic

comparisons between animals can be made;only under standard
environmental conditions.

Provision of a uniform environment:;as the primary reason for the
incorporation of central test stations as part of the pié testing
program in Canada. These facilities were founded on the premise that

~accurate between-herd comparisons could be made by eliminating the’
~confounding effects of herd environments. Inherent in this was the.

- assumption that the oretest environment ({.e. from-birth to test
commencement) exerted no iniluence on test performqncef However, the
.limited amount of research which has been conducted in'this area does
not support this assumption.

‘The studies to be described in the following chapters were
undertaken for purposes of examining the relationships between pretest
and test performance of boars submitted to central ROP test stations.
To this end, the raw data sheets of boars tested at record of
performance (ROP) central test stations in Canada were obtained from

.ROP‘headquarters in Ottawa. These records contained data pertaining.to

the delivery »f boars to the stations and when merged to maeter.files



which contained the pertinent test informatidn yielded a data set
conduclive to the examination of pretest'effects. However, as the study
progressed it becaﬁe evident that factors other than the pretest
environment’required study in order to address.tHe central 1issue,
namely the potential of the ROP system to fulfill its objective of
aniased genetic evaluation of pigsvsupmitted for Lest. As a result,
the study was expanded. The adequacy of age and backfat adjustments
for terminal weight were examined using tﬁo data sets; the ROP data,
in which each record contained a singlelbackfat depth measurement, and
sequential data, in which each record contained backfét measurements
obtained at variou; weights.‘The latter da;a set made 1t possible to
verify the conclusions drawn froﬁ examination of the staddgkd ROP test '’
records.

Other studies invdlved an examination of the relative merit of
alternative procedures for indexing genetic merit and the potential
Atmpact on swine breeding programs of the recently {naugurated policy

regarding halothane testing.
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I1. THE DEVELOPMENT OF THE CANADIAN ROP PIG TESTING PROGRAM

A. THE ROLE OF GRADING SYSTEMS IN PIG IMPROVEMENT

Pigs wege first brought‘to Canada by early settlers, although the
exact y:ar of their introduction is not known. By 1871 the pig
population in thié country was estimated to be 1.4 million head
(Fredeen 1965) and by 1900, 25 years after the i?ception of the firsf
breed registries, there were 8‘registered bree&s-(?redeeh 1980). The
majgrity of tﬁese early registrations belonged to Yorkshires,

Be ‘kshires and Tamworths but the dbmiﬁant role the Yorkshire breed
subgsequently assumed in Canadian plg prodqgtioh was already apparenf
by 1907 when this breed accounted for 53% of all regisfrations
(Fredeen 1980). '

In the formative years of the pig in&ustr;, production was
concentrated in Ontario and‘Qﬁebec. Thus, the type of plg raised was
determined by local demand which, at that time, favoured pork high in
fat (Fredeen 1965).-However, this type of product was not conduci?e to
development of a viable export market which pioneérs of the industry

felt lay in the export of bacon rather thanh pork. ,Though attempts were

made to develop the bacon trade, they were hampe d;by several

.problems, not thé least of which was the shortage of pigs of the

¥
desired type (Fredeen 1965). Rapid agricultural development of the

western prairies also posed problems for eprrt trade by creating a
demand for bork of any type and thus thwarting attempts to develop a
bacon type pig. Although the exports of Canadiaﬁ‘pork to Britain
increased sharply during the first World War, the short supply of

quality bacon made Canada unable to compete for the lucrative British



b‘

‘ .

market once Denmark resumed exports in 1920 (Fredeen 1965). It was
recognized, though, that the futute of agriculture depended on a
vigorous pig industty and that exports played a major role in the
development of such-an industry. Thus, in 1922 the first concerted
approach to a national pig lmprovement program was initiated with the
implementation of a live hog grading plan. UnderAthe terns.of‘this

program a premium was paid for pigs meeting certain specifications of

‘conformation and weightfthgﬁgngvdesirable for the production of bacon

§

(Stathart 1937).

This grading plan uas supplemented by carcass grading {n 1937, and
in 1944 the latter became the mandatory procedure for all hogs
marketed fn Canada (Fredeen 1965). This aystem'of grading remained
vlrtually unchanged until'l968 when it ‘was replaced by an index which
employed carcass weight and subcutaneous backfat measurements to
predict the potential yield of trimmed retail product from the carcass
(Fredeen 1984 . |

The impact of the national'hog grading plans has been substantial in
snaping the present‘industry. The early move to‘prOducing bacon type
pigs has ﬁ%ovided Canada with a quality product which fits in well

with present consumer demand for lean meat. Between 1968 and 1982

~alone, the grading system increased the yield of trimmed retail

product by approximately 13 million kg (Fredeen 1984) by encouraging

‘production of leaner carcasses. This had implications in both the

feedlot, by reducing feed inputs, and the processing industry, by

increasing the weight of trimmed retail product’per unit of processing

cost.



B. THE DEVELOPMENT OF PIG TESTING PROGRAMS

Shortly after the {mplementation of'the‘first national grading plan
in»1922'it was fealized that more permanent pig improvement could ‘only
be assured‘thfough a plan relating to the breeding of pigs. Thus, in
1928f after extensive research of pig testigg prograhs 1n'othef
couptrié;, the joint Swiné Coﬁﬁiftee ipitiated ?n expérimental
recofding‘scheme_ét six Dominion Experimental Farmg. Ba;ed on results
of these initial trials, the "Advanced'Régistry Policy for Swiné;”was-
inaugurated ' 1929 and testing wés commmenced at 19 government
experimental stations écrqss‘Canada (Fredeen 1985). This program
followed the lead of pig‘tesﬁing programs in the SCandinaviaﬁ
countries but wasvmodified‘to suit Canadian conditions and. the
vrestriétions.imposed by the greatvdISCances involved.(Peterson 1938).
In 1930 the policy was‘standardizeﬂ énd expanded to allow testing
at producers' farms. Any pufebred-breéder Qith‘a boar and three or
.more sowé could then aﬁply to have hi;Asows tested for éligibility for
advancéd registratioﬁ.

The testing programzin these_eariy stages was a dam progeny test.
Sows had to meet minimum requirements in each of three areas ih order
to qualify for an Advanced %egistry number; érolificacy was megsﬁréd
in terms of humber.weaned while growth rate and carcass quality were

hJ
measured on four littermates which were slaughtered at tés;
complétion. Boars obtained an Advancea'registry number by s;ring three
quaiifying litters. ' L
.Station te§ting was inco;porated into the program in 1934 to provide
uniform test environmeﬂts and to permit measurement of feed

/Qonsumption of individual test litters. The»first‘stacions were



established at New Hamburg; Ont., Saskatoon, Sask., Princeville, Que.
and Charlottetown P.E.I. Concurrent with the establishment of these
facilities the home test aspect -of the program was”suspended. It was
not until 3 years laterJ when test station space was fully subscribed,
that home'testing was ‘reinstated (Fredeen 1985)

Though initially leasing ‘test - station space from private operators,
'the Department of - Agriculture in 1937 constructed its own facilities
at Saskatoon, Sask; and Edmonton, Alta. The justification for this
move uas to providéustricter tontrol af the environmental‘conditions.
than‘was possible in‘the leased facilities (Lefebvre 1938). These'two
stations subsequently'became the;prototfpes forithose which‘were to
follow. .

Minor changes to?the'testing program occurred over the next three
decades with the term ;Record of Performance” (ROP) being added to the
title in 1951 and fixXed performance standards being replaced in 1960
by deviations from station—breed averages as a means of comparing
tested litters.

In the late 1960's theIROP'program adopted a policy of operating
stations onnan “all-in, alleout;‘basis to provide stricter>health
control. The larger stations:were physically divided into smaller,
more manageable sections with each section operating as an independent , )

7
unit. Thls allowed the sections to be completely emptied and cleaned
between fills. As each fill period was 6g\zwéonths duration this

resulted in each section having_3 fills per year and allowed the -

\
\

sections to remain“empty for approximately 2 to 6 weeks between fills:
 However, the implementation of all-in, all-out management was left to

the discretion of the individual provinces and for this reason

~



" stations were officially opened to boar performance testing in 1973.

7

stations varied with regards to when the policy was adopted and the
exact manner in which it was applied.

In 1969 the dam progeny test was replaced by a sire progeny test-

“which involved testing four half-sib litters of two pigs each per boar

* (Fredeen 1985). However, studies initiated in 1966 to examine the

feasibility of btoar performance testing were rapidly generating
' A ‘ 4

“support for this.type of testing program and by 1969 gilts and boars

were being performance tested on the home:farm and central test
Interest in sire progeny testing steadily declined after this point
and the last year of this type of test was in 1975 (Fredeen 1985).

The adoption of individual performance'testing was made possible by

. the advent of the scalpel probe technique (Hazel and Kline 1952) ‘and,

. later, ultrasonic techniques (Hazel and Kline 1959) which allowed

backfat to be measured on the live animal and thus eliminated the need

‘ for'slaughtering to provide an'indication of backfat thickness. This *

type of testing provided. several advantages over progeny testing. It

not only increased the annual rate of genetic improvemenr which was
. / « . .

possible from selection by decrea51ng the generation interval but by

: eliminating slaughter tests it also increased potential selection

fintensiny by prov1ding a 1arger population from which to choose

%

"teplacements (Fredeen 1966) Another advantage of indiv1dual

‘-'performance testing was that traits which ‘were to be included in a

.

P_;_selection program could be me ,ured directly on potential breeding

stock rather than relying on indirect progeny measurements.'.w

It was recognized that “to maximize the effectiveness of . the

program performance testing should concentrate on tHose traits which

)



would respond favourably to selection and which were of ecdnomic
;onsequence to the industry. For‘this reason, growth rate as measured
by average daily gain or adjusted age to test terﬁination, feed
effidiencylin the form of;%éed to gain ratio and carcass quality in‘
tﬁ“fbrm of backfat depth were chosen as the traits to be: evaluated by

L.u
performance testing. These ‘traits have generally been reported to have

moderate to high heritabilies with li;er;ture averages of 0.34 and
0.36 for average daily gain and feed coﬁQersion,~respectively;land‘
0. 48 for average backfat (Craft 1958; Smith and Ross 1965 Flock 1970;
Rahnefeld 1970; Fredeen 1972; Young et al. 1978). Furthermore,
experimental programs which have based selectign on one or more of the
: aforementioned traits have reported that significant geﬁetic |
’impfdvement is possible (e.g. Hetzer and.Harvey 1967; Fredeeg et al.
1976; Standal 1979; Vangén 1979). On the éther hand, maternal and
reproductive traits are not included in the program as their low
heritabilities (Ffedeen 1972; Young et’al} 1978; Vangen 1981) make
‘them inappropriate to a performance test program aimed specifiéaliy at
herds of relétively small size. Evidence éf this is provided by the
‘ﬁegligibLe results reported in -the literaturé from experiments aimed
at improving litter size using gelatively low numbers of animals (e.g.l
Ollivier and Bolet 1982). Tﬁese'traits are, however,_amenable.to a -
progeny test approachvapplie&”in very large popuiations as illustrated
by the favourable ré's'u'lcs of Bichard and Seidel (1982). 0

-For tpe first few years following incorporation of pé}forﬁancé
testing into the ROP program, traits measured .on test were reported

individually. In 1976, genetic‘indexes (Hazel 1943) were incorporated

"into the program to provide a means of combining performance in

3
\



several traits intc a sing e index value. Average daily gin _ADG),
feed to gain ratio mea 'v~d on a pen basis (FC) and adjusted ;verage
backfat to 200 1b ﬁABF);YeFe components of the sfation index while
adjusted age to 206 15 éha ABF were inecluded in the home test index.
.Ih 1977 the ROP program was;convefted to metric with an accompanying
change in the adjustment procedures and the indexes. Henceforth, age
and'?vefage backfat Qere,adjusted to 90 kg.

In 1980 FC was dropped from the station index and home and station
indexes were reviéed to in;orporéte phén;typic parémeters only. This
move was sﬁppofted by the research of Sather and Fredeen (1978) who
reported significant correlated responseé in FC froﬁ éelection based
on a phenqtypic index incorporating odly growth raté andﬁgéckfat ‘
depth. The phenotypic index incorporated into the home test program
was.of the form:

INDEX = 190 - 17.68[(X1—MEANXI)/SDXI] - 17.68[(X2—MEANX2)/SDX2]
‘while the index incorporated into-the station test program was of the

form: -

INDEX = 100 + l7.68[(X1—MEANXl)/SDXl] - 17.68{(x2—MEANx2)/SDx2]

Ee)

where:
o Xll = adjusted‘age to 90 kg'ia the home index and average
daily gain in the station index
MEANXl o= conteﬁporary group mean of trait Xl (i.é. all pigguof
the‘same sex and breed which gompletéd test in the
previous 12 months)
SDXl = cantemporary'group standard'devi;tion of t;ait X1

X2 = adjusted average backfat to 90 kg of the individual

~pig



2
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2
]

contemporary group mean of trait X2

SD = contemporary group standard deviafion of trait X2
17.68 was a multiplier to standardize the index to a yariénce'of 625
(i.e. a standard deviation of 25).

Average backfat depth, obtained from the méan oé four u}trasonic
measuremen;s (two on either side 2£Lthe pig, 5 cm off the midline, at
the midback region near the last rib aﬁd at the loin) was
stétiétitally adjusted td é standard terminal weight of 90 kg by
assuming a linear pattern of backfat'deposition with an intércep; at
zero.weight and zero fat. Age valueg were adjusted to 90 kg by a
pfocedure which based adjustment on instantaneous growth rates
established for different weight and age gréhbé (Fredeeﬁ, pers.
comm.). .

The most receng amendﬁent to the program occurred in 1982 with the
initiation of. routine halothane testing of all boars entering‘the test
stations. This action resulted from concerns regarding the porcine
stress syndrome (PSS) and pale, soft, exudative pork (PSE? and their
possible links to the "halothane gene” which was believed to be
preséﬁf.in certain strains of Canadian pigs. From that time on, all
'-boaés which reacted positively when exposed te halothane gas were
culled as were their full sibs. Though numbers of ﬁreactor" boars are

not reported, there is speculation that the program will be expanded

to the home test portion of the program.

C. THE ROP PROGRAM TODAY
The ROP program as it exists today is officially titled "The

Canadian Record of Performance (ROP) Swine Improvement Program”. rhe

10



primary objectives of the program are to provide plg producers with a
means of identifying and ranking potential breeding stock according to
“their felagive genetic merit and to'provide a structure which will -
1%éciliﬁa£e dissemination of genetic improvement throughout the
industry. Also, although not an explicit objective of the program, ROP
‘ tesfing snfves an important role in promoting both domestic and
international salesAof purebred breeding stock.

The home- test aspeét of “the program‘is, for the most part, under thé
juriédicti;n of the provincial departments‘of agriculture and accounts
.for 95% of all ROP testing activity. Testing 1s conducted under the
supervision of an ROP technician and a produéer enrolled in this
proéraﬁ muét‘submit for‘testing all potential breeding stock:which
reach 75 to 105 kg. At this time pigs*a;e weighed, ultrasonically
probed and indexed.

Whiie th; purpose ofdthe home test program %§ strictly for within
herd comparisons of potential replacement anihals, ;he centralrtést :
stations are used as a basis for ‘making betweeﬁ herd comparisons.
Unlike the home test aspect of the‘prograh, statien tésts involve only
boars and are under the jurisdiction of tﬁe federal government.

Upon entering the test stations at weights- between 18 and 30 kg,
boars are penned in either groups of two (full sibs) or groups of four
(;wo from each litter from the same sire). Each animal receives a
minimum of 10 kg of a medicated pretest ration and when the averagé
pen weight reaches the standard 30 kg starting weight, all pigs in the
pen ;re placed on test. The test is terminatéd when the aQerage pen

weight reaches. 90 kg at which time backfat depth, feed conversion and

average daily gain are determined. Based on these results, the two

11



trait phenotypic index (comprising average adjusted backfat depth and
average daily gain) i{s calculated for each boar. The contemporary
group definition used in construction of. the station index has until
recently been the rdLlihg_average of all boars of the same breed which
completed ;est in the'prev10us“£we1ve eonths. Howevef, at the present
time some statiens are in the process of converting to é "strict”
contemporary groué which includes'only those boars completing test in
the same section and fiil’period; At least eight pigs are required.for
contemporary comparisons. Subgrouée‘with lees than this number are not
"indexed.

Uniformity of testing conditions are maintained at the,s;ations in
several ways. A maximum weight o€.30 kg at the time of submission to -
the station is i;tended to minimize the effects of the pretest
environment while‘ste;dardized rations within a station and
standardized beginning and termination test weights insure that boars
_aré tested u“def €3milar_con§it10ns. However, as tests are termieéted
; based‘on average pen'weight rafher than individual weight, variation
will exist in the weights at which boers are taken off test.
Therefore, those traits whlch vary according to the liveweight at
which they are measured must be adjusted to a standard terminal weight
to allow accurate genetic comparisons.'Thus both age and average
Tbackfat‘depth are statistically edjusted to 90 kg at the cempletion'of
test. . |

Boers completing test must meet minimum requireﬁeets set by the
respeetive provincial ROP swine committees (usually 100 index) and be
free of phyeical defects in order to be auctioned or returned to the

breeder. Those not meeting these requirements are slaughtered. Sire

12



evaluations are calculated for sires which have had an aggrégate of
one pair of station tested boars from each of four sows.

The numbers of boars which can be station tested.annually are
limited Sy statiogxspace. Atvpresent there are seven central test
‘ sgations actosg CaSQda with the Nappan; Nova Scotila station servipg

the maritimé‘region and the two Alberta stations serving Alberta and

B.C. The other provinces have one station apiece. The combined

capacity of these. .seven test stations is approximately 4000 boars. It .

1s this limited testing capacity which has encouraged wide adoption of
home testing and brought it to a position of dominance in the ROP

progran.

I

D. UTILIZATION OF THE ROP PROGRAM SINCE 1973

Since 1973; when performance testing was first incorpotated into all

aspects of the ROP program, numbers of home and station tests have

increased steadily (Table II-1). The .ceiling imposed by finite limits

(i.e. numbers of stations and pens) has, of course, limited the growth

'?f station testing activity. The last sfétipn constructéd was the
Leduc.station in 1977 (Fredeen 1985) and the gradual increaée inr
station tests since thag time has resulted from>more efficient -uge of
space through such efforts as the remodeling of old facilities.
However, the present numbers (épprox;mately 4000) represent maximum
station space.and thus any future expansion will have to bevin-the
home'testﬂa§pect of the.RQP program.

festing‘activity from 1973 to 1982 was dominatédvby the Yorkshire
breed with tbis breed’ in combinatidq with the Landrace ;ccounting for

81% of all station tests,,641 of all home boar tests and 472 0£ all

fl

13
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home gilt tests in 1983.

An examination of regional proportiohs of breeds tested in 1983
revealed that while Yorkshire was the principal breed tested in the
west and Ontari;, Landrace were dominant ié Quebec and the maritimes
(Table 1I-2). In all provinces except Quebec (which tested no
crossbred pigs) home tests_of‘crossbrea females outnumbered tests of
any breed. Tests of the coloured breeds (i;e. Hampshire and Duroc)
were of greatest proportions in Saskatchewan, Manitobg and_On?ario
while tests of Lacombes were confined principally to Saskatchewan and
Alberta. | | )

Mapitoba exhibited a substantial decrease 1in its proportion of
national tests over the 11 year period while Quebec ;nd the maritimes
registered moderate increases (Tabléfﬁng). The other stations
remained fairly constaﬂt in terms of their propdrﬁion of total tests.
Home tests, on the other hand, which are better indicators of -regional
participation as the} are not limited by station space, revealed ?
relatively constant test proportionsg of both gilts and boars overnthis

period (Table‘II—4). Thus, while Table II-1 indicated that home tests

increased substantially over this period, Table I1-4 indicated that

. the increase was relatively uniform across the country.
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Table II-3. Provincial contribu,t‘ion (%) to
total station tests conducted within year

_ PROVINCE
YEAR ALTA. SASK. MAN. ONT. QUE. MARITIMES
1973 14 6 26 40 8 6
1974 13 8 21 38 12 8
1975 12 8 13 32 13 .12
1976 21 8 12 33 15 11
1977 21 10 12 33 16 8
1978 22 7 9 38 16 8
1979 22 7 - 9 .38 14 10
1980 26 8 9 35 13 9
1981 21 7 8 37 19 8
1982 23 6. 4 36 17 14
11983 © 21 6 5 35 19 15
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I1I. NUMERIC DESCRIPTION .OF THE POPULAfION R
A. INTRODUCTION

The present chapterrdeals only with a numeric description of the
data set obtained for the original -purpose of examining the effects of
the preﬁest'environment. The pretest data comprised age and weights of.
pigs whenvdelivered to the test station, age and weights at the start
of test and pen totais for feed consumption between the time of entry
to tne station and the commencement of test. The test data comprised
adjusted backfat, age and weight at test termination and the index of
test performance calcnlated according to a three trait genetic inder
incorporating the traits average dailv gain, feed conversion ratio.and
adjusted averoge backfat .

Tne popnlation available for stud was restricted to those.boars for
which pretest information was .avai. »le.. Such information does not
appe;r in any reports issued by the RO? orogram and is not
incorporared in the ROP dnta-bank. Thus it was neces. .ry to resort to
‘the raw data records compiled for:oach pig.by the ROP test station
managers at the time pigs were snbmitted to the station. Such data
sheets were obtained fron the central office (Otrawa) for pigs entered

on test during the.years 1975 to 1979.

" B. MATERIALS AND METHODS
The -data from the pretest sheets were entered into a oomputér'data
bank which, after editing, was collated with the.mnster ROP files for
all pigs tosted during,the same: period. These master files had been

compiled at Lacombe by Milton Weiss during a period when Lacombe had
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tﬁe responsibility fBF‘developing a comprehensive computerized vy-tem
for editing of ROP data, application of adjustments standardizing'aée
and backfat to a constant terminal weight, producing individual boar
reports and the preparation of annual s&mmariés and sire progeny
reports.

Indiyidual pig numbers‘and herd identification (breeder tattoo
number) providedlthe lipk between.the two data sets (i.e. pretest and
test)./The computer records generated.for each pig on the basis of

,/fatﬁf;/;ollation process inéluded the following‘items:

(1) pig identity (tattoo, breeder number, sire and dam

identification)

(2) dates of birth, entry to test station, start-of test, disposal

(3) weights at entry to test station, start of test,‘disposal
(4) average déily'gain in pretest period and on test, backfat
measurements-and adjusted average backfat to 90 kg at
g completion of test, adjusted agelto 90 kg at completion of
»test | |

_(5).feed consumption on a pen basis in the pretest period and on
test

(6)ithree trait - -etic, index and rolling contemporary group
averages (avaiL;blé only for data from 1977 and onwards)

(7) location of ‘test (i.e. stacioﬁ, section, fill, pen no.) °~

(8) group size‘(i.e. number per pen)

(9) disposal information

The collation'of the data banks for pretest and test was possible
only for pens common to both. Thus éhy pens present in the'prgtest

data which had no survivors to test termination (e.g due to mortality,

5
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failure ﬁo reach the specified termination‘weight, etc.) provided no
basis for identifying location of test since these items of
information (i.e. station, section, fill)‘were present only 1in the
master ROP file. l

The numeric structure of the'résidual population (i.e. after
collation of pretest and test information) @as‘evaluated by
‘summarization of the frequencies aséociated with year and station of
test, breed and breeder (herd of origin) aéd group size during test.
. . . ) o .

An overview of bréed differenées in test performance was provided by
summarizing the averages.(across all staFions) of deviations from
contemporaries of tHe breed (i.e. deviation from
sta:ion—year—sectioﬁ—fi11 averages). Culling ratios as deduced from

differences between numbers submitted for test and numbers completing

test were also estimated.

C. RESULTS

A total of nine test statiohs were represented gn the data ;ith the
majoritv of the records (93%) covering tests performed during tﬁe
‘period sﬁanniné 1976.to‘1978 inclusive (Table [I1-1). The building of
a new test station at Nappan, NoQa Scotia resulted in tests at the old
facility (Nappaﬁ 525 being phased out during this‘peridd and the new
facility (Nappan #f) beihg brought on stream. Ontario was the province
with the greatest number of gesté (35%) followed by Alberta (with two
stations) Qith 21Z oflthe total tests. Yorkshires accounted for the
majority of'the tests (48%) followed by Landrace (262); Duroc (12%),
Lacombée (61), Hampshire (5%) and the other minority breedsb(Table

I11-2). Testiﬁg of crossbred boars accounted for only 2% of the total
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testing activity.

Performance means for average daily gain in kg (ADG)} feea
conversion ratio expressed as a pen average (FC), adjusted average
‘backfat in mm (ABF) and adjusted agevin dayé (AAGE) expressed as
deviationé from contemporary groub averages, plus the trait averages,
revealed;that of the five principal. breeds (Yorkshire, Landrace,
Lacombe? Duroc, Hampshire), Lacombes exhibited thé highést ADG and
Lowgst AAGE Durocs exhibited the ioyest FC and Hampshifeé the lowest
ABF (Table III—B).-Hampshires exhiBicad thé poorest performance’in ADG
and AAGE of these same five.bréeds, Landrace the poorest FC and
Lanaraée and Lacombés the highest ABF.
| The méjérity of'béafs (80?) began test in pens of’twov;ith.a
substantial number enter;d as fours (12%). The iargest test group
observed in these data was a siﬁgie record of seven penmates (Tablé
‘I11-4). Pens which started test with odd numbers of penmates (i.e.

singles and threes) presumably represented instances.in which a boar

.was lost (died or was removed) from these test groups prior to the

commencement of test.

The total number of individual breeders submitting boars for test

during this period was 324. However, a large proportion of these (36%) -

submitted two or more breeds (Table Ifl—S). Tﬁus, defining “breeder”
as a breed within herd increased the number of breeders to 494.
Defined this wéy, the majority of bréeders (47%) tested fewer than 10
boars during the perioa covered by these data (Table I1I1-6). The three
'eastérn—most stations were well below the rest of the country in
average numbers of boars tested per breeder with few breeders ﬁésting

more than 20 boars during the period covered by these data. It is not

.
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known whether;this was indicative of a dearth of large breeders in
this region or to lack §f participation in the ROP program.

Culling rates for eéch station and breed were obtained by sdmming
the numbers of boars Which died or were removed before coﬁpletioh of
tést and those culled at the end of test but before indexing (Table
IT1I-7). The three western-most stations appeared to have had
considerably lower culiing rates'than the.othef stations for all
Breeds. The exéeétién was the extremely high rate of 50% for the
Haﬁpshiré breed at Saskatoon but this was a funqtionjof the syall
number (only four) of Hampshire boarsltested. Lacombg‘boafs and
crossbreds appeared to have had the lowest culling rates but in the
case of Lacombes this observation may be partially confounded with
location as, 70% of thé Lacombe'boars were tested in thé three
western-most stations. However, wifhin eaéh of theée’threé stations
‘the culling rates of the Lacombe boars were below the station
" averages. Most of the testing’of-crossbred bpafs'(782) occurred at ‘the
New Hamburg station and witﬁin this stétion the culling rate applied

to these bdars was well below all chér breeds.

D. DISCUSSION
The.preceding.enuhérations indicated,thét any analysis of this data
set Qould be compliéated by the many potential soufces of variation
while thé unbaianged nature of the data and the resuiting confounding"
.of effects (e.g.. breed énd pen size in station) would make stati§tical
adjustment of doubtful relev;nce. For these‘reasons,’inbthe studies

which follow, the analyses were restricted to subclasses of the
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overall data set which provided adgquate nu?bets of obsefvatiéns for
meaningful analyses yet minimized extraneous variatioﬁ.

The restrictions applied varied éccording to the ﬁature of each
particular study but all analyseé werelrestrictéd to one or more of
;hé three principal breeds (Yorkshire, Landrace, Duroc). Further
restrictions applied in certain of the studies pertained to size bf '

the station-breed subgroup and contemporary group (fill period with

breed, station and year) as well as the peh group size:



Table III-1. Numbers of boars tested by station and
year

YEAR ENTERED TEST  STATION

STATION 1975 1976 1977 1978 1979 TOTAL
Charlottetown ~ 38 104 130 110 -= 382
Nappan #1 . -= 145 B4 91 2 322
Nappan #2 44 80 22 - -- 146
Lennoxville 110. 451 - 562 392 4. 1519
New Hamburg 184 988 1201 1006  -- 3379
Brandon 62 364 383 250 2 1061
Saskatoon - 94 276 338 108 - 816
Lacombe : 62 294 318 264  -- 938
Leduc = 60 314 388 359 2 1116

" Total 654 .3016 3426 2573 10 9679

29
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Table III-3. Perfofmance trait averages (with standard errors in paren—
thesis) by breed

: PERFORMANCE TRAIT *t
BREED ADG FC ABF AAGE

Yorkshire 0.863 (0.002) 2.505 (0.003) 15.76 (0.04) 149.9 (0.2)
Landrace 0.866 (0.002) 2.600 (0.004) 17.17 (0.05) 148.2 (0.3)
Lacombe 0.890 (0.004) 2.559 (0.006) .7.17 (0.11) 143.1 (0.5)
Hampshire 0.852 (0.004) 2.568 (0.078) 15.06 (0.10) 152.4 (0.6)
Duroc 0.885 (0.003) 2.486 (0.005) 16.05 (0.07) 149.8 (0.4)
Tamworth 0.897 (0.033) 3.060 (0.057) 23.86 (1.16) 176.0 (6.2)
Crossbred 0.902 (0.007) 2.486 (0.015) 16.0; (0.15) -144.1 (0.8)
Chester White 0.766 (0.063) 2.708 (0.076) 16.4§ (0.57) 160.0 (5.5)
Berkshire 0.831 (0.030) 2.703 (0.050) 14.9 (0.59) 162.0 (2.5)
Spot 0.738 (0.005) 2.496 (0) 11.81 (€0.15) 146.2 (3.0)
Managra 0.880 (0.019) 2.616 (0.042) 16.16 (0.60) 158.8 (2.3)

+,deviation from contemporary group mean + trait average



. Table 111-4. Numbers of boars tested by Station.and ETOQP
size ‘ ‘

NUMBER IN PEN

STATION 1 2 3 4 5 6 7
Charlottetown - 340 18 24 - _— _
Nappan #1 o -- 250 36 36 — - _—
Nappan 2 -- 76 24 28 5 6 7
Lennoxville -2 498 3 1016 - —_— _
New Hamburg 443 2936 - -— -~ - -
Brandon - 752 216 88 5 - -
Saskatoon - 816 -= — - —_ —
Lacombe - —-- 938 - - - — -
Leduc , -~ 1116 - - - — —_—

Total ' T445 7722 297 1192 10, 6 7




‘Table III-5. Numbers of breeders
testing different numbers of
breeds

__NUMBERS OF BREEDS TESTED
1 23 4 5 _ TOTAL

208 75 32 5 4 1324

33
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IV. SOURCES OF VARIATION AMONG ROP STATION TESTED BOARS

A. INTRODUCTION

Thé‘previous chapter identif;ed various.potential sources of
'variation present .in the ROP tést station population. The objective of
‘phis’study4wa; to examine the éffects of those sources of variation on
test pérfor&ance. Year, section and fill were examined to dgtermine
M;hethgr consisténf trendsvexistgd in the‘popula;ion wiph fespect to
ghese effeéts and to determine to whét degreé contemporary groups
diffefed within station and breed. Aﬁalysis of group size effects was
vundeftaken to deterﬁine to what extent pig performance was -influenced«
by grégp size.(i.e. boars tested as singles,‘pairs and fours). Genetic’
and phenotypic paramet?rs were derived for the two pfincipél breeds
fepresented in the ROP population (Yogkéhirejand Landrace) while a
deta%led tabulation of a representative statioﬁ-bfeed subciass was

provided to indicate the structure of the population from which these

parameters were derived. : .'i

B. MATERIALS AND METHODS
For analysié of year” section ahd fill (seas;n) the data set was
reduced to minimize the nuﬁber éf missing‘(zérd grequency)»subclasses.
This objective required'reStficting the population to two breeds in
two provinces for three years, 1976¥ 1977 and 1978.rFurtﬁer;ore, only
those boars tested in pens of two in which both‘penmates completed
 test were included in tke analysis. The three station—breed‘subclasses

utilized wate: (L) Ybrkshireé‘and (2) Landiace‘tééted at the New

Hamburg, Ontario station and (3) Yorkshires tested at the Leduc,
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Albertaustation.lﬁumbers of observations in each snbclass were 976 in
the Onta;io Yorkshire subclass (YONT), 936f¢h the Ontario Lananace
subclass (LONT) and 734 in the Leduc Yorkshire subclass (YLED)

A contemporary group was defined as a year-section-fill subgroup
within each station—breed subclass. There was a poaential of 36 such
contemporary groups in the YONT and LONT subclasses (4 sections with 3
tills each per year) and 18 possible contemporary groups in tha YLED
JLSchlass (2 sections with 3 fills each per year) Contemporary group
'sizes ranged ffom 2 to 54, lO to 46 and 4 to 60 1n the YONT, LONT and
YLED subclasses, reanectively (Table IV-1). While all 18 contemporary
gfqnps were present in the YLED Subciass, thefa was one missing’®
contempérary group in the YONT subclass and two in the LONT subclass.
Fér tnesnurnoses of analysis, two estimated obsefvations derived on a
within statian—breed subclass basis were inserted into each missing
cell. In the YéNT subclass the two esnimates weré; (1) the mean of all
observations in F111'#3 in 1978 and.(2) the mean of%all observations
in section #4 in.1978. In the LONT subclass the mean%of all
observations in fill #3 in 1978 was inserfea into botn‘missing cells
as one estimate while the mean of all observations in séption #1 1in
1978 was 1nserted into the missing cell in section #1 as the second
éqtlmate in this cell and the mean of ali observations in sectlon #4
in 1978 was inserted into the missing cell in section #4 as‘che second.
estimate in this ceil., | N .

The completed station—breed subclasses were then analysed separateiy
by analysis.of variance using the fixed model:

= u + + +
Tiy U TR TS TR RS 4 + RFEyy * SFyp * RSFi g ¥ 8551

)

where:



h

Yijkl = performance of the 1th boar in the kth f11l of the j[
section of the ith year
u = overall mean _ ‘ A
: th
Ri = effect of the 1 year
.th
Sj = effect of the j section
‘ th _.
Fk = effect of the k fill s
. . th . .th
RSij = interaction between the i year and the j section
. . .. th th .
RFik = interaction between the i year and the k fill
. . .th . th
Sij = interaction between the j section and the k fill
. . . .th .th .
RSFijk = interaction between the 1 year, the j section and the
kEPofinn
eijkl = random error

The performance traits included in'the analysis were average daily
gain.in kg (ADG), feed to gain ratio on tesg'aé measured by pen |
averages (FC), adjusted average backfat to 90 kg in mm (ABF) and
adjusted age to 90 kg.in days (AAGE). ”

The 'data subset used to défive heritabilities and genetic and )

, /
phenotypic correlations was restricted to the two main breeds and

o
v

: These restrictions resulted in a total of 4130 boars consisting of
3183~ Yorkshires and 947 Landrace.
Heritabilities and genetic correlations were derived from a nested

analysis of variance defined by breeders, sires within breeders, daﬁs

within sires and progeny within dams (error). To avoid confounding

with station, year, section and fill effects, performance traits were

expressed as deviations from contemporary group averages where a

contemporary group was definedvés a breed—station—year—sectibn—fill

rincluded only thbse contemporary groups containing more than 25 boars.

38



subclass.

where:

Yijkl

S...
1]

ijk

®ijkl
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The model for this analysis was:

= + + +
Yiga S U By Y S Y i T %ija

= the performance (ADG, FC; ABF, AAGE) of the 1th boar
with#n the kth dam within the jth sire within the ith
breeder expressed as a deviation from the contemporary
group average

= overall mean » /

= effect of the ith breeder

= effect of the jth sire within the ith breeder

th th

= effect of the k dam within the jth sire within the 1

. o
breeder

= random error

The variance components thus derived were used to' estimate paternal

half-sib heritébilities by the equation (Falconer, 1981):

h2 = hvsz / (VS2 + VD2 + vwz)
paternal half-sib heritability
sire component of variance
dam component of variance,
full sib component of variance
correlations were derived by the equation (Falconer, 1981):
2 2)9.5

. = / .
rG CovxY ) (vX VY

genetic .correlation between traits X and Y

sire component of covariance for traits X and Y

sire components of variance for traits X and Y



To examine the effects of omission of breeder effect on'ﬁericabilityv

45

values, these parameters were also calculated from variance components

[

derived from a nested analysis of variance in which the breeder effect

was excluded. The model for this analysis was:
Yipe 70 TS T Py T T
" where the terms iﬁ.the model are as previously described.
Standard errors for heritab&lity estimates and genetic correlations
were derived from the me;hoé described by Diékerson (1969).
A phenotypié correlatioﬁ matr{g;was constructed from the Pearéon

product-moment correlation coefficients between respective pairs of

‘traits i.e.:

tp = SCP;Y / (ssx.ss;)o'5
where: '
To = phenotypic éorrelation coefficient K
SCPyy = sum of cross products of trait X and Y
SSX’ SSY = sum of squares of traits X and Y

The structmre of tﬁe population from which the genetic and
phenétypic parameters were derived was ex#mined by tabulating_progeny
and dam numbérs per sire anq breedeF for Yorkshire boars tested at fhe
Ney Hamburg station.

Group size.differences were examiﬁed by comparing boars tested as
pairs or fours at the Lennoxville étation‘and boars tested as singles
or pairs at New Hamburg. Thesé were'the-only two stations in which
sufficient numbers were prcsént in the different group sizes for
meaningful anélysis. In'addipion, analyses were restricted to
Yorkshire aﬁd Landrace boars. This resulted in a total of 2204

Yorkshire boars and 838 Landrace boars available for analysis (Table

AN
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1V-2). In each breed and station,.befformance variables were expressed
as deviations from the contemporary group mean with only those gro;ps
"containing more than 10 boars being included in the analysis. As
observations‘werg expressed as déviacions from conteﬁporary group,
breed effects were not expected‘to be signifi;ant ti;é. dewviations
summed to zero within_bréed, gtation, year, etc.). However, this
éffect'was iﬁcluded in the model to.pfovide an indication of'tﬁe

magnitude of the interaction between breeds and group sizes. The model

was:
= + + 2 +
Yle u Bl 7j + BZ1J e1Jk
where:
Yijk = performancef(ADG, FC, ABF, AAGE) of the kth boar in the
.th" . " th ' ' .
j . group size of the i breed expressed as a deviation
- from the contemporary -group average
u - = overall mean
' .th
Bi = effect of the i breed
th .
Z, = effect of the j group size
J £ . . 1.
. . th .th . .
BZij = interaction between the 1{ breed and the j group size
e = random error

—— fijk

C. RESULTS
Year effects were significant (P<0.01) for all traits and in all
Subciasses except Fog ADG in the YONT‘and YLED subclassés. Section and
fill effects were not significant (P>0.05) for ADG in any of the
subclasses while ;hé probability‘leveis for these two effects varied
considefably among the other three.traits (FC, ABF, AAGE) and among

the subclasses'(Table 1v-3).
\ L]
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Examinatioﬁ of the least squares means of these traits indicated
that very few traits exhibited consistent change over'time in any of
the subclasses (Table IV-4). The only consistent favourable trend
observed was in the YLED subclass in regards to ABF. Although fhg
Ontario subclasses exh%%ited lower ABF in 1978 compared to 1976, this
was iﬁterrupted by an increase in ABF in 1977 in both subclasses:
Similar ﬁfends were observed in regards to FE€ in'tﬁese two subclagses.
ADG exhibi‘ted a significant (P<0.05) decfinve in the LONT subclass
while AACE_exhibiLed’a significant (P{0,0S) increase in the YONT'and
LONT sublclasses; Two and three way interact?oqs were significant for
most traits and gubclasses (Table IV-3).

The variance components for breeder, estiméted from a model
including this effect, varied considérably amskg breeds and traits

ran%iiﬁ from zero to 13.8% in the Landrace and %.5% to 11.0 ¥ in the

Yorkshires (Table IV-5). Degrees of freedom for each effect- were

approximately three times as 1arge in the Yorkshire breed as in the

Landrace breed (Téble Iv-6).

Heritability estimates and genetic and phenotypic correlations
de}ived‘from these data wére in general agreement.with those repoftéd
in.reyiews of the literature (e.g;'Craft 1958; Smith and Ross 1965;
Rahnefeld l970j'Y0u6g et al 1978) (Table IV-7). |

Heritabilities derived ffom a model excluding tﬁe breeder effect
were generally greater than thosé derived from a model including this
term (Table IV-8).

Examina[ionvovK;rkshire'bdars teétéd at the New Hamburg.station,

which represented 34% of the data-used'in the_genetic.analysis,

indicated a large degree of confounding of breeder and sire (Fig.



IV-1) with 337 of all breeders being represented by a single sire.
Although the overéll average number of sires per breeder was 3.4, 26%
of all the sires were submitted by 4 (57) bréeders whose test boars.
comprised 24% of all the boars tested over'tﬁe time span of .these

-

data. While the average number of‘ijggeny per sire was 4.4, l3i of all
thé boars tested were provided byﬂk (1.e. 22) of the sires represented
(Fig. 1v-2). There was ai§o a high- degree of confounding of dams .with
sires as SI1¥ of all sires were fepreséhted by a single dam (Fig.
v-3). |

Group size effects were significanf (P<0.01) for ADG and FC at the
New Hamburg st%tion‘and fqr FC and AAGE at the Lehnoxvillg station
(Table 1V-9). Least squares ﬁea;s iﬁdicatea that, for both breeds at
Ney Hamburg and for the Yorkshires at Lennoxville, the boars in larger
groups exhibited significantly (P<0.05) lower FC (Table IV-10). While

these differences were not significant (P>0.05) in the Landrace at

Lénnoxville, the same trend was appatentQ Boars tested in&ividually'at

—

—

- New Hamburg exhibited significantly greater (P<0.05) ADG than those

i\tes[ed as pairs and while boars tested as pairs had higher ADG than

thosevtgsted as fours at Lennoxville, this differeace was not
significant (P>0.05). However, more rapid growth in terms of lower
AAGE was evident (P(O.bS) in the boars testéd as ﬁairs at Lennoxville
gompared to those tested és fdufs.'lnteractiohs beCwéen group size and
“* breed were not significant for>§ny ;f Ehe'tfaits at the“New Hamburg
station but were significant (P<0.01) for FC.and AAGE at Lennoxville.
-
However, for both traits the interactions arose from variation in the
margin of difference between breeds ratheg‘than from ;'reversal in

L4

ranking.
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D. DISCUSSION

Examination of year effects did not indicate thét there was
consistent 1mpro§ement in any of the traits studied. However the
p;riod‘qovered by these ddta was too short to establish definite time
trends in performance. |

The observation ghat neiéher section nor fill effects were
significant (P>D3.05) in the LONT subclass with regaéds to any of the
perfofﬁance tréits while the YONT subclass exhibited sighificant
(PgO.éS) effecté of bogh section and fill in.regardé to FC, ABF ana
" AAGE was difficult to interpret as.bbfh these breeds‘we;e tested
contemporaneously ih all subclasses in thé Ontario s;ation. However,
stignificant intéracpion effects in the YONT subclésslindicated that
the section'and_fill effects Qere not conststent in relation to eéfh
other or ;5 years. Quite possibly, breeder differences between
contemporary groups could have accounted for apparent differences,
rather than any real seasonal or section diffefences. Significant
(P<0.05) interactions were also observed in the YLED subclass in
‘regards to FF” ABF and ADG indicatiﬁg that in this subclass, also,
section and fill effects were not consistent from year to year or
among sections and fills.

Thus, while it must be concluded that year, section and fill effects
did not exhibit any consistent trends in any of the three subciasses
studied, there were, nonetheless, significant differences among
contemporary groups for certain of the performance traits.

The variance components derived‘for breeders include both

environmental and genetic effects. Unfortunately, these effects'are

confounded and cannot be estimated in the absence of information



pertaining to the relationship of parents with.n the herds. However,
the'results for the Yorkshire boars agree well with those of Jonsson'
and King (1962) who reporged estimates for breeding centre effect in
Danish Landrace pigs of 7.3%Z, 4.4% and 7.9% for ADG, FC and ABF,
respectively. Upon removal of the genecié component, these authors
(Jonsson‘and King 1962) reported the variation in ADG; FC and ABF
associated with breeding centre environment to be 5.5%, 1.4% and 6.0%."
Similar'analysis by Jonsson (1965) reported variance components
associated with breeding centre envtronmeniifor these same traits to -
“be 8%, 8% and 2%, respeciively. Therefore, although generally sméll,
breeder effects represent an important source of variation which
‘éhould be taken into account in any genetic analysis. This was
apparent in the present study by the inflated heritability estimates
derived from é mode 1 wgich excluded breeder effects. In such a model,
variat(on due to breeder was manifested in the sire component of
variance and thus inflated the paternal half sib Heritability
estimates.

The relatively large standard errors assoclated with the genetic
param?ters derived in the p}esent study, can be attrib;ted‘to the
unsQitabilty of the data for genetic analvsis. Robertson {1959)
suggested that 20 to 30 individuals per half sib familv are desirable
for meaningful genetic¢ analvsis which is well above théié.é average
found in t@e ROP;population studied in this analysis. The large degree
of conﬁoudﬁiné of sires in breeders, stations and vears as well as the
confounding »f dams in sires is further.indicaiion that genetic
ﬁparametefs derived from this tvpe of data wmust be interpreied wifh

)
caution.
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The analyses of group size effects tended to suggeét that increasing
pen density was accompanied by reduced growth rate and improved FC.
The abservation that there was no significant interaction‘of breeds
with group size in regards to hoars tested as singles versus pairs
while this interaction was present in the analvsis of palr. versus
fours may indicate that the difference« in performance Sebaeen singles
and pairs i{s more pronounced than the differences betweenbpairs and
fours, Possibly this relates less to oeaning d.us: - per se thar to

behavioural responses characteristic of soars -os - in isolation.



Tahle IV-1. Contemporary group sizes in the three sub-
‘“lasses analysed for year, section and fill effects

1976 1977 1978

~FILL __FILL _ FILL
SEQThﬁL_EE&Q&EE,-A;"“1_~,1w,,1 2 3 4y 2 3
1 YONT 18 20 14 28 22 34 34 482

LONT 14 36 16 46 28 34 36 28 %

YLED ‘40 38 34 342 46 60 36, 48 42

2 YONT 10 20 24 22 28 42 2 32 30

LONT 14 16 18 18 24 24 28 34 34

YLED 36 38 30 30 40 50 38 48 4

3 YONT Lo 16 26 16 30 54 24 26 34
LONT 20" 34 L4 30 34 24 72 36 24.

YLED - - - - - - - - =

A YONT 38 24 20 48 18 32 20 40 @ *

LONT 20 28 24 20 10 2 22 44 *

YLED - - - - - -

* miosing {zero frequency) cell



‘Table IV-2. Numbers of boars by breed and sta-

tion utilized for analysis of group size effects

GROUP SI1ZE

STATION BREED 1 2 4 Total
New Hampshire Yorkshire 165 - 974 -- 1139
" Landrace 133 932 -- 1065

Total 298 1906 -- 2204

Lennoxville Yorkshire -- ~ 168 260 428
Landrace  -- 126 284 410

Total - 544 838

294
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Table IV-4. Least squares means (with standard errors in

parenthesis) of the performance traits by statlon—breed

subclass and year

" STATION-BREED _IEAR
TRAIT __ 'SUBCLASS 1976 " 1977% 1978
ADG . YONT . 0.8 ~  .0.82 0.83
(0.01) (0.01)  (0.01)
LONT . 0.86 b°  0.84a  0.83 a
(0.01) (0.01). - (0.01)
‘ 'YLED . 0.88 '0.87  0.88°
(0.01) (0.on . (. 01)
FC._ . - YONT 2.53 b 2.60 ¢ -JHE
' ' ~(0.01) (0.01) " " (o 01)
LONT =~ - . 2,64b  2.66b  2.58 a
©(0.01) i %(0.01) ' (0.02)
N " A u o
_ YLED .46 a8 2570 b, 147 2t
- (0.01) "7 7(0.01) 0.01)
ABF - YONT - 14.2b. l4.b b 13.3 a
C0:1) L p(0.1) (0.2)
.. LONT - . 14:8"a °© 15.8 b 14.3 a
: N 0.1y - (0.1) (0.2)
YLED .. "17.3 a 17.1 a 16.4 b
- (0.2) +(0.2) (0.3)
AAGE . YONT 151.0 a  154.2 b - 155.4 b
\ ’ . (0.8) (0.6) (1.1)
. LowT 146.4 a  150.3b - 151.7 b
(0.8) 0.7 . (1.1)
'+ YLED . 143.7°a  149.9 ¢ 146.8 b

(0.8) (0.8) (1.2)

»

t values in the same row with different letters -are
51gn1f1cantly dlfferent (B<0. 05)

’v 7

A

-

~—

-‘;‘Z’)
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Table IV-5. Variance components as percent-

.ages of total variation in performance for

Yorkshire and Landrace boars

7

TRA BREED BREEDER SIRE DAM ERROR

ADG Yorkshire 5.2 7.3 13.9 73.6
Landrace ot 14.0 17.3 68.6

FC Yorkshire 4.5 13.3 58.7 23.5

o Landrace 0.1 7.1 76.1 16.8
ABF Yorkshire 6.4 7.2 26.4 60.0

_ Landrace 13.2 4.8 27 4 56.7
AAGE Yorkshire 11.0 8.7 6.0 -54.2
- Landrace 13.8. 11.3 29.1 .45.8

[

+ negative variance components were set to
; R

zero “

n

51
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Table IV-6. Degreeé of freedom and coefficients of
expected mean squares (k values) for the estimation
of components of variance

SOURCE _ BREED d.f. ERROR DAMS SIRES BREEDERS
Breéders Yorkshire 174 1.0 2.3 6.0  1B.0
" Landrace 54 - 1.0 2.1 5.7 16. 4
7 -
Sires Yorkshire 411 1.0 2.7 5.2 -=
‘ Landrace 124 1.0. +1.9 . 5.1 -
_Dams  Yorkshire 907 1.0 2.1 ~ -- --
Landrace. 313 - 1.0 1.9 - -
Error Yorkshire 1690 1.0 - - --
Landrace 455 1.0 - - -
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Table IV-8. Herltabllities (with
standard errors in parenthesis). from
sire components of variance with and
without breeder effect in the model

HERITABILITY
. WITH WITHOUT
TRAIT BREED .~ BREEDER BREEDER
ADG  ®orkshire - 0.31 0.51
: o (0.10) (0.09)
Landrace 0.56 0.55
(0.19)  (0.16)
FC Yorkshire 0.56 0.62
~ (0.15) (0.13)
Landrace 0.28 0.39
(0.24)  (0.21)
. ABF  Yorkshire 0.31 , 0.54
: (0.11) (0.10)
lLandrace 0.22 0.73
(0.18)  (0.18)
AAGE  Yorkshire 0.39 0.76
(0.11)  (0.10)

Landrace 0.52 0.92
' (0.21) (0.19)

s
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Table IV-9. Probability levels for breed, group size and
interaction effects from znalysis of variance of the
performance traits.in Yorkshire and Landrace boars test-—
ed at the New Hamburg and Lennoxville test statiomns

c

SOURCE - STATION ADG - TFC  ABF _ AAGE
Breed . New Hamburg  0.24& 0.59 0.30 0.32
| Lennoxville. 0.69 0.91 0.91  0.46

‘Group Size  New Hamburg 0.00 0.00 0.40 0.56
: Lennoxville 0.49 0.00 ‘ 0.44 0.00
Interaction New Hamburg 0.16 0.53 0.36 . 0.27
‘ Lennoxville 0.24 0.01 0.31 0.00
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V. THE EFFECT OF DELIVERY CRITERIA ON SUBSEQUENT RECORD OF

PERFORMANCE (ROP) TEST STATION PERFORMANCE .

‘A. INTRODUCTION

Weaning andAnutritional regimes prior to testing have been
demonstrated to have substantial effects on subsequent test
performance. Lucas et ai.}(l959) reported that pigs weaned at,56 days
of age apd fed éd lib. until 22.7 kg exhiéited‘7 to 8% more rapid
.growth‘andv7Ato 9Z<better.feqéﬁéfficiency froﬁ 23.2 ;o 9€.é-kg than’
ﬁfgs_weaped at 10 days Qf’ég; and' fed ad lib. to 22.7 kg even'fhoggh:
bbth groﬁps_of pigs had similan-dges at 22.7 kg liQeweight. The

superiority in both traits (P<0.Gl) was maintained in the latter stage
sl .

. . ﬁ ):
of the test period (46.4 to 93.2

kg) as well as in the earlier stage
(23.2 to 46.4 kg).- _ne same stgdy, two groups of early weaned pigs
subjected to feed restriction prior to tésfing demonstréted that
increasing degrees of'restricfion resulted in superior rates of growqhﬂ
and feed efficiency ra;ios on test;»This superipfiFy was most apparent
in the_éarly stageuof the growth period (;3.2 té Aé:d‘“g). However,
regardleés of the degree of restf@ction, the early weaned pigs were
not ‘superior in either trait to the pigs ;éanea-at_Sb days of age.

Boaz ‘and Elslev (1962) similarly reported that pigs whlcg were.

I- ‘ﬁi
’éu%gected to greater degrees of feed restrictions after weaning
.exhlblted superior rates of grdwth and féed conversién‘ratios from
22,7 to 90?9 kg compared to those subjected to less severe
- restriction. The effects 6f feéd.restriction were greater in early

weaned pigs (i.e. weaned at 4.5 kg) thhn those weaned at 5h days but

these authors did not observe any significant ef .cts of weaninz
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regime per se on eiﬁher-growth rate or feed COnversibn although the ¢
valeeé for the pigs_weaned at 56/dajs werevsiightly superior.

. Webb and king”(i979) compared the test performance of groups of
boars, barrows and gilts weaned at three, five and eight weeks of age.
Their Tesults indicated that boars weaned at eight weeks‘oﬁ age were

significantly superior to those weaned at three weeks. of age in

average daily gaiﬁ%? J?d converSLOn and index for economy of
. ~3
production, and significantly inferior for liveweight-at 50 days. With
. 5 E

-

regafds'to barrows and gilts, these weaning regimes producea '

significant differences only in liveweight at 50 days. Pigs weaned at

5 weeks of age were intermediate in performance<and in most cases were

not significantly different from either the three or eight week
a .
treatments.

.In contrast to these findings, Skjervold and Standal (1964) reported
that pigé weaned at five weeks of age had significantly (P<0.05)
greater growth rates on test than those weaned at eight weeks of age.

S ~—it

Although these latter two studies appearhto contradict each oth%r,
the're are other factors invol;ed which may partially explain the
dlscrepanCLes

Webb and King (1979) reported that, the eafly weaned pigs (three
weeks) were 51gn1ficantly (P<0.05) younger at start of test (27 kg)
than phose weaned at eight weeks. The authors concluied .hzt this
probably reflectedv' larger intake of nutrients to this point.
SkJervold and Standal (1964), on the other hand, repofeed that eariy.

weaned pigs (5 weeks) were significantly older (P(O 10) at the start

of test (20 kg) Zhan those weaned at 8 weeks. It would appear, then,

)\‘

R
that the postweaning envirohment had dlffercnt effects in these two
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%

o the‘studies by Lucas et al. (1959) and Boaz and°Elsley (1962)

e
the pigs which exhibited the lowest weight per dny of ag& at test

. [
’ “‘«
commencement (the feed restricted groups) subsequently exhlbibed
i
5uperior rates\of ga1n on test. However the restricted'grodps also

exhibited higher ageés at test completion 1ndicat1ng that average daily

gain caiculated from blrth to test completion (i.e..age at test

. a. < o, ?

completion) was-not comparable to that calculated diring the téstf”“"
~§' S ) . ‘ ’ P oY

. - : . . S
period. Lifetime average daily gain contained pretest environmental

;f“‘ vdihfluencés and therefore was not a reliable estimate of feedLotj?J,‘?;'
,1-,»"4;;;— 3 | >g’row'th?.'_f
Three of the above. studles (Boaz and Flsley 1962 SkJervold and 2 3ﬁ
Standal "1964; Webb and King 1979) reported no differences inucarcass_
’ ;merit.among treatments while Lucas et al.-(1959) reporteo thét early
weaneq pégs’exhibited greater deposition of body fat. These'latterfg S
e < PR ! : . ’

0 LT ; M : :
resul 4" however, must be viewed in light of the low numbers of

Aanimais.involved (18 pigs per~treatment).

¢ . : P PR

* The reports in the literature pertalning to the 1nfluence of" the_

g L")J

Te pretest environment indicate that some form of compensatory growth may

G o~
[oR 2

<

¢

be operating_in those animals exhibiting Ieduceq growth rates up to

ﬂd the start of test’ If this is” indeed so, then’ ﬁeeg restrictions;‘f-'

%}{ /“‘? ?\S'"‘:.“" .\. ¢1, .r‘

dpplied at the home farm could bias the 1nterpretation of results of " =

" boars submltted for test at central test stations. = - e

AL .
- . P . '

Gy e r‘.'

~"=’. . R AR AN
S
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s

f.elther exerts no effect on test perfnrmance or that anv Lnfiuence the:

Qfentering the test statjon pr1or to startlng tes:.!However} the

—_startlng w Lght may be put on test 1mmed1atelv .and therefore;be &

A ‘ ' »

The role of central boar test stations is to provide a uniform

i

environment in which boars from differeht herds mav,bm compared Fhe

ro ram opeTates on the princi le that a. unlform enuironment wzl
P 8 m op p p

-
. ’ . -“,1,'/ .

mlnim1ze the varlation associated with nongenetic'factors and thus

.vn‘ .
A

dmprove the preclsron w1th which genetic dlfﬁﬂren‘“F may be estimated.

»

!r.

‘~aIt is. of prlmarv meortance then, tha thé pretest~en91rnnment
. / . T LA .
. - f

- . .. . .t
N v o

,}pretest environment may exer: j - negated bv an adwustmentwperi)d uoon

I

ot -
’

”warm—up" perlod that the ROP program prov1des for boars entgtlng fest '
statlons will ‘'varv in 1ength depend1ng on the average welght'of the

. a . A e . PR H
pen at delivery,rin fact yroups of boars submitted close to the 30 kg’

:

o T : . . oy . - @
deprlved of any warm—up period at all., AR o 5 . '

o - o
+ 4 - - o -t
“

The only Lnformation available at .the time ofhsubmissioh'ofvboars ta

-
. iy

[ s @

the test statiens which'mighf be 1d1cat1ve of the pretest envrronment &
: .

- .

are welght at entrv (INWT) and age at entry '(INAG) both of whlch are’
5 |
subject to manlpulatlon by the breeder. INWT expressed as a ratlo of -
N . r ,j_’ - N "
INAG glves an 1nd1cat10n of the rate of predellvery growch or'weight .

et

r

per day of age at the tlme of dellvery (i.e\ predelivery growth [PGTh]
. - B

Co= INWT/INAG) and “is the tra1t which wouﬁd be affected by feed - i%'
- : < -’._. . i g .
restrlctlons in the pretest env1ronment.-ﬁ . ‘_, . : -_*G?

<

N

5. - - o “uat

J . . .

The * obJeetLve of thlS study was- to determlne whether the pretest

£
- N

env1ronment as 1ndicated by INWT. and PGTH had any gffect on test

«.t {g . - .
statlon performance and whether varlatlon between pen mates in
) - -« . B . >

relation to- these delivery traits bestowed any advantage on the
A

e - )
llghter or heav1er pigs in a pen in terms of test performance.v
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It is not unreasonable to_postu]ate that’ breeder opportynities to

- _ control. INWT would. be related to distgnce from the lest station. Thus,
. . s ) " AP i
breeders withinija few miles of (he station wouid experience little T
. . N

- : '_‘ , . e . B ) . .
nconvenience in delivering bdars. at a desired weight whercas breeders
' e a ’

gyjte A distance 'rom [he sta'kon wuu 4 be more 18kelv to coordinate
RE v . ;- ,
délivery of boars with other errands.,This wolld tend to result in a

“«

more random weight distribution .of boars at deliverv among breeders at

greater distances.ﬁgher~fere; another objective of this stud¥ was to ]
NN
Y . e : ﬁ; . s . ’ ' Q N A
. T T ‘ffvxavrne wﬂvrner :hq;g were differences due to the distance of breeders - =
from the test SLQt?mn (DIST) in terms of INWT or the time®of . L
submiseion >f boars relative to othér pigs in the fill period (FILL)
and the qubSequen[ effects of INWT and FILL on welght at test
. . ' e . . . : il :
termlna"on (FNWT). The& consistency with which breeders del d :
n ) bbarSvat-particular weig%éf‘or we&ghts per Jdav »f age was also .
¥ ..,:\ . o _~‘ g ’ ,." - -
s qexamlned : R e ‘ ' & L
‘ B ‘ ' @m\ . \‘b_l}i‘:’\ &
N ' ) .. & -
C o : By MATERIALS AND METHODS - X
' The data for this study comprised the recordsuof boars from three .
station-breed subclasses, Yorkshlres (YONT) and Landrace (LONT) from
e o
coe ) the New Hamburg station and Yorkshlres (YLED) from ‘the Leduc %tation. : -
’ . & - ‘Kg‘ . .
;Only xhe r%gerde of boars t&sted as ﬁull 51b pairs and those from : '
L - t 4 AT : R P "’
SN . 2 O o h
‘ ﬁ',coﬁtempora " #XB8bs containing more than 25 boars were 1ncluded in the
o, = s ot
]
A )
. e; X - -
‘subcl ll performance variables (L e. average daily gain in kg - |
: LY J® < ’) B ’
[ADG], feed: gain’ ratio expresSed as a p g average [Eﬁ] adjusted .
iy Sy . 1,
-_ . \," i RS . . -4
avenage backfdt ih mm [ABF uand the rhre_‘
e R Lo
- . o - : ﬁ,\\-

&



Yo i PN 3

! . 4 . A
. were expressed as o deotatlions Dromo the o AT L
e rgection=til witiin €rat:ion-dreed subriass
v B ',.4' g
Relarinnsnips belween delivery whriabies INWIS PUTH | variatlon
. . " +

"WTVE, 10 rINWT amony pen mates and variation TGRVE, o PLTH among e

N 3

mat-ss dand pertormance varian.es - ADG ., Fr ABF, CINDEXN D were XA e
Hv coding pens. lutse discrele T ASLes hdsed on - LT o dverages ol eacn ol

Che tour derivery variablies -and ~3louLAvINnyE per! HrmANCe ST LADLE TMeans
A - !

:
. L]
sor o each clags. The use JF o pen averajes reflected the polisv of the

. . S e , . . -
ROP progfam by which test decislons.are made n a pen, rather than an

Lo : .
{ndividual, basis.

pGTH was codagd {0t six ciasses according to '“tr;
RRTENTN ) : Sy y
S : . i

; B - ‘."'- . oy . : 1 o
crandard devtatrion 4507 uniig encompassing ali values
!

. T ' - 1 ot L
less than -1..0 SD below a mean Jerived i{rom’'the overall data set

comprising 443« Yorkshire boars and ;368 uandrace ‘hoars and «ilass »

X4 N
encompassing akl values greater thanwl.) SD above the mean. In this .
A
1.} .

‘way class ! aﬁdyﬁ/rénresented true extremes in delivery criteria. The

“ . . '

A, .
other trhits uere dlso coded "into six classes each but with coding
i o iy

based, on actu@l\yalues. -INWT was claséifiedﬁby increments of 2.0 kg,
’ R et I . .

‘-. N

GRVR by anrementb of 0. Ol kg/day dlrferegae betwéen pen mates and . e

L WTVR by anrements of l 0 kg dlfference between pen mates (Table V- 2)
g.k‘:. .

Eap N

The exceptlon to;the use’ ofrpen meansvwa§ in a study to determine

- whether the heav1er sib at deilvery (or faster. growing) had ;ﬁﬂ = C

M &

advantage over Xhe lighter (or slower growing) sib “This’ analysis was
- SR .
o different from the one desékibed previously in which the variation of

e - B ao-#' ' - -

LS K S .,"" ‘-’A ,' . }“‘ v . -
- INWT between penmates (WTVR) was examlned for its. effect on average o

. "& g . ) E
s werﬁfclassifled {nto 51x

- . .

‘ from thelr pen mate o

el . . EEe . .
-’)‘ .0‘ ; (2_‘;'{; B “o - .
'sﬂ: ’ . w;p' - L,
f S -



WIDV L Class L included 4l hoars which were more than 4 xwg lighter

tnan thelr penmate at deld with subsequent clasSes covering 2 kg

Prrements or INWT dewviations up to ~iasgs 5 which included all boars

) . . . o ‘ Can
STLR WeTe moTe than .o vz heavier than their penmate. Thus the classes "

i

“ereosvmmet Tical hout zern as a pen containinyg a boar ih ~lass b
ov o derinitizn, contain a ndar ial slass 1. Classes ', 2 and

3ooontaiaed the lighter boars .from ea: pen while classes 4, 5 and.b
o o

. o fx: . .

mtained the heavier penmates. Analvsis was performed. on individual

records rrathercthan pen averages with the ‘meansTor the performance

“ariables TADG, ABF, INDEX ) calculated tor each WIDV clasg.-*’ 1o not

, . N .

iﬁr‘;qeéW } ’hu £13a1¥s1s as this triit was »xpressed on a pen basis

v
PR |
. ! w P )

¥y Tpe 1+ L.
and, .?};L qu1v1dua values were note available. .

Means' of the "delivery” tTai'ts (INWT, PGTH, WIVR, GRVR, WTDV) which
. - el - -
. SET
appearwd to*exhibit trends relatlve to th@ performanc Ntr31CS based on
: 9 :
examination of the class means were plotted to'allow visual appraisal

of these trends. Simple regressionAanalyses were used vo determine n
'«' ) ' A 'V : @
. © whether obberved trends were significant (1 e. sxgnrflcance?Jf the -
)

P 1‘) . BES - S
-

regression'coeffictent) and the amount of variation in the test

.

variable explained by the %eliVery varigble:GR“). The model used for

S

,analysis v s:

wher-

R L dverage pen perforﬁa3594 or boar performance in the
o - > ‘ -

> Y ot analysis of wTDV, in-terms of ADG, FC,.ABF and INDEX
. exoressed as deviatlons from the contemporary average

X, D;ﬁmea5§10f the delivery variables INWT PGTH, WTVR, GRVR, fe

b s . Py

WTDV .




.

“srelationship. T ' ' ,. VL'
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\

Y intercept

bO =

b] /= regression coefficient of Y1 on Xi

e = 'random error ' ‘ < ' 5%
t ' ta!

v

St gL
Cpe I oorder to xamine the effects of PGTH on growth rates immedlately

- Km - - : ! -
after submisq%wm*of boarq to the station; mean growth rates in the
.,n‘

Rx&(eté period (gFDG) were calculated for cach coded level of PGTH for

“, a

thosc boars whlch had pr«tesr perlods (1 e. "warm—up” perlods) of more

than: [our days. PADC wastwegresaed on PGTH to quantify this

»
’ -

W

[

The effect of distance from the test station on INWT and FILI, was L

examined in the YONT and YLED subcLasses by coding pens according‘to

‘r N

. the distance of the breeder” % hﬁme town (km) from the test statlon ; T 4

u. ‘, « r

(DIST) and calculating the means of INWT and FILL for each DIST ClaSS.

“Distances were coded dlfferently in the two subclasses due to

< B il

differences in the number of?breeders in each subclass (Table V-3).

s fpx ,\

The effec&a&pf INWT and FILL on FNWT were examlned by calculatlng

" means’ of’ FNWT for each INWT class and FILL day.

The consistency with which breeders ‘tended to deliver boars at a

particular weight  or rate of growth was examined by.ranking the

breeders in each of the thrqe»station—breed subclasses according to

the average INWT and PGTH in 1976 and comparing this ranking to the

INWT and “GTH of these same bfeeders in 1977 and 1978. For this'

ana1y51s the data were ;ebtrlcted to those breeders testlng in all A .

\

threg years (1976 through f978 inclusive). ‘,‘ L . s




3 were not con31steng a?%?ggsubclasses these,regresslons were not Cl LR

regarded as being indicative of real trends (Table V-5).

» a ' 70 ¢

. C. RESULTS

1

The means of all traits examined with regards to coded levels of

INWT, PGTH, WTVR, GRVR, WTDV, FILL and DIST are presented in the a
h ' : A
.

appendix.

ADG, FC and INDEX exhibited definite trends relative to INWT in each

of the threejstatﬁon{breed subclasses (Fig. V-1). The upward trend in

INDEX as INWT increased .can be explained by the fact that two of the
LN £ , ,

cdmponent traits, ADG and. FC, showed favourable trends while the

‘third, ABF, showed no response.

fAithough the regressions of ADG, FC and INDEX on INWT were

- significant in two of the three subclasses, ’the amount of variation in

the performance tralts‘explalned by variation ‘In INWT was verylsmall
in_.each case and‘did not exceed 4.0% (Table V-4). However, begause the
signs of the regressions were consistent in all three subclasses,

being positive for ADG and INDEX and negative for FC thesev
relationshipsmwere probably indicative OE real effects.

anmination of the coded lévels of PGTH (Fig. V-2) revealed no -

o

T consistent trends although INDEX appeared to- increase in the two

» “ T L .
AR § . J 5

. Yorkshire subclasses as PGTH increased. Only two regressions were

K -

'significant with regards to PGTH and as tﬂe s1gns of the coefficients

B : iflEaiﬁﬁ

Bt
Py

There were definite trends apparent in PADG relative to PGTH (Table _ ??‘@A(.

V—6j.jIn all subclasses-there was a noticeablecdeclih?fin ﬁﬂDG P -

.y

assoc1ated with an 1ncrease in PGTH (FLg:LN 3). The regression of PADG:#g-

e ¥
- * ¢ '@&

on PGTH was significant ‘at the 5% proﬁabillty level irr thelXONT and e

LONT subclass ‘and at the 107 ﬁﬁgbabllity %evel 1n the YLED subclass K S

. §§T o .'f b" e@“ S o S “

J- A . N ,
e - . . . < ..
. ' ’ B - . N

’ ST
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(Table V-7).
Examination o. thedmeans for the coded levels of WTVR and GRVR
-1ndicated that there were ao trends {n the mean pen nerformance~
relative to variation between pen mates in INWT or PGTH The large
standard errors (Appendix Tables 3 and 4) indlcated that all but a‘few
of the-coded levels were not significantly different from zero (the
"3gbnntemporar; grhup average).
‘The distribution of observations in_each of the coded levels bf WTVR
- indicated that the’majority of penmates were deliv ~ed within 2 kg of
each other (65%, 66%-and 617% in the YONl, LONT and YLED subclasses,
'respectively) Thus the distribution for this trait was skewed with,
relativelv few observations in the higher classes. GRVR also appeared
to.be“skewedeith the majority of penmates tending to be similar'with
regards to.this characteristic,'but the variation was greater than ‘ ;ms

14 ! - . - Tt

that of WTVR.-

The trends in indiv1dual performance relative to WTDV revealed that e

-

only ADG appeared to exhibit any consxstent trends (Fig V-4). : 4

-

Although INDbX appeared to exhibit a slight upward trend with regards

to variatlon of INWT the large standard errors (Appendix Table 5) ‘

RS

) 1ndicated that these trends were of no real significance. A regression

54 v oup e 4
P

Ty S analysis of AD@‘on WTDV (Table V 8) indicated that although the trends

- were signlficant (P<O 05) the variatlon explaLned by this trait was

A
RSN - - o e . !
negligible. 1” o .,$ o ST .
4 g Sk i e
e ﬁﬁ Distance of breeders from the test station. dld ;not appear to affect
- S

e : the weight at which boars were=delivered but did appear to be related

P Q s g . Pty

thFILL (Fig. V—S) At the Leduc station, especiafly, breeders close ‘ nq

Yt

3

to the station appeared to deliver their plgs”relativelydeardy in the :gyhm




” g“%: 2 ¥
hg“wés”obserVed in respect to PX inmthe LONT subclass in which thel

fill period campared to those greater dLSCdHCeb from the station.

N ,;,"a

In all three‘subclaqses there was a definite anrease in FNwT as

I[NWT {ncreased (Fig. V-6). This was especially appérent in the YONT

subclass where the two lightest classes of boars 4t delivery had mean
final weights well below the 90 Rg target terminal weight. The trend

was not as noticeable {n the LONT subclass and even less so Iin the

YLED subclass where all boars except those in the lightest INWT class

reached close to the :1rget terminal weight. An examinatlon of the

trendq in FNWT (Fig. V 7) relatlve to FILL revealed that there did

Appear to be a downward trend in FNWT relative to fill (ignoring the

o
o

last classes in each station-breed subclass which had low numhers).

' THe,trend was most apparent in the YONT subclass.

- . %
An examination of the consistency with which breeders tended to

deliver boars (Fig. V-8 to‘V-lB)‘indicated a great deal of varLatibn

in the ranking of breeders from year to year in all three subclaSSesw

vv‘._‘;a
with respect to both INWT aud PGTH.xThe greatest degree of consibtenrv

u B

Sl

ordering of breeders in regards to this tralt was relatyvely constantl

dver the three ye§;§ (Fig. v-11).

4 . <

D DISCUSSION T
ﬂm \
The only consistent relatlonshlps between delivery and performance

traits observed\in this study were the favourable relationships

between 1ncrea31ng INWT and ADG and FC on test. Quijandria et al.
(1970), Neville‘et al. (1976) and Drewry (1979) also reported

LV

signlflcant (P<O ol1) regtessions of ADG and FC on initlal weight. The

first study did not indicate the'sign of the regressions but« the - 'Q,

N h




LN}

* ‘ . ’ "/)l

. . ) G
last two reported positive regressions of ADG on initial weight, which

were in agreement with those found in, this study, while the

regressions of FC on initial welght in both studies were reported to

be positive, in contrast to those found in the present‘study.'[nicial

weight as repofted in those studies differed from that in the present

study in that those studies "considered weight at start of test rather -

thanmaétght’at delivéry to the station. Thus the results are not

% iy
directly comparable to those reported here. The effécts of initial

vt

"weight have also been noted in catcie'(Moofe et al. 1961{ Schalies,aﬁd

Marlowe 1967; Bat;;vanf Wilton 1972; Wilton et al. 1973; Toﬁg 1582)
with these studies reporting improved performance in terms‘of ADC‘on
test associated with higher entry weiéhts.'

) 6ne bossible means By whf&g the observed relationship between INWT

and performance could arise is by INWT affecting the interpretation of

ADG through its assoclation with FNWT. The observed relationship

‘between INWT and FNWT éuggested that groups of pigs which' ' were below

average in weight at delivery were terminated early as a means of .
clearing out the fills which were of determinate length. Thereforé, if

the measurement of ADG was related to the weight at which it was’

. * *

obtained,‘there would be ‘a relationship between FNWT and ADG.. Further,
. 3 “.‘_ , .

{ #
since INWT affected FNWT, t%gfe would also be a relationship between

K <« -

ADG and INWT. | _,\’i@

FNWT could affect the interpretathon of ADG -in one of twovways. The

first possibility is that the rate of growth .was increasing overithe , -

“pr

range of 75 to 105 kg (the period in which test términation"océurped)
B . ) '

and thus ADG measured at 75 kg, say, would not be comparablé to that

measured at a heavier weight. waever,’thiﬁ explanation is not

A . )
/J .
/ . o . L
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‘term of weight on ag

"gwith growth'iﬁcreasihg over this range,’
."~."

'growth became linear, "if 1ndeed it did ﬁ@:ganot reported. However

supported in the literatur A review by Robison (1974) concluded that

growth was essentially linear within normal s laughter welght'ranges.

Similarly, Standal (1977) reported linear growth in bodrs over the

weight range 72 to 123 kg while McCampbell and Baird (1961) and Neely
et al. (1979) reported ADG oﬁﬁiest tended to decrease after about 75
kg .

The second possibility, then, ‘is that rate of growch was constant

o n

over the 7‘ 05 kg range, but was greater during this period than

that achLNQed duang the early portions of tﬁe test period. This would

)":’
result in the lower ADG in the early stages’ of %*k growth period

eonstituting a greater proportion of.the overall ADG in boars which
were termieated light ;ersus those termlnated htavv. Tth hypothseeis
is supported by Vangen and R;blbon (1977) who reported that growth in
gilts and boars was lower at the start of te%t at 22 kg‘in a Norwegian
test statlon and increased until 40 kg after which time it was g

essentially linear. Robison (1962) reported a significant quadratic

iggred from.P4‘kg to 84 kg,

fien growth was mey

hough the weight at Wthh

-
X

experiments which.hage actually calculated ADG at various weights have

reported that-eetimates of‘ADG on test were similar for pigs carried

7

to heavier weights (Wallace et al. 1959; McCampbell and @aira 1961;

5
Braude et al. 1963; Buck 1963; Skitsko and Bowland 1970; Neely et al.
1979).

v
-

1f, however, the calculatlon of ADG was related to the welght at

which the boars were taken off test, then FC would be expected to be

affected in the same way. Hines et -al. (1976) (in Krider et al. 1982)

! (I

-

&

L)

rr-
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%
s

i “would be denied a "warm-up” period by.viptue ofAtheir heavy weights.

Although these data do not'pérmiﬁ estimation of ggnetic and - o
: , e : . w ~

reported that FC ratios (fged/gain) increased when FC was calcdla;ed
from 34.1 ké to 90.9, 104,53, 118.2 and 131.8 kg,_réspecti;ely;‘
Stmtlarly“yoen and Standal (197f) concladéd grom a feview of the
literatﬁre that increasing lngideightvuver a range of 75 to 1% kg
was accompanied‘by degrégs}ng.efficiency of feed utilization. Thus one
might expect bogrs whﬁch'tefmiﬂatéd te§tuét'higher{;eights would
exhibit higher FC. This,; however, was not observed in the-présent

3

study and, in fact, the oppdsite occurred. Therefore, there is reason

e

: T ' ) o o
to doubt that the obsexved rplatbdh&ht between INWT and erformance
P P

“(ADG, FC) r:sultedﬂfrom any bias inflitted by differential terminal

R

wweights of the varihﬁs‘TNWTrciassgs. _ ) R 3
4AD altgrn?tén .':bv whict thé observéd relationship between INWT .
. . (.u . "‘
and performance Lould arise is’ from the role whlch INWT play@ in

q/ N

. deteranLng the length of time w?:fh bOde bpend in the "warm-up”, or

pretest, period prLor:to LommenCLng test. The observed relatlonshlp

between{PGTH and PADG would suppo;t thq ﬁypothesis that there was a
. '-‘; ’ . - . . . . “ﬁ"{ N .

ajyi amount of "equalization”, or ‘compgnsatory gain, exhibited by
."\r,h . - - . . Y ’

. 14 '
A with relatively low rates of growth at submission. Lbw PGTH
b B :

values could be prodicad byf"hol@ing back” boafé pfior to submission

and, as weight is the principal criteria for admission to the

©

.o

stations, it is reasonable .to assume that boars in the upper weight

¥

"range would be more likely to have been "held back” than those &t

lower weights. Furthermore, heavy boars at submission would exhibit

any compensatory-gain in the'early portions of the test period as :they-

\ .,

«r

2

environmental effects and this hypothesis, therefore, - cannot be

» .. O - o
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~stations had'substanttal effects on the weight g

76
verified, the observed trend in PADG relative teo PGTH fis sufficieng
grounds to recommend that all boérs gntering the test station be
‘probided a standardized period for "warm-up”. : .

: A*general lack of relationship between the performance traits and
WTVR, GRVR_and WTDV would ténd to indicate that test éé?formance, on
-eigﬁer‘a pen’ or an individual basis, was not sﬁbstantially affected by
différencés between.pénmates in weight or growth rate at the time of

. W
sﬁbmission"to the test staﬁfgnsf Hoi;ver, there was some indication

i

“that the heavier boar of a pair at delivery Subsequently-eXhibitéd
superior growth on test.

» It did not appear that the distance of breeders from the test

: 'é. :

N . y

The relatively constant ranking of breeders in the LONT subclass™]

regards to BGTH is probably indicative of relatively constant
. % :

environments in these :herds with the environments most conducive teo

T

N

PCTHYremainng as such ovef'afl years. The large amount of variation -
"of INWT from year.to year'probably'indiéated a lack of any deliberate
effort on the part of the breeders to consistently deliver boars at

either extremely heavy or ;axtremely light weights. : : e
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Table V-1. Numbers of observations in eachfytﬁtionﬁbreed

p P

subclass - )
. “ e i
SUBCLASS’ : OBSERVATIONS. -
YONT - - . " . 604
LONT{ - g : 566
YLED ' 728
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Table V-3. ‘Crite'ria for coding breeders into DIST_‘classe‘s
_according to distance (km) from the test station

YoNT . .  YLED
- ~ NO. OF , NO. OF

CLASS __ DISTANCE __ BREEDERS DISTANCE _ BREEDERS

1 -1 9 149 . 4
2 C20-39 - . 11 50-99 5

3 40-59 6 - - 100-199 16 L

4 60-79 16 ., = 200+ - 9

E 80-99 2 -

6  100-199 20 . . S
7 C o200+ 8 | S
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Table V-6. Means (with standard errors in paréntheéis) of
PADG (expressed as deviations from contemporary group ave.)
for each PGTH class

¥

PGTH n PADG (kg/day)
CLASS . YONT LONT YLED YONT LONT - YLED
1 16 20 36 0.100 0.066 0.024

(0.057) (0.036) (0.024)

2 26 39 36 0.040 0.019  0.007
(0.028) (0.029) (0.019)

3 47 46 59 - 0.009 0.015 0.012
(0.018) (0.018) (0.018)

4 41 50 48 ~0.003 -0.003 =-0.006 -
(0.018) (0.026) (0.021)

5 35 34 24 -0.023- -0.020 -0.036
(0.024) (0.024) (0.030)

6 17 17 9 -0.128 -0.114 '-0.073
' (0.047) (0.056) (0.022)




Table V-7. Regression coefficients and the R2 values of PADG

on PGTH . -
STANDASD ERRCEK
OF
STATION-BREED REGRESSION ", REGRESSION )
SUBCLASS COEFFICIENT COEFFICIENT R® (Z)
YONT —1.18 *x* 0.26 9.9
LONT ~0.60 ** 0.29 2.0
- YLED - ~0.40 * 0.24 1.3
* P<D. 10
** P<0.05

**x*x P<O0.01

83
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Table V-8. Regression coef icients and the RZ values of ADG

on WTDV
STANDARD ERROR T~
L : OF
STATION-BREED ° REGRESSION REGRESSION -
SUBCLASS COEFFICIENT COEFFICIENT RS (%) .

YONT - 0,0033 * - "0.0016 0.08
LONT 0.0034 * 0.0015 ©0.80
YLED 0.0047 ** £ 0.0013 1.87

* P<0.05
**x P<0.01

o
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FILL CLASS

“

Fig. V-7. Trends in FNWT relative to FILL classes.
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1976

1977

1978

J (1976, 1977,

BREEDER NO.

Fig. V-8. Mean INWT of breedefs in thé‘YONTwéubclass testing in each of three

1978) relative to the ranking based on 1976 values.

year
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VI. BACKFAT DEPOSITION AND ADJUSTMENT OF BACKFAT FOR LIVEWEIGHT AT

END OF TEST IN ROP PERFORMANCE TESTED BOARS

\
\

A. INTRODUCTION

‘The advent in the 1950's of soch.teehniques as ultrasonics in Europe
(Jonsson 1975) and the live’backfat'probe technique of Hazel andeline
(i952) in North America heralded a new era in pig testing. These
techniques made possible the measurement of backfat depth on the live
animal and estimates of thisﬁtrait could be obtained directly from "'
" potential breeding stock rather than relying on progeny or sib
performance. Since that time the measurement of backfat depth has
become a common, element of swine performance testing programs
throughout‘the world. Backfat measurements are made at the termination
of test which is usuaify defined as being at, or close to, .90 kg (e.g.
Jonsson and King 1962; QuiJandria et al. 1970; Moen and Standal 1971
Nevilleaet al. 1976; McPhee 1979; Mitchell et al. 1982; Sather 1983)
to-conform with the market requirements of slaughter pigs.

The target'terminal weight is rarely achiéved exactly. The
deviations are greatest in group fed pigs where»testing policy
requires that all animals be terminated at‘a standard average pen'

* weight rather than at a standard indiv1dual pig weight. Thus to
‘provide the weight standardlzation required for genetic comparisong of_
'backfat among tested animals it is necessary to invoke statistical

adJustments to the standard terminal weight. Each testing program

employs its own adJustment procedure ‘but all are similar in format to’

“
v,

that used in Canada. The Canadian.Record of Performance (ROP) ‘swine.

testing program currently/uses the following backfat adjustment:

RN

102



103

ABF = (90/FNWT) x (TBF/4)

where:
- ABF =vaverage adjusted'bacgfat (mm)'to’90 kg
FNWT =‘weight at completion of test (kg)
. TBF = sum of 4 ultraéonic”backfét measurements at test completLqp

(m) ,. | ‘
This procedure assumes a linear raté of backfat”deposition from !

birth (at zero‘weight and zero backfat) to the final Qeight observed.

. Thus the assumed regreséion_l}ne of backfaf on WT passes through two .

boints;'thé intercept of«éero and the point defined by actual Qeight

and acfual backfat at test te;mination. The regression coefficiept

(bA) of this line would be:

b, = BF / FNWT:

A
where:.
BF = average backfat depth at test termination (TBF/4)
FNWT .= weight at test termination

‘ABF valhes wéuld be obtained from the backfat values oh_this liﬁe,at
90 kg. |

While ;he rate of backfatldepoéition would not be éxpected‘to be
1inéar thréughout the iifé of.the pig there is cﬁnsiderable,ev;&énce
to support the assuhption of 1inéari£y through the growing‘period.
Thus Hetzer et al. (i956), Néffsinger et al. (1959), Robison (1962),

. ' . : ‘ I ‘
Quijandria and Robison (1971), Standal (1977) and Jesse et al. (1983),
- . , _

in experiments involving fat measurements an\rggular'intervals through
the. period of growth, found significant linear regressions with |
eviéehce.of’a noélinear éopponeﬁf'in only one césé (Quijandria

:

and Robison 1971). However, as a quadfatic component occurred in only

-



" one subcless in this latter;study, these authors coancluded that the
-relationship betbeen backfat and.liveweight was essentially a linear
. one. The above studies covered weight ranges of 68 to 102 kg, 45 to 90
kg, 43 to 84 kg, 57 to 82 kg, 63 to 123 kg and 104 to 131 kg,
respectively, and resulted in regression coefficients ranging from
0.090 to 0.484 mm/kg liveweight (Table_Vl—l). The variation in the
'regreSSion coefficients as reported in Table‘VI—l appear to be a
result of both sex and line (or nutrition/management) effects..Thus
while boars and gilts had lower rates,of backfat deposition.compared
to berrows, the study involving the leanest pigs (Standal 1977) also
reported the lowest coefficients. Only two of the studies reported
growth'rates, but from.this timited information there was no
indicaticn of a relationship betWeen ADG and the rate of backfat.
deposition; Standal (1973), using‘"onjthe—farm" data which provided
only‘final weight and backfat information, reported regression
coefficients of 0.164 and 0.121 mm/kg in gilts and boars respectively.
'While these data’demonstrate that regression coefficients are
specific to individual populstions: they alsovvalidate-the essumption
(i.é, linearity of the rate of‘backfat depdsition) basic to the
Canadian,ROPYedjustment procedure. However, it is Self—evident that
' the accuracy of this procédure is Jinversely releted vith the weight
deviation over which the edjustment is applied( The objective of the
present study was to examine the possibility that the divergence in

final weights associated with penmate differ ces in growth rate might

result in over or under estimation of backfat.

104
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B. MATERIALS AND METHODS

The data set for rhis study compriséd the records of all boars of
the three principal breeds which successfully completed test (3735
Yorkshire boars, 1869 Landrace boars and 921 Duroc boars) The data
‘for each boar included final weight in kg (FNWT) and average backfat
~ in mm (BF) with individual boars in a pen usuelly deviating eboye and
below this weight (i.e. pen mates usually differed in FNWT). This type
of data was catagorized as "cross—secrionalf by Fitzhugh (1976);

Data for. each breed were crossclassified into quadrants according to
BF and FNWT FNW; was coded as being above or below 90 kg and BF was
coded as being above or below the breed average. The purpose of
classifying the data in this manner was to examine whether
differential backfat depositionvrates‘existed between the quedrants.
The*qhadrants could be referred to generally as containing‘the
following groups of boars (Table VI;Z):

light, fat

-
2'= heaﬁy, fat
.3 = light, leen
d = heavy,‘lean~

Crossclassifying the data in this manner also facilitated the
examinarion of the effects of growth rate on backfat deposition as the
quadrants differed significantly (P(0.0S) in mean ADG (Table VI-3).

Rates of backfat deposition within each quadrant, and pooled qver
quadrants, were determined by regressing BF on FNWT, breeds separéte,
using the model:

Y,ij,=ru+ci+ blFNWT+eij e
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where:

. .th , o th

Yij = BF of the j individual within the i contemporary group

u = overall mean |

. \h

'Ci = effect of the iﬁ contemporary group defined by
herd—station—ye;&—section-fill

~b1: = linear regressiox\coefficient of BF on FNWT for quadrants

separdte (b.) or pooled over quadrants

Q

random error term \"

e

1]
\ : :
The Ci effect, represented by 968 Yorkshire, 475 Landrace and 286

Duroc contemporary groups, was| absorbed prior to the estimation of
. . \ °

~regression coefficients after the manner employed by Standal (1977)
.for absorption of herd effects. All analyses were also performed with
inclusion of a'quadratic effect, the model in this case being:

Y =u+ C, + b FNWT + b

2
1j 1T h oFNWT™ + e

: 1j
where: . T
: b2 = the regression coefficient of BF on FNWT2

The regression coefficient‘assumed by the ROP adjustment procedure

©

(i.e. b, = BF/FNWT) was calculated for each boar. The regression

ey

A
: &)
coefficient of BF on FNWT derived from the within quadrant analyses

(b.) was then subtracted from this value to obtain the deviation

Q

between the twé poefficients. These deviations were averagéd by
quadrant to determine to what extent thg regression on which the ROP'
adjustments were made differed from thoée de;ived from the‘aata. These
average deviations were used to predict %he differences In adjusted
a;erage»backfat ?alues which would result' from using the ROP

¢ |

adjustment procedure rather than a proceddre employing the regression

coefficients derived from the data.‘That is: : -
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D,pp = ABF - ABF'
where: .
DABF = difference in adjusted average backfat values
ABF = adjﬁsted average backfat derived using the ROP gdjustment
ABF' = adjusted average backfat derived using bQ'. ﬁ

(i.e. ABF' = BF + bQ[9O—FNWT])

The differenées in.indéx values which Qould reéulf from using the
two different ABF valugg (i.e. ABF versus ABF') were calculated by
applying DABF td the 2 trait phenotypic index iﬁ use presently by the
ROP swine program. ' o

Thus, assuming that the ADG parameters and meanlABF rémained

constant in the index, the change in the index value (DINDEX)

‘resulting from differences in the ABF measurements would be:

Dynpex = 1768 (D, o / SD, )
where: '
DINDEX = difference in the index values derived using ABF versus
ABF'
- - 1
DABF ABF—-ABF
SDABF = standard deviation in ABF of the contemporary group used °

in construction of the index , 3;

SDABF for each of the three breeds, based on pooled within
breed-year—station-section-fill subclass estimates, were 2.78, 2.69 _

and 2.33 mm for Yorkshires, Landrace and Durocé, respectively. DABF

Y

and DINDEX were compared at the extreme ends of the FNWT range (75

Ty

~versus 105 kg).
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C. RESULTS
The regression of BF on FNWT, quadrants pooled, indicated that the
rate pf'backfat deposition was not significantly différent among
breeds and raﬁged from 0.188 to 0.216 mm/kg (Table VIfQ). However, the
coefficients derived f.om within quadrant analysis (Table VI-5)
produced values consistently less thén those from the'pooled analysisf
Thesé values Qefe hétvsignificéntly d¥ffe£ent kP)0.0S) among any of

the quadrants in any of the breeds although the differences approached

significance <P=O.ll) in'the Yorkshires. There did appear to be a
tgndency for quadrant 4 to exhibit congistently lowef regression
coefficients.oThis suggésted that the heavy, 1eaﬁ bqaré'deposited BF
at .a slower rate relative to 1iveweiéht than the other quadrants;
However, the converse was not always the case as in the Landrace breed
quédrant 1 boars (light, fat) exhibited a lower coefficient than
quadrant 4 boars. Although the regressions were significant in ali
cases, the amount of variation explained by the regression of BF on
FNWT.was relatively small as evinced by the low R2 values.

In none of the regression analyses performed in this study did a
model incldding a quadratic term indicate that regressions deviated
significantly from linearity. It must be remembered, tﬁ;ﬁgh, that the
regressions obtained apply only to fhe‘range in final weights observed
in this study. Extrapolations beyond the range of these da;a cannog be
made and thus linearity beyond this range cannot be assumed.

While the regression coefficients wére not significantly different'
émopg quadrants and<there were no consistent trénds apparent within

each breed, the regression coefficients assumed by the adjustment

procedure exhibited a consistent downward trend from quadrant 1l to 4



(Table VI-6). This resulted from the nature of the adjustment
procedure as ‘all boars were regressed through zero resulting in
lighter, fatter pigs being assigned greater ‘rates of backfat
deposition than heavier, leaner pigs.

The mean deviatioﬂs between the two regression coefficients
(1.e. bA - bQ) were large and positive in each quadrant, deviating
from zero in every case by at least 8 times the standard error (Tahie .
v177)1 The implications.of these findings are that, on average, the
regression lines along which adjusted'hackfat values to 90 kg were
obtained were greater in slope than‘those regression lines derived
from.the data on a within quadrant ;aSig. As boars in quadrants 1 and
3 were forward adjusted and those in quadrants 2 and 4‘were backward

4

adjusted to 90 kg, this would indicate that boars completing test less
' 5 . .
than 90 kg would have backfat measurements adjusted to yalues which'
were too high ({i.e. overadjustggnt) while those completing test at
weights greater than 90,kg~WOuld have BF adJusted to values which were ”
too low (i.e. underadJustment) This conclusion is supported by the
examination of the regressions of adjusted average backfat (ABF) on
FNWT (Table VI—8). All regression coefficients within quadrant (breeds
separate) were negative though only three coefficients in the
Yorkshire breed and two in ‘the Landrace were significant (P<O. 05)

The differences between adJusted backfat values which would be
arrived at by using the two,different regresSion coefficients
(i.e. bA VS. bQ) are, of course, directly related to the. magnitude of
the deviation of FNWT from 90 kg (Fig. VI-1). They are minor when the

deviation 1s small but reach substantial values for the extremes in

welght deviations (e.g. a maximum of 2.14 mm in quadrant 1 for the
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Landrace breed, Fig. VI-1). Thus at these extremes in weight
deviations, the ROP adjustment wrocedure can lead to errors in index

calculétions of up to 14 index ﬁoints.
. N .

Ky

i
D. DISCUSSiON

The results of the analyses performed in the present study indicated
that the adjustment procedures presently in use by the ROP swine
program bias adjustedvbackfat values in favour of boafs termigating
test at weights greater than,90 kg. A similar conclusion was reached
by Kennedy (1954) basédvon preliminary results. |

While use of the ROP adj;stment procedure impliesithat boars
completing test at lower levels of BF and higher FNWT have lower rates
of backfat deposition than those completing test at higher BF levels
and lower FNWT, Fhere was no indication of this phenomenon in the
present data. Admittedly, though, the data available were less than
ideal for this type of analysis. However, claséifyingrthe da;agiﬁto_
‘heavy and light groups as was done in this study wouldjbe‘expécted to

remove some .of the confounding of final weight and growth rate, which

1s inherent in this kind of data (Standal and Moen 1971). This would,

in part, explain‘the lower regression cgefficienés derived on a within
quadrant basis as compared to thoSelfrom a pooled over quadfanf
analysis. This observation points out the danger involved iﬁ trying to
obtain adjustment factors from data of this type/as adjustment for
liveweight becomes an adjustment for ADG as weil. iny in populations
where the geﬁetic correlation between baékfat anq ADG ig zero would
adjustment factors derivéd from this type of data be free of the

effects of ADG (Standal 1973). However, reports in the literature of

’

v
s
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substantiai positive correlations between these two traits on ad 1lib.
feeding (e.g. Robison and Berruecos 1973; Fredeen et al. 1980;
Rothschild et al. J981) indicate that this aésumption.éannot be made.

To obtain accurate estimates of backfa; deposition rates the boars
would have to be sequentially Qeighed and probed. Regression
coefficients thus obtained would be on a wi;ﬁin pig basis and would be
free of any genétiC'covariance between backf;t andAliveweight‘(StandaI
1973). ‘

The regressiqn coefficlents which were obtained in this study,
however, did indicate that the actual rates of backfat deposition may
have been substantially less than fhose implied by the adjustment
procedure. Thus, a nongenetic advantage in terms of adjuéted backfat
values, énd‘fesulting index values, would be bestowed uﬁbnlboafs
completing test at a final weight greater than 90 kg for whatever
reason. This advantage would be gfeater at higher terminal wéightsj
For this reason, those boars in pens with alslow gfowing pen mate
(with its resﬁltant loweriﬁg of the average pen weight) would be at an
advantage compared to those in pens with more_ evenly ma;ched growth
rates. Similarly, pens entered at light weights and late in the fili
period‘would run a greater chance of being termiﬂated early (lésg thag
9kag).to facilitate clearing out the fill and would have their
‘backfat values overadjuscéd; the severity of the éveradjuétment
depending on the deviatién from the 90 kg target weight. The bias 1in
ﬁhe adjustment procedure could, therefore, change the ranking of the
boars in a contemporary group for purely non—genétic réasons.

The "beét" solution to the problem of statistical adjustments is, of

course, the, avoidance 6f such whenever possiblé. Although this would
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not be feasible in all cases. such an approéch is - not outside the

boundariés of practicality as .ns to the éollection of backfat
data at swine ROP test stat.ons fat depth at 90 kg could be
obtained directly by probing .., © close as 1s practically
possible, to this weight. This wc¢ - ‘eass labour csts by
necessitdting an increase 1~ wei;hi g iz but wo'd allow the.

bl 1 l

-plg to provide backfat values at a st-=-dard weight rathe- than relying
on statiscics to'achieve this end. Tre abili ., to ccllect feed
conversion data on penmates woqld not have to be gacr “iced as boars
cquiq remain oh test after probing until the ligh“esc.penmate reached

90 kg.



Table VI-1. Summary of backfat deposition rates (and associated
pertinent information) as reported in the literature

REFERENCE
Quijandria
and Noffsinger Hetzer Jesse
Standal Robison et al. et al. - et al.
1977 ’ 1971 " 1959 1956 1983
n 116 (M) 777 45(R) 45(M) 360(M)
258(F) (M+F+B) 52(F) 30(B)
65(F)
REGRESSION 0.090(M) 0.484 0.285(B) 0.246(M) 0.240(M)
COEFFICIENT 0.120(F) (M+F+B) 0.229(F) 0.319(B)
(mm/kg) 0.235(F)
AVERAGE 12.8(M) 29.3 40.1 32.5(M) 26.1(M)
BACKFAT 13.2(F) (M+F+B) (B+F) 35.3(B)
(mm) 35.8(F)
FINAL 95.1(M) 82.1 90.9 %90.9 131.5(M)
WEIGHT 87.4(F) (M+F+B) . (B+F) (M+B+F)
(kg) : :
SITES OF shoulder loin shoulder shoulder shoulder
BACKFAT midback midback midback midback
MEASUREMENT loin R loin loin loin
AVERAGE DAILY 0.57(M) - ~ 0.60 - -
GAIN 0.52(F) - (B+F)
(kg/day)

M = male F = female B = barrow
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'Table VI-2. Number of observations and means (with

standard error in parenthesis) of BF and FNWT for

each quadrant by breed

QUADRANT

BREED n BF FNWT
Yorkshire 1 601 18.5 (0.08) 85.8 (0.14)
2 1050 19.3 (0.08) 95.1 (0.12)
3 1253 13.5 (0.05) 84.1 (0.11)
4 831 14.2 (0.05) 94.1 (0.12)
Landrace 1 372 19.0 (0.10) 85.0 (0.21)
: 2 518 19.8 (0.11) 94.6 (0.16)
3 599 14.0 (0.07) 84.0 (0.17)
4 380 14.6 (0.07) 93.7 (0.15)
Duroc 1 160 17.9 (0.13) 85.8 (0.27)
2 286 18.6 (0.13) 95.2 (0.25)

3 274 13.4 (0.10) 84.2 (0.25)
4 201 13.9 (0.09) 93.9 (0.23)
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Table VI-3. Means (with standard errors
in parenthesis) of ADG by quadrant and
breed . o

BREED ~ QUADRANT ADG
Yorkshire 0.86 (0.004) b
| .94 (0.003) d
.79 (0.003) a
.89 (0.003) ¢

c O © o

1
2
3
4
Landrace .86 (0.005) b
.92 (0.004) d
.80 (0.004) a

.88 (0.004) ¢~

S W N
o O O o

.88 (0.007) b

.95 (0.005) d. L.
.81 (0.005) a '
.89 (0.006) ¢ e

Duroc

8 WN
O O O o

means within the same breed with dif-
ferent letters are significantly dif-
ferent .(P<0.05)



Table VI-4. Regression coefficients pooled
over quadrants of BF on FNWT and the R2
’ values .

STANDARD ERROR

RECRESSION REGR2§SION‘

BREED COEFFICIENT  COEFFICIENT R2 (%)
Yorkshire 0.211 ** - 0.007 = 11.2
Landrace 0.216 ** 0.010  10.7
Duroc  0.188 ** ©0.011 - 10.6

** p<0.01
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"Table VI-5. Regression coefficients, within quadrant, of

* BF on FNWT and the RZ values

'STANDARD ERROR

**x P<0.01

S OF
. REGRESSION REGRESSION
BREED QUADRANT COEFFICIENT COEFFICIENT . R2(%)
Yorkshire 1 0.122 ** 0.036 1.8
o 2 0.159 ** 0.027 2.4
3 0.121 ** 0.016 2.6
4 0.072 * 0.022 1.0
Landrace 1 0.081 ** 0.036 1.1
2 0.144 ** 0.040 1.7
3 0.159 ** 0.022 4.8
4 0.089 * 0.032 1.5
Duroc 1 0.170 * 10.073 . 3.5
2 0.112 0.047 1.3
3 0.137 ** 0.029 - C b4
4 0.089 ** 0.033 2.0
* P<0.05
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" Table, VI-6. The.average adjustment coefficients
as derlved by the. ROP adjustment procedure (w1th—
in. quadrant breeds separate)

 STANDARD ERROR

: _OF ,
1 REGRESSION - .. REGRESSION
BREED QUADRANT COEFFICIENT - COEFFICIENT .
Yorkshire 1 0.216 0.001
| 2 0.203 0.001
3 0.161 " 0.001
4 0.151« . . 0.00L
Landrace 1 " 0.224 . 0.001
2 0.209 .- 0.001
3 0.167 ©0.001
4 0.156 © . 0.001
Duroc 1 0.209 - 0.002
: .2 0.196 0.002
3 0.160 0.001
4

0.148 © 0.001
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Table VI-7. Deviations between the two re-
gression coefficients by (the coefficient
implied by the ROP adjustment procedure)

and bQ (coefficient derived from the data)

DEVIATION (ba ~ bg)

QUADRANT  YORKSHIRE __ LANDRACE __ DUROC

1 0.094  0.143 0.039
(0.001) ~ (0.001)  (0.002)

2 0.044 0.065  '0.084
‘ (0.001)  (0.001)  (0.002)
3 0-040 0.008 0-023
©(0.001)  (0.001)  (0.001)

4 0.0 0.067 0.059

0.col;  (0.001)  (0.001)
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Table VI 8. Regression coefficients, within quadrant, of
ABF on FNWT and the R? values

-

STANDARD ERROR

- OF
REGRESSION REGRESSION

BREED QUADRANT COEFFICIENT  COEFFICIENT _ R2(%)
Yorkshire 1 -0.112 * 0. 38 1.3
2 -0.041 c 6 0.2
3 -0.044 * 0.018 0.3
4 -0.071 * 0.021 1.0

Landrace. 1 -0.168 * 0.039 " 3.5 -
2 -0.060 0.038 0.3
3 ~0.009 0.024 0.0

4 -0.061 * 0.031 0.8 .

Duroc 1 -0.050 0.076 0.2
2 -0.076 0.044 0.6
3 -0.023 0.032 0.1
4 -0.050 0.032 0.6

* p<0.05
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VII. BACKFAT DEPOSITION AND GROWTH PATTERNS FROM 75-105 KG

IN ROP STATION TESTED - BOARS

A. INTRODUCTION

In order to eccurately.estimate backfat deposition and growth
patterns, seqeential age and backfat depths must be obtained ph
individualipigs over a range of weighte. This type of data is not
- ‘normally availablelfrem ROP tested pigs as probing occurs only once
(i.e. at the completion of test). A unique oppertunity arose in 1972
when a complete fill ofgboars at the Lacombe, Alberta test station had
to be slaughtered due to health concerns. This afforded the chance to
conduct sequential probings over a range of weights and to carry these
boars to higher terminal weights than would otherwise be possible
under the policy of the ROP program. -'\

The obJecque of this study was to utilize the:resulting\ﬂata to
examihe hetterns of backfat‘depositionvand growth over the normal
range of ROP Fest‘termination weights (i.e. 75 to 105 kg). This
information was used to determine the velidity of the present backfat
and ageé adjustment ﬁrdceduree and to test an alternative method of
.backfat adjustment.

. MATERIALS AND METHODS

The populatioh for this s;udy comprised 120 boars tested in pens of
two as full sib pairs at the Lacombe, Alberta ROP test station in the
summer of 1972. The boars were ultrasonically‘prebed and weighed once

weekly over a“two month period with backfat depth (mm) recorded at the

shoulder, midback and loin. Weights at the time of probing varied
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among the boars over this period from a minimum of 38 kg to a maximum
of 144 kg though all boars were not weighed over equivalent ranges.
Thé two principal breeds tested were Yorkshire and Lacombe with 72 and
32 boars, respectively, although fhere were also representatives of
Hampshires, Poland China and Pietrain with 10, 4 and 2 test animals,

respectively.

Aslthe poliéy of the Canadian ROP ;wine testing‘program stipulates
' that boars must complete tést within the range of 75 to 105 kg, the
data were restricted to those béars which had weights recorded over
this range. The weights for each boar included in the resc?icted data
set were those weights between the first yéight closest to, but less
than 75 kg,vand the first Qeight greater than 103.5 kg. The reason for
- an upper limit of 103.5 kg rather than 105 kg was to éxpand the data
set to allow inclusion of 4 additional boars yhich were terminated
slighLly lighter than 105 kg. In addition,’ the analyées were
restricted to the two principal breeds. Tﬁe application of these
restrictions reduced the data set to 55 boars; 37 Yorkshires and 18
Lacombes. Although this represented a severe reductign'of the data
.set{ it was felt that these restrictions were necessafy to insure
that: (a) Backfat deposition and gro&tﬁ data were available over the
gﬁtire range ;f the 75 to 105 kg test termination period, and (b) all
boars provided data over an equi?alentiweight rangé. |

Two methodsvwere-UEilized tovadjust average backfat (BF). The éirst
(Method i) was the stéddard'ROP pr;cedure.which adjusted BF to 90 kg
" “(i.e. ABF = [90/WT]BF wﬁerq WT represents liveweight at the time of-;
probing). The second method (Method II) utilized the pooled within pig

(across breeds) regression coefficient of BF on WT. In this case thé
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adjusted BF values were obtained by the equation:
ABF = BF + bp(90—WT)
where bp represents the pooled within pig regreséion coefficient of BF
on WT. |
To examine the effeétiveness of Method‘II, boars w;re designated at
random within pen to one of two groups. The regression coefficient,
bp’ was obtained from the first half and applied to the remainidg half
of the data to obtain an independent assessment of its validity.
Variation in probing weights was an inevitable result of fixed
weekly probing schedules and variation in groch rates. Thus, two
approaches were utilized to determine ﬁhe target weight to which
adjustment was made in each method.
In the first instance, within plg regressions of BF on WT were used
. to predict BF at 5 kg intervals from 75 to 105 kg for each boar. The
necessary within pig regressions were obtained using both a linear and
a linear plus quadragic model. The linear model was:
Yi = u + bIWT + ei

and the linear plus quadraﬁic model was:

Y, =u+ b,WT + b WT2 + e

i 1 27 i
where:
th

Yi = BF value of the {1 boar

u = overall mean

b1 = regression coefficient of BF on WT

b2 = regression coefficient of BF on WT2

e, = random error

The model which appeared to best represent the relationship between

’

BF and WT over this weight range was used to derive predicted BF



values at each of the 5 kg weight intervals. Adjustment was then made
via Methods I aﬁd IIxto 90 kg from each of the wéights.

Validity of the adjustment procedures (Methods I and I1) were
examined according to the criteria defined.by Taylor and Hazel (1955).
Although the criteria as defined by these authors referred to
adjustment of liveweight to a standard age, they should be appropriate
to evaluaﬁing the_adjustment‘of_BE to a standard weight. Thg‘three
requirements of suitable adjustment factors listed by these authors
were: |

1. the méthod must be accurate in the sense that the adjusted
values agree as closely as possiblé with the actual valués at
the.standard weight to which adjustment is made.

2. the variance of the adjusted values should be approximately
equal to the variance at the standard weight.

3. the adjustment»proce5ure must be convenient for practical
application. ,

Examples of this approéch have béen given by Quijandrta aﬁd gobison
(19715, étandal (1973) and Vangenvénd_Robison (1977).

The second means by which BF adjustments_were studied had the
advantage of utilizing directly the actual BF measuréments at tﬁe
weight to which adjustment was made rather than relying on prédicted
valués. Iﬁ this procedure; the recorded weight of each boar closest to
90 kg was designated as the “target” weight. Adjustment was then made
to this wéight from each of the remaiﬁing weights via Method I and
Method I1I. The deviations of the adjusted BF values, gé derived via
‘Method I and Method II, from the actual: BF measured at thé "target”

weight were regréssed on the deviations of the welghts from the target
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weight. Thus the deviations from all pigs were pooled even though not.

all were adjusted to the same weight. Régressions were derived
Séparateiy fo; forward and backward adjustment, as well as over the
_entire wetght'range (i{.e. from first to last recorded weight).

In addition, deviations in weight from the target weight were ¢oded:
into 5 kg inc;ements‘<Table QII—l) and the mean deviations in backfat
for each of‘Methods I andAII weré calgu}ated for each"weight\&eyiatioé
class. In this way the two methods could be compéred'according to éh;
fcritefia of Taylor and Hézel (1955) described pfgvibuq%y.
| The tables provided by the ROP prbgrgm for‘age adjusément allowed
for adjusgment to be made only to 90 kg. Therefore, age adjustments
were examined by regressing age on WT on a within pig basis and using
the resulting regréssion equations‘to predict age;.at 75, 80, 85, 90,
195, 100 ‘and 105 kg. This was-similar to<the First méthod.described
previously for study of the BF adjustment.JAgain both a 1inea:'éﬁdva
linear plus quadratic model were used with'thé "gest" moael being used -
for prediction purposes. The adjustment procedure was e;a}uated
usiAg the criteria defined by Taylor énd Hazél'(1955).

Growth patterns were derived for each pig in a mannér similar to
'tﬁat used to derive predicted age values. However, in thiswcése WT was
regressed on age to correspond with the standard method of desgribing
érowth curves. )

The regressions of BF on WT and WT on age yielded separate‘
regression equations for each pig and indicated the rate of backfat
deposition and growth on an individual basisT The reSUltiné intercepts

and slopes of these regression equations were added to the record of

i . o
each. pig and were analysed as continuous variablés in an analysis of

N
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variance. Breed, BF level and rate of growtn were‘examined for the;r
effects qn‘the intercepts and slopes of the reg?essions of Bé on WT
" while_breed-and BF level were examined for their effects_o¥ the
.intefcepés and slopes of the regregssions -of WT on age. Grod;h classes

B : ) . \

~we‘redefined_ac_cording‘;o average Haily'gain (ADG) over the\Fange of"
the data .with class 1 containing these boafs with ADG yalueSjbelpw‘
average and clasehéfehose boare"with.ADG nalues aner average-during
this period. BF classes werevcoded according to predicted BF at 90 kg .
with class | containing those boars which were below average for this
trait and class 2 those boars which were above average. The izndel for
the'analysis of 1ntercepts and slopes ofvthe within pig regrpssions of
BF on WT was thus:

=u+B, +T. +G + BT +e

Yijkl i i k ij ijkl
where:
Yijkl = the intercept or slope of the regression of BF on WT
within the ith pig of the K th growth class and the jth BF
: . . th . ‘ .
class and the i breed
u = overall mean
' " .th . <
Bi = effect of the 1 breed o
' .th
Tj = effect of the j BF. class
' . - th :
Gk = effect of the k growth class
' th ' .th '
BT.. = interaction between the i breed and the j BF class

ij
eijkl = random error o s N |
Preliminary analysis indicated that the other interactions (i.e.
Bcik’,Tij and BTGijk) were not significant (P>0.05) and these effects

were therefore not included in the model.

The model for the analysis of intercepts and slopes of the withinv~




Pig regressions of WI on age was: : ‘ . .
- Tigle T 0P By P T BTyt ek
where:
tYijk = the intercept or slope of the regression of WL on age

within the k" pig of the jth BF class and the it breed

u =v“.overal.l mean
: A . th '

Bi = effect of the 1 breed

P . ‘ . . .th .
Tj = effect of the j BF class

. ) ' th .th i

BTij = interaction between the i~ breed and the j BF class
e, .. = random errdr‘§

ijk

C. RESULTS

e

The within pig régression analyses of BF on WT indicated that for

B . R )
dnly one boar was the inclusion of a quadratic term significant
. (P<0.05). Therefore, it was concluded that the regression of BF op'WT

over this weight fange was essentiélly a linear one and thé linear

" regression of BF on WT was used to derive predicted BF'valués for each

boar at 75{.80, 85, 90, 95,, 100 and 105 kg-iThe R2 values on a within

~ - plg. basis ranged fro£€26a9z to 99.0% with an average value of 80.8%

>

indicating that in most boars a large proportion of»the‘variétibn in

BF was exﬁlaiﬁed by vériation-in,WT. -

. g . ) . :
An examination of the least. squares means of BF classes and ADG

_ciasses for BF and ADG (breeds separate) revealed that Yorkshires were
%" superior (P<0.05) to Lacombes in both traits (Table-YII;é).

‘The slopes of the wiphfﬁ pig’régressions of BF on WT were not

-

significantly different (P>0.LO) between the two breeds but due to the

highéf levels of BF in the Lacombes (Table VII-Z) the dintercepts Were

. .
R
i8]

L
~" .
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v

significantly different (P<0.01) (Table VII-3). Neither the slopes nor
the intercepts of the regression 1ipes were éignificantly différent
(P>0f05) between ADG classes:indicating that boars with different
growth.ratgs tended to deposit fat at similar rates_relative to
.wéight.'HoQé?er; BF‘class did havé a significant effect (P=0.01) on

th boars having .

i

the slope of the within pig regréssion equations wi
higher levels of BF at 90'kg‘exhibiging greater rates of backfat
deﬁosition (Table VII-4). This observation suggested that backfat
deposition may have been a function of both weight and theramount of
" backfat carried by a boar. However, the presence of a significardt
(P<0.01) breed by BF class interaction (Table VIi-3) indicated that
this relationship was not present in both breeds:

A possible'explaﬁtion'for this discrepancy could be that it was due
in part to the éreater range in BF Qalues'in the Yorkéhire breed. The
maximum BF measurement observed among the Yorkshire Soars was 6.3 mm:
above the mean BF value for the breed while the minimum wa545.7 um
below'ghe.ﬁeéﬁ. The corresponding maximum and minimum among/fhe
Lacombe boars were 3.0 mm and -4 mm. This differen;e in the BF
ranges for the tﬁo breédé could have been the cause of the interaction
(breed by BF class) observed. ‘

While the presenf ROP backfat adjustment procedure doesﬁkake.iptd
account differences in absolute bacgfat 1eveléﬁby assuming a greater
rate of backfat deposition fo; higher,backfat levels at é given
weight; the assumption of!a‘zgro intercept is no? supﬁérted in this
étudy. This 1is gviﬁced:by examination of the least squares means of

the intercepts of the various effects (TableAVII%4). All were positive

B

and significantly different (P<0.0l1) from zero excépt’in the fatter. BF

Londae : . R o w -
W 5 £
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cl;és of the Yorkshirelﬁreed. Thus, forcing the fegréssion equation to
pggs through a zero irtercept wﬁen the actual intercept was greater
than zero would imply a greater rate of BF depositionvthan was
actually the case. This would have tﬁe effect 6f over—-adjusting BF
wﬁen adjustment waé made ié a forward direction and under-adjusting
when adjustment was made in a backward direction. This hypothesis {is
supporté&‘by examination df the trend in adjusted BF values when
adjustmeﬁp of predictea BF was made to 90 kg from eacH of the weights
75, 80, 85 90, 95,. 100 and 105 kg (Table VII-5). The difference in
’adjusfed BqualueS'over this range aﬁohnted to 1.7 mm ip.the Yorkshife
_ breed, 2.7(@m in ;he Lacombe breed and 2.0 mm in the combined‘datd;

~ The deviatiQAS'Between adjusted predicted BF aﬁd actual predic;ed BF
at 90 gg were slightly lérger,in respect to forward adjustment

v : . -
compared to backward adjustment. The absolute value of the deviations

of adjusted BF from the actual value was 1.0 mm and 1.6 mm in. the

Yorkshire and Lacombe breeds, respectively, when forward adjusted from

3
t

75 kg, and 0.7 mm and l.] mm in';hese two breeds when backward
adjusted from 105 kg. These differences were not largé enough to
ascertain‘asymmetrykin the deviations, but they were suggestive of

.-such.

These obsérvations suggést that:it would be ‘prudent to adjust BF
.values along a fegression liné which more clasély represents ;he
actual rate of backfat deposition ghan does tﬁe‘ROP proceéure. Based
on the criteria of faylor and ﬁazel (1955), Method II appeared to be a
mbré effective adjustment procedure (Table VII-6). Althéugh a large

amount of variation resulted from both adjustment methods due to the

low numbers of animals involved, the mean adjusted BF at each of the



weights showed no definite trend in regards to forward versus backward
adjus;ment in either breed or in the combined data when adjustmént was
made via Method II.

The second procgdhre employed to study BF adjustment methqu
indicated that regressions of BF deviati;ns (adjusted BF 'via Method I
~ actual BF) on weight deviations were not significantyy different
(P>0.05) between forward and backward adjustment to the "target”
weight in either breed or in the combined data (Table VII-7). Over the
entire range of weight deviations there was a significant (P(O.Ql)
increase in BF .deviation as weight divefged from zero in either
direction with thé magnitude of the BF deviations being of opposite
sign for forward and backward adjustment. The magnigude of the - »
regression coefficients were similar for both breeds. For breeds
combined; the overall regression:of BF deviation on weight deviation
was -0.065 mm/kg.,At‘the extreme ends of the 75—10? kg range this
would repfésent a difference of 1.95 ﬁm in adjusted BF values.

Clasgidgication of the observations according to deviation of weight

) weigﬁt ghowea cleafly not only the downward trghd in BF
‘deviations but also the trend in the variance associated with'each
class (fable Vii-8). The Va;iation of BF deviétions was almost four
times as large in béafs which were more~thaa 1; kg abové or below the
target weight as in those within 5 kg of' this weight.‘This suggests
;hap at the extreme ends of the.weight'range approxiﬁately a third ot
the boars would have adjusted bacgfat values more than 2.0 ®m in
erTor.

Adjustment of BF via Method Il resulcédwih negative regressions of

BF deviation on WT deviation (-0.027 for Yorkshireé, -0.029 for

T

a
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Landrace and -0.028 for breeds combined) which were significant
(P<0.05) only for breeds combined (Table 9). The magnitude of the
regression coefficients derived via Method II were less than half .
’those for the relevant regression coefficienté derived via Method 1

from the same half of the data in both breeds and in the combined

data. |

v-Applying the criteria of Taylor'and Hazel (1955) to the coded weight
deviations (Table VII-10), {t apbearedmas though Method II was

superior to that of ﬁethod I in terms of trends in the means of the
4coded weight deviéﬁion classes. Howéver, the lafge stapdard deviations
associated with both methods irddicated that while Methgd I1 tended to

reduce the bias in adjusted values relative to weight, both methods

)
.

left much to be desired in terms of aCCUrat%ly predicting actuél BF at
the ta;get weight. | |
Iﬁ respect to growth patterns, the regressions of WI on age
indicated that the relétionshib between these two variables was
essentially linear over the weight range studied. Seven of the 55
boars showed significant (P<0.05) quadratiﬁ tefms but the additional
amount of variation expl;ined by the quédraﬁic term was less than 2%
in all cases. The R2 values for the lineér model ranged from 93.3% go
99.9%. This is not an unexpected-observation for although the growth
curve wguld be expected to exhibit a tlassical sigmoid curve over a
.widef weight range, the relationship should be nearly lihear over a
range bordering the inflection point (?orest et al 1975; Fitzhugh
1976). Therefore, gfedicted ages at each weight }5, 80, 85, 90, 95,
100" and fOS were derived using the wi;hin pig linear regression of age

on WT (the inverse of the growth pattern equation).

-~



Analysis of variance indicated that both 1ﬁtercepts~and slopes of
the within pig regression equations of a;e on WT appfoached
significanée at the 5% level for the breed effect while thiélwas'true
only for the siopes of the BF class effect (Table VIiI-11l). The least
squares means of breeds and BF classes (Table VII-12) indicated that
the Yorkshire boars had superior rates ofygrowth compared to the
Lacombes while‘the fatter BF class was associated with more rapiq
growth. However, while rapid growth was associated @ith higher BF
withinvbéth breeds, this relationship was not apparent across breeds.
For while Yorkshires tended to grow more rapidly they were also shownv
in Table VII-2 to have lower levels of BF on aver:;z than the
Lacombes.

Aajusted age values derived via the ROP adjustment tables,tghded to
exhibit an upward trend relative to weight in botﬁ‘breeds (Table
VII-13) though the déviations of adjusted and predicted values did not
appear to be symmetriSZI over the entire weight range. Fo;ward.
adjustment by !5 kg resulted in underestimation of age by 1.3 and 1.4
‘v days in the Yorkshires and Lacombes, respectively, while ba;kward
adjustment overestimated this trait by 2.6 days in the qukshire breed

and 2.5 days in the Lacombe breed. However, these differences were
relatively small compared to the overall variation in the adjusted age

values. Therefore, the conclusion was that the adjustment procedure

did a reasonably effective job of predicting age at 90 kg.

D. DISCUSSION
The éllometric equation Y=aXb used by Huxley,(l932) to describe the

growth of body parts relative to the rest of the body has been widely

o
¢
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used to quantify the rate of tissue growth in uarious apecies (Elaley
et al. 1964; Berg and Butterfield 1966; Mukhoty and Berg 1971; Davies
"1974; Kemoster and Evans 1979). With regards to swine, weight of fat

as a’percentage of liyeweignt has been shown to increase with |
liveweight (Cuthbertson and Pomeroy i962; Richmond and Berg 1971a).

Jones et al. (1980) reported that subcutaneous fat of pigs relative
to teotal side fat had a growth coefficient not significantly different
from unity. That the relationship between subcutaneous fat and total
fat in pigs would be close to unity is not surprising considering that-
‘this depot has been reported to account for upwards of 847 of total
fat1(Richmond and Berg 1971b). Therefore, In pigs; the weight of
subcutaneous fat relative to liveweight would exhibit a growth
" coefficient similar.tovthat of total fat.

This suggests a nonlinear relationship between subcutaneous fat and
body weight and aopears to contradict the linear relationship between
backfat and liveweight reported in the present study: The discrepancy,
of course, pertains to the method of measuring oackfat. On a weight to
weight basis, subcutaneous fat deposition would be expected to follow
a pattern described by the ailometric equation with a growth
%oefficient greater than unity: However, when subcutaneous fat is
-measured as backfat depth the same relationship would not be exPected
to appiy. As subcutaneous fat is laid down over an ever increasing.
surface area, avlinear increase in backfat depth reiative to weight

A}
does not iﬁply a linear relationship between total subcutaneous fat

15

weight and body weight.

4

AlthOugh the two breeds examined in this study dlffered

51gnificantly (P<0.05) for BF at 90 kg, there was no indication of a

‘
e



éignificant Aifference between the’rate at which backfat was deposited
in the two breeds. Jones et al (1980) in a study involving serial
slaughtering also reported similar rates of fat deposition beﬁween
bréed'crgsses. They éuggested that the differences observed in fatness
adjﬁs;ed to a standard total side muscle weigrt could be due to
differences in the commencement of rapid faCtening at different muscle
weights rather than to differences in the rate of fattening. This
‘being the case, the use of .. single:equation f;r adJustment of BF to a
standard liveweight for use across breeds should prove satisfactory.
The problem, then, is to deriQefan equation which will best perform
this task. p | |
The large amount of variation observed in the rate of backfat
deposdition among\individual poafs makes'it difficult for any one
;djustmént prézggure to be applied effeéti;éli across a population.
Although there was an indication that the level. of BF might bev
associated with the rate of BF deposition in the Yorkshiré breed (i.e.
a ;endency for fatter boars to deposit BF ac greater rates) this
;elationéhipfwas not apparént in the Lacombe breed nor did it exist
betweén breeds. The Lacombe boars were significantly fatter (P<0.05)
than the Yorksﬁires yet they tgnded to deposit fat at a slower rate
(i.e. 0.166 mm/kg vs. O.l90,mm/kg) which approached éignificance
(P=0.11). While these data suggest that broportional backfaf
adjustments (i.e. in relation ;o existing fatnessj might be
vappropriaté“ it should be noted that the ROP adjustment procedﬁre
which employs that principle exhibited a larger degree of bias than an
adjustment procedure which applied a common rate of backfat deposition

f

to all boars.
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The results 1in this study support the hypothesis that, for accurate
genetic comparisons of backfat émong potential breeding animals; it 1is

essential to méasure this trait at a standard weight for all pigs

évaluated;

-

Although ages should also be obtained directly at a stapdard weight
in all animals, the present ROP adjustment procedure for age was shown
to be a relétively effective means of predicting age at 90 kg and was

© @ more accurate proceduré than that used for backfat adjustment.



#fable VII-1. Deviations of the
weights at which BF was measured
from the weights to which adjust-
ment was made (i.e. 'target"
weight) for each of the coded

weight classes

WEIGHT DEVIATION FROM

CLASS "TARGET" WEIGHT (kg)

1 < - 15

2 -15 - -10 -

3 -10 - -5

4 -5 - 45

5 . +5 - +10

6 +10 - +15

7 >+ 15
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Table VII-2. Least squares means (with standard errors in paren-
thesis) of predicted average backfat at 90 kg (mm) and ADG (kg) for
boars classified as being above or below average for these traits

(class 1 = below average, class 2 = above average)

_ . " BOTH
 TRAIT BREED CLASS 1 CLASS 2 . CLASSES
Predicted Yorkshire 19.3 (0.4) a-‘+ 23.8 (0.4) 21.6 (0.3) a
Backfat ' ) . N

Lacombe 20.8 (0.5) b 24.8 (0.5) 22.8 (0.4) b

. ADG Yorkshire 0.95 (0.02),  1.17 (0.02) a 1.06 (0.01) a

Lacombe  0.92 (0.03)  1.05 (0.03) b 0.98 (0.02) b

means in the same column within a trait with different letters are

significantly different (P<0.05)
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Table VII-3. Probability levels derived from ana-
" lysis of variance of the intercepts and slopes of
the within pilg regression equations of BF on WT

4

PROBABILITY OF GREATER F-VALUE

SOURCE INTERCEPT SLOPE
Breed 0.01 0.11 -
BF Class - 0.80 0.01
ADG Class - 0.55 0.50

Breed x BF Class B 0.00 0.00
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Table VII-4. Least squares means (with

parenthesis) of the intercepts (mm BF)

of the within pig regressions of BF on:
ADG class and breed x BF class

L

standard errors in

and slopes (mm BF/kg)
WT for breed, BF class,
interaction

SLOPE

SOURCE SUBCLASS INTERCEPT
Breed Yorkshire ) 4.4 k% 0.190 **
(0.7) (0.009)
Lacombe 7.9 *x 0.1%6 **
(1.0) (0.012)"
BF class l‘. 6.0 ** 0.156 *%*
' ‘ (0.9) (0.011)
2 6.3 *x 0.200 **
(0.9) (0.011)
ADG class B 6.6 %% . - 0.173 **
(0.9) (0.011)
2 5.8 ** 0.183 **
(0.9) - (0.011)
Breed Yorkshire x 1 6.9 *x%x 0.137 *=*
x (1.0) (0.012)
BF.class Yorkshire x 2 2.0 0.243 **
(1.1) (0.013)
Lacombe x 1 5.1 *% . 0.175 *x*
(1.4) (0.018)
‘Lacombe x 2 10.7 ** 0.156 **
(1.5) (0.018)

** significantly different

144



145

Table VII-5. Means (with standard deviations;in paren—-:
thesis) of BF adjusted to 90 kg via Method I and the
deéviation (DEV) of each adjusted value from BF at 90 kg

BREED WT BF ABF " DEV

Yorkshire 75  18.5 (2.1) 22.2 (2.5) 1.0
80 19.4 (2.3) 21.8 (2.6) 0.6
’ 85 20.3 (2.6) 21.5 (2.8) 0.3
90 21.2 (2.9) 21.2 (2.9) 0.0
95 22.1 (3.2) 21.0 (3.0) -0.2 3
100 23.1 (3.5) 20.8 (3.2) -0.4
105 24.0 (3.8) - 20.5 (3.3) -0.7
Lacombe 75 . 20.3 (2.5) C24.4 (3.0) 1.6
- 80 - 21.2 (2.4) 23.8°(2.7) 1.o -
85  22.0 (2.4) 23.3 (2.5)° 0.5
90 22.8 (2.4) 22.8 (2.4) 0.0
" 95 23.7 (2.4), 22.4 (2.3) -0.4
100 24.5 (2.5) 22.1 (2.2) -0.7
105, ° 25.3 (2.6) 21.7 (2.2) ~1.1
Breeds . 75 19.1 (2.4) ©22.9 (2.9) 1.1
Combined 80 20.0 (2.5) 22.5 (2.8) 0.7
85 20.9 (2.6) 22.1 (2.8) 0.3
90 21.8 (2.8) . 21.8 (2.8) 0.0
95 22.6°(3.0) - 21.5 (2.9) -0.3
100 23.5 (3.3) 21.2 (2.9) -0.6
105 24.4 (3.5) 20.9 0.9

~
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4 X’;:,f!

Table VII-11. Probability levels derived from ana-

lysis of variance of the intercepts and slopes of

the within pig regression equations of liveweight
on age’ : '

PROBABILITY OF GREATER F-VALUE

SOURCE o " INTERCEPT SLOPE
1
Breed _ 106 0.06
BF Class 5.27 006
Ereed x BF (Class 720 C.63
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Table VII-12. Least squares means (with standaxd

errors in parenthesis) of the intercepts (kg) and

slopes (kg/day) of the within pig regressions of

liveweight on age for breed, BF class and breed x BF
' class interaction

SOURCE SUBCLASS _ . INTERCEPT . SLOPE
Breed Yorkshire ~-52.4 1.051
(2.8) (0.021)
Lacombe ° 43,1 ' 0.978
4 (3.9) (0.030)
BF class 1 =45.0 0.979
, (3.3) (0.026)
2 ~50.4 1.050
' (3.5) * (0.027)
Breed Yorkshire x 1 -46.6 1.006
x : ‘ (3.6) (0.028)
.BF . .
class  yorkshire x 2 -58.2 1.095
o (4.2) (0.032)
tacombe x 1 ° -43.5 0.952
(5.5) . (0.043)
Lacombe x 2 o =42.7 1.005
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Table VII-13. Means (with standard deviations in paren-

thesis). of age (days) adjusted to.90 kg via the ROP adjust-

ment procedure and the deviation (DEV) of each adJusted
value from age at 90 kg

Cn T ADJUSTED .
. BREED Wi ~ AGE AGE DEV °
Yorkshire 75 120.7 (8.6) 134.1 (9.4) = -1.3
80 125.6 (8.6) 133.9 (9.2) -1.5
85 . 130.4 .(8.8) - L 134.9 (9.1) -0.5
N 90 ¢+ 135.4 (8.9) . . 135.4 (8.9) 0.0
95" 140.2 (9.2)" "136.2 (8.9) 0.8
. 1007 145.1 (9.5) 137.2 (9.0) 1.8
3 105 150.0 (9.9) 138.0 (8.8) 2.6
Lacombe 75 122.8 (7.8) 136.4.(8,7). -1.4
80 127.8 (8.1) . 136.4.(876) -1.4
85 132.8 (8.4) 137.3 (9.0) -  -0.5
90 137.8 (8.7) " 137.8 (8.7)". 0.0
95 142.7 (9.0) 138.6 (8.8) 0.8
100 . 147.7 (9.3) 138.9 (8.7) 1.1
105 152.7 (9.6) ° 140.3 (8.8) 2.5
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economic t:aits did not drop more than 2% in any case from a 50% error

VILI. THE SENSITIVITY OF A TWO TRAIT SELECTION INDEX TO CHANGES

IN ECONOMIC WEIGHTS AND GENETIC PARAMETER ESTIMATESl'

A. INTRODUCTION

Construction of a selectiﬁn index to aidrin fhe improvement of
livestock for several traits was presented by Hazel (1943). In theory,
use of the index provides for maximum genetic progress  in aggregate
genotype défined'as the sum of the genotypés for the componeng tralts.
each weighted according to its relative econohic value. Maximum
genetic progress is possible only {f the parameters used in
construétion of the index are accurately est imated (Sales and Hill

1976; Vandepitte and Hazel 1977) and, as noted by Harris (1964) and

"Hayes and Hill (1980), these parameter estimates can seldom be

considered free of error. However, errors in parameter-estimation may

‘result in only slight losses 1n efficiency. Fowler et al (1976), for

éiample, found that the efficiency of an index combining seven

4

in the economic weight of any one trait. Effi;igncy dropped no more
thanNBZ and 0.6%, respectively, from errors in estim;tes of genétic
correlations and ﬁeritabilities. These results, confirmed by Salgs and
Hill (1976) and Vandepitte aﬁd Hazel (1977), indicate that téé’
selection index is highly robust with respect to economic weights and
genetic parém tef estimategi'Larger changgé in economic weights,

omission of imp¢rtant traits, undue emphasis on unimportant trdits and

%
reversal of selection for an important trait may lead to large losses

- o . : _ .
l. A version of this chapter has been published. Allan, B.B.,
Fredeen, H.T. and Weiss, G.M. 1985. Can. J. Anim. Sci.

65:21. ‘

~

157

&
,_.



g
~

in efficiency (Smith 1983), and sampling errors can substantially

a

reduce efficiency when ‘the population under selection is small (Hafri%

1964.).

The Canaéian swine Record of Parformance‘(ROP) program has in fecent
years changed from use of a three trait éedetic index to a two tralt
phenotypic index for evaluating boars. Thq present tndex.utilizes
phenotypic measurements of a boar's performance on test for average

~daily gaxn (ADC) and average adgusted backfat depth (BF) This method,

(n4

A
which ignores genetic and economic parameterg in the calculation of a

boar's index value, is equivalent to assuming that the traits in the
index have equal heritabilities, equal economic values (per standard

\

deviation) and that, correlations, both genetic and phenotypic, among

traits in the index are zero. Deviation of the actual population

-

‘index to.érrors 1n_parameter estimates.

‘This study examines the effects of variation in the economic weights

‘and genetic parametefs used in construction of a selection index fo;,
swine, employing measurements of two traits, ADG and BF, on response
in aggregate genotype. The results of the study will be used to

determine if sacrifices in terms of genetic or economic progress are

being made by the use of an index employlng only phenotypic

5

measurements for boar evaluatlon in the Canadian swine ROP program.

158



B. MATERIALS AND METHODS
The rec ihs of 590 Yorkshire boars tested at the New Hamburg,
Ontario/ROP test station in 1977 and 1978 provided the data_basevfor
this study. These recé;ds comprised only‘thosekboars.testea as fgll
sib pairs. Measurements on individuél éﬁimals‘were expressed as
deviafions from the contemporéry.avgrage defined és the_average of
Yorkshire boérs }n the same statioh fill. There was‘oné fill per month

and 21 such contemporary groups were represented in. the data ranging
in size from 6 to 48 boars. .k

A selection index value was caiculétedlfor each boar based on its
individual performance..The'coefficients of the index varied in each
N . N - N M h
of several studies which are described 1§Eer.

‘»

‘ v , : ;

The boars were ranked based on th-ir index values and the highest.
‘indexing 10% selected as potcntial parental stock. This proportion was
chosen as being representative of a fairly rigorous selection program

and would be expected to accentuate variation in genetic progress

resulting from variation in parameter estimation. From thigwgelected

group,” the expected genetic response in each trait was determined as

4

the mean standardized deviation (intensity of.selection) of thg
selected group multiplied by the -estimated heritability for that trait

and*divideg by two to reflect whe assumption that the. boars would'be
4 . :

mated to females of average genetlc merit. Genetic response was
’ . L

+
v

calculated for the.two component traits of the index (ADG and BF) as
well as for feed conversion (FC) because of its economic importance
and its correlation with ADG.

The expected genetic responses (in standard deviation units) in « _i

trait were then summed to express the total response tc selection as

‘

t ‘ ,
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. SD

oW . : ' h
was done by Baker (1974). This sum (ADG+BF+FC) represented the \

expected net genetic response of the aggregate genotype. The genetic'
response for each trait was also multiplied by an estimdted economic

valqe~per standard -deviation (SD) unit ($2.19 per SDADG? $1.66 per

~

ﬁF’ $1.51 per SDFC) and:-these products were summed to arrive at the
economic value of the expegted genetic response of the aggregate !

2 "«-"\>" - --’)9‘ L .
genotype. The economic vgfﬁgg used reflected the present economic .

situation., The value of ADG was calculated from estimates of Garnett -

«

©-(1975) wiqh variable costs assumed to have increased by 50% and

\

interest rates doubled, The value for fat was based on the

- 122

" relationship between fat and index'using a‘73'kg.‘carcass‘at‘a market
price of $1.65 per kg. Feed conversion value was calculated based on a

‘feed cost of $180 per tonne. The economic value of the genetic

J

response of the'aggregate genotype represented the potential increase

in average profit (i.e. increased carcass value, .decreased production
; . .

costs) per pig produced by the selected boars on the assumption they

‘would be mated with sows of average .genetic merit. For example, shouléx

N ‘ x .
selection-from the use of a particular index result in the aggregate

genotype having a genetic response worth $d.90 this would mean that

" the boars selected using this index would ﬁroduce market hogsvyielding

on average $0.90 greater profit per hog than a group of market !ngs

produced by'a randomly selected group of boars from the sam=

population.

Genetic and.pheno{ypicbéarameters were obtained from a study by

7

Fredeen et ‘al. (1980) in&olVing the records of 14,811 ROP station

B 4
tested -boars penned as full sib pairs between 19737and 1979- {Table

VIII-1). These estimates are over the five majority breeds (Yotkshire;

¢

L
&
A

N
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. v - . /\ . . (J . = * ' t
-was sires)dams)errdr. The corresponding phenotypic -
NI , B . : ¢

HoweVer .as the. heritability estimates for ADG and BF were based. on

uln@iVidual measurements while the estimate ﬁor FC was based on a pen _-,'?M:~¢;"n
. . fe . - e
E N average of two boars, it was necessary to convert.the heritability -
o L ”estimate for FC to an individual ba51s to make all estimates o 2 '
i i SO COmparable.'Falconer (1981)'expresses the reLationship between’ e r
: m heritability of family -teans (h’ () and heritability of individual & 7'
" _gf:; ’ measurements (h ) as: , ) R
e .' J T_‘“’ . 0” 'Q'.-;“ i 2" 2
RV o ; Lhh=hT (1+(n-1)r / 1+(n-1)t)
F : e -5 k -
e where: =~ .o’
R _ n = the numher of individuals .in the families (two in this- case);~l?7”
T . Co- S -t “
IS fé} N r = the correlation of breeding values (assumed to be 0. 5 for ﬁull o
. L S , . N -
:Y oy B, A;.V ~ - . . . . . ) © ) fF»f"'\-'"')»
e o .~ sibs) S ’ . o _f’ o R A :
’ '1,5j’.. t —)the phenotypic correlatlon between family membersq(in the RN -
% L B : Q. g AR ey
S A K : absence of estimates of the variance due to dominance and- B
‘ '); ' common environment t is’ assumed to equal 0 Sh ) ' ,‘”
¢ 7. - This prdduees_an estimate of h2 for FC on- an individual basis of 0. 36.
A ‘The above geneticaandaghenoé§pic estimates ‘were used both in the «
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cdlculation of,;xpected genetic response and in the calaulattqn of

' A
s -

o L7 100 b, g (ADG-ADG,ppy) * bBF(éF_Bg;EAN) -

T
R

the selection index coefficients (Hazel 1943)

BF = contemporary group avera far- ADC and. BF
MEAN porary group averages for ADG and BF,

respectiVeLv-,

20 .
£ .
. - PN NN
\

“ d o . A
% 5 o bADG.ahd bBF!were calrulatedﬁoh the.baslf of the tellowlqg equation .

(o] = (217 6)a) o

%
Q’L
.

Cal ’ . >
" the matrices of. the phenotvplc and geﬂotyp&c varlanc .. o

r

)
1

v i J

and covagﬁandes oy @

o

o
It

Vectors-of=economic’weights—ahd the- index cnefficients, - S
: ‘ K oL tal : -~
. , o . P .

o i o respectively - fr.ﬁ,f
: 11" - Lo .

For the purposes of this study, the welghtlng factors of the

7.

EY

'equation weTe alteredrto-examlne:

& : v o . :
; - . . . . . e .
.

W Lo l. a range 1n the economic welghts used Ln calculatlng the lndex

coefflcients while-keeping the genetic and phenotypie :3 . o

J P S g

- . parameters constant. The ratio of economic weights expressed as

Js‘j
3

yﬂ; u*m’l dollar vaﬂuevfer unit ADG : dollar valué’ per unit BF ‘

Tt C : per kg/day I pet mm fat) wére varted from a ratio of_S:lzto

JESE—.

%

75 1¥ Note that the current estimates of, the economic values of

-

$2 19 and $1. 66 per SD of ADngnd BF respectlvely can be:

u@xpressed iq.terms of'uhlts‘qf,the.lndex by;dividing each by
A . = its repective SD (based on the saﬁple ofiﬁgb bos ., .0 oé%b'll v
- s ) . e . ‘ . o - ) -



i

kg/day}!SDBF=2,W8mm)s In t%ie,case ché ratio 32.191per SD

_ N ADG
S1.66 per‘SDBF is approximatelv equal to $27 per .kg/day ADG

$1 per mm BF. ~“J' 9
LS I

2. avrange in relative heritabilities of the tﬁq)tpaits while
keeping the ratio of economic weighfs constant ‘at 27:1 and with

’ correlations absent,, Rarios of heritabilities were varied from
5. 4 :

L : i

u ; c?') 605, {5 nuceh gid, Lo 1:1 as it was felt that thiis was 4,
§ reaeopable range w%ghln which the actual ratio of estimaies
v oo, 3 v ‘
igh ary. (i.e. i - =0. “hT o =0.40 i io is
might vary i.e vlf hTADC ).3 and h'BF , their rat10.15

).775:1). Preliminary analysié indicated that ‘the index

coeff 1«1e1t> produced”’ by the calculatlons were dependent onwghe

9 I " e . C
ratio of h~ :h” rather nan on the absolute values of t¥
~ ADG" BF \ﬁ Q- . -
l N R . . ‘, . -I' . .

estlma;es and for thxs reasop the’ studv was conducted over a .
= ? ’ ¥ s . . . @n E w
range of heritability.fagids rdther than over. a range of
‘ N 3 t L 1

specific values.
3. the same as {2) but with® correlatlons equal tn .25,

.

tw

v

4. the same as (2) but wlth the ratlo of 2conomic welghts set tn

‘ " gﬂ
o 50:1.-Tﬂp

‘@3 SO &, B » e
Flnally, la,each of“bﬁe above studles, the"net genetlc responee and
toal 2 RN L4y o 'ﬁ )

B FS

measurements was compared to the’ response which would be éxpected

' B : o S _1 -
using the weléggggé“yhich_wOUId be incorpordbed in’the'cons;rugqion of

. R

an index employlng genetic and econom§L parameters as well'

The two levels of cd"télations u&ed in these st
. L :) Ve oy A t‘i. x'"
weré;chosen to cogpr a range of literatupe estima;eé:
Ir:a - vb” < z )

: 5 B,
by Smlth (1983) the genetic and phenotypic correlatiodﬁﬂwexe assumed
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to ‘be «jual to reduce the number of combinations to be tested and e

v

because of the fact that they are  often found to be similar in

practice.

. o S C. RESULTS

v orying the ratio of’@gonomic weights used‘to-calculate the

i

coefficients of the se lectron Lndex whxle keeplng the other parameters

4

L

chstant resultediin the genetic response of ADG increasiny =teadily
. . > .
at the expense of "BF as the ratio of economic ~welights ndiﬁvﬂ in
: . - «\,}”“’ ‘
favour of ADG (Figi ¥III-1). EF exhiblted a rcsponse s1mixk¥ to that

[

. of ADG but at a lesser rate. Theseﬁresults Are as expected and simply
- . . 1 . ! "’ ) N .
indicate that the boars comprising the selected group varied according
B ! | (N
- ] . : e .
the weightings .applied to the traits in the ‘index. However, the

. R - X v B s, .
flatness of the curve for expected aggregate genetxc response and of
. the expected edonoMii'value of. thlS response over a range- of economic

viiues from a“ratiocﬁ‘bc BF) of about &5:1 to about 50:1 would seem to .

.2 o . "‘ -\L ' .%,!- , . 'y .. \\ : v ‘
_ - indicate that tﬁ&,eeoﬁomtc oytitome of the selectivn process using this

" . . ‘ - '5:‘\ ; . A 1 - . ) - J" '\,

’ : Cvpe of index was relatlveby anariant over a wlde range of economlc

v -

v%%ues. The ratio, of 15: (low limit of the plépeau)-represents an .

- ‘_ . ‘ L _.>-_ P . :‘; , o el b;/ R ’
economic Ltuacion where prnductlon costs (excludlng feed) have-h ﬁ3 ,
. N

decreased by BOZ'relative td the present.situation (27:1) and hog
; . . : 4“ . . ’

) { carcass value anreased by th@ same percenfage. The ratio at the other

L : '»end of the plateau (50»&) represents fhe:,.Verse situation in" which \\"'

v . : z s :
‘ . . . Yo

< ”

productlon costs have risen by 307 and caﬁeass_value decreased by 30%

2 S ' = —',*. -@ . . . P 3‘@7 PR . 51 e Lo
0 . L N /?. N » < RIS . , .

L™ g “ .ot ‘
N A S R S S
,.‘ @: ¢ N " P . . - . ! \lr i ’t‘ T e X h..'wv;hl‘v:, - "‘) - A



W

asing the actual (59:1) ratio., Assuming the current exgdmates of the
economic values »f S..19 and Sl.h6 per SU of ADG and BF, respectivelyv,

a ratio of 50:1 could result from either the value ¢ ADG rncreasing

s

[REBAIN

or the value of BF decreasing. fiven the two eé:remeﬁ'{i.e. the value

of one trait remaining constant and the other ‘reasing or
‘ . ~
. ’ ., . v’
: : : e P Ny - .
decreasing), a ratio of 50:1 on a unit basis would result from a ratio

~ .

on a SD basis of $4.09:51.66 or $2.19:50.89. The differeﬁce in the

economi~ value of .the expected genetic response basing selection on

AR

ratio of 15:1 would be only $0.1% and $0.19 less, respectively, than
'hat which would q%m’3a117ed basing selectlon on a ratio.of* 50: Aaﬁ

(Table VIII-2). Given the extreme dtfference between tnfse two ratios,

the loss of economic gain is negligible. ‘ ;o “ﬁ%P

- When the ratio of economic weights wa$§ Kept constant at its

N

‘estimated value of 27:1, varying the ratlo:of thenheritahilities~of

! ADC BF with ‘zero genetlc and’ phenotyplc correlations had ltttle impart

- . e : o ‘Mﬁl

on the expected geneti~ regponses (Fig. VII[-2). [ndeed, from a ratio
’ . = [&]

of 0.625:1 to l:1.the expected genetlc response of ADG changed by only

0.03 SD units whil that of BF changed by only 0. 05 SD units. The

]

upper curve of F* .~ VIII-Z, which illgbt; ;f ?kv economic &aluedgg W

©~ these changes ows that in terms of
Jheritabilitie Jverathe range studied had very litt#e effect.

Repeating the:pbovefstudy'with;genetic and phenotypic
=) Y ’ b . < '
: . CIN . SN

s correlations agsumed to be 0425 the trends in genetic change of
Ers these ‘traits (Fig VIII 3) were similar ‘to those in- Fig.‘VIII 2 What

‘ changed was the p01nt of intersection where~the genetic response was

v . N v

the same in each tralt. The upper. cutye of Fxg. VIII 3 shows that the

&g * . ‘-. .
o aggregate economfc value of these responses ﬁas’aﬁgg relatively S
’ " oo : R R



AN

:dn the outer edge of the plateau in Fig. VIII-1. This change {n

'selected in each case, what was sacrificed in one trait was of fset by

. A"
insensitive to the range of heritability ratios.

LS

Thﬁ prfvibuét:wo studies examined the effects of varying
heritabylﬁﬁrtratiog Xnd <orr»1§tions At the actual vstimated ratio of

er>nomr* leghts. The i al studv was performed to determine whether"
g G e e e .
varvxng Lhe ratios of heritaﬁilitiei hould have ‘a similar effett when

’
)
U

“the ratio of conomlc weightq waa,exireme relattve to the actual
i L . .

e

3“sfguation.*ln this study'the rétio of economic welghts used in

2T o s T o g B
calculating the index coefficients was 50:1 which répresents a point

S

i

economic weights caused‘a divergencéffnlthe genetic responees of the
two traits by‘placing a higher'valuelgﬁrADG ét the'eipense of,gF (Fig.
VILI-4). However, even at'tnis ektreme,ratio of economic valpes the

¢} .
difference in responbe from one end of the range to the other amounted
to only about S Qaﬂper hog produced (upper curve of Fig. YIII—&).

= 1“

This'indicated‘agatn@that although different animals were being

gains in the other trait. R

R
D. DISCUSSION

For the situations studied, aggregate genetic response and the

" economic value of that response from selection employing a two trait

- -

" . . ‘ . . . . .

index were not- highly sensitive togvariation in economic and genetic
. - B . ' § , o -

‘ paraéetersééged_in celculating the index coeﬁficieﬁts. It was found
. : . _ :

that the relative economic values offthe two traits in the index could

o
s N 2 :

""vary over a wide range with little effect on the economic outcome.

Similafly,lvariation of heritability ratios from 03625}1 to 1:1

(ADC ‘BF) had only minor effects on the net economic consequence as did-

t

X
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,uéiﬁ%i

evonly slight reductions in the overall profitabﬁlity of the hogs -

167
4. range of genetic and phenotypic correlations from zero to 0.25. The
studies alsn indicated.that it is the ratio of heritabilities and
econnmip weights\used in calculating the index coefficients which are

the important issue and not the absolute magnitude of  those
. A L ‘
¥ . B

1

,parameters.

- . . X F v . ' . .
One can conclude from these gkaluations that precise estimates of.
population parameters are not necessary for the construction of a

selection‘indexu [ndeed, a phenotypic index, with its fixed values of

.genetlc and. economic parameters, should result 'in 2conomic progress

.

very similar to that of a genetic index when used in a selection

program.
In order to examine this 'latter point, the net.genetic response, an3>
_ X et >

the economic value ofvthatiresponse, which would be expected from
[} ' ) ) . ) i T,

a phenotypic index was compared to the response which would be

expected from using genetic indexes. These comparisons were made in

each of the previous four studies (Table VIII-3). In the first study
the-genetic Yesponse which would be expected f tom using'avretio of
economic.geights of 1:1 on a SD basis (20:1 on a unlt basis) would be,

- . . o
! - e

98% of thet expected‘using the actual ratio of eédnsmic.weights-(27'1'

P .
on a unit’ basis) In economic.ﬁ%rms, this amounted:. to only $0. 04 less

s
per hog produced The results from the other studies were similar.

This indicates that 1ncorporation of weightings characteristic of a
N &

phenotypic index in construction of a genetic index would ré&uft in

-

produced. Thus, even when aggregate genetic' response (ADG+BF+FCﬁwas R

- N <',,:' B nu L A' :)“ -

redud d by 6%;f as in %he fourthﬂstudy,ithe economic’loss was less than MRS
i b 5» Gl o 4 Qﬁ\l . . N

$O OS per carcass.’ The reason for the very slight reduction in‘.;r

’




small. o .

" indexeg. - .

proﬁitability;ﬁay,be more app%rént by examining the actual differences
1in boars which were selected using the two indexes. In the fﬁaﬁlh
study, for examble, 49 out of 60 boars selected from the total

population of 590 boars we}e the same regardless of whether a

2 2

ADG . B

‘heritability ratio of 0,625: 1 nr t:1 (h :h F) was used (n

const;uctfon of the index. ThfS'seems to indicate the "best” .boars in.

the population will tend to be identified énd:subsedueqtly selected
ovér a wide range df rétl&s.of heritéblifties‘and écohoﬁic :eightiﬁgg
used in index construction and, the.efore, differences 1n genetic
pfégraés and diffefences in overall profitabilitv are iikely to be

’

" From these results ‘it is conéluded that little sacrifice in terms of

-

genetic or economic’ progress are being made by using a two trait '

phenotypiEAindexgratber than a two trait gedetic index in the national

'.‘swinérROP pfogramf’It'has_béen‘demonstrated that the results from a
- stricf phenotypic .index yhiéhfiséumeS‘eqUai heritabtli;ies, equal
Qeébﬁémic,values<and the:5bsence-df correLapL§ns will be comparable to

_ those, produced .by use ‘of moreisophiéticatedygeneth-aﬁd economic

. . - . 1
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Table VII1I-1.-Genetic and pheno- -
typit parameters obtained from
14,811 ROP station-tested boars
by Fredeen et..al. (1980) with
heritability on the diagonal,
phenoptypic correlations above
. and genetic correlations below
: : . ¥ . )

ADG__BF . ¥C

-~ ADG  0.31 0.19  -0.35

" BF 0.23  0.40  0.17 R
EC  -0.45 © 0.12 0.4 . Tl

- ' . - L%‘iﬁ‘

2 &



Table VIII—Z.‘Economic‘rcsﬁ%nses (sum of responses in ADG and

-BF) resulting from selection based on ratios of ‘economic

weights (on a unit basis) of 15:1 and 50:1 when actual ratio
is 50:1

— e e

ECONOMIC RESPONSE ($)

RATIO OF ECONOMIC WEIGHTS

- RATIO OF. ECONOMIC ON A SD BASIS (SDapg:SDgf)
WEIGHTS INCLUDED IN - USED TO ESTIMATE ECONOMIC RESPONSE
INDEX (kg.day ADG:mm BF) "4.09:1.66 2.19:0.89
Y . Wl
. e 15:1 . - 0.89 0.48
Zj 50: 1 1.08 10.58

Difference 0.19 . 0.10

f
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IX. AN INVESTIGATION OF THE RdLEAOF HALOTHANE TESTING IN THE

th

CANADIAN SWINE ROP PROGRAM

Presently the Canadian swine ROP program rogtinely administers a
halothane tést to all boarg entertng central test statfons. Boars
showing a re§ction to the halothane, and their full sibs, are culled.
The program was implemented to reduce tge incidence of halothane
reactor pigs, and thus the gene(s) responsible for such reaction, with
the ultima;e goal of reducing the incidence of undesirable stress
related problems believed to be assoéiated with this condition.

Halothane exposure elicits responses collectively referred to as
malignant hyperthermia (MH) in pigs susceptible to this drug (HP
pigs). MH, which is characterized by an increased respiratory rate,
increased concentrations of carbon dioxide in. expired gas, profound
respiratbiy.and mepébolic acidosis! blotchy cyanosis of the skin and
rigidity of the musculature (van den Hende et al. 1976), can, in
'certain cases, result in death; thus the malignant aspect of the
- condition. Hyperthermia refers to an increase in body temperature
which often accompanies MH although ?t 1s not universal (van den Hende
et al. 1976). | |
IA similar condition, referred to as the porcine stréss syndrome
(PSS), can.be induced in certain pigs by egposure to extreme stress.
" Stressful situations sﬁch ags mixing of sfrange pigs, fransport,
handliné, abrupt ghanges inntémperature aﬁd cetgaip management
practices may ,trigger this condition resulting in body temperature

elevation, metabolic acidosis, muscle rigidity and sudden death (Mabry

et al. 1981). Mitchell .and Heffron (1980) note that the similarities

~
3



between PSS and ﬁH have led to the suggestion that they are identical
conditions and Aiffer on}y tnvthe immediate causes of onset.

Stress is not only a principal factor 1ﬁvolved in the ;nset of PSS,
but it has also been fairly well estabiishéd that exposure of plgs to
stress prior tobslaughter can result In undesirable meat quality .
characteristics of the carcass. Depending on the intensity and
duration of the stresé the carcass may exhibit either bale, soft,
exudative (PSE) or dark, firm, dry (DFD) type meat. Pigs which exhibit
PSE are characterized By the rapid accumulation of lactic acid in
‘their muscles post mortem (Brooks and Cassens 1973). The resulting
rap{d pH drop leads to Increased permeability of the muscle cells
which allows wafer to enter freelylfnto the extracellular fluid séace
and results in the development of PSE characteristics (Mitchell and
Heffron 19805. As the muscles of pigs which have died as a result of
MH brought on by drugs or natural stressors also exhibit a buildup of
lactate and a rapid pH drop, it has been suggested that all three
syndromes (MH, PSS, PSE) share a common etiology (Mitchell and Heffron
1980). This reasoning has led to the advocacy of halothane testing aé
a screening method to identify stress susceptible pigs and those
likely to producé PSE meat (Eikelenboom et'él. 1976 Bulla et al.
1979; McGloughlin et al. 1979; Webb 1980a).

While the links between MH, PSS, PSE and halothane sensitivity are
far from being understood completely, what has been\fairly well
ascertained {3 that the ;ncidence of halothane reactors can be rapidly
changed in a population tthugh selection. If one assumes the
condition to be under the genetic control of a single recessive gene;

~

as hqs been hypothesised by several researchers (Ollivier et al. 1975;

179



Minkema et al. 1976; Webb and Smith 1976; Ollivier et al. 1978), then
HP (halothane positive) pigs would be homozygous for the reces&fve‘
hélofhéne gene and a single generétion of selecﬁion for ﬁhe condition
should theoretically result in 1002 incldence. On the other hand, if
selection wag against reactors, the rate at which they could be
eliminated from the populat@on, assuming Hardy-Weinberg equilibrium,
could be depermtned from Falconer's (1981) equation expressing the
change in gene frequency per generation when selec;ion is applied
against the homozygous }eécssgve genotype and dominance is complete:
2 2
Cq.= ~sq” (l=q) / 1-8y

where:

Cq = change of gene frequency

3 =Iintensity of selection against the homozygoﬁs recessive

q = initial féequency of the recessive allele

The rate of reduction of reactors would be dependent on both the

frequency of the halothane gene and the intensity of glection against
homozygous recessives (Fig. IX-1). Once the incidence of reactors
dropped below agout four per cent the rate of reduction would be very
slow althoﬁgh this would still correspond to a gene frequency of 20%.
To ‘reduce an incidence of 4Z by half would require at least 3
genérat{ons e;én undér the most striﬁgent culling procedures (i.e. at
a selection intensity of 1, Table Ii—l). With an tntensic} of
selection of 0.25, fully- 10 geperations (approximately 25 years) of
selection would'be required to-redutg a 4% incidence gy half. In terms
.gé halothane testing,-an intensity of sefectton against reactors of 1

would correspond to a situation where all potential replacement

breeding stock was halothane tested with all reactors culled. On the

»
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othe: héhd, an 1ntensity of aéleétion of 6.25 would represent a
situation where 6n1y half the replacement male breeding stock was
tested ‘with the same ;ulling procedure as ;bove. Clearly even thté
lower Ievel of selecgion égainst reactors 1is not attainable by the ROP
system which can test only about 4000 bbars a year (2000 potegprl
replacemenr = baged on culling pigs with perfo{y&nce indexes below{
100). ] ' o .

Furthermore, it would‘be virtually impossible to eliminate the gene
from a population because bf its representation by an increasing
proportion of heterozygotes; which caqnot be detected by ‘the stuhdard/
halothane tesﬁ, as the érequéncy of the gene was reduced. Thgrefore,
~to be effecttQP, such a program would have to be expanded to test a
much éreéter poftion of the breeding population and would have to
{nclude test matings to detect heterozygotes.

of c0urse; elimination of reactors from a population would be an
even slower érocess if halothane sensici;ity was under the control of
multiple genes. Reports in the literature of incomplete’ penétrance may
indeed be indicative of such a situation. Ollivier et al. (1978) and
Mabry et al. (1981) suggested that penetrance of the halothane gene
was variable with estimatés of penetrance of Q.SO£9,26, 0;S9iQ.l7,
0.&9:0.23, 0.64ip.22; 0.82+40.29 and 1.3010.65 in si§ plig populations
‘:rcporged in the former study.

e condiflon»of the pig at the time of halothane testing can also
| play an important role in the-tdentification of reactors. Minkema et

. (1976) reported that runt pigs, sick pigs;and those which had’

undergone a period of starvation were 1iab1e to be misclassified as

non-reactors (HN) although under normal circumstances they would show

181
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a reaction. This mi;classificetion'possibly occurred as a result of
reduced body stores of glycogen which prevented rhe increased
glycolytic rate and 1actic acid p oduction typical of MH.:

The stress invofVed in administr tion of the halothane may.itself
affect'the accnracyjof the results. van den‘Hende et al. (1976)
reported that the incidence-v halothane i{nduced MH in a population ofA
‘Belgian l.andrace pig; rested before 1dminibtration of the drug was 421'
while a similar group of plgs exercised for a short period prior to
testing exhibited an incidence of 100%. Whether the latter'group of
pigs would have had as high an incidence had they been rested prior to
testing is not known, but their@sults do not rule out'the_possibility
that exposure to stress prior. to teeting'(e.g. sinple,handling |
routines) altered the incidence of reactors. |

Tnus, it can be.;een that there are many problems  involved simply in
identifying halothane reactors. The success of a halothane testing
program, however, depends not only on the accurate identificetion of
HP pigs, but also on the existence of a high correlation between
~halothane.sensitivity and stress related problems. The literature
reoorts.of»such'correlations, thougb, are.inconsistent; Mitchell and
Heffron (1980) reported thet 45% of the PSE carcasees in one study 'éﬁ
werevproduced by plgs thcb did not react to halothane.‘While it might
be hypotheeised that the PSE carcasses produced by the HN (halothane
negative) plgs were produced by heterozygotes (therefore non-reactors)

‘this is’ not supported by Jensen (1980) who reported very little
difference in incldence of PSE between non-r eactor homozygotes and

heterozygotes (a difference in incidence of less than l. 52) On the

other hand, Jensen (1979) Webb and Jordan (1979) and Jensen (1980)

i
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reported tﬁe 1ncideqce of PSE among HP pigs to L. only 6lZ,V7AZ and
32% respectively (Taﬁlo IX~-2). THus; ail.halothane sens;ttvg pigs do”
not produce PSE meat nor is all .PSE méét produced only by halothane
sensitiye pigs. The variation in literature‘results is,'in a114~ ;
probability, due to breed and management differences used in étudying
tﬁe problem. However, they do serve‘the purpose of 1L1ustrating the
neéd to considér the popuLafion iﬁ question'when exa@iging linké
between halothane sensitivity and stress related préblems.’

Litera;ure reports of thg association between halothane sensitiviﬁy
and carcass traits are also-incqnsistent.(Table.IX—3). However, ;hese
reports generally indicate that HP pigs tend to be leaner thap HN
pigs. This observation has created the concern that failure to take
action against the ‘halothane ééne will permit its spread througﬁ the
swine population as a result’ of a correlated responsé to selection for
leanness. However, this concern-must bé viewed in respect of the
population and -the selection prog;am in place and may have credence
only.when selection includes conformation traitsr For.example, the

: N
halothane gene has been shown to be assoclated with increased musclingy

(Ollivier 1975) and thus a selection program based érimarily.og i
conformation traits (i.e. heavy muscling) can be expected to result in -
an increase in the frequency of both HP pigs and meat quality

problems. This is attested to by the Pieﬁrain‘and Belgian Lénqégc;

breeds which both exhibit varying -degrees of musclular ﬁypértrophy and
high incidences of hélothane reactors and stress related problems.

HoéeQer, éautiqn is r%%pired in assuming cﬁat muscular hypertropby of
itself is an indicatioﬁ'of higher dissectable lean content. The

results of a Bavarian (Grub) CPE (commercial product evaluation) test

-
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(in'Fredeen\1981) reported that a breed cross witich exhibited mich

loyer per cent ham of carcass (about 4% less) compared to the Belgian

°
b

Landrace did not difipr siénif{cantly in digssected lean content.

'Thé Canadian ROP progrém, however, does ho£ inélude'cdnformation
“traits in its seiec;ion pfogram. Several égudies which baséd seiéction

i : 2 . .

on backfat or on an index similar to that employed by the ROP.brogram
wh%ch combined backfat and gro;th rate.feporteé no correlated
deterioration in meat dﬁality‘with.improvements in these traité
‘(Het r and Miller 1973; Standal 1975;.Sather et al. 1980). In ;
review of the 1;terature by Frédeen (1975), there was no feSearch
evtdence‘to supbort'the claim that long term serlection for reduced
backfat would lead to meat q;alit; problems. In thg Qié& of that
author, meat quaiity problems were ass&ciated ﬁbre Qith the degree of
muscling (i.e. muscular hypértrophy) than the level of backfat'carried
by a plg. Kersey Deﬂise et .al. (1983) reported that although selectioﬁ
". based on per cent lean cuts and weight of lean cuts resulted in trends
towards paler and softer pork these changes wcie small and
iﬁsign{ficant. At the same time, however, moisture holoiﬁg capacity
and postmertem pH increased, indicative of an improvement in meat
qualigy..While reports by Froystein et al. (1979) and Gerwig gt'al.
(1979) did indicate that selection for.reduced backfat and increésed ’ .
growth rate resulted in higher incidences of PSE type meat, the
deiesioration in meat quality in Fhe former study was not accompanied
by any change in the incidence of halothane reactprs; In fact an
unseleﬁted-control line exhibited an incidence of HP pigs of 5% while
there were no reactors in the selected line. Thus, literature reports

generally indicate that “concerns of {ncreasing incidence of halothane
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" reactors and detériorating meat quality as a result of selection for

" leanness’ are'unfounded.

i

. The inclusion of growth rate .in the ROP index should further serve

to allay fears .of the spread of the halothane gene through the
L , . i
Canadian pig population. Several studies report that HP pigs exhibited

.~ by

\ either reduced rates of growth under ad 1ib. conditions or. no

. slgnificant differences in growth rate compared to HN pigs (Table

v

IX-4). Therefore, at the very least, selection based on an index which
includes a measure of growtn,rate would not encourage the selection of

halothane reactors.

In conclusion, it would appear that a halothane screening program as
is employed presently by the Canadian ROP swine testing program will

3

have Very little impact on reducing either the ineidence of reactor

pigs in the Canadian swine herd or the incidence of stress related

problems. To effectively reduce the incidence of halothane sensitive \l

.

pigs the program would have to be expanded to include a much larger
portion of the breeding population than just station tested boars and .

, . ’ o
would have to include progeny tests or test matings to detect . o

~

heterozygote carriers which do not react to the gas. Even 1f chis were-
: - S
feasible, the impact such a program would have on reducing stresﬂu(n

relatod problems is questionable. A more effective approachﬁa

. o ».,u 14.., J
reduce st ress to a minimal level before seeking a genetlc S$0: ution to
1\.

. . \Sx‘»\

a problem which may be largely managerial ing_rigfﬁi‘Since ﬁtréssful

situations such as loading,:transport, deliyery and:slaughter,have all
been linked:to subseduent‘meat quality problems (Froystein 1980;

Kz lweit 1980; Nielsen 1980; Carr 1985) it would seem logical that by
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~coricentrating efforts on improbing handling,‘management and slaughter
techniques the industry could benefit by reducing the stress placedlon ' {‘,
‘all pigs rather than by trying to identify and eliminate just the

stress susceptible ‘ahimals.. This type of approach would be
especially advantageous in a.situation where the incidence of reactors
is low and a small portion of the stress related problems would be
solved by elininating halothane reactors. o

'Trends in consumer preferenees.for pork produets clearly indicate
that the industry must persevere in 1its quest‘for reduced backfat.
.Simple economic tonsiderations dictate that this quest must be pursued
in the context of efficiency of lean meathproduction but in this
process care must be taken to avoid any?compromising of meat*quality.
.. The best evidence currently availabie indicates that this can be

’ , . ’ . .
accomplished by avoiding the inclusion of those conformation

4

.characteristics in a selection program which appear to be associated
yith stress related problems and hy giving adequate emphasis.to growth
rate. Obviously, however, furtheristudy is'required to determine more’
clearly the relationships between halothane.sensitive animals and
stress problems'in the Canadian hog population. At the sane time,
since several beneficial traits have beenuassociated with the
halothane gene (e.g.—higher killing out percentage, improved muscling” )
attributes of the ham and loin, Table IX-3) the industry might benefit
more in the long term by deveIoping mating systems_to exploit some of
these benefits rather than trying to eliminate the gene, or genes'
from the population. Two possibilities might be either to develop

specialized sire and dam 1ines with different alleles fixed in-the

lines, as suggested by Smith (1980), or to try to separate the
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beneficial effects of the halothane gene on carcass traits from the
' 3 : ]
harmful effects on other traits as suggested by Webb (1980b). There
are, of course, difficulties associated with both schemes but the

'swiﬁeAindustry might find it '‘worthwhile to investigate the feasibility

of such programs as applies to Canadlan conditions.



3

s

'4\ .
Table IX~1. Generations required
to reduce incidence:of HP boars

‘'under two intensities of selection(s)

. INCIDENCE, -~ s = 1.0 s =70.25"

47 >2% 3 gen. 10 gen.
1% »0.5%2 5 " 19 "
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Table IX-2. Incidence of PSE among HP and HN pigs

HP HN REFERENCE BREED
31.7% 10.2% Webb & Jordan, 1979 Pietrain x Hampshire

61.1%7 22.3% Jemsen, 1979 . Danish Landrace
73.8% 22.7% Jensen, 1980 | .




Table I1X-3. Summary of carcass trait differences
between HP and HN pigs+

NO.
TRAIT MEAN* MIN ~-‘MAX STUDIES
% Lean 2.9 1.9 4.6 6
% Ham 0.6 0.2 -1.0 6
% Loin 0.3 -0.1 0.5 3
Ave. Backfat (mm) -1.0 -4.0. 1.0 13
Killing Out % 1.0 0.2 2.6 6
Eye Muscle .
1.0 -2.7

Area (cmz}

3.4 6

+ from Webb, 1980b

s¥ yp-HN

190



~ Table IX-4. Differences in ADG (gm/day) between HP and HN pigs fed

[

NS =

not significantly different (P>0.05)

ad libitum
HP-HN  SIG.. REFERENCE BREED
-54 * Jensen, 1980 Daq}sh Landrace
0 NS Caflson et al;, 1980 Yorkshire x Poland China
-11 NS Ollivier et al., 1978 Pietrain
_19 * " 1) 1) " 1
-45 * Eikelenboom et al., 1976 Dutch Landrace
~137 *k Verstegen et al., 1976 " "
* P<0.05
**x P<0.01
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X. GENERAL SUMMARY
Unbiased genetic comparisons between boars submitted to central ROP
test stations are possible only if all comparisons are made under
standard conditions. However, the results reported in the preceding
chapters indicated that there are nongenetic factors inherent.in the

system which may affect the ranking of boars on the basis of test
A AR :

©

results. N

Significant difgerehéég_betwégn,filiﬂ?eriods within a station
indicated that the us; of "strict” contemporary,gfoups for use in
index construction would be preferable to a rolling avefége. Although
roiling averages are deemed necessary as a means of compensating'for
low numbers wigﬁin”fill periods, such a practicé could assign above or
below average index values to entire filis of Bpars as a result of
temporary environmental effects. Thus, in the Yorkshire breed
éspecially, a strict contemporary average should be incorporated into
the index. Such a move Qould not alter }he-rgnking of'b;ars‘within a
£i11 but would alter their index values; Only those breeds with low
. numbers within a fill should continue £0‘relyvon rolling averages.

Although the limitations of ROP data in examining the effects of the
pretest environmen; must be acknowledged, the studies reported in
Chapter V do'nof rule out the possibility of a carry-over effect of
the pretest environment with heayie} Boars at delivery exhibiting
trends towards superior growth rate and feed conversion on test.

The role of the "warm-up” period needs to be further investigated
but the observation of superior growth rates during this period of

boars with lower rates of growth at delivery suggests some type of

198
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compensatory gain. Without ahladequate "warm—ub" beriad it is
dénceivabie that this compensatory gain would‘be exhibited during ﬁhe
tés; périod and could thus affeét the interpretation of test results.
For this reason it-is essential that the'teét be modified to prgvide~
an adjustmént pegiod to all boars subsequent to subﬁiésion to the te;t
stations. One way in which this could be accdmplished would be byv
raising the weight of test commencement while’mainﬁaining entry
.weights at the present range.
Chépters VI and Vlf indicated thét there were definite biases

- associated with the present backfat adjustment procedufe. Over a
narrow terminal weighﬁ range these biasés wé;e negligible but becamg
substéntial at'the extreme ends of«the'"acceptable" terminal weight
range. The advantage that the_adjustﬁent prqcedﬁre bestowed upon the
heavier boars at test termination in terms of adjusted backfét depth
would result in such factors as initial weight and differential gro&th
rafes‘of penmates essentially becqging importan; factors.in'
determining a boar's apparent test perfofmance. Those boars, or pens,
:ith relatively high Lnitial weights would haVé a better chance of

compietiﬁg.test at or above 90 kg and woqld'therefofe avoid being
'adjusted upwards while boars with high rates of growth relative to

their penmates which are removed froﬁ téQF at Veights é&fater tﬁan 90

kngogld be adjusted dbwnwards.nThus, eveﬁ'two_boafs witﬁ the same

gehetic potential for backfat depositioﬁ could be judged to be

geneticallyvdifferéﬁt by virtue'of’£he adjustment procedure.

Thé solution to the problem of biased a&justmeﬁt_prdceddres,is to

‘remove all boars from test at a standard weight rather than basing

termination on a pen avefége._Certain boars with low rates of growth

/
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would still be terminated at weights less than 90 . kg and, without
changes being made to' the testing procedure, would have to be adJusted
upwards. However, more thorough investigation of‘backfat deposition
rates would yield adjustment procedures which wduld insure that any‘
biases~inflictedlby adjustment were' kept to a minimum.

A phenotypic.index appeared to do an effective job of .combining -
average‘daily gainvand adjusted backfat'depth:into a single index
value at the completion of test. Compared to .an index which also
included genetic and economic parameter estimates, the loss in
expected genetic gain was negligible. The. dynamic aspect of the
phenotyic indem, its ease of practical applicaticn and.the.problems
associated with accurate estimation of genetic and economic narameters
for inclusion inla genetic index make thebphenotypic index a
preferable choice of a selection index.

It was concluded in Chapter IX that the inclusion of halothane‘
testing in the ROP program will not provide an effective means of
either preventing, or reducing, stress related problems'in Canadian

. . ' 3 . .
pigs. The low incidence of halothane susceptible pigs in the national
pig herd would make eradication of this condltion 1mpossible even
under the simplest of genetic models. Halothane susceptlbility appears

to be associated with certain beneficial characteristics and thus

the industry could benefit‘more in the long term by 1nvest1gating
vmethods of exp101t1ng these beneficial characteéls{igs rather than
trying to eliminate the gene from the‘population.

Although the preceding studies indicated-that there are.nongenetic

factors inherent in the ROP testing program which may result in

misinterpretation of the the test results, it would seem that most of



these problems could be overcome by minor changes to the present
testing procedutes. A muct more complex problem, however, is to insure
that thevtest results are utilized in a manner which will lead to the
overall genetic improvement of the national pig hérd. The present
structsring of the ssedstockvindustfy and thé limjted amount of test
'statlonbspace avallable for accurate between-herd comparisons mskes it
doubtful that the system is actually capable of sustained genetic
improvement. This, coupled with recent reports of a general lack of
appli;ation of test results in selection decisions by purebred
breeders enrolled in the ROP'program (Fredeen 1985) makes questionable
the wisdom of attempting to improvs the test procedures already in
plate; The swine'industry as a whole would Bg best served'by either
restructuring the testing prpgram to ensure tﬁét test results were
properly.spplied to selection decisions or by disbanding the program
and putting the onus on the breeders theméélves'for the implementation
of programs to enssre genetic improvement.

The fotmér_option carries with‘it gvertohes of increased supervision
and government control which wouid bs‘required to insure that the
program was not abused.‘The'sécond optisn, however, would free the
rgOQernment of its‘supervisoty role and allow it to divert the monies
presently spehtion testing‘into_research. Idéally, the government

should lead the way in breeding research with the. industry having the

responsibility -of implementing and applying the reéults,

-
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" Appendix Table 1. Means (with standard errors in parentheéis) of the

performance traits, expressed as deviations from the cantemporary
group averages, and FNWT of the INWT classes

STATION-BREED CLASS . -
TRAIT SUBCLASS 1 2 3 4 .5 6
ADG YONT -0.036 -0.001 -0.009 -0.001 0.008 0.022,

(0.020) (0.012) (0.008) (0.012) (0.009) (0.012)

LONT -0.016 0.001 0.000 0.003 - 0.011 -0.002
' (0.010) (0.011) . (0.008) (03010) (0.010) (0.017)

YLED -0.008 -0.019  0.001 -0.010  0.008  0.036

(0.010) (0.010) (0-.009) (0.008) (0.009) (0.011) .
FC YONT  0.025  0.028  0.034  0.001 -0.035 ~0.045
| (0.028) (0.025) ~ (0.016) (0.014) " (0.017) (0.019)

LONT  0.003  0.026 =0.006 - 0.000 =-0.001 =~0.017
(0.027) (0.021) (0.018) (0.023) (0.029) (0.031)

YLED - 0.029 0.007 0.009 -0.008 -0.015 -0.038
: (0.016) (0.016) (0.018) (0.016) (0.016) (0.018)
ABF - YONT '—O.OSAY —0.180 - 0.120 0.054 -0.122 0.029v
r ~ (0.268) (0.314) (0.168) (0.238) (0.305) (0.269)

LONT -0.048 0.357 -0.050 -0.150 0.078 -0.046
(0.230) (0.299) (0.198) .(0.250) (0.316)° (0.372)

YLED  0.261 -0.520  0.161 -0.371  0.160  0.316
(0.247) (0.245) (0.271) (0.310) (0.278) (0.279)

INDEX YONT =5.7 -1.7  =3.5 -0.3 3.9 4.9
' (3.8) (3.0)  (1.8) (2.1) (1.9) (2.6)
LONT 5.1 -2.1 2.0 1.2 1.6 -2.3
(3.0) (3.3) (2.2)  (2.5) (2.9) (4.5)
YLED 4.7 -2.2 0.2 0.9 . -0.1 7.0
(3.1) . (2.7) (2.7 (2.8) (2.2) (2.8)
FNWT YONT 83.3 86.5 88.1  89.1  90.1 90.3
. (1.0) (0.7) (0.4) (0.5) (0.4) (0.4)
(LONT 86.8  88.4 88.9 89.4 90.2 89.8
- (0.7) (0.8) (0.4) - (0.4) (0.5) (0.8)
YLED 88.1 89.0 - 89.8 91.3 90.3 90..

(0.5)  (0.4) (0.4) (0.4) (0.3) (0.4)

n YONT 20 31 80 64 63 44
LONT © 35 - 35 90 54 40 29
YLED 69 69 70 49 58 49




Appendix Table 2. Means (with standard errors in parenthesis) of the
performance traits, expressed as deviations from the contemporary
group averages, of the PGTH classes

STATION-BREED CLASS 5
TRAIT SUBCLASS 1 2 3 4 5 6
ADG YONT  -0.003 0.026° 0.002 -0.010 -0.010 0.015
' , (0.018) (0.012) (0.011) (0.008) (0.011) (0.011)
LONT -0.010  0.014 -0.007  0.004 =-0.007  0.001
(0.013) (0.010) (0.009) (0.009) (0.010) (0.015)
YLED -0.020 =0.007 =-0.007  0.017  0.004  0.000
(0.011) (0.013) (0.008) (0.008) (0.009) (0.012)
FC YONT  0.002  0.010  0.020  0.001 -0.008 -0.035
(0.028) (0.025) (0.015) (0.016) (0.017) (0.020)
LONT  0.0l10 -0.027  0.009 -0.021  0.021  0.029
(0.038) (0.021) -(0.018) (0.018) (0.027) (0.032)
YLED 0.041 * 0.010 -0:.002 -0.025 ~ 0.001 0.005
(0.024) (0.020) (0.013) (0.014) (0.014) (0.023)
ABF YONT 0.36 0.55 0.08  -0.11  -0.32 0.04
_ (0.31) (0.35)  (0.19)  (0.17)  (0.20)  (0.31)
" LONT-  -0.24.  0.23 0.15 _ 0.02 -0.50 0.26
(0.27)  (0.25)  (0.25)  (0.22)  (0.26) ~ (0.33) .
YLED 0.03 -0.08 -0.28 0.18 ~0.09 0.42
(Q.32) (0.31) (0.22) (0.22) (0.28)  (O.36)
INDEX  YONT  -2.9 -0.3 ~1.3 -0.4 - 0.4 4.9
: (4.2) (3.0) (1.9) (1.7) (2.2) (2.6)
LONT  -0.6 0.5 -1.6 '3.8 0.6  -5.5
(3.5) (2.9) (2.1) (2.2) (3.0) (4.5)
YLED  -5.3 -4.5 0.7 3.0 -0.9 5.7
(3.2) (3.3) (2.2) (2.4) (2.4)  (3.6)
n YONT 16 31 74 75 69 37
LONT 23 48 56 71 49 36
 YLED 43 47 87 90 58 39

205



206

Abpeﬁdix Table 3. Means (with standard errors in parenthesis) of the
performance traits, expressed as deviations from the contemporary
group averages, of the WIVR classes

ar

STATION-BREED CLASS ‘
TRAIT  SUBCLASS 1 2 3 4 5 6
ADG YONT 0.000  0.002 --0.012  0.015  0.012 -0.025
(0.008) (0.010) (0.010) '(0.014) (0.016) (0.026)
LONT ~ 0.000 -0.008  0.001  0.009  0.003  0.014
(0.006) (0.010) (0.011) (0.018) (0.017) (0.014)
YLED -0.003 -0.006  0.004  0.000 =-0.0063  0.026
(0.007) (0.009) (0.009) (0.011) -(0.015) (0.015)
FC YONT  -0.013  0.003  0.019. 0.004 =-0.009  0.055 )
(0.012) (0.016) (0.022) (0.028) (0.026) (0.029)
LONT -0.011 _ 0.020 -0.003  0.015  0.007  0.003 .
(0.014) (0.024) (0.024) (0.036) (0.041) (0.047)
YLED -0.003  0.002 -0.009 -0.006  0.013  0.021 .
(0.012) (0.013) (0.016) (0.022) (0.027) (0.027)
ABF YONT  -0.0§y -0.17  0.04 0.24 -~ 0.28  0.57
(0.14)  (0.23) © (0.24)  (0.34)  (0.25)  (0.48)
LONT  0.05  -0.27 0.05 ~ -0.40 0.15 1.16
(0.16)  (0.25) (0.30)  (0.24)  (0.41)  (0.55)
YLED  0.03 0.16  -0.29  -0.04  -0.27 0.28
(0.16)  (0.26)  (0.28)  (0.41)  (0.33)  (0.51)
INDEX YONT 0.9 0.8 =227 1.8 0.6  -9.1
(1.4)  (2.2) (2.5) (3.0) (3.3) " (3.2)
LONT -1.0 -0.3 1.6 8.3 0.5 - -3.7
(1.7)  (2.9) (3.1 (4.2) (4.5) . (3.1) -
YLED  -1.6 -1.0 3.4 5.3 ~4.4 5.6
(1.7) (2.5) (2.8) (3.3)  (3.8) (4.7)
n YONT 125 70 41 27 26 13
_LONT 128 59 4ha 19 23 10
YLED - 142 . 81 54 32 29 26
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Appendix Table 4. Means (with standard errors in parenthesis) of the -

{

performance traits, expressed as deviations from the contemporary
group averages, of the GRVR classes

.\“

STATION-BREED , CLASS
TRAIT SUBCLASS 1 2 3 4 5 6
ADG YONT  0.014 -0.007 -0.012 =0.012  0.015 0.000
(0.009) (0.011) = (0.012) (0.011) ¥0.013) (0.013)
LONT  0.004 -0.013  0.000  0.000  0.002  0.006
(0.007) (0.011) (0.010) (0.011) (0.019) (0.012)
YLED  0.015 =0.011 -0.005 -0.008 0.007 = 0.007
(0.010) (0.008) (0.010) (0.010) (0.013) (0.009)
FC YONT -0.016 -0.016  0.031  0.002  0.014  0.006
(0.016) (0.015) (0.021) (0.022) (0.028) (0.020)
LONT -0.006 ~-0.011 0.013 =-0.004  0.023 0.002
(0.016) (0.023) (0.023) (0.034) (0.035) (0.029)
YLED  0.007 -0.013 -0.008 -0.001 0.005 0.016
(0.017) (0.013) (0.016) °(0.018) (0.032) (0.016)
ABF YONT  0.20  -0.39 -0.06  -0.15 0.06 0.40
©(0.18)  (0.20)  (0.25)  (0.28)  (0.35)  (0.21)
LON?  0.14 -0.08 -0.29 -0.23 0.09 0.28
(0.18)  (0.26)  (0.28)  0.36)  (0.32) . (0.30)
YLED 0.16 -0.05 -0.03 -0.17 -0.18 0.11
(0.22)  (0.22) ~ (0.28)  (0.31)  (0149)  (0.27)
INDEX . YONT 1.6 1.6  =3.4  -0.7 2.3 -2.5
(1.8) (2.0). (2.5) (2.9) (3.1) (2.2)
LONT  —0.4 -3.0 0.3 3.4 6.1 0.3
(2.0) (2.8) (3.1) (4.0) (4.4) (2.8)
YLED -0.9 -1.4 -0.2 1.7 7.5 0.2
(2.6) (2.1) (2.8) (3.0) (4.9) (2.6)
n YONT 78 70 50 33 25 46
L L4
LONT 92 - 49 47 34 " 23 38
“ YLED 67 90 64 ° 47 25 71
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Appendix Table 5. Means (with standard errors in parenthesis) of the
performance traits, expressed as deviations from the contemporary
group averages, of the WTIDV classes

STATION-BREED CLASS
TRAIT SUBCLASS 1 2 3. 4 5 6
ADG  YONT -0.009 -0.021 ~ 0.000  .002 0.019  0.008

- (0.015) (0.010) (0.006) (0.009) (0.012) (0.017)

LONT -0.013 -0.001 -0.006 0.003  0.008  0.026
(0.014) (0.012) (0.006) (0.008) (0.012) (0.015)

YLED -0.007 -0.016 -0.007 .0.001  0.021  0.029
(0.013) (0.010) (0.006). (0.007) (0.008) (0.012)

Ly

ABF YONT  0.57 -=0.02  ~-0.04 -0.22  0.27  0.17
‘ (0.28) (0.20) (0.14) (0.16) (0.28) (0.32)
LONT 0.48 - -0.25 0.04 -0.20  0.07  0.44
' (0.42)  (0.22)  (0.14) (0.17) . (0.30) (0.37)
YLED - -0.31  -0.10 0.16  =0.04 -0.29 0.29 ,
(0.38)  (0.28)  (0.15)  (0.19)  (0.27)  (0:35):
INDEX YONT 4.7 -2.9 0.6 1.2 1.3 7 -0.7
2.7) (1.9) (1.1) (1.4) - (2.3) (2.9) "
LONT -2.9 2.0 -1.3 0.4 2.7 1.2
: (2.9) (1.6) (1.1) (1.6) (2.0) (3.1)
YLED 0.2 0.7 -1.5 -0.3 4.2 0.4
(1.8) (1.4) (1.1) (1.3) (1.6) (2.7)
n  YONT. 39 68 231 159 68 39
LONT 33 63 229 145 63 33

YLED 55 86 269 177 86 55
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Appendix Table 6. Means (wii. :tandar errors in paren-
thesis) of INWT and FILL for the DIST ~lasses in the YONT
' and YLED subclasses

YONT : ' YLED

CLASS o INWT - FILL " n INWT FILL
64 26.1 4.9 67 = 24.4 5.1
(0.3) (0.4) (0.4)  (0.5)
2 45 25.1 4.5 24 25.1 5.0 *
(0.4)  (0.5) 0.7)  (0.7)
3 23 26.4 4.9 163 25.3 6.5 ' S
' (0.5) (0.8) o (0.3)  (0.3) :/,4/
4 77 26.0 4.5 110 23.4 7.6
: (0.3)  (0.4) (0.3)  (0.3)
5 10 22.9 5.6 ‘
(1.0)  (0.9)
6 58 26.0 5.1
(0.4)  (0.4)
7 25 24.6 6.6

(0.6) (0:6)




Appendix Table.7. Means (with standard errors in paren-
‘thesis) of FNWT of the FILL classes
LY
“ YONT LONT YLED

CLASS n FNWT n FNWT n FNWT
1 64 89.7 63 89.2 52 90.5
: (0.5) (0.4) (0.4)

2 35 90.1 34 88.8 28 90.8
(0.6) (0.7) (0.5)

3 36 88.7 29 90.1 7 89.1
(0.7) (0.7) (1.1)

4 16 89.6 . 26 89.5 41  90.2
(1.2) (0.7) (0.4)

5 30 88.1 16 88.1 25 89.9
(0.7) (1.1) (0.7)

6 10 88.4 5 87.6 30 - 90.6
(1.0) (2.4) . (0.5)

7 22 88.2 14 88.9 43 89.2
v (1.0) T (1.1) (1.4)

8 21 87.3 30 89.1 30 90.0
(0.8) (0.7) " (0.7)

9 ‘40 86.9 26 88.3 23 89.1
(0.6) (0.6) (0.7)

10 17 86.5 29 88.0 24 89.8
(0.9) (0.9) (0.7)

11 9 88.9 2 87.5 19 89.5
(1.2) (0.5) (0.5)

12 2 89.3 9 88.8 21 87.9
. (1.2) (1.5). (0.8)

13 2 86.8
, (4.7)

14 - 6 86.8
(1.3)

15 12 88.3
(1.2)
16 1 89.8

(0.0)
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