
SIRE BY MATING SYSTIM IN!IBJCTION 

by 

IBith Lawton Roaehe 

A thesis submitted to the Faculty of Graduate 
Studie s and Re se arch in partial fultilment of 
the requireœnts for the degree of Doctor of 
Philosopby. 

Departœnt of .Animal Science, 
McGill University, 
Montreal. Septembar 1964. 



ACKNOWLEDGEMENTS 

The writer wishes to express his appreciation to Assistant Professor 

J. E. Moxley for helpful suggestions and constructive criticism throughout 

this investigation, and to the Cana.dian Commonwealth Schôlarship and 

Fellowship Committee under whose auspices this study was made possible. 

The writer also wishes to thank the Quebec Agricultural Research Council 

for its assistance as the sponsor of this research project. 

A special word of thanks to Mrs. M. Mackie and Mr. R. M. Channon 

of the Animal Science Depa.rtment for their cooperation in the preparation 

of this manuscript. 

Special tribute is pa.id to the memory of the late Dr. M. A. MacDonald 

who was a constant source of inspiration and encouragement in the early 

phases of this work. 



TABLB OF CONTKNTS 

INmOllJC TION • •••••••••••••••••• , ••••••••••••••••••••••• 

RBVIEW OF LITERATURE •••••••••••••••••••••••••••••••••• 

Heterosis in Swine Breeding •••••••••••••••••••••• 

Forces which cause Selection to be Ineffective ••• 

Comparison of Crossbred and Purebred Selection 
Sehe1œs •••••••••••••••••••••••••••••••••••••.•••• 

Predicting Crossbred Performance ••••••••••••••••• 

SOURCE OF DâTA•••••••••••••••••••••••••••••••••••••••• 

METHOD OF ANALYSIS •••••••••••••••••••••••••••••••••••• 

ANALYSIS OF DATA AND RESULTS •••••••••••••••••••••••••• 

Treatment of the Observations •••••••••••••••••••• 

Gross Analysis Involving Major Sources of 
Variation for Growth and Carcass Traits •••••••••• 

Comparison of Mating Systems ••••••••••••••••••••• 

Heterosis •••••••••••••••••••••••••••••••••••••••• 

Comparison of the Performance of Landrace x 
Yorkshire and Yorkshire x LLandrace Females •••••• 

Sire by Mating System Interaction •••••••••••••••• 

DISCUSSION •••••••••••••••••••••••••••••••••••••••••••• 

Page 

1 

4 

4 
18 

37 

44 

48 

57 

63 

63 

71 

80 

89 

93 

99 

109 

Gross Analysis Involving Major Sources of 
Variation for First and Second Litters ••••••••••• llO 

Comparison of Ma ting S;ystems ••••••••••••••••••••• 113 

. • 



Heterosis •....••...••.••.•..•...•....•.••.....•.. 

Sire by Mating System Interaction •••••••••••••••• 

Pre die ting Cr ossbred Performance •••••••••••••••• 

SUMMARY AND CONCLUSIONS ••••••••••••••••••••••••••••••• 

CLAIMS TO ORIGINAL RESIARCH ••••••••••••••••••••••••••• 

LITERATURE CITBD•••••••••••••••••••••••••••••••••••••• 

Page 

1l4 

117 

118 

119 

121 

122 



LIST OF TA~ 

_II.BLB PAGB 

1. SUMMlRY OF LITTiRS PROWCED Di RBGIONI.L 
SWINB BR.IBDING UBORI.TORY (193? - 1956 
INCLDSIVI) •••••••••••••••••••••••••••••••••••• 9 

2. PEB.FORMANCII OF SINGLI CROSS d BAC !CROSS, AND 
TBRBI-BREED CROSS JBOGBNY C MP.ARID .WITH THI 
A VERAGI PIRFORMANCB OF THI P.mBNTAL PURBBREDS. 
PEB.CINTJ.GI !DV.AN!I.GB SHtW.N IN BRAC:KETS •••••••• 12 

3. AVIRAGE PERFORMANCE OF SINGLE CROSS P.ROGBNY 
COMPAB.BD WITH PORBBRID "CONTROLS• PERCBNTAGI 
ADVANTAGB SHOWN IN BBJCKBTS ••••••••••••••••••• 14 

4. A VERAGB PERFORMANCB OF BAC !CROSS COMPARBD WITH 
PORIBRED "CONTROLS" PIRCBNTJ.GI ADVANTAGB 
SHOWN IN BBACKETS ••••••••••••••••••••••••••••• 15 

5. AVERAGi P.IRFORMANCI OF SINGLE CROStt BACEROSS 
AND THBD-BRUD CROSS PROGilNY COMP BD W!TH 
PORJJ.BRID CONTROLS. PIRCBNTA.GI ADVANT.AGE 'IH(MN 
IN BBJCKBTS ••••••••••••••••••••••••••••••••••• 15 

6. GBNBTIC CORRELATIONS .AMONG TR.AITS BASED ON 
564 DEGRBBS OF F.RIEDOM •••••••••••••••••••••••• 28 

?. REGRESSION OF OFFSPRING ON P.ARBNT WITHIN 
LINB AND D.lR OF PARBNT AND OFFSâliNG ••••••••• :29 

8. ISTIMATED GDETIC CORRELATIONS B1U.'IfliEN 
CARCASS ~ITS•••••••••••••••••••••••••••••••• 31 

9. DISTRIBUTION OF LITTERS BY SBASON AND MATING 
TYPB. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 51 

10. LITTER DISTRIBUTION OF SIRE PROGBNIBS BY 
BlASONS ••••••••••••••••••••••••••••••••••••••• 52 

11. LEAST SQUARES ESTIM.f.TES OF SU DIFFERENCES 
WITHIN LITTERS BY MATING TYPBS •••••••••••••••• 65 

12. SEASONAL A VERAGES FŒ GROWTH TRAITS ••••••••••• 66 

13. SEASON.AL AWRAGIS FŒ C.ARCASS TRAITS •••••••••• 6? 



TABLE PAGE 

14. AVERAGES BY MATING TYPB FOR GROWTH TRAITS •••••• 69 

15. AVEB.AGBS BY M!TING TYPB FOR CARCASS TRAITS ••••• 70 

16. LBAST SQUARES BSTIMATES OF THE BFFECTS OF 
SBASON OF BIR TH, MATING TYPI :AND LITTBR 
SEQUENCE ON GROWTH .AND C.ARCASS TRAITS •••••••••• 72 

17. .ANALYSIS OF V.ARI.ANCE FOR GR~TH TRAITS (GROSS 
AN!LYSIS) •••••••••••••••••••••••••••••••••••••• 73 

18. .ANALYSIS OF VARIANCE FOR CARCf_lSS TRAITS (GROSS 
ANALYSIS) •••••••••••••••••••••••••••••••••••••• 74 

19. LEAST SQUARES ESTIMATES DF THE EFFECTS OF 
SBASON OF BmTH MATIN G TYPI AND LITTIR 
SEQUENCE ON œ.O\hH AND CARCASS TRAITS FOR 
FIRST AND SECOND LITTIRS ••••••••••••••••••••••• 77 

20. ANALYSIS OF VARIANCE FOR GROWTH ~ITS 
(INVOLVING LITTER SIQUEliCE 1 AND 2) •••••••••••• 78 

21. ÂNALYSIS OF VARIANCE FOR CARCASS ~ITS 
(INVOLVING LITTER SEQUENCE 1 4ND 2) •••••••••••• 79 

22. ANALYSIS OF VARIANCE FOR GROWTH TRAITS 
(PURBBREDS VERSUS CROSSBREDS) •••••••••••••••••• 82 

23. ANALYSIS OF VARIANCE FOR CARCASS TRAITS 
(PUREEREDS VERSUS CROSSEREDS) •••••••••••••••••• 83 

24. LEAST SQUARES ESTIMATES OF THE EFFBCTS OF 
M.ATING SYSTEM, BREED OF SIRE , BREED OF DAM ÀN 
ON GR<.liTH !ND CARCASS TRAITS FOR POREBRED D 
CROSSBRED LITT.&RS •••••••••••••••••••••••••••••• 84 

25. AN.ALYSIS OF V!RIANCB GROtlTH TR!ITS 
(PUREBREDS VERSUS BACKCROSS) •••••••••••••••••••• 87 

26. ANALYSIS OF V.ARIANC:I CARCASS TRAITS 
(PURBBREDS VERSUS BACECROSS) ••••••••••••••••••• 88 

27. MI:AN PIRFORMANCE FOR MATING TYPBS CORRBCTED 
FŒ LITTER SIQUENCE AND SEASON.AL DIFFIRENCES 

(GROWTH TRAITS)••••••••••••••••••••••••••••••••• 90 



~ PAGII 

28. MEAN PBRFORMANCB FOR MATING TYPES CORRECTBD 
FOR LITTBR SBQUBNCE AND SBASONAL DIF!iBB.BNCES 
(CARC!SS TRAITS) •••••••••••••••••••••••••••••••• 91 

29. LlU.ST SQU.ARBS BSTIMATES OF THI EFFBCTS OF BRBID 
OF Sm:l UD MATING HPB OF DAM IN LANŒACB. 
YORKSHIRE REC IPROOAL CROSSIS FOR GRNTH AND 
CARC!SS ~ITS•••••••••••••••••••••••••••••••••• 95 

,30. ANALYSIS OF V!RI.ANCB FOR GROWtH TRAITS 
(RECIFROCAL CROSS DAMS)••••••••••••••••••••••••• 96 

31. Al~ALYSIS OF VARI!NCB FOR CARC4SS TRAITS 
(RECIFROCAL CROSS DAMS) ••••••••••••••••••••••••• 97 

32. SIBE BY MATING SYSTEM INTERACTION ( GROWTH 
~ITS)••••••••••••••••••••••••••••••••••••••••• 101 

33. SIRB BY MATING SYSTiM INTERACTION (CARCASS 
~AITS) •••••••••••••••••••.••••••••••••••••••••• 101 

34. ANALYSIS OF VARUNCB FOR GROWTH TRAITS 
(SIRES WITHIN ERBED BFFECTS) •••••••••••••••••••• 103 

35. ANALYSIS OF VARIANCE FOR CARCASS TRAITS 
(SIRES WITHIN EREED EFFECTS) •••••••••••••••••••• 104 

36. RATING OF SIRES ON THE BASIS OF MATING SYSTEM 
FOR 154 DAY WEIGHT (MBAN AND SIRI BFFECT) ••••••• 105 

37. RATING OF SIRES ON THE BASI S OF MA TING SYSTEM 
FŒ PER CENT 3 PRIMAL CUTS (MEAN AND SIBB 
BFFECf) ••••••••••••••••••••••••••••••••••••••••• 106 

38. RATING OF SIRES ON THE BASIS OF MATING SYSTBM 
FOR PiR CENT HAM (MIAN AND SIRB BFFBC T) ••••••••• 107 

39. OBSBRVED AND PREDICTED VALUBS FOR GROWTH 
~ITS•••••••••••••••••••••••••••••••••••••••••• 108 



- 1 -

INTRODUCTION 

•It is not surprising that in their impatience to trans­

form the animal populations under their control, experimentera 

and practical husbandmen, may have consciously or unconscious­

ly tended to minimize the fact that they were pitting their 

short-term efforts against a phylogenetic history extending 

for many generations,• Lerner (1954). 

Recently, the literature on genetics in large farm 

animals has reflected soma of this impatience. The Symposia 

on Germ Plasm Resources (1961) and on Renewable Animal 

Resources (1963) may be cited as examples. The Symposium 

on Germ Plasm Resources (1961) discussed the problem of 

whether there were sources of useful germ plasm not present _, 1,::· 

in our more popular modern breeds of livestock, which could 

be introduced from less numerous breeds developed in specified 

areas of the world. The Symposium on Renewable Animal 

Resources (1963) envisaged the problem as one of crossing 

the more popular breeds of livestock, e.g. breeds of swine, 

with the hope of developing new and superior breeds from tpe 

crossbreds produced. 

The apparent ineffectiveness of mass selection, attri­

buted by Dickerson (1951) to weak selection response (i.e. low 

heritabilities coupled wfth negative genetic correlations) 

and by Fredeen (1958) to inconsistant and iltllDhere·nt:: . 'Selection, 

has been a potent cause for this impatience and, nurtured by 
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re sul ts with.~fiybrid corn, cross breeaing has increasea 1.n 

popularity among swine produeers of North America. 

There is, however,c.one possible problem with the •new 

breed" philosophy. If the heterosis obtained in erossing 

is a product of~nette diversity, then the proeess of pro­

dueing new breeds from hybrid foundations might eventually 

be detriment4l to maKimum levels of erossbred productivity. 

If on the other hand, crossing of existing breeds is 

utili~d to alleviate the alleged impasse to mass selection, 

caused by plateaus, different peaks of desirability or 

overdominance, then the advantages of this system rest: on 

the differences in gene frequencies in the different breeds 

crtssed. The more popular breeds of swine in North America 

seem to have been founded on large enough samples so that 

"useful" genes were not lost through random drift or chance, 

yet there seems to be real genetiê breed differences for 

some traits, e.g. 1itter size at birth and at weaning, 

(Lush and Mo11n, 1942). 

Research and experience indicate the merits of cross­

breeding in commercial swine production. Fredeen (1957) 

has noted the lack of evidence to indicate the nature and 

source of so ealled heterotic effects produced in swine 

crosses. If further improvement in swine is dependent on 

the deve1opment of lines or breeds whièh excel in crossbred 

performance, then such evidence is needed to indicate the 

type of selection most effective in achieving this end. 
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In particular, the questions of immediate concern are: 

(1) Are our current methods of selection effective in en­

hancing crossbred performance? 

(2) Can the performance of the crossbred be predicted with 

reasonable accuracy? 

The genetic progress that can Re made in improving 

crossbred performance by selection within pure lines, is 

dependent on the covariance of sire affects in crossbred 

and purebred populations, the selection intensity in the 

purebred and phenotypic variance of the selection criteria 

in the purebred. 

The threefold purpose of this study was as follows: 

(1} To investigate the importance of heterosis for growth 

and carcass traits in crosses between Landrace and Yorkshire 

breeds of swine. The crosses involved being single cross, 

backcross and crisscross as defined by Winters ~ âh· (1935). 

(2) To investigate the importance of sire by mating system 

interaction in representatives of these two breeds. 

(J) To attempt to predict crossbred performance using the 

method developed by Carmon et al. {1956). 



- 4-

RBVIIW OF LITBR!!ORI 

Haterosis 1n Swine Breeding 

Shull (1914) proposed the word haterosis to describe his 

observations in worK with corn, that hybridity itsslf had a 

stimulating affect on the physiological activities of the 

or ganism. His intention was to de scribe a visible manife s­

tation of a pbenorœna, rather than an attempt to explain the 

genetic and/or physiological procasses involved in its express­

ion, howevar, several attempts to define hsterosis on a basis 

of gene action have resultad in wide discrepancias (Whaley, 

1944; Crow, 1948) with regard to the real maning of the word. 

Shull ( 1952) attempted to clarify the situation by stat­

ing that the hetarosis concept was the interpretation of in­

creased vigor, size, fruitfulne ss, speed of dave loprœnt, 

resistance to disease and inssct pests or to climatic rigors 

of any kina manifested by crossbred organisms as compared 

with corresponding inbreds, as the specifie results of un­

likaness in the constitutions of uniting parental gamtas. 

Lush (1948) def'ines heterosis as the general term for the 

fact that crosses between moderately unrelated populations, 

or inbred linas, often produce offspring which on the av­

erage, are more vigorous, rapidly growing, more dise a se 

resistant than the average of the populations crossad. 

Buzzati- 1'raverso (1952) gives a brief definition of heter­

osis as: "That type and amount of heterozygosity that gives 

the population or individual the be st adaptive value with 

ra spa ct to the conditions in which the organism live s. u 
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Som worlœrs, (Caroll and Roberts, 1942) pre:f'er to re­

strict the definition o:f' heterosis to cases in which the 

bTbrid excel the larger or more vigorou.s parent. Others 

(Bruce, 1910; Lu.sh ai il·, 1939) consider that heterosis is 

manitested in instances vhere the crosses excel the average 

of the two parental breeds. Ha.rever, as Lu.sh (1948) has 

pointed ou.t mch o:f' tbe discrepanc7 between the two argu­

ments is resolved when the faets vith respect to the si.ncle 

characteristics have to be coabined into tacts vith respect 

to net mrit, as is necessar7 when practical use o:f' heterosis 

is to be •de. 

AmOlli the earliest reports on the results o:f' crossing 

breeds o:f' swine vere those ot Shaw and Maclwan (1936). !hase 

work:ers reported on the wea.ni.ng weights of 91 purebred pigs 

and 700 crossbreds produced b;y varions com.binations ot :f'ive 

breeds. the average weight of all purebreds vas 35.7 p~ds, 

coapared with 39.4 poa.nds tor all crossbreds. In :f'eeding 

trials 77 purebred pigs gained an average o:f' 1.15 p~ds/day 

and required 440 pCWlds feed /100 por.tnd gain, whilst 325 cross­

breda gained 1.24 poa.nds/da7 and required 429 pownds :f'eed/100 

pOWlds gain. Vi.nters .l.i !.l,. (1935), (!able 2), reported on a 

crossbreeding experime.nt in vhich three types o:f' crossbreds 

were prOduced single cross, three breed cross and backcross. 

All the crossbreds vere superior to the purebreds. Single 

cross and backcross grou.ps vere approximatel7 equal in 

superiority to the pure breda. !bree bread crosses had the 

greatest advantage. Litters from crossbred sows averaged 
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from two-thirds to two pigs l.arger at weaning and vere from 

63 to 96 pou.n.ds heavier at weaning. Crossbred pigs reaehed 

market weight 17 1to 22 days earlier than. pure breds. 

Lush .tt ê.l· (1939) eompared the pure and erossbred pro­

ge.DY from 36 double mated JM.roc Jersey and Poland Chinà sows, 

as well as baekcross aad tbree breed erossbred litter ma.tes 

and concluded that there was a small' but general superiority 

ot crossbred pigs over purebred as efficient producers of 

pork:. flle differences in bir th weight were small and incon­

sistant, but crossbrods showed rather definite indications of 

being more vigorous at birth than purebreds. Crossbreds had 

a lower{-15.4 per cent~ pre-weaning mortality. In a general 

summary of most of the crossbreedirlg work: up to 1938 Lush 

.ü. !.l. (1939) state, •:a:owever nearly all those who have studied 

this question have found advantages, (not always statistieallf 

signiticant ones), tor the crossbred pigs and therofore in 

general crossbred pigs tend to be so•what more vigorous and 

thritty than would be expected from the average of the two 

parent breeds. Because ot this added vigor, the crossb;oeds 

generally show a lover death rate up to weaning t!Da and con­

sequently, larser and heavier litters weaned. Also they 

generally gain weight a little moro rapidly on a little less 

· teed. For the same reas ons the crossbred gilt s or sows when 

used for breeding purposes can. be expected to wean slightly 

heav1er litters than purebreds, but the se things shou.ld not 

be expected to happen every tim a cross is made, any more 

than slightl.y loaded dice would œ e:xpected to turn up a 
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winnin& coabinat1on every t!Jœ they vere tbrown". 

Carroll and Roberts (1942) in an attempt to evaluate 

the utility of crossbreeding, reviewed experœnts covering 

over 50 ,ooo animals from different cou.ntries. !h.ey fou.nd 

that the average value of the crossbreds for litter size, 

bir th weight, weaning weight and economy ef feed utilization 

vas intermadiate between the values for the two pure breeds. 

The average percentage survival of the crossbred pigs was 

equal to that of the higber surv1ving purebred. The average 

da1ly gain of all the crossbred pigs was .006 ponnds above 

the figure for the more rapid gaining purebred. 

Carroll--and Roberts (1942) argued that if crossbreeding 

was to be judged beneficial, the performance of the cross­

breda should exceed the better of the two parental strains 

of purebred. Crossbreds were theretere compared to the 

best performing purebred separately, for each of the six 

traits studied. In this vay, the crossbreds vere compared 

to one parent for soma traits and to the other parent for 

other traits. Tbus, erossbreds were eompared to a com­

posite purebred that did not exist. 

Rob1Bo.r1:; (1948) in a series of experimnt s involving 

four experimental stations,reported deeided advantages 1n 

using crossbred sows for the production of market pigs. 

He sugge sted a bree ding plan for the production of market 

pigs whereby purebred boars of three or more breeds are 

rotated on successive generations of sews selected from 

the berd. He, however, adds that 8.D.7 arit crossbreeding 
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has for the production of market hogs, is the result of 

purebree41ng that has preceeded it. Tbns tbl producers of 

crossbreds mst depend on the breeders of pure breds for an7 

geœtic improvell8nt in the developmnt of the swiœ industry. 

These results may be subject tobias as comparisons were 

made vith onl;y oœ of the pure bred parental breeds. 

Table l talœn :t'rom Craft (1958) suumarises the resulta 

obtained :t'rom the variou.s crossbreeding groups as. compared 

vith purebreds in the Regional Bwine Breedi.Dg Laborator;y. 



- 9-

St.Tl9W!Y OF LITTBRS P.RQWCI:p IN f.HB UGIOBAI, SrlDm 

BWDING UBQUTŒY (1937-1956 IIQUJSID)8
• 

No. litters 
tarrowed 

Av. no. pigs 
tarrOW'ed per 
litt er 

Percentage 
pigs weaned 

Pere en tage of 
11tters weaned 

a 

Pure­
breds 
axel. of 
inbreds 

4435 

8.33 

?0.2 

94.8 

Sows 
in brad 

1323 

8.28 

?4.6 

9?.4 

SUmmarized from Cratt (1958). 

Crossbred breedW grOU"QS 

Sows 
1inecrosses 

or outbred 

1384 

8.?4 

?9.8 

98.1 

Sows Sires 
cr oss- cr os s-
bred bred 

2190 11? 

9.51 9.52 

??.2 ?9.3 

9?.8 98.3 
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These results show an advantage for all crossbreeding 

groups far percentage pigs weaned and percentage of litters 

weaned. 

Sierk (1948) compared crossbreds with the average of the 

parental stock for three masures of vigor; weaning weight, 

rate of gain, efficiency of .feed utilization. Gilt litters 

from nine different inbred Poland China lines and their cross­

es, Minnesota No.l, Minnesota No.2, and the three breed 

crosses were studied. The bast inbred linecrosses showed 

approximatelf 15 per cent advantage when compared with non­

inbred linas and non-inbred bread crosses. Inbred linecrosses 

were less variable than inbred lines in veaning veight, 154 

day weight and rate of gain. Gregory and Diclœrson (1952) 

reported on heterosis in eleven breeding groups. The groups 

represented were tvo inbred linas of Poland Chinas, one of 

Hampshires, one non-inbred lille of Duroc, the ir six crosses, 

and Poland China linecross gilts mated to Duroc boars. In 

:f'ull-fed linecrosses and topcrosses, hybrid vigor expressed 

itsel:f' in greater feed consumption (seven and two per cent 

respectivelY) and in more rapid and mere economical gains 

(30 and 13 per cent :t'aster gain and nine and seven per cent 

less :f'eed per unit; gain respeetively). Li.neerosses between 

breeds gave mach more rapid and more eeonomical gains 

than linecrosses within breeds. Toper osses yielded car­

casses that were superior in lean meat content to the 

parental grœps. When restricted to the sam level of feed 
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intake as the full-fed inbred linas, the linecross and 

topcross pigs gained faster (13 and 26 per cent respect­

ively) and more economically (nine and 19 per cent re­

spectively) with no differences in ability to digest the 

rations and small differences in carcass composition. 

Compared with the mean of the two parent !ines, at the 

same leve! of feed intake the topcross pigs gained ten 

per cent more rapidly, required ten per cent less feed 

and showed a marked superiority in lean meat content of 

carcass per unit of liveweight. These resulta were in­

terpreted to mean that hybrid vigor produced a greater 

stimulus for growth of muscle and bone and that a more 

efficient metabolic system permitted the expression of 

this stiaulus even without increasing rate of food 

consumption. 

Fredeen (1957) has reviewed extensively, resulta 

obtained in crossbreeding pigs. Table 2 presents data 

in which the performance of the crossbreds has been com­

pared with that of contemp~rary purebreds from the two 

or more parental breeds. Resulta from crosses involving 

inbred !ines were not included. 



TABlE 2. PERFORM&NCE Of SIIGLE CROSS, BlCICROSS, AND THBE&•:BJ.lCD CBOSS PROGENY COMPA.RED WI'.Œ THE 
AVER.lGE PERI'ORMDCE OF THE PJBERTAL PUBEBREDS. PEB.CBRTJGE JDVAITJGE SHOW IN BRACD'J.'S& 

Do ab la 1 1 1 3-BNed 
Matin&• 1 SiJIIle Crosses 1 Bao1t Crosses t Oro••• 

1 
Jo. croaabred 188 piga 45 58 10 

1 
î6 îS 836 

1 

24 
littera 
J.y • DO • lirlDg 

10.0 (•2) 8.1 (-2) 10.6 (15) 9.9 (20) pige at bir1ib • • • 9.2 (11) 8.0 ~-15) 8.9 ()) 
at waaning ••• 6.0 (6) 7.7 (8) 5.6 l) 6.2 (12) 9.0 (31) 7.7 (36) 

at 154 dap • • • • •• • • • • • • • • • • • • 7.2 (10) • •• 
% 811'l"f'iT&l. t.o 

W&DiDc 73 (15) 72 (•2) 77 (8) 70 (11) 74 (0) 85 (11) • • • 76 (2) 
to 154 da78 • • • ••• • • • 

J.y. wt. (lb.) 
• • • • • • • • • 81 (6) • • • 

at bir1ib • • • 2.60 (2) 2.45 (2) 3.12 (-3) 2.91 (15) 2.91 (2) • • • 2.59 (0) 
at wauiag 38.1 (11) 33.0 (1.8) 42.8 (10) 49.2 {8) 36.0 (24) 37.7 (-6) • • • 33.0 (18) 
at 154 da7a ••• • •• • • • • • • • • • • • • 136 (1) • • • 

Litter wt. (lb.) 1\) 
at birth • • • 24.0 (13) 24·5 (1) 25.0 (-20) 23.7 (12) 30.9 (18) • • • 25.6 (21) 
at W&DiDI ••• 196 (25) 329 (20) 'Z/6 (5) 225 (39) 339 (23) • •• 254 (61) 

hed lDt per-
fOISI.DOI 

J.y. 4&1!1 1.39 (6) • • • 1.34 (8) • • • • • • • • • • •• • •• 
gain (lb. 
Feed (lb.) 335 (8) (3) 370 (4) • • • (3) • • • • • • (4) 
per 100 lb. 
gaiD 

Pllrebred COD- 174 piga 76 litt.ra 38 Yorka 16 Pol.and 76 littera 17 Pol.and 3003 76 littera 
'trola litter- troa 4 36 Cbllater ChiDa tro• 4 ChiBa Littera trom 4 

u.tea bree da White a 10 Land- bree da 3 Duroc troa 4 bree da 
race bree da 

Soarce Laah Il WiDtera HattoD & Luah Willtera Lllah Bradtord WiDtera 
!l· li ... Raaaell 1! !Yr· !! .!l· u !l· '· !l 11· Il .!1· 

1939 1935 1939 1939 1935 1939 1953 1935 

a..r.-.. 1"1'011 J'redaeD (1957). 
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From this review Freàèea (1957) points out that 

statistically significant differences between purebreds 

and crossbreds have seldom been observed in individual 

eiperiments. This was due to the fact that variation in 

performance traits measured was so large that the number 

of animals required to show statistical significance was 

prohibitively large for any one experiment. Besides, few 

experimenta could be compared directly due to management, 

experimental design and breed differences. However, 

generally heterosis appeared to be greatest for traits 

expressed in early life, up to weaning. The advantages 

of crossbreds in feed-lot performance were small and 

were also very small for the metric traits which measured 

carcass composition. Seale {1959) also presents data 

showing soma advantage for crossbred pigs in growth rate 

and slight advantages in carcass quality. His feport , 

showed that crossbreeding results obtained with Canadian 

data were essentially similar to results reported for 

bread crosses in other countries. 
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T.ABLB 3 

AWAGI PIRFQRMQCB IF SIIGII ((ROSS PROGINY COIIPAlJ'l) 

VITH PQRIBRID "C-01%ROL8", PJRÇINDGI 

AD\TA.ÛAGJ SBQIQ Il BRAÇDTS. a 

Station 

Ho, cross 
pigs 

Lacombe 

221 

Scott 

92 

Alberta 

129 

Macdonald 
Manitoba Col1ege 

274 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

L-Y L-Y L-Y 
(recip.) 

B-Y 
Y-T,~Y 

Ld-Y 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Market age 159(4) 161(9) 168(8) 183(4) 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Wt. (lb.) 
154 days 

168(11) 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Dail:y gaiA 
(lb.) 1.55(7) 1.32(6) 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Feed (lb.) 
cwt. gain-

393(3) 382(9) 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Contro1s no. 190 64 105 496 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•L Lacombe, Y - Yorkshire, T - Ta~~t~orth, B - Berkshire, 
X Minnesota 1, Ld. - Landrace. . . 

aTalœn :t'rom Seale (1959). 
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+'BLI4 

AVEIUGI PBRFQRMQCB OP BACXCROS@ CQMPARBD lJI!H PQBBBUD 

"GOifROLS". PIRCBN'f.&GB I.DV @:TI.GB SHOWN Dl BBACKITS11
• 

Macdoaa1d 
Station Lacombe .Alberta lllnitoba Co1lege 

Jo. cross 40 176 116 ?4 
pigs 

Bree ding• L-LY Y-LY Y-YT Ld-Ld-Y 
Y-LY Y-Ld.-Y 

Market age 168 {7) 160 (5) 190 {l) 

Wt.(1b,) 154 d&JS 170 (12) 

Feed {lb. )/cwt. 3?9 (10) 
gain 

Coatrols no. 86 112 124 

• L- Lacombe, Y- Yorkshire, T - Taworth, Ld. - La.ndrace. 
aTaken from Seale (1959). 

:wu 5 

.A!BRAGB PJmFOBMAlf91 OF SIIGlël CROSS 1 BAC !CROSS 

AG TBRBB BRIID CROSS PROGBNY COMPjRID IUH 

lJIBBBRID "COITROL§". PBRCBH491 ADVAITAGB 

SHOrll D lltACD:rsa .• 

Carcass Qua11t1 
Single Cross Backeross 3 Breed Crosses 

lfo. Pigs 664 · 
A.R. Score ?3 (1) 
Per cent .& Grade 53 (.3) 

aau..arised from Seale (1959). 

305 
80 (13) 
72 (l?) 

158 
65 (-1) 
44 (-9) 
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Gregory and Dickerson (1952) present resulta which 

indicate a heterotic effect on carcass traits. The tenden­

cy for crossbreds to have fatter carcass has been noted by 

Hetzer et ~l· (1951) in data involving line crosses. 

The utility of inbreeding and subsequent crossing must 

be evaluated as to whether the gains made in cross perfor­

mance are sufficient to compensate for the decline in per­

formance due to inbreeding. Bradford !! al. (195àa) and 

Dickerson et al. (1954) reported on the ineffectiveness of 

selection to offset inbreeding decline. Fredeen (1956) 

suggested that the scientific evidence reviewed indicated a 

situation less gloomy than the one advanced by Dickerson 

~al. {1954). The answer to the relative merit of crossing 

inbred lines might be partially arrived at by comparing 

inbred line•crosses with purebred controle. One such study 

was that of Bradford !! al. {195Sb) in which inbred and 

linecross boars were compared with outbred boars in two­

sire farm herds. Resulta obtained showed that linecrossing 

resulted in a recovery of vigor lost during inbreeding, 

but showed no average advantage for the linecrosses over 

outbred controle. These workers concluded that the advant­

ages of crossbreeding could be realised as rully by crossing 

non-inbred lines of different breeds as by crossing inbreds 

of different breeds. Comparison of linecrosses within 

breeds with linecrosses between breeds revealed a greater 

advantage of the latter for rate and economy of gain 

(Gregory and Dickerson, 1952). 

The fact that crossbreds are able to withstand more 
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Tigorous enviro.nmental cond.itions than. purebreds {Lush 11 

~. 1939); the differences between strain crossing and 

breed crossing in som crossbreeding experi:œnts (Bradford 

Ai il· 1958b; Gregory and Dickerson 1952); the feasibility 

of crossing already existing breeds to develop new and 

better breeds - a question indireqtly implied in Carroll and 

Robert's (1942) •composite• purebred; the realization that 

net mrit for total performance does not necessarily vary 

linearly with each compoJlent of net merit Lush (1948) all 

pose the question as to the type of gene action in heterosis. 

Fredeen (1957) considers the problem to be one of the 

relative contriblltions of the lalown genetic mechanisms. 

Among these would be simple intra-allelelic dominance where 

the heterozygote possessed a greater variety of favourable 

dominant genes than e:x.isted in eitber parent. 

The dominance hypothe sis (Bruce 1910) depends on the ob­

servation that there is a positive correlation between recess­

iveness and detrimental affect, som of the detrimental 

recessives brœght into the · hybrid zygote by one parent are 

rendered ineffective by dominant alleles from the other par­

ent. The ;result is an increase in vigor of the hybrid as 

compared to the parent stock. Objections to this hypothesis 

were raised on the basis that it would result in a skewed 

distribu.tion in the F2, and that it should be possible to 

recover individuals homozygous tor the dominant favourable 

genes concerned. These objections were largely removed by 

Jones (1917) and Collins (1921) who showed that with linkage 
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and with a large number of factors the possibility of recov­

ering homozygous dominants was extremely remote. In more 

recent times the theory of intra-allelic gene interaction has 

extended to include overdominance (East, 1936; Hull, 1946). 

Non-allelic gene interaction in the form of epistasis 

and polygenic balance could also be important in heterosis. 

Sang (1956) has po!nted out that the utilization of hybrid 

vigor in farm animals, must embody a different approach to 

that in plants. The primary reason for this is the difficulty 

of maintaining inbred lines, and the uncertainty of the type 

of gene action involved. The approach in animal breeding 

problems has been to rely on mass selection where heritabil­

ity estimates are high for the traits concerned (Lush, 1948). 

Such traits seldom display hybrid vigor. Since the type of 

gene action involved not only influences the level of het­

erosis, but also response to selection, it will be discussed 

under the general heading of forces which cause selection to 

be ineffective. 

Forces whieh cause Selection to be Ineffective. 

At the onset of this discussion it may be worthwhile 

to recall Wright's (1935) statement. "lt is the harmonious 

adjustment of all characteristics of the organism as a whole 

that is the object of selection, not the separate metrical 

characteristics.• Any investigation of the response to 

selection must take into consideration whether the selection 

criteria is one metrical character or net merit. Net merit 

is a weighted measure of several characteristics each of 
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which may be quantitative in nature. Mather (1941) suggests 

that adaptability is a result of an establishment of an equi­

librium between genotypes and envuonme.nt. This equilibrium 

being brought aboa.t by the evolution ot pïtl)"genic combinations 

or complexes under the influence of natural selection. 

Changes in the pol)"genic complexes of a given population 

without changing the environment voa.ld result in a rupture 

of the established equilibrium vith a tendency for the pop­

ulation to regain this equilibrium. !bis theory credits the 

e.a.vironment as a powerful force in selection œthods, and 

linkage as a force of conservation in maintaining these poly­

genic complexes. Lerner (l-954) has reviewed the vork on 

selection in pou.ltry, pigs and to a lesser e:xtent, in ca tt le. 

He observed that the indications from the literature vere 

that heterozygosity reduced the variability around the adap­

tive mean value of a character in cross tertilized species. 

The degree of adaptedness therefore wonld be a tunction ar 
heterozygosity. Natural selection would tend toward the 

establishment of a certain level of obligate heterozygosity, 

deviations from vhich vou.ld be discrimiaated àgainst in most 

eAvironments. This concept of an integrated genetic system -

arrived at by previou.s evolutionary his tory, in a dynamic 

equil1br1um was called GeAetic Homeostasis by Ler.ner (1954). 

Based on the implications of this system Lerner (1954), states 

that the optiDUm genotype for fitness from the standpoint 

of natural selection does not coincide vith the optiDilDl 

genotype from the standpoint ~f artificial selection for 
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extreme values of a given character. A correlated response 

in the direction of reduction of fi:tneas~would'lbè a direct 

consequence of selection for extreme morphological phenotype. 

He further presents a model which shows how the operation ~f 

genetic homestasis, even in traits under additive genetic 

control leads to the establishment of a plateau below the 

maximum possible expression of a selected trait and requires 

continuous selection to prevent a relapse. Lush (1948) 

discusses the situations which modify the rate at which 

selection may change a population. The first condition is 

overdominance. The second is epistasis in which selection 

for a gene in one combination is balanced by selection 

against that gene when in other combinations. The third is 

the presence of negative genetic correlations. The fourth 

is the existance of genotype-environment interaction. If 

most of the phenotypic variability of a population upon 

which selection is practiced is due to one or more of these 

causes, a breeder may select intensively for a long period 

of time without making any improvement. 

Overdominance 

The literature is somewhat confusing on the use of the 

word overdominance. There are publications where overdom­

inance is used as a synonym for heterosis. Jones (1957) 

considera the term to be restricted to intra-allelic gene 

interaction. In this sense overdominance would be one 

possible genetic explanation of heterosis. Since Shull's 

(1914) definition of heterosis made very little attempt to 



- 21-

explain the genetic mechanism responsible for heterosis, and 

in the light of recent wark b.Y Sprague ~ âl· (1959) it would 

appear that the more logical discussion of overdominance would 

be in the context of Jones'(l957) definition. Hull (1946) 

suggested the word overdominance to acc~t for instances 

where the heterozygote has a selective advantage over both 

kinds of homozygotes. Crow (1948) supported the theory of 

overdominance by sha.~ing that under complete dominance and 

no epistasis,average superiority of maximum hybrid over the 

population at equilibrium gene frequency, would be the pro­

duct of the mutation rate and number of loci involved or less 

than five par cent. This is based on the consideration that 

the affect of a detrimantal gens on the selective value of 

the population is equal to the mutation rate to that gene and 

is independant of the selective disadvantage which that factor 

causes. Wb.ereas in overdominance, the loss of fitness of the 

population is of the order of the magnitude of the selection 

coefficients. Renee, potential hybrid advantage under soma 

degree of overdominance, at even a small proportion of loci, 

could be many tilœs greater than five per cent. 

Crow (1952) pursuing the overdominance hypothesis, 

pointed out that in order to bave overdominance it was not 

necessary that the immediate gene products of the hetero­

zygote exceed in quantity or variety, those of either homo­

zygote. At the leval of the immediate gene product or any 

intermediate state, the affect of tha heterozygote may be 

intermediate between the two homozygotes and still result 
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in a grea ter final result. Any kind of situation in which 

soœething is produced for which an intermediate am~t is 

optimm, could be such that the heterozygote is nearer the 

optimm than either homozygote. One form of gene action that 

might account for overdollinance is th.at in which two alleles 

differ qualitatively, or each does something the other ta ils 

to do. Irwin 1s (1947) work with blood group antigens in man 

and cattle may be cited as an example. In almost all in­

stances the heterozygote has all the antigenic properties 

ot both homozygotes. Overdominance may also be evidenced in 

cases where on the scale of desirability the heterozygote 

ià preferred t o either homozygote. Conceivabl.y, overdom.in­

ance is a tunct ion of the type of environma.nt under which 

selection is practiced. If changes in the environment nec­

essitate sudden changes in the direction of selection, 

e.g. changes in selection tor •meat type" instead of lard 

type pigs, then the level of overdominanoe is related to the 

selective advantages of heterozygous loci. 

The importance of overdominance in large tarm animals 

is still largely a matter of speculation. The validity of 

Crow • s (1948) calculations re garding overdominance has been 

questioned by Robinson .o.t §1. (1956) due to the tact that 

Crow (1948) assumed identical gene frequency far all pop­

ulations. Recently Bowman (1960) has attempted to measure 

the extent of overdominance by use of two regressions cal­

culated in terms of genotypic values for two alleles, at a 

single locus in a recurrent selection breeding scheme. 
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~bess regressions involve tbè relationship between the per­

formance ot a sire 1 s testcross progeny and the performance 

ot (1) his full sisters and (2) his pure strain progeny. It 

is pointed ~t that a negative regression can only be obtain­

ed wben overdominance is present, though a positive ar zero 

regression does not necessarily imply the absence of over­

dominance. The recurrent selection technique (Comstoek ~ 

Al· 1949) representa an attempt to obtain a masure ot 

specifie combining ability. Specifie combining ability may 

be due to dominance or to a eombination of' dominance and 

epistasis. Overdominance can make the difference in specifie 

combining ability considerably larger than dominance can. 

Iadireet evidence for the existence of overdominance 

include the tact that many undesired homozygous recessives 

rema.in in a population at too high a frequency to be ex­

plained by recurrent mtation alone, (Lush 1948). ~e in­

eftectiveness of selection in otfsetting the decline in 

performance from mild inbreeding (Dickerson 11 Al· 1954) has 

also been cited as indirect evidence. Bradford Ai, âl.· (1958a) 

report that in swine an increase of tan per cent in litter in­

breeding coefficient w~s accompaniad by a decrease of approx­

imately .20 pigs tarrowed per litter, .45 pigs raised per 

lit ter, six pounds in individual pig weight at :t'ive months 

and 75 p~ds in total litter weight at five months, even 

though considerable selection was practitad for individual 

weight of sires. Crow · (1948) has ma.intained that without 

overdominance loag continued selection in any f'orm would 
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have carried favourable alleles to a high frequency in 

equ111br1um with reverse mntation where heterozygosity 

would be rare and heterosis small. Sprague J.! !l· (1959) 

reported that evidence in their work with corn supported 

the dominance theory of heterosis, not the overdom:Lnance 

theory. The possibility of epistasis was also discussed. 

Bpistasis 

The prima.ry consideration here is that selection under 

general epistatic conditions results in changes in the mean 

which are to a large e:xtent temporary. This is be cause under 

these conditions selection changes only the way the genes are 

combined not their frequency (Lush 1948). Renee soma selec­

tion is necessary to maintain the marit of an improved pop­

ulation as a relaxation of selection would result in the 

population reverting to its original mean value. 

Wright {1932) has dealt with the problem of selection 

under epistatic conditions when severa! genes are involved 

and different levels of optimwm phenotype e:xist. Genetic 

vari~bility is pictured in two dimensions, with contour 

linas showing many intermediate peaks of adaptability as a 

third dimension. Under these conditions selection for a 

given gene pool tends to move the population up the nearest 

s lope t o it s peak, which may or may not be the highe st. 

As soon as the genetic mean of the population is directly 

under the peak selection fails to move the mean. any 

further, all the variance being epistatic. Increasing 
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selection intensity fixes the population more firmly in 

the peak. Further response from selection requires a re­

laxation with a consequent descent of the pppulation from 

the peak and an opportunity for random drift or segrega­

~ion, to provide the means of moving the population to 

new peaks. Under these conditions inter-group competition 

in isolated subgroups becomes a potent force in evolution. 

Comstock, (1960) in his discussion of problems 

associated with swine breeding, theorises that many breeds 

possessing the same genes may approach different adaptive 

peaks. Breed differences unalterable by positive sèlection 

would rest in gene frequency differences rather than 

actual gene differences. Negative selection followed by 

positive selection could transport a breed to a new and 

higher peak. However, the rapidity in changes in management 

and selection in swine production in the past decade leaves 

some question as to whether these peaks are imminent or distant. 

The importance of epistasis in animal and plant breed­

ing is not known. Jinks (1955) through an analysis of dia­

llel crosses has reported the following findings:-

(1) 'fPerever overdominance was found non-allelic inter­

action was present also. 

{2) Re-analysis of the data, after omitting all crosses 

showing significant non-allelic interaction led to a drop 

in the apparent degree of overdominance. 

{j) Specifie combining ability was always associated with 

the presence of non-allelic interaction while general com-
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biD.i.D.g ability was the ou tc OJœ of une omplicated dominance. 

legatiye Genetiç Corrala)ions 

Genetic correlations are correlations between the 

effects of sets of genes which influence two charaeter­

isties on the sa• ani118.l. Thise correlations are primarily 

due to genes vith manifold or pleiotropic affects. fhey 

•'1 also arise due to linkage. Linkage would be a cause 

only whon the c oupling and repulsion phases are not in tho 

proportion they would be if mati.D.g was completely at random. 

This would be the case in a population originating from a 

recent cross of two different lines. !his affect of linlr­

age would be of comparatively short duration decreasing 

rapidly as soon as random mating vas resumd. The effect 

of selection as a cause of genetic correlations, depends 

primarily upon the e:xtent to which selection varies in iso­

lated sub-groups of the population. Negative genetic cor­

relations may arise When a gene or sets ot genes affect two 

traits ditferently, i.e. one favourably, the othor untavour­

ably, simltaneous ·or consedltlve selection for both the se 

traits would result in little net.seleetion pressure on the 

gene. The frequency of the gene or genes will re main at an 

interDI8diate level where it could contribute mch to the 

variance of each characteristic. Lnsh (1948) observes that 

this affect et selection causes a negative genetic correla­

tion which will be especially acute if' the :f'avou.rable affect 

is dolliAant for both characterist ics. This amounts t o over-
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dominance for net merit, without overdominance necessarily 

existing for any of the separate primary components of net 

merit. Fredeen (1953) reported genetic correlations (Table 6) 

for Canadian Yorkshire swine. There were negative corre­

lations between length and most of the carcass traits 

studied. Selection based on length alone should theor­

etical1y produce carcasses with 1ess fat and smaller percent­

age ham. However, as Fredeen (1953) pointed out the data 

were on pigs slaughtered at a reasonab1y constant 1iveweight. 

Since constant weight is a function of all component parts 

of the carcass, restriction of the data to a constant weight 

basis automatically introduced some negative correlations. 

Hazel et al. (1943} analyzed the gross correlations of the 

growth rate of swine in three 56 day periods from birtp to 

168 days. They round that the genetic variance accounted for 

15 per cent, 28 per cent, and 17 per cent of the observed 

variance in each of three periods. The genetic correlations 

were al1 positive and 1arger than corresponding environmenta1 

correlations, indicating that genes with persistent affects 

were responsible for much of the genetic variation. Hence, 

heredity had a lesa important but more consistent influence 

upon growth rate than environmental sources. 

Dickerson {1947) has postulated a negative genetic 

correlation between milking ability in sows and rate of fat 

deposition and feed requirements per pound gain. In a sub­

sequent paper Dickerson and Grimes (1947) computed the 

regression of progeny on sire and dam separately, (Table 7}. 



TABLE 6 

GINITIC CŒRELATIONS AMONG TRAITS BASID ON 564 DIGRIBiS OF FRIInœfl 

1 1 1 
' 1 1 1 1 Lengt~ Shou1derl Back 1 Loinl Percent 1 Percent__! Loin 1 Be1ly Total 1 Feed 

1 Fat_ L Fat LFa_t_J ___ Ham__. _Bb._oulde_n_Aze~a_t &Lore 1 Score 1 

Age at 200 
1b.livewt. -o.l53 0.128 -o.046 -o.009 0.093 0.090 0.101 0.006 -o.130 0.3?3 

Length of 
- .26? -.225 carcass -.1?2 -.110 -.01? -.166 .009 .455 .018 

Thic kne s s of 
shtUlder fat .653 .667 -.402 -.209 -.161 -.234 -.564 .034 

1\) 

Back: fat .740 -.360 -.503 -.077 -.217 -.377 -.011 
(X) 

1 

Loin fat -.107 -.493 -.190 -.009 -.449 .003 

Pe~cent 
ham .194 .273 .08? .239 -.086 

i 

Pe~cent 
shqulder .167 -.058 -.034 -.044 

Loin area .312 .480 -.128 

Be1ly score .608 -.116 

Total score -.064 

aTaken from Fredeen {1953). 
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T4BII Z 

QGBE5SION OF OFFSfRING ON PABINT, WITHIN 

laiD .AND YIAB OF P.A6ENT AND QFFSPRDiG
8 

D/F 

Regression of otfspr1Ag on: 

Sire (1) Dam (d) 
Mean of 
Parents Rsd. 

Wt. at birth 69 -.19 t. .0? -.06 !. .09 -.23 ! .13 -.26* 

Wt. at ?2 days 69 .02 ! .09 .08 t .09 
Feeding period 69 .23 ! .08 .33 .:t .10 

Daily gain 69 .22 ! .07 .29 ! .09 

Feed/gain 62 .23 ! .08 .01 !. .11 

• Indicates P ' .05. 

a Taken from Dickerson and Grimes (194?). · 

.09! .12 

.4? .! .12 

.43 .! .10 

.26 ..! .12 

.oa 

.15 

.15 

.1? 

The values for the regression on sire (.23) were consid­

erably larger than those for regression on dam (.01) for feed 

requirements relative to daily gain. The regression of off­

spring on dam would include the dam's transmitted as well as 

her direct nutritional influence on her pigs, whereas the re­

gression of o.f'.f'spring on sire wou.ld measure only the transmit­

ted influence. Diclœrson and Grimes (1947) interpret the diff-

erence in the size of tœ se regressions as further evidence 

{Dickerson 194?) that dams which transmit more economical 

gaining ability provide poorer nutrition during the suckling 

period, thus neutralizing their transmitted influence. Com­

parison of the regression on dam for feed requireœnts per 

unit gain and rate of gain (.01 vs •• 29) led Dickerson and Grimes 
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(1947) to hypothesise that lower feed requirements was 

caused partly by genes which did not increase rate of gain 

but which reduced milking ability. This would be so if 

these genes reduced the animal's rate of metabolism, impair­

ed lactation and concurrently lowered the requirements for 

maintenance, leading to increased fat deposition. The neg­

ative heritability of birthweight poses the question of a 

negative correlation between intrauterine environment of the 

pig and the transmission by the dam of genes for size at birth. 

Bradford et al. (1958c) found a negative association 

between the additively genetic effects in the pig and the 

maternal effects in different breeding lines for weaning 

weight and 154 day weight. This was based on the perform­

ance of five lines as inbreds, in two, three and four lina­

crosses and in topcrosses. The validity of this observa­

tion is limited because the number of lines involved were 

small and in the analysis these two effects were assumed to 

be independant. Vogt et al. (1963) studied the genetic 

correlations between growth rate and (1) feed efficiency, 

(2) litter size and {3) weaning weight. Values obtained 

were -.22, .06, .47 respectively. None of the estimates 

were statistically significant. King (1957) reported the 

following genetic correlations between carcass traits, 

(Table 8). 
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TABlîB 8 
BSTWDD GBQTIC CORRBLUIOilS BITWUN 

C@CA8§ TRJ.ITS! 

Length Thielmess ot back:tat Depth of 
of body' Shoulder Mid-back Rump eye msele 

Careas s we ight -0. 73 
Length of body 
+hic kne ss of 
backfat:-

Shoulder 
Midback 
Rump 

0.39 
-0.50 

aSUmmarised from King (1957). 

0.95 
-0.51 

0.77 

0.35 
-0.24 

0.62 
0.65 

0.04 
-0.16 

-0.13 
-0.26 
-0.48 

The large negative correlation between length and 

carcass weight would indicate that tor a given liveweight, 

pigs that were shorter and tatter,would produce a heavier 

carcass. Hence drassing percentage was due largely to an 

increased rate of fat deposition. Genetic correlations 

between different masures of' backfat were large and pos­

itive .62, .65, .77, and negative -.2 to -.5 between maas­

ures of backtat and eye muscle depth. Thise correlations 

based on 239 degrees of treedom were.estimated :f'rom lins 

compone nt s of variance and covariance from inbred lins s. 

Bach lina represented by a sire and his daughters. Bence 

they are sub~ect to large sampling errors, values lower than 

.5 should be regarded as non-significant. 

~notype - Bnvironmont Interaction ·. 

Animal breeders are aware of the interdependance of 

genetic and environmental factors in the final form of the 
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phenotype. Researc" workers in animal genetics attempt 

statistical separation of genetic and environmental 

variation. Generally, the genetic variance is that due 

to variance in the strictly additive sense, any departures 

from additivity are classed or grouped as environmental. 

In this sense, the environmental component of variance serves 

as a "catch all" term for variations not directly a~ributable 

to the additive effects of the genotype. As such, the 

environmental component might include epistatic effects, 

dominance affects and the joint affects of genotype and en­

vironment along with any truly environmental effects. 

Dickerson (1962) has presented rather lucidly the general 

line of thought behind methods of obtaining separate measures 

of genetic and environmental affects. He states, "In the 

broad sense there are no 'independant' genetic and environ­

mental variations in animal performance. Any phenotypic 

expression of the genotype requires a relatively specifie 

sequence of environments and any environmental influence is 

measurable only as it changes the expression of reasonably 

well integrated (e.g. viable) genotypes. However, differ­

ences in phenotypes among a series of genotypes can remain 

relatively constant under sevetal differing environments, 

so long as the ranges of both meet requirements for survival; 

in this sense one can speak of separate average 'genetic' 

and 'environmental' contributions to variations in perform­

ance, and of additional variation due to the joint affects 

of genotypes and environment, not predictable from 
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their separate average effects." He lists five environ­

mental factors which may modify genetic differences produc­

ing interaction thus: 

{1) External physical influences 

{2) Background genotype 

(3) Materna! effect 

{4) Social climate 

(5) Economie factors. 

The consequence and the importance of genotype -

environment interaction is reflected in the arguments of 

Hammond (1947) and Falconer (1960) as regards the optimum 

environment for selection. Hammond (1947) considera that 

the most rapid genetic advance will be achieved when selec­

tion is practised in the environment most favourable for 

the expression of the selected character. Most of the 

progress obtained by selection in the most favourable en­

vironment will tend to be maintained if the selected pop­

ulation is transferred to a less favourable environment. 

Falconer (1960) takes the view that selection should be 

carried on in the environment under which the population or 

breed is designed to live. This theory assumes a high 

degree of genotype-environment interaction. 

Genotype-environment interaction has largely been 

estimated by analysing for and testing the significance of 

sire x environment interaction in a·variance component 

analysis. Falconer (1960) has considered the problem of 

perfo~mance unde.r two environments as a case of two 
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different correlated characters. The genetic similarity 

between tœ two characters is e:xpressed as the genetic 

correlation between them. From a lmowledge of the genetic 

correlation and of the heritability of each character it 

should be possible t o predict how 1111ch of the improvemnt 

made by selection in one environmnt would be carried over 

when the improved breed is transterred to another environ­

ment. In terms of response to selection, Falconer 1s (1960) 

tor11111a may be e:xpressed as follows: 

CRL = .!li x~ X rA 
RL iL hL . 

Vhere CRL = correlated re sponse 

RL = dirac t re sponse 

1H = intensity of selection for correlated 
character 

iL = intensity of selection tor character 
selected 

~ = her 1 ta bilit y of correlated character 

hL = heritability of character selected 

r.A = genetic correlation between the two 
characters. 

Falconer (1960) applied the above theoretical consider­

ations to resulta obtained in selection tor three to six 

week: 1rowth in mice on high or low feeding regimes. He 

found that over the first four generations of selection 

observed, responses were in agree.tœnt with the the ory of 

selection tor correlated characters. However, atter tour 

generations the two characters (growth on high plane,growth 
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on law plane) yielded widely discrepant estimates of the 

genetic correlation. Atter 13 generations of selection, 

growth on high plane was increased equally by selection on 

low plane as by selection on high plane , but growth on low 

plane was increased only by selection on low plane. 

The importance of genotype - envirolllDilnt interaction 

in dairy cattle has been investigated by Robertson ù â.J.. 

(1960). They ascertainad management levels on the basis 

ot heifer milk yield and mean yield of contemporaries. 

)han yield of the contemporaries were 7020, 8,570 lbs., 

10,250 lbs. tor low,œdium and high levels respectively. 

They found that total variability and genetic variability 

inereased with herd level. The fraction of genetic vari­

ance remained relatively constant over all herd levels. 

This finding was further supported by Legates (1962) who 

studied the heritability of fat yields in herds with diff­

erent production levels. ES eoncluded that the traction 

which the additive genetic variance comprised of the total 

variance was not related to the environmental level. Van 

Vleck (1963) divided first and second lactation records in­

to four groups depending on the level of their adjusted 

herd mate average relative to the D.H.I.A. season average. 

The high level was grea ter than 1,000 lbs. of milk above 

the season average whereas the low level was more than 

1,000 lbs. of milk below the season average. !he data was 

analysed to investigate the importance of genotype -

environment interaction•, Re:sult s indicated that genetic 

': "/ 
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variability for milk production was different from one en­

vironmental level to the other increasing with the higher 

levels. The genetic variability expressed as a fraction of 

the total variability was smaller in lower levels of environ­

ment than in the higher. There was, however, no difference 

in the ranking of sires in different environments. Dickerson 

(1962) found important but largely unpredictable shifts in 

ranking of genetic stocks for egg production runong poultry 

farm environments. 

In swine, King (1963) reported no significant gentotype­

environment interaction for growth rate, feed conversion and 

carcass measurements. However, the l40 pigs used in this 

study represented progeny of three inbred boars of tbree 

breeds mated to Large White sows. Salmela et al. (1963) 

studied the reaction of single cross pigs - all produced by 

Minnesota No. 1 sows out of either Minnesota No. l, No. 3, or 

No. 2A boars, to t~ee levels of feed intake, full fed, 

85% full fed and full fed 20% roughage diluted ration. There 

was a highly significant breeding x treatment interaction 

for rate of gain and age at 200 lbs. There was also signif­

icant interactions for ham weight, loin eye area and carcass 

length. These results substantiated earlier conclusions 

(Salmela et al. 1960), that comparative performance of two 

or more types of breeding in a particular trial should not 

be depended upon as final evidence of the relative values of 

different breeds or crosses. 

Kristjansson (1957) reported significant sire and 
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trsatment interaction for loin eye area for pigs out of four 

sires subjected to two management and faeding regiœs. Plank 

and Berg (1963) invastigated the affects of p~ne of nutrit­

ion on purebrad Yorkshire, Lacombe x Yorkshire, and Landrace 

x Yorkshire ptts • Genotype x plane of nutrition interactions 

wsre significant for average daily gain, carcass lêâg~ and 

total Record of Performancs score. Thus gsnotypa-environmantal 

interaction seams to be important in swine breeding.. Diclœrson 

{1962) has suggested that one of the most probable causes of 

gsnotype-enviroruœnt interaction, is a shift of emphasis in 

sslection intensity batween traits as the environment changes. 

The swine industry is noted for rather dramatic changes in 

c onsu:rœr preferences for certain carcass traits. 

Comparison of Crossbrsd and Pursbrsd Sslection Schemas. 

Evidencs for the actual rs sponse to se lect ion of large farm 

animals is scarcs. The major reason for this ses ms to be 

the difficulty of obtaining adequate controls, and the 

separation of improvament achia ved into gene tic and environ­

mental components. Hull ( 1945) proposed recurrent sa lac ti on 

to an inbrad te star lina to ta st for spscific combining abil­

ity in corn. Comstock at al. (1949) suggestad a modification 

of recurrent selection, i.e. (reciprocal recurrent selection) 

to obtain maximum utilization of general and specifie cam­

bining ability. The se :rœ thods we re propose d as be ing 

as pecially efficient in exploiting maximum heterosis in 
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traits influenced largely by overdominance. An answer to 

the problem of the relative effectiveness of purebred and 

crossbred selection schemas, therefore, may be arrived at 

by comparing Individual and Family Selection with Reciprooal 

Recurrent Selection. 

To date, experiments to test the effectiveness of these 

two methods have been largely confined to laboratory animals. 

Bell ü !l,. {1955) reported on two selection experiments 

with Drosoph:J.li glanogaster. Four œthods of selection 

were used nam ly: Recurrent Sa lee ti on 1 Reciprocal Recurrent 

Selection, Individual and Family Selection within closed 

populations, and Inbreeding and Hybridization. All the flies 

used in this e:xperiœnt were derived from eight laboratory 

stocks. ln the Closed Population œthod these stocks were 

mated to produce 42 familias. Nina females from each of 

the 42 familias were tested for fecundity and egg size. 

Forty-two daughters with the highest performance index were 

selected from the tan highest familias and along with their 

mates produced the ne:xt 42 familias for the next cycle of 

selection. Thus graphically: 
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In the Recurrent Selection breeding system 42 males 

from the original segregating population in the Closed 

Population method, were each mated to four inbred tester fe­

males. !he seven males with the highe st combining ability 

were chosen to sire the next generation of the segregating 

population. Selection was accomplished by d1scarding the 

progenies from the 35 less desirable males. 

In Reciproeal Recurrent Selection the eight fou.nda­

tion stocks were combined by groa.ps of four into two unre­

lated segregating populations. !he breeding schema was 

essentiallf the sama as that for Recurrent Selection exoept 

that each segregating population would serve as the tester 

line in alternate generations. 
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In this experiment selection was on a Performance 

Index. This was defined as: Performance Index = 4 days egg 

production+ 10 (total of five egg lengths). This first ex­

periment was carried on for 16 generations, at the end of 

which, the inbred linas were combined into single crosses 

for comparison with the other methods in terminal perform­

ance tests. In the second experiment of the series, found­

ation stock used consisted of the Closed Population for the 

first experiment and selected non-inbred laboratory stock of 
; 

two non-inbred lines. The only major change in selection 

technique involved Reciprocal Recurrent Selection where 20 

sires for each line were test crossed in each generation~ 

Four sires out of t~e twenty tested in each line were sel­

ected to provide five sons each for the next generation of 

testing. Selection within each method was based solely on 

fecundity over a three day period between five and seven 

days of age. Egg size was measured but only for the purpose 

of studying drift in an unselected trait. This experiment 

was carried on for 39 generations. Figures 1 and 2 

represent resulta obtained in experimenta l and 2 respect­

ively. 

Resulta from these experimenta suggest that Individ­

ual and Family Selection with~ a closed population is 

superior to the other methods tested for improving quanti­

tative traits determined by additive genes. Whilst the 

Closed Population method was initially more effective than 

the other methods in improving a highly heterotic trait 
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(Expertment II). 
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(fecundity) in newly formed populations; in the long run, 

both Reciprocal Recurrent Selection and Recurrent Selection 

are superior to the Closed Population method for maximum 

performance in heterotic traits •. As indicated in the graphs, 

the Closed Po~ulation plateaued in fecundity after about 12 

generations. However, comparison of the Reciprocal Recurrent 

Selection method with the resulta obtained from single 

crosses of inbr•d strains showed that maximum heterosis was 

not realised in the former method since these single crosses 

performed at an equal or higher level than the cross popula­

tions derived from the Reciprocal Recurrent method. 

Accepting the concept that both Reciprocal Selection 

and Recurrent Cross Selection are basically selection ta­

ward eventual homozygosity within the segregating populations, 

Bell~ al. (1955), suggest that both these types of selec­

tion should be accompanied by inbreeding for maximum heter­

osis. The rate of approach to homozygosity would depend on 

whether natural selection was acting opposite to or concurr­

ent with artificial selection (Lerner 1954). Kojima and 

Ielleher (1963) report a higher efficiency of Reciprocal 

Recurrent Selection than in full sib Family Selection for 

egg production; however, in this case the additive variance 

for egg production was low in the base population. Bell 

and Moore (1958) round Individual Family Selection superior 

to Reciprocal Recurrent Selection and single cross hybrids 

for improvement of the highly heritable trait, body weight 

in Tribolium castaneum. 
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Griesbach (1962) found that Reciprocal Recurrent 

Selection was ineffective for increasing heterosis in body 

weight in poultry. 

It is hazardous to attempt to extrapolate resulta 

from laboratory animais to large farm animais. Reciprocal 

recurrent selection schemas require large numbers, further, 

they greatly increase the generation interval. For these 

reasons their application to large farm animals woùld be 
1 

expansive and time consuming. The indirect evidence - i.e. 

specifie combining ability has been found to be small for 

pigs (Henderson 19~9, Hetzer et al. 1961). On the other 

hand Dickerson (19~9) takes the view that selection has 

plateaued for sorne characters in swine variability and has 

suggested the use of Reciprocal Recurrent Selection for 

achieving higher levels. Plateaued populations are theor­

etically expected to be homozygous for the superior allele 

at loci where the gene action is additive. Fredeen (1958) 

ascribes the lack of response to selection, to the fact that 

selection has not actually been applied. Smith (1963) found 

a small but positive genetic change in backfat thickness in 

landrace pigs. 

The type of gene action involved in heterosis is by 

no means clear. If epistasis is important then the method 

of selection should be on a family basis so as to attempt 

to preserve those gene combinations that "nick• well with 

the other familias or !ines. If overdominance is important 

then selection should be based on the individual's performance 
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in crosses. If negative genetic correlations exist between 

traits being selected for, then as Robertson (1955) has 

pointed out, heritability estimates are useless in predicting 

response to selection. If dominance is important individual 

selection should offer the most effective method of improvin& 

cross performance. 

Predicting Crossbred Performance. 

Time and money spent in investigating resulta of cross­

breeding experimenta could be reduced if there was sorne 

satisfactory method of predicting performance of crosses. 

Jenkins (1934) presented data on the efficiency of four 

methode of predicting crossbred performance in corn. Carmon 

~ al. (1956) have presented equations for predicting per­

formance in a rotational breeding scheme. Prediction was 

based on single cross and parental line performance. The 

assumptions made in the development of these equation~ were 

as follows: (1) diploid behaviour at meiosis (2) two alleles 

per locus (3) no epistasis (4} parent lines or breeds do 

not change in gene frequency and {5) sires and dams are 

random members of their respective populations. 

The method of Carmen et al. (1956) may be explained as 

follows. Considering one locus, let the genotypes, their 

phenotypic values and frequencies be represented thus: 
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' 

Genotype Frequency Average Phenotype y 

ü p2 z + 2x 2x 

.la 2p(l-p) z +x +hx x+ hx 

a a (l-p)2 z 0 

whare x is half the difference in average phonotypic value 

between AA and aa, ais equal to the level of dominance and 

p is the population :f'requency of the gene A. The use o:f' h 

makes this general for all levels of dominance. Computations 

can be simplitied by subtracting Z :t'rom each o:f' the phenotyp­

ic values. The coded phenotypic values are listed under Y. 

The expected mean phenotypic value far a single locus 

in a line or breed in which genotypic values are in Hardy­

Weinberg equ111qr1um is 
-.. 2 Y = 2p x + 2p(l-p) (x + hx) 

which reduces to 

Y= 2x[P + hp (1-p) J 
The average performance ot n lines or breeds is 

in = 2x [ p + h { p ( 1-p) - crp2 } J 
n n · - 2 

Vhere p =L Ji. and a-:= L (Pi-p) 
•

1
.n P .

1 
h 

1• ,. 

The expected phenotypic mean for n (~) single crosses 

among n line s is 

s = 2xri + h ~ii <1-p) +~ ) ] 
n L n-1) 

For 2 line s this bec oms s 

~ = 2{P + h ~p <1-p) + 6" l~] 
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For a two lille rotational breeding program the expected 

mean that is approached when the number of generations 

increase is 

Il:! = 2x~ + h~ji (1-ji) + 22 ~ TI 
For a two lina rotation the prediction equations may be 

derived from the expressions for phenotypic means as follows: 

substituti.ng 12 for ln 

B2 - 12 = 4 hx (fp2 

s2 - R2 = i hxdp2 
3 

-(~ - ) Hence R2 = B2 - N2 
3 

With no epistasis the expressions for one locus may be summ­

ed over all loci to obtain expressions reflecting the affect 

of the entire genotype. T.hus the mean performance of a two 

lina rotational breeding programme is predicted by the aver­

age performance of the single cross minus one third of thé 

difference between the average of the single cross and the 

average of the mean performance in the two parental linas. 

Carmon (1960)reports highly significant correlations 

batween observed and predicted results in rotational breeding 

involving four linas in mica. 

Enfield and Rempel (1962) calculated the expected improve­

ment in crossbreds as the product of the average selection in 

purebreds tiœs the ratio of four times the covariance of 

sire affects divided b,y tba phenotypic variance in the pure-
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bred. Estimates ot this ratio tor weaning weight, average 

daily gain and back:f'at probe in swine were -.17, .42, .07 

respectively. 

These two œthods (Carmon u §J.., 1956: and lnfield and 

Rempel, 1962) seem to otter som promise tar predicting 

crossbred performance. 

The scientific evidence reviewed tends to indicate that 

selection within purebred li.Ds s of swine shou1d still be 

effective in improving swine productivity. Until the nature 

ot gene action in hsterosis is claritied and the predict­

ability of crossbred performance estab11shed, any radical 

deviation from selection based on the assumption of add­

itive genetic i.nheritance dœs not seem warranted. 
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SQURCB OF DA:U 

The data used in this study extend over the period 

1958-62 and were obtained from the Macdonald College swine 

hard. Growth and carcass measurements were available for 

1227 pigs in 239 litters. These litters represented pure­

brad Yorkshire, purebred Landrace, single cross, backcross 

and crisscross between the two breeds. 

In 1957, Macdonald College initiated a crossbreeding 

project involving Yorkshire and Landrace breeds with one of 

its aims being to determine the utility or advantage of us­

ing crossbred sows for producin.g market hogs. A report of 

the factors affecting sow productivity up to weaning was 

prepared by Holness (1963). 

The general breeding plan was as follows: Starting in 

lats 1957, two Yorkshire boars and two La.ndrace boars were 

m.ated to. the original Collage population of Yorkshire females 

to produce pure brad and crossbred of.f'spring. In the period 

1958-1962, 28 Landraca gilts in gronps of fonr litter mates 

ware purchased. Fonr such groups were purchased in 1958 

and one group in each of the yaars 1959 - 1961. Thera were 

two purchases o:r Yorkshire gilts, one group ot fonr in 1960, 

the other in 1961. All boars were purchased from private 

breeders• herds. 0t the nina purebred Yorkshire boars used, 

three were from Ontario, four from Quebec and two were from 

Prince Edward Island. None of thesa boars were related. 

La.ndrace boars were from Ontario (sevan), New Brunswick 

(one) and Quebec (five). Boars and gilts brought in, were 
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se1ected where possible out of dams scoring higher than 70 

on the Advanced Registry (1954} score. 

For purposes of analysis the data were divided into 

seasons on a half yearly basis, from 1959 - 1962. Pigs born 

in the period March lst to the end of August were classified 

as spring farrowed and those bron in the period September to 

February as fall farrowed. T~e periods of most intensive 

farrowing were March to May and September to November. 

However, due to the incidence of transmissible gastro­

enteritis in ear1y 1958, there were no litters represented 

in this data until the middle of April, with the final litter 

for the year being farrowed in November. It was therefore 

decided to treat the data co11ected in this year as one 

season, as the distribution of farrowings was different com­

pared with the other years. The classification by seasons 

was as follows: 

Season 

1 

2 

3 

4 

5 

6 

7 

s 
9 

Date of Farrowing 

1958 

Spring 1959 

Fall 1959 

Spring 1960 

Fal1 1960 

Spring 1961 

Fa11 1961 

Spring 1962 

Fall 1962 
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The distribution of litters by s4ason and mating type 

is given in Table 9. It may be observed that of the four 

mating types in season 1, only two are represented in season 

2. Whereas the other mating types once started show some 

continuity for subsequent seasons. 

The litter distribution of sire progenies on a season­

al basis are illustrated in Table 10. If season 1 is 

omitted tben it would appear that the general breeding prac­

tice was to have some overlap in sire progenies within 

breeds, with each sire having litters in at least two saas­

ons. This is better illustrated with the Yorkshire sires 

than with the Landrace. Deviations from this general prac­

tice are to be expected in data where the incidence of 

disease, fluctuations in sire performance and in availabil­

ity of sires play a part. 

In each breeding season approximately half of the gilts 

of each breeding group were selected randomly and mated to 

sires of one breed whilst the other hall was mated to sires 

of the other breed. The breed of sire was reversed for sub­

sequent litters. Random mating was practiced within breeding 

groups - except in the case of full sib gilts where an 

attempt was made to mate them either to different sires of 

the same or of a different breed. Inbreeding was avoided 

as much as possible. Up to 1960, all litters were either 

first or second litters. In 1961, and 1962 sorne of the sows 

were kept for more than two litters. 

General management practice was to offer piglets pre-
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%ABLE 9 

DIQmiBUTIOlf OF LI~TIRS BY SII.SOI AD MATIIG ml~. 

Ma~lDI ~;g~ fàalmJ. . 
1 2 ~ 4 5 6 7 8 9 

_:ota1 

Purebred Landrace 7 5 4 4 3 4 2 3 32 

Landrace x Yarkshire 9 3 8 4 6 5 1 2 1 39 

Landrace x(Yorkshire x 4 8 5 1 1 19 
Landrace) 

Landrace x(Landrace x 
Yorkshire) 

10 1 5 2 2 1 21 

Landrace x(Yor,kshire x 
(Landrace x Yorkshire)) 

1 2 2 5 

Purebred Yorkshire 8 5 2 6 3 4 7 3 4 42 

Yorkshire x Landrace 7 6 5 3 2 2 4 1 30 

Yorkshire (Yorkshire x 
Landrace 5 7 3 4 2 21 

Yorkshire (Landrace x 
Yorkshire) 

10 2 1 3 3 1 1 21 

Yorkshire x (Landrace x 2 3 4 9 
(Yorkshire x Landrace)) 

Total 37 22 21 31 37 30 27 22 12 
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f.ABLI 10 

LUTBR DISTRIBUTIOI OF SIBB PROGENIIS BI BlASONS. 

Sires 'Seasons 

Yorkshire 1 2 3 4 5 6 7 8 9 Tôta1_ 

~ 12 12 
6 6 

5 5 6 6 17 
6 7 2 10 19 
7 2 7 4 1 14 
8 7 8 7 22 
9 2 2 

20 11 12 2 25 
21 2 4 6 

tand,race 

~ 12 12 
6 6 

15 1 1 
16 2 4 2 8 

i~ 4 4 6 14 
4 5 3 12 

19 2 6 8 
30 9 8 17 
31 7 7 
32 1 l 

~ 8 6 4 18 
2 4 5 11 

35 1 l 

2 
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starter rations commencing·at ten days of age. Litters 

vere veaned at 21 days of age and provided vith rations pre­

pared according to the Qu.ebec Feed Board (1957) nutrient 

recoDD.endations for bacon type pigs. At a liveveight of 

approximate1y 50 to 60 pou.nds, an1ma1s vere ted Grower rat­

ions containing approximately 16 per cent crude protein and 

75 per cent total digestible n.utr:tsnt s. At 11veve1ghts ot 

from 110 to 125 pou.nds, Fin.isher rations containing approx­

ima.tel.y l4 per cent crude protein and 70 per cent total 

digestible nutrients were provided • 

.lnimals were slaughtered within a week atter exceeding 

190 pounds 1iveveight. Following slaughter and cooling in 

the Canada Packars• plant in MOntreal, the right side of 

each pig was eut according to the Canada Department ot 

Agriculture Record ot Performance (R.O.P.) Requirements for 

Swine (1954). The left side was eut into Montreal commercial 

trimmed wholesale cuts, as shawn in Figure 3. The relative 

location of the different cuts are demonstrated in Figure 3. 

The commercial triDIDBd ham was eut obliquely about two and 

one-halt inches in front of the aitch bone, and the hind 

leg severed at the hock joint. fhere vas very little tri~ 

ing done on this eut, the extent at the trinming was such 

as was necessary to present the ham in an acceptable 

condition tor curing. 

The trim.med shou1der known locall.y as the Montreal 

shoulder, extended from the atlas joint to about the third 

thoracic vertebra, the leg vas removed at a location very 
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left Sida of Carcass 

Trimmed Ham Trimmed Shoulder 

Trimmed Loin and &lly 

Figure 3. Relative Location of Wholesale Carcass Cuts . 
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close to the shoulder joint. Excessive fat was removed 

until the colour of the lean was faintly discernible 

through the layer of fat. 
' 

The trimmed belly~ representa the condition of the 

belly prior to euring for the production of belly bacon, 

i.e. with spare ribs removed and some exeess fat trimmed. 

The relative position of this eut to the loin is shown in 

the lower section of Figure 3. Weights of these cuts were 

reeorded to the nearest tenth of a pound. 

Traits used in this study were, weight at 56 and 154 

days, age at marketing, area of the m• longissimus dorsi 

(loin area), weight of the trimmed commercial ham, shoulder, 

loin and belly cuts expressed as a percentage of earcass 

weight; the total weight of the commercial trimmed cuts of 

ham, loin and shoulder expressed as a percentage of carcass 

weight, (hereafter called percent three primal cuts), and 

earcass weight. 

These pereentages were calculated as twice the weight 

of each eut expressed as a percentage of total carcass 

weight. Robison et il· (1960) working with swine carcasses 

eut on the basis outlined in the Fifth Reciprocal Meats 

Conference Proceedings (1952), found that right sides were 

heavier although not yielding a significantly higher percent­

age of lean cuts than left sides. From this they suggested 

that the difference in weights between the two sides was 

due to errors in cutting in the fatty portion of the carcass. 

The correlations of lean cuts from each side {expressed as 
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a percentage of that s.ide) with total per cent lean eut s 

were similar to the correlations of lean cuts from a side 

(expressed as a percentage of total carcass weight) with 

total per cent lean cuts. They concluded that twice the 

weight of the lean cuts from one side expressed as a per 

cent bt total carcass weight would give the most accurate 

estimate of yield of lean cuts. Bowman 2! Al· (1962) observ­

ed that where per cent of fat and lean are desired from half~ 

carcass analyses, carcass weight divided by two would be a 

more appropriate weight than weight of the separated half. 

This is substantially in agreeD8nt with the findings of 

Robison ti ,il. (1960). 

The carcass yields used in this study were based on 

coumercial cuts. Differences in yield could be brcught 

about by changes in the amount of trimming based on market 

trends and on individual differences due to butchers. Since 

tœre is no:. way of criticall.y assessing them, these differ­

ences have to be treated as random for this data. 
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:METHOD OF ANALYSIS 

Least squares appears to be the most appropriate method 

of estimating population parameters from this sample. Dis­

proportionate subclass frequencies cause the different classes 

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

consider all effects simultaneously in order to avoid con­

founding of effecte which can occur under non-orthogonal 

conditions. 

or the several estimation procedures available, least 

squares is the "best" in that the sum of squares of the 

differences between the observed values and the least squares 

estimates is a minimum, and of all unbiased estimates which 

are linear functions of the sample data, the least squares 

estimates have the smallest sampling variance. 

In its simplest form the method of least squares can be 

considered a problem of fitting a straight line 

y•mx;+b 

to a set of experimentally observed points (x1 , y1 ), 

(x2 y2), ••••••••••••• , (xn Yn). Corresponding to each of 

the observed values of x we consider two values of y, namely 

the observed value y 0 and the value Ye predicted by the 

straight line 

The method of least squares says "take as the line y • mx + b, 

of best fit that one for which the sum of squares of the 

deviations (y0 - Ye) is a minimum." 
2 2 2 

f(m, b) = d1 + d 2 + •••••••••••• + dn 
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where di = Yio - mxio - b • 

To do this we solve the equations 

.At=o Û;ito 
6m 6b 

simltaneously to provide least squares estimates of m and 

b. 

This principle of least squares may be extended to more com­

plex problems. A linear modal is written to indicate the 

effects to be estimated and the least squares normal equations 

which are derived from partial differentiation are east to 

write. One equation must be written tor each constant to be 

estimated and each equation mst include all elements assoc­

iated with the particular constant in the modal. Harvey 

(1960) has outlined the œthematical procedures for solving 

a number of basic models and they torm the basis tor the 

models used in this analysis. 

Harvey's (1960) method nay ba outlined using the tollow­

ing model: 

Y - ~ ~ b ~ ~ ijkl - u ai j ek 8 ijkl 

where Yijkl denotes a msasuremsnt on the 1th litter born in 

the 1 th season of the 3th mating type in the k:th lit ter 

sequence. 

i = 1, 2 ••••••••• p 

j = 1, 2 ••••••••• q 

k = 1, = ••••••••• t 

u = population mean 

ai = effect common to all litters born in the 1th season 

bj = effect common to all litters of the jth mating type 
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ck: = effect COIIIllOn to âll litters of the ~eth litter 

sequence 

eijk:l = random error, normally independently distribll.ted 

(0 'cre2 
). 

Interactions are assumed to be absent. All effects are con-

sidered fixed. 

The least squares equations for this analysis are pre­

sented 1n tabular form. The first equation pertains to the 

estimation of u. The left-hand ambers (L.H.M.) of the 

equations , i.e. equations to the left of the equal sign, 

giving the number of observations 1n the variou.s subclasses, 

the right hand mambers (R.H.M.) giving the sum of the 

observe d values. 

The second set of equations give the equations pertain­

i.ng to the p seasons. The third set of equations give the 

equations pertaining to the q ma ting types. The fou.rth set 

of equations give the equations pertaining to the t litter 

sequences. 

u : 

: 

ck : 

A dot 1n the 

n. 3• 1 nij• n. 3• n. jk: == Y. 3• 

n •• k 1 ni•k n.jk n •• k = Y •• k 
1 

subscript indicates that sunmation has been 

made over that subscript. 

The restrictions to permit c&lculation of least squares 
l:>"' I: ..... estimates were j bj = k çk = 0 • 
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It is als o D.eCe s sary t o let { = 1 ;:. = 0 or a:llilltriate , >the 

equation pertaining to the œan. 

If u + a1 = ai then the new set of equations prev1ous 

to imposing the restrictions will be identical to those in 

the above table with.the row and column, pertaini.ng to the 

œan deleted (i.e. , equations below and right of the brolœn 

lines). 

libere 

In matrix notation this can be written as 

A B c al 

Bl D B bl 

cl il F cl 

A= diagonal ni •• matrix 

B= nij• ma. tri% 

c = 
D =diagonal n•j• matrix 

E = n•jk matrix 

F = diagonal n •• k matrix 

= yl 

= y2 

= y3 

follows: 

B1 , cl and Bl are the transpose of B, C and B respectively. 

al, bl, cl are vectors of effects to be estimated and Y1 , 

Y2 and Y3 are the appropriate right band member vectors of 

the sums of the observations for the equations. 

The f1rst set of equations is absorbed into the second 

and th1rd set as follows: 

(D- Bl .A-1 B) (B - Bl A-le) bl = Y2 - BlA-1 Y1 

(1 - cl A-l B) (F - cl A-le) cl = y
3 

= clA-1 y
1 

I:"" E""' The restrictions j bj = k ck= 0 were im.posed after the 

absorption of the u + al set of equations by subtracting 

the bq th and tm Ct th· rows and columns from the 1, 2 •••••• 
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q- land 1, 2 •••••• t- 1 rows and co1umns respective1y 

and deleting the bq th and ct th rows and co1umns. 

If the resulting equations are represented as follows: 

( G) ( bl) = (Z) 

representa the vector of effects to be estimated tbs.n 

b1 = G-1 Z 

bqth eff~ct = 0 - L bj 
1,,-1 

Ctth eftect = 0 - ~ C .. 

error sum of squares·w!s computed from 

Err or = !f 2: f t= y2 ij ltl - <f Y2 
i _ }E. b1• 

J -- m m .ni 
where m • q - 1 -r t -1. Tbs sums of squares for the fixed 

effects of mating type and 1itter sequence are obtained as: 

s. Sqs. = v1 w-1 v 
where v1 and V are row and co1umn vectors of the particular 

1east square estimates (i.e., bj = 1, 2 •••••••••••• q-1) and 

r1 is the inverse of the matrix on the diagonal of G-1 

pertai.ning to the effect co.ncerned (i.e., for mating type 

tbs segment corresponding to the D- B1 B-l·B matrix with 

the qth row and column deleted). 

The sum of squares for the absorbed effects is ca1cu-

1ated from the adjusted subc1assftota1s. a, 
-âY Ay• 

Sum of Squares Season.s = i _ - -:.t..s.• 
ni n •.• 

-

In the instance where interaction wa~ tested, the same 

method of ana1ysis was used and the appropriate reduction 

sums of squares were calculated according to Henderson•s 

method 3 (1953) e.g. Sire x Mating System = R{sire x mating 
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type of dam subclasses, season, litter sequence) - R(sire, 

mating type of dam, season, litter sequence). 

The computational work was done on a 7040 !.B.K. 

computer. 
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AQLYSIS OF DATA .AID RISQ'L!S 

!reataœnt ot the Observations 

llt1pg frpes 

In order to facilitate electronic computation it was 

necessary to allot cede numbers to the different J5it1ng 

types. ! coding system was developed whereb,y the purebred 

of each breed was listed tirst with the varions crosses 

following ill order. !be breed of sire was listed first in 

each cross. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

b coding system is presented below. 

Mating :rm 
Purebred Landrace 

Landrace x Yorkshire 

Landrace x (Yorkshire x Landrace) 

Landrace x (Landrace x Yorkshire) 

Landrace x (Yorkshire x (Land race x 
Yorkshire ) ) 

Purebred Yorkshire 

Yorkshire x Landrace 

Yorkshire x (Yorkshire x Landrace) 

Yorkshire x (Landrace x Yorkshire) 

Yorkshire x (Landrace x (Yorkshire x 
Landrace )) 

For conven1en.ce these numbers will be used in most ot 

the tables presented hsreatter. 

&ex lttects 

! pre liminary ana lys is revealed tha t se x bad a highJ.7 

s1gn1ticant ettect on all-traits except 56 day weight. 
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Hetzer 41 il (1961) reparted highlJ signitieant etfeets of 

se x on yie ld of lean eut s , yie ld of tr iDIDed be lly, yie ld of 

fat cuts ,and average bacldat thickness. Fredeen (1953) 

noted sex differences in faveur of females for carcass traits, 

however, barrows reached market weight faster than gilts. 

Plank and Berg (1963) point out that the differences between 

gilts and barrows in growth rate and carcass traits was de­

pendent on the method of feeding involved. This differentia! 

response of the sexes to different nutritional regimes could 

have important effects wbere average correction factors for 

sex are used for data collected under different nutritional 

regimes. 

Least squares estimates (Table 11) of sex on the traits 

were obtained on a within litter basis. Whilst sex effects 

were obtained far each mating type independently, it would 

appear from the least squares estimates that sex effects on 

each trait were similar far all mating groups. Tha data 

were corrected on a basis of equal sex distribution. The 

corrected data were then sw:ama.rized and averaged by litters. 

The average number of pigs per litter for which growth and 

carcass data were available was 5.9, 5.1, 5.3, 5.4 and 3.4 

far 1958, 1959, 1960, 1961 and 1962 litters respectively. 

The main reason for the lover number of pigs in 1962 was a 

shift from feeding test groups of six to four pigs. 

Litter 4yeragel, 

Tables 12 and 13 show the means of raw data for the 



TABLI 11 

LIAST SQUARB§ B~TIMAD;§ OF SIX DIFFDB~BS WITHIN LITDRS 

BY MUING TIRS. (Males +, Females -) 

. Age at Carcass Per cent Per cent Per cent Per cent Per cent 
Ma ti.rlg 56 day 154 day ·Market- Vt • Loill Ar~ a Ham Shoulder Loin Belly 3 Primal 
Type Wt. (lbs. )Wt. (lbs.) 1ng(àJ7&) (lbs.) (ins.) Cuts 

1 .4 -8.0 5.0 o.o .20 .4 .4 .3 -.2 1.1 

2 -.6 -8.0 5.0 o.o .21 .3 .4 .3 -.2 1.0 

3 -.5 -8.0 o.o o.o .1? .2 .1 .2 -.2 .6 
0\ 

4 .2 -3.0 1.0 o.o .17 .2 -.1 .4 -.1 .5 \J1 

5 -2.3 -9.0 6.0 -2.0 .oo .8 .4 .3 -.1 1.4 

6 .3 -?.0 6.0 o.o .27 .4 .2 .5 -.1 1.1 

? -.9 -9.0 3.0 -1.0 .10 .2 .3 .3 -.2 .8 

8 .1 -8.0 5.0 o.o .15 .4 .5 .3 -.2 1.2 

9 -.4 -6.0 5.0 o.o .24 .6 .5 .5 -.3 1.5 

10 -.3 -8.0 5.0 -1.,0 .25 .3 .4 .~ -.5 1.0 
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Bo. ot 56 dab 154 day lie at 
Se a son Litters Wt.(l s.) Wt.(lbs.) Marlœt1ng 

(days) 

l 3l 31.2 161 177 

2 22 29.8 154 186 

3 21 29.8 162 175 

4 31 32.1 168 l'iO 

5 37 3().1 156 lOO 

6 :J) 34.9 150 187 

7 27 27.5 157 179 

8 22 28.2 163 174 

9 12 34.0 168 176 

SpriD& 
159 :tarrowed 31.3 179 

Fa1l f'arrowed 30.3 161 177 
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WSONAL AYERAGBS FOR C@C.ASS NITS 

Carcass 
Per cent Se a son No. of Vit. Loin Ar~a Per cent Per cent Per cent Per cent 

1.1 tt ers (lbs.) (1cs.) Ham Shmlder Loin Bel1y 3 Primal Cuts 

1 37 148 4.01 20.9 17.0 15.7 13.4 53.7 
2 22 146 4.11 21.3 17.8 16.6 12.1 55.8 

3 21 149 3.91 21.1 17.0 15.5 12.4 53.7 

4. 31 146 3.86 21.3 18.2 15.7 12.4 55.3 
()'.. 

5 37 143 4.11 21.9 17.5 15.9 12.4 55.5 "'l 

1 

6 30 148 4.07 21.3 17.8 15.6 12.3 54.7 

7 27 147 4.15 21.3 17.8 15.9 12.6 55.2 

8 22 146 3.90 21.2 18.1 15.2 12.9 54.6 

9 12 146 3.89 20.0 17.1 15.0 13.1 52.2 

Spr 1ng .t arr owe d 147 3-99 21.3 18.0 1,.8 12.4 55.1 
Fa11 farr owed 147 4.02 21.1 17.3 15.6 12.6 54.1 
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traits studied on a seasonal basis. In general there were 

small differences between the means for carcass measurements 

over the different seasons, the measurements for growth, 

expecially 154 day weight, showed sorne differences. Differ­

ences between spring farrowed and fall farrowed litters were 

also smal1. However, there may be sorne bias here as replace­

ment gilts were most frequantly selected from spring litters. 

Selection was on a basis of 154 day weight. Data on these 

gilts were not included in this study, hence the estimates 

for growth rate may be biased downward for spring litters. 

Also these gilts would produce their first litters in the 

spring of the succeeding year. Hence litter sequence affects 

would be partial1y confounded with season affects. 

The averages by mating types are presented in Tables 

14 and 15. Thete was only two pounds difference in carcass 

weight between the heaviest and lightest mating groups. 

This was 1arge1y due to management procedure, i.e. slaught­

ering pigs within a week after they acquired a liveweight 

of 190 pounds. This difference would also be confounded with 

dressing percentage differences, but it was not feasible to 

correct for dressing percentage, as pigs shipped to slaugh­

ter were not always treated uniformly as regards time of 

slaughter after shipping. Since the regression of age at 

marketing on carcass weigbt was not significantly different 

from zero, it was considered unnecessary to adjust age at 

market weight for carcass weight. 
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4D1UGBS BY IU,!IIG fiJ'I Fœ GIUl!!H flUI!S. 

Mating Jo. of 56 day 154 day Age at 
Type Litters Wt.(1bs.) Wt.(1bs.) Marketing 

~dazal 

1 32 30.7 156 180 

2 39 30.0 159 179 

3 19 33.4 161 184 

4 21 32.5 161 177 

5 5 34.5 170 169 

6 42 27.8 . 145 187 

7 30 31.8 168 172 

8 21 27.0 158 178 

9 21 31.7 160 177 

10 9 28.5 167 172 



!ABLB 15 

jVER4GBS BY M.ATING TYPJI FOR CüCASS m.AI!S 

Carcass Loi.D. Për cenfi Per cent Per cent Për èent Per eent 
Hat in& Bo.ot Vt. J.rea Ham Shou1der Loin Be11y 3 Prima1 Cuts 

__lrpe :u.ita~• ~li!.l {:1.11.12 

1 32 147 3.98 . 21.5 16.7 15.5 12.7 53.8 

2 39 148 4.07 20.8 17.1 15.5 12.8 53.5 

3 19 148 3-94 21.5 17.4 15.4 12.8 54.4 

4 21 147 4.11 21.2 17.1 15.7 13.1 54.1 

5 5 146 4.14 21.5 18.6 15.4 12.8 55.5 <3 
6 42 147 3-9'7 20.6 17.8 15.6 12.6 54.1 1 

'7 30 147 3.82 21.0 17.4 15.6 12.8 54.1 

8 21 146 3.85 2l..O 17.8 15.3 12.5 54.3 

9 21 148 4.10 20.5 17.4 15.7 12.8 53.7 

10 9 147 3.98 21.3 18.3 15.3 12.6 55.0 
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Gross Analysis Involving Major Sources of Variation for 

Growth and Carcass Traits. 

The mathematical model used waw: 

Yijkl = u + ai + bj + ck + eijkl 

where: Yijkl denotes_a measurement on the lth litter born 

in the ith season of the jth mating type in the kth litter 

sequence. 

u = mean 

ai = effect common to all litters born in the ith 

season. 

bj = effect common to all litters of the jth mating 

type. 

ck = effect common to all litters of the kth litter 

sequence. 

= random error randomly independently distributed, 

i.e. N.I.D (0,~ 2). 

All effects were considered fixed. 

Least squares estimates are presented in Table 16. 

The estimates suggest a significant effect of season and 

mating type on all traits. Both season 6 and mating type 6 

had the largest effects on growth traits. The importance of 

seasonal affects on growth (Tables 16 and 17) is not surpri­

sing, the data were collected over a five year period and 

changes in eRvi~e.~ {particularly climate and feed quality) 

undoubtedly occurred. 'Genetic changes may also have 

contributed to seasonal differences; nine of the sires 

produced litters in one season only and, unless they were all 
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LIAS% SQUWS ISTIMADS OF TRI BFJIÇTS OF SIIASO:tl OF BliTH 1 KA.TIIG IUI 

IJJD LIUJR SJQUIICB 01 GBqjTH AID CARCASS TR.AITS. 

~day 15tl day .Age at carcass Loin~ Per cent 
Scurce Wt. 'Wt. Market- Vt. .&rea Per cent Per cent Per cent Per cent 3 

(lbs.) (lbs.) 1nS {daxs)(lbs,) {ina. )2 Ham 8houlder Loin _ Be11x Prima1 cuts 
Si a son 

1 
2 

i 
6 

è 
9 

Hat iD& 
'.rype 

1 
2 

~ 
5 
6 
7 
8 
9 

10 

-33 
-1.05 
-1.08 

1.32 
-.78 
4.07 
=~:i~ 

3.17 

.41 
-1.00 

1.'70 
1.43 
2.66 

-2.95 
1.57 

-3.48 
·39 

-.75 
Lit ter 
Sequence 

1 -.87 
2 1.17 
3 -.30 

1.4 
-5.7 

2.3 
7.7 

-4.0 
-9.9 
-2.4 

2.9 
7.6 

-4.2 
-1.9 

2.2 
.5 

6.5 
-15.2 

6.6 
-1.4 
-1.1 

8.0 

.6 
2.5 

-3.0 

-1.2 
7.8 

=~·1 1:~ 
8.9 
.4 

-4.2 
-2.1 

1.6 
1.2 
5.1 
-.1 

-6.8 
9.0 

-4.4 
.5 

-.5 
-5.5 

-1.4 

ï:i 

1.2 
-.7 
~:t 

-3.5 
1:~ 
-.2 
-.3 

.4 

.8 
1.8 
,2 

-1.7 
-.1 
-.5 
-:~ 

-1.1 

1.2 
.o 

-1.2 

,005 
.111 

-.089 
-.138 

.108 

.067 

.150 
-.103 
-.111 

-.037 
,087 

-.073 
.113 
,228 

-.041 
-.165 
-.179 

.101 
-.034 

.031 
- 089 :o5s 

-.20 
.18 

-.03 
.15 
.77 
.12 
.12 
,06 

-1.17 

.38 
-.34 

.03 .os 

.92 
-.46 
-.07 
-.32 
-.48 

.25 

-.19 
-.14 

.33 

-.58 
.25 

-.63 
.59 

-.07 
.18 
.26 
.50 

-.50 

-.89 
-.26 
-.29 
-.21 
1.04 

.26 
-.23 

:8: 
.45 

-.17 
.02 
.15 

-.02 
.89 

-.14 
.03 
.25 

-.12 
.27 

-.48 
-.67 

::ôt 
-.20 

.17 

.40 
-.06 
-~.o2 

-.26 
.20 

-.05 

-.32 
-.04 

.36 

.77 
-.50 
-.19 
-.20 
-.19 
-.33 
-.05 

.26 

.44 

.14 

.07 

.31 

.12 
-.14 
-.18 

,20 
-.11 
-.19 
-.22 

.26 
-.03 
-.23 

-.80 
1.29 
-.79 

.78 

:it 
.65 
.06 1 

-2.32 

-.66 
-.67 
-.45 

,02 
2.37 
-.29 
-.27 
-.50 
-.24 

.69 

-.68 
-.16 

.84 

~ 
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:rma 1z 

AI1LYSIS OF V .&RIAICB FOi. GRa.mt TRAI!S (GROSS AJUl,YSIS) 

Mean Squares 

Sou.rce dt 56 day 154 day Age at 
Vt. lft. Marketing 

Se as on 8 150.2,.. 899·14·· 829.85·· 

Mat iD.g !ype 9 88.75 •• 1114.62·· 445.34 •• 

Lit ter Sequence 2 84.70 220.95 62.07 

Krror 219 29.80 201.06 178.68 

••B1gh1y s1gn1t1cant at the .01 level of probab111ty, 



TABL1J 18 

AN,ALYSIS V ARIAJJCB FOR C,lRC.lSS TI\AITS (GROSS ABAJ,YSIS). 

Mean Squares 

Source dt Carcass Loin Per cent Per cent Per cent Per cent Nr cent 
Wt. Are__s_ _ HaJIL _Shou1de_r Loin Be11'Y" '1 P.rima1 cuts 

Se a son 8 88.05•• • 3196·· 5.001·· 5.542 •• 4.04o-'· 4.692 •• 24.523*• 

Mat 1nS !rype 9 11.58 • 2492 •• 2. 575·· 3. 732** .467 .690 5.082* 

Litter Sequence 2 48.46· .3454* 1.729. .966 3.384 •• 2.329. 15.753** 

Brror 219 15.42 .0788 .512 .799 .453 .638 2.377 ~ 
1 

•signiticant at the .05 leve1 of probab111ty. 

••Highly signiticant at the .01 Javel of probab111ty. 
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of average genetie merit, this pattern of use would contri-

bute to seasonal differences. Season was also important as 

a source of variance for carcass traits (Tables 16 and 18). 

These may reflect genetic differences or, alternatively, may 

have resulted from aon-random changes in the method of trimming. 

Litters were weaned at 21 days, thus environmental effects 

other than maternal effects would likely be a more important 

source of variation than in litters weaned at later ages. Boaz 

and Elsley (1962) have compared the performance of early 

weaned pigs (i.e. pigs weaned at ten pounds weight) with pigs 

weaned at 56 days and observed no differences in growth rate 

due to method of rearing. 

Mating type had a highly significant effect on all growth 

traits and on loin area, per cent h~, per cent shoulder, and 

per cent three primal cuts. For reasons previously outlined 

mating type had no effect on carcass weight. Per cent belly 

and per cent loin were not significantly affected by the diff­

erent mating types. Phenotypically the differences in Landrace 

and Yorkshire breeds have been attributed to the Landr-ce 

having "fuller" hams and "lighter" shoulders. As these mat­

ing types represent various combinations of these two breeds 

it could be the effect of mating types on these three carcass 

traits are primarily due to real breed differences in per cent 

ham and per cent shoulder. This is partially confirmed by 

the least squares estimates (Table 16) where mating type 1 

(purebred Landrace) is higher in per cent ham and lower in per 

cent shoulder than mating type 6 (purebred Yorkshire). 
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The main feature of the analysis as disclosed by the 

least squares estimates (Table 16) is the inferiority of the 

purebred Yorkshire in this sample compared with all other 

breeding groups for growth rate. This may have been con­

ditioned by a litter sequence by mating type interaction 

since most of the 24 litters of litter sequence three were 

purebred Yorkshires. To examine this possibility the ana­

lysis was repeated using the model heretofore mentioned but 

omitting the third litter sequence. 

In the analysis restricted to first and second litters 

purebred Yorkshires retained their low rank for growth 

traits (Tables 19, 20, and 21). This could mean that selec­

tion was effective in improving litter performance as sows. 

allowed to have a third litter would be from a selected 

population. Unlike the previous analysis, sequence was a 

significant source of variation for 56 day weight. There was 

also a change in the level of significance for litter sequence 

effects on loin area and per cent three primal cuts. This 

litter sequence effect for 56 day weight might have been 

caused by age of dam effects within litter sequence as found 

for growth data by Hetzer et al. (1961). However, Holness 

(1963) using part of the data used in this study eoncludèd 

that weight of sow was a more important factor than age of 

sow within litter sequence for total litter birthweight. 

The importance of the litter sequence effect was not reported. 

These results applied to all pigs alive at birth; the present 



mLE 19 
' 

LI.AST BQU.&RIS BSTIMATIS OF TBI BFFBCTS OF SUSOlf OF BntTH, MATIIG TYPB ABD 

LITTBR SBOUBNCB ON GROWTH ABD C,&RCASS m.AITS FOR FIRST AQ SBCOID LITTBRS. 

56 day 154c187Age····a-t Carcass ---x;oin cent 
Source Wt. 'Wt. Mar Ire t- Wt. Are a 2Per cent Per cent Par cent Per cent 3 Prim-

~lb!ll ~:Lt!l.l ;I.A&,d.a:t!l ~:Lb! al ~ iDial Ham allQY.J.gl;t LQ;I.D Be :Lb: al Cuts 
Beas on 

1 .33 1.2 -.9 1.0 .021 -.11 -.48 .03 .74 -.56 
2 -1.05 -5.7 7.9 -.9 .116 .19 .28 .9() -.51 1.35 

i -l.Og 2.0 -2.7 2.3 -.083 .02 -.62 -.li -.22 -.72 
1.3 7.7 -8.2 -.7 -.131 .20 .63 .o -.lê .90 

5 -.7i -4.2 2,2 -3.3 .117 .85 -.05 .28 -.1 1.08 
6 4.0 -10.5 9.4 1.2 .080 .30 .30 -.06 -.28 .55 
7 -3.17 -1.5 .3 1.1 .182 .17 .39 .35 -.09 .90 
8 -3.24 --1.6 -.7 -.9 -.102 .18 .14 -.52 -.08 -.21 

""' 9 3.47 12.5 -7.1 -.o -.200 -1.80 -.59 -.90 .81 -3.27 ""' 1 
Mating Type 

.69 -4.1 .4 -.034 .4g -.90 -.09 .09 .57 1 1.3 
2 -1.39 -2.2 1.2 .8 .oé8 -.3 -.28 -.09 .10 -.72 

i 1.55 1.8 5.7 1.1 -.o -.o~ -.39 -.31 .16 -.72 
1.38 .4 -.1 -1:~ .106 .o -.26 .14 .là -.Q9 

5 2.73 6.0 -6.0 .266 1.14 1.20 .51 -.1 2.87 
6 -3.17 -16.3 10.2 .4 -.048 -.40 .21 -.09 -.13 -.30 
7 1.57 6.7 .... 6 -.4 -.163 -.05 -.20 .03 .23 -.22 
8 -3.60 -1.5 .3 -.7 -.1?0 -.34 .21 -.21 -.11 -.g5 
9 .80 -.4 -1.2 .6 .076 -.62 -.15 .15 -.21 -. 3 

10 -.57 9.5 -6.8 -1.0 -.042 .19 .56 -.04 -.08 .73 
Litter Sequence 

.6 .061 - .016 -.265 l -1.04 -1.2 -.3 -.109 -.139 .122 
2 1.04 1.2 .3 -.6 -.061 .016 .109 .139 -.122 .265 
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UBLJ20 

41AHYSIS OF V ARmel FOR GBOOB Dl.l'+S 

( INYOLVIIG LI'nER a§QJJINCI 1 :iiP 2). 

Mitan Squares 

Source dt 56 day 154 day Age at 
Wt. lit. •ru ting 

Se a son 8 123.14** 875.17** 793.41** 

Mating '+ype 9 90.4'1'* 1112.'}0** 497.03** 

Litter Sequence 1 168.80* 213.17 13.74 

lrror 196 31.19 205.10 178.68 

• Sign1:f'1eant at the .05 1eve1 of probab111ty. 

**High1y signitieant at the .01 1eve1 of probability. 



Caroass 
Source dt Wt. 

Seaso.o. 8 ao.85•• 

Ha ting 9 7.54 
'lype 

Lit ter 1 55.85* 
Sequence 

Brror 196 10.81 

!.PLI 21 

.AN!LXSIS OF V.&RI.DCB FŒ C.iRCASS TRAITS 

(IHOLVIIG LITTBR §BQUENCll 1 AND 2). 

Mean Squares 

Loin Per cent Per cent Per cent Per cent 
:&rea Ham Shou1der Loin Be11y 

• 3271*• 5. 511** 4.821** 3.722** 4.402** 

.2329** 2.530** 3.664** .470 .449 

.5845 •• .044 1.835 3.003** 2.308 

.0752 .489 .770 .442 .612 

• Signitica.o.t at the .05 leve1 of probab11ity. 
**High1y significant at the .01 1eve1 of probab111ty. 

Per cent 
3 Prima.1 Cuts 

24.522** 

6.286** 
......::1 
'-.0 

10. 912* 1 

2.260 

) 
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data are restricted to all pigs sent to slaughter. Holness 

{1963) also indicated that litter size (numbers) was larger 

for sows having their second litter. The least squares es­

timates {Table 19) support the contention that sows having 

their second litters were better dams producing heavier pigs 

at 56 days than their first litter counterparts. Bowwan !! 

al. (1961) reported that age of sow, breeding weight and 

litter order were highly correlated and were mutually depend­

ent in their effect on litter performance. The effect of 

litter sequence on per cent loin and per cent three primal 

cuts may be a reflection of the effect on carcass weight. 

The least ~quare estimates {Table 19) indicate that second 

litter pigs were heavier at 154 days, hence the lighter car­

casa weight presum.ably points to a lower dressing percentage. 

The above consideration does not seem to provide an adequate 

answer for the highly significant effect on loin eye area. 

In view of these results it was decided to do all sub-

sequent analyses including only litter sequence one and two, 

as on this basis all mating groups were represented. 

Comparison of Mating Systems. 

Purebred with Crossbred Litters. 

The mathematical model used in this analysis was as 

follows: 

yijklo = u + ai + bj + 0k + djk + gl + eijklo 

where: Yijklo designates a measurement on the ath litter of 

a mating between a male of the jth breed and a female of the 

kth breed of the 1th litter sequence born in the ith season. 
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u =man 

ai = affect common to all litters born in the 

i th season 

bj = affect common to all litters ~t of the 3th 

bread of sire 

ck = effect common to all litters ou.t of the kth 

bread of dam 

djk = effect common to all litters sired by the 

3th breed of sire, ou.t of the kth breed of 

dam, i.e. affect of mating system 

gl = affect common to all litters of the 1th 

litter sequence 

eijklo = random error I.I.D (0 c;) 
!11 affects were considered fi.Xed. 

F.rom the analyses of variance (Tables 22 and 23) 

bread of dam bad a highly signiticant effect on all growth 

traits, whereas breed of sire had no signifieant effect. 

Mating system had highly signifieant affects on 154 day 

we ight and age at mar lœ ting. 

the leas' squares estimates (Table 24) as wall as the 

analysis of variance (Tables 22, 23) indicate a relation­

ship whereby be cause of it s initial major importance as a 

source of variation in 56 day weight, maternal affect 

maintains its importance as a source of variation for sub­

sequent growth rate. Although breed of sire waa not an 

important source of variation for growth, mating system 

was importaD.t at 154 days and at age at· marlœting. It seems 



- 82-

UBLJ 22 

,PJI.YSIS OF V.ARWÇI J'Cil GIU!ftH m.AifS 

(P!lgJIBD§ VIRIJS CROSSŒJDS). 

Me an. Squares 

56 day 154 day lie at 
Source dt Wt. Wt. Marlœting 

Se a son. 8 150.86•• 709.58•• 235.48 

Breed ot Sire 1 2.22 45.84 42.10 
. 
Bree d ot Dam 1 404.66·· 3246.73 •• 1993·04·· 

Mating System 1 55.04 458?.33 •• 1618.88•• 

Lit ter Se que nee l 220.2o•• 489.68 174.13 

lrror 112 31.85 214.52 1~.09 

••High1y signitieant at the .01 leve1 of probability. 
~ ;. 



TMLJ 23 

AN4LYSIS OF VARIANCE FOR CARCASS TRAITS 

( PQBJBEUJDS VIIRSUS CROSSBRIDS). 

Mean Squares 

Carcass Loin Per centPercent Për cent Per cent 
Source df 'Wt. Are a Ham Shou1der Loin ' Be117 

Se a son 8_ 47.36** .165~ 2.799** 3.847** 2.673** 3.612** 

Breed of Sire 1 7.90 • 5010** 2.438* 10.495** .172 .0834 

Bree d of Dam 1 6.18 .3974* 6.317** 4.821* .005 .641 

Ha ting 1 1.60 .0002 1•038 .535 .098 .686 
System 

Litt er 1 32.37 .3610* .002 1.309 .428 .298 
Sequence 

lrrar 112 10.32 .• 0666 .461 .834 .509 .600 

• S1g.n1f1ca.nt at .05 1eve1 of probab111ty. 
**B1gh1y s1g.n1f1ca.nt at .01 1eve1 of probab111ty. 

Per cent 
3 Pr1ma1 Cuts 

18.390** 

4.18 <X> 
w 

.188 1 

.019 

3.671 

2.362 



TABLB 24 

LBAST SQUI.RBlS_BSTDUTES OF THB IWBCTS OF MATING SYSDM, BRDD OF SIRB, BRIBD 

OF DAM, ON GRCWTH AND CI.RCAss TR4ITS FOR PUBBBRBD ABD CROS8BRBD LI'rfBRS. 

56 day 154 day Carcass Per Age at Loin Per Per Per Per cent 
SOlll'ce Wt. Vt. Market- Wt. Area 2 cent cent cent cent 3 Prim-

~;LJ~s.l ~l)Zs.l ing~dal:sl ~lbs.l (ins.~ Ham Shoulder Loin Bel~ al Cuts 

Purebreds -.69 -6.3 3.7 .1 .002 .10 -.07 -.03 -.08 -.01 

Crossbreds .69 6.3 -3.7 -.1 -.002 -.10 .07 .03 .os .o,. 
LB.Jldrace .14 .6 -.6 .3 .065 .14 -.30 -.04 .03 -.19 
Sires 

Yorkshire -.14 -.6 .6 -.3 -.065 -·14 .30 .04 -.03 .19 
Sires !e 
Landrace 2.04 5.8 -4.5 -.3 -.064 .26 -.22 .01 .oa .04 
Da. ms 

Yorkshire -2.04 -5.8 4.5 .3 .064 -.26 .22 -.01 -.08 -.04 
Dams 
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that the early environment (i.e. before 21 days) is a potent 

force in determining subsequent growth rate with the individ­

ual's gentoype becoming important at some time between the 

ages of 56 and 154 days. In fostering experimenta in swine 

Cox and Willham (1962) foÙnd that postnatal factors including 

mothering ability and pen environment were maximum at 42 days 

representing 26 per cent of the total variance. Pre-natal 

effects and individual genetie differences among litters 

rose from six per cent to thirteen per cent between 21 and 

154 days. 

Resulta obtained by MacDonald et !l· (1959) suggest 

that relationships between weights at different ages differ 

according to breeding plan. Two of the mating types he 

studied were purebred Yorkshire and Landrace x Yorkshire 

crossbred from the Macdonald College swine berd. A birthweight 

of one pound above average resulted in a positive increase 

above average of 3.4 and 3.9 pounds at 21 days; 6.4 and 9.0 

pounds at 56 days; 18.4 and 28.8 pounds at 154 days for 

purebred and crossbred pigs respectively. 

The analysis involving carcass measurements (Table 23) 

shows that both breed of dam and breed of sire were import­

ant sources of variation for loin area, per cent ham, and 

per cent shoulder. The least squares estimates (Table 24) 

indicate real breed differences between Landrace and York­

shire for per cent ham and per cent shoulder with the cross­

breda being intermediate. 
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furegred with BaCIQross Litte•s 

!he major purpose of this anal.ysis was to investigate 

the importance of mating system as such, bence all crossbred 

dams were gr01.1ped together irrespective of the order of par­

entage, i.e. no attempt was made to investigate the import­

ance of mating type of dam within the four crossbred gr01.1p 

of dams. 

The mathematical model used was as follows: 

Yijk:l = u ;- a1 ;- bj ;- ck ;- eijk:l 

lihere: Yijkl denotes a masuremsnt on the l th lit ter of 

the tth litt er sequence born in the 1 th se a son and of the 

jth mating system. 

u = mean 

ai= effect common to all litters born in the ith 

season. 

bj = effect common to all litters of the jth mating 

system, i.e. purebred or backcross. 

ck = affect common to all litters of the kth litter 

sequence. 

eijkl = rl!ndom error N.I .D. (O, eJë) • 

.lll affects were considered fixed. Results obtained 

erables 25, 26) indicated that there was no difference be­

tween mating systems for carcass traits and for 56 day weight, 

but ~ighly signiticant and significant differencès for 154 

day weight and age at marlœting respectively. !he least 

squares estiaates of the affects of crossbred dams on litter 



Source 

Se a son 

Ma ting 
System 

Lit ter 
Sequence 

Brrar 
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TABLB 25 

lli.ALYSIS OP V AB.IQCB GR(M!H TUI:rS 

(PQRIJIIDS YJRSUS B&QICllOSS) 

Mean Squares 

56 day 154 day Age at 
dt Vt. Wt. Marlœting 

8 75.06• 704.25·· 422.21. 

1 45.72 3415.81 •• 1211.52·"· 

1 .79 165.92 455.55 

125 30.15 213.06 192.060 

• Signiticant at .05 1eve1 ot probab111ty. 

••High1y s1gn1t1cant at .01 1eve1 ot probab111ty. 



Sou.rce dt 

Se a son 8 

Ma ting 1 
System 

Lit ter 1 
Se que nee 

Brror 125 

T.ABLI 26 

ANALYSIS OF V.ARI.AlÇE CARCASS TRAITS 

(PQRBB.UIDS VBRBlJS BACXCROSS) 

Mean Squares 

Carcass Loin Par cent Per cent Per cent Per cent 
Wt. Are a Ham Sh011lder Loin Be11y 

38.10** .2228** 3.819** 5.244** 2.oao•• 2.897** 

.77 .1016 .210 .001 .165 .111 

34.80 .2609 .083 1.795 2.405* 2.094* 

11.02 .0791 .661 .834 .380 .516 

• Signiticant at .05 1evel ot probab111ty. 

**High1y signiticant at .01 level ot probability • 

... _ 

Per cent 
3 Pr1ma1 Cuts 

17.391** 

.ooo 0'> 
0'> 

1 

9.677* 

2.166 
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weight at 56 and 154 days were .70 and 5.6 pounds respect­

ively. These estimates are comparable to the estimates for 

purebreds versus crossbreds in the previous analysis (Table 

24). The estimate in this analysis for 56 day weight is 

smaller than the estimate for Landrace dams (Table 24). 

Heterosis. 

The mean performance for the mating types corrected 

for litter sequence and seasonal differences are ftiven in 

Tables 27 and 28. These means were calculated omitting 

season 1 as it was felt that there was not enough ~ontinuity 

in distribution of mating types between this and the other 

seasons for proper comparisons. The first point illustrated 

by Table 28, is that there was no heterotic response in any 

of the carcass traits studied. This is in keeping with the 

findings of the previous analyses (Tables 22, 23, 25, 26) where 

mating system had no effect on carcass traits. There was, 

however, some expression of heterosis in growth traits. 

These results are substantially in agreement with the findings 

of Fredeen (1957). 

Crossbreds exceeded the .average of the purebreds by 

four per cent for 56 day weight, six per cent for 154 day 

weight and reached market weight nine days earlier than 

purebreds. The performance of the crossbreds was inferior 

to the performance of the better performing purebred (Lan­

drace) for 56 day weight and superior to the Landrace for 

154 day weight and age at marketing. Weight at 56 days for 
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UBLJ 27. 

liAI PIRFClRMAIQI FOB M4!IIG ftPIS CŒBIC!ID FOB LiftliR SIQUB!fCI 

MD SUSQIAL Dif"RI!P'S (Gamt!H ;rRAUS). 

Mat irlg Type 56 day 
Wt.(lbs.) 

154 day 
lt.(1bs.) 

Age at Mar 1re t irlg 
{daxs) 

Purebreds 3(),0 154 183 

Crossbreds 31.2 164 1?4 

Purebred 32.8 160 1?8 
Landrace 

Lan.draee x 30.1 159 1?8 
Yorkshire 

Pu.rebred 26.4 146 189 
Yorkshire 

Yorkshire x 32.5 169 169 
Landrace 

La.ndraee 33.1 165 177 
Backcross 

Yorkshire 30.? 162 1?3 
Baclteross 



T.ABLB 28 

MIAN PJBFClRMABCI FOR QTmG TYPJS C(BRICTID FOR LITfiR SIQQINCI AND 

Si.ABWL DIFF&RBNCES (C@CASS ~ITS). 
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the crossbreds seems to be largely due to the superior moth­

ering ability of the Landrace. The resulta for 154 day 

weight and age at marketing suggest soma non additivity in 

the nature of the heterotic response obtained. There are 

distinct breed differences between the Yorkshire and Lan­

drace for growth traits and slight differences for per cent 

ham and par cent shou.lder. 

The Yorkshire bac ker oss groups ranlœd between the aver­

age of the purebreds and crossbreds for 56 day and 154 day 

weight, whereas the Landrace backcross was superior to the 

performance at the crossbreds far 56 day and 154 day weight 

although taking a longer time to reach marlœt weight. The 

indications are that the Landrace backcrosses were heavier 

than crossbreds at tima of slaughteri~g, having a heavier 

carcass weight, (Table 28). The maasura of aga at market­

ing is of limited utility as it is dependent on the day of 

the wee k when the pig reached 190 p·Oun.ds. Far e:xample, a pig 

190 p:oumi, two days after the regular date of shipping would 

be lœpt for five days bef ore being sant to market, as pigs 

were shipped only once par week. Soma or this difference 

between pigs within litters would be eliminated on a litter 

ba sis. 

Both the Landrace and Yorkshire backcross groups ex­

cell.ed the performance of the corresponding purebred linas • 

. This was partially implied in the analysis comparing purebred 

with back:cross litters. This seems feasible for the compar­

ison Yorkshire backcross with Yorkshire purebred due to the 
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low Jsvel of growth performance in the p~ebreds. However, 

the situation wbere the Landrace backcross e:xcel the pure­

brad Landrace requires explanation. Whether the tact that 

these backcross litters were produced in fewer seasons and 

are a smaller total group as compared to purebreds, would 

affect these results is not known. On the other hand, the 

backcross groups may be reflecting the advantage of having 

cr ossbred dams. 

These comparisons (Table 27) show a difference in the 

growth performance of the Landrace x Yorkshire and Yorkshire 

x Landrace crosses, the latter being 2.4 pounds heavier at 

56 days, ten pounds heavier at 154 days and arriving at mar­

ket weight nine days earlier. The Yorkshire x Landrace 

crosses were superior to the Landrace in weight at 154 days 

and marketing age, the La.ndrace x Yorkshire crosses were not. 

Gaines and Hazel (1957) reported on crosses of Landrace and 

Poland China pigs, the crosses were superior to the pure­

breda in growth rate at 56 and 154 days. However, Poland 

China x Landrace crosses were far superior to Landrace x 

Poland China crosses. 

The above findings raised the question of a differential 

performance of these reciprocal single crosses as dams. 

Comparison of the Performance of Landrace x Yorkshire and 

Yorkshire x Landrace fema.les. 

The ma.thematical model used in the analysis designed to 

answer this question was as follows& 

Yijklo == u + ai + bj + ck + gl + 8 ijklo 



-94-

Vhere: Yijklo denotes a measureiœ.nt on the o'1.1tter of the 

1 th lit ter sequence in the 1th ssason and sired by 

the 3th breed of sire out of the ktb breed ot dam. 

u = mean 

a1 = e.t'tect c.omon to all litters born in the ith 

se a son 

bj = etfect common to all litters ~t ot ~he 3th 

breed o.t' sire 

ck = e.t'.t'ect conmon to all litters out of the kth mat­

ing type o.t' dam 

i.e., La.ndrace x Yorkshire or Yorkshire x 

Landrace 

g1 = ef.t'ect common to all litters of the 1th litter 

sequence 

eijklo = random err or {O, o; 2 ). 

The analysis involving purebreds and crossbreds, Table 

24 , showed that Landrace dams were superior to Yorkshires 

.t'or producing fast growing litters. The analysis involving 

purebreds and baclœross litters indicated advantages .t'ar 

crossbred sows. !he present ana1ys1s indieates no sign1f-

1cant difference in the performance of the two reciproeal 

crosses as dams, (Tables 29, 30, 31). Yorkshire x Landrace 

dams had heavier litters at 154 days but the difference be­

tween both types ot dam tor 56 day weight are small (Table 

29). These resulta are in agreement with those of Gaines 

and Hazel (1957) in that there was no difference in the 

maternal affect between the r~ciprocal single crosses. 
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Ll.jST SQUWS ISTIM.ATBS OF M IFPliCTS OF BRiBD OF sms AND MATING T'IPB 

OF DAM IN I.A!Œ4CB YOBKSHIRI RICIPROOAL CROSSIS 

FŒ GR(MD AND CARCASS TRAITS. 

so-l'.)fiy i~J>ay---:lgeat · Carcass -Loin- Pir Per Per Per 
Wt. W't. Ma.rlœtil_lg Wt. Area Cent Cent Cent Cent 

(lbs.) {lbs.) (days) (lbs.) <ins.)2 Ham Shœlder Loio Be lb 

Landrace 
Sires 2.7 2,1 0.7 0.2 0.041 0.24 -o.22 -o.04 0.15 

Yorkshire 
Sires -2.7 -2.1 -o.? -o.2 -0.041 -o.24 0.22 0.04 -o.l5 

Yorkshire x 
Landrace Dams -o.5 1.9 1.4 -o.3 -o.082 0.04 -o.01 -o.l4 .oo 
Landrace x 
Yorkshire Dams 0,5 -1.9 -1.4 0.3 0.082 -o.04 0.01 0.14 .oo 

Per C•nt 
3 Prima1 

Cuts 

-o.01 

o.o1 \.0 
\J'I 

1 
-o.10 

0.10 
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.UALY§IS OF VAR:WCK F@ gBCWTH ~ 

~B.BC IPIOC'L CROSS D.AMSl. 

Mean Squares 

Sou.rce dt 56 Day 154 Day 
w~. lrlt. 

Se a son 4 20.08 340.54 

Breed ot Sire 1 :)76.28** 331.42 

Mating Type ot Dam 1 10.78 168.82 

Litter Sequence 1 44.04 33.43 

Brror 48 23.99 169.29 

Age at 
Marlœtins. 

587.10 

23.50 

87.56 

567.15 

257.34 

**Highly signitican.t .at the .01 leve1 ot probability. 



Source df 

Se a son 4 

Bread of Sire 1 

Mating Type 
of Dam 1 

Litter Sequence 1 

Err or 48 

TABIB 31 

ANALYSIS OF V.ARIANCE FOR CARCASS TRAITS 

(RBC IPROC.AL__CROSS DAMS) 

Me an Squares 

Carcass Loin Per Cent Per Cent Per Cent 
.kit. ~~~ liim ~b.QY.l.Q.Il l!oi~J. 

40.24. .1543 2.094. 1.371 .365 

2.79 .0829 2.985• 2.419 .094 

4.32 .3100 .081 .002 .889 

2.27 .0041 .401 • 246 3.171 •• 

13.52 .0781 .624 .638 .354 

•significant at .05 level of probability. 
••Highly significant at .01 leval of probability. 

Per Cent Per Cent 3 
~lR Pr ;!.mal Cuts 

.447 2.017 "' .......:~ 

1.116 .008 1 

.ooo .489 

1.425 8.103 

.482 2.369 
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The breed of sire had a highly significant effect on 

56 day weight but not on later stages of growth. In view of 

previous resulta, this was not expected. It must be pointed 

out that this analysis was confined to the last five seasons 

as there were no Yorkshire x Landrace females in the berd 

before this period. For t~e first time in any of these 

analyses, season had no significant effect on any of the 

growth traits. It would appear that with maternal and sea­

sonal effects being unimportant, breed of sire effects were 

able to express themselves. The reason why these effects were 

not carried through for later growth stages is obscure. 

Breed of sire significantly affected per cent ham, but no 

other carcass trait. Here, as with 56 day weight, the Land­

race was the favoured breed. Seasonal differences bad a 

significant effect on carcass weight and per cent ham. It 

may be that heavier (fatter?) carcasses had fatter hams. The 

highly significant effect of litter sequence on per cent loin 

is difficult to explain, in view of the fact that season bad 

no significant effect on this trait. Yet, it must be remem­

bered that litter sequence effect was important in the Gross 

Analysis (Tables 1g, 20) for per cent loin. This effect was 

not significant in the comparisons of mating systems. Possibly, 

this effeet is eonfined to the backcross groups. 

The breed of sire effects on 56 day weight suggest a 

sire by mating system interaction, i.e. - whether the ef­

fects of a sire differed when he was used in a purebred as 

compared to a crossbred mating system. 
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This might help,to explain the situation where a three­

quarter (theoretically) bred Landrace has a slight advantage 

over a purebred Landrace for 15~ day weight and age at 

marketing. Admittedly purebreeding does not mean homzygosity 

- expecially in data of this sort where the purebred popula­

tions are outbred, yet breed differences including sires 

within breed differences for growth ra•appear to exist. 

It could be that purebred Landrace sires used in the later 

seasons were superior to their predecessors in both cross­

brad and purebred performance, and hence some of this en­

hanced performance of the backcross might be due to the fact 

that they were from a more highly selected population and 

produced during a shorter period of the experiment. An in­

vestigation of sire by mating system interaction was attempt­

ed to arrive at an answer to this problem. 

Sire by Mating System Interaction 

Least squares anaiy$isc:wàs. 'illsed to obtain<·t'he '&pp:ro­

priate sums of squares according to Henderson method 3 

{1953). 

The models used to calculate the sums of squares were: 

1 • yijklno • u + ai + bij+ck + dl + fn + eijklno 

2 • Yijklno = u + ai + bij ck + ·~ + ln + 8 ijklno 

Where: Yijklno denotes the oth litter produced by the jth 

sire of the ith breed when mated to a dam of the kth mating 

type in the 1th season and the nth litter sequence. 
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u = mean 

ai • effect of the ith breed of sire 

bij = effect of the jth sire of the ith breed 

c k = effect of the k:th mat 1ng ty:pe of dam (i.e. pure-

bred Landrace, purebred Yorkshire, crossbred) 

bij:7k: = effect of the 3th sire of the ith breed and the k:th 

ma ting type of dam su be lass 

d1 = effect of the 1th séason 

fn = effect of the ath litter sequence 

eijklno == random error N.I.D. (O, ~). 

Sires within breeds were eonsidered as random variables and 

interactions other than sire x mating system were ignored. 

In arder to minimize the confaunding of sire and season af­

fects, the data used was contined to litters in which there 

was some overlap between sire progenies. A total of 164 lit­

ters out of nine La.ndrace and seven Yorkshire bœrs were used 

in this analysis. The sire by mating system interaction sums 

of squares were obtained by difference of the reduction sums 

of squares. The error used to test the interaction was 

der1ved from the second model. 

Sire by mating system interaction was not significant 

for any of the traits except per cent ham (Tables 32, 33). 

This is surprising in view of the tact that the interaction 

was not significant for per cent 3 primal cuts, although the 

least squares estimates (Table 24) indicate breed differences 

for per cent ham and per cent shoulder. These percentage 
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!ABII 32 

Sm.B BI HATUG SYSTIM Il:rBR.ACTION. ( GRCW:rB mAI!S2 

ti an SqJ1arê s 

56 Day W:t. 154 Day Wt. Age at. 
Source dt Mario tine 
Interaction 26 47.23 256.04 191.52 

Brror 112 32.03 202.87 211.07 

UBLI 33 

SIRI BY MA!ING SYSDM IlmAQ!ION, (C.ARCJ.SS TRAIT~) 

t;an 8auares 
Car- Pererent Per Per Per Cent 

Source dt cass Loin Cent Shoulder Cent Cent 3 
Wt. .Area Ham Loin Bt11y Prima1 Cuts 

Interaction 26 6.36 .0710 .967** .772 

irrar 112 12,15 .0632 .429 .706 

.303 .513 1.721 

.419 .484 2.001 

**Highly significant at the ,01 leval of probability. 
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cuts are based on commercial cuts, in the case of coJD~~~ercial 

tr immed hams , the we 1ght of the tr im.ad ham may not be a 

very accurate masure of lean contant of the ham as a large 

portion of fat is left on this eut. 

Thera vas a highlY' significant difference in all carcass 

traits - except per cent three primal cuts in which the diff­

erence vas significant, attributed to sire affects (Table 35). 

There was no sitnificant affect of sire on 56 day weight, 

154 day weight or age at marketing (fable 34). Mating type 

of dam had a highly significant affect on 154 day weight and 

a significant affect on age at marketing, but no significant 

affect on carcass traits. 

fbe rating of each sire based on the man plus the 

least squares estima te of his affect on 154 day weight, per 

cent three primal cuts, and per cent ham are given in Tables 

36, 3?, and 38, respectively. The overall rating is based 

on estimatas obtained from ths first set of analyses con­

sidering onlY' main affects. The ratings for the different 

mating systems vere derived from the set of analyses 1nclud-

1ng the sires by matin& system interaction affects. It may 

be not ad tha t wi th a few e:xcept ions the sires tend t o re tain 

the sarœ order of mrit for three primal cuts regardless of 

ma ting system. Most of the deviations in ra ting s may be 

attributed to the limited number of observations available 

to rate soma sire s. With per cent ham the individual rank.­

ings are quite different to thosa of per cent three primal 

cuts. The rating of sires by different mating systems for 
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154 day weight is quite variable. However, it should bé 

pointed out tha.t 1n this particular sample, boars d1d not 

have a significaat effec t on 154 day we 1ght • As might be 

expected mating system had a highly s1gn1f1eant effect on 

154· day weight. Wh1le not considered 1n this partieular 

a.nalysis, it is apparent from 'la ble 36 - as previous1y 

poi.nted out, that the La.ndrace, Yorkshire rec1proca1 crosses 

difter with regard to 154 day we1ght. 

Source 

Sire 

T.&:aLB 34 

WLYSIS OF VA,RUICB FOR ŒNTH mAir§. 

(SIRj \U%HDT BBEED BFPECTS). 

!t:laa iaa~~~ 

df 56 day wt. 154 day wt. 

14 29.81 180.61 

Mating type et 2 25.06 1668.19** 
Dam. 

Saas on 7 98.48 •• 463.65· 

Lit ter Sequence l 339.36·· 913.50. 

Err or 138 34.90 212.89 

• Sig.nificant at .05 level ot probab111ty. 
**Highly s1gnif1cant at .01 level of probab111ty. 

Age at 
Marketing 

318.88 

702.32* 

602.80 

95.49 

207.39 



Source d:f' 

Sire 14 

Mat iD.g fype 
of' Dam 2 

Se a son. 7 

Litter Sequence 1 

Brror 138 

TjBieJ 35 

JN4LXSIS OF VARIANCE FŒ C@CASS TRAITS 

(Q~ WITHIN BBIID BFPICt§). 

Carcass LoiD. Per Cent Per Cent Per Cent Per Cent 
W't. A:rea Ham ShQlllder Loin Be11y 

20.30 .2008** 1.2~· 2.250•• 1.185** 1.766** 

1.13 .0154 .687 .214 .357 .438 

66.39** .2716** 2.020** 2.488** 2.955** .522 

2.28 .0259 .003 .844 1. 758* .800 

11.06 .0647 .531 .719 .397 .490 

• S1gn11'1cant at .05 level of' probability. 
**Highly s1gn11'1cant at .01 leve1 of' probab111ty. 

· Per Cent 
3 Primal Cuts 

4.28~ 

.678 

10.490** 
b 
.fla. 

1 
4.953 

1.952 



Sire No. 

LID~i~l 

31 
18 
32 
17 
19 
33 
·~ 
34 

Ywkshire 

~ 
à 

21 
20 

5 

:CA.BLI 36 

BJ.:fiNG OF ,QJ:RBS ON M BASIS OF lf41:ING SYSDM FŒ 154 DAY WBIGH! 

(HIAN -r SIBJ1i IFRJÇ:C). 

~~u: all. ~ ;I.D&. 
o. of 15 Day 

Lit ter s ilt_.11bs ._) 

pgre~ed 
No. of 1 ~ Day 
Lfite_r s llt_.._Ubs_..) 

Cross~ed 
No. ot 1 Day 
Lftter s W t • (lbs. ) 

poltc~oas 
No. ot 14 Day 
Litters Wt. {lbs.) 

7 171 2 184 ;1 169 4 164 
12 166 5 169 6 166 1 165 

1 164 1 165 
1t 163 7 160 4 164 i ~u 161 1 171 3 158 
l2 159 3 159 l 150 6 165 
14 156 2 142 159 8 158 

8 156 4 152 4 160 
5 153 3 143 1 145 1 173 

2 165 1 16~ 1 171 
19 163 6 152 8 17 5 162 12 159 3 155 2 169 à 157 
18 15ê 7 149 3 177 158 
4 15 1 123 2 169 1 165 

11 158 3 153 4 162 4 166 
17 157 5 141 10 169 2 157 

b 
\.11 



'fABLI 3Z 
-

&AUIG OF BllUIS 01 fBB MiiS OF )JJ.fiiG SXSTBM FŒ pP CBJf! 3 PRIMAit CUTS 

<~ + snuc BFlSC~). 

2!ili:LJ. ~~~~- ll6lJr•a Cros sb~ Back:e;t§§ll 
No.ot Per \ënt 3 No. of ~ r ~ent 3 No. ·of r Cent 3 No. of tir ~ent 3 

&ire Ne. Lit ter s f: tma:L Cats Lit te;ts fl.ima:L Cut§ Ltttera P.rtma:L Cut1, Litters Prima.1 Qu.t_a 

La.ndl&CI 

17 JA. 54.3 'l 54.8 4 ~·0 i 54.5 
33 12 54.2 3 55.2 3 .4 54.0 
19 8 54.1 1 55.3 3 53.6 4 54.4 
32 1 54.0 1 54.1 

~ ~ 53.6 2 55.2 4 53.3 8 54.4 b 
~~:, 4 54.3 4 52.1 0'\ 

31 7 2 !'2 1 54. 4 52. '7 1 
18 12 52.6 5 .8 6 ~-1 1 52.4 
34 5 51~6 3 .1 1 .3 1 51~3 

19: illl;i.tl 
21 4 54.5 1 5l.~ 2 54.8 1 ~.3 
20 11 §1·4 3 

§t:9 
4 55.3 4 ... 1 

7 12 .2 ~ 2 53-é 7 54.2 
5 '1'7 53.9 54.8 10 53. 2 54.0 
9 2 53.6 1 53.1 1 54.5 
6 19 53.5 6 54.0 8 53.'7 5 53.6 
8 18 53.2 7 53.5 3 54.0 8 53.3 



Siri fig. 
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TABLI 38 

RATING OF SIBBS ON TH1 BASIS OF MATIHG SYSTEM FOR DR CElil HAM 

(MilAN + SIBB llPBCT). 

2!1~:al:L ~ ;1~ Pw:t~ld 
No. of · er Cent 

Cross~eQ. BaeÇross 
Per Cent Ho. o r ent No. ofr Cent No. Of 

Lit te.r_s_ Ham Litters Ham Li_t_ter.s ... Balll_~ Litter_s Ham 

8 21.7 4 22.2 4 20.à 
l4 21.5 7 21.5 4 20. g 21.3 
l2 21.4 3 22.5 3 20.6 21.1 
7 21.1 2 21.0 1 21.5 4 20.8 

l2 21.1 5 21.1 6 20.8 1 19.~ 
1 21.1 1 20. 
8 21.0 1 20.7 4 20.0 4 21.4 

l4 20.9 2 20.2 20.3 8 20.9 
9 20.1 3 20.7 1 21.2 1 19.3 

17 21.3 5 21.3 10 20.9 2 20.6 
2 21.0 1 20.9 1 20.6 

l2 20.9 ~ 20.8 2 20.9 7 20.5 
19 20.7 20.4 8 20.6 5 20.3 
11 20.6 3 19.9 4 21.6 t 21.1 
18 20.5 7 20.4 3 20.8 20.2 
4 20.4 1 20.5 2 21.4 2 20.5 

b 
.....::1 

1 
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Predicting Crossbred Performance 

.&.11 the analyses so far have i.ndicated that mati.ng sys­

tem is a highly significant source of variation for 154 day 

weight and significant for age at marksting. Also there is 

a difference in growth rate among single crosses, as wall as 

among backcrosses. This raises the question of how predict­

able are the resulta in crossbreeding data of this kind. 

Carm.on 1s {1956) msthod essentially implies that the average 

performance of baclœrossss in a two breed rotational system 

should be equal to the average performance of the single 

crosses mimls 113 of the heterosis obtained in the single 

cross. Table 39, presents the observed and predicted re­

sulta using Carm.on 's method for the three growth traits 

corrected for seasonal and litter sequence affects. General­

ly the accuraey ot prediction is high, more so for 56 day 

weight. It is doubtful whe ther this me thod would have be en 

sensitive to particu1ar single cross differences as it is 

based on the average of both types of single cross. A more 

severe test of the accuracy of this prediction method may 

be attempted when more data becomè availabla for the eriss-

cross groups. 
TABL! 39 

OBSIRVED AÇ DJIPICDP V.ALDJS FOR GBC:.WTH mAif§ 

Obsarved Predieted 
56 day wt. (lbs.) 31.9 30.9 

154 day wt • {lbs.) 164 161 

.Age at Marlœting (days) 175 170 
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PIS(U:SSIOI 

Pre l~~:ry. .~ r>~§,i~t~u~a t ipns 

Population genetics as appl:led to large farm animals 

is beset vith the problem of the expense and tiDB involved 

in collecting large bodies ot data, to ensure adequate stat­

istical proot ot genetic theories. Admittedly, tœ altern­

ative is to wor k: with sma.ll anillflls vhere maintenance c osts 

are lov and generation turnover rapid enough to ensure large 

numbers within a relative ].y short period of tim. However, 

the question not yet tully a.o.swered is whether the assumpt­

ions made in attempt1Jlg to extrapolate information obtained 

from experimsnts vith la bora tory animals t o large farm an­

imals are sutticiently less erroneoas than attempting to use 

the limited data available on the latter group of animals 

by applJing appropriate statistical procedures. Both metb­

ods are subject to err or, nevertheless if results are inter­

preted in their true context they may be helptul in indicat­

ing trends if not answers. 

The data used in this study were unique in that it 

allowed for comparisons between the two parental breeds and 

their crosses, all raised in the same berd. Also no sires 

vere selected from within the purebreds for replacemnts. 

Renee the two purebred populations vere essentiall.y oatbred. 

The wean1Jlg age was 21 days. This earl;y weaning practice 

was developed by the Macdonald College Nutrition Departmnt 

and still is quite uncommon in tarm practice. 
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Gross Analysis Involving Major Sources of Variation for First 

and Second Litters. 

As previously mentioned, the fact that seasonal effects 

played an important part in the measures used is not sur­

prising. A priori one would expect the early weaning pro­

cedure to increase the environmental (seasonal) component 

by elimination of a maternal component that would have been 

completely confounded with dam and hence breed of dam: and/or 

mating type. In other words, of the total variance in the 

population, that due to the dam (i.e. bread or mating type), 

should have been reduced to a smaller {but none the less 

more valid assessment of genetic worth) component than would 

have been the case with later weaning. However, the sig­

nificance of litter sequence affects on 56 day weight would 

indicate that the early weaning procedure was not quite as 

efficient a method of removing maternal affects as expected. 

The signific~Dt affect of litter sequence on yield of 

primal cuts, as well as the highly significant effects on 

per cent loin, implies an association between litter sequence 

and carcass weight. This could arise if pigs out of the 

second litters were heavier at marketing than first litter 

pigs. The least squares estimates do not indicate large 

differences between 1itter sequences for 154 day weight. 

Perhaps, there are also dressing percentage differences be­

tween first and second 1itters. McMeekan (1940) has shown 

that control1ing the ear1y nutrition of the pig and hence 
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the growth rate, results in significant effects on the lean 

and fat yields of the carcass. In the present analyses 

age of dam effects are confounded with litter sequence effects. 

This should not invalidate comparisons between mating types 

as both litter sequences are represented in each mating type. 

The most importan~ finding in this analysis is the in­

-feriority of the Yorkshire purebred litters for growth rate 
~ 

and a relatively unimpressive performance in carcass yields 

as compared with the other mating types. The purebred pop­

ulations in this study are outbred populations. The 

ancestral history of the purebred Yorkshires in the College 

herd is three years longer than that of the Landrace. 

The results obtained in this study are indicative of 

real breed differences between the samples of the two breeds 

for growth rate. The annual reports of the Canadian Record 

of Performance for swine in 1961 and 1962, have shown an ad­

vantage of four days for age at slaughtering for Landrace 

as compared with Yorkshires. This is about one third of the 

difference found in this study. This would indicate that 

the breed differences in this study are enlarged by some 

situation peculiar to Macdonald College. A perusal of the 

data revealed that for Yorkshire sired litters, four boars 

produced 66 per cent of the litters. For Landrace, the four 

most productive boars produced 52 per cent of the Landrace 

sired litters. The breed differences obtained in this study 

could have been exaggerated if the most productive Yorkshire 
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boars used were genetically below breed average and the 

Landrace genetically above breed average. Hence as far as 

these resulta are concerned, it can only be inferred that 

due to chance Macdonald College obtained a superior sample 

of Landrace as compared with Yorkshire boars. 

The crisscross groups show impressive growth perform­

ance but this is limited to the smaller numbers in those 

groups. For carcass traits, the pattern is obscure, although 

one of the crisscross groups ~xcal~ all other mating types 

for yield of three primal cuts. 
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Comparison ot Mating Systems 

In both comparisons pure breds with crossbreds, and pure­

breda with baeltcross, mating system bad a highl.y signiticant 

ettect on 154 day weight but no etfect on 56 day weight. 

This is in contrast to most reparts on crossbreeding re-

sults where hybrid vigor usually expresses itself at an 

early age, Fredeen (1957) Lush ~il· 1939. The highly sig­

niticant bread of dam affects on all growth traits re­

emphasizes the importance of maintaining control linas of 

parental breeds in any investigation of heterosis. As far 

as the single crosses are concerned, the bread of dam 

affects support the hypothesis of a maternal affect on 56 

day weight su!ficientl.y important to obscure mating system 

affect at that age and which carried over into subsequent 

growth rate. Mating system was not an important source of 

variation before 154 days tor the comparison purebred with 

backcross litters. Mating type of dam affects would be con­

founded with mating system affects in the analysis but if 

the former were important one would have expectad mating 

system to be important at 56 days. The similarity of the 

mating system affects in both comparisons of mating systems 1m­

:6~s~1hat:, the individuals genotype becams important for 

growth rate at some period between 56 and 154 days, previous 

to which maternal and other environmental affects were of 

major importance. Bvidence to support this type of a re­

lationship may be fcund in the work of Cox and Wïllham (1962) 

where prenatal affects and individual genetic differences 
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among litters rose from six to ·thirteen per cent of the 

total variance between 21 and 154 days. Hazel !1 ê.J... (1943) 

found that the gene tic variance accountad for 15, 28, and 17-" 

per cent of the total variance for growth rate in three 56 

day periods from birth to 168 days. 

Mating system had no significant affects on carcass 

traits. However, for the comparison of purebreds and cross­

breda, bread of sire had highly significant affects on loin 

area, and per cent shoulder and a signiticant ef:f'ect on per 

cent ham. Bread of dam affects were significant for loin 

area and per cent shoulder and highly signi:f'icant for par 

cent ham. Tbese results indicate bread differences for car­

eass traits which tended to cancel out in the erossbreds. 

Heterosis 

!he eomparisons of the means of the different mating 

types have to be evaluated in terms of the analyses involv­

ing mating system comparisons. As such, the hybrid vigor 

obtained was significant at 154 days age and at age at mar­

keting, although this does not imply that hybrid vigor was 

absent before 154 days. The important :f'inding in this 

aspect of the work: is that the crossbreds exceeded the aver­

age of the better performing purebred for these growth 

traits. !his suggests soma non-additivity in the heterotic 

responsa obtained. !his is reflected in the single cross 

differences. These differences seem to be largaly due to 

the superior materaal ability o:f' the Landrace sows. 
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Differences in :t'av our of the Landrace bread as dams have 

been previously noted by Gaines and Bazel (1957). 

!he question now arises as to the cause of this super­

lor maternal ability. It c ould be that the Landraee 

females provided a more favourable J.B. utero environment far 

the production of heavier and larger litters at birth, or 

that La.ndrace dau were superior millœrs to Yorkshire. 

Holness (1963) found that the average birthweight of' the 

purebred Yorkshire and Landraee :x Yorkshire erossbred vas 

lover than the Landrace pure bred and Yorkshire x Landrace 

crossbred. Pigs out of Landrace dams had a mea.n birthveight 

of 3.1 pounds, pigs out of Yorkshire dams 2.4. This was 

irrespeetive of the bread of sire. Bence for this data 

bread of sire affect and genotype of' the pig vere unimport­

ant for birthveight. It appears tb.a.t the initial advantage 

in veight at birth provides these litters with an inereas­

ing advant•ge vith age. Bl.unn u !l.· (1954) repart average 

vithin litter correlations of .53 between birth and weaning 

weight, .40 between bir th and 154 day veight, and .63 between 

56 day and 154 day weight. Results reported by MacDonald 

ü. Jàl.. (1959) using a part of the data used in this study, 

suggest that these correlations vary vith type of' mating. 

f.bese varkers observed that for purebred Yorkshire pigs a 

birthweight of one pound above average resulted in a posit­

ive increase of 6.4 pounds at 56 days. If it is assumed that 

these resulta would apply equally wall to purebred Landrace 

then 70 par cent of the difference in 56 day weight found 
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in this study between Landrace and Yorkshires, could be ex­

plained on the basis of the birthWeight advantage for Land­

race reportad by Holness (1963). It is therefore tempting 

to hypothesise that the single cross difference can be 

largely attributed to birthWeight advantage of the litters 

out of Landrace females. 

Maternal affects other than birthweigb.t affects would 

be less prevalent in data on earl.y weaned litters as compar­

ed to litters weaned at 42 days. !hase findings do not in­

validata comparisons between the averages of the purebreds 

and crossbreds, bQt they caution against making any general­

ization in the nature of the gene action involved in the 
' 

heterosis obtained. ~· precise assessment of heterosis in 

data of this sort can only be established by utilizing the 

double mating technique used by Lush~ âl· (1939). 

The analysis involving the two single crosses as dams 

showed no significant differences in maternal ability of 

these two groups. This tends to support the hypothesis that 

maternal affects otber than birthweight affects were not 

important f'A':-thétê data. A clearer indication of the cross 

differences might be had by computing on a within litter 

basis the genetic and phenotypic correlations between weigh.ts 

at different ages. The present data is much too restricted 

in D.Umber of sires used to attacà any meaning to genetic 

correlations. Without them, the phenotypic correlations are 

of limited utility in interpreting the single cross differ-

ences. 
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Generally, there was sorne expression of heterosis in 

crosses of the two outbred populations. Resulta obtained 

substantiate earlier observations of Robison (1948) that 

cross-breeding response is dependent on the purebreeding that 

has preceeded it. There seems to be breed differences be­

tween the two breeds for growth and some carcass traits. 

There is also some advantage to be had by using crossbred 

sows. This advantage is less than that obtained in Yorkshire 

x Landrace crosses as compared with purebred Yorkshire. The 

single cross differences noted are useful in drawing attention 

to the fact that these observations apply to this data and 

should not be depended upon as final evidence of the rel­

ative values of these two breeds. To all appearances sires 

used were representative of the two breeds, however, it may 

be that in ether herds the Yorkshire would outperform the 

Landrace. 

Blatant statements as regards recommandations for the 

maximum utilization of heterosis based on these resulta are 

unwarranted. There are severa! other factors in efficient 

swine production than weight at 154 days. 

Sire by Mating System Interaction 

The resulta of this analysis showed that sire by mat­

ing system interaction was not important for growth traits 

and for most carcass traits. Based on the sire ratings it 

seems that the simplest approach to further improvement in 

growth and carcass lean meat yield is to establish what 
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particular lines or breeds provide the best performance 

wben crossed and carry on selection within the linas. 

PTedicting Crossbred Performance 

The method of Carmon §.1 !l,. (1956) may be used to 

evaluate the relative values of breeds or lines in crossbred 

performance. The accuracy and utility of the prediction 

seems to he related to the type of gene action involved in 

heterosis and also to the number of lines being evaluated. 

If additive affects are of major importance, then one might 

question the utility of this mathod for a two breed rotation­

al system. Since one of the assumptions made in the dave lop­

ment of these prediction equations was that there was no 

epistasis, it appears that this method would be particularly 

useful in instances where dominance was important in 

heterosis. 
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SUMMARY AND CONCLUSIONS 

The objecta of this study were (1) to obtain inform­

ation regarding the importance of heterosis in crosses of 

Landrace and Yorkshire breeds of swine, (2) to investigate 

the importance of sire by mating system interaction, and 

(J} to apply the method of Carmen et al. (1956) to cross­

brad swine data. 

The measurements used were average litter growth rate -

as expressed by weight at 56 and 154 days and age at 

marketing, and average carcass lean eut yields. The major 

part of the analyses was carried out on data restricted to 

first and second litters of the various crosses. 

Breed effects were considered separately to mating 

system effects. There was no heterosis for any of the car­

casa traits studied. Breed differences existed for some of 

the carcass traits studied. Statistical significance of 

heterotic effects were obtained for average litter weight 

at 154 days abd age at marketing. Breed of dam effects were 

important for all growth traits. These effects seem to be 

largely as a result of average birthweight differences 

between the two breeds. These resulta point out the bias 

that may be introduced in comparing the performance of cross­

breda with only one of the parental lines. Litters out of 

crossbred sows were significantly heavier at 154 days than 

litters out of purebred sows. This advantage for backcross 

litters was less than that of the Yorkshire x Landrace 
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single cross. 

Sire by mating system interaction was unimportut for 

growth traits and all carcaes traita, except per cent ham. 

This ind1cates that selection based on purebred selection 

methode should be e:t:tecti ve in enhancing crossbred perfo :rm-

ance. 

The thearetical testing procedure developed by Car.mon 

!i !!· (1956) and later tested by Car.mon (1960) in mice, 

shows some promise for predicting crossbred performance in 

farm animale. Th1 s me tho d may be parti cularly us eful in 

data involving more lines than in a two breed rotational 

system.. !he aceuracy of this method as the nu:m.ber of linea 

and possible crosses inerease must await further research. 

When more data becom.e available, further research is 

needed to determine the phenotypic and genetic correlations 

between various periode o~ growth on a within litter by 

ma ting type ba sis • The re are so:œ in di cati ons in thi s data 

that these correlat! ons may vary aceording to m.ating type. 

A study based on tœ heritab111t1es within breeds of growth 

and carcass tl"ai ts would thl"ow some ligltt on the breed 

differences. ob tai nad in this a tudy. A cri tic al eva luat ion 

of heterosis should be attempted by using the d cuble mating 

technique and maintaining concurrently, control lines of 

both parental breeds. 
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CW.IMB TO ORIG~ B.ISI.ARCH 

1. This study representa the first as far as the author 

is aware, in which an attempt was made to separate breed 

affects from mating system effects in crossbred swine data. 

2. It is also the first for Canadian swine in which the 

statistical signi:f'icance of breed of sire, bread of dam, 

and mating system affects are investigated in a two bread 

rotational breeding system. 

3. The breeding structure of the purebred populations 

provided a unique opportunity for an assessmsnt of heter­

osis in that both purebred populations were outbred and main­

tained as control linas in the same herd. 

4. The investigation of sire by mating system interaction 

representa original research and is the first instance in 

which an attempt has been made to rank sires on the basis 

of purebred and crossbred performance in data involving 

pure bred as wall as crossbred dams. 

5. This work representa the first report, as far as the 

author is aware, in which the theoretical mathod of Carmon 

li il· {1956) for predicting crossbred performance has been 

applied to farm animals. 
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