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The efiects of sires and mating systems on growth and carcass traits were investi-
gated using within-litter (double mating), within-dam (sequential mating) and
between-litter (random mating) comparisons. All three breeding plans were
studied at a research station and, in addition, random matings were studied in the
field. The experimental data consisted of 80 double mating litters (697 pigs), 302
sequential mating litters and 718 random mating litters whereas the field data
comprised 622 random mating litters. Sire effects were important for postweaning
growth and carcass merit whereas mating system differences were important only
for postweaning growth. Based on estimates of the number of litters required to
detect significant difierences between sires or mating systems, double mating was
the most eflicient breeding plan. This advantage was most pronounced for the
early growth traits.

Les effets du mAle et du systdme d'accouplement sur la croissance et sur les
caract6ristiques de la carcasse furent 6tudi6s en utilisant des accouplements intra-
port6e (accouplement double), intra-femelle (accouplement s6quentiel) et entre-
port6e (accouplement au hasard). Ces trois types d'accouplement ont 6t6 observ6s
dans une station de recherche, et de plus, I'accouplement au hasard a aussi 6t6
observ6 dans le champ. Les donn6es proviennent des accouplements observ6s en
station, soit 80 accouplements doubles (697 porcs), 302 accouplements s6quentiels
et 718 accouplements au hasard et ceux observ6s dans le champ, soit 622 ac-
couplements au hasard. Les effets du mAle furent plus importants pour la croissance
aprds le sevrage et les calact6ristiques des carcasses, tandis que les effets du
systdme d'accouplement ne furent importants que pour 1a croissance aprds le
sevrage. L'accouplement double fut la technique d'6valuation la plus efficace si
on se base sur le nombre de croisements requis pour d6couvrir les diff6rences
significatives entre des males ou systdmes d'accouplement. cet avantage fut le plus
marqud poul la croissance avant le sevrage.

Genetic improvement in livestock popula-
tions is accomplished through the selective
breeding of genetically superior animals and
the manipulation of mating systems; that is,
the exploitation of purebreeding and various
forms of crossbreeding. The identification of
genetically superior animals and crosses is
usually complicated by the presence of en-
vironmental influences which often mask
true genetic differences. Breeding plans de-
Can. J. Anim. Sci, 54t 265-276 (Sept. l9?4)

signed for genetic evaluation, therefore,
shor-rld reduce and control extraneous en-
vironmental influences as much as is prac-
ticable.

Several alternative breeding plans, which
differ in their respective abilities to control
variation caused by dam and litter effects,
can be used to evaluate sires and mating
systems in swine. The simplest plan involves
the mating of boars at random, except for
the avoidance of close inbreeding, to the fe-
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male breeding popular'ion at large. With
random mating, sire or mating system com-
parisons are made on a between-litter basis

and no control is exerted over dam and litter
influences.

Scquential mating. a variation on poly-
allelic mating (Lush 1945), provides an al-
ternative breeding plan whereby some con-
trol is exerted over dam influences. With
sequential mating, each dam produces two
litters; each litter is sired by a different boar.
Sequential mating is designed to reduce the

effects of maternal differences by providing
sire or mating system comparisons on a

within-dam basis. Litter elTects. however, are
not controlled.

The use of double matings or split litters
(Roberts and Carroll 1939; Lush et al. 1939)
aflords sire or mating system comparisons
on a within-litter basis, with each litter
having progeny of two boars represented.
Within-litter comparisons are free of both
dam and litter influences.

CANADIAN .IOURNAL OF ANIMAL SCIENCE

This study compares the three breeding
plans 

- 
random, sequential and double

mating - 
for their relative efficiency in

evaluating the effects of sires and mating
systems on growth and carcass traits in
swine. Additionally, two types of data in-
volving random matings, field and experi-
mental, are compared.

MATERIALS AND METHODS
Two sources of data were used for the study.
Random mating field data were obtained from
Newfoundland, through the cooperation of the
Central Swine Breeding Station at St. John's,
and experimental data, which involved random,
sequential and double matings, were obtained
from the Macdonald College swine herd (Table
i).

The Newfoundland field data involved 622
litters farrowed at the Central Swine Breeding
Station from 1965 to 1966. Thirty boars from
three breeds, Landrace, Yorkshire and La-
combe, were involved. Both purebred and cross-
bred dams were repres€nted. Purebred dams
were primarily Landrace, although a few York-

Table 1. Distribution of field, random and sequential mating litters by mating system

Mating system

Purebred dam Crossbred dam

Breed
of sire Purebred

Single
cross Backcross

Three-breed
CTOSS Total

Yorkshire
Landrace
Lacombe

Total

Yorkshire
Landrace
Lacombe
Large Black
Hampshire

Total

Yorkshire
Landrace
Lacombe
Large Black
Hampshire

Total

Field
78
I

ZJ

102

Random

59
88

36
9
'7

r99

Sequential

29

l)
0
4

89

5

200
0

205

147
?o

L)

2

0

251

1l
80

0

9l

90
82
12
0
0

184

50
AA

,7

0
0

99

68
r52

A

114

to/
433

21

622

Jt/

269
102

18

t'7

718

143
tt4

37
2
6

302

l6
20
JI

7

10

84

5'7
1A

4
0

0

n.)

'7

'7

11

2

2

29
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shire dams were also included, whereas cross-
bred dams involved various combinations of
Landrace, Yorkshire and Lacombe breeding.
The Newfoundland herd was greatly influenced
by the Landrace breed. Landrace boars sired
more than two-thirds of the litters while about
45% of the litters were from Landrace dams.

Baby pigs were weaned at approximately 8
wk of age and shipped to farmers cooperating
with the project. The participating farmers raised
the pigs to market weight and shipped the
finished pigs to a central abattoir where car-
cass measurements were obtained.

The Newfoundland field data provided two
growth and three carcass traits for study. The
growth traits considered were age at market
and daily gain measured as carcass weight per
day of age. The carcass traits studied were
maximum depth of shoulder and loin backfat
and the weight of commercially trimm:d loin
(left-side).

The Macdonald College experimental data
consisted of 6,000 pigs from 798 litters far-
rowed over a l2-yr period from 1957 to 1968.
Five breeds, Landrace, Yorkshire, Lacombe,
Large Black and Hampshire, were involved, but
only the Yolkshire and Landrace breeds were
used during the first 5 yr of the study. The La-
combe breed entered the herd in 1962, and
Large Black breeding stock was introduced in

267

late 1966. A Hampshire boar entered service in
1967. Although boars of all five breeds were
used, Hampshire breeding was not present in
the sow herd.

Male market pigs were castrated within 2 wk
following birth, and baby pigs were weaned at
21 days and raised on the Macdonald College
Farm to a market weight normally ranging be-
tween 80 and 90 kg liveweight. Market pigs
were slaughtered and measured for carcass
traits at a Montreal abattoir.

The random mating data consisted of 718
litters sired by 61 boars. Random mating litters
were farrowed during all years of the study.

The sequential mating data were selected as
a subset of the random mating data such that
only dams whose first and second litters were
sired by different boars were considered. A total
of 302 litters met this criterion of sequential
mating, of which 188 contributed to mating
system comparisons, since only 94 of the dams
had first and second litters sired by boars of ap-
propriately different breeds. The remaining 114
Iitters were included for sire comparison pur-
poses. Forty-four boars were involved.

The double mating data involved 697 pigs
from a total of 80 litters farrowed from 1965
to 1968 (Table 2). A litter was classified as
double-mated if progeny from two sires were
represented. Twenty boars were involved.

KENNEDY ET AL.-COMPARISON OF BREEDING PLANS FOR SWINE

Table 2. Distribution of double matins litters bv breed

Breed of dam

Crossbred

Breed of
sire pairs

Purebred

Yorkshire Landrace Lacombe
York- York-
Land Lac

Land- Lac-
Lac L.B. Total

Yorkshire
Landrace

Yorkshire
Lacombe

Landrace
Lacombe

Yorkshire
Large Black
Landrace
Large Black
Lacombe
Large Black
Yorkshire
Hampshire

Landrace
Hampshire

Total

18

t4

16

t6

2

2',7 IJ IJ 80
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Forty-seven double mating litters, totalling
404 pigs, were farrowed by purebred dams.
However, only 24 of the litters contributed to
mating system differences. Purebred and single
cross progeny totalled 102 and 302 pigs, re-
spectively. Crossbred females farrowed 293 pigs
in 33 litters, of which 26 contributed to mating
system differences. Backcrosses numbered 160
pigs whereas three-breed crosses totalled 133
pigs.

Double matings were performed by the arti-
ficial insemination of mixed semen from two
boars based on equal volumes or equal con-
centrations of semen. The progeny of each sire
were identified by color marker or blood type.
Details of blood type identification system have
been previously described by Saison and Mox-
ley (1966).

Fourteen growth and carcass traits were avai[-
able for study in the Macdonald College ex-
perimental data. Pig weight was recolded at
birth, 21 days (weaning), 56 days and I54 days
of age. Two additional traits, age at market and
daily gain measured as liveweight per day of
age, were also recorded.

Following slaughter, eight carcass traits were
recorded. These included maximttm backfat
depth measured at the shoulder and loin, car-
cass length and loin eye area. AIso, the left
side of each carcass was btttchered into trimmed
commercial cuts and the weights of the trimmed
ham, shoulder and loin were individually re-
corded. The sum of the weights of the three
leffside trimmed cuts was doubled to provide
an estimate of total lean-cut yield.

Raw means and standard deviations of the
growth and carcass traits were calculated for
the Newfoundland field data and the Mac-
donald College random, sequential and dottble
mating data (Table 3).

As the random and sequential mating breed-
ing plans involve sire and mating system com-
parisons on a between-litter basis, litter aver-
ages were computed for the field, random and
sequential mating datd. When computing the
litter averages, adjustments were made for sex
differences. In addition, all field data littet'aver-
ages as well as random and sequential mating
carcass data litter averages were adjusted for
carcass weight differences. Least squares meth-
ods for unbalanced data were then used to
analyze the field, random and sequential mating
data on a between-litter basis according to the
following models:
Field: yi;,,, : p + /r + sj + t/1,, I €,i,n

Random: Jijr,r, : t! * t, * sj + mL * p, *
e i it,tn

Sequential: )r;r.r,,, : tt * t, * s, ! m* * Pt
4 d,, ! e11t,r,,^

where y,r,,,,,,,,, - the appropriate growth or car-
cass trait average measured
on the nth litter

p : the population mean
r,: the efiect of the l"' Period of

time
sj j the effect of the l'r' sire

nr,. = the efiect of the ftth mating
system

p,: the efiect of the l"' ParitY
number

d,,, : the effect of the nr'r' dam
€tir,rr,r)n: the random error associated

with the n"' litter assumed to
be independentlY and identi-
cally distributed with the
mean 0 and variance o,.".

The double mating data were analyzed on a

within-litter basis according to the following
model:

Double: )i;r,r,, = p + I, + sj + tnt,* r, *
?tit't"

wherey,,,.1,,,: the appropriate growth or car-
cass trait measured on the
nlt" pig

;r : the population mean
/, - the effect of the i"'litter
sr: the effect of the f"' sire

m,.- the effect of the ft"' mating
sYStem

x,: the effect of the /t" sex
€i.1r,t,,: the random error associated

with the nr"' Pig assumed to
be independentlY and identi-
cally distributed with mean 0
and variance o"'.

The field and random mating models differed
only by the inclusion of the effects of parity
number in the random mating model. Parity
number was not available in the field data.
Parity effects were classified as first litter, sec-

ond and third or more. The mating system
classifications were purebred, single cross, back-
cross and three-breed ctoss. Time periods con-
sisted of consecutive 6-mo intervals.

The sequential mating analysis differed some-
what from the field and random mating anal-
yses. Dam effects were added to the sequential
mating model while the effects of time, because
of computational limitations, were classified
simply as spring and fall seasons rather than
as consecutive 6-mo Periods.

For the double mating analysis, a litter term
was included in the model, as sire and mating
system comparisons are made on a within-litter
basis. The effects of sex were also included.

C
an

. J
. A

ni
m

. S
ci

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
64

.1
27

.1
49

.4
8 

on
 0

9/
10

/2
6



KENNEDY ET AL,-COMPARISON OF BREEDING PLANS FOR SWINE

Table 3. Means and standard deviations of srowth and carcass traits

269

Macdonald College experimental data

Traits
Newfoundland

Field data Random Sequential Double

Growth
Birth wt (kg)
21 day wt (kg)
56 day wt (kg)
154 day wt (kg)
Age at market (days)
Daily gain (ke/day)t

Carcass
Length (mm)
Shoulder backfat (mm)
Loin backfat (mm)
Loin eye area (mm'z)
Tnmmed ham (kg)
Trimmed shoulder (kg)
Trimmed loin (kg)
Lean cut yield (kg)

193.9+19.2
.313+.039

39.9+ 4.5
33.8+ 5.0

6.92+ .57

1.30+ .27
5.40+1.31
r4.2+ 4.1
74.2+tt.l

174.9+ 18.8
.507 i .056

'7'7'7 +20.9
39.1+ 5.9
32.8:t 5.6
2655+ 348
7.05+ .50
5.81+ .57
5.22+ .49
36.1+ 2.4

1.29+ .27
5.59+ | .26
13.9t 3.9
13.0+ 1r.2

175.9t 18.1
.504+.055

777 +21.5
39.1l: 6.0
32.8+ 5.4
2622! 338
'7.03! .51
5.79+.5'7
5.21+.4'7
36.1+ 2.3

l.3t+ .26
5.19+ 1.33
15.7 t 3.9
80.9+ 9.5

164.9+17.9
.537 + .054

767 +23.8
39.5+ 5.8
32.4+ 5.1
2735! 321
7.08i.46
5.78+.51
5.23+ .43
36.2+ 2.1

tDaily gain is expressed as kg cecass weight per day of age in the field data and as kg liveweight per day ol age in the experimental data.

Carcass traits were adjusted fol carcass weight
differences by the inclusion of carcass weight
as a covariate.

The four mating systems were considered
simultaneously in the field and random mating
analyses. However, the sequential and double
mating studies were divided into two separate
analyses, analysis A which compared purebreds
to single crosses and analysis B which compared
backcrosses to three-breed crosses. This division
was necessary with the sequential and double
mating breeding plans, as only these compari-
sons are possible on a within-dam basis.

With all four models, all effects, except for
the random error, were treated as fixed. All
interactions were assumed absent. This assump-
tion was based in part on the results of an
analysis of a subset of these data by Roache
and Moxley (1964). For purposes of hypothesis
testing, the random errors were assumed to be
normally distributed.

The criterion of the number of litters re-
quired to detect given differences between sires
or mating systems for a given trait was chosen
as a measure of the relative efficiency of the
breeding plans. Tukey's method (Steel and Tor-
rie 1960) was used to estimate the number of
observations required to detect specified dif-
ferences between two or more sires or mating
systems based on parameter estimates obtained
from the least squares analyses. The estimates
were based on a 90Vo assurance of detecting
the given difference at the 5Vo level of sis-
nificance.

As double rnating provides within-litter com-
parisons, the number of observations required
to detect differences was calculated in units of
pigs rathel than litters, as was the case with the
other breeding plans that use between-litter
comparisons. Estimates of the number of litters
required with double mating were based on six
pigs per litter.for the eariy growth traits and
four pigs per litter for the late growth and car-
cass traits being available for comparison pur-
poses. At first consideration, these estimates may
appear conservative. However, as only approxi-
mately two-thirds of double matings performed
are successful in producing mixed litters, the
estimates as computed probably provide a real-
istic measure of the efficiency of the breeding
plan.

RESULTS AND DISCUSSION

Sire Evaluation
F-values and their probabilities (Table 4)
were computed to test for significant sire
dilTerences for growth and carcass per-
formance.

In neither the random nor sequential mat-
ing studies were signiflcant sire effects on
pig weight at birth or 21 days of age de-
tected. The double mating study also did not
observe significant sire differences for birth
weight among backcross and three-breed
cross pigs (analysis B) or for 2l-day weight
among purebreds and single crosses (analysis
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Table 4. Effect of sire on growth and carcass traits as evaluated from field, random, sequential and double mating

data (expressed as probability of obtaining observed F-value by chance)

Breeding plan

Sequential Double

Trait Random BfField

Early Grotuth
No. litters
Birth wt
2l day wt
56 day wt

Late Growth
No. litters
154 day wt
Age at market
Daily gain

Carcass
No. litters
Length
Shoulder backfat
Loin backfat
Loin eye area
Trimmed ham
Trimmed shoulder
Trimmed loin
Lean cut yield

ot/

<.01 I x+

.003 rx

ol/

<.001* +

. 166

.'790

718
.09'7

.t52
<.001**

680
<.001**
<.001*x
<.001 t*

692
<.001++
<.001*x
<.001*x
<.001xx
<.001+ *

<.001xx
<.001x x

<.001xx

174
.304
.3 87
.r02

r62
.214
.120
.34r

166

.017+
.081
.021*
.144
.062
.669
.190
.203

128

.304

.532

.0234

124
.308
.3 l5
.3 80

116
.597
.036*
.151
.1'74
.020*
.r14
.303
.225

47 33

.020* .483

.469 .O37*

.011* .353

40 29

.098 .015*

.145 <.001xx

.087 .037x

33 2s
<.001*+ <.001*+

.064 .040*

.031+ .004xx

.134 .033*

.0s7 .337

.350 .827

.035x .216

.005** .346

*Significant at the 5q. level of probability.
**Significant at the 1q. level of probability
1A, Durebreds md sinele crosses.
iB. backcrosses and tiree breed crosses.

A). However, significant (P ( 0.05) sire
effects were detected for birth weight among
purebred and single cross pigs (analysis A)
and for 2l-day weight among backcross and
three-breed cross pigs (analysis B). Results
for 56-day weight were more consistent, as

significant sire effects were noted in the ran-
dom mating analysis (P < 0.01), sequential
mating analysis B (P < 0.05) and double
mating analysis A (P < 0.05).

Significant sire effects on all late growth
traits were observed in the fleld, random
and double mating B studies but were not
detected in either of the two sequential mat-
ing analyses or in double mating analysis A.
Nonetheless, F-test probabilities were low in
double mating analysis A.

With the field data carcass traits, signifl-
cant sire differences were only found for
shoulder backfat depth (P ( 0.01). How-
ever, sire elfects were significant (P < 0.01)
for all carcass traits considered in the

random mating study. In the sequential
mating analyses, significant (P
sire effects were only observed for carcass
length and loin backfat in analysis A, and
for shoulder backfat trimmed ham weight
in analysis B. Significant sire differences were
detected for length (P < 0.01), loin backfat
(P < 0.05), trimmed loin weight (P < 0.05)
and lean cut yield (P < 0.01) in double mat-
ing analysis A, and length (P < 0.01),
shoulder backfat (P < 0.05), loin backfat
(P < 0.01), and loin eye area (P < 0.05)
in double mating analysis B.

The ability to detect significant sire dif-
ferences for postweaning growth and carcass
merit and the failure to detect sire differ-
ences for preweaning growth, as found in
the random mating study, is consistent with
other reports (Baker et at. 1.943:' Duckworth
et al. 1961). The results of the random mat-
ing study, therefore, support the contention
that sire influences are most important for
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KENNEDY ET AL.-COMPARISON OF BREEDING PLANS FOR SWINE 271

traits that are expressed later in life, and
are of lesser importance for those traits that
are expressed at an earlier age when litter
and maternal influences are of overriding
importance.

The field study failed to detect significant
sire differences for two of the three carcass
traits considered, although significant sire
differences were noted for both measures of
postweaning growth. Approximately the
same number of litters were involved in the
field and random mating studies. The rela-
tive lack of sensitivity of the use of f,eld
data in detecting sire effects on carcass per-
formance may reflect an overriding influ-
ence of different farm environments on the
expression of these traits or, at least in the
case of trimmed loin weight, a lack of con-
sistency in butchering procedures with the
field data. Additionallv. the boars which
were represented in the field data were not,
for the most part, the same as those repre-
sented in the experimental data. The detec-
tion of sire differences in the field data
would be more diflrcult if the Newfoundland
boars were genetically more homogeneous
than the Macdonald boars. This is a pos-
sibility, as only Landrace, Yorkshire and
Lacombe boars were represented in the field
data, whereas two additional breeds, Large
Black and Hampshire, were included in the
experimental data.

The sequential mating analysis failed to
detect significant sire differences for most
growth and carcass traits considered. Less
than one-half the number of litters employed
in the random mating study were used in the
sequential mating study. Additionally, these
litters were split into two separate analyses,
one comprising purebreds and single crosses
and another comprising backcrosses and
three-breed crosses. Therefore, approximate-
ly one-fourth the number of litters employed
in the random mating study were used in
each of the two sequential mating analyses.
Removal of variation due to dam differences
by sequential mating was not sufficient to
compensate for the smaller number of litters.

The double mating analysis, which in-
volved less than one-eighth the number of
litters used in the random mating study, was
more sLlccessful. Significant sire differences
were observed for all srowth traits in at least

one of the two analyses performed. Of par-
ticr-rlar interest, the analysis detected sire
differences for the preweaning growth traits
of birth weight and 21-day weight which the
random mating study failed to do. The suc-
cess of double mating in detecting sire effects
on growth, and in particular early growth,
reflects the inherent ability of this breeding
plan to control variation due to dam and
litter influences, both prenatal and postnatal.
The removal of dam and litter effects af-
forded by the within-litter comparisons com-
pensated for the very small number of litters
used.

Donble mating was not as successful in
detecting sire elTects on carcass merit, as

significant sire differences were observed
only for six of the eight carcass traits. This
most likely reflects the decreased importance
of maternal and litter influences on the ex-
pression of carcass traits.

Mating System Evaluation
The eflects of mating system on growth
('fable 5) and carcass performance (Table
6), expressed as the mean plus the least
squares estimate of the deviation from the
mean, were estimated from the fleld, ran-
dom, sequential and double mating data.

No significant mating system differences
were observed for early growth traits in any
of the analyses. Significant (P < 0'01) dif-
ferences were observed for all late growth
traits in both the field and random mating
studies. The sequential mating study also
found signiflcant (P ( 0.01) differences be-
tween purebreds and single crosses for the
three late growth traits. Similar effects were
noted in the double mating study where
single cross pigs were superior (P ( 0.05) to
purebreds for weight at 154 days and age

at market although difierences for daily gain
were not significant. In both the sequential
and double mating analyses, no significant
differences between backcrosses and three-
breed crosses were observed for any late
growth trait.

Fredeen (1957), reviewing crossbreeding
research, stated that although statistically
significant diiTerences are rarely observed in
individual experiments, the elTects of heter-
osis appear greatest for traits expressed early
in life and becorne less important as the

C
an

. J
. A

ni
m

. S
ci

. D
ow

nl
oa

de
d 

fr
om

 c
dn

sc
ie

nc
ep

ub
.c

om
 b

y 
64

.1
27

.1
49

.4
8 

on
 0

9/
10

/2
6



272 CANADIAN JOURNAL OF ANIMAL SCIENCE

anin.ral develops. The results of this study,
however, indicate that the effects of heter-
osis are relatively more important for late
growth than for early growth.

It could be argued that maternal and
litter effects are masking real mating systems
differences for early growth and these dif-
ferences become evident only when litter
and maternal influences diminish with in-
creasing age. If this were so, significant dif-
ferences for early growth should have been
observed in the sequential or double mating
analyses. It must be concluded that, for the
breed strains used in this study, crossbred
sr-rperiority for growth rate is manifested
primarily in the later stages of growth.

In addition. examination of the least
squares estimates from the field and random

mating data and the results of the sequential
and double mating studies indicate a simple
superiority of crossbreds over purebreds for
growth to market weight. No evidence of
additional heterotic benefits through back-
crosses or three-breed crosses was observed.

No consistent effects of mating system on
carcass performance were observed. The
field study failed to detect significant mating
system differences for any of the three traits
considered. Mating system had a significant
(P < 0.05) effect on loin eye area and
trimmed ham weight in the random mating
analysis. The sequential mating study found
purebreds superior (P < 0.05) to single
crosses for loin eye area, trimmed ham
weight and lean cut yield, but no significant
differences between backcrosses and three-

Table 5. Effect of mating system on growth as evaluated from field, random, sequential and double mating data
(exDressed as the mean plus least squares estimate of deviation from mean)

Mating system

Trait Analysis
No.

litters
Back-
CTOSS

3-breed
CTOSS

Single
Purebred cross

Early growth
Birth wt

(kg)

21 day wt
(ke)

56 day wt
(kg)

Late growth
154 day wt

(ke)

Age at markel
(days)

Daily gain$
(kg/day)

Random
Sequential
Double

Random
Sequential
Double

Random
Sequential
Double

Random
Sequential
Double

Field
Random
Sequential
Double

Field
Random
Sequential
Double

1.31
1.2'7)l
1.27)

-).J-J
s.62)
s. 13)

14.3
14.4)
15.7)

'76.0

76.0;xx
83.9)x

l 90.6
t'72.3
171 .0; xx

1 59.7 1x

.514

.517;xx
. s51)

| ??\

1.32)+
1-3',7)

s.s0)
5 5?\

s.r7)

14.6)
13 .8)
rs.7)

71 .31**
77.0)
81 .4)

194.3;x*
169.6)* *
r71.1)
r 6s.4)

.370;xx
5lq\**

.s17)

.539)

718
302

80

718
302

80

718
302

80

680
286

69

622
680
286

69

622
680
286

69

(1.29
(1.28
(1.30

/5 5)
(s.44
r < l?

(14.2
( 13.3
( 15.6

(71 .8
(69.9
('7'7.2

(20o.2
(178.8
(181.5
(170.s

(.3s9
(.492
(.486
(.s22

r.33
(1.34
(r.34

).)6
(6.03
(s.18

14.7
(ls.2
(l 5.9

75.8
('74.2
(81.4

195.3
1'.73.r

(1'72.6
(164.1

.369

.511
(. s09
r 516

*Significant at the 57. level of probability.
**Significant at the lq. level of probability.
'fPuebred vs. sinqle cross comDarison.
tBaclcross vs. th;ee-breed crois comparison.
$Duly gain is expressed as kg cdcass weight per day of age in the field data and as kg liveweight per day ofage in the landom, sequential and double mating
oaIa.
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breed crosses were observed for any carcass
trait. In the double mating analyses, back-
cross pigs had heavier (P < 0.05) trimmed
loins than three-breed crosses,

Carcass traits tend to exhibit little heter-
osis (Fredeen 1957;Hazel 1963). The results
of this study support this contention.

Comparison of Breeding Plans
Estimates were made of the relative effi-
ciencies of the fleld, random, sequential and
double mating breeding plans for detecting
sire difierences in growth and carcass merit
(Table 7). The relative efficiency of each
breeding plan was measured as the ratio of
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the estimated number of litters required to
detect significant differences between two
sires by that breeding plan to the estimated
number of litters required by random mating.

The relative efficiencies of field data and
random mating experimental data were not
consistent across all traits. For age at mar-
ket, almost twice as many litters would be
required to detect significant differences be-
tween sires with fleld data than with random
mating experimental data. For daily gain,
the results indicated that field data are rela-
tively more efficient. However, daily gain
was not measured in the same manner in
both studies. Daily gain was expressed as

KENNEDY ET AL.-COMPARISON OF BREEDING PLANS FOR SWINE

Table 6. Effects of mating system on carcass traits as evaluated from field, random, sequential and double mating
data (expressed as the mean plus least squares estimate of deviation from mean)

Mating system

Trail Analysis
No.

litters Purebred
Single
cross

Back-
cross

3-breed
CTOSS

Length
(mm)

Shoulder backfat
(mm)

Loin backfat
(mm)

Loin eye area
(mm'z)

Trimmed ham
(kg)

Trimmed shoulder
(ke)

Trimmed loin
Ge)

[.ean cut yield
(ke)

Random
Sequential
Double

Field
Random
Sequential
Double

Field
Random
Sequential
Double

Random
Sequential
Double

Random
Sequential
Double

Random
Sequential
Double

Field
Random
Sequential
Double

Random
Sequential
Double

692
282

58

ozl
692
282

58

622
692
282

58

692
282

58

692
282

692
282

58

622
692
282

)n

('77 s
(7'77

(77o

rlQ 5

(39.0
(38.8
(4O.7

r?1 R

(32.0
(32.3
(33.2

(2677
(2682
(27s0

(7.07
('7.13
(6.94

rS R,

(5 .87
t\ 6)

(6.88
(s.21
r\ )6
(s.24

t16,')

t?5 6

776
177)l
'77 1)

39.9
38."1

38.9)
38.8)

J-). I

5/.O
32.7)
33.s)

2650
?57n\*
2',755)

'7.00

6.98;*
7.1 0)

5.78
s.7s)
5.90)

6.94
5.23
s.21)
s.22)

36.0
15 qrx

36.4)

7'74
('77 4
('7'70

39.7
38.7

(39.1
(39.7

38.5
JZ.J

r1l6
(3 1.3

2686
(2588
(2723

'7.09

('7.09
(7.16

5.82
(s.86
(5.84

6.90
s.25

(s. 10
/5 15

36.3
/1{ O

(36.'7

7'73)
778)+
76s)

39.8)
39.0)
1R 1)

38.7)

l1 q)

32.8)
31 .9)
30.7)

?5qq\*
2669)
2699)

7.07;x
7.0s)
7.18)

s.77)
s.76)
5.',7'7)

6.91)
s.14)
s.29)
5 l l)*

?5 q\

16 1\
36.1)

692
282

58

*Significanr at rhe 5q level of probabilir).
**Significanl ar the l% leret otprobabiliry.
tPuebred vs. single cross comouison.
{Brkcross vs. thiee-breed crods comoarison.
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liveweight per day of age in the experi-
mental data and as carcass weight per day
of age in the field data. This latter measure-
ment is subject to considerably less varia-
tion; thus the relatively greater efficiency of
field data is not surprising. Little difference
in the relative efficiencies between the two
breeding plans was detected for loin backfat
depth, whereas field data appeared to be
more efficient for shoulder backfat depth. In
contrast, the number of fleld litters required
to detect sire differences for trimmed loin
weight was over twice the random mating
number.

For most traits, sequential mating was
relatively less efficient than random mating.
One notable exception was birth weight. It
was estimated that sequential mating would
require about two-thirds the number of lit-
ters that would be required by random mat-
ing to detect sire differences for birth weight.
However, sequential mating appeared to be
less efficient than random mating for all
subsequent growth traits and offered no con-
sistent advantage for carcass traits.

The relative efficiency of double mating
was vastly superior to both sequential mat-
ing and random mating for all traits con-
sidered. This superiority was most pro-
nounced for birth weight and, to a lesser
extent, the other early growth traits. As the
age at which growth was measured increased,
the relative efficiency of double mating de-
creased. The relative eliciency estimates of
double mating for carcass traits tended to be
similar to, or slightty less than, those ob-
served for the late growth traits.

Estimates were made of the relative effi-
ciencies of the field, random, sequential and
double mating breeding plans for detecting
mating system differences in growth and car-
cass merit (Table 8). The relative efficiency
of each breeding plan was measured as the
ratio of the estimated number of litters re-
quired to detect significant differences be-
tween purebreds, single crosses, backcrosses
and three-breed crosses by that breeding
plan to the estimated number of litters re-
quired by random mating. The field and
random mating breeding plans compare all
four mating systems simultaneously, whereas
the sequential and double mating breeding
plans are restricted to rwo separate com-
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parisons: purebreds vs. single crosses and
backcrosses vs. three-breed crosses. For the
sequential and double mating breeding
plans, the sum of the estimates of litter
numbers required by the two separate com-
parisons was used as the basis for measuring
breeding plan efficiency relative to random
mating.

The relative efficiency estimates between
the use of fleid data and random mating
experimental data for detecting mating sys-
tem differences were very similar to those
noted in the sire comparison study.

Sequential mating, as was also observed
in the sire comparison study, was substan-
tially more efficient than random mating for
detecting mating system differences for birth
weight. Flowever, unlike the sire comparison
study, sequential mating was slightly more
efficient than random mating for the remain-
ing growth traits and for all carcass traits
except weight of trimmed loin. It is doubt-
ful, however, that this slight advantage pro-
vides sufficient compensation for the in-
ability of the sequential mating breeding
plan to make comparisons between all four
mating systems.

Double mating was substantially more
efficient than both sequential and random
mating for all traits. The relative efficiency
estimates observed for double mating were
similar to those of the sire comparison study.

In summary, there was little overall dif-
ference in relative efficiency, when measured
as the number of litters required to detect
significant sire or mating system differences,
between the use of field data and experi-
mental data based on random matings, al-
though distinct advantages and disadvan-
tages were observed for some traits. It must
be noted, however, that the cost of obtaining
data from the field is generally less than that
incurred from experimental studies and the
use of fleld data for sire and mating system
evaluation may well be more efficient eco-
nomically.

The sequential mating breeding plan,
which provides within-dam comparisons,
offered little advantage, if any, over random
mating except in detecting differences for
birth weight, a trait which is greatly in-
fluenced by maternal effects.

KENNEDY ET AL.-COMPARISON OF BREEDING PLANS FOR SWINE
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The double mating breeding plan was
most efficient. Comparisons on a within-
litter basis resulted in effective control over
variation due to both dam and litter effects
and substantially reduced the number of
litters required to detect sire or mating sys-
tem differences for both growth and carcass
performance. This advantage was most pro-
nounced for the early growth traits when
maternal and litter influences are greatest.

Two difficulties, however, which are in-
herent with double mating but not with ran-
dom mating, were the identification of sires
in mixed litters and the inability of the
double mating breeding plan to make com-
parisons between all four mating systems.
Nonetheless, the substantial saving in time
and resources afforded by double mating
should offer sdfficient compensation for
these difficulties.
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