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ABSTRACT

A total of 1,062 purebred Duroc pigs of 168 litters by 14 sires

provided data from five farrowing seasons at Ames Plantation (November,

1968, through November, 1969)» Analyses were conducted to determine

the phenotypic and genetic relationships of body length and various

productivity and carcass traits and to estimate heritability of body

length in order to assess the possible effectiveness of including

this trait in a selection program,

Phenotypic correlations among individual traits indicate that

heavier weaning pigs reach 200 pounds at an earlier age, are longer

and have less backfat and higher muscle scores than lighter weaning

pigs. Body length was significantly (P < .01) correlated with backfat

(r = -.318). Also, pigs born with higher nipple counts tend to be

longer at 200 pounds than pigs with fewer nipples.

Phenotypically, dam body length was not significantly related to

any litter production traits with the exception of litter average body

length. Longer dams tended to produce longer litters at 200 pounds

than shorter dams. Litter size at birth accounted for 60 percent of

the variation in litter birth weight while litter size at weaning

accounted for 79 percent of the variation in litter weaning weight.

Genetic correlations among litter traits were very erratic with

many of the standard errors larger than the estimates. Heritability

estimates obtained from paternal half-sib correlations for litter

averages of days to 200, body length and backfat were 0.51 +0.29,

iii
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0.51 + 0,28 and 0,11 + 0.18, respectively. The estimate of heritability

of litter average body length computed by intra-sire regression of

offspring on dam was 0.06 + 0.01 which was interpreted as a possible

consequence of appreciable maternal influence on body length.

These data indicate that increasing dam body length would not

significantly influence any pre-weaning or weaning traits.
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CHAPTER I

INTRODUCTION

The swine industry has for many years used carcass length as a

criterion for determining market grade, and as a major criterion in

meat-hog certification programs. The relationship of carcass length

to other carcass traits has been studied thoroughly. However, little

information has been published concerning the relationship of carcass

length to various other important traits of individual animals.

Recently, swine breeders have assigned increasing economic

value to subjective measures of length in prospective breeding herd

replacements. Most breeders have used an independent culling level

with respect to length, prior to the utilization of a selection index

or other selection methods. There is little information relating

carcass or body length of the individual gilt to her own productivity

or to the length, carcass characteristics or performance of her off

spring.

Estimates of the heritability of carcass length range from 0,5

to 0,6, Selection programs based on sibling carcass length indicate

realized heritability also to be in this range. If these estimates of

heritability are valid, progress should be rapid when selection is based

on individual measurements of carcass length.

The use of carcass length in mass selection has been limited to

subjective estimates due to the necessity of sacrifice of the animal to

obtain more accurate measures. However, Fogleman (1966) and Spears

1



(1967) found that certain measurements of body length in the live

animal were highly correlated with carcass length. Further investiga

tion of the relationship of body length to individual perfomance,

carcass traits and future productivity could provide guides to more

effective utilization of individual body length in selection programs.

The objectives of the present study were to:

1. Estimate heritability of body length and thus further assess

the effectiveness of including this trait in a selection program.

2, Determine the phenotypic and genetic relationships of body

length to various productivity and carcass traits.



CHAPTER II

REVIEW OF LITERATURE

An extensive review of all published swine research through 1966

was made by Topel (1967), Only research that has been published later

than the above review will be reported and/or any other research

which may have been omitted from that review.

lo INDIVIDUAL TRAITS

The literature is very abundant on studies of carcass length and

its relationship to other carcass traits, but there is very little on

its relationship to production traits. The primary reason for this

has been the inability to measure accurately carcass length in the

live animal.

Body length. Early researchers tried to measure body length of

the live animal and relate it to carcass length by restraining the live

pig with a wire loop around the mandible and measuring the distance

down the midline between the head and tail. This technique left much

to be desired because of the low repeatability of the measurement. The

body length measurement obtained varied according to the placement of

the pigs' legs.

Fogleman (1966) found a highly significant (P < .01) correlation

of 0,78 between carcass length and length from the tuber spina to the

tuber coxa taken on the hog's left side with a steel tape. These

measurements were taken with the pig in a relaxed, suspended position

3
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in a restraining crate. By restraining pigs in a similar manner,

Spears (1967) obtained a simple correlation of 0.87 between carcass

length and length measured from the poll to the root of the tail of

the live hog. Jones (1970), using the same technique as Spears, obtained

correlations of 0.37 and 0.63 between body length and carcass length of

pigs measured at 225 pounds and 300 pounds, respectively. These corre

lations were much lower than those of Fogleman (1966) and Spears (1967)

probably because of the small number of animals involved and the small

varition in body length of the animals measured.

Another method of estimating carcass length in the live animal

is by slaughtering littermates and obtaining their actual carcass length,

Duckworth and Holmes (1968) selected for increased carcass length in

large white pigs with the selection criterion being average carcass

length of the full-sib group of which the individual in question was

a member. An increase of 20.7 mm in carcass length was attained in five

generations of selection. Table I shows the results of that experiment

with respect to production traits. Their work resulted in an average

estimate of heritability of carcass length of 0.53 + 0.02.

Nipple count. Swine breeders have attached considerable

importance to number of nipples when selecting breeding stock. It is

apparent that the only need for using teat number as a selection

criterion is to insure that females have an adequate number of

functional teats to raise the young pigs.

Enfield and Rempel (1961) obtained a phenotypic correlation of

0.44 between total teat number at birth and functional teat number.



TABLE I

SELECTION FOR CARCASS LENGTH IN LARGE WHITE PIGS

BY DUCKWORTH AND HOLMES (1968)

^1 ^ ^2 ^3 ^

Number of litters 39 39 37 28 28

Litter size, birth 13.5 10.7 10.6 10.1 10.7

Litter birth weight 24.8 24.9 29.2 30.9

Avg. litter size,
weaned 10.5 9.1 9.0 8.9 10.3

Litter weaning
weight 411.7 355.9 351.0 338.7 425.0

Age at 210 lbs. 182.7 178.0 175.8 182.5 178.1

Mean litter carcass

length (mm)* 804.9 805.7 823.0 825.4 825.6

Depth of backfat,
shoulder (mm) 49.2 48.5 47.0 45.5 45.2

Depth of backfat,
mid-back (mm) 22.7 22.4 21.7 21.2 20.5

Depth of backfat,
loin (mm) 34.5 34.5 33.0 32.6 31,9

Weighted selection
differential of

carcass length of
male parents (mm) 17.0 19.5 14.4 7.6

Weighted selection
differential of

carcass length of
female parents (mm) 11.9 15.0 7.1 6.8

*(2 castrates and 1 female).
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This indicates that total teat number at birth might not be a good

indication of the number of teats that will be functional at the time

of farrowing. Their estimates of heritability of total teat number

were 0.10 + 0.04 estimated from a dam-offspring regression analysis and

0.23 + 0.20 estimated from the paternal half-sib correlation.

II. AGE OF DAM

It is generally agreed that first litter gilts farrow fewer

pigs, on the average, than mature sows. McLaren (1967) found that age

of dam had a significant (P - .05) effect on litter and production

traits. Mature sows produced larger and heavier litters at birth,

weaning and market age than first litter gilts. Also, pigs from mature

sows produced pigs that had higher post-weaning gains than those from

first-litter gilts, and litter size at birth increased by an average

of 1.8 pigs from the first to the second litter.

III. SEX

Marked differences in performance and carcass traits have been

noted among boars, barrows and gilts. Burgess (1965) found that boars

gained faster than gilts and barrows, but there was practically no

difference in gain between barrows and gilts. Also, boars and gilts

had longer carcasses with less backfat than barrows. Jones (1970)

obtained similar results with the exception that barrows gained

significantly faster than gilts. Results of other findings included

in Topel's (1967) review are referred to in the discussion section of

this dissertation.



IV» PRESENT STATUS OF KNOWLEDGE IN THIS PROBLEM AREA

There has been no research, to the author's knowledge, on the

relationship of body length with sow productivity traits« The only

research that approaches the problem is the experiment by Duckworth

and Holmes (1968). Their study was by sib selection and not on the

individual herself. Also, they did not remove the effects of inbreeding,

and it certainly must have increased appreciably within their small

closed herd and could have influenced their results.



CHAPTER III

EXPERIMENTAL PROCEDURE

lo SOURCE OF DATA

The data for this study were collected in a swine breeding

project conducted at Ames Plantation, Grand Junction, Tennessee, by

the Animal-Husbandry-Veterinary Science Department, University of

Tennessee»

This study includes data from five farrowing seasons from

November, 1968, through November, 1969.

Data were obtained on the following individual pig traits:

Nipple count

Weaning weight

Market weight

Market age

Days to 200 pounds

Body length

Backfat

Muscle score

Litter traits recorded were:

Litter birth weight

Litter size at birth

Litter weaning weight

Litter size at weaning

8



Litter average market weight

Litter average market age

Litter average days to 200 pounds

Litter average body length

Litter average backfat

Litter average body length, days to 200 and backfat were

adjusted to a gilt basis by a least-squares procedureo

II„ EXPERIMENTAL ANIMALS

The animals used were from the Ames Plantation Duroc herdo The

herd was divided into two groups in order to facilitate a four-season

farrowing operation. Each group farrowed twice a year and consisted

of only first and second-litter gilts which had been measured for body

length, backfat and muscle score when they were of market age. One

group farrowed in February and August and the other group in May and

November. Each group was selected for maximum variation in body

length. In order to shorten the generation interval; females were

removed from the herd after they had farrowed twice, and were replaced

by gilts that were selected for maximum variation in body length.

Distribution of litters born in various seasons and by age of dam is

shown in Table II.

Boars of varying body length were purchased from outside pure

bred Duroc herds or selected from within the herd and used on both

groups of gilts. Planned matings were used in an attempt to increase

variation in body length and to prevent inbreeding. The longest boar

in each breeding season was always mated to the longest replacement
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Season

1

2

3

4

5

Total

TABLE II

DISTRIBUTION OF LITTERS BORN BY SEASON AND AGE OF DAM

Age of dam
1st Litter

22

17

27

26

16

108

2nd Litter

0

12

17

11

20

60

Total

22

29

44

37

36

168
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gilt and to the longest first-litter gilt. Also, the shortest boar

was mated to the shortest replacement gilt and to the shortest first-

litter gilto After these restrictions, a negative-assortive mating

system was followed. Distribution of pigs and litters by sire and

season is shown in Tables III and IV.

III. HERD MANAGEMENT AND FEEDING

With the exception of dividing the herd into two groups, one-

half farrowing in February and August and the other half farrowing in

May and November, management and feeding practices were the same as

those described by McLaren (1967).

IV. SELECTION PRACTICES

Prospective herd boars from within the herd were selected at

approximately four to five weeks of age. Two or three boar pigs from

each litter produced by matings of extremes and a random sample from

litters produced by matings between males and females deviating in

opposite directions from the mean length, representing all sire groups

in a season, were saved for potential breeding stock.

Gilts to be used as replacements were selected at or near

200 pounds of weight after measurement for body length, backfat and

muscle score. Selection of gilts was based entirely on body length

with the exception of an independent culling level established for

structural soundness. The longest and shortest gilts of each season

were saved along with a representative sample of gilts of intermediate

lengths representing all sire groups in that season.



T
A
B
L
E
 
I
I
I

D
I
S
T
R
I
B
U
T
I
O
N
 
O
F
 
P
I
G
S
 
B
Y
 
S
I
R
E
 
A
N
D
 
S
E
A
S
O
N

S
i
r
e
s

S
e
a
s
o
n

1
-
9

2
-
7

1
1
0
-
9

7
-
3

7
-
6

7
-
7

8
-
4

8
-
7

9
-
7

7
5
-
6
 

8
0
-
4
 

8
4
-
8

8
6
-
6

8
9
-
2

T
o
t
a
l

1
4
9

5
0

1
7

1
1
6

2
3
1

4
4

1
5

3
9

1
6

5
3

1
9
8

3
5
6

4
6

4
3

4
1

4
3

3
9

7
3

3
4
1

4
6
4

4
9

5
4

4
1

3
6

2
4
4

5
3
3

3
1

2
1

3
2
 

3
1

1
5

1
6
3

T
o
t
a
l

5
6

1
4
3

3
1

9
2

7
2

1
1
9

1
5

8
4

7
8

3
2
 

4
9
 

3
1

1
9
0

7
0

1
,
0
6
2 N
)



13

TABLE IV

DISTRIBUTION OF PIGS BY YEAR, SEASON, SEX AND AGE OF DAM

Season

Sex Age of dam

TotalBoars Gilts Barrows 1st Litter 2nd Litter

1 6 53 57 116 0 116

2 5 99 94 101 97 198

3 16 156 169 215 126 341

4 34 124 86 163 81 244

5 20 83 60 71 92 163

Total 81 515 466 666 396 1,062
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Measurements of body length were taken by the procedures described

by Fogleman (1966), Spears (1967) and Jones (1970)» Recorded backfat

was the average thickness at three probing sites, viz; 1-1/2 inches

lateral to the dorsal midline at point of shoulder, at last rib and at

point of hip. These locations correspond in position to the first rib,

last rib and last lumbar vertebra which are the locations of sites for

backfat measurements on pork carcasses.

Muscle score was an average of subjective evaluations of muscling

in the live pig made independently by two experienced individuals in

live hog evaluation.

V. METHODS AND ANALYSIS

Weight records were kept on all pigs in this study. The weights

were adjusted to a 56-day basis to permit comparison of litter means.

Market weights were adjusted to a comparable basis by calculating the

number of days required to reach 200 poupds. The following linear

formulas were used for adjusting individual pig weights and days to

200 pounds:

V^B
Adjusted 56-day weight =56 +

D

Days to 200 pounds = A^ - ̂ m - 200
1.8

when:

W„ = Birth weight
D

= Weaning weight

Ay = Weaning age
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= Market age

= Market weight

1.8 = regression coefficient of market weight on market age

calculated from the population in this study.

Backfat probes taken on pigs at market weight were adjusted to a

200-pound basis by use of the conversion factor adopted by the National

Association of Swine Records. Their conversion factor is + 0.004 inches

per pound deviation from 200 pounds. The adjustment factor for body

length was determined by calculating the coefficient of regression of

body length on market weight. This value was + 0.0527 inches per

pound deviation from 200 pounds. All pigs farrowed, whether alive

or stillborn, were included in litter size and litter weight data

collected at birth. All pigs at weaning were included in weaning data,

and only those pigs measured at market age were included in litter

averages which were adjusted to a gilt basis.

The dependent variables used in this study were:

Litter size at birth weaning

Birth and weaning weight of litter

Individual nipple count

Individual pig weaning and market weight

Litter average market weight and age

Litter average and individual days to 200 pounds

Litter average and individual body length

Litter average and individual backfat

Individual muscle score

Dam's body length, backfat and muscle score
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Litter traits and individual traits were analyzed separately.

Least-squares constants were fitted by methods described by Harvey

(1960) as a means of studying the effects of season, sire, sex and

age of damo Since litter averages were adjusted to a gilt basis, the

effect of sex was not fitted in the model for litter traitso

The following linear additive models were assumed for the least-

squares analysis of the dependent variables. These models were;

(1) Y , T = M + y. + s . + d, + a, + e, .
ijkln ■'1 j k 1 ijkln

where ^ijkln ~ Individual nipple count, weaning weight, market
weight, market age, days to 200 pounds, backfat,

body length or muscle score for the n pig, of

the 1^^ sex, of the k*"'^ age of dam from the
season by the i'"'^ sire.

(2) Y = M + y. + s. + d + e.ijkm 1 j k xjkm

where:

^ijkm ~ litter size at birth or weaning, litter weight
at birth or weaning, litter average market weight,

age, days to 200 pounds, body length or backfat of

the litter of the k^'^ age of dam, from the j^^
tilseason by the i sire.

The dam's body measurements were included as dependent variables

in these models in order to obtain phenotypic and genetic correlations

between her measurements and traits of her offspring.

O) hjkm - I* + yi + =3 + \ + b^(x^ - xp
where:
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Y , = The litter size at birth or weaning, litter weight
ijkm

at birth or weaning, litter average market weight,

age, days to 200 pounds, body length or backfat,

til
with dam body length held constant, for the m

litter of the k*"'^ age of dam, in the season by
., . th
the 1 sire.

The dam's backfat and muscle score also were dependent variables

in the above model in order to determine the effect of these traits on

pigs* performance traits with the effect of dam's body length removed.

"ijkm = w + + Sj + - Xj) +

where:

Y. = The litter size at birth or weaning, litter weightijkm

at birth or weaning, litter average market weight,

age, days to 200 pounds, body length or backfat,

with dam backfat thickness held constant, for the

m^'^ litter of the k^^ age of dam, in the season,
, , .th .
by the i sire.

The dam's body length and muscle score were included also as

independent variables in the above model.

Where:

y = The theoretical population mean when equal numbers exist

in subclasses

y^ = The effect of sire with i classification, when i = 1,

2, ..o.,14.

Sj = The effect of season of birth with j classification,
when j = 1,2,3,4,5 as follows:
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1. November, 1968

2. February, 1969

3. May, 1969

4o August, 1969

5. November, 1969

= The effect of age of dam with k classification, when

k = 1,2 as follows:

1. First-litter gilt

2. Second-litter gilt

a^ = The effect of sex with 1 classification, when

1 = 1,2,3 as follows:

1. Boar

2. Gilt

3. Barrow

b^ = Term for regression of the dependent variables

on dam's body length (X^ = dam's body length)o

^2 ^^2 ~ ^2^ ~ Term for regression of the dependent variables
on dam's backfat (X2 = dam's backfat)=

e. , and e. = random errors,
ijkln ijkm

The term for regression of the dependent variables on dam's body

length was added also, in another analysis, to model 1 in order to

obtain an estimate of heritability of body length by intra-sire

regression of offspring's body length on dam's body length,

Duncan's Multiple Range Test (1955) as modified by Kramer (1957)

was used for mean separation when significant differences were detected.
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Heritabillty estimates were obtained for the dependent variables

from paternal half-sib correlations and from intra-sire regressions of

off-spring on dam as described by Falconer (1960). This was facilitated

by the ability to include in a model more than one dependent variable

with the analysis being performed independently for each dependent

variable in the Least-Squares and Maximum Likelihood General Purpose

Program prepared by Harvey (1968).



CHAPTER IV

RESULTS AND DISCUSSION

Included in the analyses reported here were data from 1,062 pigs

born in 168 litters sired by 14 different boars. The dependent

variables in the mathematical models fitted were various tratis of

individual pigs and various litter traits. The main effects con

sidered in the models were sire, season, sex and age of dam. In

preliminary analyses the first-order interactions of the main effects

were found to be non-significant and neglible and, hence, were deleted

from the models in subsequent analyses.

I. INDIVIDUAL TRAITS

Age of dam. Pigs farrowed by first-litter gilts had significantly

(P < .01) higher nipple counts and lighter weaning weights than pigs

from second-litter gilts. Age of dam had a significant (P .01)

effect also upon days to 200 pounds and backfat thickness. There was

no significant age-of-dam effect upon the other traits studied. Least-

squares means of dependent variables for the two age-of-dam classes

are shown in Table V. These results, with the exception of nipple

count, concur with Hetzer et al. (1961) and with McLaren (1967) who

found that second-litter and older females produce pigs that gain

faster but with no associated difference in backfat. However, a

tremendous number of reported studies have shown an increase in gain to

be associated with an increase in backfat as is indicated in the

present results.

20
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TABLE V

LEAST-SQUARES MEANS OF INDIVIDUAL
PIG TRAITS BY AGE OF DAM

Age of dam

Nipple count 12^31 + <,05 12.16 + .06

Weaning weight (lbs.) 35o23 + „40 36,72 + <48

Days to 200 pounds 186.66 + .82 183.37 + .99

Backfat (in.) I.10 + .006 I.12 + .008

Body length (in.) 42.06 + .05 42.08 + .06

Muscle score 2.81 + .03 2.75 + .03
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Season. There was a highly significant (P .01) effect of

season upon weaning weight, days to 200 pounds, backfat, body length

and muscle score. Reddy et al. (1959) also found season to have a

significant effect upon rate of gain and backfat. Fitting season in

the model permits assessment of the data as though the analysis had

been done on a within-season basis. Least-squares means for the

seasons are shown in Table vt.

Sex. Boar pigs were heavier at weaning than barrows or gilts

which is in partial agreement with results reported by Craig et al,

(1956). However, they did not include barrows in their study. One

would expect boars to be heavier at weaning than barrows because of

the stress which castration imposes on barrows.

The effects of sex were noted also on days to 200 pounds.

Boars and barrows reached 200 pounds at a significantly (P < .01)

younger age than gilts, which is in accord with the work of Lacy

(1932) , Bruner et al. (1958) , Mulholland et al. (1960), Omtvedt, et al.

(1962), Cox (1963) and Magee (1964). However, Wagner, et al. (1963)

found that gilts gained slightly faster than boars which disagrees

with results of the present study.

Significant (P < .01) differences in backfat thickness between

sexes at 200 pounds were observed, with boars the leanest followed by

gilts and then barrows. These results are well in agreement with the

work of Hammond and Murray (1937), Hetzer et al. (1956), Zobrisky (1960)

and Wagner et al. (1963). Burgess (1965) and Moore (1966) failed to

find a significant difference in backfat thickness between boars and
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gilts, but both had significantly (P < .01) less backfat than barrows.

Gilts were significantly (P < .01) longer at 200 pounds than

boars and barrows. Boars and barrows did not differ significantly in

body length, but boars tended to be longer than barrows. Charette

(1961) and Bratzler et al. (1954) found boars to be significantly

(P < .05) longer than barrows which is in disagreement with this study.

However, Brunner et al. (1958), Cahill et al. (1960), Charette (1961),

Kropf (1962) and Emmerson et al. (1964) all found gilts to be longer

than barrows. Burgess (1965) and Moore (1966) also reported gilts and

boars to be longer than barrows.

Boars received the highest muscle score followed by gilts and then

barrows. Sex means for this variable have the same rank as backfat

thickness means of the respective sexes. These results would be

intuitively expected since muscling is a relationship of fat and lean.

Least-squares means of individual traits by sex are shown in Table VII.

II. LITTER TRAITS

Age of dam. Second-litter gilts farrowed significantly (P < .01)

larger and heavier litters than first-litter gilts. These results are

well in agreement with McLaren (1967). Second-litter gilts also weaned

significantly (P < ,01) heavier litters than first-litter gilts, but

there was no significant difference in litter size at weaning between

the two ages of dam. Sinclair and Syrotuck (1928) and Nordskog et al.

(1944) also reported that first-litter gilts weaned lighter litters

than older sows. This common observation is to be expected since sows

are known to produce more milk than first-litter gilts.



TABLE VII

LEAST-SQUARES MEANS OF INDIVIDUAL
TRAITS BY SEX

25

Boar Barrow Gilt

Nipple count

Weaning weight

Days to 200

Backfat

Body length

Muscle score

12.36 + 0.11

39.51+0.85

183.48 + 1.72

0.98 + 0.01

42.03 + 0.11

3.03 + 0.06

12.15 + 0.05

33.87 + 0.40

184.26 +0.80

1,22 + 0.01

41.90 + 0.05

2.59 + 0.03

12.21 + 0.05

34.55 + 0.38

187.32 + 0.77

1.14 + OoOl

42,.28 + 0.05

2.74 + 0.03
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Pigs farrowed by second-litter gilts were significantly (P < =05)

younger at 200 pounds than pigs of first-litter gilts= Least-squares

means of litter traits by age-of-dam classes are presented in Table VIII=

Season. There were significant (P < =01) differences between

seasons in litter weight at birth and at weaning and in litter averages

for market weight, length and backfat. Least-squares means of litter

traits by season are shown in Table IX=

111= CORRELATIONS AMONG INDIVIDUAL TRAITS

For convenient comparison, a partial summary of published

phenotypic and genetic correlations among individual traits are presented

in Table X= In most cases in Table X, only the signs of the significant

correlations are shown=

Phenotypic correlations of individual traits are shown in

Table XI» Actual body length was included in the correlations as well

as body length adjusted to 200 pounds. In all previous and subsequent

discussion body length adjusted to 200 pounds is denoted as body length.

Likewise, backfat adjusted to 200 pounds will be and has been referred

to as backfat.

Phenotypic correlations. Pigs born with higher nipple counts at

birth were significantly longer (P < =01) at 200 pounds and had signifi

cantly (P < =05) higher muscle scores.

Pigs heavier at weaning reached 200 pounds at a significantly

(P < =01) earlier age than did lighter-weaning pigs. Weaning weight

accounted for 29 percent of the variation in days to 200 pounds. These
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TABLE VIII

LEAST-SQUARES MEANS OF LITTER
TRAITS BY AGE OF DAM

Age of dam

Litter size, birth

Litter birth weight

Litter size, weaning

Litter weaning weight

Litter average market weight

Litter average market age

Litter average days to 200

Litter average body length

Litter average backfat

8o71 + 0.31 9.95 + 0.43

29.74 + 0.93 34,53 + 1.27

7.24 + 0.30 7.86 + 0.41

237.33 + 9.83 269.24 + 13.46

201.31 + 0.97 204.93 + 1.32

188.45 + 0.98 187.22 + 1.35

189.70 + 1.04 185.98 + 1.43

42.22 + 0.06 42.29 + 0.09

1.13 + 0.01 1.14 + 0.01
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results are in agreement with Bennett and Cole (1964), Nielsen (1964),

Bowland et al. (1965) and Edwards and Omtvedt (1971). Also, an increase

in weaning weight was significantly associated (P ^01) with length and

muscling at 200 poundso Callow (1935), Donald (1940), Coey (1954) and

Bowland (1965) found an increase in weaning weight to be associated with

longer carcasses. Donald (1940) and Edwards and Omtvedt (1971) found

heavier weaning pigs to have less backfat at market weight than lighter

pigs at weaning.

A decrease in number of days to 200 pounds was significantly

(P < .01) associated with an increase in actual backfat, actual body

length and muscle score. However, when measurements for actual backfat

and actual body length were adjusted to a constant market weight, there

was no significant relationship between days to 200 and backfat. Days

to 200 accounted for less than 1 percent of the variation in body length.

Several workers viz., Dickerson (1947), Cummings and Winters (1951),

Coey (1954), Cox (1959), Zoellner et al. (1963) , Bowland et al. (1965)

and Diswas (1966) found an increase in rate of gain to be associated

with increase in backfat. Edwards and Omtvedt (1971) reported a non

significant positive relationship between backfat and rate of gain when

backfat was adjusted to a constant weight of 230 pounds which is in

agreement with this study. Scott (1930), Cummings and Winters (1951)

and Bowland et al. (1965) found also that an increase in carcass length

was related to an increase in rate of gain. However, Wilford (1948)

and Brunner (1962) reported no significant relationship between rate

of gain and carcass length. It is difficult to ascertain which is in

agreement with this study since carcass length was not adjusted to a
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constant weight. The relationship between actual body length and days

to 200 is in agreement with the general observation that rate of gain

and carcass length are positively related.

A decrease in backfat was associated with greater length (P < .01)

and higher (P < .01) muscle scores. However, an increase in body

length was associated (P < .01) with a decrease in muscle score.

Bull et al. (1935), Duniec (1960) , Hiner and Thornton (1962) , Nelson

and Sumption (1962) and Bowland et al. (1965) reported a negative

relationship between carcass length and backfat. Enfield and Whatley

(1961) reported carcass length to be negatively associated with backfat

thickness and loin eye area which is in agreement with this study.

IV. CORRELATIONS AMONG LITTER TRAITS

Phenotypic and genetic correlations and heritability estimates

for litter traits are shown in Tables XII, XIII and XIV, respectively.

Phenotypic correlations. Dam body length was not significantly

related to any litter production traits in this study. However, there

was a positive significant (P < .01) relationship between the dam's body

length and her offspring's average body length. This indicated that

longer pigs at 200 pounds were produced by longer females at 200 pounds.

All pre-weaning traits were positively related (P < .01) to each

other. Increased litter size at birth was associated with heavier litter

birth weights, larger litters at weaning and heavier litter weaning

weights. Heavier litters at birth were larger and heavier at weaning.

Of all pre-weaning traits, litter size at weaning and litter weaning



T
A
B
L
E
 
X
I
I

PH
EN

OT
YP

IC
 C

OR
RE
LA
TI
ON
S^
 A
MO

NG
 L
IT

TE
R 
TR

AI
TS

L
i
t
t
e
r
 
L
i
t
t
e
r

Li
tt
er
 L
it
te
r 

Li
tt

er
 

Li
tt

er
 

Li
tt

er
 

av
g,
 

av
g.
 
Li

tt
er

 
Da
m 

Da
m

bi
rt
h 

si
ze

 
we

an
in

g 
av

g.
 

av
g.

 
da
ys
 

bo
dy

 
av
g,
 

bo
dy

 
Da
m 

mu
sc
le

we
ig
ht
 w
ea

ni
ng

 w
ei

gh
t 

mk
to
 
wt
o 

mk
to
 
ag
e 

20
0 

le
ng

th
 b
ac
kf
at
 l
en

gt
h 
ba
ck
fa
t 
sc
or
e

L
i
t
t
e
r
s
i
z
e
,
 b
i
r
t
h
 

0
.
7
7
8

0
o
7
6
7

0
.
6
1
5

-
.
1
4
1

0
.
1
3
1

0
,
1
9
3

-
,
0
6
5

-
,
0
1
5

-
.
0
3
5

-
,
0
1
7

0
,
0
4
8

L
i
t
t
e
r
 b
i
r
t
h
 
w
e
i
g
h
t

0
.
6
8
8

0
,
5
9
8

-
.
0
4
6

0
,
1
3
6

0
,
1
5
0

0
,
0
0
9

-
,
0
7
1

0
,
0
3
6

0
,
0
5
9

0
,
0
3
2

L
i
t
t
e
r
s
i
z
e
,
 w
e
a
n
i
n
g

0
,
8
8
6

-
,
0
4
6

0
,
0
9
6

0
,
1
1
3

-
,
0
9
7

-
.
0
1
0

-
,
0
3
0

-
,
0
5
8

-
,
0
1
2

L
i
t
t
e
r
w
e
a
n
i
n
g
 
w
e
i
g
h
t

0
,
0
1
4

-
,
0
9
2

-
,
0
8
5

-
,
0
3
3

-
,
0
6
9

-
,
0
2
7

-
,
0
5
3

-
.
0
3
1

L
i
t
t
e
r
a
v
g
.

m
k
t
c
 
w
t
o

-
,
0
0
4

-
.
5
0
0

0
,
0
0
1

0
,
0
0
3

0
,
0
5
7

0
,
0
5
3

-
.
0
4
2

L
i
t
t
e
r

a
v
g
o

m
k
t
c
 
a
g
e

0
,
8
0
1

0
,
5
1
1

-
,
1
9
8

-
,
1
1
5

-
,
1
6
2

-
,
1
6
6

L
i
t
t
e
r

a
v
g
e

d
a
y
s
-
2
0
0

0
,
1
2
6

-
.
1
0
0

0
,
0
6
8

0
,
0
3
8

0
,
0
0
7

L
i
t
t
e
r

a
v
g
o

b
o
d
y
 
l
e
n
g
t
h

-
,
3
3
6

0
,
2
1
9

0
,
1
1
6

-
,
0
5
1

L
i
t
t
e
r

a
v
g
.
b
a
c
k
f
a
t

-
,
1
3
7

-
,
0
4
9

0
,
0
4
4

D
a
m
 b
o
d
y
 
l
e
n
g
t
h

D
a
m
 
b
a
c
k
f
a
t

^C
oe

ff
ic

ie
nt

 o
f 
Oc

l5
9 

an
d 
0-
19
9 

re
qu

ir
ed

 f
or
 s
ig

ni
fi

ca
nc

e 
(P

 <
 o

05
) 
an

d 
(P
 <

 =
01

),
 r
es

pe
ct

iv
el

y„
 
^



 

m. TRAITS

35

rg. Litter avg.
» body

length

Litter

avg.

backfat

Dam

body
length

Dam

backfat

Dam

muscle

score

Lit

Lit

Lit

Lit

Lit|.76

Lit|.3l

Lit

Lit

Lit

Dam

Dam

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00 0.41 + 0.50

0.00 0.43 + 0.40

0.00 0.18 + 0.24

0.00 -.20 + 0.39

-.73 + 0.54 0.29 + 0.98 -2.00 + 1.14 -2.99 + 3.40 0.00

-.62+0.590.54+1.20 1.44+0.92 2.38+2.64 0.00

-.09+0.460.10+0.76 1.31+0.60 2.09+2.07 0.00

-.29+0.84 0.33+0.58 0.46+0.90 0.00

-1.19 + 1.37 -2.05 + 2.66 0.00
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TABLE XIV

HERITABILITY ESTIMATES OF LITTER TRAITS

Trait

Method of estimation

Paternal

half-sib

correlation

Intra-sire

regression of
offspring on dam

Litter size, birth -.17 + 0.09

Litter birth weight -.24 + 0.0?

Litter size, weaning -.28 + 0.05

Litter weaning weight -.17 + 0.09

Litter avgo mkt. weight 0.21 + 0.21

Litter avg. mkt. age 0.15 + 0.19

Litter avg. days-200 0.51 + 0.29

Litter avg. body length 0.51 + 0.28

Litter avg. backfat 0.11 + 0.18

0.06 + OoOl
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weight were the most highly correlated. These results agree with those

of Louca and Robison (1967) and Edwards and Omtvedt (1971).

There was a tendency for the faster growing litters to be shorter

in body length and fatter at 200 pounds than slower growing litters.

These relationships, however, were non-signlficanto There was a

significant tendency (P < .01) for longer bodied litters to be leaner

at 200 pounds than shorter bodied litters which agrees with the work

of Duckworth and Holmes (1968).

Partial phenotypic correlations of dam body length with other

litter traits with dam backfat held constant are shown in Table XV.

Longer dams tended to produce longer litters at 200 pounds (P - „05)

than shorter dams. The relationship between dam body length and litter

average backfat approached significance (P < ,05). Partial correlations

of dam backfat with litter traits with dam body length held constant

are shown in Table XVI. All partial correlations are non-significant

(P < ,05). These results indicate that dam body length ts not as

important an influence on litter traits as generally believed.

Genetic correlations. The standard errors of the correlations

are generally larger than the estimates, and many of the estimates are

larger than 1,0, These results could be due to the non-randomness of

the mating scheme and the small nuniber of sires represented.

The correlations between dam body length and weaning and pre-

weaning traits are practically zero. Also, correlations between dam

backfat and weaning and pre-weaning traits are also practically zero

while the relationships between dam muscle score and those traits are
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TABLE XV

PARTIAL PHENOTYPIC^ AND GENETIC CORRELATIONS AMONG CERTAIN
LITTER TRAITS WITH DAM BACKFAT HELD CONSTANT

Dam body length Dam muscle score
Phenotypic Genetic Phenotypic Genetic

Litter size, birth -.026 1.01 + 1.84 0.055 0.51 + 0.54

Litter birth weight -.021 0.31 + 0.78 0.015 0.59 +0.48

Litter size, weaning 0.000 0.42 + 0.83 0.005 0.28 + 0.26

Litter weaning weight -.002 -.65 + 1.33 -.016 0.02 + 0.33

Litter avg. mkt. wt. 0,030 0.00 -.059 0.00

Litter avg. mkt. age 0.079 0.00 -.055 0.00

Litter avg. days-200 0.057 0.00 -.005 0.00

Litter avg. body length 0.188 0.00 0.041 0.00

Litter avg. backfat -.140 0.00 0.079 0.00

g

Coefficient of Ool59 and 0,199 required for significance
(P < .05) and (P < .01), respectively.
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TABLE XVI

PARTIAL PHENOTYPIC^ AND GENETIC CORRELATIONS AMONG CERTAIN
LITTER TRAITS WITH DAM BODY LENGTH HELD CONSTANT

Dam backfat Dam muscle score

Phenotypic Genetic Phenotypic Genetic

Litter size, birth 0.004 -.66 + 0.72 0.075 0,38 + 0.66

Litter birth weight 0.059 -.56 + 0.57 0.024 0.71 + 0.74

Litter size, weaning -.045 -.42+0.38 0,009 0.28+0.38

Litter weaning weight -.039 -.39 + 0.52 -.014 0.30 +0.55

Litter avg. mkt. wt. 0.021 0.00 -.083 0.00

Litter avg. mkt. age 0.030 0.00 -.105 0.00

Litter avg. days-200 -.007 0.00 -.034 0.00

Litter avg. body length -.032 0.00 -.049 OoOO

Litter avg. backfat 0.053 0,00 0.158 0.00

Coefficient of 0„159 and 0.199 required for significance
(P < o05) and (P < .01), respectively.
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greater than zero numerically. However, the reverse is true when dam

backfat or dam body length is held constanto No explanation of these

results can be given,

Heritability estimates, A partial summary of the average of

several published estimates of heritability for various swine traits

as reported by Craft (1958) is shown in Table XVII,

Negative heritability estimates were obtained for all pre-weaning

and weaning traits due to a negative sire component of variance for

these traits. This may be due to large maternal influences on these

traits.

Estimates of heritability of days to 200 pounds and body length

are generally in agreement with published estimates. The estimates of

heritability of backfat thickness is lower than published results,

but this is probably due to the small amount of variation in backfat

thickness within this population.

The estimate of heritability of body length obtained from the

intra-sire regression of offspring on dam differs greatly from the

paternal half sib estimate. This is probably due to a negative maternal

effect which is included in the regression estimate. The phenotypic

correlations indicated that longer dams produced longer offspring

with more backfat than shorter dams, but there was a negative relationship

between offspring's body length and backfat. This discrepancy could be

the cause of the low heritability estimate of body length by the

regression method. Of course, in addition to this possible cause, the

non-normality of the distribution, mentioned earlier, resulting from non-

randomness of the mating system may be involved.
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TABLE XVII

PARTIAL SUMMARY OF HERITABILITY ESTIMATES FOR

SEVERAL SWINE CHARACTERS BY CRAFT (1958)

Heritablllty percent
Range Approx^ avgo

Number of pigs farrowed 0 - 24 15

Number of pigs weaned 0 - 32 12

Weight of litter at weaning 3 - 37 17

Weight of pig at approxo 5-6 months 3 - 66 30

Growth rate 14 - 58 29

Carcass length 40 - 81 59

Loin eye area 16 - 79 48

Thickness of backfat 12 - 80 49

Percent of lean cuts (carcass wt.) 14 - 76 31



CHAPTER V

SUMMARY

A total of 1,062 purebred Duroc pigs of 168 litters by 14 sires

provided data from five farrowing seasons at Ames Plantation (November,

1968, through November, 1969). Analyses were conducted to determine

the phenotypic and genetic relationships of body length and various

productivity and carcass traits and to estimate heritability of body

length in order to assess the possible effectiveness of including

this trait in a selection program^

Phenotypic correlations among individual traits indicate that

heavier weaning pigs reach 200 pounds at an earlier age, are longer and

have less backfat and higher muscle scores than lighter weaning pigs.

Body length was significantly (P < .01) correlated with backfat

(r = -.318). Also, pigs born with higher nipple counts tend to be

longer at 200 pounds than pigs with fewer nipples.

Phenotypically, dam body length was not significantly related

to any litter production traits with the exception of litter average

body length. Longer dams tended to produce longer litters at 200

pounds than shorter dams. Litter size at birth accounted for 60 percent

of the variation in litter birth weight while litter size at weaning

accounted for 79 percent of the variation in litter weaning weight.

Genetic correlations among litter traits were very erratic with

many of the standard errors larger than the estimates, Heritability

estimates obtained from paternal half-sib correlations for litter

42
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averages of days to 200, body length and backfat were 0=51 + 0=29,

0.51 + 0.28 and 0=11 + 0=18, respectively. The estimate of heritability

of litter average body length computed by intra-sire regression of

offspring on dam was 0=06 + 0=01 which was interpreted as a possible

consequence of appreciable maternal influence on body length.,

These data indicate that increasing dam body length would not

significantly influence any pre-weaning or weaning traits.



LITERATURE CITED



LITERATURE CITED

Bennett, J, A. and J. H. Cole. 1946. Comparative study of certain
performance and carcass characteristics of Yorkshire barrows and
gilts. Can. J. Agr. Sci. 26:265.

Bowland, J. P., R, Braude and J. G. Rowell. 1965. Note on relations
between carcass characteristics of bacon pigs and weaning weight,
rate of gain and length. Animal Prod. 7:389.

Bratzler, L. J., R. P. Soule, Jr., E. P. Reineke and P. Paul. 1954.
The effect of testosterone and castration on the growth and
carcass characteristics of swine. J. Animal Sci. 13:171.

Brunner, W. H., V. R. Cahill, W. L. Robinson and R. F. Wilson. 1958,
Performance of barrow and gilt littermate pairs at the Ohio swine
evaluation station. J. Animal Sci. 17:875.

Brunner, W. H. 1962, A production man looks at pork carcass evaluation.
Proc. of 15th An. Reciprocal Meat Conference.

Bull, Sleeter, F, C. Olson, G. E. Hunt and W. E. Carroll. 1935. Value
of present-day swine types—in meeting changed consumer demand.
University of Illinois Agricultural Experiment Station Bulletin 415.

Burgess, Charles R. 1965. Performance and carcass characteristics of
boars, barrows and gilts with ultrasonic estimates of muscle
development and fat deposition, M. S. thesis. The University of
Tennessee, Knoxville.

Cahill, V. R., H. S. league, L. E. Kunkle, A. L. Moxon and E. A.
Rutledge. 1960. Measurement of and ways of affecting sex-influenced
performance of growing finishing swine. J. Animal Sci. 19:1036.

Callow, E. H, 1935. Carcass quality of the pig in relation to growth
and diet. Empire J. Expt. Agr. 3:80. (Cited by Topel, 1967).

Charette, L. A. 1961. Effects of sex and age of male at castration on
growth and carcass quality of Yorkshire swine. Can, J. Animal
Sci. 41:30.

Coey, W. E. 1954. The relationship between growth and carcass con
formation in pigs. Agricultural Progress 29:60, (Cited by Topel,
1967)o

Cox, David F. 1959, Genetic and environmental factors influencing gain
and fatness in swine. Ph.D. thesis. Iowa State Col. Libr,, Ames.
(Cited by Topel, 1967).

45



46

Cox, D, F. 1963. Breed and sex effects on the relationship between
weight and fatness measures at a constant age in swine. J, Animal
Sci. 22:1091.

Craft, W. Ao 1958, Fifty years of progress in swine breeding. J.
Animal Sci. 17:960.

Craig, J. v., H„ W. Norton and S. W. Terrill. 1956, A genetic study
of weight at five ages in Hampshire swine. J. Animal Sci. 15:242.

Cummings, J. N. and L. M. Winters. 1951. Study of factors related to
carcass yields in swine. Minn. Agr. Expt. Tech. Bui. 195:1.

Dickerson, G. E. 1947. Composition of hog carcasses as influenced by
heritable differences in rate and economy of gain. la. Agr. Expt.
Res. Bui. 354: 492.

Diswas, D. K., P. V. Hurt, A. B. Chapman, N. L. First and H. L, Self.
1966. Feed efficiency and carcass desirability in swine. J.
Animal Sci. 25:342.

Donald, H. P. 1940. Growth rate and carcass quality in bacon pigs;
study of polynomial coefficients fitted to growth rate data.
J. Agr. Sci. 30:582. (Cited by Topel, 1967).

Duckworth, J. E. and W. Holmes. 1968. Selection for carcass length
in large white pigs. An. Prod. 10:359.

Duncan, D. B. 1955. Multiple range and multiple F test. Biometrics
11:1.

Duniec, H. 1960. Korelacje fenotypowe I genetycyne miedzy nietko'rymi
cechami uzytkowgmi oraz ich wskaniki odziedziczalnosci U swin
typu Miesnego. Instytut Zootechniki Dzial Dokumentacji maukowej
wydawnictwa wlasne NR117, Krakow, 1960. (Cited by Topel, 1967).

Edwards, R. L. and I. T. Omtvedt. 1971. Genetic analysis of a swine
control population. II Estimates of population parameters.
J. Animal Sci. 32:185.

Emerson, J. A., A. M. Pearson, J. A. Hoefer, W. T. Magee and L. J.
Bratzler. 1964. Effect of slaughter weight upon the processing
characteristics, quality and consumer acceptability of pork
carcasses and cuts. J. Animal Sci. 23:436.

Enfield, F. D, and W. E. Rempel. 1961. Inheritance of teat number and
relationship of teat number to various maternal traits in swine.
J. Animal Sci. 20:876.

Enfield, F„ D, and J. A. Whatley. 1961. Heritability of carcass length,
carcass backfat thickness and loin eye area in swine. J. Animal
Sci. 20:631.



47

Falconer, Do So 1960. Introduction to Quantitative Genetics, Ronald
Press, New York,

Fogleman, H, G, 1966. The relationship of selected live animal
measurements to carcass length in swine. M. S, thesis. University
of Tennessee, Knoxville.

Fredeen, H„ T. and P, Jonson. 1957. Genetic variance and covariance
in Danish Landrace swine evaluated under a system of individual
feeding of progeny test groups. Sonderdruck aus "Zeitschrift fur
Tierzuchtung und Zuchtungsbiologic" Band 70 Heft 4, 348-363,
(Cited by Topel, 1967).

Hammond, J. and G. N. Murray. 1937. Body proportions of different
breeds of bacon pigs. J. Agr. Sci. 27:394.

Harvey, Walter R. 1960. Least-squares analysis of data with unequal
subclass numbers. U.S.D.A. - A.R.S. 20-8.

Harvey, Walter R. 1968. Instructions for use of least-squares and
maximum likelihood general purpose program. Mimeo, Ohio State
University.

Hetzer, H. 0., J. H. Zeller and 0. G. Hankins. 1956. Carcass yields
as related to live hog probes at various weights and locations,
J. Animal Sci. 15:257.

Hetzer, H. 0., R. E. Comstock, J. H. Zeller, R. L. Hiner and W. R.
Harvey, 1961. Combining abilities in crosses among six inbred
lines of swine. U. S. Agr. Tech. Bui. 1237.

Hiner, R. L. and J. W. Thornton. 1962. Carcass length effect on
pork yields and composition. J. Animal Sci. 21:982 (abstr.)„

Jones, G. F. 1970. Growth, development, carcass composition and pork
quality of Duroc boars, barrows and gilts slaughtered at various
weights. Ph.D. dissertation. University of Tennessee, Knoxvilleo

Kramer, C. Y. 1957. Extension of multiple range tests to group
correlated adjusted means. Biometrics 13:13.

Kropf, D. H. 1962. The relationship between bone and muscle
characteristics in pork carcasses. S. C. Agr. Expt, Sta,
Technical Bulletin 1005.

Lacy, Mo D. 1932. Differences between barrows and gilts in the
proportion of pork cuts. Proc. Am. Soc. An. Prod, 25:354,

Louca, Avraam and 0. W. Robison. 1967. Components of variance and
covariance in purebred and crossbred swine, J, Animal Sci, 26;267,



48

Magee, W. To 1964. Interaction between the effects of sex and
inbreeding on 154 day weight in Yorkshire swine. J. Animal Scio
23:444o

McLaren, J. B. 1967. Evaluation of factors affecting litter and
pig performance traits. M. S. thesis. The University of Tennessee,
Knoxville.

Moore, C. P. 1966. Performance, carcass characteristics and ultrasonic
estimates of muscle development and fat deposition of boars,
barrows and gilts. M. S. thesis. The University of Tennessee,
Knoxville.

Mulholland, R. E., S. Erwin and R. S. Gordon. 1960. Protein energy
rations for barrows and gilts marketed at 145 and 195 pounds.
J. Animal Sci. 19:1278 (abstr.).

Nelson, L. A. and L. J. Sumption. 1962. Relationship between length
and other carcass measurements. J. Animal Sci. 21:984 (abstr.).

Nielsen, H, E. 1964. Growth rate of piglets as related to their
later performance. Seminare International Organise par L'institut
National De La Recherche Agronomique. Paris. September 23-25,
169-180. (Cited by Topel, 1967).

Nordskog, A. W., R. E. Comstock and L. M. Winters. 1944. Hereditary
and environmental factors affecting growth rate in swine. J.
Animal Sci. 3:257.

Omtvedt, I. T., J. A. Whatley, Jr., J. V. Whiteman and R. D. Morrison.
1962. Genotype-environment interaction in feedlot performance
and carcass traits in swine. J. Animal Sci. 21:41.

Reddy, V. B., J. F. Lasley and L. F. Tribble. 1959. Heritabilities
and heterosis of some economic traits in swine. Mo. Agr. Expt.
Res. Bui. 689:1.

Scott, E. L. 1930. The influence of growth and fattening process on
the quantity and quality of meat yielded by swine. Ind. Agr.
Expt. Sta. Bui. Part II 340:1. (Cited by Topel, 1967).

Sinclair, R, D, and M. Syrotuck. 1928. Age as a factor in swine
reproduction. Sci. Agric. 8:492.

Spears, B. G. 1967. The relationship of selected visual and objective
live animal measurements to carcass length in swine. M. S. thesis.
The University of Tennessee, Knoxville.

Stanislaw, C, M„, I. T. Omtvedt, R. L. Willham and J. A. Whatley, Jr.
1967, A study of some genetic parameters in purebred and crossbred
populations of swine. J. Animal Sci. 26:16.



49

Topel, David Go 1967. Bibliography of Porcine Research. Iowa State
College Press, Ames.

Wagner, G. R., A. J. Clark, V. W. Hays and V. C. Speer. 1963. Effect
of protein-energy relationships on the performance and carcass
quality of growing swine. J. Animal Sci. 22:202.

Wilford, E. J. 1948, Review of current pork carcass and lard research.
Proc. of 1st An. Reciprocal Meat Conf. (Cited by Topel, 1967).

Zobrisky, S. E. 1960. Differences between castrate and non-castrate
pigs of each sex. Mo. Agr. Expt. Sta. Bui. 751:30,

Zoellner, K. L., J. F. Lasley, L. F. Tribble and B. N. Day. 1963.
Selection for thinner backfat in swine. Mo. Agr. Expt. Res. Bui.
831:1.



APPENDIX



TABLE XVIII

OVERALL MEANS AND STANDARD DEVIATIONS

OF INDIVIDUAL TRAITS

Mean S»Dc

Nipple count

Weaning weight

Market weight

Market age

Days to 200

Actual backfat

Backfat

Actual body length

Body length

Muscle score

12.26

34.54

203.39

186.80

184.49

1.17

1.16

42.18

42.05

2.73

0.93

7.59

16.42

22.44

21.72

0.16

0.14

1.30

1.04

0.61
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TABLE XIX

OVERALL MEANS AND STANDARD DEVIATIONS

OF LITTER TRAITS

Mean S.D.,

Litter size, birth 9.15 2 c 81

Litter birth weight 30.98 8 c 86

Litter size, weaning 7.51 2o74

Litter weaning weight 250.93 95,62

Litter avg. market weight 203.09 10,73

Litter avg. market age 187.71 18o96

Litter avg. days to 200 187.87 18o22

Litter avg. body length 42.19 0,69

Litter avg. backfat 1.13 0,08

Dam body length 41.62 4.71

Dam backfat 1.19 0.19

Dam muscle iscore 2.72 0.71
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