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Ibuble Hating for Sire and ~la.ting System Evaluation in Swine 

Studies were undertaken to investigate the use of double 

mating in swine as a method for evaluating mating systems and boars 

for grol.Jt:1 a:1d Caro3.3S tl'ai ts. In 105 double na.ted li tters 

f~wed, each of the sires \Vere represented' by two or more baby 

pigs in 62 litters. A J!'eater proportion of split litters (71 per­

cent) was obtai."led Vlhere mati"l6s were naèe '.Jy A. r. ',vi th equal 

volumes of sarnen fram each boar than vIi th A. I. using equal sperm 

concentration, natur=D. double mating or wi th a conlbination of A. I • 

\Ni th natural service. 

Crossbred pigs .vere significantly he21.vier than p~bred pigs 

at 154 clays of age when cœlparisor.s \,vere made using data fro':l 28 

litt ers on a ~Jitûn 1ittel' b3.sis. Significant diffe:rences iv9I'e 

observed for sir~ effects on the caroasa value index. 

It is evident fra~ t~3 variance component ana1ysis that 

mating systems and sire canparisons can be made more efficient1y 

on a 'i-li thin li tter basis than on a bet"deen li tter basis. 
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I. INTRODUCTION 

The value of an arùmal is a function of what i t produces 

and its efficiency in production. vJith the advance of science 

in agriculture, efforts have been made to find out what items 

constitute quality of product and the efficienqy of production, 

and to develop measures which reflect diffe~ces among them 

reliably. The problem of ascertaining criteria that constitute 

value and sui table measurements of them is important. It is 

for this reason that the animal breeder devotes considerable 

attention to testing and evaluation of both his techniques and 

livestock. Having once established the criteria of value, he 

can then design or modify his programs accordingly. 

'!he progeny testing of mars has been practiced in Denmark 

since 1926. With miner variations, the sarne system of testing 

has been adopted in rnany other countries. The value of the 

progeny test in an:imal improvement has been weIl demonstrated, 

however, many sources of bias and extraneous variation limits 

their usefulness. Attempts have been made to control these 

sources of variation by testing animals under unifonn conditions, 

and sanetimes by using stat5.stical corrections for certain 

environmental effects. Sorne of the bias and lack of precision 

inherent in progeny testing in swine could presumably be avoided 

by arranging for offspring from different males to be bom in 

the sarne li tter. 

l 
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The productive traits of farm animaIs aœ largelyof a quan­

titative nature. The proportion of the observed variation which 

is genetic depends largely on the trait considered, as weIl as 

the conditions of production and measurement. Measurements are 

relative to the conditions under which they are made and compari­

sons of meri t may not be valid unless the arrimaIs have had an 

equal opportunity for the manifestation of merit. 

Theoretically, double mating in swine provides an opportuni ty 

of testing animaIs under uniform conditions. In fact, it provides 

an bnproved progeny test t-lhich can eliminate te sorne extent 

differences attributable to the genetic constitution of dams. 

At the same time, differences in the test environment may be 

controlled when a.rUma.ls are reared under the same conditions of 

feeding and management. The double mating technique may also 

be use fuI for cornparing different systems of mating where dif­

ferent breeds are used. 

This study therefore, concerns i tself wi th the evaluation 

of double mating in swine, firstly as a method for comparing 

mating systems and secondly, for sire evaluation. 



II. REVIEW OF LITERATURE 

~he subj ect matter of interest in this study concerns both 

the theoretical and practical aspects of double mating. In genetic 

and reproduoti ve studies wi th fatm animals mating is usually 

hom::>spermic, i. e., the fema.le is inseminated in one heat period 

with semen :fu::lm one male. In contrast. heterospennic insemination 

of a fe;nale in one heat period wi th semen from more than one male 

can be ca.I'r'ied out by multiple natural rnating, or by artificial 

insem.ination with miy.ed semene For this reason, the attendant 

considerations of heterospermic inseminations will .be briefly 

reviewed. In addition, sane of the systems of mating previously 

studied and pertinent reports in the li terature are considered. 

1. PHYSIOLOOIC.I\L ASPEcrs 

a. 1):)uble Hating ID Swine 

The earliest l"'eports on the use of double mating tech.l1ique 

in swine appear to œ t"lose of lush ~ al. (1939) and Roberts and 

Caroll (1939). The former reported on experimental wor;<; at the 

Iowa Agricu1tural Experiment Station ~ied out over an eight 

year period from 1926 to 1933. The following table taken from 

their report, s\.lllll1laI'izes t'le nunber and types of matings that were 

made during each year of the experiment: 

3 
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NUMBER AND TYPE OF MATINGS MADE EACH YEAR AND NUMBER AND BREEDING OF PIGS PRODUCED 

Year of 
Experiment 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

No. of 
Sows 
Used 

6 

6 
2 
3 

5 
3 
3 

5 
2 
3 

3 
3 

l 
3 
3 
l 

5 
6 

5 
3 

Breeding of Sows 

Poland China 

Pol and China 
Poland x Duroc 
Poland x Duroc 

Duroc Jersey 
3/4 Duroc Jersey 
3/4 Poland China 

Duroc Jersey 
7/8 Duroc Jersey 
7/8 Poland China 

15/16 Poland China 
15/16 Duroc Jersey 

Poland China 
Poland x Duroc 
Duroc Jersey 
Poland China 

Poland x Duroc 
Poland China 

Poland x Duroc 
Poland China 

Source: Taken from Lush et al. (1939). 

Type of 
Mating 

Used 

Double 

Double 
Single 
Single 

Double 
Single 
Single 

Double 
Single 
Single 

Double 
Double 

Single 
Double 
Double 
Double 

Double 
Double 

Double 
Double 

Breeding of Sire 
or Sires 

Poland and Duroc 

Poland and Duroc 
Duroc 
Poland 

Poland and Duroc 
Duroc 
Poland 

Poland and Duroc 
Duroc 
Poland 

Poland and Duroc 
Poland and Duroc 

York 
York and Poland 
York and Duroc 
York and Poland 

York and Poland 
York and Poland 

York and Poland 
York and Poland 

Number and Bree ding 
of Pigs Produced 

23 purebred 38 crossbred 

35 purebred 26 crossbred 
19 3/4 Duroc--l/4 Po1and 
31 3/4 Po1and--1/4 Duroc 

Il purebred 37 crossbred 
25 7/8 Duroc--1/8 Po1and 
16 7/8 Po1and--l/8 Duroc 

56 purebred 6 crossbred 
21 15/16 Duroc--l/16 Po1and 
22 15/16 Po1and--l/16 Duroc 

3 purebred 25 crossbred 
26 purebréd 6 crossbred 

10 crossbred 
13 backcross 15 3-way cross 
Il purebred 15 crossbred 
3 purebred 8 crossbred 

14 backcross 36 3-way cross 
43 crossbred 

8 backcross 55 3-way cross 
6 purebred 27crossbred 

+" 
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The work of Roberts and Caroll (l939) also involves the use 

of the IUroc Jersey and Poland China breeds in which double-matings 

were made such that cross-breds and purebreds were obtained in 

the same li tter. In an attempt to eliminate the materna.l effects, 

sows of each breed were se1ected in turn. to he the dams of mixed 

litters. 

Interest in these double mating studies was mainly in con­

nection with the advantages of crossbreeding in swine. The 

hypothesis then, heing that crossbreeding could he used in 

recombining the best characteristics of two or more breeds for 

the formation of a net'1 breed. Follov1ing these early reports no 

~rk in multiple sire mating in swine seems to have been under­

taken for another twenty years. Surnption ~ &. (1959) adopted 

the multiple sire technique with a viev1 to inducing natural 

selection for aggressive mating behaviour and to augment sbnplicity 

of handling a larger POPulation during the development of new 

lines. 

In an attempt to assess sorne of the problems of multiple 

paternity and mating behaviour, Sunption (1961) made randcm 

matings by the expostlire of a number of females of the Duroc 

breed simul taneously during one heat period and was able to 

demonstrate a social orcIer in mating among sires. In the same 

exper:i.ment controlled multiple matings were attempted. Dams 

"1ere mated in rapid succession to boars of five breeds. Others 

were double mated on day one of estrus to a Duroc sire and 
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another boaI' of a second breed and on day two of estrusagain to: 

a Duroc sire and a boaI' of a third breed. This study revealed 

evidence of natural selection for certain aspects of mating 

efficiency in swine and also the occurrence of selective fertili­

zation and! or canbination. M.ore important, was the demonstrati.on 

that tmder certain conditions of the experiment (group exposurer,' 

variations in male and fema.le mating behaviour were sufficiently· 

large to indicate considerable non-randanness of mating frequency. 

As sw~ested by Surnption and Pdams Cl9Sla) if multiple sire ~ 

rnating is to be useful as a breecüng method fran the standpoint 

of increasing reccrnbination potential, three conditions must he 

satisfied within any population in Which it was to be applied. 

These conditions are (i) multiple mating must occur frequently 

(ii) the fertile interval during estrus must be sufficiently long 

to afford the opportunity for multiple paternity and (iii) a hi$: 

incidence of multiple paterni ty must ensue. The experiment 

reported in this paper was designed to investigate the factors 

influencing multiple paternity. They found that the fertile 

period during estrus was sufficiently long to permit the occUI"!'al1ce 

of multiple paterni ty; that the order of rnating did not greatly 

influence the relative nurnber of progeny peI' sire but that thera . 

was a lack of consistent effect of mating oroer. In so far as 

the use of the multiple mating technique for the rapid recanbin-· 

ation of genes is concerned, there see.T!lS ta have been a reasana~le 

amotmt of success. Surnption ~·al. (19Slb) utilized the multiple 
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mating technique, using naturaI matings to develop the Mi~ota 

#3 breed of swine. 

At; early as 1939, it was rerognized that even though the order 

of mating within the t.ime e1apsing between services bore no signif­

icant re1ationship to parentage of pigs produced, a greater pro­

portion of mixed 1itters resulted fJXm matings with short interva1s 

between services than from those in which the interva1s were 

extended. This finding of Roberts and Carol1 (1939) suggests that 

if the sernen of bath boars could be introduced into the sow 

s.imultaneously there would be an even greater probabi1ity of 

obtaining mixed 1itters. The deve10pnent of artificia.1 insernination 

first with dairy cows and then with other fann anima1s rnakes this 

a definite possibility. 

Of the more recent reports on double mating in swine, the 

report of Hlebav (1965) from the U.S.S.R. is most interesting. 

He claims that conception rate, embryo weight at seventy and ninety 

days respective1y, as wel1 as litter size and birth weig.'I1t were 

a11 increased when mixed inseminates were made. In an ear1ier 

publication Soko1ovskaja !:! &. (1964) reported simi1ar superiority 

with respect to conception rate and lower ~onic morta1ity in 

faveur of insemi.nations made with mixed sernen. Pre1iminary reports 

of work in the United Kingdom by Widdowson and Newton (1965) and 

Newton and Widdowson (1965) indicate that mixed inseminates can 

be used to obtain 1itters, in which pigs are satisfactorily sub­

divided between two boars. Sero1ogical markers were used to 

detennine parentage. No detai1ed analysis of the results were 
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contained in any of these reports. Cerne and Salehar (1964-) 

report a lower ferti1ity in a group of sixty-one sows that were 

experimental1y inseminated wi th mixed semen fixm two boars. Al1 

other differences they reported were not significant1y different 

fron a control group, however, tnis appears to be the only report 

in the li tera:ture in which a detr.imental effect of mixing is 

reported. 

b. Ibub1e Mating in othe!" Species 

It shou1d be recognized that progeny testing by heterospermic 

insemination is limited to fema1es of multiparous species. These 

will inc1ude sorne 1aboratory rodents, the pig and to sane extent, 

sheep. Marl<:ers must be avai1ab1e to distinguish the paternity of 

offspring. Both phenotypic and sero1ogiCal ma.rl<:ers have been used 

for this purpose. 

Perhaps the first report on the production of mixed 1itters 

after a natural mating vlith two sires is that of Kopec (1923) with 

rabbits. Offspring from either sire were said to have an increased 

birth weight in mixed li tters. Ho ... 7ever, there ;Nere only three 

mixed 1itters reJX)rted on in this experiment and the results 

wou1d therefore have to be considered as inconc1usive. 

In rnany reports coming from the U. S. S. R. reviewed by Kushner 

(1954-) inseminations with semen from two or more males have been 

c1aimed to have superior practical resu1ts. Pmong the c1aims made 

are increased conception rate, birth-rate, birth.Jlleight, and growth 

and viabili ty of the young. In a pilot exper.iment wi th heterospermic 

insemination in the rabbit Beatty (1957) could find no supporting 
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evidence for these c1aims. The experiment did revea1 however, 

that the birth weight and subsequent deve10pnent of young :in rnixed 

litters can be influenced by interaction between embryos .f!l~. 

Beatty (1960) in an investigation of the ferti1ity of rnixed 

semen fron different rabbits observed in one experiment that the 

conception rate .cil! percentage of inseminations yie1ding a litter 

tended to increase as the nurnber of males contributing to the 

inserninate increased even though the net total nunber of spenna­

tozoa was he1d constant. Hess ~,Sl. (1954) undertook laboratory 

examinatian of bull semen mixtures and inc1uded a field trial. 

They reported increased motility and percent alive in mixed 

ej aculates compared to regu1ar samp1es. Conception rate was a1so 

claimed to be superior but these resu1ts cou1d net be repeated by 

Campbell and Jaffre (1958) even though they fo11owed the method 

outlined by Hess and his co11eagues (1954). In 83 of 104 samp1es 

studied, they found a lower motility for mixed ejacu1ates than 

that in individua1 samp1es. :COtt and Wa1ton (1958) further 

investigated motility and surviva1 in rnixed bull ejaculates. 

Semen samp1es of five Dexter bulls were mixed and studied. No 

effect of mixing on the 1ive/dead ratio nor the percentage abnonnals 

was found. The mixtures of semen tended to have a motility which 

was nearer the value of the 1ess active component of the mlxtUJ:"e 

than that of the means of both cc::mponents. 

In the mouse, artificia1 insemination has been carried out 

using mixtures of sperm from a number of inbred lines each containing 

a suitab1e genetic marker. Such a trial was reported by Edwards (1955). 
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Spenn mixtures were made with equal numbers of spermatozoa from 

each donor. Four types of spenn mixtures were made, viz. a triple 

mixture of three donors and three double mixtures oontaining three 

possible canbinations of the three donors. These mixtures were 

used for inseminating estrous females of the same three lines as 

the donors. '!he results of this experiment indicated that the 

chance of fertilization by a particular type was not the same for 

all components of the rn.ixture. '!here was an excess of eggs 

fertilized by a particular spenn type and the result was consistent 

throughout the series of nine spenn mixtures in which that particular 

type was a canponent. No explanation for this result was given but 

there was the speculation that there might be a tendency for a 

reaction of one spenn type with one particular egg type or with a 

particular uterine envirorment. Whether there was a differential 

rate of transport of one spenn type as opposed to the other was 

not indicated. 

In exper:iments using mixed semen for inseminations in poultry, 

the reports are limi ted and sanewhat conflicting. Parker et al. 

(1942) observed that about equal numbers of chicks were sired by 

Bar.red Plymouth Rock and New Hampshire males, but oonspicuously 

fewer chicks were sired by the lm te Leghorn males. Allen and 

Champion (1955) found that spermatozoa possessing certain advanta~ 

geous variations associated wi th or reflected in a high degree of 

motility and a 100 incidence of mortality were favoured in numbers 

of progeny sired when spenn from different males were pooled. 

This has been the only direct reference to preferential transport 



as opposed to selective fertilization in the literature. 

c. Artificial Insemination in Swine 

11 

The technique of artificia1 insemination has net deve10ped as 

rapid1y in swine as in other fann species, pr:iinarily because of the 

prob1ems encountered with the op~ima.1 time to service. The develop­

ment of artificia1 insem:ina.tion in farm animaIs has been reviewed 

by Wa1ton (1933). Aamdal (1960) be1ieves that insemination during 

the first half of estrus gi ves the best conception rate as in natural 

mating. The 1ength of estrus in savs has been founel ta vary with 

the breed. According to BI.II:'geI' (1952) the optimum time for mating 

is in the first 12 to 24 heurs of es~s. However, he also shCMed 

that in the I..arge Black breed fertile matings can be made at the 

ons et of heat, i.e., up to 54 heurs before ovulation and Hancock 

(1961) reovered eggs in the pronucleate stage fron sows that had 

been mated or insemina.ted up to 72 heurs previously. Hancock and 

Hovell (1962) concluded fran their study of inseminations made at 

varying times before and after the onset of heat, that fai1ure of 

fertilization was 1ikely to be the greatest source of 10ss of 

fertili ty for insemina.tions made before heat and late in heat. 

There is evidence that ferti1ity fo11owing artificia1 

insemination in the SCM varies accoroing to the site of semen 

deposition. Hancock (1959) showed that ferti1ity in sows was 

higher when semen was deposited into the uterus compared to semen 

deposited into the cervical canal. In a 1ater study Hancock and 

Hovel1 (1961) found that intra ... uterine inseminations with 20 ml. 

of semen a10ne resu1ted in significant1y superior ferti1ity to 
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conventional insem:inations (into cervix) with 120 ml. semene This 

canparison of fertility was made between numbers of sows with all 

ova c1eaved (or "fertilized") and sows with none c1eaved (or 

"fertilized") • 

In a study on the minimal volune of semen and the number of 

spenn for fertili ty in artificially inseminated swine, Wiggins 

~ al. (1951) obtained 29 percent ferti1ity in gi1ts insemina.ted 

with 0.1 cc. of sarnen diluted to 50 cc. and an average fertility 

of 91 percent wi th 20 cc. of semen di1uted to 50 cc. In sows, they 

obtained 42 peroent fertility with 1.0 cc. sernen di1uted to 50 cc. 

Stratman and Self (960) showed that inseminations with 50 ml. 

vol1.Dœ of semen gave a higher surviva1 rate and greater peroent 

conception than either 10 ml. or 20 ml. Results we:re not signif­

icantly different for total number of spenn inseminated wi thin the 

limits of the experiment (2.5, 5.0 and 10.0 billion spermatozoa). 

2. GENETIC ASPEcrS 

a. B1000 Groups in Swine 

In early studies of animal b100d groups, attempts were made 

to relate animal blood groups to those of man. Pigs for examp1e 

have :red b100d cells which are ag~utinated by anti-A antibody. 

These pigs are classified as group A and until a decade or 50 ago, 

A versus non-A was the only diffe:rentiating blood group in pigs 

for which ti1e genetic basis was known. 

The early studies of pig blood groups have had obscure 

applications. Pigs of superior productivity we:re being developed 
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but litt1e was being 1earned about :individual genes causing 

differences among pigs. '!he effects of genes for coat colour we:re 

analysed, as wen! the effects of a number of undesirab1e traits. 

Rasmusen (1964) pointai out, however, that these genes we:re not very 

satisfactory to study in bn!eding experiments because they we:re not 

a1ways readily identified and lI'.a.y sometimes be inf1uenced by 

environment. In addition, genes for undesirab1e traits a:re expensive 

to ma.intain in an experimenta1 herd. 

Many different b100d types have been reported in the pige By 

a systema.tic studies of pig b100d groups new b100d factors on pig 

erythrocytes have been detected by means of immunization. These 

have been classified into fourteen genetic systems (Hojny and Hala, 

1965; Andresen, 1966). Unlike the genes in earlier reports, these 

genes controlling the blood group systems are particularly useful 

as genetic markers. The red blood-cel1 antigens which they determine 

are influenced very little by environment, none of them have ma:riœd 

undesirable effects and their distribution can be accurate1y 

deter.mined tram generation to generation in breeding experiments 

(Andresen and Baker, 1963). 

b. Senun Pn:>teins 

Smithies (1955) and Smithies and Walker (1955) demonstrated 

how starch gel electrophon!sis could be used to show that serum 

proteins were genetically controlled. Kristjansson (1960) in his 

studies with swine concluded that the synthesis of serum-protein P 
Has under the control of a single pair of alleles exhibi ting partial 

dominance. Later, using starch gel electrophoresis, Kristjansson 
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(1961) observed ten haptoglobin fractions in sera collected tram 

Yorkshire and landrace pigs and fran the reciprocal crosses between 

these breeds. He also presented data in support of the hypothesis 

that the synthesis of haptoglobin l, 2 and 3 were under the control 

of alleles Hpl, Hp2 and Hp3 respectively and that an individual 

possesslng only one of the haptoglobins is homozygous for the allele 

controlling the synthesis of that haptoglobin and that an individual 

possessing two of the haptoglobins is heterozygous for the alleles 

cantrolling these haptoglobins. 

Imlah (1965) :reported on an investigation ca.I"I"ied out .in pigs 

to detect the possibility of association and genetic linkage 

between :red cell factors and the genes controlling seron· proteins . 

at the trensfelTin, haptoglobin, haem-b.inding globulin, ceruloplasml:n 

and amylase loci. He claimed that the transfel'l'inlocus in the pig 

showed th:ree alleles Tfél, Tfband TiC 'With six possible genotypes. 

The haptoglobin of pigs is believed to be :rep:resented by two possible 

genotypes only. In the same study Imlah (1965) fotmd four alleles 

for the haem-binding globulins with ten possible genotypes, two 

alleles of the ceruloplasmins and three alleles for the amylase 

locus. However, Widcbwson and Newton (1965) fOI' their program of 

double mating, conside:red that there would be an insufficient 

nunber of phenotypes available to make indentification easy should 

starch gel electrophoresis of the p-globulins be used. 

c. The Evaluation of Genetic Material 

Genetic material is generally evaluated on the basis of pedigree 

or family infonnation, phenotype and progeny testing. The particular 
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fo:rm it takes wou1d depend on the type of rnaterial,.the infonnation 

available or that can beccme available and the interest and objective 
, . 

: .' \. : 

of theresearcller. Pedigree .QJ1'-family infonnation has been used 

in dairy ard.mals for many years. .American Ayrshire bull cal ves 

were d.:i.stiriguishedat régistrationas "Preferred Pedigree" t "Approved" 

. or "Se1ected Pedigree" according' to their performance pedigrees. 

Investigations: showed that three out of every four "Preferred" 

bulls, and two out of every three "Selected" have produced daughters 

of higher than average perfonnance (Nichols, 1957). However, this 

rnethod of evaluation is quite often based on ancestors derived 

from selected groups and also include gross inaccuracies. 

Collateral re1ati ves, such as brothers and sisters, aunts and 

uncles have been used as a progeny test of sorne ancestor. '!he 

conditions under which such tests are useful depends on (i) the 

observed sibs to the individua.l being tested are numerous (ii) the 

characteristic is expressed in only one sex (iii) measuring the 

characteristic destroys the individual before it can reproduce or 

(iv) the c1.aracteristic is all-or-none in its expression. '!hese 

conditions a11 have attendant disadvantages and often cannot be 

met in experiinental work. 

D3.iry researchers have been concerned for sorne t:ime as to which 

method is best for detennining which bulls are transmitting the 

highest milk production. '!hree main methods have been considered 

Cl) the simple average yield of the sire's daughters (2) the 

comparison of daughters with their dams and (3) the comparison of 

daughters with their contemporaries in the same heros. Edwards Cl932) 
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considered progeny testing within a henl. By grouping the dams 

into two groups according to their yield. he found that the two 

rnost consistent assessment ~lf the wo groups of daughters was the 

simple average production. Because artificial insemination can 

spread a sire' s progeny ove!" many heros. the situation becomes quite 

different. MacArthUI" (1954) suggested that siœs be judged by 

comparing their daughters wi th their contemporaries in the same 

hem. However, Robertson !:!.~. (1956) believed that sorne method 

based on contemporary canparisons could be developed to give a 

satisfactory evaluation of sires used in different heros at different 

production levels. Based on the assumption that differences between 

herds at different levels of production are in the main due to 

differences in management rather than to differences in breeding 

value they presented a method for estimating the overall contemporary 

comparison. Gaunt and I.egates (1955), in D.lI.I.A. data in the 

United States, suggested that the daughter-contemporary differences 

had much usefulness as a basis to co~ct for certain environmental 

effects, particularly '.vhen large differences exist between heros. 

d. The Reduction of Environmental Variation 

In cattle, sheep and swine researchers have attempted to reduce 

envi.ronmental variation by the use of twins and li tter mates. King 

and I:bnald (1955) in an analysis of intra-pair variances in live­

weight in dairy cattle have partitioned the sources of variation 

into canponents, e2, an environmental canponent occurring within 

twin pairs; g2, the genetic variation; and m2, the dam and other 
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factors so that the following relationships obtain: 

Monozygotic - HZ - e2 

Dizygotic - l}Z - e2 + 1/2 g2 

FullSibs - FS - e2 + 1/2 g2 + m2 

Half Sibs - HZ - e2 + 3/4 g2 + m2 

Unrelated U - e2 + g2 + m2 

These relationships exemplify the changing importance of sources 

of variation as one moves from monozygotic twins to a pair of 

Ul'lI"elated anbnals. In another study IOnald (1958) reported on the 

variances in liveweight at three months and at eighteen months of 

age for paired anirnals of differing degrees of relationship renging 

froID 100 percent (one-egg twins) to 0 percent (unrelated) in cattle. 

At both ages, intra-pair variance increased as relationship diminished 

but more so at eighteen months. It also increased substantially 

froID contemporaries to non-contemporaries. Watson (1961) studied 

variation in milk yield and butterfat percentage using paired lactation 

records of milk yield and fat percentage from experimental twins 

and cOllll"œrcial twins, full sisters and half-sisters. He observed 

that as the degree of eontemporaneity of pair members dee1ines the 

within-pair variances increases in size and the between-pair component 

deereases. 

In experiments involving polytoeeous species grouping by litters 

has been used for a long time t partieularly in feeding exper:iments 

where the effect of a specifie diet is being investigated. 

Quenouille (1954) eites an extrema examp1e of an experiment conducted 
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at the Rowett Research Institute in Aberdeen. In this experiment 

the weight gains of eight li tters of five rats were measured. The 

animaIs of each litter were fed on five diets. After the variation 

in weight gains due to litters was rerroved, the trea1Jnent-canparisons 

when tested were found to be non-significant. However, a specifie 

comparison previously planned in the experiment was shown to be 

highly significant indicating the increased· accurecy in the 

treatment canparisons. 

e. Systems of Mating in Swine 

Mating systems have received rnaj or attention in swine breeding 

resea.rch in an attempt to discover effective methods for the 

genetic improvement of econornic traits of low neritability. 

Stanislaw ~~. (1967) undertook a study to obtain est:ima.tes of 

specifie parameters in purebred and crossbred populations of swine 

for 56-day weig.~t, postweaning average daily gain and probed back: 

fat. Theil' studies showed that though variations in 56-day weight 

were largely due to non-genetic causes, the genetic variance 

accounted for a greater portion of the total variation in cross­

breds than in purebreds. 

The systems of mating that have been favoured in swine 

generally involve sorne fom of crossbreeding. Following the 

success of hybrid corn in the United States, animal researchers 

devoted much time to crossing two or more breeds in an attempt to 

obtain recombination of sorne of the best characters. Roberts and 

Caroll (1939) and· Wsh ~ al. (1939) report seme of this work frem 

Illinois and Iowa respectively. The latter publication also 
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reviews published material on cross breeding of swine. Ccmstock 

(1960) points out that any attempt to assess the improvement in 

ma.I'ket hogs that is likely or possible, poses two issues. The 

first is a consideration of the improvem.ent likely to be achieved 

in· the purebreds themselves and secondly, how much of this will 

be reflected in animaIs produced by crossing the breeds. 

CoImnonly, boars of three or foUI' pure breeds or lines are 

used in rotation and crossbred replacement females ~ saved each 

generation for the production of marl<et hogs. In an interesting 

study to detennine whether progeny sired by crossbred sires were 

more variable than those sired by purebred sires, Rempel ~~. 

(1964) found that differences in perfonnance between progeny of 

purebred and crossbred sires existed only for backfat thickness 

and daily gain and concluded that the use of crossbred sires in 

systematic crossing systems need net result in increased variation 

among the progeny. 

The evaluation of mating systems in swine is beset with many 

problems, the chief of which is environmental variation. However, 

Roberts and Caroll (1939) Pointed out that purebred and crossbred 

pigs from different dams showed greater énvironmental differences 

than among purebred and crossbred pigs farrowed in the same litter. 

Such environmenta.:. differences might therefore mask the real effects 

of crossbreeding. The double mating technique for the production 

of purebreds and crossbreeds or backcrosses and three-breed crosses 

in the same litter seems to be ideally suited for adequate testing 

of these systems of mating. 



III. 'lliEORETICAL CONSIDERATIONS IN OOUBLE MATING 

The obj ect of a double mating program in swine is to provide 

a more sensitive method of assessing the relative merit of mating 

systems and evaluating boar8. As ear1y as 1939 ÙlSh!:!!!. (1939) 

in a we1l documented report indicated that the preponderance of 

evidence on the evaluation of crossbœeding work pointed to the 

same general conclusions as to the advantages of crossbreeding 

over purebreeding~, He argued that especially in exper:iments in 

which small numbers of pigs were invol ved there was insufficient 

evidence to show statistically significant differences but that 

the combined t,.leight of a11 the evidence was ovenlheJming. Double 

rna.ting provides a more reliable measure of the effects of different 

types of breeding as weIl as a measu:re of the relative rneri t of 

boars since differences between dams are eliminated. 

When sows are mated to two boars during the same heat period 

or inseminated vii th a spenn mixture fron "t'wc males. the resul ting 

litter may have progeny which are half-sibs in the sarna litter. 

Genetically this is a unique situation in that theoretically the 

composition of the mean squares would be: 
t i a 

Betloleen litters k3 G'pig + k4 (j sire + kS cr lit 
Between sires 
within litters 

Between pigs 
within sires 
within litters 

a. 2-
k

l 
(j. + k

2 
ft . 

p~g s~re 

2. 
(j pig 
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Baker .5.~. (1943) in an attempt to assess the ,~relative importance 

of heredity and environment in the growth of pigs at different ages 

recognised the theoretical canposi tion of mean squares and inter­

preted the three variances as follows: The variance expected 

between pigs in the sarne litter was designated R. 'IWo pigs having 

the same sire but belonging to different litters may differ in 

whatever affected one litter but not the other and therefore this 

expected variance they designated as R + L. The variance expeoted 

for pigs differing in both li tter and sires would contain R + L + S. 

The genetic implication in these two situations is readily seen in 

that in the double mating situation sires may be tested on a within 

litter basis while in the situation as outlined by Baker !E.~. 

(1943) evaluation would be ~n a between litter basis. In this 

same paper this is weIl demonstrated where in their test of variance 

between sires, the appropriate error was the mean square for between 

litters by the same sire. This error tenu is inflated by existing 

differences between dams as weIl as environmental differences 

peculiar to a Utter. 

The power of a double mating experiment can be illustrated 

roughly by analogy to the randomized complete block exper:iment in 

which means are tested against a m:>re refined error in contrast to 

a canpletely randornized plot experiment in which the error tenn 

contains all extraneous sources of bias which cannet be associated 

wi th treatments. In the hypothetical exarnple which follows, 

estimates of within litter variance and sire variance for l54-day 



weight in pigs ëP.;e taken f:rom the report of Craig ~!l. (1956) 

and are given as 164 and 2S respectively. 

Assuml.ng that a diffe:rencein meri t between two boars is to 

be established and it is asswned that a difference of 6.0 lb. for 

l54-day weight is the .minimal difference worth considering, the 

number of litters required to establish this difference can be 

roughly computed by use of the statistic "t" (Federer, 1955), in 

the fonnula: 

r = 

where t = t-value at 0.05 percent level for the d.f. associated 

with S2 

S2 = estimated experimental errer variance 

d = specified worthwhile differences. 

By substitution in our hypothetical example, we find that for 

single matings: 

r = ~ih§=t~.2L1§~ = 25 litters 
6.0 

and for double matings: 

Even though this formula at best· provides only a very rough 

estimate of requirements,it demonstrates the relative requirements 

for establishing differences under both types of experimentation. 

It should be pointed out that the assurnptions for computing the 

nurnber of litters required are that litters have equal representation 
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from both boars, that there is a 100 percent survival. More 

important it assumes that the appropriate errers are not affected 

by any extraneous factors. 'Ihese assunptions are highly idealÏstic 

and can never be attained in animal expe,rimentation. 

The double mating technique is comparable to the utilization 

of identical and fraternal twin cornparisons or sire daughter 

averages and contemporary ccmparisons in dairy cattle. Edwards 

(1932) by grouping dams according to yield found that for judgement 

within a herd the most accurate simple criterion was the simple 

daughter average. Robertson::!. &. (1956) have pointed out that 

this was due to the fact that the heritability of milk yield is 

low and that when bulls were used in different herds at different 

levels of management, the situation becomes qui te different. In 

the same paper, these workers presented a most striking example 

of considerable difference between the average yield of the bull' s 

daughters in different groups, while the difference between the 

daughters and their contemporaries were more oonstant. The 

significant point here lies in the fact that for contemporary 

canpmsons, each "herd year" contains two groups - the daughters 

of the bull being tested and other contemporary heifers. Differences 

are then weighted in accordance wi th the numbers in each group. 

By way of comparison, the double rnating technique provides a 

similar opportunity of evaluating two boars within a single litter 

group. The essential element in these two situations is that bu11s 

or boars may be j udged from the perfonnance of their progeny under 

the same condition9~ 
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In expe:ciments invol ving the utilization of twins the main 

advantage lies in the degree of environmental control. Maternal 

half-sibs differ from patemal half-sibs through the influence of 

the matemal environment during the pr'eIlatal and postnatal periods. 

Koch and Cla.rk (1955) point out that its influence may be inferred 

fram observation and by camparing relationships when it has been 

excluded with those in which it has been included such as paternal 

half-sibs campared with maternal half-sibs. This situation is 

paralleled in every oouble-mated li tter in which the li tter has 

representatives from both boars. 

1):)nald (1958) in a study of variation in twin cattle has 

partitioned the variation in both monozygotic and dizygotic twin 

cattle. 'Ihe pre-and post-natal environments (e2) are the only 

known source of variation for within pairs of one-egg twins; this 

is inflated by a half of the genetic variation (g2) characteristic 

f:rom which the parents corne in the case of ~-egg pairs. Half­

sibs on the other hand would contain three-fourths of the genetic 

variance as well as the maternal effects (m2) due to their having 

different dams in addition to the error variance of the same order 

of size as that shown by twins. 

In the double-mated litter, the matemal camponent is of 

COl..U"Se replaced by a camponent due to sire since progeny of 

different bœrs are paternal half-sibs. Fobertson (1950) in citing 

four reasons for the resemblance of monozygotic twin pairs wams 

that though these rea.sons (genotype, prenatal and postnatal 

environment, contemporaneity, similar local environment) seme of 
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which may be trivial, in their net effect cou1d effectively acco1..U1t 

for a reduction in environmental variation. Significant interactions 

could of course reduce the efficiency of twin experimentation as 

po:inted out by King and I:.bnald (1955) when one mernber of a pair 

is assigned to one treatment and the other to a second treatment. 

In such a case the error tenu is inf1ated by a treatment-set 

interaction un1ess this is computed. Likewise. in a double-mati:ng 

exper:iment i t is concei vable that interactions could reduce their 

effectiveness as a method for evaluat:ing mating systems and boars. 



IV. DATA SOURCE AND METHODS 

a. General 

The data used in this study constitutes a nurnber of double 

matings made in the Macdonald College Swine Hern during the period 

1964-1966. 'llie total number of 1itters was 105 and involved 1,149 

pigs. Of these there were 70 litters in which there were represent­

atives from two bœrs. These 1itters :represented purebred Yorks~, 

purebred Landrace, purebred lacombes, single crosses, backcrosses 

and their reciproca1s together wi th a n1.iIlber of 3-way crosses. 

Sixteen of the 105 litters involved matings in which a large Black 

boar was double mated with a purebred Lacombe, Landrace or Yorkshire 

female or crossbred of any two of these breeds. Data from these 

litters ".Nere considered only in the evaluation of the reproductive 

phase of this study. 

The mating plan in the double mating program may be 

represented as follows: 

26 
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Ci) Purebreds vs. Crossbreds 

(ii) Backcrosses vs. 3-wayCr>osses 

Sires Dams 

York-L:md York-lac . Land-lac 

Yorkshire 
:'; * 

landrace 

Yorkshire 

* )~ 

Lacombe .-

Landrace 

* * I.acombe 



28 

The on1y restriction to the above plans for mating was that. 

the matings between parents facili tated the use of the two b100d 

group markers used in the program. This did JJmi t oonsiderably 

the number of sire combinations that were possible and as a result 

double matings not meeting the specifications of the original plans 

were carried out and are included in the analysis where theyare of 

value. 

b. B100d Group Factors â.3 Markers 

Unlike earlier work on double matings reported in the 

literature, iDentification of offspring was by b100d groups. 

B100d samp1es of al1 stock: were taken routine1y and shipped to 

Miss R. Saison of the Lepartment of Veterinary Bacteriology t 

Ontario Vete:cinary Cb11ege t who kindly typed the samples. 

c. General Procedures 

Al1 breeding stock were typed for 21 b100d group factors. 

'IWo systems were chosen for use in the double mating program. 

The L-system and the N-system. Each system has two alle1es which 

fbnn closed systems. la and Lb and Na and Nb. The possible 

genotypes in each system are: 

la La, la lb and Lb Lb 

Na Na, Na Nb and Nb Nb 

M3.tings were arranged whereby ccmbinations of one of the 

above systems in the b100d group patterns of the sow and two 

bœrs invo1ved will ensure identification of the sire of each of 

the progeny. B100d types expected in the progeny frorn single 

matings for the L-system are: 



Type of Mating 

la xia 
la)cL3b 
labx· I.ab. 
!.ab xLb 
lbxLb 

BloOO Types of Progeny 

la 
La I.ab 
.l.à .... Lab 

·Lab •.. 
lb 
Lb 
lb 

eN may be substi tuted for L in the above table for the il')heritance 
of the factors of the N-system). 

Possible matings for blood factor identification of progeny 

frem double matings for the Ir-system are: 

Blood Type of Sows 

la x 

lb x 

Blood Type of Boars 

Boarl La 
BoaI' 2 lb 

BoaI' 1 Lb 
Boar 2 La 

Blood Type of Progeny 

La 
!ab 

lb 
Lab 

eN may be substituted for L in the above table for the inheritance of 
the N-system). 

Ail progeny from double matings were bled and typed with a 

battery of reagents. Each animal was assigned to its sire on the 

basis of inheritance of the L- or N- factors. In addition, from 

the results of the comprehensive tests, it waspossible to recognize 

the homozygous animals for factors other than the L and N systems. 

Other factors were used in a limited ntrnber of mating combinat ions 

for animals not suitable for the program on the basis of the 

Ir- and N- system. 



d. Mating Techniques 

Of the 1itters fa.r.t:"CMed as a result of matings done during 

1964, niIle of them were ·from naturalinatings. However, the project 
, . . . . .. '. ," . " 

was origina .. 11yconceived with theidea of u. sing theartificial . . . 

lnsemination technique. Forthetnôs-!:"pc#t,artificia1insemination 

was the technique usedbut for a short period in the. fail of 1965 

low conception rates necessitated the use of natura1 matings as 

we11. It should be pointed out that the low conception was· not 

believed to be due to the artificial insernination technique but 

rather was the resu1t of a number of other factors peculiar to 

the herd. A most out standing observation was that this period 

of low conception fo11owed a period When sows were id1e for about 

two or three estrous cycles during remodelling of the barns. 

A further contributing factor may have been the f~ct that 

estrus control was incorporated into the ear1y studies on insem-

ination tec1mique and sows were inseminated wi thout reference to 

the extema1 signs of heat. 

e. Collection and Evaluation of Semen 

Boars were trained to mount a wooden durruny. first in the 

presence of a sow in heat. Later the sow vias not necessary and 

collection could proceed using the dUlIUllY. 

Collection of semen was by the gloved-hand technique. \.Jho1e 

semen co11ected into insulated bottles was then strained through 

gauze and the total volume was recorded. A drop of strained semen 

'was p1aced on a wann slida and examined microscopically. A rating 

based on a percentage scale was made for the proportion of moti1e 
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spenn. In addition, type of motility Cbased ona scale of 1 - 5, 

considerationbeing given to direction andvigourwith,which sperm 

propel themsel ves) was ·recorc1edè. .. Fin~ly •. a oo~t:6fnOnnal's~nn 
cells was macle,usmg a.sp~cer~cytometer;whoie~~was··· 
diiutedWith'sodiumcitt'ateso~trt~n' vlitha::fewctfups offOrmaldehyde 
'. '" . . . 

. addedt:0)~llth:e.·sperm.. ........ ' 
. . . : ' . 

f~ . Inseminations 

"A minimum of 10 billion sperm in 100 ml. of mixed semen was 

used per insemination. Where the concentrations of semen from 

any two boars varied widely, an egg yolk bicarbonate-glucose CY .B.G.) 

extender was used to provide equal spenn concentrations from each 

boa.!" in the mixture. 1hese ma.tings were compared wi th ~riiatings 

carTied out with inseminations on an equal volume basis ignoring 

spenn concentration as well as rnatings in which one boar rnated 

naturally while the other was clone artificially. In the case of 

these mixed inseminations, artificial insemination always followed 

the naturel mating immediately. 

g. Traits Used in the Study 

FOllowing slaughter of animals Cusually within a week of 

attaining the market weight of 190 lbs. body-weight) a reco:rxl of 

the weights of carcass, R.O.P. (record of perfonnance) and caranercial 

cuts were obtained for each animal. Direct tracings were made to 

record the area of eye of lean C!!!.. lOngissbnus dorsi). 

Pm index of carcass value calculà"ted on the value of the fout' 
primaI cuts (left-side on1y) as follows: 
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Index = CO. 43 x td.lmn~d ham) + (O. 36 x trirraned shoulder)+ 
CO.55 x tr:imned loin) + (0.39. - R.O.P. grader xtr:i.mmed 
belly 

CR.O.P. be11y gradesrun1-Exoellent, 2 - Good, 3 - Fair, 4 - Poor) 

GroWthtmits included in the study were weight-for-age for 

birth, 21 days, 56 days and 154 days of age. 



V. METHOD OF ANALYSIS 

'!he analysis of variance is a commonly used statistical method 

by which estimates of a number of variances are made and by which 

the significance of differences between these estimates is deter­

mined. With equal subclass frequencies the effects and sums of 

squares for totals are obtained directly fram the class'or subclass 

totals.and in fact is really a method of simultaneous consideration 

of all effects. 

In this study unequal subclass frequncies cause the different 

classes of effects to be non-orthogonal. Thus it is necessary to 

consider ail effects simul taneously in oroer to free them frcm 

entang~anent. The method of analysis used is that of least squares 

estimates as outlined by Harvey (1960). 

The standaro mathematical model for the analyses and the 

assunptions underlying i ts use \-.Tere as follovlS: 

Vlhere 

y- -kJm represents a measurement on the m th pig of the lth sex 
~J . from the k th sire in the jth mating syste.m and the 

i th litter 

u represents the population mean men equal frequencies 
exist in all subclasses 

aï. represents an effect COlID1lOn ta all pigs of the i th 
litter 

b- represents an effect corranon ta all pigs of the jth 
] mating system 
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CJ< ~presents an effect common to aU pigs of the kth 
Sl.I'e 

gl represents an effect cormnon to all pigs of the l th 
sex 

eijkl represents the random errors which are assumed to 
be N.I.D. (0, G'e2) 

All interactions are assumed to be equal to zero. In this 
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model ~ - the litteI" effect, is assuned to be random, while bj' 

CJ< and gl - the mating system, sire and sex effects respectively, 

are considered as fixed. 

The least squares equation for the model may be represented 

in tabular fom as follmvs: 

" u 

u . n . • • • • 
a· • 
~. 

b- • 
J" 

CJ<: 

gl; 

A 
a· ~ 

n· 
~ ... 

n· 
~ .. 

... 
b· ] 

9 .. 
n·· 
~] . 

n· . ] 

R.H.M. 

n •• k n ••• 1 = Y • ••• 

ni.k nij .1 = y. 
~ ... 

n.jkl n • .kl = Y • 
.J • 

n .. Je n 
• .1 = Y •• k 

n 
• .1 = Y ••• 1 

The first equation pertains to the estimation of '" • the 

1eft-hand members (L.H.M.) of the equation, i.e., the equations 

to the 1eft of the equal sign, gives the number of observations 

in the various subc1a..sses, the right-hand rnembers (R.H.M.) gives 

the sum of the observed values. 
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The second set of equations gi ve the equations pertaining to 

the number of li tters while the third set refe!'!S to the mating 

systems; etc •. T,he. restrictions to .pennit calculation of the 

least squares. were: 
#If.. 1\'. _ 

l+. +.a·= ~ 
~"'E.~ ~A 
~bj = k~k = 19l = 0 

Sirice the number of equations were toc large to be handled 

for analysis U + ai sets of equations ~ absorbed and the reduced 

matrix ,vas sol ved for fixed effects. 1he li tter data were then 

corrected for fixed effects and the corrected SUIn of squares for 

ai effects were computed. The computationa1 work was carried out 

on an I2f'1 1620 computer. 



VI. RESULTS 

1. ŒIARACTERISTIŒ OF !HE DATA 

Fourteen boars sired the 1,i49 pigsfarrowed in the 105 litters 

tl7hich were .. obtained inthis double· mating studY. Tables l and 2 

show the. breakdown by mating type, number andpercentage of pigs 

sired by breed of bœr as T.vell as the number and percentàge survival 

to 21 days. 

'Ihe distribution of offspring sired by one boar ranged between 

25.0 percent and 74.7 percent when matings were made to purebred 

females while matings with crossbred females showed a wider range 

(16.2 percent to 90.8 percent). Al though thto: total number of 

matings to crossbred females were fewer in number the distribution 

of offspring by sires with crossbred females was more variable 

than was the case with purebred fema.les. It must be pointed out 

however that most of the observed variation of sire representation 

in li tters ~-lere in those li tters Vlhich Vlere in combinat ion wi th a 

Large Black boar. All combinations wi th this boar were of the 

"mixed" type, i. e ., a natural by the Large Black which was mature 

when acquired, follo:.ved by a naturel mating or Insemination with 

semen from a second boar. 

In the original mating plans the intention was to place 

emphasis on comparisons between purebreds and crossbreds where 

purebred sows were used and to compare 3-way crosses and backcrosses 
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Breed of 
Sire 

Yorkshire 

Landrace 

Yorkshire 

Lacombe 

Landrace 

Lacombe 

L'Black + 
York 

Land 

Lac 

TABLE 1: TOTAL NUMBER OF PIGS BORN, FROM PUREBRED DAMS TOGETHER WITH DISTRIBUTION 
AND SURVIVAL TO 21 DAYS OF AGE 

YORKSHIRE DAMS LANDRACE DAMS LACOMBE DAMS 

Lits Pigs % No. % Lits Pigs % No. % Lits Pigs % No. % 
Far' d Born Si:red SUI"V. SUI"V. Far'd Born Si:red Surv." Surv. Far' d Born Si:red SUI"V. Surv. 

28 46.7 23 83.7 63 74.7 54 86.1 23 47.7 19 83.2 
6 8 4 

32 53.2 25 76.9 21 25.2 17 82.3 25 52.3 20 80.6 

31 48.7 25 81.6 40 43.6 30 74.9 16 53.9 11 72.1 
6 10 7 

32 51.2 24 73.8 51 56.3 41 81.3 13 46.0 10 78.8 

66 46.3 56 84.2 23 46.3 20 86.4 5 30.6 4 80.0 
11 4 2 

77 53.7 59 76.8 26 53.6 17 66.6 12 69.3 9 75.0 

44.4 19 81.6 75.0 6 75.0 51.2 13 81.0 

4 54 55.5 25 83.2 1 12 25.0 4 100.0 3 31 48.6 12 79.5 

CI.,) 

-..:J 
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Breed of 
Sire 

Yorkshire 

Landrace 

Yorkshire 

Lacombe 

Landrace 

Lacombe 

L'Black + 
York -

Land 

Lac 

TABLE 2: TOTAL NUMBER OF PIGS BOrul, FROM CROSSBRED DAMS TOGETHER WITH DISTRIBUTION 
AND SURVIVAL TO 21 DAYS OF AGE 

YORK-LAND DAMS YORK-LAC DAMS LAND-LAC DAMS 

Lits Pigs % No. % Lits Pigs % No. % Lits Pigs % No. % 
Far'd Born Sired Surv. Surv. Far'd Born Sired Surv. Surv. Far'd Born Sired Surv. Surv. 

8 23.5 7 87.5 20 59.7 17 85.0 17 64.7 16 94.1 
3 3 2 

26 76.5 21 82.8 13 40.2 Il 87.8 9 35.3 7 77.8 

13 63.8 Il 84.6 76 76.5 67 88.0 27 66.0 18 66.6 
2 9 4 

8 36.1 7 87.5 23 23.5 19 84.2 14 34.0 10 71.6 

28 84.7 25 89.1 33 55.0 25 75.7 
4 4 

5 16.2 4 80.0 27 45.1 22 81.2 

43.1 16 84.4 n.1 29 85.2 90.8 16 86.3 

3 44 56.8 25 80.0 3 46 28.8 10 76.8 2 21 jg::,iO 1 50.0 

w 
00 
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on a within litter basis where crossbred sows were involved. The 

problem of identification based on two blood group systems presented 

a considerable restriction. Thirty-one litters out of purebred 

sows and 19 litters out of crossbred sows met these restrictions 

for a total of 50 litters. The 31 purebred sows farrowed 42.4 per­

cent purebred pigs and 57.6 percent crossbred pigs. In the 19 

litters involving crossbred sows, there were 55.6 percent backcrosses 

and 44.4 percent 3-way cross offspring. The remaining double mated 

litters pro vide additional infonnation on the effect of double 

mating on litter size and distribution of progeny. 

Data on growth and carcass information after ma.rketing each 

pig consti tute a complete record. There were 474 pigs providing 

complete records. 

2. TEŒINIQUE AND EVALUATION STUDIES 

a. Preliminary Technique Studies 

Preliminary studies on the different methods of service were 

classified into three categories, viz t naturel mating in which both 

boars were allowed to mate the ferna.le naturally during a single 

estrus; artificial insemination, in which the inseminate comprised 

a mixture of sernen from two different boars and ''mixed" in which an 

insemination was made with semen from a second boar following a 

natural mating by one bœr. These "mixed" services are sanewhat 

biased in that they invol ve natural matings by one or two bœrs 

Which did not respond to training for senen collection. The number 



of litters produced, total number of pigs bom, the average litter 

size and the percent sired by one boar are shawn in Table 3. The 

"mixed" service failed to produce split litters, all offspring being 

sired by the boar providing the natural service. However, only two 

were attempted during this prel.iminary periode The percentage 

distribution of the progeny that were purebreds, crossbreds, back-

crosses or 3-way crosses are shown in Table 4. 

b. Representation in Double Hated Litters in Relation to 
Mating Teëfuîique 

Table 5 surmarizes the representation of sues in double mated 

li tters in relation to the mating technique that was used. Of the 

105 double mated litters farrowed, 62 litters or 59 percent were 

litters in which there were rwo or more pigs pel' litter sired by 

each boar. On the other band, the cor.responding figure for natural 

double matings was three out of nine litters or 33.3 percent, and 

for "mixed" services in which double mating was accornplished by a 

natural mating followed by A. I. the figtID3 was eight out of 18 

litters or 44.4 percent. 

When the two methods of artificial insemination (equal volune 

and equal concentration) a..re compared i t can be seen that for 

insern.:inates providing equal spenn concentration fram each boar 

there were four out of 12 litters or 33.3 percent of the litters 

farrowed, having two or more pigs sired by each boar. Correspond-

ingly, for inseminates comprising equal semen volumes there were 

47 out of a total of 66 litters or 71.2 percent of the litters in 

whi-ch there were two or more representatives from each bœr. 
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TABLE 3: NUMBEROF LITTERS, PIGS BORN. AND PER CENT SIRED BY ONE BOAR 
FOR THREE METHODSOF SERVICE DURING PERlOD OCT. 10, 1964 Te 
DEC~ 17,1964 

Type of No •. Lits No. Pigs Avg. Lit. % Pigs Sired 
Service Born Born Size By One Boar 

Natura1 9 117 13.0 88.0 

Artificia1 16 200 12.5 67.0 

Mixed* 2 20 10.0 100.0a 

*Natura1 mating fo11owed by A.I. 

aA11 pigs sired by boar providing natura1 service. 

TABLE 4: PER CENT DISTRIBUTION OF PIGS BORN SHOWN ACCORDING TO MATING 
TYPE. 

Mating Type Natura1 Artificia1 A.I. & Natura1 

Purebred 31.1 3.1 o 

Crossbred 68.9 96.9 100.0 

Total 100.0 100.0 100.0 

Backcross 40.9 49.1 100.0 

3-way cross 59.1 50.9 o 

Total 100.0 100.0 100.0 
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TABLE 5: SUMMARY OF SIRE REPRESENTATION IN DOUBLED MATED LITTERS IN RELATION TO MATING TECHNIQUE 

Number of Litters in Eaeh Mating Type 

Representation Artificial Inseminat ion, Mixed 
Natural 

Total Mating 
Equal Cone. Equal Vol. Natural & A.I. 

Single sire represented 5 6 15 9 35 

AlI but 1 pig from a single boar 1 2 4 1 8 

AlI but 2 pigs from a single boar 0 0 9 1 10 

3 or more pigs from each boar 3 4 38 7 52 

Total 9 12 66 18 105 

-

\ 

+=' 
l'V 
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In an attempt to ascertain the main causes of pool' conception 

in the herd the duration of the experÏlnent was divided arbi trarily 

into foUI" period~. The foUI" periods comprised one four-month period 

extending between September 1964 to Decernber 1964, two six-month 

periods in 1965 while 1966 was considered as a single periode The 

nunber of sows serviced, the nunber of sows producing litters and 

the farrowing percentages and the type of mating done are s1..ll11lllaI'ized 

in Table 6. 

The p:3rcentage of sel"'Vices r9sulting in iitters farrowed range 

between 20 percent arrl80 percent. Generally pool' conception rates 

were obtained from inseminations with mixtures in whic.l-} there were 

equal spenn concentration (27.2 percent and 20.0 percent). During 

the period July 1965 to December 1965, poOl' conception rates were 

also obtained from inseminations with mixtures comprising equal 

volumes. The pool' conception rates obt~ined in the earlier period, 

January 1965 to June 1965, correspond to that period in "lhich 

extensive modifications were being caI'I'ied out at the barns and 

sows were left open for tvJO or three estrus periods. For the later 

period the effects of estrus synchronisation trials and temperature 

variations in the use of the egg-yolk-bicarbonate extender may have 

been primary contributoI'S in accounting for the low conceptions. 

Table 7 shows the means for rnotility rating and sarnen count 

together with mean volume for seven boars involved in the preliminary 

phases of this study. Mean volumes varied between 175 ml. and 465 ml. 

for boar #26 and 75 respectively. Spenn count showed seme variation 

and was generally lower than average for boars #73, 75 and 76. 
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TABLE 6: COMPARISON OF DIFFERENT METHODS OF SERVICE SHOWING NUMBERS OF SOWS SERVICED, NUMBER OF SOWS 

FARROWED AND FARROWING PERCENT AGES - SUMMARlZED FOR FOUR PERIODS 

Sept. 64 - Dec. 64 Jan. 65 - June 65 Ju1y 65 - Dec. 65 Jan. 66 - Dec. 66 

a b c d a b c d a b c d a b c d 

No. of sows 
serviced 16 36 5 8 22 25 30 19 64 10 

No. of sows 
farrowed 9 16 .2 5 6 6 6 8 39 8 

Farrowing per cent 56.3 44.4 - 40.0 62.5 27.2 24.0 20.0 42.1 60.9 80.0 

a - Natura1 service. 

b - A.l. with equa1 volumes of semen per boar. 

c - A.I. with equa1 sperm conc. per boar. 

d - Mixed: natura1 service fo11owed by A.I. ç 
ç 
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TABLE 7: SE MEN EVALUATION SHOWING MEANS FOR BOARS EVALUATED DURING 
PRELIMINARY STUDIES 

Boar No. of Mo~ility Rating Count6 Volume 
No. Samples % Index Per Ml. Ml. 

26 23 80 2.5 287 175 

27 14 85 2.0 156 220 

38 18 75 2.0 228 180 

73 19 75 2.0 148 420 

74 15 80 2.0 196 300 

75 13 80 2.0 110 465 

76 11 75 2.0 128 200 
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c. Boar Pet'formance 

Table 8 illustrates the perfonnance of boars invol ved in 

double matings and conc\.l!'rent single matings. There was no signif­

icant difference with t'espect to either average litter size ot' 

survl.val at 21 days between progeny from double and single matings. 

Among the double matings howewt', there wet'e hi~y significant 

differences (P.(. .01) in the proportion of progeny sired by three 

boars while three boars showed significant (P ~ .05) differences 

in the proportion of representation. 

Of those bœrs showing S:ignificance in proportion of represent­

ation in the litters, boat' #76 had a considerably lower peroentage 

representation (29.2 percent) than expectation (50.0 peroent), 

however, he was involved in only three litters. On the other hand, 

boar #26 sired a considerably greater proportion of pigs (72.1 per­

cent) than was expected (50.0 peroent) and was involved in a total 

of 27 litters. 

It appea.rs from the results that the Yorkshire boars tended 

to sire a greater proportion of offspring while Lacombe boat's tended 

to sire a smaller proportion of pigs when double mated. The figures 

for the average li tter sizes for the same boars used in single 

matings indicate no significant deviation fran the average litter 

size of all matings. 

Survival to 21 days was proportional to average litter size 

at birth in both groups. 



e e 
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d. Mating Systems 

(i) Purebred and Crcssbred Comparisons 

Table 9. REPRESENTATION AND SURVIVALTO. 21 nms OF PUREBRED AND 
CROSSBRED PIGS IN 'ffiE. SAME . LITrER. 

TOTAL % No. % 

Purebreds 302·· . 128 42.4 104 ·81.2 

CrosSibreds .. .302 174* 57.6 77.5 

* Significant at 0,'05 percent level of probability(df = 1). 

Canparison of group, totals for purebred and . crossbred occurring .. , . , 
,','.: ". ",". .' 

in'the sarna litters shcw a significantly greater (P<: 0.05) 

proportion of crossbred pigs compared with purebreds. 'lhere was . 

no difference statistically in the mnnber of crossbreds and pu:rebreds 

surviving to2l days (Table 9). 

Further test of differences were made on the effect of breed 

of dam. These.at"eshovm in Tables 10 and 12. In. Table io it can 

De seen thatlandrace damsproduced litters which had a signifièantly 

CP < 0.01) higher proportionbf~rossbreds ~purebred pigs. In 

all other canbinations there was no significance in the proportion 
. . . . - . 

of purebreds and crossbreds in the litters. 
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TABLE 10: CHI-SQUARE TEST FOR RANDOMNESS OF OCCURRENCE OF PUREBREDAND CROSSBRED PIGS IN DOUBLE­
MATED LITTERS 

Breed of 
Dam 

Yorkshire 

Landrace 

Lacombe 

Total 

60 

84 

29 

York Boars Land Boars 

Actual Expt'd Actual Expt ' d 

--28 30 32, 30 ' 

York Boars :Land Boars 

ActualExpt 'd Actual Expt ' d 

63 ,42 21 42 

--
-York:,B~a~s Lac Boars 

Actua( . Expt ' d Actual Expt'd 

. 16 ',. ; 14.5 13 14.5 
',"-

Chi­
Square 

0.13 

10. 5i~,'; 

1.57 

Total 
Pigs 
Born 

York Boars Lac Boars 

Actual Expt'd ActualExpt'd 

63.; ,31'.':, 31.5 32 : 31.5 

.... 

Land 'Boars Lac Boars 

Actual Expt ' d Actual Expt ,t d 

49 23 24.5 26 24.5 

Land Boars. Lac Boars 

Actua1 Expt'd Actual Expt'd 

17 5 8.5 12 8.5 

Expected valueso~.th~'assumptio~ that the ratio fol' each boar shou1d be 50:50 • . " .... '", 

'" ~ 

**Significant at th~,l%l~vel ofprobability (df=l). 

Chi­
Square 

1).008 

0.92 

1.44 

-1= 
(0 
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(ii) Canparison of Backcrosses and 3-t4ay Cr:-osses 

Table 11. REPRESENTATION AND SURVIVAL TO 21 OOS OF BACKCROSSES 
AND 3:"WAY CROSSED PIGS IN THE SAME UTI'ER. 

MATING TaI'AL REPRESENTATION SURVIVAL 
TYPE BORN no. ~ ~o. ~ 

Bacl<crosses 214 119 55.6 101* 84.8 

3-way cross 214 95 44.4 72 75.8 

* Significant at the 0.05 percent 1evel of probability (df = 1). 

Table 11 illustrates the pattern of survival to 21 days for 

backcross progeny and 3-way cross pigs in the same li tter as vlell 

as the representation of these two groups. In this instance back­

crosses had a significantly greater (P <. 0.05) percent age survival 

at 21 days of age than the 3-way crosses in the same litters. 'Ihere 

was no significance with respect to the proportion of representation. 

In Table 12, i t C3n be seen that Iandrece boars crossed wi th 

Yorkshire-Iandrace sows producad a significantly greater CP ~ O. 01) 

proportion of backcrosses than that expected. In all other groups 

the proportions of backcrosses and 3-way cross progeny were not 

statistica11y different. 

e. Evaluation of Sires and Mating Systems 

I..east squares est:i.rnates of the influence of twelve sires on 

gruNth traits are presented in Tables 13 and 14. In computing these 

estimates purebred and crossbred progeny were considered as "one 

group vlhile backcrosses and 3-way crosses were considered as another. 

As can be seen the est:i.rnates are not very consistent and therefore 
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TABLE 12: CHI-SQUARE TEST FOR RANDOMNESS OF OCCURRENCE OF BACKCROSSES AND 3-WAY CROSSES IN DOUBLE-
MATED LITTERS 

Breed of Total Land Boars Lac Boars Chi- Total York Boars Lac Boars Chi-
Dam Pigs 

Expt'd Expt'd Square Pigs Square 
Born Actual Actual Born Actual Expt'd Actual Expt'd 

York-Land 33 28 16.5 5 16.5 8. oo~'n': 21 13 10.5 8 10.5 • 0.59 

York Boars Land Boars Land Boars Lac Boars 

Actual Expt'd Actual Expt'd Actual Expt'à Actual Expt'd 

York-Lac 33 20 16.5 13 16.5 0.73 60 33 30 27 30 0.30 

York Boars Land Boars York Boars Lac Boars 

Actual Expt'd Actual Expt'd Actual Expt'd Actual Expt'd 

-
Land-Lac 26 17 13 9 .. 13.0 1.23 41 27 20.5 14 20.5 1.96 

Expected values on the assumption that the ratio for each boar should be 50:50. 

**Significant at the 1% level of probability (df=l). 
(Tl 

1-' 
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TABLE 13: LEAST SQUARES ESTIMATES OF SIRE EFFECTS ON GROWTH TRAITS (TO 56 DAYS) BY MATING SYSTEM 

Sire 
BIR T H WEI G H T 2 1 D A Y WEI G H T 5 6 D A Y WEIGHT 

No. No. of No. of BC No. of No. of BC No. of No. of BC 
Observe PB-CB Observe 3-Hay Observe PB-CB Observe 3-Way Observe PB-CB Observe 3-Way 

26 17 +Q.72 27 +0.93 17 -1.31 27 +2.58 17 +7.50 27 -0.99 

27 16 +0.47 10 +0.33 16 -1.61 10 -0.4-1 16 +0.4-9 10 -4-.81 

\' 28 14- -0.64- 14- -0.76 14- +1.4-4- 14- -1.16 14- -4-.26 14- -4-.10 

29 23 -0.28 16 -0.88 23 +2.05 16 -2.56 23 -2.19 16 +2.94-

4-1 37 -0.62 37 +1.65 37 -2.06 

38 15 +0.11 20 +0.72 15 -2.4-3 20 +2.10 15 -4-.4-9 20 +4-.4-1 

t.. 51 4-8 +0.4-7 21 +0.35 4-8 +0.01 21 +2.4-3 4-8 +8.09 21 +4-.55 

53 4-2 -0.55 17 -0.4-8 4-2 +Q.85 17 -1.09 4-2 -2.64- 17 +1.03 

73 14- +0.24- 23 +0.65 14- -1.58 23 +0.88 14- -2.16 23 +3.4-2 

74- 62 +0.54- 11 +0.4-2 62 -0.33 Il +1.99 62 +5.29 Il -1.06 
1" 

75 16 -0.4-8 5 -1.02 16 +1.28 5 -4-.71 16 -5.53 5 -5.03 

76 9 -0.26 9 -0.08 9 -0.34- en 
I\J 
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TABLE 14: LEAST SQUARES ESTIMATES OF SIRE EFFECTS ON 154 DAY WEIGHT 
BY MATING SYSTEM 

\ 1 
./ 

Sire 
No. 

26 

27 

28 

29 

41 
.'---~-, 

38 

L- 51 

53 
'--_ .. 

73 

74 
\ ''-'.-v 

75 

76 

No. of 
Observe 

15 

8 

8 

15 

17 

7 

36 

22 

8 

45 

10 

154 D A Y 

PB-CB 

+ 6.71 

+ 3.44 

- 6.17 

- 3.43 

- 6.24 

-23.17 

+28.45 

- 5.65 

-13.07 

+24.16 

- 5.00 

WEI G H T 

No. of 
Observe 

16 

9 

5 

12 

14 

6 

18 

8 

BC 
3-Way 

+3.84 

-3.86 

-3.03 

+4.37 

-4.93 

-6.32 

+4.50 

-3.74 



they do not indicate any definite trend. The estimates for sire 

#51 for birth-weight, 2l-day weight and 56-day weight are consistent 

and may indicate serne advantage in the use of this sire in all mating 

systems. Estimates of the sire effects on l54-day weight are erratic 

and sometimes conflict vIi th those obtained at other stages of growth. 

Least squares estima tes were also computed for carcass traits - area 

of eye of lean and the index of carcass value but again the results 

are inconsistent (Table 15). 

Tables 16 and 17 show the least sq~s estimates of the 

influence of sex on growth and carcass traits. These estirnates show 

that females '.vere lighter than males at the four diffe:rent periods 

but had a larger area of eye of lean and also had a better index 

of oarcass value. 

In addition to these least squares estimates tables of the mean 

squa.res wi th the corresponding degrees of freedom are shown for growth 

and carcass traits. These were prepared from the analyses of variance 

in which sires, sex and mating system were conside:red as random. v 

The residual or errer component reflects differences wi thin sires 

within litters. 

In Tables 18 and 19 which relate to the analyses of variance 

for purebreds and crossbreds litter mean squares were highly significant 

(P < 0.01> for both the growth and carcass traits. Similar results 

were obtained for the group of backcrosses and 3-way crosses 

(Tables 20 and 21). Among the group of purebreds and crossbreds, 

sex ~vas significant (P < 0.05) at birth and highly significant 

(P < 0.01) for l54-day weight and aIl carcass traits considered. 
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TABLE 15: LEAST SQUARES ESTIMATES OF SIRE EFFECTS ON AREA OF EYE OF LEAN AND 
CARCASS VALUE INDEX BY MATING SYSTEM 

AREA OF EYE OF LEAN INDEX OF CARCASS VALUE 
Sire 
No. No. of 

PB-CB 
No. of BC No. of No. of BC 

Observe Observe 3-Way Observe PB-CB Observe 3-Way 

26 15 +0.14 16 +0.33 15 +2.11 16 +3.15 

27 8 +0.94 8 +1.58 

28 8 -0.41 9 +0.13 8 +3.12 9 +4.21 

29 15 -0.16 5 +0.14 15 -3.54 5 +1.20 

41 17 -0.15 17 -3.48 

38 7 +0.12 12 -0.32 7 +1. 70 12 +2.02 

51 36 +0.88 14 -0.19 36 +2.23 14 -3.54 

53 22 -0.15 6 +0.16 22 -2.98 6 +3.92 

73 8 +0.13 18 -0.28 8 +1.00 18 +2.49 

74 45 +0.75 8 -0.19 45 +1.65 8 -2.47 

75 10 -0.14 -0.10 10 -3.39 

76 
(11 
0'1 
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Sex 

Females 

Males 

Sex 

Females 

Males 

TABLE 16: LEAST SQUARES ESTIMATES OF SEX EFFECTS ON GROWTH TRAITS BY MATING SYSTEM 

BIRTH WEIGHT 21 DAY WEIGHT 56 DAY WEIGHT 

Ne. of No. of BC No. of No. of BC No. 6f No. of 
Observe PB-CB Observe 3-Way Observe PB-CB Observe 3-Way Observe PB-CB ·Observ. 

136 -0.06 95 -0.04 136 -0.17 95 -0.18 136 -0.01 95 

168 +0.06 78 +0.04 168 +0.17 78 +0.18 168 +0.01 78 

TABLE 17: LEAST SQUARES ESTIMATES OF SEX EFFECTS ON 154 DAY WEIGHT, AREA OF EYE OF LEAN 
AND CARCASS VALUE INDEX BY MATING SYSTEM 

154 DAY \:lEIGHT AREA OF EYE OF LEAN CARCASS VALUE INDEX 

No. of No. of BC No. of No. of BC No. of No. of 
Observ. PB-CB Observ. 3-Way Observe PB-CB Observe 3-Way Observe 

PB-CB 
Observe 

98 -6.33 48 -4.89 98 +0.16 48 +0.10 98 +0.33 48 

93 +6.33 40 +4.89 93 -0.16 40 -0.10 93 -0.33 40 

BC 
3-Way 

-0.71 

+0.71 

BC 
3-Way 

+0.31 

-0.31 

en 
0') 
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TABLE 18: TABLE OF MEAN SQUARES FOR GROWTH TRAITS FOR PUREBREDS AND CROSSBREDS 

M E A N SQUARES 
Source DF 

Birth-Wt. 21 Day-Wt. 56 Day Wt. 154 Day Wt. 

Litters 41 4.504;'~* 25.919** 520.371** 2458.026** 

Sires 10 0.182 3.227 60.188 378.690 

Sex 1 0.801;': 6.685 0.031 6058.872** 

Mating System 1 0.397 0.005 70.691 1577.259** 

Error 250 0.185 4.825 41.575 212.232 

**Significant at the 1 per cent level of probability. 

*Significant at the 5 per cent level of probability. 

C11 
-...:J 



e e 

TABLE 19: TABLE OF MEAN SQUARES FOR CARCASS TRAITS FOR PUREBREDS AND CROSSBREDS 

Source 

Litters 

Sires 

Sex 

Mating System 

Error 

DF 

35 

10 

1 

1 

143 

Area of Eye 
of Lean 

6.035;':* 

0.164 

3.771** 

0.012 

0.157 

**Significant at the 1 per cent level of probability. 

M E A N S QUA RES 

% Lean Cut 
Yield 

5568.03** 

5.563 

57.989** 

0.797 

4.312 

. Index of 
Carcass Value 

30.497** 

3.521** 

~6.809** 

1.970 

1.225 

01 
co 
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TABLE 20: TABLE OF MEAN SQUARES FOR GROWTH TRAITS FOR BACKCROSSES AND 3-WAY CROSSES 

M E A N S QUA RES 
Source Dr 

Birth-Ht. 21 Day-Wt. 56 Day-Wt. 154 Day-Wt. 

Litters 19- 3.508** 61. 595;'''': 582.373;':* 7219.638** 

Sires 10 0.366 6.392 75.820 334.215 

Sex 1 0.292 5.210 77.446 1789.169** 

Mating System 1 0.028 0.745 6.932 104.750 

Error 141 0.210 5.665 44.501 226.036 

**Significant at the l per cent leve1 of probabi1ity. 

c.n 
<..0 
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TABLE 21: TABLE OF MEAN SQUARES FOR CARCASS TRAITS FOR BACKCROSSES AND 3-WAY CROSSES 

Source 

Litters 

Sires 

Sex 

Mating System 

Error 

DF 

18 

7 

1 

1 

60 

Area of Eye 
of Lean 

7. 949~';~'; 

0.409 

0.781 

0.020 

0.209 

**Significant at the 1 per cent 1evel of probability. 

*Significant at the 5 per cent 1eve1 of probabi1ity. 

11 E A N SQUARES 

% Lean Cut 
Yield 

32.853** 

8.104 

115.937** 

1.303 

6.070 

Index of 
Carcass Value 

133.453** 

1.134 

6.978* 

0.002 

1.205 

O'l 
o 
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Significance at the five percent level of probability was obtained 

for sex, for percent 1ean cut yield and carcass value index while 

it was highly significan.t CP < 0.01) for l54-day weight· for the 

group of backcrosses and 3-way. crosses. Mean squares for· sires 

showed no significance for any of the growth traits but was highly 

sigilificant CP < 0.01) for the carcass value index prepared for the 

group of p1.lI"ebreds and crossbreds. Mating system was s:imilar to 

sires in that significance CP < 0.01) was obtained only in the one 

case of 154-day weight among the group of purebreds and crossbreds. 

Least squares estimates of the effect of mating system on 

growth and ca.rcass traits are presented in Tables 22 and 23. 
i" 

Crossbred pigs were heavier at birth, 21 days, 56 days and 154 days>t 

of age than were purebred pigs. Cr>ossbreds also had a larger area 

of eye of lean, yielded greater percent lean cuts that resulted in 

a better index of carcass value than did their purebred li tter mates. 

The estiillates for backcrosses and 3-way crosses shml no rnarKed 

differences between them for either growth or carca.ss traits. 

Adjusted means of the growth traits for the different mating 

types are shown in Table 24. These were prepared mm the average 

for all the males and all females· in each group corrected by the 

appropria te least square estimate. The growth curves shown in 

Figure l, were prepared from these adjusted means. Crossbred pigs 

appear to do better than any other group while the distinction 

between bac.1<crosses, 3-way crosses and purebreds is not as obvious. 

Purebreds were lightest at 154-days of age while backcrosses and 

3-way crosses were intennediate between crossbreds and purebreds. 
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TABLE 22: LEAST SQUARES ESTIMATES OF EFFECT OF MATING SYSTEM ON GROWTH TRAITS 

Mating System 

Purebreds 

Crossbreds 

Backcrosses 

3-way crosses 

No. of 
Observe 

67 

237 

108 

65 

Birth-Wt. 

-0.078 

+0.078 

+0.019 

-0.019 

21 Day-Wt. 56 Day-Wt. 154 Day-Wt. 

-0.009 -1.052 -6.822 

+0.009 +1.052 +6.822 

+0.099 +0.303 +1.507 

-0.099 -0.303 -1.507 

en 
I\.J 
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TABLE 23: LEAST SQUARES ESTIMATES OF EFFECT OF MATING SYSTEM ON CARCASS TRAITS 

Mating System 

Purebreds 

Crpssbreds 

Backcrosses 

3 way crosses 

No. of 
Observe 

67 

237 

108 

65 

Area of Eye 
of Lean 

-0.018 

+0.018 

+0.021· 

-0.021 

% Lean Cut 
. Yield 

-0.153 

+0.153 

+0.168 

.-0.168 

Index of 
Carcass Value 

-0.241 

+0.241 

+0.007 

-0.007 

m 
w 
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Mating Type 

Purebreds 

Crossbreds 

Backcrosses 

3-way crosses 

TABLE 24: ADJUSTED MEANS* FOR GROWTH TRAITS 

No. of 
Observe 

67 

237 

108 

65 

Birth-Wt. 

2.82 

2.96 

2.93 

2.89 

21 Day-Wt. 56 Day-Wt. 

Il.88 33.79 

11.90 35.89 

Il.32 31.10 

11.12 30.50 

154 Day-Wt. 

173.14 

186.78 

182.78 

180.76 

*Obtained from the averages of aIl males and aIl females in each group corrected by the 
appropriate leastsquares estimate. 

ID 
+=" 
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e ~ Fig.J· Showing Growth. Curves for Different Moting Systems 
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Because of the way in which the analyses were handled li tter 

variance includes the effects of season, li tter sequence, pre- a.t"1d 

post-natal effects of the dams, etc. Some indication of variation 

beboJ'een litters for both groups (p~bre.ds.":' crossbreds and back­

crosses -3-way crosses) is obtained frorn the least squares 

estima tes shctwn in Tables 25 and 26. Variation :renged betrtleen 

·1.25 lbs. at birthto27.38 lbs. at 56 days of age. 

The components of variance for littsr, sire and individU3.l 

pigs within a littar were estimated for birth weight, 2l-day 

~.veight, 56-day weight and l54-day weight. 

These were also expressed as a percent of t.~e total variation 

and are shown i.1'l Tables 27 and 28. 
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TABLE 25: LEAST SQUARES ESTIMATES OF DIFFERENCES BETWEEN LITTERS IN 
PUREBRED AND CROSSBRED GROUP 

Litters No. of Observe Birth-Wt. 21 Day-Wt. 56 Day-Wt. 

1 10 -0.499 +0.244 +:1.948 
2 7 +0.691 +3.097 - 0.848 
3 5 +0.084 +3.227 - 1.157 
4 9 -0.032 +2.769 + 5.486 

~. 5 12 -0.429 -1.198 - 4.729 
6 9 -0.587 +0.317 + 1.139 
7 7 +1.037 . +2.353 + 4.772 
8 11 -0.476 -1.633 - 8.947 

9 12 +0.077 +0.643 - 2.983 
10 6 +0.956 +2.576 - 1.057 
11 7 -0.507 -0.387 - 3.337 
12 6 -0.029 +1.416 + 1.222 

13 11 -0.233 -1.268 - 0.097 
14 10 -0.313 ,-1.769 + 0.255 
15 12 -0.046 -0.847 - 0.658 
16 10 +0.204 -2.596 - 7.661 

17. 4 +0.921 -0.815 -10.557 
18 6 :0.565 +1.315 + 0.139 
19 7 -0.527 +0.017 + 4.923 
20 9 -0.045 -0.879 + 1.629 

21 4 +0.928· +2.565 - 0.974 
22 8 +0.277 -2.392 + 0.910 
23 9 -0.369 -0.981 +18.273 
24 7 +0.331 +0.045 +15.043 

25 12 -0.334 -1. 629 - 4.906 
26 10 -0.199 -1.107 + 0.033 
27 10 +0.136 -1.056 - 1.971 
28 Il -0.451 -2.028 - 4.980 

Females 102 -0.058 -0.179 - 0.161 
Males 139 +0.058 +0.179 + 0.161 
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TABLE 26: LEAST SQUARES ESTIMATES OF DIFFERENCES BETWEEN LITTERS IN 
BACKCROSSED AND 3-WAY CROSSED GROUP 

Litters No. of Observ. Birth-Wt. 21 Day-Wt. 56 Day-Wt. 

1 10 -0.688 -1.141 +10.786 
2 9 -0.254 +0.378 + 1.790 
3 10 -0.523 -0.951 - 5.615 
4 14 -0.408 -2.715 - 5.359 

5 9 +0.043 +0.445 + 4.416 
6 8 -0.384 -3.531 .. - 8.403 
7 6 -0.174 .. ":0.561 - 0.373 
8 Il ... -0.294 ;"0.281 - 2.103 

9 10 -0.617 .. -4.954 -10.264 
10 6 +1.144 ',' .',. +0.477 .. + 9~995 
11 8 -0.613 -2.354 .•. -7.739 
12 3 -0.445 +0.100 - 9.166 

13 9 +0.500 " ~ .. +3.636 - 5.272 
14 12 +0.291 +1.353 . - 8.286 
15 9 +1.033 +3.793 + 8.094 
16 8 +0.532 .. +5.851 +18.178 

17 Il +0.859 +0.451 + 9.320 
Ferna1es 85 -0.054 -0.165 - 0.606 
Males 68 +0.054 +0.165 + 0.606 
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TABLE 27: COMPONENTSOF VARIANCE> AND PER CENT OF TOTAL VARIANCE FOR BIRTH WEIGHT 
AND 21 DAY-WEIGHT IN DIFFERENTMATING SYSTEr~S 

BIR T H WEI G H T -:--:\ :; ... .2 1~ DAY·' W&I G"H T . . 

e 

Source purebred - Crossbred Backcross-3Way Cross . P\lrebred - Crossbred Backcross-3 Way Cross 

Component Per Cent Component Per Cent. Component·· .. Per Cent ... ·CompQnent· Per Cent 

.. 
Litter 0.51 68.9 0.34 57.6 2.62 ·30.8 5.82 38.9 

Sire 0.04 5.4 0.04 6.8 1.06 12.5 3.44 23.1 

Pig--within sire, 
.. 

within litter 0.19 25.7 0.21 35.6 4.83 56.7 5.67 37.9 

C'l 
la 
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TABLE 28: COMPONENTS OF VARIANCE AND PER CENT OF TOTAL VARIANCE FOR 56 DAY-WEIGHT 
AND 154 DAY-WEIGHT IN 'DIFFERENT MATING SYSTEMS 

Source 

Litter 

Sire 

Pig--within sire, 
within 1itter 

56- D A Y WEI G H T 1 5 4 - D A Y WEIGH~ 

Purebred - Crossbred Backcross-3 Way Cross Purebred - Crossbred Backcross-3 Way Cross 

Component Per Cent Component Per Cent Component Per Cent Component Per Cent 

58.45 51.5 56.02 49.2 356.6 52.5 1124.2 75.4 

13.44 11.8 13.26 11. 7 110.7 16.3 140.6 9.4 

41.57 36.6 44.50 39.1 212.23 31.2 226.04 15.2 

-..J 
o 



VII. DISCUSSION 

a. Mating Technique 

The prel.i.m:inarj' studies involved 27 litters and therefore 

could provide only a trend. The double matings were fairly 

successful as evidenced by t~ farrowing percentages obtained. 

The proportion of sire representation in each of the three categories: 

natural, artificial insemination and mixed service, resulted in 

a high proportion (67 to 100 percent) of offspring being sired by 

one boar (Table 3) but this was not borne out when the information 

was summar.ized for the entire periode 

The sire representation in double mated litters in relation 

to mating technique (shown in Table 5) provide seme interesting 

infonnation. If it is assumed that in a double rnating a minimum 

of "tIlO pigs from each bœr must be obtained before the method can 

be regarded as useful for comparisons then only 59 percent of all 

the matings meet these requirernents. On the other hand, for those 

matings done by artificial insemination 70 percent of the litters 

produced after insemination with mixtures of equal volumes satisfied 

these requirements while the corresponding figure for inseri1.ina.tion 

with mixtures of equal cxmcentration was only 33.3 percent. It 

should be noted however, that the number of litters involved in 

the case of mixtures of equal concentration were very srnall relative 

to the number of litters with equal volumes. 

71 
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. '!he figures. presented in Table 6 showing the' far:rowing 

percentages throughout the duration of the investigation threw' 

seme light on the causes of pool' farrowing. Generally pOOl' 

far:rowing percentages we:re obtained during the six-month period 

January 1965 to June 1965. These resulted fram services made 

with inseminates of equal sperm concentration fran two bœrs. 

Apart from the prob1ems associated Hi th the use of diluents or 

extenders, estrus synchronisation was also attempted and seme 

fema.1es were inseminated wi thout the external symptoms of heat. 

Another contributing factor VIas a period of non-breeding (in ear1y 

1965) when fernales were 1eft open for two or three estruses on 

account of construction and :repairs at the Co11ege Fazm. 

Farrowing percentages for both rnethods of artificia1 matings 

range between 20.0 percent and 62.5 percent. This compares with 

those reported by Borton and co-workers (1965) who reported 

farrowing percentages between 38.5 percent to 56.1 percent and 

42.9 percent to 54.8 percent for gi1ts and sows respective1y in 

A. I. studies. Fa.!"roVling percentages fram these naturel matings 

are also in agreement t-rl.th those reported by the same workers. 

b. BoaI' Perfonnance 

Borton et al. (1965) reoorted significant boar diffe~..nces -- -
for litter size in the A.I. swine at Michigan State University. 

Simi1ar differences were reported by Paradis (1962) but the 

figures for average li tter size sired by different boars (Table 8) 

were not significant1y different either in the double mated group 
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or those involvedin concurrent single matings. .A chi;'square test 

of significance for average litter size (doubl~~ted group vs. 
, , 

singlematèd group)"reveal~d no ,signficant difference.~:i.le ',this' 
" ,,;.""". '.' .' ,/ .. " '. 

is in ,àg.reeinent withthe findings of Cerne and Salehar (1964), 

. the report of Roberts and Caroll (1939) is most definite in their 

claim. " However, the observation in rabbits by Beatty (1957), that 

rnixed Utters containing both types of young have high numbers of 

young peI" Utter, with low birth weight, may have provided the 

explanation for their findings. 

Survival at 21 days of age ' .. was? net significantly different 

for either the double-mated or single mated groups. It should be 

noted that where average litter size was small, percent age survival 

atZl days seemed to be greater than those of '.larger average litter v-' 

size. 'This observation was also reported by Holness (1963) •. 

The proportion of representation in the litters sired by the 

individual boars range between 29.2 percent for boar #76 and 

72.1 percent for boar #26. 'Ihese figures suggest that boars sired 

considerably less in the case of boar #76 and more in the case of 

#26, than their fair share of progeny. In Table 7, the average 

figures are presented for the evaluation of the semen collected 

frou a nunber of these boars. While the average percent motile 

spenn was about the same for all animaIs ,( approxima.tely 80 percent), 

the spermatozoa count pel' milliliter showed wide variations 

(100 x 106 - 300 x 106 spenn peI' milliliter). Boar #26 had the 

highest average sperm concentration while boar #76 had an average 
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.. COtmt of 128 x 10 6 spennatozoa per mi1liliter and on the basis of 

equal, v61unesmay beexpected to . sin! a gI'\9ateI' hunber of progeny. 
. '. . . . . .' ..' . 

HoweveI',equal concentrationmi~ur'es ofspenn fromthese two 

boars resultedin~ gréata'nullber.of progenysired by boaI'#26. 

The spenncbncentr~ti()nseeJlled1:oha.Ve no effecton progepy sired, 

but further invesî::ig;~tion is required •.. The nOnnalspènnatozoa 

concentration of boar semenis stated to ~~:in theneiglw(nirhood 
6· .. ••.... ... ... . .. ........ . .. . 

of 150 to 250 x 10 peI' milli1iter (Bor'tonet al., 1965" --
c. Mating. Systems 

(i) Pureb:ted and Crossbred Comparisons.· 

Representation and sU!Vivalfigures for purebred andcrOss-. 
. . , ~ 

bred progeny in the same group of litters shown in Table· 9indicate . 

that crossbreds were significantly (P -' 0.05) more·· frequent. in 
. .' ': 

occurrence. This suggests that there was sorne prefèrential 

selectivity in faveur of crossbreds, however, supporrtiÎ1g eVidence 

was not obtained when the sub-totals for indi vidual mating . 

combmations were examined. This is in agreement with thefindings 

of Lush and co-workers (1939) who couleT find ~ general tendency 

for more purebreds or crossbreds to beproducedin their double 

mated li tters. 

When mating canbinatiçms were examined· on the basisofthe 

breed of dams (Tables 10 and l2)it was fotmd that Landraceboars 

produced significant1y (P < O.OlFfewer pigs when mated in combi-

nation to landrace and Lacombe dams. This appears to be an 

individual bœr peculiarity rather than an effect of the mating 



system. There were only ten 1itters involved and the boars 

invo1ved consistently sired a greater proportion of offspring 

whenusedin ~anbination withtlleother sires. 

Thesurvival figllres forthesetwo groups of pigs show ,no 

significarice ancl,whiJ.e high, have a :similârpattem to that' 

"Obt~~d by Roberts andCaroll(193~rWho~ported 43.3 and 
.' .' . . "', " . 

"", !H.l ~rCent mortalities forall ptlrehrec1,andcrossbred. groups 

respective1y. 

(ijJ Comparison of Backcrosses and 3-wayCrosses 
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As shorNl'i in Table 11, backcrossêsshOwed;a significantly' 

greater (P<. 0.05) survival to ,21$y~_,6f~g~th~'did the3~way '., 
".,,'., crosslittennates. This is inconfli~'t'li1:h thetieoI'ieson ,', ' 

heterosisand a1so rais es the' questi6n:asto~~hy similar:besul ts 

'" ,'were nofobserved in the p~bred-cros'6Î>red:group. Lush !t~. 

(1939) stated thatforcharacteristics detennined by the animal};c; 

genetic make-up, or inheri tancè, thèeffèct of heterosis is greatest 

in: a'first genera.tioncross (of puiebred parents) whi1e those 

characteristics which are ,largely determined by the producing and 

nursing abi1ity of the animal t s dam, the effect of heterosis would 

be greatest in the offspring of first-cross dams mated to purebred 

males from a third breed. lDuca 'and Fobison (1967) ascribe' 

differences in litter size at birth to be largely a result of 

environmental fluctuations while genetic differences in the damts 

ability to care for the litter through lactation and/or bèhaviour 

were manifest at 56 days. Therefore, it seems that at 21 days both 
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the indi vidua1 's genotype for survival and the dam' s mothering 

ability exert their influence. 

The proportion of representation of backcross and 3-way cross 

littennates were not significant1y differc-nt and there appears to 

be no tendency for ei ther the one or the other to be produced wi th 

greater frequency. 

d. Sire and 11a.ting System Evaluation 

In this. experiment emphasis isp1acedon coinPc3.r'isonsof rnating 

systems. sire.· comparisons. are va1id ... if. sire .. by .l11éiting system 
. .. 

interactions are no~significant. Fo~che(1964) n6ted that sires 
,: . ' : 

tendedto retain their :relative leve1 ofmerit ·regardless of mating 

system. 

The 1east squares estimatesofsire effectson growth and 

carcass traits (Tables 13-15) were computed te provide sane 

indication of the relative merit of sires when used in different 

mating systems. Roac.~e (1964) found that breed of dam effects 

VIere important for all growth u"ai ts, ho~vever, boarn were mated 

to the same fema.les thereby reducing the dam canponent of the 

litter differences so that a more sensitive estjmate of sir'!; 

effect should result. These estimates do not show any definite 

trend for sire effects on either the growth or carcass traits. 

In the analyses of variance in which sires, sex and mating systems 

were considered as fixed effects, significance was not obtained 

for sire effects except in the case of carcass value index 

(Tables 18-21). It rnay De that sire effects relative to other 



77 

effects such as rnating system and sex are small and therefore do 

not readily show up. In addition, the portion of the variance 

between pigs attrÏbuted to Uttel:' in this analysis includes pre­

and post-natal effects of the dams, season, Utter sequence, 

pathological conditions, etc., and all other effects comrnon to 

pigs in a litter. Sorne indication of the Utter variation can be 

obtained from the least squares estimates of differences due to 

litters for sorr.e of the growtht:raits shown in Tables 25 and 26. 

E\u:thennore, as canbe seen fromt.'e nunbers of observations 
, . -':," .' .' 

····available for canputingtheleast squares estimates of sire effects, 
;. '" . ',", .. ".' ... : 

·ftmight be that.then\.D1Ù?t?:t"S are. inadequate for the detection of 
.. . > .-' .... - . .: 

.... ~ll siredifference~...··· ... 

Baker.ahdco-workers (1943)obtained significance for sire 

èffectonweight.at 56,-84, 112, .140 al1d 168 days of age using a 
",: ':. . . 

. rnuch lar'geÏ>group of dat~~1'heYalSO claimed t,at a sire effect 

rnay haveexistedatbirthandat 21 days but their datawas perhaps 
.~ . 

toc small te show significance~. In the samepaperabsolute values 
.' . ".,., " 

of variances for the. sireeffectwere sho<NIl to comprise 0.08 in a 
.' .' 

total varianceof4.49; 2.6 ih a total of 42.6; 37 in a total of 

491 and 77 in a.total· variance.of774 for 21-day-,. 56-day-, 140-day-, 

and· 16 8~ay weights respecti vely • These correspond to 1. 8 pel:'Cent, 

6.1 pereent, 7. 5 percent and 9. 9 pe:roent respecti vely • The 

contribution of sire effect on birth-weight was zero. Oomponents 

of variance and their corTesponding percent of total variation for 

birth-, 2l-day-, 56-day- and 154-day weights were canputed and are 
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shown in Tables 27 and 28. These figures indicate that sires 

acoounted for 6 percent of the total variance at birth, 12 percent 

for 2l-day and 56-day weights. The figure for l54-day weight is 

inconsistent (16 percent in the group of purebreds and crossbreds 

and 9 percent in the backcrosses and 3-way crosses). This is 

probably accounted for by the small numbers involved particularly 

in the group of backcrosses and 3-way crosses. 'l'here may have 

also been sorne degree of selection in the arrimals being retained 

in the herd to 154 days of age. 

{ .. / 

The least squares estimates of sex effects on the traits 

considered (Tables 16 and 17) show differences in all growth traits 

in favour of males. Estimates were s:i.milar for bath the purebred­

crossbred group and the backcross-3-way cm:>ss group. The analysis 

of variance for the growth traits (Tables 18 and 20) show that at 

birth the diffe~'"1ce of 0.12 lbs. was significant (P < 0.05) for 

purebreds and crossbreds but a difference of 0.08 lbs. was not 

significant for backcrosses and 3-way crosses. Differences for 

l54-day tveight were highly significant (P < 0.01) for both groups. 

Carcass traits for purebreds and crossbreds (Table 19) also showed 

significant sex differences, the estbnates showed differences of 

O. 32 inches for area of eye of lean and 0.66 cents for carcass 

value index. These findings agree with those of Craig!:!. &. (1956) t 

Hetzel' et al. (1956), Self et al. (1957) and Bruner et al. (1958). -- -- --
In the saros sets of analyses least squares estimates of rnating 

system effects on growth and carcass traits were computed. In 
'-----' 
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general, small differences (not statistically significaIÏt) were 

shown in favour of crossbred pigs for growth traits up to 56 days 

of age (Table 22). These results are supported by the findings of 

workers in the United Kingdom, North America and .A.ustralia as 

documented by wsh ~~. (1939) and who themselves reported 

similar results. The tables of the analyses of variance are most 

interesting in that a highly signifiœnt (P < 0.01) mating system 

effect was obtained for l54-day weight in the group of purebreds 

and crossbreds but net for backcrosses and 3-way crosses. The 

least squares estimates also reflect this, in that there is a 

difference of 13.6 lbs. for l54-day Height between purebreds and 

crossbreds btlt only 3.0 lbs. difference between backcrosses and 

3-way crosses for the sarn.e age. fuberts et al. ( 1939) reoorted -- . 
a small but significant difference in favour of crossbreds over 

purebreds in a double-mating experiment. Lush et al. (1939) have --
pointed out that wi th characteristics such as growth rate there 

was much variabili ty wi th herds, breeds and even wi thin li ttere 

so . that by double mating ths highly significant difference for 

l54-day weight obtained in this ex:ueriment inight be expected. 

Gaines and Hazel (1957) were able to demonstrate significant 

differences for l54-day ~i,eght for Poland boare topcrossed on v' 

Landrace soos in a lzrrge experiment involving 83 litters where 

oomparisons were on a between litter basis. 

The adjusted means for growth tmits (Table 24) were plotted 

against the age of pigs in weeks and the resul ting growth curves 

are shown in Figure 1. Beginning with an initial advantage in 
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birth weight (while not significant) crossbred pigs maintained 

this advantage throughout up to 154 days of age. Backcrosses and 

3-way crosses are inter.mediate between purebreds and crossbreds. 

The least squares estimates (Tables 22 and 23) suggests that 3..way 

crosses were net superior to backcrosses in this study. This 

conflicts with lush ~~. (1939) who claim that for characteristics 

which are largely detennined by the producing and mothering abili ty 

of the animal' s dam, heterosis is greatest in the offspring of 

first cross dams mated to purebred males of a third breed in which 

case heterosis should at least have shown up in the early growth 

traits. 



VIII. SUMMARY 

I:buble mating studies were undertaken to investigate the 

technique as a .ll\ethod for evaluating mating systems and sires for 

growth and careass traits. Of 105 double mated litters obtained, 

62 litters were farrowed in which eac.l-} boa!' was represented by 

two or more baby pigs. A total of 66 litters were conaeived 

following insemination with a mixtl.lr'e of eC}.ual volunes of semen 

from. two boars. Forty-seven litters (71 percent) farTCMed two or 

more pigs frc:m each sire. Other double mating techniques studied 

were less successful. These provided eight litters of 18 farrowed, 

foUI" litters of 12 farrowed and three litters of nine farrowed :in 

which there viere two or more baby pigs sir.ed by each bœr for 

combined natural and artificial insemination, A. I. wi th mixtures 

of equal spenn concentretion and natUI"al double mating respectively. 

Among the 14 boars involved in this study, one boa!" consistently 

sired a greater proportion of the baby pigs (72.1 percent) in 

double mated litters while anotheI"sÏI"ed a consistently small 

proportion (29.2 percent) when involved in double matings. This 

differential sire representation did not appear to be related in 

any way to litter size in single matings. i.rlvolving these sarne 

boars. 

In purebred-crossbred camparisons growth traits (birth-, 

2l-day-, 56-day- and l54-day wei~~ts) weI"S consistently supeI"ioI" 

81 
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for crossbreds but significant only for l54-day weight. The 

caroass traits studied (area of eye of lean. percent lean out 

yield and carcass value index) were not sign~fioantly different 

for the two groups. 

In the 3-way cross and backcross oanparisons there were no 

signifioant differenoes between the "tr..vo mating systems for growth 

and oaroass traits considered. In bath analyses sex differenoes 

\,yere similar to those reported in other studies. 

The analyses of vari3JlOe revealed that sire effects were not 

significant for growth traits and for oaroass traits with the 

exception of oaroass value index among the p1.Ir'E!bred and crossbred 

data. 

While the limited amount of data resulted in a wide range of 

estimates of the relative size of the litter, sire and within 

sire, '..vithin litter varianoe oomponents between pigs (the averages 

were 53 percent, 12.3 percent, 34.7 percent respectively) it is 

evident that mating systera and sire comparisons on a wi thin litter 

basis would be oonsiderably superior to between li tter oanparisons. 
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