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. INTRODUCTION

During the pa&t sevoral years thore has boen an incroasge
ing demand by thoe ‘consumor for more lean meat and less fat 1h
tho various pork cuts, During this same period lard has beon
largely roplgqed by the varlous vogotable fats in its use as
& shortening, This change in demand has brought about a neod
for changes in the type of swine that will bost satisfy this
consumer preference, _

Rate and economy of gain end sow productivity have been
the major concerns of the producer in the past, Little ome
phasis heas been'placed on carcass merit by either the packer
br tho producer, It eppears likely that consumer pressure
will bring about increased emphasis on carcass value if pork
1s to maintain its place in the human dlet,

In an attempt to meet the changing demand, the various
swine breed assoclations have set up meat-type certification
programs whereby cortailn sires and dams are given a "certie
fied" classification if they meet the requiroments as set up
in the program, Backfat thiclkness, carcass length, and 1o%n
lean aﬁea were the carcass traits selected to be used in the
certification program.

Since carcass merlt cannot be measured In the live anil=
mal except‘in the case of backfat_thiqkness where the probe

technique has been deveoloped, it becomes necessary to use
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close}y rolatgd anlmals in.predicting the breoding value of
an individunl. This relationépip may be elther collaéoral:
rolatives or progeny of the individual belng tested,. 1
The extent to which closely related individuals resen=
ble oach other 1is éopondent upon the relative genetic and
environmental influences on the tralt measured, A trait
influenced to a large extent by environmental effects will
be of 1little value in predicting the genetlc composgition of
this same tralt on related individuels, This 1s esbecially
‘true if a small number of progeny or collatersl relatives are
. used in making the determination, It becomes necessary, there-
fore,_to choose traits of a highly heredltary nature if the
progeny are to be indicative of the true breeding worth of
the parent.
The objectives of this study were to (1) obtain esti-
ﬁates of heritability on carcass length, carcass backfatl,
and loin lean area, and (2) determine the phenotypic corre=

lations between those btralts.




REVIEW OF LITERATURE

Heoxritabllity @ay be defined as the fraction of the
phenotypic variance which_ia caused by the differences bhe=
tween genes or genotypes of individuals, In & narrowver
sense it 1s a measure of the phenotypic variance between
individuals which is due to differences in genes acting in
an additive manner, Thls largely eliminates the genetic
action due to dominanco and epistasié. The narrow definition
is more valid when thinking in terms of the portion of the |
varlance in goenlc expression which will actually be transe
mitted to the offspring.

In determining estimates of heritabillity on carcass
tralts cerﬁain extraneous factors are often involved that
may tehd to blas the interpretetion of the results. Such
factors as sex, carcass welght, and season and station trends
may contribute to varlatlion. Sex and carcass weight can be
controlled experimentally to a large extent. Season and
station variations are more easily removed by statistical

means.
. 8, Effect of Sex on Carcass Composition

Lacy (1932) in a study using 19 litters of Polandehiﬁab
pigs found highly significant differences between sexes,

Gilts wore found to have more loin while the barrows ﬁere

3




oconaiderably fatter when slaughtered on a constant weight
basis,

| Lush (1936) found gilts to be significantly longer than
barrows, Gilts aiso had less backfat than barrows, but thia
difference was not%as marked as the difference in length.

Crampton and Ashton (1945) in a study of 120 Yorkshire
barrows and gilts found a statistica;ly significant differ-
once between sexes in loin lean area, backfat thickness, and
carcass length, Gilts were longer with a larger loin eye
but had less backfat, HResults very similer to these were
égain reported by Crampton end Ashton (1946) in a study of
128 Yorkshires, | ‘

In their study of Yorkshire pigs from the Cenadlan Ad-
vanced Regiétry, Bennett and Coles (1946) found a mean differ=
~ence of .15 inches 1n»backfat thickness and .34 inches in
carcass length between barrows and gilts, Twoahnndred
eighty-one carcasses were used in the study.

Cobb (1952) at the Towa Agricultural Experiment Station
used data on 215 Poland China, 16 Landrace=-Poland China, snd
6 Landrace pigs in his study. Sex was found to have an ime
portant effect on both per cent lean cuts and backfat thicke
ness, .

Whitemsn (1952) determined the mean difference on 81 :
full-ﬁib pairs of barrows and gilts fqr several carcass
traité. Gilts were found to average 61 inches longa? andg
had .é9 sqﬁare inches greater 1oin:area than barrows from the

- same iittersm The berrows averaged .21 inches more backfat




than gilts,
_ In a study involving carcass data from 12,084 Yorkshire
barrows and gilts Fredoen (1953) found a differonce of ,23"
inches in carcass 1ength, «53 square inches in loin lean ares,
and .12 inches in ?ackfat thickness between the two aexea.l
Anderson (1954) and DePepe (1954) also found real sex differe
ences in these traits,

- Table I summarizes the offect of sex on the three traits

being considered.
b. Effect of Seasson or Year on Carcass Variation

Lush (1936).1n an analysis of Danish progeny testing
records noted that there were definite yearly differences
in fced economy and dally gain in addition to the various
carcass tralts. Body length and backfat thickness seemed
most affected by yearly varliation,

Yearly differences were significant on all performance
traits considered by Johansson and Korkman (1950). Yearly
differences were found to contribute 9 per cent of the tot?l
variation in body length and 14 per cent of the total vari-
ation in backfat thickness, | ;

Stothart (1937) obtained data from 19 experiment sta=-.
tions:covering a period of 6 years. He found that both
statién and season contributed a highly significant part
to thé totél variation, ‘Differing climatic conditioné,
healtﬁ, ané mothod of handling and feeding were considered’

| partly responsible for this variation.




TABLE I

THE EFFECT OF SEX ON CARCASS TRAITS

Giit to]

Carcasses
Barrow in
Trait Equivalent Study Reference
Backfat «12 inches 12,08& Fredeen (1953)
Thicke «20 Sh DePape (1954)
ness 23 550 Anderson (195l)
.15 281 Bennett & Coles (1946)
.08 237 Cobb (1952)
2l 162 Whiteman (1952)
«13 128 Crampton, et al. (1946)
20 120 Crampton, et aie. (1945)
Carcass -.23 inches 12,08l Fredeen (1953)
Length -.60 ' eL7 DePepe (195.)
-.19 550 Anderson (195l)
-3l 201 Bennett & Coles (1946)
- 61 162 Whiteman (1952)
-.50 128 Crampton, et al. (1946)
-140 . 120 Crampton, et ai. (1945)
square
Loin -.53 inches 12,084 Fredeen (1953)
Lean ~.55 547 DePape (195L4)
Area -.69 162 Whiteman (1952)
-.70 120 Crampton, et al. (1945)
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Frodeen (1953) reported that province and year differe
ences accounted for 7 to 18 per cent of the total varlance in
nearly all carcass btralts, A greater contribution was made
by year differences in loin area, but this was ettributed

largoly to differiﬁg me asuroment technlques,
6., Effect of Carcass Weight on Carcass Characteristics

McMoekan (1940) in an extensive study involving the
effect of plaﬁe of nutrition on tissue development found a
definite order of tissue development in the pig. Skeletal
tissue was found to develop first followed by muscﬁlar tis=
sue ﬁith fat deposition the last to occur,

Hammond and Murray {(1937) found that an increase of ten
pounds in carcass weight resulted in an increase of .48 inches
in carcass length, Stothasrt (1938) obtained almost identi-
cal results in csrcass length and an increase of ,08 inches
in backfat thickness for every ten pound increase in carcass
weight,

Fredeen (1953) reported that carcass meassurements show=-
od an almost llnear response to welght change with thq hea@-'
ier carcasses having more 1ength, groater backfat thi&knesé,
and azlarger loin lean sarea, <

4hder$on (195l4) reported a greater effect of car%ass
weighé on éackﬁat thickness tﬁan}thg workers cited pr%viouq-
1ly. én hié investigation an increase of five pounds in car-
cass ﬁéighﬁ brought about an increase of .18 inches 1@ back-

fat. Length also increamsed .18 inches for every five pound




~Incraease in carcass weight.
d. Eatimates of ileritabllity

Severgl ostimates of heritability for backfat thicknese
and carcass lengthiare found in the literature; however, the
estimates on loin lean areca aere few in number. A summary ét
the eétimates for these treits as found in the litersture is
presented in Table II.

The varistion in the estimetes for a particular trait
is probably due to a large extent to sampling error. It 1s -
poasiblo,"however, that sctual breed differences éo occur,

In genersl, it 1s thought that tralts concerncd with
skoletal growth and doveloprment are the most highly herite
able. This would include such traits as carcass length or
log lengthe Estimates of heritability of carcass length
range from 40 (Frodeen, 1953) to .89 (DePape, 195L}. The
average of these estimates is about'.bo.

The estimates of heritsability for loin lean aresa have
not been consistent. DePspe (1954 ) and Fredeon (1953) found
this trait to be highly heritable., Thoir estimates of .71]::,
and +66 respectively were over four timoes as large asithe 4
estimate of .16 obtained by Stothart (1947). With the wide
range in heritabllity estimates for loin lean area and thaﬁ
1imited amqunt of information available in the literature cone
cerniﬁg tho troit it appears that further investigatiéns aﬁe
neoded to establish the extent to which this trait is affected

by gehetic;infiuences.




TABLIE II .
SUMMARY OF HFRITABILITY ESTIMATES FOUND IN LITHRATURE

Statistical Dogrees
Tralt Mothod of of Estimate Refeoronce
Calculutionl Froedom ) -

Carcass P .- 647, sires 4O Fredeen (1953)
Length Rs s, s8lres 42 Stothart (1947)
o pt8. © 67, sires 48  Anderson (195L)

P L4145, sires .52 Johansson &
. Xorkman (1950)

P 6l, sires .67 DePspe (195l)

P 127, sires -.89 DePape (195L)

P 62, sires .73 Dickerson (1947)

P 122, sires .78 Lush (1936)

D 320, dans .81  Lush (1936)

Ave, - Sl  Lush (1936)
Backfat P Lo, sires .12 Blunn & Baker (1947)
Thicke P 122, sires .80 Lush (1936)
ness D 320, dams .55 Lush (1936)

Ave, - 47 ILush (1936)

P 62, sires .5  Dickerson (19,7)

Ea 58, sires 37  Stothart (1947)

pts 45, sires .52 Johansson &

: : Korkman (1950)

P 647, sires «38 Fredeen (1953)

P 67, sires 40 - Anderson (1954)

P 19, sires L67 Whiteman (1952)

P 6ly, sires «76 DePape (1954)

P 127, sires ,22 DePape (1954)
‘Loin R 58, sires . ,16 Stothart (1947)
Lean plis 647, sires .66 Fredeen (1953)
Area . . P

127, sires .71 DePape (1954)!

1Methods of calculation are as followss ¢
P - ' Paternal % sib correlation from the analysis of vari-
. ance .
D - ., Maternal % slb correlstion from analysis of variance.
~Rfs - Regression of progeny on mean of parental full sibs,
Ave.’ Average of 3 methods: paternal % sib correlation,

; maternal = 8ib correlation, and correlation between
: progeny aversgge of sire and son. ‘
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Heritability estimates for backfat thicknoss range from
R ¥ t6 .80 with the average about 45. Blunn and Baker's ;
(1947) estimate of .12 1s much lower than other workeis have
reported, : | ; : 5
Method‘of staFistical analysis may be rocsponsible for
some of the variation in heritablility estimates obtained,
-~ Maternal halfe-sib correlation will give a higher estimate
thah a patérnal half-sib'correlation if a maternal influence
exists. This maternal influence does not seem to be as ime

‘portant in carcass traits as 1t 1s with factors concerned

with growth,
e. Phenotypic Correlations

Phenotyplc correlations describe the linear relation=
ship among different traits in the same individual in the
particular population under study. These correlations are
especially needed and useful in construction of selection
" indexes (Hazel, 1943). Phenotypic corrélations will be
- determined by the environmental effects as well as the
genatic contributions to the particular traits which are
under consideration, |

Numerous workers have reportéd on the relationship be=-
tween backfat thickness, loin lean area, and carcass length,
A summary of these reports 1s found in Table III, ;

The correlations between backfat thickness and carcass
lengtﬁ are, in géneral, negative with‘the.one excepti@n to;
this being‘a positive correlation of .06 reported by Qnderéon

4




TABLE IIIX

PHENOTYPIC CORRELATIONS BETWEEN TRAITS

11

\

Tralts
Correlated Correlation Reference
Backfat Thickness - 20 Lush (1936)
With -.38 Lush (1936)
Carcass Length -.22 Aunan & Winters (1949)
. ’ -62 Brown, et al. (1951)
-,36 Johansson & ’
Korkman (1950)
- 27 Fredeen (1953)
.06 Anderson (1954)
-.34 DePape (1954)
Backfat Thickness - 37 Brown, et al. (1951)
With -Jyly Whiteman (1952)
Loin Lean Area - 26 Whitemen (1952)
-.12 Fredeen (1953)
-1 Hazel & Kline {1952)
-, 28 DePape (195.)
Carcass Length .38 Aunsn & Winters (1949)
With -.07 Fredoen (1953)
Loin Lean Area .06 Crampton (1940)
-.18 Stothart (1938)
.08 Bennett & Coles (1946)
-,02

Bennett & Coles (1946)
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(1954). The negative correlation botween those two tralts:
scoms quite probable when slaughtering on & constant weight
basis. Longer pigs would necessarily bo smaller in some
other dimension at a constant weight,

The correlati§ns roported between carcass length and
loin lean area have been variocd and inconsistent. Eatimates
range from .38 (Aunan & Winters, 1949) to a =.18 (Stothart,
1938). These differences may well be representative of the
différences in the populatiéns which were studled, Increasing
the length of carcass in certain lines or breeds may bring
- about & corresponding decrease in meatiness or muscling,.
Other lines may not be affected in this manner.

A1l correlations between backfat thickness and loin lean
area as found in the litsrature have besn negative, Estimates
range from a =,12 to =Y, This indicates that the fatter
carcasses produce less lean meat if these two traits are in-
dicative of the total amount of fat and lean cuts in the car=
cass, Thls sgain would be expected &ssuming slaughter on a

constant welght basis, | :

EE DO




MATERIALS AND METHODS
l. Deseription or\Data.
Qe Sourcé of Materials

The data used in the study were obtainod from 531 care
casses from pigs slaughtered in the Swine Breeding Project
at the Oklahoma Experiment Station In conjunction with the
Regional Swine Breeding Laboratory., From this number 304
carcasses were from the Sitillwater station and 227 from Fort
Réno. The Stillwator data covers a period of seven scasons
from the fall of 1953 through the fall of 1956, The Fort
Reno dasta includes the seasons from the spring of 195&
through the fall 6f 1956 with the exception of the fall of
1955 when no data were avallable., Pigs from the Fort Reno
station were slaughtered by Wilson & Company, Oklshoma City.
Backfat thiclkness and carcass length measurements ware made
in the coolers of the Wilson & Company plant. The loins
from these carcasses were purchased and brought to the col-
- lege meat laboratory for 1oin lean area measurements.: Ex-/
cept for a small number of plgs, the Stlllwater carcaﬁsas
were processed at the college meat laboratory. Pigs which
‘were not slauohtered at the meat 1aboratory were taken to
Wilson & Company and handled in the same manner as the Fort

Reno carcaqses. All plgs were slaughtered at sbout 210 pounds.

3
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A distribution of carcasses by season and station 1s .
givenxin Table IV, Information was available on only 336
carcasses for loin lean aree whilec moasurements were taken
on all 531 carcsesses for backfat thickness and carcass length,
There were approxibately two plgs por dam and eight piga per
sire represented in the analysis. Carcasses from 497 barrows
and 34 gillts were used in the study. Carcgss‘data-on the
gilts were adjusted to a barrow equivalent,

| All pigs used in the study were orossbred pigs. This
eliminated the possible error that might be introduced due
to inbreeding of the litters, All pigs at the Stillwater
station were a two-way cross as a result of mating the line
8 Durocs with the line 9 Beltaville No, 1, A three-way cross
was used at Fort Reno breeding the line 1l Hampshires to the
8 x 9 crossbreds described above. Reciprocal crosses of the
above mating systems were used at both stations, ,

The method of hendling the pigs used in the study was
vaomewhat different at the two stations. The pigs at Fort
Reno were self-fed 1n groups on pasture while the pigs at
Stillwater were self-fed by test litters of U pigs in dry=-

lot from weaning to market welght,

b. Carcass Measurements / ¢

H

All méasurements were taken on the chilled carcaésea .
with ét least a 24 hour chilling period after slaughter. @he

following fechniques and methods were used in measuriég.




TABLE IV : :
. DISTRIBUTION OF CARCASSLS BY SEASON AND STATION

15

1956 Fall °

: STILLWATER
|
Carcasses
Backfat . Loin
Soason oo onnth  Thickness — Leun Arean  Bires,
19?& Fall 32 : 32 _ al g
19 Spring 0 ' 0 0
1954 Fall 56 56 | Sl 6
1955 Spring L7 L7 116 6
1955 Fall L2 L2 - 4
1956 Spring 50 50 50 6
1956 Fall 37 37 37 6
Totals = 304 304 258 42
FORT RENO
Carcasses
Backfat Loin : .
. Season Length Thickness Lean Area Sires
1954 Spring 59 59 - ‘6
195l Fall - 56 . 56 == T
1980 Sorane 3 ¥ 5% 3
pring ; g
3 9 8 2

Totals 227 227 78 27
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carcass longth = tho average of both sides of the carcass
moasured from the antqrior edge of the fignt
rib to the aitch.bone, :
backfat thickness - the average of four measuremonts taken
o?poaito the first »rlb, seventh rib, lnatM
rib, and last lumbar verteﬁra on both sldes
.of the carcass.
loin lesn area = (a)# the product of the width times the
| depth of the%loin eye muscle at the last
rib using the loin from the right side of
~ the carcass.
{b)#¢ planimeter tracing of the loin eye
muscle at the last rib, - |
{c)t=rt planimeter tracing of the loin eye
rmuscle at the 10th rib.,
# = Stillwater data, fall of 1953 and spring of 195l.
#z = Stillwater data, fall of 1954 and spring of 1955.
### = Stillwater and Fort Reno data, spring of 1956 and
fall of 1956, |
The loin lean area tracings were made on the right loin whén—
ever possible unless an uneven split of the carcass during
slaughter had scored the loin eye muscle. It was found that
& more accurate tracing could be made on an untrimmed loin as
the bapkfat%preventcd the muscle area of the loin from;spread-

ing while the tracing was being made.

2; Statlstical Methods

In the statistical analysis for determining estimates or
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heritability the major considerations are the removel of the
nonhoreditary fectora discussed In the prevlious scction und
tho eﬁtimation of varience compononts associated with sires,

dams, and error,

\

Qe CorrLction for S8ex and Carcasa Welght

- In as much as‘only 34 gilts were ropresented in the data .
used in the present study 1t was not conslidered feasible to
attempt to determine sex differences in the populstlon under
study because of the large error that might be introduced by
the small numbers. Recognlzing from preovious work that real
sex differences do occur, 1t was thought necessery to meke
gsome adjustment to convert the records on theseo 34 gilts to
a barrow equivalent. A weighted mean difference was used to
make this adjustment by avereging all results which could be
~found in the literature. The weighted mean gave more emphasis
to studies involving large numbers of plgs. This was accome
plished by multiplying the differences found in a particulgr
study times the number of pigs in that study, and finally,g
dividing these results by the total number of pigs in all ?he
investigations which were reviewed, The previous work useq
in argiving at these sex differences are those summarized ;n
Table:I. Ffom this analysis the following results we%e apé
piiedito the data as correction factors for convertiné theé
gilt ﬁeasurements to & barrow-equiva;eht:,_ @
v carcass length - =.25 inches i

backfat thickness = <13 inches }
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; loin lean aren =
? (longth x width) ~.,53 aquare inchos
| (planimotor) © =e35 square inchos
The adjustmenté made on planimoter readings for loin lean
.area wore adjusted downward in direct relationshilp to the F
moens for the two %ethoda of moasurement.,

Complete information was nobt available concerning the
carcass woeilghts on the plgs used in the analysis., As a re-
sult, the anslysls was computed on the basls of slaughter
at a constant weight, The mean and standard deviation were
‘»computed on‘the woights which were available on 236 care
casses, ‘The'avérage carcass weight was 148 pounds with a
standard deviation of 6 pounds, It is thought that this

small variation dus to differences in carcass welight will

have little effect on the final heritability estimates.
b. Analysis of Variance

The analysis of variance in a nested classification with
ﬁnequal sub-class numbers used in determining the variance
comporients has been described by Snedecor (1956) and Anderw
son and Bancroft (1952). An spplication of this method as’
i1t applies to animal breeding and determinstion of herlit- :
abllity is given in a study by Kiﬂg and Henderson (l99h). i
The theoretical analysis of variance as it applies to*the é
present study is given in Table V., ‘ § {

The statistlcal model for analysis of the data adjusted
for sex is . .as followss: i
Yipaa™ BV et Byt ot diga t Cigan

a
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For backfat thickness and carcass length:

L I

oy
o
e ]
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ja}

gHuun
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1V

l’ e o o o 120
:l., - L] ’. L ? 690
1, * o @ @ ’2600
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lean areaj
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The symbols may be described as follows:

Iijklin:

13
i3k

4 g1

©4jkim

th

is the observed phenotyplc value of the m— pig,

velonging to the 1YB 11tter, sired by the kEB give,
Tarrowed in the 2 scason at the 188 station,
1s an effect common to all pigs.

is an effect commdn to all pigs farroued at the

&EE station,

is an effect common to all pigs farrowed at the

iﬁh station during the JEE season,

1s an effect common to all pigs of the 1th station,

i

j—— season, and sired by the yrads sire,

1th station,

1s an effect common to all pigs of the
:—- season, k2 sire, and farrowed in the 1th litter.

is an offect common to the el prig, of the l%g 11%-

jter, by the kth sire, in the jEE season, at %he ﬁﬁg

stat*on. This would include all environment%l ef;
fects which would cause llttormates to differ from

one another.




TABLE V
-~ - - THEORETICAL ANALYSIS OF VARIANCE IN DETERMINING HERITABILITY ESTIMATES

v Sums of Mean

Source of variation d.f. Squares Squares Variance Components
B R R R R e e e s i e e e s ———— B e e e s
Total / N -1 T -
Between stations y-1 Y
Between seasons

within stations P ey R«X
Between sires | ‘

within seasons fer F «R V3 E+ le + kas
Between dams o

within sires d -¢f D-F ’ Va E + le
Between littermates N -mnm T -M Vl E

N = total nunber of carcasses Y = number of stations

r = number of seasons f = number of sires
e e = number.. of dams - T = ¢total sum of squares L

Y = between station sum of squares

= between season sum of squares

0e



TABLE V (Continued)

3

=,

K <

i

between sire sum of squares
between dam sum of squares
computed mean square of variance

epproximately the average number of cercasses per dam T

spproximately the average number of carcasses per sire

variasnce between full-sibs

eiﬁra variance within groups of paternal hslf-sibs, this extra varlance
would be the amount contributed by different dams

variance which 1s contributed by the sire or the added variance between
non-sibs as compared with paternsl half-sibs

PRUFS Y ENVENEES T
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The assumptions under the above model are that all er;
fects, oxcept u, have a mean of zoro and a varlance of a

Varisnce components for sire, dam, and the error term:
as shown in Table V wore determined by equating the oxpectqd
mean squares to coTputed mean squares snd substituting in
thoe known elements of the equation, IFrom these varlance come
ponents estimates of heritability may be obtained by methods
described by Lush (1948). Three methods of half-sib corre-
lations may be used in obtaining estimates, These methods

are:
(1) 4 (s)
TS +D+E
(1I) : L (D)
S+ D+ E
(III) 2 (s + D)
S+ D+ R

The symbols are explained in Table V,

| The paternal half-sib correlation 1s usually'oonaidered
to give the most reliable estimate of heritability. It is
}less affected by maternal influences and common environmente
al effects than is the maternal half-sib correlation. The’
reliability of the paternal half-sib correlation is depend-
ent upon the number of degrees of freedom for sires, the %
magnitude of the eplstatic effect on the sire component, the
amount of environmental correlations between paternalvhalf-'
sibs, and the validity of the assumption concerning r;ndom
mating. ‘ l

QOmmoh pre=-test onviroament could introduce somé%ﬁon-ﬁ

genetio ligenasaes which may tend to overestimate herﬁtabiiity.
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Deviations from random mating may change tho diastribution of
additive gonetic veriance snd bias tho results., Tho effocts
“that the above two factors would have in the present study:

aro not known, but thelr effccts are prosumed to be small,
c. Phenotypic Correlations

Phenotyplie correlations wors determined on en intrae
season=-station basis thus eliminating any effect duo to
diffefences in means which may be . due to time trends or
 changes in managemﬁht. This also eliminatos any effect that
differences in mecasurement tochniques would have for loin
lesn erea., The following formuls as given by Snodecor (1956)
ués used 1in determining the correlations efter removing tho

station end season eoffoct,

X
Lx =
r = ‘
2, 2
| V(le ) (Zxa )
Whorse Xl = varisble 1 H = number of observations
X, = varisble 2 R
S 2 . 2 ‘ :
x 2= Zx?2- (Z:¥l2 :
I 1 b1 i
‘ ; - ' 3 ;
c 2 2 3 -

% |
(le) (Zxa) f

N




RESULTS AND DISCUSSION
a, #eason and Station Varlabllity

The moans And standard doviatlons by seasons aro gilven
for cach trait under consideration in Table VI, The mesns,
standard deviations, and coefficieﬁts of variation computed
on an intra~station, intrae~secason basis ere swmarized in
Table VII. -

A siight increase in carcass length over the period of
the study is apparent in the Stiilwater data, This same
trend 1s not so obvious in the Fort Reno data although there
are marked seasonal differences., There is a steady Increase
in carcass length from the fall of 1953 to the spring of 1956
with a mean difference of .7 inches beotween these two sea=-
sons at thoe Stillwater station. At Foft Reno large increases
were made in the mean carcass length up to the spring of 1@55,
but ruch of this increase was 1ost'the next two seasons, &he
standard deviations for carcass length would indicateither?
is less variability in the Fort Reno hexrd, : “

Seasonal trends ror backfat thiclmess are not apparent
in the Stillwater data, however a definite reduction did oc-
cur 1n backfat thickness at the Fort Reno station,. Lhis rg-
duction emounted to about .25 inches in the 3-year period‘

covered in the study. There appears to be l1ittle difference
i gﬂ,

a
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SEASON MEANS AND STANDARD DEVIATIONS

TABLE VI

- - STILIWATER
Season Carcass Lenpth Backfat Thiclmess Loin Lesn Area
stancdard standard standarg
mean deviation mean deviation mean deviastion
1953 Fall 28.9 S8l 1,65 17 5.63 W17
1954 Spring 29.2 .85 1,75 ;12 5.50 U5
195) Fsll 29.1 <13 1.63 o1 3.87 A7
1955 Spring 29.3 .8l 1.57 .18 3.76 ol
1955 Fall 29. T 1,62 <19 -- -
1956 Spring 29. .91 1.77 .15 3.%8 <53
1956 Fall 29.3 o1 1,56 o16 3.85 117
FORT RENO
Season - o=--Gareass Length Backfat Thickness Loin Lean Ares
standerd ' standard standard
mean deviation mean deviation mean deviation
195l Spring 28.7 .66 1.70 o1l -- --
1954 Fall 28.9 o73 1.73 oLl .- .-
1955 Spring 29.5 56 1.74 . - --
1956 Spring 29.3 .70 1,62 W1 3.%2 U5
1956 Fall 29.1 .51 1.47 016 3.50 Ll




TABLE VII
MEANS, STANDARD DEVIATIONS, AND COEFFICIENTS OF VARIATION

(Corrected for Sex and Computed on an Intre-station, Intra-seascon Basis)

Tralt Mean - Standard T Coefficient
' ‘ ) Deviation of Variation
Carcass length C o 29.2 J18 2.7%
Backfet thickness 1,66 .16 9.6%
Loin lean aresg ~- 05 . «50 12.3%

92



27

in the varlatlon for backfat thickness at the two atationﬂﬂ

The difforences in the scason moans for loin leoan area
¢an be largely attrlbuted to the change In measurement teche
nique. Data from the first two seasons were obtalned by the
rmltiplicatlion metﬁod explained earlioer, Calculation of thé
coofficlont of varlation by season indicates that both tho
multipllication mothod and planlmeter readings may bo used in
an analysis 1f computation is on an intra-season basis,

The standard doviations and coeffliclents of variatlon
shown in Table VII compare favorably wlth those reported by
other workers, Fredeen (195L) repoftod a coefflicient of
variation of 2.9 per cent and a atanderd deviation of .8l
for carcass length, A coefficlent of variation of 13.9 per
cent for backfat thickneas and 1.4 per cent for loin lean
areca also compares qulte closely with the results in the pres-
ent study. DoPape (195l;) found a standasrd deviation of .2
and .57 for backfat thlckness in his analysis of earlier data
from the Fort Reno and Stgllwater stations. Since the moan
and standard deviation given in Table VII for loin lean areg
are a pooled result of two different methods of measurement,

!

they are not indlcative of either method soecifically.
b. Estimates of Heritability

The mean squares obtainod in the analysis of Variance j
for each tra;t are given In Table VIII, Significant differ-
ences were found betwesn seasons, between sires, and botween

dams for cercass length and backfat thickness. The highlyx

i




s - TABLE VIII
ANALYSIS OF VARIANCE FOR CAKCASS TRAITS (FEAH SGUARES)

Source of Carcess Length Backfet Thickmess = Loin Lean Area
Veration d, T, maan squaras éd.f, mesn squares Gefe meen nonrres
Between Stetiong ! . 5.23 S | <0059 1 36.3hh6
Between Sessgons '

within Stations 10 2,50 . 10 63787 6 22,1692
Batween Slres - ’ '

within Seazsons LY 1, 23 LY <051 8% 38 6022
Botween Dams ) ’ '

within Sires 191 . 63'::'5:' 191 ‘ e 03 17':"(‘"'“ 123 . 2187
Betuween Littore ' o )

# Significant at the 5% levol
¢ Significant et the 1% level

0z
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slgnificant seasonal varlence for loin lean area 1s attribe
uted to tho change in measurement technique during the study.
Difforencea botweon dams wore not significent for loin 1eah
nréa. Sire diffarences‘wera highly slgnificant at the one,
per cent level, i i
The compononts of veriance were computed from the cal-}
culeted méan squares by the forrmls as shown in Table V,
Using these components the heritability estimstes were cale

culated by the half=-sib correlstion as shown in Table IX,

TABLE IX
ESTIMATES OF HERITABILITY

LS i D 2 (s+D)
S+D+ L S+ D+ K s + D+ B

v et ettt vt epirar e e et o o r—— e
—— e st s mp——— o

Carcass length | 50 o5l 52
Backfat thickness W2 .8l 63
Loin leesn aresa .79 .10 iy

(planimeter only) .5l .26 40

The estimates obtained by all three methods for gachQB
length are in close agreoment with the sstimates of Lﬁsh ;
(19369, Joﬁannson and Korkmsn (1950), Stothart (1947), and
Anderéon (195u). Almost identical estimates were obtained
by tho three methods in the present study 1ndicat1ng the ;
maternal *nfluenceg for this trait ere small. DePape=(195h)
also founa a small maternal effoct on this trait, ” %

Tho paternal half-slb correlation estimate of .79 fof

loin lean area in the present study is larger than otper

3
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workers have reportod but is in relatively close agreemont
‘with DoPape (1954) and Fredeen (1953). Tho maternal half=-
5ib correlation estimate of .10 is much lower than would be.
expected but the roason for this is not apparent. The aver-
- age of the paternaﬂ and maternal half-gib corrolatiohs gave.
similar results roriloin lean arca when the length times wide
th measuremonﬁs were not included as compared with pooling
both methods of measurement as previously described.

The estimate of .2 for tho heritability of backfat
thickness using the paternal half-sib correlation is in close
agreement with Lush (1936), Stothart (1947), Fredeen (1953),
and Anderson (195l1). The much higher estimate of .8l using
the maternal half-sib correlation may give an indicatlon of

the eflfoct of common environment and maternal influences on

this trait.
c. Phenotypic Correlations

All phenotypic correlations were based on the total
vafiance and covariance within season and station. This
method eliminated any time trends and also any effectfof
changing methods of measurement used with loin lean agea.

The rqsults of those simple correlations are shown in;Tablé

Ehenotyp;c correlations between carcass length aﬁd back=-
fat thickness, and loin lesn erea with backfat thicknéss w;re

‘ {

negative and highly significant, This is In closs agéeemeht

with ;he correlations reported by other investigators;as
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summarized»ih Tabloe III. The negative correlation betwocn{

thosa tralts 1s to be expected whon slaughtering gt a con-f

stant weipght. An increase in length, for example, will ro=

quire some other dimenslon of the carcass to be reduced. _}

This would moan.thﬁt elther measures -of fatnoss or leanness,
or both, will be roduced., Similarly, increasing the amount -
'of fat in a cercass will decrease the amount of lean on a

poercoentage basis of the total carcass if other factors are

oonstanf.‘
TABLE X
PHENOTYPIC COREELATIONS BETWEEN‘TRAITS
(computed intra=secason and station)
Backfatb Loin
Thiclmess Lean Area
Carcass length -y 3636 10 (
‘Backfat thickness -y 2733

¥:Significant at the 1% level

The correlation between carcass length and loin iean-j
aroa %as .10 and only approached significance at the 5 per
cent level. Comparing this correlatlion with the correlation
between carcass length and backfat thickness it appears that
&8s the longth of carcass 1ncreaues it will have a greater ef-
fect on backfat thickness than on loin arca,

”he phenotypic correlations between these traits are in-

fluonced by the amount of genetlc correlations and the various

anvironmental effocts, Thesme may be either antagonistic q?
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acting In the same direction,
d. Application and Significance of Results

The estimates of heritability are of value as an indi=
cation of how mnchiemphasis to put on a trelt or how much
permanent improvombnt cen be made per generation, In care
cas3 tralits where measurements cannot be made on the brcod-
ing enimal, heritablllty becomes important in determining the
~ breeding worth of the individual by the use of closely re=- |
lated individuasls. As the heritabllity increases, more eme
phasis can be placed on the phenotype of these c¢closely
related individuals., Phenotypic seloction for a trait of
low heritability may actually impair the total improvonent
that can be made 1f this trait is given much importance in
a seloction program. As the number of traits being conside
ered in a selection program increases less emphasis can be
put on each individual trait. Emphasis on & trait of low
heritabllity will actually result in slow improvement in
this trait and at the same time, limit the selection pressure
that oan be exerted on other traits which may be of lmporm
_tance in total merit. This is an important consideration in
determining what carcass traits should be used in swine im-
provement. |

Hazel (1943) discusses a method of constructing selecs
tion indexes which will give the greatest genetic imorove-
ment per generation when selecting Tfor several traits Bimul-
taneously. This genetic improvement will depend on (1) the

i 4
N 3 |
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selection differential, (2) the multiple correlation botweon
aggregate breeding vaelue and the selection index, and (3) :

genoetic variability. The greatest opportunity for 1mprovo§
\ mont rom seloctlion comes In making the multiple corrclatign
between breeding v?lue and the selection index as larpge as.
possiblé. Phenotypic correlatlons, heritability, genetic-
correlations and rolative economlc importance anong tralts
 are fectors which should be considered to gilve maximum accue
racy in constructing selection lndexes to increase the mil-
tiple correlation between the breeding value and the selection
Iindex., The relative importancc of cercass length, backfat
thickness, and loin . lecan area In a selection program should
be based on these relatlonshilps.

Phenotypic correlations are of vslue in determining if
there 1s a linear association between traits. A high corrce
lation indicates a change in one trait is assocliated with a
corresponding change in the second trait. When incroased
length ls desired and at the same time incroased backfat
thickmess is undesirable, a negative correlation would be !
most advanuageous. A positive correlation between those two
traits would mean that as one tralt increased in das;rabillty,
the other would become less deoirable. If this correlation
was genetically conurolled, it would mean very slow 1mprove-
ment in tofal carcass merit, Fredfen (1953) found that the
genetic correlations end the phonotypic correlations be- c
tweenétne.traitg being considered werse in relatively glose;

sgreement, The phenotyplc corrslations found in the ?reseht
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Atudy;indicate that simultaneous selection for the three
traits being considered would give favorable results, f

Thé‘importance of heritability in a aolection program§
for several traits‘simultaneously has been discussed prew
viougly. Results éf the present study and those réported
in the literature indicate that differences in heritability
of carcass longth, backfat thickness, and loin aresa are not
large, In most studies ostimates for carcass length have
‘been alightly higher than estimates for the other two traits.
A more exact knowledge of the heritability of these tralts
would increase the accuracy of a selection Index,

The relative economlec importance of backfat thiclness
and loin lesn aresa are interrelated to a great extent, Under
the present system of marketing, elther on a llve grade or
carcass grade basls, backfat thickness receives more emphasis
then measures of leanness such as loin area, This is due
mainly to ease of measurement in the carcass and the ablllity
of most hog buyers to detect differences in backfat betweep
hogs more easily than muscling differences on the live aniy
mal., This would indicate that from the producer!s stand= g
point backfst thicknoss should be given more economicéim—f
portaﬁco in construction of selection indexes than 1oin area.

It is! difficult to make a tangible comparison between;
the economlc Importance of carcass length with the other two
traits. An Increase in length of carcass will increase thb
per cent loin and the per cent belly in the carcass, %Theg
' economic importance of this change will be dependent bn tﬁe

H
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rolaﬁive prices betweon those two cuta_and elso thoir relation-
ship in price to the other primal cuts. Due to the physiol-
oglcal gnd anaotomical relationshilp between bhackfat thickness
and length, 1t 1s necessory for a carcaess to be of s qerta;n
longth to be in thé range of desirebility for backfntithic?-
ness at a constant weight,

From tho economic atondpoint it appecrs that more eme
phasis should be plsced on darcass backfat and length until
~a certain range of desirabllity is met for thece traits. The
index might then be modified with more emphasis placed on
loin lean area.

The total amount of improvement that could be made by
the use of a selection index would be increased tremendously
if the genotypes could be recognized precisely and were not
v'confused,by,the effect of environmont, dominance and epi-

stasls.



SUMMARY

The main purp?se of the study was to obtaln esctimates of
heritability for carcass length, backfat thickness, and 1oin
vlean area and to dgtermine the phenotypic correlations be='
tween these traits, |

Five hundred thirtyeone carcasses from the swine breede
ing project at the Oklahoma Experiment Statlon were used in
the study. These carcasses were from 304 pigs at the Stille-
water station and 227 from the Fort Reno statlon. Carcasses
from 3L gilts were included in this number. All carcasses
from gilts were converted to a barrow equivalent by the use
of correction factors before the analysis of the data. The
data were collected over a four year period with a total of
twelve plg crops repfesented in the study from the two stae
tions, | _

Heritability estimates obtained from the analysis of ¥

variance using the paternal half-sib correlation were as ;

follows:
: carcdss length. : <50 f g
| backfat thickness - 42 o
: loin lean area 19 g | %

i - &

A much higher estimate of .84;was thained for béckfaﬁ

thickness using the maternal half-sib correlations. This |
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may be duc to sampling error or to a large maternal influence
on this trait, A maternal offect was not indicated in the
data on loin lean aresa and carcasﬁ length,

Phenotyplec correlations were calculated 6n an intrae-
scason-gtatlion bas@a thus removing the cffects any time
troends or changes in management-would have on the results,’

A highly significant negative correlation of =~,36 was found
betwéen backfat thickness and carcass length, Backfat thicke
ness was also significantly correlated with loin lean area
with a correlation of -.27. Carcass length and loin lean
area were posltively correlated, but the correlation df «10

between these two traits was not significant,
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