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ABSTRACT 

The data used in the present study were collected from 

wether lambs of a flock of New Zealand Romney sheep started 

at Massey Agricultural College , Palmerston Nor th, in 1 944. 

The lambs , 474 in number , were  the progeny of 1 2  mixed-age 

rams born over a period of three  years from 1 944 to 1 947 . 

Altogether , 25  carcass traits were analysed .  

ii .  

A linear mathematical mode l ,  which included sire , year 

and type of  bir th and rearing as the main effects , a sire-year 

interac tion term and age at slaughter as a covariate , was used 

to describe the data . The estimates of the various terms in 

the model were derived by least-squares  procedures. Preliminary 

analyses included determining the significance of the sire-year 

interac t ion in each of the 25 traits . In traits where the 

sire-year interaction were found not  significant , the main 

effec ts and regression term were estimated. 

Variance c omponents  were estimated using Henderson ' s Method 

III . Heritability was estimated  by paternal half-sib correlation. 

The procedures used in the estimation of covariance  components 

were, in many ways, simi lar to those used in the analysis of 

variance c omponent s . In the former, the sums of crossproducts 

for the appropriate effects were computed from the difference  



iii . 

between two reductions in sums of  crossproducts . 

S ire-year interaction was found to  be significant in  four 

trait s ,  namely width of gigot (G) and the ratio of the weight 

of the forequarter to the hindquarter  (FQ/HQ) at the 1% level 

of probability and , carcass grade and cannon bone weight at 

the 5% l evel of probability.  

Estimates of  heritability of  carcass traits are as fo llows : 

Internal measurements : A, 1 . 1 1  ± 0 . 27; B, 0 . 20 ± 0 . 1 2; 

C, 0 . 31 ± 0 . 1 4� D ,  0 . 27 ± 0 . 1 3; X ,  0 . 09 ± 0 . 08; Y, 0 . 28 ± 

0 .  1 4; J' 0 .  35  ± 0 .  1 5 .  

Measurements indicative of bone length and weight : F ,  0 . 73 

± 0, 22; T ,  0 . 62 ± 0 . 20; R, 0 . 55 ± 0 . 1 9; P, 0 . 70 ± 0, 22; 

Cannon bone length, 0 . 80 ± 0 . 23; cannon bone weight , 1 . 0 1 + 

0 . 26 .  

Measurements indicat ive o f  width o r  depth o f  body: G,  0 . 4 1  

± 0 . 1 7; WR, 0 .1 4 ± 0 . 1 0; WF, 0 . 09 ± 0 .08; WTh, 0 . 37 ± 0 . 1 6; 

Th, 0 . 67 ± 0 , 2 1 . 

Measurements indicative of length of body : K ,  0 . 34 ± 0 . 15; 

1, 0. 55 ± 0 . 1 9; H ,  0 . 20 ± 0 . 1 2 .  

"Other" carcass t rai t s :  carcass weight, 0 . 03 ± 0 . 04; 

carcas s grade, -0 . 04; carcass total , 0 . 34 ± 0. 1 5; FQ/HQ, 0 .00. 

Es t imates o f  genet ic c orrelati o ns showed large sampling errors . 

The co rrelati ons between t he rati o  o f  t he weight o f  the fo requarter 

t o  the hindquarter (FQ/HQ) and the o t her carcass traits were no t 

included because the sampling errors were very large, In t !1e 

maj ority o f  cases , the genet i c  c o rrelati o ns were o f  the same s ign 
\' 

'as the phenotypic co rrelat i ons. 
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CHAPTER 1 

IN'l'lWDUC'PION 

The development of reliable methods for identifying 

the desirable carcaBs is of paramount importance to the 

sheep industry and is an essential prerequisite to any 

s election programme aimed at improving carcass quality. 

The methods must be based on sound research findings . Only 

then can the traits found to  contribute signifi cantly t o  

carcass quality be incorporated i n  selection and production 

programmes. Unfortunately, not all this information i s  

available currently . 

From the available information, it  appears that there 

1 .  

is little to be gained by means of crossbreeding for carcass 

quality.  According to nradforJ. ( 1 967 ) ,  " • • .  available information 

supports the conclusion t1�t breed differences in carcass 

characteristics are not large • . •  " He added that  11• • • i f ,  

as generally believed, heterosis in carcass ch!:iracteristics  

is not important, then breeding for improved carcass quality 

reduces to  a problem of within-breed se lection " At 

present , information on the genetic parameters of carcass 

traits in sheep is  lacking and many important questions are still 



2. 

unans vre red. Botkin, Field, Riley, Nolan and Roehrkasse ( 1969) 

stated that more information is available on fleece traits than 

on carcass traits of lambs und attributed this to the fact that 

fleece traits are easier to measure and/or, to select for v isually. 

To this may be udded the high cost of progeny testing for ca:.:-cass 

traits. The limited eviuence available so far on sheep and other 

species indicate that car·cass traits have heri tabili ties in the 

medium to high range. 

Reliable estimates of heritabilities of carcass traits are 

essential in determining whethe1· single.-trai t selection will be 

effective in altering the trai.ts and for· the optimum design �f 

selection programmes. In the latter context, selection on the 

basis of individual performance is the 1est for traits with high 

heritabilitics and would yield the most rapid progress. For 

traits of low heritabilities, selection on the basis of family 

information would be the usual choice. However, for the 

improvement of carcass quality, selection of breeding individuals 

cannot be made on the basis of their own performance because the 

traits can only be measured on carcasses and meat,not on live 

animals. Therefore, selection must be made from the information 

provided by their progeny. The details of the procedures 

involved in progeny testing will not be dealt with here. It 

suffices to say that this method is not only time- and labour­

consuming but also very costly. Over a short period of time, 

progeny testing may appear to be of little benefit but long-term 



c onsiderations might very well indicate that it  is an 

economically justifiable  proposi tion. 

Estimates of  genetic correlations among carcass trait s  

i n  lambs, although they are of extreme importance , are also 

lacking at present . They are useful  for predicting the kind:3 

o f  problems that may arise as a result of i ntense directional 

selection for specific traits. They may also bring to  light 

those traits which,  due to their low heritabilities , may not 

be responsive to direct selection, but may be improved by 

i ndirect selection applied to other traits . It can be shown 

3 .  

that indirec t  selection has the arl.vantage over direct selecti-Jn 

when the "secondary" character has a much higher heritability 

than the desired charac ter, when the genetic correlation betwaen 

the two traits is high, and when a higher intensity o f  se lection 

can be applied to the secondary character than to the desired 

character. 

An improvement programme for carcass traits is bound t o  

involve selection for several traits simul taneously . For this 

purpose , three me thods are avai lable . The fi rst , "tandem" 

s election i nvolves se lecting in turn for each trait singly. In 

the second method, called "independent culling levels " ,  the 

charact ers are selec ted simultaneously, rej ecting all  individuals  

that fail t o  come up  to  a certain level for each character regard-

less of what their values are for the other characters . The third 

method involves selection for several characters on the basis of  a 

selection index . Hazel and Lush ( 1 943 ) have shown that index 



4 .  

selection is the mos t  efficient of the three when proper weight 

i s  given for each trait . The construction of a selection index 

requires estimates of the following paramet ers : 

i ) . phenotypic and additive genetic variances of 

each trai t , 

ii ) . phenotypic and additive genetic covariances between 

each pair of traits and, 

iii ) . relative economic values of each trait . 

Aspect s  of  progeny testing of rams and estimation of 

genetic parameters of fleece charac ters in  the New Zealand 

Romney sheep have been investigated by Rae ( 1 946 , 1 957 ) . 

Estimation of genetic parameters of  some carcass traits in this 

breed forms the main obj ective of the present study . 



CHAPTER 2 

REVIEW OF LITERATURE 

I .  CARCASS WEIGHT AND CARCASS MEASUREMENTS 
AS INDICES OF CARCASS COMPOSITION 

A. Carcass weight as an index of carcass composition 

A knowledge of any existing relationship between carcass 

weight and carcass components would be highly desirable in many 

animal production experiments . Barton  and Kirton ( 1 958) stated 

that in many of these experiments , " • • •  carcass weight is used as 

the sole criterion for the effectiveness of the treatments and of 

the nutritional status of the animals involved. In these  

5 . 

experiments some knowledge of the carcass components would be desirable 

in order to assess any effects on the various tissues . "  

Smith-Filling and Barton ( 1 954), and Kirton ( 1 957 ) noted that 

the high cot·relation between carcass v1eight and weight of carcass 

fat indicated that this tissue was a maj or fac tor influencing 

carcass weight in the mature ewe. As a result of their studies 

to determine the nutritive value of New Zealand lamb and mutton, Shorland, 

de la Mare , Sorrel and Barnicoat ( 1 947) concluded that weight of 

carcass may be used as a simple indicator of carcass composition, but 

in  general , would not distinguish between animals of different breed, 



6 .  

sex or  growth rat e .  C larke and McMeekan ( 1 952 ) noted that , within 

quali ty grades in lambs , there is a decrease in the proportion of 

fat with increasing carcass weight . Earlier, McMeekan ( 1 940) ,  

studying the influence o f  the plane o f  nutrition on  the growth 

and development of pigs , noted a similar change in carcass 

components with increase in carcass weight . 

Barton and Kirton (1958) reported that the correlation between 

carcass weight and dissectible fat was 0 . 94 in wether lambs, 0 . 87 

in ewe lambs and 0 . 94 in mature ewes , while that between carcass 

weight and dissectible muscle was 0. 95, 0 . 89 and 0 . 87 respectively, 

From these findings they concluded that carcass weight could be 

used to predict  carcass composition with an acceptable degree of 

accuracy. However for a more accurate estimation of carcass 

compos ition, Kirton and Barton ( 1 962 ) recommended the complete 

dissection of any one of the four parts of the right side, namely 

leg, loin, rib cut and fore part . The positive correlations 

existing between carcass weight and carcass composition were also 

reported by Khandekar, Golstone and McManus ( 1 965 ) , and Timon and 

Bichard ( 1 965 ) .  

Work on lamb carcasses belonging to several breeds, performed 

by Southam and Field ( 1 969 )  in the United States, showed that as carcass 

weight increased there was an increase in percent kidney fat, fat 

depth over l,dorsi and bodywall thickness . As a result of increased 

fat, there was a decrease in the estimated percent retail yield .  

C onsumer preference studies showed that retail cuts from 30 kg, 



7 .  

carcasses were preferred over those from 23 kg carcasses ,  

although both were within the same finish group.  As a result 

of these findings , the workers suggested that retailers process 

more heavy, properly-finished carcasses because they would 

benefit from the increased weight of salable cuts per unit cost 

when  compared to carcass weights which they then preferred. 

B .  Carcass measurements as indices o f  carcass bone content 

Linear measurements on the carcass are , in general more 

indicative of the amount of bone than of the other two major 

tissues , muscle and fat . Realizing this fact ,  McMeekan ( 1 94 1 ) 

stated that " • • •  the reasons for this view are simply that all 

such measurements will depend largely upon the size of the 

animal, which is due in a very large measure to its 'frame' or  

skeletal size . " However, he cautioned that " the very fact 

that such measures are affected to some extent by the flesh cover 

of the animal will reduce their reli�bility even as indices of 

skeletal development . "  His work on bacon-pig carcasses showed 

that no ext ernal measurements were highly enough correlated with 

the total weight of skeleton for any of them to be used individually. 

for predictive purposes. Length of leg and length of fore 

t rotter + arm were the two length measurements most highly 

correlated with the amount of bone in the carcass .  

The two most c ommonly used external measurements o n  the 

carcass as indices of skeletal weight in sheep are length of 



.· 

8.  

leg (F )  and length of t ibia + tarsus (T ) . Of these two , length 

of tibia + tarsus gives a direct  measure of bone length and is 

more useful since  it can be measured with greater precision,  and 

is not as much affected by flesh cover as measurement F. As 

stated by Palsson (1939 ) ,  " • . •  the weight of  a bone depends on 

its length , thickness and dens ity . In the limb bones . . • , 

length growth is likely to  contribute more to their weight than thick-

ness growth . " It  would , therefore ,  be too much to  expect a perfect 

correlation between the length measurement of any bone and total 

skeletal weight in the carcass . Thus , with such an expectation, 

it did not come as a surprise to P'alsson when he found that length 

of tibia + tarsus was the only external carcass measurement strongly 

cOl-related ( r = 0 . 82 )  with total weight of  bone in wether lambs . 

However, the relationship was not significant in wether hoggets .  

He attributed this  difference t o  the fact that length growth in 

bones  was an early-developing character . In lambs , the t ibia 

and tarsus were still act ively growing in length while in hoggets  

at  about one year of age , these bones had p�aotically reached their 

ultimate lengths while still actively growing in thickness . 1·lalker 

and McMeekan ( 1 944 ) showed that in Canterbury lamb the product of 

this measurement and width of gigots (T X G) provided a better index 

of t otal weight of  bone than measurement T alone . 

Recent evidence supporting the usefulness of employing 

length of leg and length of tibia + tarsus as indicators of 

carcass bone content came from the work of Khandekar et al . 

( 1 965 ) and Barton ( 1 976 , unpublished data ) . It is , therefore , 



surprising to  find t hat Timon and Bichard ( 1 965 ) were abl e  

t o  provide evidence which disagreed with the findings o f  

Palsson. In their work involving Clun Forest wether lambs , 

length of leg and length of tibia were poorly correlated with 

carcass bone weight as well  as carcass bone percentage regard­

less of carcass weight. In their opinion, the higher corre­

lations obtained by Palsson could be due to the greater weight 

range ( 40 to 60 lb ) in the carcasses he used and the widely 

divergent nature of the breeds . 

Linear measurements , such as F and T ,  are only estimates 

of the length of bones . For greater accuracy, it is desirable 

to  make measurements direct ly on the entire bone , cleaned of 

the remaining muscle ,  fat and other tissues . In  his search 

9. 

for the bones to be used as indices of  carcass skeletal develop­

ment , Hammond ( 1 932) suggested that " • • •  as the proportions of 

the body dhange with age and other c ircumstances , the best bone 

to use woul d ba one whic h  developed late in life , such as the 

femur • • •  Practical c o ns i derations , however , prevent the use o f  

t h i s  bone as i t  is situated deep in t he carcass and surrounded 

by mea t . "  Alternatively, h e  rec ommended t he c annon bone since, 

among o t her things , it c ould be obtained withou t damaging t he 

carc a s s, is reasonably large and c ould be easily c leaned. However, 

he c auti oned that a s  the cannon bone is early-developing, i t s  use 

to estimate to tal weight o f  bone i n  t he carcass is only pos s ible 



when a scale is prepared showing the relation of the cannon 

t o  t otal bone weight of the carcass at different ages . In 

estimating total bone weight in the carcass , Hammond worked 

out the ratio : total bones of carcass/one femur and total 

bones of carcass/one cannon. 

Palsson ( 1 939) made use of the length, weight and 

weight : length rati o  of the fore cannon as predictors of 

total  bone weight in the carcass . He found that the length 

of  the fore cannon was not as good an index as the length of 

t ibia in  lambs while the relationship was reversed in hoggets . 

Weight of a fore cannon bone ,  when carefully prepared , was 

almost as good as weight of all four cannon bones  for predicting 

weight of  bone in the carcass ,  thereby justifying the use of a 

single fore cannon. As expected,  weight of a fore cannon 

afforded a better measure of total carcass bone than length. 

Khandekar, et al . ( 1 965), on t he other hand , found length of a 

fore cannon to be more strongly correlated  (r = 0 . 98) than its 

weight (r = 0 . 85) with total weight of bone in the half-carcass. 

1 o. 

The weight : length ratio  in Palsson ' s  work was correlated with 

weight of bone in the carcass only at the 5% level of significance 

in lambs while the correlation was significant at the 1% level in 

hoggets .  Palsson interpreted this as being due to the fact that 

thickness growth of bones contributed more to the weight of skeleton 

at t he hogget stage than at the lamb stage when length growth was 

more important . 



c. Carcass measurements as indices of the awount of muscle 

As stated by Palsson ( 1 939) , external carcass measurements 

1 1  • 

are more indicative of ske letal development rather than development 

of muscle or fat . In  his work on sheep, he was not able  to find 

a relationship between any external measurement and the t otal 

weight of muscle in the carcass c lose enough for predictive 

purposes . However, when he used total muscle weight as a 

percentage of total bone weight ( i . e . , musc le : bone ratio ) , some 

useful relationships were found . Palsson considered that the 

difference  between the leg length and the length of tibia + tarsus 

( F - T )  gave a very good indication of the musc le development in 

the leg area ; the smaller the difference , the better would be the 

muscle content of the legs. Indeed, he found a strong negative 

correlation (r = -0 . 93 ) between F - T and the weight of  musc le as 

a percentage of total bone weight in lambs . He used the width 

of gigot (G) expressed as a percentage of leg length (F ) , (*X 1 00 ),  

as a measure of the c ompactness of the hindquarters and showed this 

to be highly correlated (r = 0 .87) with the weight of muscle  as a 

percentage of total bone weight in lambs. Using F - T also as an 

index of muscle development in the leg area, Khandekar et al . (1965) 
obtained results similar t o  those in the work of P�lsson although 

in their investigations the weight of muscle in the half-carcass 

was used .  In  contrast , Walker and McMeekan ( 1 944) reported that 

� - T was poorly correlated with total muscle weight as a percentage 

of total  bone weight in Canterbury lamb . The measurement ·T X G was 

found t o  be the most satisfactory index of total muscie weight while 

measurements F, T , F X T and G showed significant correlations of a 

lower order . 
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Although Kemp, Lambuth and Barton ( 1 970 ) were unable to  

form any positive conclusion, the outcome of  their work 

appears to  show that certain width measurements we re strongly 

negatively correlated with percent protein in the side of the 

carcass .  These included width of  gigot ( G) ,  maximum width 

of rib ( WR) , maximum width of forequarter (WF) and minimum 

width behind the scapulae (WTh) . 

The value of a carcass depends on its conformation as well 

as on  its composition. In  the past , carcass c onformation has 

always been given priority by the meat trade as an indicator  

of  carcass quality possibly due to  the influence of the Hammond 

s chool .  In  this respect, carcasses that are short in the leg 

and blocky are believed to yield more high-priced cuts and 

edible meat than carcasses that are longer in the leg. Palsson 

(1939 ) insisted upon the fact that for meat production the legs 

of sheep should be as short as possible. The report by 

Khandekar et al . ( 1 965 ) that they obtained a high negative 

correlation ( r = -0 . 82 )  between leg length and t otal weight of  

muscle in  the half�carcass was in direct support of  Hammond's 

and P�lsson's views . 

While it is true that the length of leg is  of  importance in 

being related to the shape of  the hindquarters, the more blocky 

carcasses yielding larger cuts than the leggy ones,·the strong 

relationship ( r = 0 . 75 )  between leg length and muscle weight in 

the carcass reported by Walker and McMeekan ( 1 944) appears to 

suggest that in Canterbury lamb the leggy carcasses carried more 

muscle than the blocky carcasses . Kirton ahd Pickering ( 1 967), 
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from their work on 85 pairs of lambs , half  of which had been 

selected for blocky conformation and half leggy conformation, 

reached the c onc lusion that the blocky carcasses had no superiority 

in terms of meat content or p�oporti on of high-priced cuts .  

Palatability studies also did not support the c ommonly-held 

belief that roasts of leggy carcasses dry out excessively 

during cooking. On the basis of muscle-by-muscle dissection 

of a large number of  lamb carcasses of the Southdown and 

Romney breeds and their cross , Fourie ( 1 965 )  also concluded 

that the blocky carcass had no advantage over the leggy 

carcass in muscle content . 

A lot of time and e ffort must have be en spent in an 

attempt to establish the relationship between internal 

measurements on the cut surface usually made at the level of  

the last rib and t otal muscle in the carcass .  The measurements 

most  c ommonly used as indices are the cross-sectional length (A) 

and depth ( B )  of the l .  dorsi muscle . P�lsson ( 1 939 )  used 

these as indices of carcass muscle weight and showed that A 

was the better index in lambs while B was the better in hoggets . 

He attribut ed this difference to the early-developing nature of 

the1�ength" of the eye muscle and the late maturity of the 

depth measurement . Using different combinations of internal 

measurements alone , he found that A + B and 2A + B gave the 

most satisfactory correlations with  muscle weight in lambs. 

1/10 + A + B,  in which L measures body length ,  was a good  

index provided by a combination of internal and external 
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McMeekan ( 1 944) ant ic ipated measurement A to  provide a better 

indication of  muscle content in the carcass and,  indeed, 

found this to  be the case . Khandekar et al. ( 1 965 )  concluded 

that measurement B was an excellent index of total muscle in 

the carcass after finding a coefficient of correlation 

(r = 0 . 99 ,  p < 0 . 001 ) which approaches unity . However, the 

true relationship as implied by the extremely high correlation 

is open to question. Kemp et al . ( 1 970 )  found that measure­

ment B was negatively correlated ( r = -0 . 47 )  with percent 

protein in the side of the carcass while measurement A was 

poorly so correlated. In contrast , results provided by 

Barton ( 1 976 ,  unpublished data ) indicate that measurement A 

was posit ively, though not strongly, correlated with percent 

protein (r = 0 .39 )  and percent lean (r = 0 . 55 )  in the half 

carcass while measurement B was poorly correlated with these . 

The relationship between measurements A and B on the eye 

muscle and the total weight of muscle were first investigated 

in pigS by McMeekan ( 1 94 1  ) . In the carcasses he st�died­

weight of muscle varied from 22 . 5 to 33 . 0  kg and although A 

and B were both significantly correlated  to this , neither 

relationship was sufficiently high to  warrant the use of the 

measurements singly in predicting weight Of muscle . �he 

best relationship was provided by a combination of  the 

measurements , 2 A  + B. 
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The cross-sectional area of  eye muscle is the more commonly 

used index of carcass muscling than the linear measurements A 

and B .  It may be measured by means o f  several methods . A 

tracing of the boundary of  the cross-sectional surface of the eye 

muscle may be made and the area within it measured with a 

planimeter.  If  a planimeter is not available , the area may 

be estimated by superimposing a grid on the tracing and c ounting 

the squares .  Otherwise , the product o f  the linear measurements 

A and B (A X B ) may be taken as an estimate of the true area . 

Bodwell ,  Harrington and Pomeroy ( 1 959 ) , in an investigation 

comparing the accuracy of the three methods in beef carcasses ,  

found the planimeter method the most accurate . The grid method, 

although some 25% less accurate than the planimeter method ,  was 

sufficiently repeatable for expe rimental use . The true area 

estimated by the product A X B was insufficiently accurate for 

experimental use .  

Branaman ( 1 940 ) measured the area o f  eye muscle in the half  

carcasses of Hampshire and Southdown lambs by means of  the 

planimeter and reported that this measurement was a good 

indicator of lean weight . However, he did not provide corre­

lation coefficients to support his c laim. Working on  lambs , 

Timon and Bichard ( 1 965 ) found that the area of eye muscle as 

obtained by the planimeter method was no better an index of  

carcass musc le weight than the area estimated by  A X B although 

correlations were positive in both.  According to Judge , Martin 

and Outhouse ( 1 966 ) area of eye muscle was a poor indicator 

(r = 0.07) of percentage of edible portion. 
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McMeekan ( 1 94 1 ) used A X B as an approximation o f  the area 

of eye muscle to show that a fairly strong relationship 

existed between this  measurement and total weight of muscle 

in bacon pigs . Ih  lambs, Walker and McMeekan ( 1 944 ) found 

the relationship to be non-significant . Zobrisky , Brady,  

Lasley and vleaver ( 1 959 )  reported that in their investigation 

the cross-sectional area of the loin eye was the single 

variable most highly correlated ( r = 0 . 60) wi th the yield of 

total lean in the carcass . According to  Weniger ( 1 966 ) in 

his review on carcass value and meat quality, the following 

workers have reported similar correlations : Whiteman ( 1 953 ) ,  

0 . 68 ;  Raring et al . ( 1 957 ) ,  0. 60 ;  Sieburg ( 1 957 ) ,  0 . 63 ;  

Kielanowski e t  al . ( 1 954 ) , 0 . 62 .  

As shown by Kropf ( 1 962 ) the area of eye muscle is not 

constant along the length of  the body and as such varies \vi th 

respect to  t he location of the perpendicular cut made on the 

caroetfSs. In  fact, in Kropf's work on pig carcasees , the 

area increased from the third to the tenth thoracic vertebra 

and was larger at the first lumbar than at the third lumbar 

vert ebra .  I n  a study of  the relative value of the eye muscle 

area at eight different locations on the pork carcass, Kline 

and Goll ( 1 964 )  reported that the loin eye muscle area increased 

posteriorly from the fifth thoracic to  the first lumbar vertebra, 

but remained constant from the first to the sixth lumbar vertebra e .  

Ho�e�er, they could find no e�idence o f  any differences among the 



e ight pos it ions studied in the relat ionship between loin eye 

area and percent ham and loin. This ,  together with the 

high correlation of l .  dors i  areas at different positions 

on the same carcass , prompted  them to conclude that there 

was little to  be gained in accuracy of  predicting ham and 

loin from measuring loin eye area in more than one location.  

Kline and Hazel ( 1 955 ) had arrived  at a similar conc lusion 

when c omparing the area of  eye muscle at the tenth and last 

ribs as predictors of  percent lean cut s .  

A review o n  the findings of  many workers relating t o  

correlations between eye muscle area and various measures 

of carcass leanness in beef cattle has been presented by 

Preston and Willis ( 1 970 ) . There was little consistency 

among the findings c ited , but in general the correlations 

were low, particularly with respect to important parameters 
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such as the percentage of  first quality edible meat . Adjustment 

of eye muscle area for carcass weight tended to lower tho se 

parametsrs couched in terms of  weight and to increase those  

expressed as a percentage. In view o f  the obviously low 

va lue of  eye muscle area as a predictor of edible or total 

lean meat , Preston and Willis expressed surprise  that t hi s  

measurement should still  feature i n  indices of  carcass merit . 

However, they realized that eye muscle area should be as large 

as possible for consumer purchasing decisions . This view is 

apparently supported by Carpenter ( 1 966 )  in t he case of  lambs . 



D. Carcass measurements as indices of fat c ontent 

The relationships one would expect to find between linear 

carcass measurements and total fat in the carcass are best 

expressed by Walker and McMeekan ( 1 944 ) in their statement : 

"Since fat deposits are largely independent of skeletal 

development, and since the primary dimension in regard to 

fat depots is that of depth,  it would be unreasonable to 

expect any close association between l inear carcass measurements 

and the total amount of fat in the carcass . Any such 

correlations as might exist would nec essarily be purely 

fortuitous . "  By " linear" measurements they meant external 

carcass measurements . 

Palsson ( 1 939),  although generally agreeing with the fact 

that no external measurements were directly correlated with 
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the weight of fat in the carcass , found a highly significant 

negative correlation, in both lambs and hoggets , when the weight 

of fat was expressed as a percentage of the weight of bones in 

the carcass and the length of leg ( F )  was used as an index. 

Khandekar, Goldstone and McManus ( 1 965 ) reported a negative , but 

non-significant correlation  ( r = -0 . 3 1 ) between leg length and the 

weight of fat in the half-carcass. If significant, they pointed 

out, it would have indicated that the blockier the leg the better 

the fat covar of the carcass would be . 

Of the many external measurements studied by Kemp, Lambuth 

and Barton (1970), the following were related to percent fat in 

the side of carcass : gigot width, G (r = 0.57); maximum width 
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o f  rib , WR (r = 0 . 63 ) ; maximum width of forequarter, WF ( r = 0 . 66) ; 

minimum width behind s capulae , WTh ( r = 0 . 76 ) ; depth of thorax, 

Th (r = 0 . 44 ) and body l ength from pubic symphysis to the first 

rib ,  1 (r = 0 . 40 ) . 

Development of fat on the transverse sec tion of  the last 

rib has been extensively used as a measure of the fatness of the 

carcass . Linear measurements of fat depth are made here and 

these include measurements C ,  D ,  J and Y. ( The specifications 

for these measurements are given in detail in another section. ) 
Palsson ( 1 939) found most  of them to be good indices of the 

weight of fat in sheep carcasses, In his work ,  measurement C ,  

which is fat depth over the eye muscle ,  was more s trongly correlated 

wi th weight of fat in hoggets ( r = 0 . 94 )  than in lambs (r = 0 . 70 ) . 

According to him, this confirmed the fact that a measure of a 

late-developing character was no t as good a guide to the composition 

of the body early in life as later. In bacon pigs , McMeekan (1 94 1 ) 

showed that measurement C was the sihgle measurement most closely 

related ( r = 0.97) to to tal fat . !n P�lsson's work, the sum of 

the three fat measurements (C + J + Y) was better related to 

carcass fat weight than measurement C in both lambs and hoggets . 

When various combinations of internal and external measurements 

were tried,  he found 1/ 1 0  X ( C  + J + Y) to be the most  satisfactory 

index, 1 in this case deno ting carcass length. Timon and Bichard 

( 1965) repo�ted that measurements C and J individually, and their 

sum ( C  + J) , we�e best related to carcass fat weight and carcass 

fat percentage . O ther s tudies have used carcass fat percentage 

as the sole measure of carcass fatness. Latham, Moody and Kemp 
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( 1 966 ) ,  for instance , found that fat thickness over the eye 

muscle at the 1 2th rib was indicative (r = 0 . 67 )  of the percentage 

o f  fat in the carcass while in the work of Kemp, Lambuth and 

Barton (1970 ) ,  of all the measurements listed , fat depth measure­

ments C ,  D, J and Y, also taken at the 1 2 th rib ,  had the highest 

correlations with carcass chemical composition,  including fat . 

Backfat thickness has also featured prominently as a measure 

o f  the fatness of cattle . In  1 33 steers representing eight 

breeds , Ramsey , Cole and Hobbs ( 1 962 ) were able to show that a 

single fat thickness measurement , or an average of three 

measurements, ovef the rib eye muscle was a good estimator of  

percent carcass fat .  The correlations i n  their study were 0 . 82 

and 0 . 80 ,  respectively . The work of  Field ,  Schoonover and Nelms 

(1966 ) on bull carcasses and, Powel l ,  Huffman and Patterson ( 1 968 ) 

c onfirmed the strong relationship between these two paramet ers . 

In  the investigation of  Allen, Merkel ,  Magee and Nelson ( 1 968 ) ,  

fat thickness measured at the 1 2 th rib ranged between 0 . 64 and 

3 ,18 cm . in their carcasses . They found that the aver&ge of three 

measurements was slightly su perior to a single measurement and gave 

correlations of 0 . 50 and 0 . 78 with carcass fat weight and pe rcentage , 

respectively, and , 0 . 59 and 0 . 7 1 with excess fat weight and 

perc entage , respe ctively. 

"Measurement s o f  t he thickness of the subcutaneous fat layer 

at various points on the surface revealed when the carcass is split 

into two halves have long been t aken as indi cat ors of the general 

leve l of fatness of the pig" , acc ording to Harrington (1958). 



2 1  • 

Hankins and Ellis ( 1 934 )  stated that the thickness of  backfat was 

usually considered when forming an opinion on the fatness o f  a 

hog carcass and was generally regarded as a dependable ,  practical 

guide . In their study on 60 centre-split hog carcasses , thick-

ness of backfat was measured at five different points . The average 

of  these five measurements ,  designated the "average thickness of  

backfat " ,  was found to  have a corre lation of  0 . 84 wi th the percent­

age of fat in the total edible portion of the carcass .  Results 

in the literature confirm the fairly strong relationship which 

exists between backfat thickness and carcass measures of fatness , 

according to Weniger ( 1 966 ) .  

On a pig carcass split into two halves ,  a cross-section of  

the m.gluteus medius ( rump muscle ) , which encroaches slightly into 

the backfat layer at about the level of  the femur, is revealed . 

This muscle serves as a reference point for three backfat measure-

ments known as the "rump fat " measurements . McMeekan ( 1 941 ) 

Showed that the average of these three measurements was better 

correlated with total carcass fat than either the shoulder fat 

or the loin fat .  Harrington ( 1 958 ) quoted the findinga of 

Kielanowski and Osinska ( 1 954 ) which c onfirmed the fact that the 

shoulder and mid-back fat measurements  were less closely related 

to  carcass fatness tha? were the various rump fat measurements . 

Measurement of  backfat thickness using the common ruler a�d 

measuring tape can only be made in carcasses which are split 

longitudinally or cut transversely .  In unsplit carcasses , the 

determination of such measurements poses some problems and other 
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methods have to be used . Three instruments which deserve 

mention in this regard are the ruler probe ,  the "Lean Meter" 

and ultrasonics . Of these ,  the firs t to  come into use is the 

ruler probe developed by Hazel and Kline ( 1 952 ) . I t  involves 

making an incision wi th a scalpel on the skin and pushing a 

narrow metal ruler wi th a blunt end through the soft fat to 

the firm tissue underneath. Sufficient resistance is encountered 

when the ruler reaches the junc ture of the fat and firm tissue to 

indicate that the ruler has passed through the fat layer. The 

" Lean Meter" developed by Andrews and Whaley ( 1 95 5 ) works on 

the principle that the elec trical resis tances of musc le and fat 

are different when detecting the change from fat to muscle  as 

the probe is pushed into the body. Probing devices were employed 

satisfactorily on live pigs by Holland and Hazel ( 1 958 ) , and 

Walker-Love, Cormack and Laird ( 1 958a , 1 958b ) . Pearson, Price ,  

Hoefer, Bratzler and Magee ( 1 957 ) found li ttle difference in the 

usefulness of the ruler probe or " Lean Meter" in es timating backfat 

thickness in live pigs . Gottsch, Merkel and Mackintosh ( 1 96 1 ) , and 

Brungardt and Bray ( 1 963 ) reported using probing devices of some 

kind for measuring subcutaneous fat thickness of beef carcasses . 

Temple  ( 1 957 ) was probably the first person to apply the 

principles of ultrasonics for measuring fat thickness in live 

animals , in this case cattle . Ac cording to Stouffer ( 1 966 ) , i t  

was European workers , however, who adopted this technique for 

appl i cation on live hogs . Wi th ul tras oni c measurement of fat 
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thickness in live animals becoming increasingly common, i t  is 

surprising to find that its use on carcasses has been minimal . 

This could be  attributed to the fact that the velocity of 

ultrasonic impulses and, therefore , the accuracy of the measure­

ment is affected by temperature as shown in the inves tigations of 

Muller-Haye ( 1 965) and Horst ( 1 963 ) ,  quoted by Weniger ( 1 966 ) .  

The effect of temperature implies that measurement of backfat 

thickness on chilled carcasses are meaningless unless some kind 

of standardi zation is made . However, ultrasonic measurement of 

carcasses 1 5  to 20 minutes after slaughter at the slaughter house 

offers a very plausible alternative and is technically possible . 
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In a study made by Taneja ( 1 958) involving a total of 557 

Aus tralian Merino ewe lambs , heri tability es timates were 

de tArmined for several characters of the live animals . The 

estimates , obtained by paternal half-sib correlation were : 

body depth , 0 . 0 1 ; body length, 0 .00 ; body width, 0 . 27 ;  cannon 

l ength , 0 . 24 and mutton score, 0 . 1 3 . Al though only live animal 

measurements were analysed in this study, the results would be 

expected to have some bearing on the heri tabili ty of carcass 

measurement data . This is so because measurements such as ca1u1on 

l ength and body length taken on the l ive animal are indicative , 

to a certain extent , of similar measurements made on the carcass . 

The very low estimates ob tained in that s tudy were attributed to 

the fact that the sires and dams were highly selec ted and some 

sires were used in more than one selection group. These factors 

were thought to have reduced the addi tive genetic variance f or the 

charac te rs . 

The heri tabili ty of skeletal measuremen ts made on the lamb 

carcass are known to be high, usually in the range of 0 . 40 to 

0 . 80 .  In a s tudy reported by Bichard and Yal�in ( 1 964 ) ,  where 

Suffolk rams were mated t o  cros sbred Border Lei c e s te r  X Chevi o t  

ewes and carcass measurements were reco rded on the progeny, 

heri tabili ties of 0 . 40 ,  0 . 83 and o . ?B were found for cannon bone 

l ength , lehgth of tibia + tarsus (T)  and l eg length (F) , 
reapec ti�ely. Al though the last ot the measurement s is no t a 

direct measure of bone l ength , i t  is a c l o s e  enough estima te f o r  

mo s t  prac tical purposes .  Rae ( 1 946 ) , however, produced es tima t e s  
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for leg length ( F )  and length of tibia + tarsus ( T ) which were much 

lower than those of Bichard and Yalcin ( 1 964 ) .  • His estimate for 

measurement F was 0 . 38 and for T,  a negative value . He expressed 

surprise at the low values obtained for these two measurements 

which, from all available informati on, were expec ted to be 

strongly inherited. The low values were attributed to the small 

number of observations and , consequently , the large error likely 

to be present in the es timates . A further explanation given was 

that the leg length measurement (F)  could not be taken very 

accurately because i t  was affected by the development of fat and 

muscle in the leg region while there was s ome doubt also on the 

accuracy of the T measurement . The heri tability of 0. 07 for 

cannon bone weight reported by Bichard and Yalcin ( 1 964 ) was much 1 

lower than the value of 0. 35 obtained by Munson ( 1 966 ) . However, 

Munson ' s  work involved different breeds of lambs and he cautioned 

that his estimates of heri tability should be considered as preliminary 

because they were based on a small number of observatiohs and therefore 

subj ect to rather large sampling errors . Length of leg of the pig 

is a highly heri table character as suggested by the findings of many 

workers . The heri tability es timates for this charac ter have been 

consis tently high, ranging from 0. 46 in the study of Smi th and Roas 

( 1 965) to 0 . 6 1 reported by King ( 1 957 ) . All evidence on pigs and 

sheep, therefore , point t o  the fac t that ske letal measurements in 

livestock are from moderately to highly heri teble whi l e  measurements 
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indicating width and depth of the carcass are only moderately 

heri table . This implies that selection may be effective in 

bringing about gene tic change in carcass conformation. 

Carcass weight is apparently a trait of low to moderate 

heri tability. Al-Barhawe ( 1 966 ) and Dynes were reported by 

Carpenter ( 1 968 ) to have obtained es timates of 0 . 30 and 0 . 2 5 ,  

respectively, for this trait .  However ,  the reliabili ty of  

the resul ts from these s tudi es was to be  regarded wi th caution 

because in Carpenter ' s  words they were " preliminary in nature" .  

In analysing data obtained from crossbred progeny of 73 rams of 

Suffolk, Dorset  Down, Hampshire and Southdown breeds , Bowman, 

Marshall and Broadbent ( 1 968) obtained a value of 0 . 02 for this 

trai t .  The method used by the workers was paternal half-sib 

analysis and the low heri tability of carcass weight is emphasized 

by the fact that the es timates were probably overestimates because 

no allowance was made for full-sibs included in the half-sib analysis . 

Four of the 1 0  trai ts in the study appeared to have a large amount 

of addi tive genetic variation. These were percentage leg, percentage 

b e st end, age at slaughter and eye muscle  area wi th heritabilities of 

0 , 2 3 ,  0 . 49 ,  0 . 28 and 0 . 53 , respectively. The large amount of  

additive gene tic variation in  these trai ts sugges ted that worthwhile  

response may be expected from selection. 

There is r eas on to believe that the heritability of carcass 

weight in pigs is either low or moderate . The estimate of 0 . 30 

for pedigree pigs of the Large Whi te breed presented by King ( ; 957 ) 

was much higher than the values reported for sheep. The heritabi l ity 

of hot carcass weight estimated at 0 . 1 4  by Buxa.de ( 1 972) for the 
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Angeln Saddleback pigs was more in line with the values for sheep. 

A l ow estimate of heritabili ty for carcass weight (h2 
= 0 . 1 1 ) 

was also reported by Bowman and Hendy ( 1 972 ) in a s tudy involving 

the carcasses of 1 1 8 pedigree Pol l  Dorset Horn wether lambs .  

There is  a close  agreement in the es timates of  heritability for 

the various trai ts obtained in this s tudy and those reported 

by Bowman, Marshall and Broadbent ( 1 968) even though different 

breeds were used and also the latter study included data on 

" rejected" carcasses whil e  Bowman and Hendy (1 972 ) excluded such 

data in their study. The heri tabili ties obtained by Bowman and 

Hendy ( 1 972 ) for the different proportions of the carcass were as 

follows : percent shoulder, 0. 0 1 ; percent l eg, 0 . 1 6 ;  percent best 

end , 0 . 35 ;  percent loin, 0 . 32 and percent remainder, 0 . 03 .  F'rom 

the relatively lerge heri tabil i ties for percent best end , loin 

and , to a lesser extent ,  leg, they inferred that selection in an 

effort to change carcass proporti ons would be effective . However, 

the coefficients of variation for ail the carcass proportions were 

very small ,  implying tha t there would no t be �ny effe c t ive selection 

differential for these trai ts . On the other hand, selection for 

eye muscle area would be effective because the heri tability is at 

l east 0 . 1 4  and the coefficient of variation is also  comparatively 

large ( about 0 . 1 0) .  

Bo tkin, Field, Riley, Nolan and Roehrkasse ( 1 969) collected 

data on 802 offspring of 58 ram lambs consis ting of 435 ewe and 

367 wether lambs of the Rambouillet ,  Columbia and Corriedale breeds 

and al l  possible  crosses be tween them. Es timates of heritability 
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for carcass traits were determined from these data by paternal 

half-sib correlation as well as by regression of offspring on sire . 

In general , they found that es timates of heritability obtained by 

paternal half-sib correlation were higher and had lower standard 

errors than those derived by the regression method . The different 

es timates by the two methods could have been due to several fac tors . 

Firs t ,  there was more variation in weight be tween sires than between 

offspring because offspring were s laughtered at a relatively constant 

weight ,  whereas sires were slaughtered at a relatively c onstant age . 

Secondly, all lambs were contemporaries ,  which was no t true when 

comparing sire and offspring in the regression method . Finally, the 

design of the experiment was such that estimates obtained by paternal 

half-sib correlation were the most reliable . According to Dickerson 

( 1 960 ) ,  the regression method is likely to give es timates which are 

biased downward . The estimates of heri tabili ty obtained by Bo tkin 

et al . ( 1 969) for the weights and percentages of the various cuts and 

tissues were as follows : trimmed l oin weight, 0 . 28; trimmed rack 

weight ,  0 . 1 9 ; trimmed shoulder weight ,  0 . 42 � trimmed leg weigh t ,  0 . 5 1 ; 

retail cut weight ,  0 . 40 ; lean weight ,  0 . 39 ;  bone weight ,  0 . 28; percent 

fat , 0 , 54 ;  percent bone, 0 . 2 3 ;  percent lean , 0 . 40 and percent re tail 

cuts ,  0 . 39.  Heritabi li ties of 0 . 1 7 , 0 . 1 7  and 0 . 64 for percent carcass 

lean* per cent carcass fat and percent carcass bone reported by Munson 

( 1 966 ) , coupled wi th values given by Bo tkin et  al .  ( 1 969 ) sugges t  

that measures of carcass composi tion, i n  terms of the major tissues , 

are moderately heritable . 

In beef cattle ,  the indications are that the heri tabilities of 

percentage edible and firs t quali ty meat are moderately high, but 
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slightly lower than those for fat  thickness . The heritabilities 

of percent round , chuck, loin and rib reported by Chris tians , 

Chambers , Wal ters , Whiteman and Stephens (1 962 ) for the Angus 

breed were 0. 30 ,  0 . 46 ,  0 . 60 and 0 . 46 , res pec tively . 

Area of eye muscle and backfat thickness appear to be  moderately 

to highly heritable in sheep. For eye muscle area, except for the 

values of 0 . 1 4  reported by Bowman and Bendy ( 1 972 ) and 0 . 1 2  reported 

by Smi th et al . (1 968 ) , all o ther estimates were larger than 0 . 3 :  

Botkin e t  al .  (1 969 ) , 0 . 34 ; Hillman, Menzies ,  Wheat ,  Mackintosh 

and Merkel (1 962 ) ,  0 . 39 ;  Carpenter (1 963) , 0 . 40 ;  Timon ( 1 96 5 ) , 

0 . 23 for l .  dorsi area at the 1 2 th rib and 0 . 5 5  for l .  dorsi area 

at the 6th rib ; Munson (1 966 ) ,  0 . 5 1 ; Bowman, Marshall  and Broadbent 

( 1 968 ) , 0 . 5 3 ;  Ray, Bell and Holland (1 972 ) , 0. 53 ,  0 . 86 ,  0 . 38 and 

0 . 6 1  for four different breeding groups ; Al-Barhawe (1 966 ) ,  0 . 90 

and B orton (1 96 1 ) ,  0 . 93 .  

The most common measure of fat depth i n  the sheep carcass i s  

one made over the l .  dorsi muscle ,  i . e . ,  measurement C ,  o n  the cut 

surface of the rib or loin . The heritab ili ty of this trai t ha� been 

determined by various workers and their es timates were : Borton ( 1 96 1 ) ,  

0 . 04 ; Hillman et al . (1 962 ) , 0 . 2 1 ; Smith, Kemp , Moody and Cundiff 

( 1 �68 ) ,  0 . 27 ;  Timon (1 965 ) ,  0 . 31  for rib fat depth and 0 . 44 for 

loin fat depth ; Bowman and Handy (1 972 ) ,  0 . 40 ;  Botkin et al .  ( 1 969 ) , 

0 . 5 1  and Ray e t  al . (1 972 ) ,  from 0 . 59  to 1 . 1 0 in four estimates.  

The reliability of the estimates of Ray and eo-workers are open to 

question since the s tandard errors of the estimates in their s tudy 

were large . The lowest standard errors for the esti�ates were in 

the "D11 b:ree ding group, where the average number of progeny per sire 

group was 3 . 7 ,  whereas the largest standard errors were obtained for 
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the "S " group, where the average progeny per sire was 2 . 5 .  

Backfat thickness and carcass length are perhaps the two 

most commonly studied traits in pigs as far as genetic parameters 

are concerned . King attributed this to  the great importance 

placed upon measurements of backfat thickness made at the shoulder , 

mid-back and loin and on carcass  length in the assessment of the 

carcass quality of pigs in commerce .  Moreover, i t  is well-known 

that backfat thickness i s  a reliable indicator of the fat content 

of the carcass and , to a lesser extent , of the other comportents .  

The high values for the heritabilities o f  these two traits are 

widely known and well-documented in the literature . In  an 

account of the Danish system of progeny testing of swine , Lush 

( 1936) presented a value of 0 . 47 for backfat thickness . Dickerson  

( 1947) put the value at  0 . 54 in  pigs of Poland China ,  Danish 

Landrace and Landrace-Poland China crossbreds while Stothart 

( 1947) found a value of 0 . 37 in Canadian bacon hogs . At this 

point , it is perhaps worthwhile to  mention in passing that most 

of  the estimates of ge net ic parameters in pigs are made in 

conjunction with progeny testing wo rk .  

King ( 1957) used the average o f  three measurements  made on  

the shoulder ,  mid-back and rump as a measure of  backfat thickness 

and showed that the heritability of  this trait in Brit ish bacon 

pigs was 0 . 46 .  Smith, King and Gilbert ( 1962 ) found high 

heritabilities for measurements of backfat thickness over the 
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shoulder (h2 = 0 . 62 ) , the mid-back (h2 = 0 .73 )  and the average 

of two measurements over the loin (h2 = 0 . 70 ) . When the 

average of two backfat measurements only were used, one made 

over the shoulder and the other over the loin, Smith and Ross 

( 1 965 ) obtained an estimate of heritability of 0 . 74 .  

3 1  • 

It  would be anticipated from the high heritability of 

backfat thickness measurements made on the centre-split carcass 

of the pig that the heritability of  fat depth measurements taken 

on the cross-sectional surface of  the transversely cut carcass 

would also be high. This is evidently so as results from the 

studies o f  Smith, King and Gilbert ( 1 962 ) and Smith and Ross 

( 1 965 )  indicate . The estimates reported by Smith, King and 

Gilbert were : fat depth C ,  0 . 6 5 ; fat depth J ,  0 . 64 ,  and fat 

depth K ,  0. 73. Those found by Smith and Ross ( 1 965 ) were : 

fat depth C ,  0 . 62 and fat depth K ,  0 . 42 . 

Available information suggests that the heritability o f  the 

area of eye muscle in pigs is  fairly similar to that in sheep ;  

i.e . ,  in the medium to high range . The various estimates that 

have been made are : Enfield and Wh8tley ( 1 961 ) ,  0 . 79 ;  Smith, 

King and Gilbert ( 1 962 ) ,  0. 35 ; Smith and Ross ( 1 965 ) ,  0. 49 and 

Buxad� ( 1 972 ) ,  0 . 38. In their review on genetic parameters of  

carcass traits of  beef cattle ,  Preston and Willis ( 1 970)  stated 

that " • • •  The longissimus dorsi area is apparently a highly heritable 

trait with a median value of 0 . 60 - 0. 70. " 
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The only available estimates of heritability for the width 

measurement (A) and depth measurement ( B ) of the eye muscle are 

those made on the pig. King ' s  estimate put the value at 0 . 29 

for measurement B and Smith et al . ( 1 962 ) put the heritabilit ies 

for measurements A and B at about equal , namely, 0 . 46 and 0 . 48 ,  

respectively . On the other hand , Smith and Ross ( 1 965 )  presented  

a value of 0 . 65 for measurement A ,  which was almost  twice the 

value of  0 . 38 they gave for measurement B .  

Estimates of heritability o f  carcass length in  sheep have 

been inconsistent . Low values of 0 . 0  and 0 . 09 were reported 

by Ray ( 1 967 )  and Borton ( 1 961  ) ,  respectively. Higher values 

of  0 . 38 and 0. 50 were found by Field, Botkin, Schoonover and 

Parker ( 1 967) and Botkin et al . ( 1 969 ) , respectively . As stated 

earlier ,  carcass length plays a more important part in the 

assessment of the pig carcass and consequently it has featured 

more prominently in that species than in either sheep or cattle . 

Most of  the he ritability estimates for this character have been 

larger than 0. 4 ,  putting it in the moderately to highly heritable 

category. The following are some of the published estimates  made by 

various workers : Lush ( 1 936 ) ,  0 . 5 4 ;  Dickerson ( 1 947) , 0 . 73 ;  

Stothart ( 1 947 ) ,  0 . 42 ;  Johansson and Korkman ( 1 950) , 0 . 62 ;  

Osterhoof ( 1 956 ) ,  0 . 66 ; Fredeen and Jonsson ( 1 957 ) , 0 . 48 ;  King 

( 1 957 ) ,  0 . 54 ; Enfield and Whatley ( 1 961 ) ,  0 . 50 ;  Joneson and King 

( 1 962 ) ,  0 . 45 ;  Smith, King and Gilbert ( 1 962 ) , 0 . 60 for carcass 

length to firs t rib and 0 , 78 for carcase le�th to atlas ;  Smith 
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and Ross ( 1 965 ) ,  0 . 87 and Buxade ( 1 972) , 0 . 45 .  

The subjective nature of carcass grading , coupled with 

the fact that it is a composite character made up of many 

component s ,  could account for the inconsistent estimates  of h3rit-

ability obtained  in various analyses . This is st rongly evident in 

beef cattle where estimates range from 0 . 00 (Magee et al . ,  1 958 ) to  

0 . 84 (Knapp and Nordskog, 1 946 ) .  In lambs ,  it appears that 

carcass grade is of l ow heritability, Botkin et al . ( 1 969 ) obtained 

a value of 0 . 06 while Ray et al . ( 1 972 ) obtained an estimate 

of 0 , 24 in one breeding group and 0 . 00 in each of three other 

groups . 

The dearth of information on  measures of depth and width 

of the carcass is quite apparent and no definite inference can 

be made regarding their heritabilities . However ,  Bichard and 

Yal�in (1 964 ) report ed heritabilities for width of gigot ( G ) , 

circumference of gigot ( G ) and c ircumference of rump ( R ) of  c c 
0. 02 , 0 , 29  and 0 . 40 ,  respectively , and from these estimat es 

reached the conc lusion that measurements assessing fleshing o f  

the carcass were lass heritable than skeletal measurements . 

Ray et al .  ( 1 972 ) obtained zero estimates of heritabi lity for 

width of loin in two breeding groups and 0 , 20 and 0. 09 for the 

other groups . The heritability for width of leg reported by 

Botkin et al . (1 969 )  was 0 , 36 ;  the estimates given by Ray e t  al . 

(1 972 ) were 0 . 20,  0. 09, 0 , 00 and 0. 00 .  Smith, King and Gilbert 

(1 962 ) and Smith and Ross (1 965 ) used the maximum depth from 

sternum to the top  of the vertebral column as a measure of  



carcass depth in the pig and found estimates of 0 . 34 and 0 . 56 ,  

respectively, for this  measurement . 

The estimates of heritabil ity of carcass traits  in  sheep 

reported by various workers are summarized in Table 2 . 1 . 

TABLE 2 I 1 Publ ished estimates of heritability of 
carcass traits in sheep .  

TRAIT HERITABILITY AUTHORS 

Length of t ibia + tarsus 

34 . 

(T ) 0 .83 Bichard and Yal�in ( 1 964 ) 

Length of  leg ( F )  0. 38 Rae ( 1946 ) 

Cannon bone length 

Cannon bone weight 

\'lid th of leg 

Width of gigot (G )  

Width of loin 

0 . 78 Bichard and Yal9in ( 1964 ) 

0 . 40 

0 . 84 

0 . 07 

0 . 35 

0 . 84 

0 , 20 

0 . 09 

o . oo 
o . oo 
0 . 36 

0 , 02 

0 . 33 

o . oo 
0 . 00 

0 . 20 

0 . 09 

Bichard and Yal�in ( 1964 )  

Rae ( 1 946 ) 

Bichard and Yalyin ( 1964 ) 

Munson ( 1 966 ) 

Rae ( 1946 )  

Ray et al .  ( 1 972 ) 

Botkin et al . ( 1969 ) 

Bichard and Yal�in ( 1 964 ) 

Rae ( 1 946 ) 

Ray e t  al .  ( 1 972 ) 
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TABLE 2 , 1  ( Continued ) 

TRAIT HERITABILITY AUTHORS 

Circumference of gigot 0 . 29 Bichard and Yalcin ( 1 964 ) ) 

Circumference of rump 0 . 40 Bichard and Yalcin ( 1 964 ) � 

Eye musc le area 0 . 1 4  Bowman and Hendy ( 1 972 ) 

Botkin et al .  ( 1 969 ) 

Hillman et  al . ( 1 962 ) 

Fat depth C 

Carcass length 

0 . 34 

0 . 39 

0 . 23 } 
0 . 55 

Timon ( 1 965 ) 

0 . 5 1 Munson ( 1 966 ) 

0 . 5 3  Bowman e t  al . ( 1 968) 

0 . 53 

0 ,86 

0 . 38 

o .  6 1  

Ray et al . ( 1 972 ) 

0 . 90 Al-Barhawe ( 1 966 ) 

0 . 93 Borton ( 1 96 1 ) 

0 . 04 

0 , 2 1  

0 , 27 

0 . 3 1} 
0 . 44 

0 . 40 

0 . 5 1 

0 . 59 

1 . 04 

1 .  09 

1 . 1 0  

o . oo 
0 . 09 

Borton ( 1 961 ) 

Hillman et al . ( 1 962 ) 

Smith et al . ( 1 968) 

Timon ( 1 965 ) 
Bowman and He ndy ( 1 972 ) 

Bo tkin e t  a l .  ( 1 969 )  

Ray e t  a l ,  ( 1 972 ) 

Ray ( 1 967 )  

Borton ( 1 96 1  ) 

0 . 38 Field et al . ( 1 967 ) 

0 , 50 Botkin et  al .  ( 1 969 )  
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TABLE 2 . 1  ( Cont inued) 

TRAIT HERITABILITY AUTHORS 

Carcass weight 

Carcass grade 

Shoulder (%) 

Shoulder (wt .  ) 

Leg (% ) 

Leg (wt . )  

Best end (%) 

Loin (%) 

Loin (wt . ) 

Carcass fat (%) 

Carcass bone (%) 

Carcass lean (%) 

0 . 02 Bo�nan et al . ( 1 968) 

0 . 1 1 Bowman and Hendy ( 1 972 ) 

0 . 30 Al-Barhawe ( 1 966 ) 

0 . 33 Botkin et al .  ( 1 969 ) 

0. 06 

0 . 24 

o . oo 
o . oo 
o . oo 

0 . 01 

0 . 05 

0 . 42 

o .  1 6  

0 . 23 

o .  5 1 

0 . 35 

0 . 49 

0 . 07 

Botkin et al . ( 1 969 )  

Ray e t  al . ( 1 972 ) 

Bowman and Hendy ( 1 972 ) 

Bowman et al . ( 1 968) 

Botkin et al . ( 1 96 9 )  

Bowman and Hendy ( 1 972 ) 

Bowman et al . ( 1 968) 

Botkin et al . ( 1 969 )  

Bowman and Hendy ( 1 972 ) 

Bowman et al . ( 1 968) 

Bowman et al . ( 1 968 ) 
0 . 32 Bowman and Hendy ( 1 972 ) 

0 . 28 

0 . 1 7  

0 . 54 

0. 23 

0 . 64 

0. 1 7  

Botkin et al . ( 1 969) 

Muns on ( 1 966 ) 
Botkin et al . ( 1 969 )  

Botkin et a l .  ( 1 969 ) 
Munson ( 1 966 ) 

Munson ( 1 966 ) 
0 . 40 Botkin et al . ( 1 969 )  

T�immed who le sale cuts (%) 0 . 1 1 Munson ( 1 966 ) 

Retail cut (%) 
Retail cut (wt . ) 

0 . 39 

0 . 40 

Botkin et al . ( 1 969 )  

Botkin et  al . ( 1 969 ) 



I I I .  GENETI C AND PHENOTYPIC CORRELATIONS AMONG CARCASS TRAITS 

37 . 

There is a general lack of informati on on genetic and pheno­

typic correlations among carcass traits in sheep and particularly 

for those traits being analysed in the present study. 

has been done on pigs . 

More work 

I t  appears that " length" , depth and area of the eye muscle 

are negatively correlated , phenotypically and gene tically, to  

measurements of carcass fatness . In the work of Ray, Bell and 

Holland ( 1 972 ) area of the loin eye muscle was negatively 

correlated , phenotypically, to fat trim and fat thickness in three 

out of four breeding groups of lambs . The genetic correlations 

were highly negative in three breeding groups ( D,  -0. 28 and -0 . 87 ; 

1, -0. 6 5  and -0 . 73 ;  R, - 1 . 24 and -0 .85 ) , but was highly posi tive 

in the other group (S ,  0 . 33 and 1 . 0 1 ) . Inconsi stencies in the 

magni tude and sign of the estimated correlations between the breeding . 

groups are very apparent in their s tudy . They attributed this  variation 

to either sampling errors associated wi th the sources of variance and 

covariance components or to real differences in gene frequencies 

among the groups . The s tandard errors of the gene tic correlations 

were , in general , large because of small numbers of offspring per 

sire group and many of the gene tic correlations were calculated to 

have absolute values greater than unity. 

Bowman and Hendy ( 1 972 ) estimated the phenotypic correlation 

between eye muscle area and backfat thickness at -0 . 05 . Although 

they did not es timate the genetic correlation between these two 

trai ts , the knowledge that , in general , the genetic correlati on 



between two traits is of the same sign as but greater in 

absolute value than the c orresponding phenotypic correlation 

leads one to expect a negative genetic c orrelation between eye 

muscle area and backfat thickness . 

38 . 

Bradford and Spurlock ( 1 972 ) reported a pheno typic correlation 

between area of the eye muscle and fat depth over the eye muscle 

of -0 . 26 and a geneti c  correlation of-0 . 32 . 

In pigs , King ( 1 957 )  found that the phenotypic  correlations 

between depth of eye muscle and the three backfat thickness 

measurements were c lose to zero . In addition, he found that 

the genetic correlation between depth of eye muscle and width 

of body was large (0 . 69 )  while those wi th thickness of backfat 

and belly were consis tently negative , indicating that improvement 

towards a greater depth of eye muscle might be made by selecting 

pigs wide in the shoulder and thin in the streak and some progress 

might possibly be made by sel ec ting pigs wi th a thin layer of 

backfat.  Since the first two changes are undesirable , he 

concluded that the prospects of improving the eye mus cle by indirect  

means appeared to  be slight , Smi th , King and Gilbert ( 1 962 ) 
reported that the phenotypic correlations between backfat thickness 

and fat depth over the eye muscle and ,  measurements A ,  B and area 

of the eye muscle ,  were all negative , except for one posi tive value 

whi ch was close to zero . The corresponding genetic correlations 

between these trai ts were also negative but again the absolute 

values were greater . 

Negative phenotypic and genetic correlations be tw e en area of 

the aye muscle and backfat thicknes s  in pigS have also  been 



reported by Enfield and Whatley ( 1 96 1  ) , Smi th and Ross ( 1 96 5 )  

and,  Isler and Swiger ( 1 969 ) . In contrast ,  Jensen , Craig 

and Robison ( 1 967 ) provided evidence which suggested that there 

was no relationship between the two trai ts at the genetic as 

well as pheno typic l evels . 

39. 

The antagonistic  relationships between area of the eye muscle  

and backfat thickness has important impli cations . At the pheno-

typic leve l ,  the negative values indicate that backfat thickneas  

may be  used to  predict  roughly the area of  the eye muscle ,  i . e . , 

the carcass endowed with a thin layer of backfat would be 

expected to have a larger eye muscle . At the genetic level ,  

the antagonism implies that selec tion f or less fat in the carcass 

would result in a desirable correlated increase in the area of the 

eye muscl e .  

Available evidence indicates that area of the eye mus cle is 

positively associated wi th measures of carcass cutability in 

lambs. Ray , Bell and Holland ( 1 972 )  reported that their es timates 

of the phenotypic c orrelations between eye muscle area and retai l 

meat per day of age ranged from -0 . 1 5  to 0 . 24 in the four breeding 

groups . The genetic correlations they found were 0 . 54 ,  0 . 25 and 

-0 .0 1  in three breeding groups . Bradford and Spurlock ( 1 972 )  

reported a pheno typic correlation of 0. 45 be tween a�ea of the eye 

muscle and percent trimmed cuts and a genetic correlation of 0 . 47 .  

Bowman and Hendy ( 1 972 )  found that area o f  the eye mus cle  was 

posi tively correlated with the proportions of the more expensive 

joints , namely the leg, best end and loin and negatively correlated 

with the proportions of the cheaper j oints , namely shoulder and the 
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remainder although all the estimates were low in magnitude. 

The phenotypic correlations they provided indicated that 

carcasses of higher total value ( f )  tended to produce larger 

areas of eye muscle . In pigs , Jensen, Craig and Robison ( 1 967 ) 

obtained estimates of 0 . 37 and 0 . 49 for the phenotypic and 

genetic correlations , respectively ,  between area of  the eye muscle 

and percent lean cuts . A genetic correlation of 0 . 79 between 

these traits was reported by Isler and Swiger ( 1 969 ) . 

A negative relationship exists between measures of carcass 

fatness and measures of cutability. This must largely be due to  

the negative relationship known t o  exist between carcass fatness 

and carcass lean content . In lambs , Ray , Bell and Holland ( 1 972 ) 

found highly negative phenotypic correlations between fat thickness 

and carcass fat trim and, retail meat per day of age . The pheno­

typic and genetic correlations between fat depth over the eye muscle 

and percent trimmed cuts found by Bradford and Spurlock ( 1 972 ) were 

-0 . 52 and -0 . 91 . The phenotypic corre lations between backfat 

thickness and the proportions of the various j oints reported by 

Bowman and Hendy ( 1 972 ) were : shoulder (%) , 0 . 08 ;  leg (%) , -0 . 54 ;  

best end (%) , 0 . 5 1 ; loin (%) , 0 . 32 and remainder (%) , -0 . 01 . The 

positive correlations with shoulder (%) , best end (%) and loin (%) 
are expected as an i nc reas e  in the amount of fat in the animal would 

result in greater de position in these j o ints relative t o  the res t . 

The negative correlation with leg (%) is also expected following the 

same line of argument . In pigs , highly negative phenotypic and 

genetic correlat i ons be twe en backfat thicknees and pe rc ent lean cuts 

were reported by Jensen, Craig and Robison ( 1 967 ) and, I s l e r  and 

Swiger ( 1 969) . 
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There is a definite lack of  information on the relationship 

between measurements of carcass width or depth and internal 

measurements made on the cross-sectional surface of the cut rib. 

Ray, Bell and Holland ( 1 972 ) produced es timates of phenotypic 

correlations between width of  legs of live lambs and , fat trim and 

fat thickness which were negative in the 1 and R breeding groups . 

The corresponding estimates at the genetic level were also negative 

with the exception of  that between width o f  legs of live lambs 

and fat thickness in the S breeding group. Width of  loin was 

positively related, phenotypically ,  to fat trim and fat thickness 

in all groups except the S breeding group . At the genetic level ,  

estimates were available in two groups only . In the D breeding 

group, the correlations between width of loin and fat trim and 

fat thickness were positive ( 1  . 96 and 1 . 36 , respectively ) while 

in the 1 group the correlations were both negative ( -0 . 32 and -0 . 41 , 

respectively ) . In the same study, width of  legs of live lambs 

was positively correlated while width of loin was negatively 

correlated with eye muscle area . 

According to King ( 1 957 ) ,  a small positive phenotypic 

correlation exists between width of body and depth of eye mus cle 

of  pigs . The corresponding genetic correlation is  in the same 

direction but of  a greater magnitude . He found that length of 

body and length of leg were apparently not associated with depth 

of eye muscle and from these findings he came to  the conclusion 

that none of the external carcass measurements was of any value 

for predicting depth of eye muscle , the highest correlation 

being only 0 , 1 9 .  



Estimates of phenotypic correlations between width of body 

and measurements of backfat thickness reported by King ( 1 957 ) 

were small but ' positive . He argued that since the thickness 

of  fat in the shoulder region will be included in the measurement 

of body width, a positive correlation was t o  be expected although 

why this was apparent only in the genetic correlations and not 

in  the phenotypic correlations was not clear . Depth of carcass 

would similarly be expected to  be affec ted by fat deposition in 

the thorax region. This appears to be the case from the 

positive phenotypic and genetic correlations between backfat 

thickness and fat depth measurements and,  depth of carcass 

reported by Smith, King and Gilbert ( 1 962 ) .  

Estimates of  phenotypic and genetic correlations involving 

the eye mus cle and backfat thickness and , other carcass traits 

i n  sheep are presented in Table 2 . 2 . 

42 . 

In the work of Bowman, Marshall and Broadbent ( 1 968 ) carcas s  

weight was found to  be positively correlated wi th percentage loin 

(0 . 1 4 )  and pe rcentage "remainder" ( 0 . 23 ) ,  but negatively correlated 

wi th percentage leg (-0 . 3 1 ) at the phenotypic level .  In  the 

opinion o f  t he s e  authors , the latte r  finding can be explained b y  t he 

fact that t he extremit ies of the lamb a re the earliest parts to  

deve lop and this rate o f  deve lo pment dec l ines relat ive t o  that of other 

parts a s  t he weight of the lamb increases . The proportions of t he various 



TABLE 2. 2  Published estimates o f  phenotypic and genetic correlations between 
eye muscle area and backfat thickness and , other carcass trait s in sheep . 

EYE MUS CLE AREA FAT DEPTH OVER EYE MUSCLE 
TRAIT PHENOTYPIC GENETIC PHENOTYPI C GENETIC  AUTHOR 

Fat depth over eye muscle -0. 05 - Bowman and Hendy ( 1 972 ) 

-0 . 26 -0 . 32 Bradford and Spurlock ( 1 972 ) 

-0 . 41 -0 .85 
"1 Ray, Bell and Holland ( 1 972 ) 

-0. 32 -0 .87 

-0. 23 -0 .73  

0 .  1 1  1 • 01 

Fat trim -0 . 1 7  -1 . 24 0 . 53 0 . 62 

-0. 1 6  -0 . 65 0 . 56 1 . 1 8  
( Ray, Bell and Holland ( 1 972 ) 

-0 . 41 -0 . 28 0 . 62 1 . 33 

-0 . 1 7  0 . 33 0 . 56 1 . 54 

Percent trimmed cuts 0 . 45 0 . 47 -0 . 52 -0 . 91 Bradford and Spurlock ( 1 972 ) 

Retail meat per day of age -0 . 1 5  - -0 . 26 -

} 
-0. 03 0 . 54 -0 . 54 -0 . 98 Ray, Bell and Holland ( 1 972 ) 

0 . 03 0. 25 -0 . 46 -0 . 79 

0 . 24 -0. 01 -0 . 40 -1 • 1 4  

-10>­\..N . 



TABLE 2,2 ( Continued) 

-1'> -1'> 
. 



j oints were found to  be mainly negatively correlated wi th 

each other. Similar findings were reported by Bowman and 

Hendy ( 1 972 ) .  This is to be expected since an increase in 

the proportions of one or more j oints must be accompanied by 

a decrease in the proportions of the other j oints , assuming 

that carcass weight remains constant . Bowman, Marshall and 

Broadbent ( 1 968) also reported that the value of the carcass 

in terms of pence yield per lb. of carcass weight was highly 

positively correlated , phenotypically, with the high-priced 

j oints . For example , with percentage leg the correlation 

45 . 

was 0. 52 .  I t  i s  highly negatively correlated with the cheapest  

joints . Thus with percentage "remainder" the correlation was 

-0 . 91 . 

Posi tive phenotypic correlations be tween carcass weight and , 

internal maasurements of b�ckfat thickness and eye muscle area 

in lambs have been reported by Bowman, Marshall and Broadbent 

( 1 968) and Bowman and Hendy ( 1 972 ) . Their findings imply that 

an increase in the dresslng-out % of the carcasa is associated 

with a desirable increase in the area of the eye muscle and an 

antagonistic increase in the thickness of backfat .  

Published relationships between carcass length and internal 

measurements appear to be non-exis tent in sheep . We have to rely, 

therefore , on work carried out wi th pigs for this purpose .  In 

this species , estimates of the relationship between carcass 

length and measurements of carcass backfat have consistently been 
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negative. According to Fredeen and Jonsson ( 1 957 ) the negative 

phenotypic correlations may reflect ,  in part , the " automaticity" 

introduced by slaughtering at constant weight, i . e . , when 

slaughter occurs at a constant weight , any change in the carcass 

dimension of  length must be compensated by an opposite change in 

one or more of the o ther carcass dimensi ons . Length of carcas s  

i n  the pig is  a poor indicator o f  measurements and area o f  the 

eye muscle as implied by the low phenotypic correlations (King, 

1 957 ; Enfield and Whatley, 1 96 1 ; Smith, King and Gilbert, 1 962 ; 

Smith and Ross , 1 96 5 ) .  From the low correlations , Enfield and 

Whatley ( 1 96 1 ) concluded that : "Although carcass length appears 

to be quite highly heri table i t  has only a moderate relationship to 

measures of carcass leanness . On this basis  there seems to be 

lit tle value in including carcass length in a selecti on program 

if  the improvement in the meatiness of the carcass is the main 

objective . " Table 2 . 3  presents the phenotypic and genetic 

correlations between carcass length and, backfat thickness and 

eye muscle measurements in pigs . 
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TABLE 2 . 3  Published estimates of phenotypic and genetic 
correlations between carcass length and, 
backfat thickness and eye muscle measurements 
in pigs. 

TRAIT PHENOTYPIC GENE'riC AUTHOR 

Backfat thickness : 
Average -0 . 1 9 -0 . 22 Smith and Ross  ( 1 965 ) 

-0 . 24 -0 . 47

1 
(males ) (males ) 

Fredeen and Jonsson ( 1 957 )  
-0 . 24 -0 . 32 

( females ) ( females 

Shoulder -0 . 27 -0 . 50 King ( 1 957) 
-0 . 1 8  -0 . 32 Smith, King and Gilbert 

( 1 962 ) 

Mid-back -0 . 32 -0 . 5 1  King ( 1 957 ) 
-0 . 22 -0 . 29 Smith, King and 

( 1 972 ) 
Gilbert 

Rump -0 . 1 9  -0 . 24 King ( 1 957 )  
Loin -0. 1 8  -0 . 42 Smith ,  King and Gilbert 

( 1 972 ) 
Not specified -0 . 36 -0 . 1 9  Enfield and Whatley ( 1 961 ) 
Eye muscle A -0 . 05 0 . 1 1 Smith, King and Gilbert 

( 1 972 ) 
-0 . 07 0 . 03 Smith and Ross ( 1 965 ) 

Eye muscle B -0 . 04 0 , 02 Smith, King and Gilbert 
( 1 972 ) 

-0 . 03 0 . 07 Smith and Ross  ( 1 965 ) 
0 . 06 -0 . 1 6  King ( 1 957 )  

Eye muscle area -0 . 04 0 . 08 Smith, King and Gilbert 
( 1 972 ) 

-0 . 09 -0 . 05 Smith and Ross ( 1 965 ) 
0 . 1 0  -0 . 1 4  Enfield and Whatley ( 1 961 ) 



I .  SOURCE OF DATA 

CHAPTER 3 

DATA 
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The data used in the present s tudy were obtained from the 

wether lambs of a flock of Romney sheep started at Massey 

Agricultural C ollege , Palmerston North, in 1 944 . The wether 

lambs , totalling 474 in number, were the progeny of twelve 

mixed-age rams over a period of three years from 1 944 to 1 947 . 

Table 3 . 1  presents the number of  lambs c lassified according to  

sire, year and birth rank . 

Experimental animals 

The management of  the experimental animals has been discussed 

in detail by Rae ( 1 946 , 1 957 ) .  The wether lambs in  the present 

study were the progeny of five-year-old ewes only , which in 1 944 

numbered 250. In 1 945 , the whole flock was completely replaced 

by the purchase of 450 five-year-old ewes . The following year, 

1 60 of these ewes from the previous year were culled . 

The sires were procured from several sources in the Manawatu-

Wairarapa area . In the first year,  ten sires were used .  Seven 

of these sires were used in the 1 945 mating season and six of them 



� Sire No , 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  
1 2  

Total 

TABLE 3.1 .  Number of wether lambs according t o  sire , year and birth rank. 

Year 1 ( 1 944/45) Year 2 (1945/46 )  Year 3 ( 1 946/47)  

Multiples Multiples Multiples Multiples Multiples Multiples 
Singles as as Singles as as Singles as as 

twins singles  twins singles twins singles 

5 9 1 8 8 2 1 2 0 

5 1 0  6 6 1 7  3 - - -

5 2 2 - - - - - -

9 7 0 - - - - - -

7 1 4  3 9 1 4 1 7 1 2  2 

1 4  5 0 1 5 8 3 9 9 2 

4 1 3  3 6 1 1  4 6 9 2 

8 6 4 5 8 2 7 5 2 

7 8 2 - - - - - -
! 

3 5 2 7 1 2 6 5 1 5 5 
- - - 8 1 3 1 5 1 0 1 
- - - - - - 7 3 2 

67 79 23 64 91 22 47 65 1 6  
--'------- - ---� 

Total 

36 

47 

9 

1 6 

69 

65 

58 

47 

1 7 

60 

38 

1 2  

474 
L_ _____ 

..j::>. � . 



again in the 1 946 season. In 1 945 , a new sire was added, this 

sire being used again in 1 946 . 

brought into service . 

In 1 946 , another new sire was 

The mating season started between March 1 5  and 25 in each 

5 0. 

year and the rams remained with the ewes for eight weeks . Allotment 

of the ewes to each sire was at random. After the removal of the 

rams , the ewes were run in one mob and wintered on pasture alone 

with no supplementary feeding. The lambs were born in August 

and S eptember and remained with their dams until weaning in 

January. 

The body weight o f  the wether lambs was recorded at intervals 

until they reached a l ive weight in the paddock of about 74 lb . 

( 33 kg. ) . Lambs which attained this weight were shorn and then 

slaughtered the following morning . The carcasses were then graded 

under the export system of  grading (Barton, 1 947 ) and then stored 

in a cooler overnight at 42°F .  The next day , cold carcass weight 

was recorded and various carcass measu�ements made . 

The killing of the la�bs usually t o ok place once a week, but 

at the height of the season in January, i t  was necessary to kill 

twice weekly. Selection of lambs for slaughter was such that 

their dressed carcasses weighed about 34 lb. ( 1 5 kg. ) .  However, 

lambs killed later in the season had to  be picked at a slightly 

higher live weight in the paddock in order to take into account the 

increase in weight of wool as the la�bs became older. 

In general , the system of  management was typical of a flock run 

in the Manawatu area except that no preferential treatment was given 

to any group of ewes or lambs . 



II .  DESCRIPTION OF CARCASS DATA 

A .  Cannon bone measurements 

The left fore cannon bone was collected from each carcass 

as it was dressed . Following removal of all soft t issue , the 

5 1 . 

weight was recorded to  the nearest  0 . 1 g .  Each bone was labelled 

with the lamb ' s  eartag number and the length measurement taken. 

B. Carcass grading 

Within a few hours after s laughter, each carcass was evaluated 

for the points quoted below and graded according to the export 

lamb system of grading as described by Barton ( 1 947) . 

i .  Hindquarter 

a .  Conformation : An estimate o f  the length of leg ,  fullness 

of crutch and depth of meat in the hindquarter. 

b .  Finish : An estimate o f  the fat cover over the leg .  An 

even covering of fat sufficient ly deep so that the underlying 

muscles do not show through was highly desirable at that time . 

ii . Loin 

a . Conformation : Width, flatness and fullness of loin. 

b. Finis.h : Referring to the development of fat cover over 

the loin. 



iii . Forequarter 

a. Conformation: General conformation of the forequarter 

with particular reference to  width and fullness of  shoulder. 

b. Finish : Referring to the fat cover of  the forequarter 

region. 

iv . Colour 

a. Muscle : The colour of the lean meat should be a bright 

pink. Darkness was considered a defect . 

b .  Fat : Yellow fat colour, or departure from the ideal 

whitish, light cream colour, were undesirable and carcasses were 

graded down for trris . 

v .  Grade 

Each carcass was allot ed into one of  the following grades : 

Prime Down Crossbred , Prime Crossbred and Second Quality (Y ) . 

C .  Carcass Weight 
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After slaughter, each carcass was hung overnight on a gambrel 

of standard width in a cooling chamber . The next morning each 

carcass was weighed to determine its cold carcass weight . 

D. Carcass measurements 

External and internal measurements as detailed below were made 

on each carcass .  The technique employed was similar t o  that 

described by P�lsson ( 1 939) . The measurements described here are 

shown in Figure 1 • 



i .  External measurements 

F length of leg 

G 

WR 

WF 

�h 

Th 

T 

R 

K 

1 

H 

p 

= 

= 

= 

= 

= 

= 

= 

= 

width of  gigots 

maximum width of ribs 

maximum width of forequarter in line with the 

shoulders . 

minimum width behind the scapulae . 

depth of  thorax . This is the maximum depth of 

chest behind the shoulders . 

length of  tibia + tarsus from the tubercle on the 

proximal end of the tibia to the anterior edge o f  

the distal end o f  the tarsal . 

length of  radius-ulna from the o lecranon process 

to  the s tyloid process . 

length of  body from the tail head to the base of  

the neck. 

length of body from the symphysis pubis to the 

anterio� edge of  the middle of the firs t rib .  

length from the symphysis pubis to  the posterior 
edge of the last rib ,  at the junction with the 

vertebra . 

length of  leg from the symphysis pubis to  the 

anterior edge of the distal end of the tarsal .  

53 . 
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ii . Internal measurements 

The carcasses were divided into two portions by a cut 

vertically through the flank to the anterior edge of the last 

rib on each s ide . Then the curve of the ribs was followed to 
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the vertebral column where the latter was severed at the junction 

of the last and second to last thoracic vertebrae . The last 

thoracic vertebra was therefore left on the hindquarter .  

The following measurements were then made on this section. 

A = " length" of the " eye muscle " .  The maximum distance 

across the cross-section surface of the longissimus 

dorsi from the end of the spinal process outwards along 

the rib .  

B = depth of "eye mus c le " .  The greatest distance at right 

angles to A on the same surface . 

C = thickness of backfat over the deepest part of the 

D 

X 

"eye muscle " .  

thickness o f  fat over the spinous process . 

thiCkness of muscle  layer (mixed with fat , plus rib ) 
on lower half of rib at  the point illustrated. 

Y = thickness of subcutaneous fat layer over X. 

J = thickest layer of fat over rib at the point 

i llustrated .  
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E .  Carcass t otal 

The 11 Cambridge " Block Test for lambs was performed on each 

carcass using the technique described by McMeekan ( 1 939 ) . The 

characteristics on which each carcass were evaluated are given 

in Table 3 . 2 . 

TABLE 3.2 The " Cambridge " Block Test Judging Scale . 

External 

Blockiness of leg 
Fat covering over leg 
Fullness of loin 

Internal 

Maximum points 

30 
1 0  
1 0  

Depth of fat over loin 20 
Size and shape of eye mus cle 1 5  
Colour of lean meat 5 
Lightness of rib and proportion of 

lean over rib 1 0  

Total 1 00 

S ome of  t he carcass measurements desc ribed previously were 

used for the Block Test . Fat c over of legs and fullness o f  

loin we re subj ect ive scores . 

F .  FQ/HQ 

This i s  the ratio of t he weight s o f  the forequart e r  and 

t he hindquart e r .  
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CHAPTER 4 

STATISTICAL METHODS 

Data in this study were c lassified into subc lasses as shown 

in Table 3 . 1 .  The subclass numbers are unequal and several 

cells had no observation in them. Methods of analysing data 

with equal subclass frequencies are well known and simple ; 

the different kinds of effects and sums of squares for tests 

of significance aan be obtained direct ly from the class or  

subclass totals . Unequal subc lass frequencies with a few or 

many missing subclasses are typical of most animal breeding 

data . Such data are more c omplex and , consequently, their 

analysis more difficult . 

I .  LEAST-SQUARES ANALYSIS 

In this section1 the statistical model chosen t o  fit these 

data will be presented and the procedures involved in least­

squares analysis described . 



Model 

A linear mathematical model of the following form was 

adopted : 

Y . " kl 1J � + s .  + t . + bk + ( st )  . .  + C 1 J 1J 

+ 8ijkl 

i = 1 , • • •  , 1 2  

j 1 , 2 , 3 

k 1 , 2 , 3  

(:xijkl - x . . .  ) 
• • • ( 1 ) 
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1 = 1 ,  • • • , nij k' where nijk  varies due to unequal subclass 

frequencies . 

The different components of model ( 1 ) are defined as follows : 

Yij kl = the observation made on the lth wether lamb belonging 

� = 

s . = 1. 
t .  = 
J 

bk = 

( st )  . .  = 
l.J 

c = 

X . " kl 
= 1 J 

t th kth b "  th d · nk · the J
. th b o e 1r an rear1ng ra 1n year y 

the 1. th . s1re ,  

the overall mean 

the effect of the 

the effect of the 

the effect of the 

with equal subclass frequencies , 
. th sire , 1. 

. th  year of  birth, J 

kth birth and rearing rank, 

the interaction effect between the ith sire and the 
. th 
J year, 

the partial regression coefficient of the dependent 

variable Y 

the age at 

kth birth 

sire ,  

o n  age of lamb at slaughter, 

s laughter of the lth lamb belonging t o  

and rearing rank in  the j th ;;ear by the 

the 

ith 

x • • •  = the arithmetic mean o f  the Xijkl ' and 



random errors , assumed to be independent . For t ests  

of significance i t  was essential to make the further 

assumption that the eij kl were normally distributed 

with mean zero and variance 0 2 
e • 

The overall mean, �. the year effec t ,  the birth and rearing 

rank effect and the regression term in the above model are " fixed" 

effect s .  The sire effect and the error term are considered as 

"random" effects since they are assumed to have been obtained from 

a population, respectively , of sires and e rror terms . The ( st ) . .  
l.J 

interaction term is also random since i t  involves the sire effect ,  
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which is a random effect , Thus ( 1 ) is a model containing a mixture 

of  fixed and random effects . Such a model is called a mixed model .  

Model ( 1 ) may b e  represented i n  matrix form by 

y = Xb + e • • • ( 2 )  

where y i s  a n  N x vector of observations ,  X is an N x p design 

matrix consisting of O ' s  and 1 ' s , b is a p x 1 vector of parameters 

to  be estimated and e is a vector of random error terms . The 

distributional  properties of  e are defined as before with i ts  mean 

zero and variance 0 2 ,  e 

i,e . , E ( e ) = 0 

and var ( e ) = E ( ee ' ) = 

Derivation of the least-squares estimator of b involves mini-

mi�ation of the sum of squares of the observations from their 

expected values . 

e ' e  = [y  
= (y 

This sum of squares i s  

E (y) ] ' [y - E (y ) J 
Xb) I (y - Xb) 

= y ' y  • 2b 1 X 1 y + b ' X ' Xb .  
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Taking the est imate of  b that value which minimizes e ' e involves 

differentiating e ' e  with respect to each element of b .  Equating 

� ( e ' e ) /a b  to  zero ,  the resulting equations , in terms of b , may be 

shown to  be of the form: 

X ' X  b = X ' y  . • . ( 3 ) 

Equations derived in this manner are cal led  least-squares or normal 

equations . If X ' X  is of ful l  rank, then (X ' X )-1 exists and a 

unique solut ion for b can be obtained as 

= . . . ( 4 )  

However, the X ' X matrix o f  model ( 1 ) is not o f  full  rank s o  

that (X ' X)-1 does not exist . Therefore , no unique solution to  the 

normal equations can be obtained until  they are reduced in number to 

the number of degrees of freedom ( Harvey, 1 960) . Many different 

types of restrictions may be imposed t o  accomplish this . In the 

present study t he restrictions adopted were such that the constants  

for the main effects sum to  zero within a set and that the constants 

for the ( st ) . .  sum to  zero over each row and over each column, 
l.J 

i,e . 1 t si = � tj = � 'bk ::! r ('S\ ) ij  = J (St ) ij = 0 

The linear mathematical model of (1 ) itself suggests this set of 

restrictions since the effect s  of s . , t . ,  bk 1 regression term and 1. J 
eijkl are expressed as deviations of the mean �.  

If (X 1X ) R, bR and (X 1 y) R represent X ' X  matrix and ,  ii and x r y  

vectors o f  equation ( 3 )  after the appropriate restrictions have been 

itnposed,  then 

(X 'X) R �R = (X ' y) R 
This leads to the solution for �R' which is : 

OR = (X ' X )�
1 (X 1y ) R 

• • • ( 5 )  

• • •  ( 6 )  



61 • 

In the present study, the interaction term for each trait was 

first estimated following the procedure to be discussed in Section I I  

of this Chapter.  For those traits in which the interaction term was 

found to be significant , the interaction effects for each of the 

sire-year subclass were computed as shown in Section I I  also . 

For traits in which the interaction term was not significant , 

the main effects and the regression term were estimated from the 

model without interaction, which in this case is : 

Y . ' kl l J � + s .  + t . + bk + c (x . .  kl -X . . .  ) l J lJ  
+ eijkl • • • ( 7 )  

Suppose that under this model the solution for the estimates , 

after the appropriate restrictions have been imposed, is given by : 

1i r ( X 1 X) -1 ( X ' y) r r • • • (8 ) 

where the subscript r is used to distinguish the �,  (X ' X) -1 and 

(X 'y )  obtained from this model from those of model ( 1 ) .  

restrict ions imposed using model ( 7 ) were such that : 

� s .  = tt . 
J. J. j J tb'k = 0 

k 

The necessary 

The reduction in sum of squares due to  fitting all constants 

of this model was computed as : 

= 'l)r ( X ' y) r r 
= ( y ' X) (X 'X )-1 

r r (X ' y) r . . .  ( g ) 

The error sum of squares was computed from y ' y  - R[b ] r 
where y ' y  = l: y2 

ijkl ijkl 

= total uncorrected sum of squares of observations .  

The sum o f  squares for the different main effects and the 

regression term were computed as follows : 



Sire sum of  squares 

= R[u , s . , t . , bk, c ] - R[u , t . , bk, c ]  l J J 
where R[u , t j , bk, c ]  was computed from the sub-model : 

= u 

Year sum of squares 

= R[u , s i , t j , bk, c ] - R[u , sibk, c ]  

where R[u , si , bk, c ]  was computed from the sub-model : 

yikl = u + si + bk + c (xikl - x . . .  
) + e ikl 

Birth and rearing rank sum of squares 

= R[u , s . , t . , bk, c ] - R[u , s . , t . , c ]  l J l J 
where R[ � , s . , t . , c ]  was obtained from the sub-model : l J 

Y . .  1 = � + s . + t . + C ( X  . . 1 - X • • •  ) + e . . 1 l J l J lJ l J 
Regression sum of squares 

= R[u , s . , t . , bk, c ] - R[u , s . , t . , bk ] l J l J 
where R[u , s . , t . , bk ] was computed from the sub-model : l J 

yijkl = � + si + tj + bk + eijkl 

I I .  ESTIMATION OF SIRE-YEAR IN1ERACTION 

62 . 

• • • ( 1 0) 

• • • ( 1 1  ) 

• • • ( 1 2 ) 

• • • ( 1 3 )  

TlH3 sire ... year interac tion eum o f  squares ma.y be obtained 

from the difference in the reduction in sum of squares due to 

fitting all constants of model ( 1 ) and the reduction in sum of 

squares due to fitting all constants except the interaction, 

i,e , , S ire-year interaction sum of squares 

= R[u , si , tj , bk, ( st ) ij ' c ] - R[u , s1 , t j , bk, c ]  
The reduction in sum of squares due to  fitting all constants 

was computed as R[ ( ;t )  . . , bk, c ]  from a simplified model : l J 



yij kl 
where 

r..J 
= ( st ) ij + bk + c (xij kl - x . . .  ) + eijkl 

"'-.) 
( s t )  . . = � + s .  + t .  + ( st )  . . • 

l. J  l. J l.J 
� 

• • • ( 1 4 ) 

In  other words , the compound parameter ( st )  . . represents the 
l.J 
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mean of the ( s t )  . .  interaction subclass . 
l. J With this model , the 

sum of s quares for the interaction is , therefore : 
.r-..J 

R[ ( st ) . . , bk, C ] - R[ u ,  s . , t . , bk' C ]  
l. J  l. J 

r...J 
In  the computation of R[ ( st )  . .  , bk, C ] ,  the matrix of normal 

l. J 
equations obtained when using model ( 1 4 ) was not of full rank and 

required the restriction that �bk = 0 before an inverse could be 

obtained . 

The error sum of squares for testing the significance of 

the interaction 
--.J 

= y ' y - R[ ( s t )  . .  , bk, c ] .  l.J 

The interaction effects for each of the sire-year subclass 

were computed from the following relationship : 

( st )  . .  
l.J 

= 

c � + s . )  and t .  were estimated from the following equati ons : l. J 



; 

. 
3 0 0 0 0 0 0 0 0 0 0 0 1 1 

2 0 0 0 0 0 0 0 0 0 0 1 1 

0 0 0 0 0 0 0 0 0 1 0 

0 0 0 0 0 0 0 0 1 0 

3 0 0 0 0 0 0 0 1 1 

3 0 0 0 0 0 0 1 1 

3 0 0 0 0 0 1 1 

3 0 0 0 0 1 1 

0 0 0 1 0 

3 0 0 1 1 

2 0 0 1 

0 0 

1 0  0 
8 
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L: ( st ) 7 . 
J J ,......,.. 
� ( st )8 . J J � 
� ( st ) 9 . J J .--..� � ( st ) 1 0j 

.-..I � ( s t ) 1 1 j .-..J � ( st ) 1 2 j  
,-.,J 

L: ( st )  . 1 :L :L 
� 

L: ( st )  . 2 :L :L 
,.-..J 

i ( st\3 I 
• • • ( 1 5 )  
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The right hand members in the above equations were 

derived as follows : 

+ 

+ 

Equation ( 1 5 ) may be written in a more concise form as : 
.- -,.......-._ rv 

(A) 1 2 X 1 2 
( B) 1 2 x 3 

l.L 
+ s 1 � ( st ) 1 j 

• 
---- rV 
l.L 

+ s 1 2  = L: ( s t ) 1 2 j J 
/"-- "' 
t 1 E ( st \ u � 

,.,...... ,-...) 

(B ) 3  X 1 2 ( D) 3 x 3 t2 ! ( st ) i2 
...--.... rV 
t3 E ( st \3 � 

-
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where A is a diagonal matri� of order 1 2  x 1 2 of the number 

of years in which the sires are included ,  

B i s  a matrix o f  order 1 2  x 3 consist ing o f  1 ' a and O ' s  

denoting the years in which the sires are included ,  and 

D is a diagonal matrix of order 3 x 3 of the number of 

sires occuring in each year. 



III . ESTIMATION OF VARIANCE COMPONENTS 

The estimation of variance components from balanced data 

depends almost  entirely on one method ,  namely, the analysis of  

variance method .  For a random ( or mixed) model ,  this method 

involves the computation of the mean squares of the analysis of 

variance as though the effects were fixed .  Then, the expected 

values of the mean squares under the random ( or mixed) model are 

derived .  Equating the calculated mean squares to their 
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expected values leads to linear equations , the solutions to which 

may be taken as the estimates of the variance components .  

For unbalanced data, there are several methods available 

for estimating variance components .  Henderson ( 1 953 ) described 

three such methods which subsequently became known as Henderson ' s  

Methods 1 ,  2 and 3 .  Method 1 i s  perhaps the most  widely used of 

the three because of its relative simplicity. Basically , it 

involves calculating uncorrected sums of squares analogous t o  

those used for analyses of va�iance o f  balanced data and equating 

these to their expec ted values . However ,  this method is only 

appropriate for the random model . Searle ( 1 968 ) has shown that 

if there are fixed effects in the model ,  they cannot be eliminated 

from the expectations used in Method  1 ,  so that the estimates 

obtained would be biased.  The bias in t he estimates of variance 

components obtained by using Method 1 on a mixed model can, under 

certain conditions , be removed by first estimating the fixed 

effects by least-squares ,  then correcting the data according to 

these estimates ,  and finally using Method 1 on the co�rected data . 



This is the basis of Henderson ' s Method 2 .  Although this 

method yields unbiased estimates , it suffers from the 

l imitation t hat i t  cannot be used in a model which contains 

interactions between fixed and random effects .  A variant o f  

t his method which Searle ( 1 968 ) described a s  the Generalized 

Method 2 has limited value as a useful procedure because it 

contains elements of arbitrariness and is not uniquely 

specified for any set  of data. Method  3 involves the use 

of reductions in sums of squares due t o  fit ting constants .  

I t  is the most  suitable method for obtaining unbiased estimates  

of  variance components in  mixed models and models where 

covariances between random effects are known to exist . The 

main disadvantages of Method 3 are that it can involve mat rice s 

of very large order and difficulties may arise in deriving 
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the expectations of reductions in sums of squares .  Method  3 was 

used in the present study because of its  appropriateness for the 

mixed J!lodel .  

Henderson 1 s  Method  3 

Method 3 was formulated by Henderson ( 1 953) , and Searle 

( 1 968 , 1 97 1 ) made it more readily accessible by reformulating it 

in matrix te�inology. The presentation given here follows 

closely those of Searle . 

The general model y = Xb + e may be rewritten as 

• • • ( 1 6 )  

where the b has been partitioned into b1 and b2 with no assumption 

at this moment whether they represent fixed or random effects . The 



reduction in sum of squares due to  fitting the above model is 

R (b1 , b2 ) and that due to fitting the sub-model 

y = x1 b1 + e • • • ( 1 7 )  
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is R( b1 ) • The expectations of R( b1 , b2 ) and R( b1 ) will  be taken 

under the full  model .  Finding the expectations o f  the reduc tion 

in sum of squares involves finding the expectat ions of the quad-

ratic form y ' Qy. For the full model this is : 

E ( y ' Qy)  = tr[ Q var(y) ] + E (y ' ) QE (y)  

If  E ( b . )  = b . for fixed effects ,  then E ( b )  is defined whatever � � 
the nature of b .  Then, 

E (y ' Qy)  = tr [ Q� Xvar ( b ) X '  

= tr [X ' QXE ( bb ' ) ]  + a 2 tr (  Q) e . . . ( 1 8 ) 
...... 

For the model y = Xb + e with normal equations X ' Xb = X ' y ,  the 

reduction in sum of squares is y ' X ( X 'X )-X ' y  where ( x • x ) - represents 

the generalized inverse of X ' X. Therefore , 

whereby 

(X)  

Similarly, 

• • • ( 1 9 )  

• • •  (20)  

• • • ( 2 1  ) 
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with ER(b1 ) = t r  

= tr 

= tr 

Hence , 

� X ' X  (X ' X  ) -X ' XE ( bb ' )  1 1 1 1 + 02 r ( X) e rx1] ) [ , (
x;x1 )

- [X1X1 X1'X2 J E (bb I ) ) 

� x2x1 

+ 0 2 r (X1 ) e 

� r;x1 x; x2 · J ) 
E ( bb ' )  l � X2X1 x:2X1 

( X1' x1 ) 
-x1 x2 

+ o2 r (X1 ) e 
• • • ( 22 ) 
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E [ R( b1 , b2 ) - R( b1 ) ] 

= tr �X2 [ I - x1 
(X{X1 ) -X{ ]X2E ( b2b2 ) � 

+ o� [ r (X) - r (X1 )
] 

• • • 

( 23 )  

The importance o f  Henderson ' s  Method 3 lies in the fact that 

�hus , if b1 of  model 
( 1 6 )  represents only fixed effe c t s  and b2 only random effects , 

E ( R( b1 , b2 ) - R( b1 ) ]  contains no terme at all due to  the fixed 

effects .  Also ,  since E (b1 b2 ) is not involved, Method 3 yields 

unbiased estimates even if terms in b1 are correlated with terms 

The error sum of squares due t o  fit ting model y = Xb + e is 

The expectation of  y ' y  can be derived from ( 1 8 ) .  
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When Q = IN' 

E (y ' Qy) = E (y 'y ) 

tr [X ' XE ( bb ' ) ] + NC5 2  
e 

= tr ( 
( r ; x x;x2] 
� X;?1 X�?2 

E ( bb ' ) 

Therefore , 

[ N - r (X ) ]  0 2 
e 

) 
) + NC5 2  
) e 
) 
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• • • ( 24 ) 

• • • ( 25 )  

Considering now the main effects in  the present study ,  the 

mean �. the year and birth-rearing rank effects ,  and the 

regression term are fixed effects .  They are the b1 effects of 

model ( 1 6 ) .  The sire effect , being the only random effect in a 

no-interactiqn model ,  then fal ls into the b2 classification. The 

sire sum of squares given by R ( � , si , t j , bk' C) - R( �, t j , bk, C ) 

has expectation similar to  ( 2 3 )  with no terms in E ( b1 b{ ) and 

E ( b1 b� ) irt�oiving the fixed effects . 

Ths procedures for eetimat ing the variance componehts for 

traits which showed no interaction of sires and years will  be 

presented first followed by the procedures for traits which 

showed significant interaction. 

A .  Model without interaction 

In t raits which showed no interaction between sires and years , 

the ahalysis of variance table for estimating the variance components 

COntained lines only for the sire and error terms . ':V he s i  re sum of 
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squares was computed as : 

R( � . si , t . , 
J 

bk' c) - R( \l, tj , bk' c) , 
and the Error sum of  squares as 

i�kl Yd
kl - R( �,  s . , 1 t . , J 

bk' c) . 

The expectations of the above terms are as fol lows : 

ER( 
\l, t . , J 

= n . • •  �2 + n . • • a 2 + n • . •  a 2 s e 

2 + n • • • as 
+ ( p + q + r - 1 ) a 2 e 

= n . . .  �2 + k1 a� + ( q + r) a! 

From these ,  the expectations in the sums of squares for the 

sire and error t erms can be worked out . 

E[Sire S . S . ] = ER( �, si , t j , bk' C ) - ER( �,  t j , bk' C )  

= ( n • . •  -k1 ) a2 + ( p - 1 ) a 2 
s e '  

and E [ Error S . S . ] 
= E�Jkl

Y
i

j
kl

J - ER( \l, si , tj , bk' C )  

= ( n • • •  -p - q - r + 1 )  a 2
• e 

The analysis of variance table for the sire and error terms 

trlll:V be s e t  up as in Table 4 . 1 . 

The coe ffic ient for a 2  in t he E (M . S . ) for the si re t e rm ,  s 

k ' 1 = n. . .  k1 
( p - 1 )  

: n • • •  - t r  [ N1' R1
1 N1 

] 

(p - 1 ) . 

where N1 is the segment of the ma t rix of least-square s e quat i ons 

o btained from the model (7 ) whi ch c o nt ai ns the c o effi c i ents 

-1 
assoc ia t i ng t he sire effects with all  othe rs in the mode l and R1 
is t he i nvers e of the mat rix of least -squares e quat ions for t he 

mode l : 



Source o.f 
variation 

Sire 

Error 

TABLE 4,1 

d .  f. 

p - 1 

Analysis of variance table for .the estimation of variance 
components in the case of no interaction. 

s . s .  

R(u , s . , t . , bk, c )  
J. J 

-R( �J., t j ,  bk' c )  

E(s . s . ) 

( p - 1 ) o 2 e 
+ ( n  . • •  -k1 )o � 

E (M . S . ) 

o 2 + k ' o 2 
e 1 s 

n . . • -p - q - r + 1 . l:kl y� " kl l. J  l.J 
( n • • •  -p - q - r + 1 ) o2 0 2 

e e 

-R( 11-, s .  , t . , bk ' c )  
J. J 

-...J f\) 
. 



/ 

73 .  

B . Model with interaction 

In cases where the sire-year interaction were present ,  the 

analysis of  variance table for estimating the variance components 

contained a line for the interaction term in addition to  those for 

the sire and error terms . The sums of squares for these terms 

were computed from the following :  

Sire sum of squares 

= R( �. s . ' t . '  bk' l J 
Note that it was not computed from 

R[ �, s . , t . ,  bk' ( st ) . . , C ] - R[ �, t . , bk, ( st ) . .  , c ] .  l J lJ J lJ 
Interaction sum of squares 

R[ �. si , t . ' J bk' ( st ) . .  , lJ c ] 

- R(  �. si , t j , bk' 
c) . 

Error sum of squares 

= 

The expectations for the above terms are : 

ER( �.  s . , t . , bk' C )  l J 
= 

2 a 2 n, . · IJ.  + n, , , crs + n. • . crst 

+ ( pq + r - m)cr� . 

n • • .  �2 + n . . .  cr� + �cr�t 
+ (p + q + r - 1 ) cr� . 

ER( �J., t j , bk, c )  = n • • •  �2 + k1 cr� + �cr�t + ( q  + r ) a! • 
The expe ctations in the sums of squares for the sire ,  interaction 

and error terms were then derived from the expectations of the 

above terms .  



E [Sire S . S . ] = ER( �. si , tj , bk' C )  - ER ( �, tj , bk' C )  

= ( n  • . •  - k1 ) 0� + ( kJ - k2 ) 0�t + ( p - 1 )  0� . 

E [ Interaction S . S . ] 

= ER [ l-1, s . , t . , bk' ( st )  . . , C ] - ER( �, s . , t J. , bk' C )  l J l J l 
= ( n  . . .  - k

3 ) 0�t + [ ( p - 1 ) ( q - 1 )  - m ] 0� 
E [Error S . s . ]  

2 
= E�Jkl

y
ijkl

] - R[ �, si , 

( n  . . •  - pq - r + m) 0 2 e 

t . ' J bk' ( s t )  . . , C ]  lJ 
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The analysis of variance may then be set up as in Table 4 . 2 . 

The coeffic ient k1 is the same as th�t computed for the case 

without interaction. The c omputation of the coefficients k2 and 

k3 is given below. 

= n . . •  - kJ 

= 

[(p-1 )(q-1 ) - m] 

n .  • • - tr[ N�IJ-1 
N
2

] 
[(p-1 )(q-1 - m] 

where N3 is the segment of the matrix of least-squares equations 

obtained from the model ( 1 ) which contains the coefficients 

associating the interaction effects with all the other effects  in 

the model . R... -1 
h -� is the inverse of t e matrix of least-squares 

equations for the model : 

= 

k2 = k - k 
fp-1 )

2 

where � = tr  [ N2�-1 N2 ] .  I n  this case , N2 i s  the matrix of 

ieast-squares equations obtained from the model ( 1 ) which contains 

the coefficients associating the int eraction effects with other 



Source  of 
variation 

Sire 

Interaction 

Error 

TABLE 4,2 Analysis of variance table for the estimation of variance components 
in the presence of sire-year interaction. 

d . f .  

p - 1 

[ ( p-1 ) ( q-1 ) -m] 

n . . •  -pq-r+m 

s . s .  

R ( u , s . , t . , bk, c ) 1. J 
-R( �J. , tj , bk, c ) 

R[ u, s .  , t . , bk' ( st ) . .  , c ] 1. J l.J 
-R(u, s . , t . , bk, c ) 1. J 

i�kly�jkl 
-R[ u , s . ,  t . , bk' ( st ) . .  , c ] 

1. J l J  

E (s .s . ) 

( p-1 ) 02 e 
+ (k3 - k2 ) 0�t 
+ ( n  . . .  -k1 ) 0� 

[ ( p-1 ) ( q- 1 ) -m ]0 2 e 
+ (n  . • •  -k3 ) 0�t 

( n-• • •  -pq-r+m) 02 e 

E (JVI . S . ) 

02 + k ' 0 2 
e 2 st 

+ k 1 0 2 1 s 

0 2 + k 1 0 2 e 3 st 

02 
e 

-..J Vl 
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effects ,  but not including the sire effects .  -1 R2 is the inverse 

of the matrix of least-squares equations for the mode l : 

/ 



IV. ESTIMATION OF HERITABILITY 
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The heritability of a trait may be estimated by several methods . 

Falconer ( 1 960) presented four methods , namely the regression of 

offspring on one parent , the regression of offspring on mid-parent , 

the half-sib correlation and the full-sib correlation, and 

discussed the relative merits of each of them . The most reliable 

method is the one in which the covariance between relatives is 

least likely to be augmented by an environmental component . In  

this respect , the half-sib correlation and the regression of 

offspring on father are the most  reliable ,  and the full-sib 

correlation the least reliable due to  the presence of an environ-

mental variance as well as a dominance variance .  The regression 

of offspring on mother is liable to  give a biased estimate on 

account of the maternal effects . In the present study heritability 

was estimated by the paternal half-sib correlation method .  

The heritability o f  a trait may b e  defined as the ratio o f  

additive geneti c  variance ( oA) to phenotypic variance (o�) . 
- ,.... 2 
- U A 

02 p • • •  ( 26) 

In a population mating at random, the between-sire variance , o� , is 

the variance between the means of half-sib families and it estimates 

the phenotypic covariance of  half-siba , cov( H . S , ) ,  which is J4 oA . 
From this , the additive genetic 

variance is 

= 
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When the sire-year interaction was found to be non-significant , 

the estimate of the phenotypic variance was taken as the sum of the 

error variance and the between-sire variance ,  
. 2 J.. , e  . , 0 - p + 

In  this case , heritability was computed as : 

= 

• • • ( 27 )  

When the sire-year interaction was significant , the phenoty;.Jic 

variance also contained a component due to the interaction. Thus 

o 2 = o 2 + 0 2 + 0 2 and heritability was then estimated as : p e st s ' 

h2 
= 

4o 2 
s 

0 2 + o 2 + o 2 
( 28 )  e st s . . . 

The precision of  an estimate of heritability depends on its 

sampling variance , the smaller the sampling variance the greater 

the precision; the standard error is the square root of the 

sampling variance , The sampling variance of estimates of heritability 

derived from an intra-class correlation coefficient has been discussed 

by Robertson ( 1 959 ) for the situation where the number of half-s ibs 

are the same in all  groups . 

In the case where there are N groups each of n half-sibs , the 

sampling variance of the intra-class corre lation t is given by : 

2[ 1 + (n-1 ttJ2�1 -t)2 
n(n-1 ) N-1 • • • ( 29)  

When the restriction i s  imposed that the total number of half-sibs ,  

T ( =Nn) , is fixed ,  then  in the case o f  n being large , the sampling 

variance is Simplified to : 

� 2(1 -t)2 (1 +nt)2 
nT • • • ( 30 ) 
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Considered as a function of n ,  this has a minimum value when 

nt == 1 ,  i . e . , n = t . The optimum group si ze is then the 

reciprocal of the intra-class correlation. Thus at the opt imum, 

--"- 8 ( 1 -t )2 t 
T 

--"- 8t 
T 

In the case of half-sib familie s ,  h2 = 4t , so that in the 
4 most efficient design the half-sib fami ly size ,  n = h2 • 

Therefore under the condit ion of optimum group size , the 

sampling variance of  estimates of heritabi lity is : 

( 3 1  ) 

• • • ( 32 )  

The standard error of  this sampling variance is : 

• • •  ( 33 )  

I n  order t o  use the above equation t o  compute the standard errors 

of the heritability estimates , the conditions required are that the 

number of progeny per sire group, n ,  is the same between sires and 

that it is at the optimum value . However , in the present study the�e 
conditions were not fulfilled because the number of progeny varied 

between Sire groups . Nevertheless , it was considered that the use 
of equation ( 33 )  in the present study would not cause too much 

departure from accuracy. 



V. ESTIMATION OF COVARIANCE COMPONENTS 
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The procedures involved in the estimation o� covariance 

components are , in many ways , similar to those used in the 

analysis o� variance components . That the former is but an 

extension of variance component analysis was first demonstrated 

�or data with equal subclass numbers by Hazel , Baker and 

Reinmiller ( 1 943 ) .  Henderson ( 1 953 ) described brie�ly the 

procedures to carry out the analysis with non-orthogonal data . 

In a more recent paper,  Grossman and Gall ( 1 968 ) discussed them 

in greater detail . 

As an example ,  consider two traits Y1 and Y2 with observati ons 

represented by Y1 i jkl and Y2i jkl . In the estimation of variance 

components using Yethod 3 , the sums of squares �or the appropriate 

e�ects were computed from the di�erence between two reductions 

in sums o� squares . The procedures in covariance component 

estimation are in many ways analogous to Method 3 in that the sums 

of crossproducts �or the appropriate ef�ects are computed from the 

di��erence between two reductions in sums o� crossproducts . In 

Section I of Chapter 4 reductions in sums o� s quares were cJmputed 

from : 

R [ b ] = b '  ( X ' y) r r r 

_A 
= (y ' X )  (X ' X )  ' (X 'y) r r r 

i . e . , by summing the products o� each o� the constant 

estimates for a particular trait with the corresponding rig..11t-hand 
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members of that trait . Reductions in sums of crossproducts were , 

however , obtained by summing the products of each of the constant 

estimates for trait Y1 , say ,  with the corresponding right-hand 

members for trait Y2 , 

i . e . , C [ ·1) J = l;r (X ' y ) r 1 r 2r 

= 
• • • ( 34 ) 

Unlike variance component estimation , where the interaction 

term is  either included in or excluded from a model depending on 

its level of significance for a given trait , three different 

situations have to be considered in covariance component analysis . 

The first case for consideration is one in which the interaction 

term is non-significant in both trai ts , in which the model for the 

covariance analysis may be called the "no interaction model" . 

In the second case , both traits show significant interaction terms , 

in which the model may be termed the "interaction model" . The 

third case is one in which the interaction term is significant in 

only one of the two traits . The three cases are discussed 

separately below .  

A .  No interaction term in both traits 

For the e stimation of covariance components in the case whe re the 

interaction term is non-significant in both traits , the analysis  of 

covariance table contained lines only for the sire and error terms . 

In this case , the sire sum of crossproducts was computed as : 



c [ u ' s . ' t . ' bk ' c J )_ J 
and the error sum of crossproducts as : 

C [ u , s . , t . , bk , c ]  )_ J 
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where L y1 ijkly2ijkl 
i jkl 

is  the total uncorrected sum of 

crossproducts of observations for traits Y1 and Y2 • The 

exp ectations  of each of the above terms are : 

EC [ u ,  s .  , t . , bk , c] )_ J 

= 

= 

= 

Hence , the expectations in the sums of crossproducts for 

the sire and error terms are : 

E [ Sire S .  C .  P . ]  = EC [ u ,  s .  , t . , bk ' c] )_ J 



and E [ Error S . C . P . ] 

EC [ u ,  s . , t . , bk , c ] 1. J 
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= (n • • •  - p - q - r + 1 )  cov e1 e2 

Thus , the coe��icients o� the covariance components in the 

expectations in the sums o� crossproducts in the analysis o� 

covariance are the same as the coe��icients o� the variance 

components in the sums of squares in the analysis of variance . 

Two further assumptions that have to be introduced here are that : 

= 

E ( e1 ijkl e2ijkl ) 

and 

= 

The analysis of covariance is  presented in Table 4 . 3 .  

TABLE 4. 3 

Source of 
covariation 

Sire 

Error 

Analysis of covariance for the case  where there is  
no  interaction term in both traits 

d . f .  

p - 1 

(n • • • 

-p-q 

-r+1 ) 

c 

s . c . r . 

[ u ' s . ' t . ' bk ' c J 1. J 

- c [ u ' t 
j 

' bk ' c J 

ij�l y1 ijkly2ijkl 

-C [ u , s . , t . , bk , c ] 
1. J 

E (s . c . ?. ) 

(p-1 )cov 

+ ( n .  • • -

cov 51 52 

e1 e2 

k1 ) 

(n • • •  -p-q-r+1 )  

cov e1 e2 

E (M . C . P. ) 

cov e1 e2 

+ k' 1 cov 

51 s2 
cov e1 e2 
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The coefficient , k1 , for cov s1 s2 in the E (M . C . P . ) for the 

sire term is the same as that computed in the estimation of 

variance components . 

B .  Interaction term significant in both traits 

In this case , the analysis of covariance table contained a 

line for the interaction term in addition to the sire and error 

terms . The sums of crossproducts were computed as follows : 

Sire sum of crossproducts 

= c [ u ' si ' t j ' bk ' c J - c [ u ' t j ' bk ' c J • 

Interaction sum of crossproducts 

= C [ u , s .  , t . , bk , ( st ) . .  , c] l J l J 

c [ u ' s . ' t . ' bk ' c J l J 
Error sum of crossproducts 

= c [ u ' s . ' t . ' bk ' ( s t ) . . ' c J l J l J 

The expectations for the above terms are : 

EC [ u , s . , t . , bk , ( st ) . .  , c  J l J l J 

= 

+ 

+ 
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+ k3 cov (st ) 1 ( st )
2 

+ (p + q + r - 1 )  cov e1 e2 

= 

The expectations of the sire , interaction and error sums of 

crossproducts are then : 

E [ Sire S • C • P • J = (n  • • • - k1 ) cov s1 s2 

+ (k3 - k2
) cov (st ) 1 ( st )

2 

+ (p - 1 )  c ov e1 e
2 

E [Interaction S .  C .  P .  J = (n • • • - k3
) cov ( st) 1 ( st )

2 

E [Error S .  C .  P .  ] = 

+ [ (p  - 1 ) ( q - 1 ) - m ] cov e1 e2 

(n • • •  - pq - r + m ) c ov e1 e2 

In deriving the above expectations , it is  necessary to  assume tha.t : 

= 

The analysis of covariance i s  presented in Table 4 . 4 .  

The coefficients k1 ' ,  k2 ' and k3 1 of the covariance components 

in the expectations of means of crossproducts are the same as those  

computed for the estimation of variance components . 



TABLE 4.4 

Source of 
covariance 

Sire 

Analysis of covariance table for the case where the interaction terms are 

significant in both traits 

d . f .  

p - 1 

s . c . P. 

C [ u , s . , t . , bk , c ]  l J 

- C [ u , t j ,bk , c ] 

E(S . C . P. )  

(p-1 ) cov e1 e2 

+ (k3 - k2 ) 

cov ( st )1 ( st) 2 

+ ( n  • • •  - k1 ) 

cov s1 s2 

E (M . C . P . ) 

cov e1 e2 

+ k2 ' cov ( st ) 1 ( st ) 2 

+ k1 I COV s1 s2 

Interaction [ (p - 1 )  C [ u , si , t j , 

( st ) i j , bk , c J 
[ (p - 1 ) ( q -

1 ) - m] cov e
1

e2 

Error 

( q - 1 ) - m] 

( n • • • - pq 

- r + m) 

- c[ u ,  s . , t . , bk , c ] l J 

L: y y 
ijkl 

1 i jkl 2ijkl 

- c [ u, s .  ' t l j ' 

( st)
ij 'bk , c J 

cov e1 e2 

+ ( n  • • •  - k3
) 

cov( st ) 1 ( st ) 2 

(n .  • • - pq 

- r + m ) cov e1 e2 

+ k3 ' cov ( st )1 ( st ) 2 

cov e1 e2 

()) 0'\ • 



C .  Interaction term significant in only one trait 

For this case the procedures for A may be  used. 
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In the present study , the covariance components for all 

traits were estimated under the assumption of no interaction 

in both traits , i . e . , by the procedures given in A . 

VI . ESTINlA.TION OF GENETIC AND PHENOTYPIC CORRELATIONS 

The additive genetic covariance ( cov A1 A2 ) describes the 

covaration of the breeding values for the traits Y1 and Y2 • The 

phenotypic covariance is the sum of the covariances arising from 

genetic and environmental causes .  

The expected composition of the covariance components 

cov s1 s2 and cov e1 e2 for autosomal inheritance i s  shown in 

Table 4. 5 .  

The additive genetic covariance estimated from the sire 

component of covariance is : 

= 

For this to be  true , the necessary assumptions are that epistatic  

effects and effects of genotype by environment interaction are 

absent . 

The phenotypic covariance i s  e stimated as the sum of the 

sire covariance and the error covariance in the model without 

interaction ,  

= 
............ ""' 
cov e1 e2 + cov s1 s2 



TABLE 4.5  

Go variance 
components 

cov s1 s2 

cov e1 e2 

cov A1 A2 

cov D1 D2 

= 

= 

cov A1 A1 A2A2 

cov A1 D1 A2D2 

cov D1 D1 D2D2 

cov G1 E1 G2E2 

cov E1 E2 = 

Expected composition of covariance components 

cov cov cov cov cov cov 

A1 A2 
D1 D2 A1 A1 A2A2 A1 D1 A2D2 D1 D1 D2D2 G1E1 G2E2 

1 0 1 /1 6 0 0 1 4 4 

1 3 3 7 1 5/1 6 1 2 4 4 8 2 

covariance from additive effects of genes .  

covariance from dominance deviations from additive gene effects .  

= covariance from two-loci interactions of additive gene effects . 

cov 
E1E2 

0 
1 

= covariance from two-loci interactions of additive effects with dominance deviations . 

= covariance from two-loci interactions of dominance deviations . 

= covariance from interaction of genotype s with environments .  

c ovariance from environments differing for different progeny groups . 

CD CD 
. 
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The genetic correlation , rg ' between two traits Y1 and Y2 

may be de�ined as the correlation between an animal ' s  genetic 

value for one trait and its genetic value for the other trait . 

It is estimated as : 

where 'd 2 
A1 

r g 
= 

A 2 
and o A2 

are the estimates of the addi tive genetic 

variances for traits Y1 and Y2 obtained from the sire components 

of variance . 

The phenotypic correlation , rp ' between two traits Y1 and 

Y2 is the correlation between records of the traits on the same 

animal . It is estimated as : 

r p 
= 

A 2 where op 
1 

·"' 2 and o are the estimates of the phenotypic p1 
variances for traits Y1 and Y2 • 

The sampling variances of the genetic correl ation coe�ficients 

were computed using the formula given by Tallis ( 1 959 ) ,  

i . e . , 

= 

Est . var (� ) g 

32 � 2 
g 



+ 

+ 

V1 1  V1 /ds + v1 1  v1 /di 
A A 
G1 1  G1 2 
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"' where r = estimate of genetic correlation ,  g 
k = number of offspring per sire group . In the present 

I 
study this is not con stant so  the estimate of k� in Table 4. 3 is  

used . 

v1 1 = mean squares (M . S . ) for between sires c omponent , 

v1 2 = mean cross products (M . C .  P. ) for between sires  component , 

v1 1 = mean s qU<.'1re s (M . S . ) for within sires ( error) component , 

v1 2 = mean cross products (M . C . P. ) for within sires ( error) 

component , 

d = degrees s of freedom for sires ,  

d .  = degrees of freedom for error , J. 
"' 
G1 1 = estimate of additive genetic variance , and 

"' 
G1 2 = estimate of additive genetic covarian ce • 



CHAPTER 5 

RESULTS AND DISCUSSION 

I .  SAMPLE MEANS AND STANDARD DEVIATIONS 

91 . 

The sample means and standard deviations for the t raits 

analysed in this study are shown in Table 5 . 1 . The standard 

deviations are in the original units of measurement and their 

values indicate the variabi lity of the observations about the 

mean values for the traits  presented . 

I I . THE I NTERACTION OF SIRES AND YEARS 

The sire-year interaction sums of squares and the reductions 

in sums of  squares used in their computation are given for each 

trait in Appendix I .  The error sums o f  squares for testing the 

significance of the sire-year interaction are give� in Appendix 

I I .  The mean squares for the interaction term and the error 

t erm in the analysis of variance aTe presented in Table 5 . 2 .  Of 

the 25  traits studied, only four showed significant sire-year 

interaction. These were width of gigot (G)  and the ratio  of 

the weight of the forequarter  to  the hindquarter (FQ/HQ) at the 

1 %  level of probability and ,  carcass grade and cannon bone weight 

at the 5% level of probability. 
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TABLE 5 , 1 Means and s tandard deviations for the various 
carcass trait s .  

Trait Mean ± S . D .  Trait Mean ± S . D .  

A (mm) 52 . 31 + 3 .  5 1  Th (cm) 25 . 77 ± 0 . 73 
B (mm) 27 . 1 3  ± 2 , 26 T ( cm) 1 9 . 1 6  ± 0 .  64 
c (mm) 2 . 7 1 + 1 . 44 Carcass grade 2 . 39 ± 0 . 49 
D (mm) 2 . 39 ± 1 . 6 1  R (cm ) 1 8 . 1 3 ± 0 . 62 
X (mm) 1 4 . 65 ± 2 . 37 K ( cm ) 57 . 45 ± 1 . 99 
y (mm) 2 , 52 ± 1 • 35 1 ( cm ) 56 . 39 ± 1 . 78 
J (mm) 7 . 59 ± ) . 03 H ( cm ) 2 9 . 84 ± 1 . 93 

Carcass total 
( points ) 54 . 42 ± 1 1 . 09 p ( cm) 35 . 26 ± 1 . 1 6  
F ( cm ) 25 . 27 ± 1 .  03 Carcass 

weight (kg) 1 5 . 06 ± 1 . 01 
G ( cm) 2 1 , 88 ± o .  6 1  Cannon bone 

weight (g ) 36 . 75 ± 3 . 37 
WR ( cm ) 2 1 . 82 ± 1 .  02 Cannon bone 

length ( cm) 1 1  . 58 ± o .  48 
WF ( cm) 1 7 . 55 ± 0 . 74 FQ/HQ 1 • 1 5 ± 0 . 05 
WTh ( cm) 1 5 . 68 ± 0 . 82 Age at 

s laughter 
( days ) 1 5 1 . 09 ± 40. 75 



TABLE 5,2 Test of significance of  the sire-year 
interaction 

Mean Squares 
Trait Interaction Error F value 

A 
B 
c 
D 

X 

y 
J 

Carcass 
F 

G 

WR 
WF 
WTh 
Th 
T 

Carcass 
R 
K 
1 
H 
p 

total 

grade 

( d . f .  = 1 2 ) 

1 o . ooo 
6 . 1 67 
2 . 575 
1 .  756 
4 . 500 
2 . 343 
9 . 225 

1 25 . 833 
1 . 333 
0 . 667 
0 .833 
0 . 250 
0 . 250 
0 . 583 
0 . 333 
0 . 423 
0 . 4 1 7 
5 . 000 
4 . 1 67 
1 .  91 7 
0 . 91 7  

Carcass weight 3 . 667 
Cannon bone 

weight 1 2 . 833 
Cannon bone 

length 0 . 1 33 
FQ/HQ 0 . 006 

n . s .  = not s ignificant 
;jQ = p < 0 . 01 
� = 0 . 01 < p < 0 . 05 

(d .  f .  = 445 ) 

7 . 962 1 .  26  n , s .  
4 . 4 1 6 1 . 39 n . s .  
1 • 730 1 . 49 n . s .  
2 . 1  98 0 . 79 n . s .  
5 . 099 0 . 88 n . s .  
1 . 66 9  1 . 40 n . s .  
7 . 792 1 . 1 8  n . s .  

1 01 . 61 6  1 • 24 n. s .  
0 . 863 1 • 5 5  n . s .  
0 . 292 2 , 28 ** 

0 . 825 1 .  01 n . s .  
0 . 487 0 .  5 1  n . s .  
0 . 563 0 . 44 n . s .  
0 . 4 1 4 1 . 4 1  n . s .  
0 . 337 0 . 99 n . s .  
0 , 2 1 4 1 .  98 * 

0 , 31 3 1 . 33 n . s .  
3 . 4 1 8  1 . 46  n . s .  
2 . 590 1 • 6 1  n. s .  
2 . 82 6  0 , 68 n .  s .  
1 . 1 25 0 , 8 1 n . s .  
4 .  42 1 0 . 83 n , s ,  

7 . 02 6  1 . 83 * 

o .  1 88 0 . 7 1  n . s .  
0 . 002 3 . 05 ** 
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The presence of the sire-year interaction implies that the 

merit of  the sires with respect to each o ther in terms of the 

means of  their progeny was not the same from year to  year. 

Rae ( 1 958 ) in a study of fleece characters of hoggets from the 

same sires used in this study, found that fleece quality was 

the only character which showed a significant sire-year inter-

action. He suggested three possible causes which might have 

given rise to  the interaction and these were : 

94 . 

( i ) Genuine non-linear interaction between the transmitting 

ability of the sires and the environmental conditions peculiar t o  

each year. This could have been the possible cause of the 

interaction terms in width of gigot ( G) , the ratio  of the weights 

o f  the forequarter to the hindquarter ( FQ/HQ) and cannon bone 

weight . The sires could have differed in the genes they trans-

mitted t o  their offspring controlling the response of these traits 

to changing environmental factors from year to year. One such 

environmental factor is different feed levels between years . If 

the progeny of a sire responded to a condition of  high feed level 

in one year with a favourable growth in bone tiss�e ,  for example ,  

then cannon bone weight would b e  higher in that year than in a 

year in  which the feed level was low . 

( ii )  The fact  that the sires were mated to different groups 

of ewes each year could have contributed to the interaction compon­

ent . For instance ,  if  the ewes mated to  a sire were well above 

average in  their genetic merit in one year, the progeny of that 
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sire in  that particular year would be expected to  show above average 

performance. If in the next year a different group of  ewes with 

average genetic merit far below the average for the year was 

mated to the same sire ,  then the difference in  the means of the 

progeny in the two years would be included in the interaction 

component . This , as a factor, is considered as unlikely to 

contribute much t o  the interaction component since ,  in the present 

study, the ewes were mated to each sire at random . 

( iii ) Yearly variations in the standards of grading may have 

contributed to the interaction component for carcass grade.  

Carcass grade is  a composite character determined by several 

factors . The grader may have emphasi zed one of these factors 

in  some years while he may have emphasized a different factor 

in other years and if the sires differed in the genes they 

transmitted for the two factors , then this source of variation 

could have contributed to the sire-year interaction for carcass 

grade . 

The interaction effects for the traits showing significant 

sire-year interaction were computed and presented in Tables 5 . 3  

to 5 . 6 .  The size o f  the interaction effects were based on their 

deviations from additivity . In general ,  sires 1 and 1 1  showed 

the largest interaction effects for most of the traits wi th the 

exception of carcass grade and the ratio of the weights of the 

forequarter to the hindquarter (FQ/HQ) which showed small inter-

action effects  for all the sires . The o ther sires on the whole  
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showed small  interaction effects with all  measurements except 

cannon bone weight in which all  sires produced large interaction 

effects . The character showing the smallest interaction effects 

for all sires was the ratio  of  the weights of  the forequarter 

to the hindquarter ( FQ/HQ) . Although Tables 5 . 3  to  5 . 6  provide 

information as to the distribution of interaction effects between 

s ires and between years for the four traits , they do not provide 

any evidence as to the possible causes of the interaction . 

TABLE 5.3 

S ire * 

2 
5 
6 
7 
8 

1 0  
1 1  

S ire-year interac tion effect s  for width of 
Gigots ( G ) . 

Year 
1 944/45 1 945/46 1 946/47 

-0. 44 0 . 43 0 . 01 
-0 . 09 0 . 09 
0 . 04 -0 . 29 0 . 25 
0 . 07 -0 . 1 5  0 . 08 
0 . 04 -0 . 32 0 . 28 

-0 . 06 -0 . 1 4  0 . 20 
-0 . 41 0 . 02 0 . 39 

-0 . 49 0 . 49 

* Sires 3 ,  4 ,  9 and 1 2 are not included in Tables 5 . 3 t o  
5 . 6  because they were represented in  one year only. 
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TABLE 5.4 Sire-year interaction effects for carcass grade . 

Year 
Sire 1 944/45 1 945/46 1 946/4 7 

-0 . 04 0 . 23 -0. 1 9  
2 0 . 06 -0 . 06 
5 -0 . 1 1  o .  1 4  -0 . 03 
6 -0 . 01 o .  1 9 -0 . 1 8  
7 0 .  1 1  -0 . 1 2  0 . 01 
8 0 . 07 -0 . 1 3  0 . 06 

1 0  -0 . 07 -0 . 1 2  0 . 1  9 
1 1  -0 . 1 4  0 . 1 4  

TABLE 5.5 Sire-year int eraction effects for cannon 
bone weight . 

Year 
S ire 1 944/45 1 945/46 1 946/47 

-0. 78 o .  1 0  0 . 68 
2 0 . 48 -0 . 48 
5 -0 . 32 0 . 44 -0 . 1 2  
6 o .  1 8  0 . 47 -0 . 65 
7 0 . 97 -1 . oo 0 . 03 
8 0 . 54 -0 . 32 -0 . 22 

1 0  -1 . 09 -0 . 06 1 • 1 5 
1 1  0 . 85 -0 . 85 
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TABLE 5.6 Sire-year interaction effects for the ratio of 

the weights of the forequarter to the hindquarter 

( FQ/HQ) 

S ire Year 
1 944/45 1 945/46 1 946/47 

-0. 01 o . oo 0 . 01 
2 o . oo -0 . 00 
5 0 . 00 o . oo -0 . 00 
6 -0 . 01 -0 . 00 o .  01 
7 -0 . 01 o .  01 -0 . 00 
8 0 . 02 -0 . 01 -0 . 01 

1 0  o . oo -0 . 00 -0. 00 
1 1  o . oo -0 . 00 



III .  THE MAIN EFFECTS ANTI REGRESSION TERM 
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The main effects and regression term for traits where 

the sire-year interaction was found to be significant were 

not individually estimable without entanglement with the 

interaction term. Therefore , in this section only the 

estimates for those traits where the sire-year int eraction 

was shown to be non-significant wi l l  be present e d .  

The reductions in sums of squares due to fitting different 

models for estimating the main effects and regression term are 

shown in Appendix I I I .  The total sums of  squares and the 

reductions in sums of squares R[ � . s . , t . ,  bk ' c ]  for these l J 
are the same as given in Appendix I and I I .  The sums of 

squares and mean squares for the main effects and regression 

term, which are required for testing their significance,  are 

given in Appendix IV and V .  The significance of the main 

effects and regression term for each trait are presented in  

Table 5 . 7 .  

Differences due to  sires were significant i n  all t raits 

except carcass weight . This implies that there were no real 

differences between sires in terms of the means of carcass 

weight of their progeny . This is to  be expected since all  

lambs were chosen for slaughter on the basis of l iveweight . 

If there were no sire differences for dressing-out % ( carcass 

weight as a percentage of liveweight ) one would not expect  to 



TABLE 5.7 

Trait 

A 
B 
c 

D 

X 
y 
J 

1 oo . 

F-Values for testing the significance of the main 
effects and the regression term for traits  where 
sire-year interaction is non-significant . 

Sire a Year b B .  Rankc Regression 

1 5 f 1 9 ** 4 . 99** 1 . 87 91 . 08 ** n. s .  
2 .  95 ** 5 . 27** 0 . 5 6  30 . 93 ** n. s .  
4 . 09 ** 25 . 53** 9 . 1 1  ** 1 4 . 64 ** 

3 . 68 ** 1 9 . 81 ** 9 . 20 ** 3 . 54 n . s . 
1 . 89 * 1 0 . 1 3** 5 . 02 ** 5 .  1 1  * 

3 . 84 ** 2 . 80 n . s .  3 . 59 * 1 . 96 n . s .  
4 . 53 ** 9 . 5 9** 1 8 .87 ** 9 . 5 9  ** 

d 

Carcass total 4 . 48 ** 2 6 . 5 5** 5 . 43 ** 1 .  76 n . s .  
F 9 . 25 ** 4 . 57 * 1 .  71 4 . 57 * n. s .  
WR 2 .  31 ** 2 9 . oo** 1 • 2 1  48 . 46 ** n. s .  
WF 1 . 89 * 1 1 . 4 3** 1 1  . 4 3 ** 0 . 00 n . s .  
WTh 4 . 75 ** 1 1  . 71 ** 1 1  . 71 ** 1 8 . 02 ** 

Th 8 . 47 ** 0 . 00 n . s .  1 . 1 9  26 . 28 ** n .  s .  
T 7 . 82 ** 2 . 97 n . s .  2 . 97 5 . 93 * n . s .  
R 6 . 92 ** 9 . 5 1 ** 1 .  59 3 . 1 7  n .  s .  n . s .  
K 4 . 47 ** 7 . 23** 1 . 45 h. s .  2 . 89 n . s .  
1 6 .  91 *� 1 . 89 n . s .  O . bo rt .  s .  7 . 59 illi* 

H 2 , 95 illiilli 4 1 , 75 ilfiH o . :% n. a ,  1 • 43 n . s . 
p 8 . 93 ** 0 . 89 n . s .  0 . 89 2 , 68 n .  s .  n . s .  

Carcass weight 1 .  24 1 6 . 25� 1 o .  22 ** 1 . 36 n . s .  n . s .  

Cannon bone 
length 1 0 . 2 3** 4 . 82** 0 . 27 n . s .  0 . 55 n. s .  

a = 1 1  degrees of freedom for sire effects 
b = 2 degrees of  freedom for year effects 
c = 2 degrees of  freedom for birth and t-earing rank effects 
d = 1 degree of freedom for regression term 

u p < 0 . 01 
ili 0 . 01 < p < 0 . 05 

n, a .  = not signifi cant 
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find differences in carcass weight between sires , Dirrerences 

between years were significant in most of the traits , Those 

not significantly affected were fat measurement Y, depth of 

thorax (Th ) , length of tibia + tarsus (T ) , carcass length ( L )  

and length of leg ( P) .  The effect of birth and rearing ranks 

was significant in fat measurements C ,  D ,  Y and J ,  muscle 

measurement X ,  carcass total , width of forequarter (WF) , width 

of thorax (WTh) and carcass weight . Width measurements in 

the forequarter region are known to be affected by fat deposition 

and various studies have shown that fatty tissue is a maj or 

factor influenc ing carcass weight in sheep.  Thus, it appears 

that the effect of birth and rearing ranks is brought about by 

differences in the level of fat deposit ion. The most plausible 

explanation is that lambs born and reared as singles received 

better pre- and po st-natal maternal environments and , therefore , 

a�e heavier at birth, tend to deposit more fat and as a result 

tend to have heavier carcass weights than lambs born and rea�ed 

as multiples . 

The effect of including the �egression on age at slaughter 

in the statistical model was significant in measurement A and B 

of  the eye muscle ,  fat depths C and J ,  muscle measurement X ,  

length of leg (F ) ,  width of  ribs (WR) , width of thorax (WTh) , 

depth of thorax (Th ) , length of  t ibia + tarsus (T ) and carcass 

length ( t ) . The inclusion of  the regression term has the 

influence of increasing the efficiency and precision of the tests 

of significance for the main effects b�ought about by the reduction 

of the error variance . 
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IV. ESTIMATES OF VARIANCE COMPONENTS 

Estimates of variance components for the various traits 

are presented in Table 5 . 8 .  For i llust ratuve purpose s ,  " length" 

of eye musc le ( A ) is taken as an example  of  a trait in which sire-

year interaction is non-significant , and the steps involved in 

the c omputation of  its variance components are shown in Apperrdix 

VI . Width of  gigot ( G) is chosen to represent traits where 

sire-year interactions are significant , and the steps involved 

in the computation of the variance components for G are shown 

in Appendix VII .  

V. ESTIMATES OF HERITABILITY OF CARCASS TRAITS IN 
THE NEW ZEALAND ROMNEY 

'2 Table 5 . 9  presents the additive genetic variance ,  oA, 

c omputed as 4 X o2 ,  together with the estimates of heritability s 
of the various carbass t raits . The estimates , obtained by 

paternal half-sib correlation, are of limited reliability since 

they were based on only 1 1  degrees of freedom on which t o  

estimate  the variance in the genet ic values o f  sires . The 

small number of s ires on whi ch to base the analysis i s  

obviously insufficient since they may not actually b e  represent-

ative of the population from which they came in terms of the 

variance in  genetic values . In  Table 5 . 9  the trai ts are put 



TABLE 5 . 8 

Trait 

A 

B 
c 
D 

X 
y 
J 

Carcass total 
F 

G 

WR 
WF 
WTh 
Th 
T 

Carcass grade 
R 
K 

1 
R 
p 

Carcass weight 
Cannon weight 
Cannon length 
FQ/HQ 

Estimates of variance c omponents for 
various carcass traits . 

Error Sire 
Component , o 2 Component , 0 2 e s 

8 . 01 53 3 .  0641 
4 . 46 1 7 0 . 2348 
1 • 7522 o. 1 458 
2 . 1 867 0 . 1 579 
5 . 0832 0 . 1 226 
1 .  6866 0 . 1 289 
7 . 829 1  0 . 7444 

1 02 . 25 1 6 9 .  5841 
0 . 8748 0 . 1 943 
0 . 292 1 0 . 0362 
0 . 8254 0 . 0292 
0 . 481 2 0 . 01 1 5 
0 . 5549 0 . 0560 
0 . 4 1 86 0 . 0842 
0 . 3370 0 . 06 1 9 
0 . 2 1 39 -0 . 0023 
0 . 3 1 54 0 . 0503 
3 . 4597 0 . 3229 
2 . 63 1 8 0 . 4 1 87 
2 .8024 0 . 1 473 
1 • 1 1  93 0 . 2391  
4 . 401 1 0 . 0284 
7 . 0263 2 . 486 1 

o .  1 867 0 . 0464 
0. 001 9 o . oooo 

1 03 .  

Interaction  
Component , o 2  st  

0 . 0207 

0 . 01 1 6  

0 . 3208 

0 . 0002 



TABLE 5 . 9  Additive genetic variance and estimates  of 
heritability of carcass traits . 

Trait Additive gene t ic Heritability variance ,  cr 2  A 

A 1 2 . 2 564 1 . 1 1  .± 0 . 27 
B o .  9392 0 . 20 ± 0 . 1 2  
c 0 .  5832 0 . 3 1 .± 0 . 1 4  
D 0. 63 1 6 0 . 27 _± 0 . 1 3  
X 0. 4904 0 . 09 .± 0 . 08 
y 0. 5 1 56 0 . 28 .± 0 .  1 4  
J 2 i 9776 0 . 35 _± 0 . 1 5  

F 0 . 7772 0 . 73 .± 0 . 22  
T 0. 2476 0 . 62 .± 0 . 20 
R 0 . 201 2 0 . 55 ± 0 . 1 9 
p 0 . 9564 0 . 70 .± 0 . 22 

Cannon length 0 . 1 856 0 .80 .± 0 . 2 3  
Cannon weight 9 . 9444 1 • 01 ± 0 . 2 6  

G 0 . 1 448 0 . 41 ± 0 . 1 7  
WR o .  1 1  68 0 . 1 4  ± 0 . 1 0 
WF 0. 0464 0 .09 ± 0 . 08 
WTh 0 . 2240 0 . 37 ± 0 . 1 6 
Th 0 . 3368 0 . 67 .± 0 . 2 1 
K 1 • 291 6 0 . 34 ± 0 . 1 5  
1 1 .  6748 0 . 5 5  ± 0 . 1 9  
H o .  5892 0 . 20 ± 0 . 1 2  

Carcass weight o. 1 1 36 0 . 03 .± 0 . 04 
Carcass grade -0. 0092 -0 . 04 
Carcass total 38 . 3364 o. 34 ± 0 . 1 5  
FQ/HQ o . o o . oo 

1 04 .  



into several groups so that each group can be considered 

separately for discussion. 

A .  Ir1ternal measurements 

As stated in Section I I  of Chapter 2 ,  all estimates 

of heritability of eye muscle area in sheep, pigs and cattle 

have been in the medium to  high range . From this information 

one would expect that the heritabilities of measurements made 

on the eye muscle would also fal l  within this range . In fac t  

the estimates o f  1 . 1 1  for the heritability of the "length" of 

eye muscle ( measurement A) and 0 . 20 for the depth of eye 

muscle (measurement B) obtained in the present study lend 

support to this contention. The value greater than 1 . 0  for 

measurement A is due to a large sampling error . In the 

absence of previous estimates of heritability of measurements 

A and B in sheep, a worthwhile co�parison cannot be made , but 

estimate� for these t�o measurements in pigs are in general 

agreement with those in the present study,  Table 5 . 1 0  

presents  the estimates of heritability of measurements A and 

B in pigs for the purpose of comparison . 

The relative importance of measurements A and B in 

determining the shape of the eye muscle is found in the 

following statement by P�lsson ( 1 939) : 

"An ideal cutlet has a large deep eye muscle ,  elliptical 

to circular in shape , the upper level of which should reach 

above the po int of the spinous process . Such a cutlet is 
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TABLE 5 . 1 0  

Measurement 

"Length" of eye 
mus c le ( A) 

Estimates  of heritability of " length" 
and depth of eye muscle in pigs . 

Heritability Author 

0 . 46 Smith ,  King and 
Gilbert ( 1 962 ) 

1 06 .  

0 . 65 Smith and Ross ( 1 965 ) 

Depth of eye muscle 
( B) 0 . 29 King ( 1 957) 

0 . 38 Smith and Ross ( 1 965 ) 
0 . 48 Smith, King and 

Gilbert ( 1 962 )  



more attractive and has more muscle in proportion to bone 

than one with 8n  oblong, shallow muscle wi th the spinous 

process standing far above its  upper  level . The latter 
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cutlet i s  inc lined to dry o n  cooking, while the former will  

remain juicy The greater the depth B in proportion to 

the length A the better. " The presence of a large proportion 

of additive genetic variance in measurements A and B in sheep 

found in the present study and in pigs reported by other 

workers implies that selection in an effort to change the 

shape of  the eye musc le may be effective . However, it 

would be interesting to know the genetic correlation between 

these two measurements so that the correlated response in one 

measurement brought about by selection for the other measurement 

can then be determined. 

From Table 5 . 9  it can be seen that the heritabilities of 

measurements of fat depth on the cut surface of  the rib fall 

within the range of 0 . 25 and 0 . 35 .  These compare favourably 

with the estimates of other worker·s fo r fat depth over the eye 

muscle  ( C ) , presented in Table 2 . 1 . In particular, the estimate 

of 0 . 3 1 for fat depth measurement C found in this study is 

exact ly equal to the estimate for the same measurement given by 

Timon ( 1 965 ) .  The heritabilities of fat thickness and fat 

depth measurements in pigs are , in general , much higher than 

those of fat depth in sheep . This becomes obvious when 

estimates for fat depth in sheep obtained in the pres ent study 

and by other workers are compared with estimates for similar 
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measurements  in pigs reported by Smith, King and Gilbert 

( 1 962 ) and , Smith and Ross ( 1 965 ) .  The higher values for 

pigs are not at all surprising when it is realized that the 

proportion of  fatty tissue in the carcass of the pig is much 

higher than that in sheep and cat t le .  Moreover, fatty 

tissue is the most  variable of the three major  tissues in 

the body of the pig, namely bone , muscle and fat . The high 

heritability implies that a high proportion of this variability 

is due to the additive effects of genes , �. e . , additive genetic 

variance , Thus there is greater scope for progress in selecting 

for or against fatness in the pig than in either sheep or cattle . 

The estimate  of heritability of the thickness of muscle 

layer (measurement X) is low (h2 = 0 . 09 ) . This muscle is 

relatively unimportant compared to  the eye muscle and has 

received little attention. 

B .  Measurements indicative of bone length and weight 

The heritabilities of measurements of bone length and 

weight or those indicative of them obtained in this study 

are high, all greater than 0 . 50 .  These ,  in general , support 

the conclusion that skeletal measurements are strongly inherited 

characters . The estimate  of 0 . 80 for the heritability of 

cannon bone length is much higher than that of 0 . 40 reported 

by Bichard and Yalcin ( 1 964 ) but is  close enough to  the ' 
estimate  of  0.84 given by Rae ( 1 946 )  although the method used 
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by Rae was dam-offspring regression involving Romney ewes and 

their Down Cross offspring.  The estimate of 1 . 01 for cannon bone 

weight found in the present study is perhaps too high ; the value 

greater  than unity could be attributed partly to the strong 

heritability of the character and partly to a large sampling 

error.  The estimate of 0 .84 for cannon bone weight reported 

by Rae ( 1 946 ) seems to support the contention that weight of 

bones may be as heritable as measurements of skeletal length .  

However, the estimate s  reported by Bichard and Yal�in ( 1 964) 

of 0 . 07 and by Munson ( 1 966 ) of 0 . 35 are very much in contrast 

to that in the present study .  

The estimates of  heritability of  length of  leg (F )  and 

length of tibia + tarsus ( T ) are both high .  The values of 

0 . 73 for length of leg and 0 . 62 for length of t ibia + tarsus 

are lower than the estimates of 0. 78 and 0. 83 ,  respectively, 

reported by Bichard and Yalcin ( 1 964 ) .  ' 

The othe� two measurements of bone length, the lSngth of 

radius•ulha ( R ) and the length of leg from the symphysis pubis 

to  the ant e ri o r  edge of the dis tal end of  the tarsal ( P ), were 

both strongly inherited as indicated by their heritabilitie s  

o f  0 . 55 and 0 . 70 , respectively . Unfortunately, t he re appears 

to be no publi shed e s t imat e s  of heritability of these measure-

ments in the literature so that a compari son cannot be made . 
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c .  Measurements indicative o f  width o r  depth of body 

Measurements which fall into this category are : width 

of gigot ( G ) , maximum width of rib (WR) , maximum width of 

forequarter in line with the shoulders c ��) . minimum width 

of thorax behind the scapulae (WTh ) and depth of thorax 

(Th ) . 

Estimates of  heritability of  these measurements presented 

in Table 5 . 9 vary from low to moderately high. The value 

for width of gigot ( G) of 0 . 41 is much higher than the 

estimate of 0 , 02 reported by Bichard and Yalcin ( 1 964 ) . ') 
Nevertheless ,  it appears to support the conclusion reached by 

the latter workers that measurements assessing fleshing were 

less heritable than skeletal measurements . However,  these 

workers arrived at their c onclusion by including estimates 

of heritability of circumference of gigot (G  ) and circumference c 
of rump ( R  ) whereas in the present study no such measurements c 
were analysed . 

Heritabilities of measurements of  width in the forequarter 

region, i,e . , WR, WF and WTh, are low to moderate with values 

of 0, 1 4 , 0 . 09 and 0 . 37 ,  respectively .  The lower heritabilities 

of these measurem�nts compared to the heritability of widtL of  

gigot may partly be  due to the greater tendency for excess fat 

to be deposited in thiS region than i n  the hindquarter region. 

Barton ( pers . comm. ) pointed out that width measurements ir- the 

thorax region would be expected to be more affected by fat 
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deposition. Thus it is possible that the variability in fat 

deposition has added to the environmental and measurement 

variation in these measurements . Following this argument , 

the higher estimates of heritability of width of gigot ( G) 

and depth of thorax ( Th) may be taken as indicative of the 

lesser influence of fat deposition on these two measurements .  

According to Rae ( 1 946 ) measurement WR indicates 

differences in the costal angle in lamb carcasses and i s ,  

therefore , o f  some importance i n  indicating conformation.  

The amount of additive genetic variance in this  measurement , 

although small ,  is probably sufficient to allow selection to  

alter conformati on in  the thorax region. 

Depth of thorax (Th) is a strongly heritable character 

(h2 = 0. 67 ) . In the absence of any previous estimates for 

this measuremen·c in sheep no comparison can be made . In pigs , 

Smith, King and Gilbert ( 1 962 )  and ; Smith and Ross ( 1 965 ) used 

the maximum depth from sternum to the top of the vertebral 

column as a measure of thoracic depth and obtained heritability 

estimates of 0 . 34 and 0 . 5 6 ,  respectively . 

The lack of information on the heritabilities of the width 

and depth measurements is perhaps due to their relative 

unimportance in the consideration of the conformation o f  the 

carcass . The reason for this is qui te obvious : the thorax 

region produces one of the cheapest cuts  of the carcass .  



D .  Measurements indicative o f  length of body 
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The estimates of heritability , shown in Table 5 . 9 , for 

carcass length ,  taken either as that measurement from the 

tail head to the base of the neck (K) or that from the 

symphysis pubis to the anterior edge of the middle of  the 

first rib ( 1 ) , indicate that i t  is  moderately to s trongly 

inherited . The value of 0. 55  for measurement 1 agrees well  

with the estimate of 0 . 50 reported by Botkin et  al . ( 1 969 ) . 

The lower value of 0 . 34 for measurement K found in the 

present study is probably due to the fact that it cannot 

be taken with the same degree of accuracy as measurement 1 .  
The lower accuracy associated with measurement K suggests  that 

it should be considered as an alternative measure of carcass 

length only in cases where 1 cannot be measured, as in frozen 

carcasses . The importance of  body length in the c onsiderat ion 

of the conformation of the carcass lies in the fact that the 

1 .  dorsi muscle ,  perhaps one of the most valuable muecles iL 

the body, lies adjacent to the vertebral column on each side 

from the pelvis t o  the shoulders . Thus , from this view point , 

a longer carcass would be considered as highly desirable 

provided that , at constant carcass weight , increased body 

length is  not accompanied by a reduction in muscle thickness . 

Perhaps there is an optimum value at which the combination of 

carcass length and muscle thickhess produces the greatest amount 

of edible meat and increase in length above this value will 



result in a reduction in muscle thickness . The high 

estimates  of heritability of carcass length found in this 

study and those of other workers , both in sheep and pigs , 

suggest that single-trait selection for this charac ter 

would be highly effective . 
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The length of the carcass from the symphysis pubis to 

the posterior edge of the last  rib at the junction with the 

vertebra (H ) measures the length of the hindquarter region. 

Since this  is where some of the most expensive cuts of the 

carcass are found , it is reasonable t o  suggest that a longer 

hindquarter should be desirable . Again, increase in  length 

should only be allowed to take place as long as reduction in 

muscle  thickness does not occur . This is the only study 

which has attempted t o  estimate the heritability of measurement 

H .  The value o f  0 . 20 suggests that it is fairly responsive to 

selection. 

The heritability estimate of 0 . 03 for carcass weight found 

in the present study is  very close to that of 0 . 02 reported by 

Bowman, Marshall and Broadbent ( 1 968) . Coupled with the 

values of 0 . 1 1 given by Bowman and Hendy ( 1 97 2 )  in sheep and 

0 . 1 4  by Buxad� ( 1 972 ) and, 0. 30 by King ( 1 957 )  in pigs , it 

appears confirmed that  carcass weight is a t rait of low to  

moderate heritability, perhaps more on  the low side , This is 
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t o  be expected s ince ,  in most studies ,  animals were selected 

for slaughter on a constant liveweight basis . For instance ,  

in  the present study, the wether lambs were chosen for slaughter 

when they reached a liveweight in the paddock of about 33 kg. 

Select ion for slaughter at about the same liveweight is expected 

to reduce the variability of carcass weight and hence the genetic 

variance for this trait in the selected lambs . 

The subj ective nature of carcass grading and the inconsistency 

in the estimates of heritability of this t rait have been discussed 

in Section II of Chapter 2 . The estimat e of heritability of this 

t rait in the present study is -0 . 04 ,  the negative value indicating 

either a zero or a low heritability . Previous estimates for this 

t rait in sheep have been low, Botkin et al . ( 1 969 )  giving a value 

of 0 . 06 and Ray et al .  ( 1 972 ) reporting zero estimates  in three 

breeding groups . 

The "Cambridge " Block Test for lambs was proposed by J olm 

Hammond (McMeekan, 1 939)  as a means of evaluating a carcass on 

a points system, paying particular attention to its conformation 

in the loin and leg regions , which are considered t o  be the most  

important parts of the carcass . Points are given for the various 

external and internal characters as shown in Table 3 . 2 . Thus the 

te� carc a s s  total re fers to  the t o t al number of po int s ,  out of a 

possible 1 00 ,  s c ored by a carcass . L ike carcass grading it suffers 

from being subj ective with regard to the scores given to the 

external parts of t he carcass such as blockine ss of leg, fat 

cove ring ove r l eg and fullne s s  of loin .  L ikewise t he heritabi lity 

estimat e s  for carca s s  t o tal would be e xpec t ed t o  be variable 
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following the knowledge t hat the estimates for carcass grade 

have been inconsistent . However,  carcass total ,  or to  be more 

precise  the "Cambridge " Block Test for lambs , have not been 

used as extensively as perhaps anticipated by Hammond, and 

estimat es of heritability of this character are non-existent . 

The estimate of 0. 34 in this study suggests that it is a 

character of moderate heritability. 

The ratio of the weights of the forequarter and the hind­

quarter (FQ/HQ) of each wether lamb carcass was included when 

the data were being collected because at that time it was thought 

that there was a possibility of t ransferring some of the weight 

of the animal in the forequart er region, where the cheap cuts  

are , to the hindquarter  region, where the more expensive cut s  

are . This opinion was largely the influence of the Hammond 

school and was shared by many people at that time . However ,  

recent research investigations have proven that this is  not 

possible to achieve so that at present the ratio FQ/HQ no longer 

features in studies aimed at improving carcass merit . The 

estimate of heritability of 0 . 00 for FQ/HQ found in the present 

study shows that there is no additive genetic variance for this 

t �ait so that attempts at increasing the weight of the hindquarter 

region through selection w i l l  not give any response .  Therefore , 

it is recom�ended that the ratio FQ/HQ should be excluded from 

any investigation involving carcass traits in the future on the 

grounds that it is a poor indicator of carcass merit . 
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Steps involved in  the computation of covariance components 

and phenotypic and genetic correlations between measurements A 

and B of the eye muscle are shown , for illustrative purpo ses ,  

in Appendix VIII . 

Estimates of genetic and phenotypic correlati ons among 

carcass traits in the New Z ealand Romney are presented in Tables 

5 . 1 1 to 5 . 2 5 .  For convenience in discussion , the traits are 

divided into groups as in Section V of this Chapter and the 

relationships between them discussed separately . 

A .  Among internal measurements 

The genetic and phenotypic correlations among internal 

carcass measurements are presented in Table 5 . 1 1 . 

As expected , there i s  a positive correlation between 

"length" (A ) and depth ( B ) of the eye muscle at the phenotypic 

and genetic levels .  At the phenotypic level , thi s implies 

that in New Zealand Romney lambs the " longer" eye muscle is 

associated with having greater depth and , therefore , a larger 

cross-sectional a�ea . The high positive genetic c orrelation 

(0 . 60 )  indicates that sel ection to increase the "length" of eye 

muscle ,  for example ,  would be effective in bringing ab out a 

correlated increase in the depth measurement and , therefore , 



Table 5. 1 1 Estimates o� phenotypica and genetic correlations among internal carcass measurements 

Trait B c D X y J 

A 0 .24 **b -o 28* "' -0 . 1 7 * * -0 .01 n . s .  -0 . 09 * -0 . 29 * * 
o . 6o:!:o . 27 

• + + + 0 .03�0 . 36 -0 . 64::.0 . 22 -0.45� . 29 -0 .44-0 . 31 -0 .07-0 .45 

B 0 . 1 9* *  0 . 34* * 0 . 28 ** 0 . 1 7  * *  0 . 20 *  * 
+ + + + -o .1 2.:.0 .43 -0 . 38-0 .42 0 . 31 -0.49 o .oo -0 . 28-0 .41 

c 0 68 * 0 26 * *  0 . 52 * * 0 .64 * * 
• + • + + + 0 . 61 -0 . 25 0 . 34-0 .46 0 . 54-0 . 29 0 . 93-0 . 08 

D 0 . 31 * *  0 .40 * * 0 . 54 ** 
o . 6o:!:o . 38 + 0 . 62:!:0 . 25 0 .43-0 . 34 

X 0 . 1 4  * *  0 33 * * 
+ • + -0 .01 -0 . 51 0 . 24-0 .47 

y 0 .47 * *  
0 . 28�0 . 36 

� 

� 

--..:] 
. 

a Phenotypic correlations on the upper l ine , genetic correlations on the lower line 
* *  p < o .  01 
* 0 . 01 < p < 0. 05 
n . s .  not sign�icant 
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the area of the eye mus c le . 

The phenotypic correlations b etween " l ength " of eye muscl e 

and fat measurem ent s  C ,  D ,  Y and J are negative while those 

involving depth of eye muscle are po sitive . The s e  imply that 

lambs wi th a t h icker l ayer of backfat t end to have a " short " , 

but deep eye mus c l e . The corre sponding genetic c orrel ations ar e 

negative exc ept for tho se with fat measure ment Y .  The an tagono stic 

relationships indicate that impr ovement in the " l engt h" and depth 

of the eye mu scle and , therefore , in its area could be made by 

sel ection aime d at reducing carcas s  fatne s s .  The low po sitive 

c orrel ations b e tween the eye mu scl e measurements and fat 

measurement Y are probably due to the high degre e of inaccuracy 

ass ociated with the measurement of thi s  latter trait . 

The strong relat ionship existing among fat measuremen t::. 

C ,  D ,  Y and J at b o th genet ic and phenotypic leve l s  are al so 

as anticipated , since they are closely inter- related and are 

indicat ive of the same basic component , namely carca s s  fatn es s .  

B .  Betwe en internal measurements and measurement s  indicative of 

bone length and weight 

Estim at e s  of genet ic and ph enotypic correl ations be tween 

internal m easurements and measurements indicative of bone length 

and w e i ght are pre sented in Table 5 . 1 2 .  

The phenotypic correlati on s  b etween " l ength " of eye muscle 

and mea surements of b one l en gth and we ight are pos itive , but not 

very large . D ep th of eye mu s c l e  app ears to be weakly r e lated to 
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the skeletal measurements . From these e s timate s ,  it can b e  

c oncluded that skeletal l ength and wei ght in the carcass may 

be u sed for predict ing the " l ength" of the eye mus cle to a 

l imited extent , but are total ly uns atisfactory for pre dicting 

depth of eye mu scl e .  At the ge ne t ic l evel , " l ength" of eye 

mu scle is posi tively correlated with m easure ments indi cat ive 

of bone length and weight . On the other hand, depth of eye 

muscl e is n egatively c orrelated with th ese . Therefore , it 

appears that selection for shorter skel e ta l  length may l ead t o  

a reduction i n  " l ength " of eye muscle but to a n  increase i n  

i t s  depth . 

The antagonistic relat ionships b etween fat measurem ents 

C, D ,  Y and J and m easure ments in dicat ive of bone l ength and 

weight are very apparen t at both l evel s .  At the phenotypic 

l evel , the negat ive estimat e s  serve t o  confirm the generally 

found rel ati onship that lambs wh ich are b l ocky tend to have a 

greater l evel of fat de po s i ti on than l eggy l ambs . Th is is to 

be expected s ince the l ambs in the p re s ent study wer� slaughtered 

at about the same livewe ight and l amb s with s maller skel e tal 

dimensions would be c ompensated by having a re latively greater 

level of fatnes s .  

Relat i onships existing b etwe en internal m easurements a�d 

measurements indicative of skeletal l ength and weight , at the 

genetic l evel , are of parti cular interest to the she ep indus try . 

I t  is generally agreed t hat , with regard to c on sumer preferenc e , 

an ideal cutlet is one with a l arge deep eye muscl e ,  elliptical 



TABLE 5 . 1 2 Estimates of phenotypica and genetic correlations b etween internal measurements and 

measurements indicative of bone length and weight . 

Trait F T R p C annon bone Cannon bone 
length weight 

A o.1 o* b 0 . 1 9 * * 0 . 24* *  0 . 1 8* * 0 . 20 * lf 0 . 29 * * 
+ + + + + + 0 .04-0 . 33 0 . 1 0-0 . 33 0 . 34-0 . 30 0 . 1 7-0 . 32 0 .24-0 . 31 0 . 24-0 . 30 

B -0 20* * -0 .02 n . s .  0 .00 n . s .  -0 .05 n . s .  -0 . 03 n . s .  - 0 .02 n . s .  
• + + + + + + -0 .50�. 31 -0 . 1 0� . 39 -0 .07-0 .40 -0 . 21 -0 . 38 -0 . 04-0 . 39 -0 . 23-0 . 37 

c -0 .36 * *- -0 . 23 * * -0 . 27* * -0 23 * *  -0 . 29 * *  -0 . 38 * * 
+ + + • + + + -0 . 29� . 33 -0 . 1 0�. 37 -0 . 27-0 . 35 -o . 31 -0 . 34 -0 . 31 -0 . 33 -0 . 66-0 . 22 

D -0 . 35: * -0. 20 * * -0 25* * -0 . 25* * 0 23  * * -0 32 * * 
+ • + -o . 56::!:o . 28 

-
• + • + -0 .51 -0. 28 -0.42-0 . 32 -0 . 56-0 . 28 -0 . 52-0 . 29 -0 .63� .24 

X -0 . 29 * * -0 20 * *  -0 1 9* * -0 .26  * * -0 . 1 9 ** -0 . 1 8  * * 
+ • + • + + -0 .81 ::!:0 . 30 + -1 • 2_}:.0. 23 -1 . 06-0 . 25 -1 . 03-0 . 26 -1 . 1 4-0 . 22 -1 . 00-0.24 

y -0. 26 • * -0 . 20 * * -0 . 1 t' * -0 . 1 7 * * -0 .26  * * * * -0 . 30 + + + + -0 . 6 1 ::!:0 . 25 -0 . 69::!:0 . 22 -o . 3_}:.0. 33 -0 .41 -0 . 32 -0.49-0 . 30 -0 . 53-0. 29 

-0 30 * * -0 1 8  * * -0 . 21 * * -0 . 1 7 * * -0 1 7 * *  * ' J -0 . 29 lf 
• . + • + + + • + + -0 .1 1  �.36 0 .04� . 37 -0 . 29-0 .34 -0 . 1 7-0 . 35 -0 . 03-0 . 36 -0 .41 -0 . 30 

a ,  b See footnote of Table 5 . 1 1 

[\) 0 
. 
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to circular in shape and with as little excess fat as pos sible . 

The estimate s  of genetic correlations found in the present study 

suggest that selection for blockiness of leg and shortness in the 

bones would ,  in general , have the effect of reducing the " length "  

and increasing the depth of the eye muscle and woul d  favour 

greater deposition of fat in the carcass . With regard to 

improving the cutlet , only the increase in depth of eye muscle 

can be considered desirable , the other two changes would be  

detrimental .  

The relationships b etween muscle layer X and measurements 

indicative of skeletal length and weight are of less importance .  

All correlations are negative , being highly so at the genetic 

level . In fact ,  four of the genetic correlations have ab solute 

values greater than unity . Thi s could be attributed partly to 

the strong relationships exi sting between these measurements and 

partly to  large sampling errors . 

C .  Betwe�n internal measurernents and measurements indicative of 

wiath or depth of boay 

The relationships between internal measurements and me asu�e­

ments indicative of width or depth of body are given in Table 

5 . 1 3 .  

Most of the measurements inaicative of boay wiath or depth 

are weakly correlatea,  phenotypically, to "length" of eye muscle 

except f or width of gigot (G ) at 0 , 29 .  They are positively 

correlated to depth of eye muscl e .  The relationships existing 



TABLE 5 . 1 3 E stimates of' phenotypic
a 

and genetic correlations between internal m easurements and 

measurements indicative of width or depth of body . 

Trait G WR WF vrrh Th 

A 0 . 29 ** b -0 .04 n . s . 0 . 1 2** -0 .04 n . s .  0 . 1 0 * 
+ + + + + 0 . 52.:..0 .. 27 -0. 1 � .41 0 . 52-0 . 50 0 . 1 0-0 . 35 -0 .07-0 . 33 

B 0 .23 * * 0 . 22 * * 0 .46 * * 0 . 32 * *  0 . 1 4 * * 
+ + o .6o"!:o .43 + + 0 .04-0.40 0 .40-0.43 -0 .07-0 .42 0 . 37.:.0 . 35 

c -0 .07 n . s .  0 . 22 * *  0 . 27* * 0 . 45 * * 0 .1 6 * *  
+ + + + 0 .46:0 . 30 -0 . 95-0. 1 3  0 . 27-0 .43 -0 . 51 -0 . 50 0 .45-0 . 31 

D 0 .04 n . s . 0 . 25 * * 0 35* *  0.49 * * 0 . 08 n . s .  
+ + • + 0 . 69:0 . 23 + -0 . 72.:.0. 25 0 .44�.40 -0 .41 -0 . 53 0 . 1 7-0 . 37 

X 0 . 1 0  * 0 .21 * * 0 . 35* *  0 31 * * 
0 .05 n . s . + 

1 .60:0 . 55 + • + + -0 .08�.48 0 . 59-0 . 53 0 . 63-0 . 36 -0.40-0.44 

y -0 .09 * 0 . 08 n . s .  0 . 25"' * 0 . 39 * * 0 . 1 2** 
-0 . 83:!:0 . 1 9 + + + 0 . 26:0 . 35 0 .03.:.0 .47 -0. 07-0 . 52 0 . 93-0 . 1 2  

J -0 . 08 n . s . 0 .1 5  * *  0 30 * *  0 50 * *  0 21. * 
+ + • + • + • + -0 . 9� . 20 0 . 21 -0 .44 -0 . 98.:.0 . 71 0 .28-0 . 35 0 . 62-0 . 25 

a ,  b See footnote of Tab le 5 . 1 1 

f\) f\) 
. 
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b etween width o f  gigot and the eye muscle m easurements at t h e  

phenotypic level suggest that t h e  f ormer may be u s e d  to a 

limite d  extent to predi ct the area of the eye muscl e in t h e  

carcas s , i . e . , the greater t h e  width of gigot, t h e  " longe r "  a ni  

deeper the eye muscle woul d be and , the refore , t h e  larger i t s  

area .  

The relation ships at the genetic l evel b etween m easure ments 

indicative o f  width or dept h of body ,  and the eye mus c l e  measure-

ments imply t hat increase in the " l ength" of eye mus cl e  could be 

made by sel e c ting for great er w idth of gigot , width of forequarter 

in l ine with the s houlder (WF ) and a l s o  pos s ibly width of thorax 

b e hind th e scapulae (WTh ) . Improvement in the depth of eye 

muscle , which is perhap s more important than that in i t s  " l ength " ,  

can p o s sibly b e  made by selecting f or greater vridth of rib s 

(WR) , width of forequart er in line vri th the shoulders (VIF ) and 

depth of thorax (Th) . 

In gen eral ; t he phenotyp ic correlations b etween fat 

measurements C ,  D, Y and J and width m ea su�ements in the fore­

quarter region (Vffi ,  WF and WTh ) are po sitive and moderately l arge . 

The relationships b etween the fat measurements and widt h  of gigot 

and depth of tho�ax are much weaker . 

These findings c onfirm the fact that measurements of body 

width in the fore quarter region are affected to a greater extent 

by depos ition of fat than measurement of width in t he hind­

quarte r  regi on (gigot ) and depth of thorax . In part i cular , 

width of' thorax (WTh ) i s  known to be affected to a large extent 
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by fat deposition . The fact that this measurement showed the 

strongest correlations with the fat measurements support this 

contention . At the genetic leve l ,  the e stimates found in the 

present study imply that reduction in the thickness  of backfat 

could be made by selecting animals wider in the gigots (G)  and 

forequarters (WF) , narrower in the rib s  (WR) and thorax (WTh ) 

and shallower in the thorax (Th) .  

D .  Between internal measurements and measurements indicative 

of length of body 

Estimates of phenotypic and genetic correlations between 

internal measurements and measurements indicative of body length 

are presented in Table 5 . 1 4 .  

Measurements of length of carcass ( K  and L )  are poor 

indicators of "length" and dept h of eye muscle as suggested by 

the l ow phenotypic correlations . S imilar findings have been 

reported in pigs by King ( 1 957) , Enfield and Whatley ( 1 961 ) ,  

Smith , King and �ilbert (1 962 ) and Smith and Ross (1 965 ) .  The 

phenotypio correlations between carcass length (K and L )  and tat 

measurements C ,  D, Y and J are generally low and con sistently 

negative . The antagonistic relationships are als o  reported in 

pigs although in this species  the correlations are much larger 

in magnitude . The weaker relationships in sheep c ould be 

attributed to the lesser variability of fat deposition in thi s  

species than in pigs . 

Estimates of genetic correlations between eye muscle 
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Trait 

A 

B 

c 

D 

X 

y 

J 

Estimates of phenotypic
a 

and genetic e  correlat i on s  b etween internal 

measurement s and mea surements indicative of body le ngth 

K 1 H 

0 . 07 n . s .  b 0 .07 n . s .  -0 .01 n . s .  + + + 
0 . 01 -0 . 35 -0 . 1 0-0 . 33 -0 .08-0 . 38 

-0 .09* -0 . 0� n . s .  0 . 05 n . s .  
-0 . 56�0 . 33 

+ 
-0 . 55-0 . 31 -0 . 1 2-0.4-5 

-0 . 1 9*"' -0 . 1 1 * 0 . 02 n . s .  + + + 
-0. 1 4-0 .39 -0 . 1 3-0 . 37 0 . 53-0 . 35 

-0 . 1 5** -0 . 09 * 0 . 04- n . s .  + -0. 28:!:0 . 36 + 
-0 . 1 3-0 .4-0 0 . 23-0 .4-2 

-0 .07 n . s .  -0. 06 n . s .  -0 .08 n . s .  
-0 . 56�0 .4-2 -1 . 1 7�0 . 26 + -0 .4-0-0 .4-9 

-0 .04- n . s .  -0 .03 n . s .  0 .05 n . s .  + -0 . 06�0 . 38 + 
-0 . 05-0 .4-0 0 . 31 -0 .4-0 

-0 . 1 1 * -0 . 08 n . s .  0 . 06 n . s .  + -0 .04--0 . 39 o . o6:to . 37 + 0 . 70-0 . 29 

a ,  b See footnote of Table 5 . 1 1 

� 

rv \Jl 
. 
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measurements A and B and carcass length (K and 1 )  imply that 

selection to increase carcass length may have little effect on 

"length" of eye muscle , but may result in a substantial reduction 

in its depth. 

The genetic correlations between the fat measurements and 

carcass length (K and 1 )  are negative except for one estimate . 

Although the magnitude of the correlations found in the present 

study are not as high as those in pigs , a similar reason may be 

given for the antagonistic relationships , i . e . ,  when lambs are 

selected for slaughter on a constant liveweight basis , any change 

in carcass length must be compensated for by an opposite change 

in one or more of the other carcass dimensions which in this case 

is backfat thickness . 

E .  Between internal measurements and the "other" carcass  traits 

Estimates of genetic and phenotypic correlations between 

internal measurements and the "other" carcass traits are presented 

in Table 5 . 1 5 .  

At the phenotypic level , carcass weight is positively 

correlated with all the internal measurements indicating that 

carcasses with higher dressing-out percentages have "longer" and 

deeper eye muscles and greater deposition of backfat . The 

relationships between carcass weight and the backfat measurements 

are not at all unexpected since i t  is knownthat an increase 1n 

carcass fatness contributes to a marked extent to an increase in 

dressing-out percentages .  At the genetic level,  the correlations 



TABLE 5 . 1 5  Estimates of phenotypica and genetic correlations between internal measurements 

an1 the " otheru carcass traits , namely carcass weight , carcass grade and carcass total . 

Trait Carcass Carcass Careass 
Weight Grade Total 

--

A 0 . 1 3 * * b -0 . 1 0  * -0 1 1  * 
+ + • + 0 .82-0 .84 0 . 24-0 . 71 -0 . 1 8-0 . 34 

B 0 .43 * *  0 2s* * 0 46 ** 

0 . 96:0 . 73 • + • + 1 .01 -1 . 23  0 . 34-0. 37 

c 0 42 * * 0 49* * 0 72** 
• + • + • + 0.04-0 . 79 0 . 66-0 .48 0 . 61 -0 . 24 

D 0 44 * *  0 39**  0 6 3* * 
• + • + • + -0 .21 -0 . 90 0 . 22-0 . 56 0 . 56-0 . 27 

0 43 ** 0 . 28* * * ' X 0 . 54 'i" 
• + + + -0 . 20-1 . 1 5 1 .07-1 .49 1 . 1 4-0 .1 7 

y 0 32 * * 0 . 34* *  0 38* * 
• + + • + -0 . 39-0 . 92 0 .44-0 . 52 0 . 30-0 . 36 

J 0 49 + � 0 41* 0 54* * 1\.) 
• + • + • + -.J 

-0 .23-0 .88 0 . 21 -0 . 68 0 .43-0 . 31 • 

a ,  b See footnote of Table 5 . 1 1  

. ..  
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between carcass weight and "length" and depth of eye muscle are 

highly positive , implying that selection for higher dressing-out 

percentages may be a highly effective means of enlarging the eye 

muscle . The genetic correlations between carcass weight and the 

fat measurements indicate that , in general , aiming for higher 

dressing-out percentages may also resul t in a reduction in 

carcass fatness . This i s  difficult to interpret in view of the 

existing positive relationships between carcass  weight and the 

fat measurements at the phenotypic level . 

There is  a low negative phenotypic correlation between 

carcass grade and "length" of eye muscle and a positive 

phenotypic correlation of moderate size  between carcass grade 

and depth of eye muscle .  The genetic correlations between 

carcass grade and these two measurements indicate that improve­

ment in the eye muscle can be made by sel ecting for better grade . 

All the correlations , at both levels ,  between carcass grade and 

fat depth measurements �e positive . At the phenotypic level � 

they imply that carcasses with a thicker layer of backf'at tend 

to grade better . Thi s i s  to be expected since the system of 

grading used placed a great deal of emphasis upon the level of 

fatness in the carcass .  These results also point to the need for 

a change in emphasis on the factors affecting carcass grade ; 

that , in the future , systems of grading should take more into 

consideration those factors indicative of carcass leanness and 

cutability. 

It is interesting to note that , in general , the relationships 
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between carcass total and the internal measurements follow the 

same trend as those between carcass grade and the latter . This 

is not surprising since most of the characteristics used in 

carcass grading are also employed in the "Cambridge " Block Test . 

The phenotypic correlations between carcass total and "length" 

and depth of eye muscle are in line with the emphasis place� 

upon these measurements in the Block Test . In this respect , the 

deeper eye muscle scored more poin t s  than the " longer" eye 

muscle .  Improvement in terms of Block Test performance can be  

made by selecting for greater depth of eye muscle , as  implied by 

the genetic correlations . 

The same basic factors which influence the relationships 

between carcass grade and the fat measurements ,  as described 

previously , probably affect the relationships b etween carcass 

total and these measure ne n ts at the genetic as well as the 

phenotypic level . 

F .  Among measurements indicati�e of bone length and weight 

The relationships among measurements indi cative of bone 

length and weight are strong , the lowest correlation being 0 . 57 

(Table 5 . 1 6 ) . It is worth noting that all the genetic 

correlations are larger in magnitude than the phenotypic 

correlations . �he highly positive relationships at both levels 

are as expected since the measurements are closely inter-related 

with each other . At the phenotypic level , the correlations 

indi cate that the l ength of any of the long bones may be usod to 



TABLE 5 . 1 6 

Trait 

F 

T 

R 

p 

Cannon bone 
length 

Estimates o� phenotypica and genetic correlations among measurements indicative 
af bone length and weight 

T R p 

0 76 ** b  0 75 * *  o .  78* '�< 
• + • + + 0. 86-0 .09 0 . 86-0.1 0 0 . 94-0 .05 

0 . 82 * * 0 78* • 
0 . 93!0 .06 

• + 0 . 99-0 .02 

o .  73* *  
+ 0 . 97-0 . 03 

a b ' S ee �ootnote of Table 5 . 1 1 

Cannon b one 
length 

0 62 * * 
• + 0 . 73-0 . 1 6 

0 . 66 * * 
+ 0 . 79-0 . 1 3 

0 63  * * 
• + 0 . 69-0 . 1 8  

0 . 63 * * 
o . 86::o . 1 o  

Cannon bone 
weight 

0 61 * *  
• + 0 . 82-0 . 1 1 

o . 5"t* 
+ o .  71 -0 . 1 7 

0 6"1 *  
• + o .  70-0 . 1 8 

o . 6o* *  
0 .87::0.09 

-

o .  70* * 
+ 0 . 91 -0 . 1 4  

\.N 0 
• 



predict the length of the other bones to quite a high degree of 

accuracy. In particular , the measurements which may be useful 

for predictive purposes are length of leg (F and P )  and cannon 

bone length, all of which can be measured without the 

inconvenience of having to cut the carcass . The relationships 

between cannon bone weight and the other measurements show that 

length of bones is an important factor determining their weight . 

The genetic correlations imply that the skeletal dimensions 

of length and weight can be changed by selecting  for a change in 

any one of the me asurements in Table 5 . 1 6 .  

G .  Between measurements indicative of bone length and weight and 

those indicative of width or depth of body 

Estimates of phenotypic and genetic correlations between 

measurements indicative of bone length and weight and those 

indicative of width or depth of body are presented in Table 5 . 1 7 .  

At the phenctypic level , the estimates indicate that leggier 

carcasse s ,  i . e . , those with long legs and long bone� , are slightly 

wider at the gigots (G) , deeper in the thorax (Th ) and narrower in 

the forequarter region (WR , WF and WTh ) . 

At the genetic level , the correlations between the skeletal 

measurements and the measurements indicative of width of depth of 

body are in the aame direction as the corresponding phenotypic 

correlations , but in general greater in magnitude . This iB 

particularly so in the case of the correlations involving the 

three width measurements in the forequarter region , i . e . ,  WR ,  



TABLE 5 . 1 7 

Trait 

F 

T 

R 

p 

Cannon bone 
length 

Cannon bone 
weight 

Estimates o� phenotypica and genetic correlations between measurements indicative 
o� bone length and weight and those indicative of width or depth of body. 

G WR \"'F VI'Fn Th 

b 
-0 . 22 "' * -0 . 3) **  -0 . 31 * * 0 1 6  * ..... 0 .07 n . s .  + -1 . 1 9:.0 . 1 6  + • + 0 . 28-0. 32 -0 . 92-0 . 25 -0 . 54-() . 27 0 . 1 5-0 . 33 

0 1 1  * -0. 1 6 * * -0 . 1 4  * * -0 1 4  * * 0 . 31 * "-4-
• + -1 . o6"!:o . 1 7 + • + + 0 .07.:.0. 35 -0 . 97-0 . 27 -0 . 61 -0 . 25 0 . 33.:.0 . 31 

0 1 0 ** -0 1 3  ** -0 . 08 n . s . -0 . 1  o* 0 28 * *  
• ..1+ • + -0 . 69"!:0 . 36 -0 . 64:0 .25  • + 0 . 38-0 . 31 -1 . 1 3-0 . 1 7 0 . 1 0-0 . 34 

0 1 5  * * -0 1 6  * *  -0 . 1 6* * -0 . 1 6 * * 0 27 * "+' 
• + • + + + • + 0 . 26-0 . 33 -1 . 06-0 . 1 7 -0 . 79-0 . 31 -0 . 73-0. 20 0 . 1 9-0 . 33 

0 1 4 * * -0 . 1 lt * -0 . 20* " -0 . 20 * * 0 .  26 * * 
• + -o . n:o . 26 + + + 0 . 25-0. 32 -0 . 71 -0 . 33 -0 . 75-0 . 1 9 0 . 44-0 . 28 

0 25 ** -0 09 * -0 .05 n . s .  -0 .24 * *' 0 . 1 9 * * 
• + • + -0 . 56:0 . 38 + + 0 . 56.:.0 . 24 -0 . 82.:.0 . 24 -0 .81 -0 . 1 5 0 . 1 2-0 . 33 

a ,  b See footnote o� Table 5 . 1 1 V.J I\) 
. 
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WF and WTh . The implications are that selection for a blocky 

conf'ormation ( "blockiness"  in this case referring to shortness 

of' leg and the bones )  would result in a decrease in the width of' 

gigot and the depth of' thorax , but at the same time would als o  

cause a substantial widening o f'  the forequarter region . 

H.  Between measurements indicative of bone length and weight 

and those indicative of' body l ength 

The positive genetic and phenotypic correlations shown in 

Table 5 . 1 8  are to be expected . Measurements indicative of body 

l ength (K, 1 and H)  are largely influenced by the length of the 

vertebral column and , therefore , at the phenotypic level , would 

be  expected to be related to measurements indicative of skeletal 

length . Also any increase in skeletal length due to selection 

would automatically result in the elongation of the vertebral 

column and, therefore , of' the body . The estimates of' genetic 

correlations involving the length of' body from the symphysis 

pubis to the posterior edge of the last rib at the junction with 

the vertebra (H) and measurements indicative of' skeletal length 

show that an increase in the former can be obtained by selection 

aimed at increasing the latter . Measurement H represents the 

length of' the loin region from which expensive cuts are derived . 

An increase in the length of' this region should ,  therefore , be  

desirable . 



TABLE 5 . 1 8 

--- · - - -------

Estimates of phenotypica and genetic correlations between measurements indicative 
of bone length and weight and those indicative of length of body. 

Trait K 1 H 

F 0 .30 * *  b 0 . 39 )f. 'f 0 . 23 * * 
+ + 

0 . 26:!:0 . 37 0 .45-0 . 29 0 . 75-0 . 1 7 

T 0 . 24 * * 0 . 34 * * 0 . 1 8 "' * 
+ + + 0 . 03-0 . 37 0 .45-0 . 28 0 . 21 -0 . 38 

R 0 . 32 * "' 0 . 37 * "' 0 . 24 * * 

0 . 1 5:0 . 36 + + 0 . 38-0 . 30 0 . 01 -0 .40 

p 0 25 * * 0 . 36 * * 0 . 24 * * 
• + o . 6o:!:o . 23 0 . 1 8:!:0 . 38 0 . 21 -0 . 35 

-

Cannon bone 0 . 21 * *  0 . 29 * * 0 . 23 "' * 
length + 0 . 64:0 . 22 + 

0 . 22-0 . 34 0 .42 -0 . 33 

Cannon bone 0 35 * * 0 .43 * *  0 . 20 * * 
weight • + + 0 . 24:0 . 36 0.43-0 .29  o .  73-0 . 1 7 

--

a ,  b See �ootnote of Table 5. 1 1  VJ .j:::> 
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I .  Between measurements indicative of' bone length and weight and 

the "other" carcass traits, namely carcass weight, carcass 

grade and carcass total 

Estimates  of' phenotypic correlations between carcass weight 

and measurements indicative of' skeletal length (Table 5 . 1 9 )  show 

that the f'ormer is little , if' at all ,  related to the latter . At 

the genetic level , it i s  dif'f'icult to understand why carcass weight 

should be negatively correlated to length of' leg (F and P ) , length 

of' tibia + tarsus ( T )  and length of radius-ulna (R) , but positively 

correlated to cannon bone length . The relationships between 

carcass grade and carcass total and measurements indicative of' bone 

length and weight are distinctly antagonistic . The phenotypic 

correlations are to be expected since greater length of' leg and of' 

the bones were considered undesirable by the grader at that time . 

According to Barton ( 1 947 ) , " • • •  He ( the grader ) looks f'or short­

ness of' leg, shape and meatiness , and f'or width, f'latnes s ,  and 

f'ullness in the loin • • • " . The same characteristics are also looked 

for in the " Cambridge" Block Test . It is , therefore , obviot:s , that 

improvement in carcass grade and Block Test perf'ormance could be 

made by selecting f'or animals with shortness of' the leg and the 

long bones generally. This contention is supported by the 

estimates of' genetic correlations shown in Table 5 . 1 9 .  

J .  Among measurements indicative of width or depth or body 

Table 5 . 20 presents the estimates of genetic and phenotypio 

correlations among measurements indicative of' width or depth of 

body . The phenotypio correlations indicate that animals wider in 



TABLE 5 . 1 9  Estimate s  o� phenotypic
a 

an d  genetic correlations between measurem ents in dicative 

of bone length and weight and the " o ther" carcass traits , namely carcas s  we ight , 

carcass grade and carcas s to tal . 

Trait 

F 

T 

R 

p 

Cannon b one 
length 

Cannon bone 
weight 

C arcas s 
wei ght 

-0 1 2  * *  b 
• + -0 . 58-0 . 76 

0 . 08 n . s .  + 
-0 . 31 -0 . 77 

0 1 4  * *  • + -0 .27-0. 78 

0 1 1  * 
• + -0. 33.:.0 . 77 

0 .01 n . s .  + 0 . 33-0 . 74 

0 1 2  * * • + -0 . 02-0 . 71 

Carcas s 
grade 

-0 . 39 "' * 
+ -1 . 05-0 . 39 

-0 . 25 * *' 
+ -0 . 62-0 . L2 

-0 . 24 * + 
+ -0 . 59-0 .43 

-0 . 23 * * 
-0 . 90:!:0 . 36 

-0 25 * * 
• + -0 . 68.:.0 .40 

-0 . 30 * * 
-1 . o6:!:0 . 33 

a ,  b 
S ee footnote o� Table 5 . 1 1 

C arcas s  
t otal 

-0 . 66 "' * 
+ -0 . 91 -0 .43 

-0 .45 * * 
+ -0 . 73-1 . 09 

-0 .45 "' * 
+ -0 . 71 -1 • 31 

-0 .47 * * 
+ -0 . 87-0 . 35 

-0 41 * *  
• + -0 . 72-1 .43 

-0.45 * * 
+ -0 .92-0 . 1 0 \...N 0\ 

. 



TABLE 5 . 20 E stimates of phenotypic
a 

and genetic c orrel at ions among measurements indi cative 

of width or depth of body . 

Trait 

G-

VlR 

WF 

WTh 

VIR 

0 . 30 * "" b 
+ 

-0 . 1 9-0 .44 

WF 

0 . 32 * * 
+ 0 . 39-0 .42 

0 . 37 * * 
+ 1 . 01 -0 .27  

a b ' S ee footnote of T able 5 . 1 1 

IVTJ: 

0 . 1 5 * "' 
+ -0 . 54-0 . 30 

0 .44 * * 
+ 0 .28-0 .41 

0 . 63 * * 
+ 

-0 . 1 8-0 . 53 

Th 

0 . 05 n . s .  + -0 . 54-0 . 27 

0 .07 n . s .  

-0.48�0 . 37 

0 .07 n . s .  
-0. 76"!:.0 . 36 

0 . 1 3 ** 
+ -0 .03-0 . 36 

VJ .....:] 
. 
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the hindquarter region , as measured by their gigot width (G ) ,  

tend to be  wider also in the forequarter region, as measured by 

their width of ribs (WR ) ,  width of forequarter (WF ) and width 

of thorax (WTh ) . 

At the e;enetic level , the relationships ere less easy to 

interpret . An explanation CA.rmot be  found for the fact that 

selection for rmin2ls wi th wider gigots woul cl lead to an 

increase in ths width of' forequarter (vVF)  but a't the same time 

to a decrease in the width of' ribs (WR) and width of' thorax 

(WTh ) . It i s  also not kn own why an increase in the width of 

thorax (WTh ) would be accompanied by an incre':l.se in the width of 

ribs (i-·m. ) but a decre-:tse in the width of forequarter (WF ) .  The 

genetic correlations between depth of thorax (Th ) and the width 

measurements imply th.3.t incrc::1.se in body width would be followed 

by a reduction in its depth . 

K .  Between measurements indi cative of width 0!:_9:-��l.! .. �f body 

and those ind!��-���� _ �£ _ ��1!� ..E.f.: ._body 

The phenotypic correlations �iven in Table 5 . 21 show that 

the length of a C3.rcass , represented by any of the measurements 

K, L or H ,  bear little or no relationship to its width . There i s  

a positive relationship between carcass lene;th and depth of 

thorax (Th ) indicating tha·t the longer carcass is also one that 

i s  deeper in the thorax . 

Estimates  of genetic correlations between measurements 

indicative of width or depth of body and those indicative of' length 

of body are also presented in Table 5 .21 • Those between carcass 



TABLE 5 . 21 Estimate s  of' phenotypic
a 

and genetic correlati ons between m easurements i n dicative 

of width or depth of b ody and th ose indicative of l ength of b ody .  

Trait K 1 H 

G- 0 . 1 1  * b 0 . 1 1 *- 0 . 04 n . s .  + + + 0 .45-0 . 31 0 . 1 1 -0 . 35 -0 . 29-0 . 38 

VfR -0 . 1 2 * * 0 .01 n . s .  -0 . 03 n . s .  + -0 . 87�0 . 46 + -0 . 38-0 . 25 -0 . 32-0 . 1 7 

VTF -0 .02 n . s .  0 .00 n . s .  0 . 04 n . s .  + -0 . 32-0 .47 -0 . 76�0 . 35 + -0 . 70-0 .45 
--

\VTh -0 . 1 0 "' -0 .09 "' 0 . 1 0  * + + + -0 . 1 4-0 . 38 -0 • L1-7 -0 • 30 -0 .01 -0 .42 

Th 0 . 1 5 * * 0 . 27 * * 0 . 24 * *  
0 . 07�0 . 36 + + 0 .41 -0 . 29 o .  92-0 . 1 5  

a ,  b 
See f ootnote of Tab l e  5 . 1 1  

VJ \..0 
. 
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l ength (K n.nd L )  .1.nd width of' gigot ( G )  show that increase in 

carcass length will be accompanied by a correlated increase in 

the width of' gigot . However , an increase in the length of' the 

hindquarter region , i . e . , in measurement H would result in a 

de crer,_se in gigot width . There is  an antagonistic relationship 

between measurements j ndicative of body length and those 

indicative of width in the forequarter region (Y.TR, WF and WTh ) 
implying that a change in the carcass dimension of' length would 

be compensated by an opposite change in the dimension of width . 

In contrast , a change in carcass length would result in a change 

in carcass depth in the sama clirection , 

L .  Between measurements inclic '1tive of width or depth of' bo� 
and the "other" carca�s traits, !!amely carcass weighh 

carcass grade and c �rcas s total 

Table 5 , 2 2 rresents estimates of genetic and phenotypic 

correlations between measurements indicative of' width or depth 

of body and the "other'" carcass traits , namely carcass weight , 

carcass grade and oa.rca�a total , 

The phenotypic correlations between carcass weight and the 

width and depth measurements are indicative of the fact that 

carcasses of higher dressing-out percentages tend to be wider and 

deeper in the body , It has been shown that an increase in 

carcass fatness contributes to a large extent to an increase in 

dressing-out percentages and , to a lesser extent,  affects the 

width and depth measurements , particularly width of thorax (WTh ) , 

Therefore , it is  possible that the relationships between carcass 



TABLE 5 . 22  Estimates o f  phenotypic
a 

an d  genetic correlat ions b e tween m easur em ents indicative 

of width or depth of body and the " o ther " carcass traits , namely carcas s weight , 

carcas s  grade and carcas s  total . 

a ,  b 

Trait 

G-

VTR 

VrF 

WTh 

Th 

Carcass 
we ight 

0 . 36 ** b 
+ 0 . 08-0 . 74 

0 . 34 "' * 
0 .24:!:0 .85 

0 69** 
• + -0 .44-1 .43 

0 61 * * 
• + -0 . 69-1 . 1 1  

0 .48 * * 
0 . 78�0 . 68 

C arcass 
grade 

0 1 3 * * 
• + -0 . 72-0 .48 

0 . 22 "' *  
o .88:!:o .48 

0 . 38 * * 
0 .42�0 . 60 

0 .43 * * 
+ 0 .40-0 .47 

0 . 1 4  * * 
+ 0 . 34-0 .49 

S e e  footnote of Table 5 . 1 1 

Carcass 
total 

0 22 *.+: 
• + -0 .46-0 . 96 

0 . 35 * * 
+ 1 . 07-3 . 33 

-

0 .48 * * 
+ 0 .43-3 .43 

0 .49 * "' 
+ 0 .54-0 . 91 

0 . 07 n . s .  + 0 . 02-0 . 37 

� 

+:> 
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weight and the width and depth measurements are partly influenced 

by carcass �atness . 

It appears that there is little prospect o� improving dressing­

out percentage by means o� selection �or width o� gigot (G) , based 

on the estimate of genetic correlation between width o� gigot and 

carcass weight . More rapid progress could possibly be  made by 

selection �or greater width o� ribs (WR) or depth o� thorax (Th ) . 

The an,tagonistic relationships between carcass weight and width of 

�orequarter (WF) and width o� thorax �Th ) , at the genetic level , 

are di��icult to interpret . Estimates o� genetic correlations 

between these traits show large sampling errors . 

Carcass grade and carcass total show the same trend o� 

relationships with the wiuth and depth measurements . In general , 

the phenotypic c orrelations indicate that carcasses which are wider 

and deeper tend to be graded better and per�orm better in the Block 

Test . This is not unexpected in view o� the �act that carcass 

grading at the time these data were collected and the Block Test 

paid particular attention to the width co�ormation o� the carcass . 

The genetic correlations seem to imply that improvement in carcass 

grading and Block Test performance could be made by selecting for 

animals which are wider in the �orequarter �egion . 

M .  Among measurements indicative o� length of body 

The high values of the estimates of genetic and phenotypic 

correlations among measurements indicative of length of body are 

apparent in Table 5 . 23 .  The strong relationships are to  be  

expected in view of the fact that the measurements are closely 

inter-related .  



TABLE 5.23 Estimates o �  phenotypic
a 

an d  genetic c orrelations among measurements indi cative 

o� l ength o� body .  

a ,  b 

Trait 

K 

1 

1 

0 . 67 "' * b 

0 . 86:::0 . 1 1 

H 

0 . 33 * * 
+ 0 . 83-0 . 20 

0 .45 "' * 
+ 0 .87-0 . 1 5 

S e e  �oo tnote o� Table 5 . 1 1 

� VJ 
. 
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N .  Between m easurements indicative of l ength of body and the 

" other" carcas s traits , namely carcass weight, carcass 

grade and carcas s  total 

Estimates of gen etic and phenotypi c  c orrel ations b etwe en 

m easurements indicat ive of body length and the " other " carcas s 

traits , namely carc ass we ight , carcas s  grade and carcass t otal 

are presented in Table 5 . 24.  A t  the phenotypic l ev el , the 

estimates show that l onger carca s s e s  tend to have higher dres s ing-

out p ercentages ,  grade l ower and score l e s s  in the " C ambridge " 

Block T e st . The relationships b etween carcass length and carcas s 

grade and carcas s  total are expected s ince the longer carcass e s  

generally give the appearance of lack o f  bl ockine s s  :ln the l e g  and loin 

regi ons and it ha s already been mentioned that these two factors 

were important in the grading of carca s s e s  and the allocati on of 

points in the Bl ock Test . At the genetic level , the estimates 

imply that sel ecti on for increased body length wou l d  re sult in 

an increase in dre ss ing-out percentage s ; a lowering of carcass 

grade and p oorer performanc e in th e Block Test . 

0 .  Among the " other" carca ss traits , namely carca s s  we ight, 

carcass grade and carca s s  total 

The relationships existing among the " other" carcass traits 

are given in Table 5 . 2 5 .  

Carcass wei ght i s  positively c orrelated t o  carcass grade 

and carcass total at the phenotypic l evel . The se relati onships 

c ould have re sulted through the intermediate influence of 

carcass fatn e s s . I t  is known that increased fatness c ontr ibutes 

markedly to an increase in dre s s ing-out p ercentages ,  and as 



TABLE 5 . 24 Estimates of phenotypic
a 

and gen e tic correlati ons b etween measurements indi cative 

of body length and the " other" c arcass trai ts , namely carcass we ight , carcass 

grade and c arcass total . 

a ,  b 

Trait 

K 

1 

H 

Carcass 
we ight 

0 . 1 9 * * b 
+ 0 . 62-0 . 77 

0 . 27 * * 
+ 0 . 2 3-0 . 72 

0 25 * * 
• + 1 .40-1 .08 

Carcass 
grade 

-0 22**  
• + -0 . 96-0 . 37 

-0 . 1 6  * * 
-1 . 1 0�0 . 36 

-0. 04 n . s .  + -0 . 24-0 . 59 

See �ootnote of Table 5 . 1 1 

Carcass 
total 

-0 . 26 * * 
+ -0 .43-0 . 35 

-0. 24 * * 
+ -0 . 75-0 . 25 

-0 . 1 3 .. * 
+ -0 .05.:.0 .42 

� IJl 



TABLE 5 . 25 Estimates of phenotypic
a 

and genetic correlations among the " other" carcass traits , 

namely carcass we ight , carcass grade and carcas s  t otal . 

Trait 

Carcass 
w eight 

Carcass 
grade 

Carca ss 
grade 

0 .45 * * b 
0 . 01 :1 . 1 7 

Carcass 
t otal 

0 .4-9 "' * 
+ 0 . 32-1 . 25 

0 . 63 * *  
1 . 1 2c 

a ,  b 
S ee footnote of T able 5 . 1 1 

c 
The s tandard error of th i s  gen eti c correlati on 
has b e en omitted because it is extremely large . 

..p.. ()') 
• 
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stated earlier , much e mphasis was placed upon fatne s s  in the grading 

of lamb carcasses and in the Bl ock Test . Estimate s of genetic 

correlati ons in Tabl e  5 . 25 cannot be regarded as rel iable as they 

show very l arge sampling errors . However , the value s  imply that 

there i s  little to be gained in carcass grade by sel ecting for 

higher dre ssing-out p e rcentages , al though improvement in Bl ock Test 

p erformance may be made by do ing so . The strong re lationship 

b etwe en carcas s grade and carcas s  total , at both leve l s ,  is to be 

expected sinc e many of the characteri stics of the carcass taken 

into ac count in grading are also considered in the Block Te s t . 
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CHAPI'ER 6 

CONCLUSION 

Sire-year interaction were found to be significant in only 

four of the 25 traits analysed in the present study . These were 

width of gigot (G ) ,  the ratio of the weight of the forequarter to 

the hindquarter (FQ/HQ ) ,  cannon bone weight and carcass grade . 

For the first three traits , genuine non-linear interaction between 

the transmitting ability of the sires and the environmental 

conditions peculiar to each year , could have been the possible 

cause of the interaction terms . Carcass grade is  a composite 

trait determined by several characteristics . Yearly variations 

in the emphasis placed on the different characteristics could have 

contributed to the interaction term found in carcass grade . 

Estimates df phenotypic correlations between traits are 

important for preaictive purposes . Under normal dircumstances ,  

caroaases are seldom out t o  expo se the int ernal �evelopment at the 

1 2th rib . In such cases , therefore , it would be useful if external 

measurements on the intact carcass could be found which were 

related in some way to the development of the more important 

internal measurements . 

Fat development at the level of the 1 2th rib is  perhaps the 

best indicator of carcass leanness . In general , as fat deposition 

increased, carcass leanness and cutability decreased . With regard 
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t o  the eye muscle , the result s  of the pre s ent study suggest that 

carcas ses with thicker baclcf'A.t have " short ",  deep eye mus cl e s . 

For fat thi ckness to become us eful for predi ct ing l eanness in the 

intact carcas s  or in the live animal , a sui tabl e method must be 

developed f or i t s  measurement . In thi s respect , ultrasonic 

measurement , whi ch has been sati sfactorily applied in pigs , 

appears promising . 

t;;easurements indi cative of skeletal length and we ight were 

found to b e  unsuitable for predicting " length" and depth of eye 

muscle , but were related t o  the fat measurements at th e 1 2th rib 

such that lambs wh ich were short in the leg and b locky , were 

generally fatter than those wh ich were leggy. The antagonistic 

relationship betwe en skel etal l ength and fat thiclmess crtn be 

attributed to the fact that the lamb s were slaughtered at 

approximately the same l iveweigh t .  Those with smaller skeletal 

dimensions woul d be compensated by having a greater fat 

depos i tion . 

Carcass l ength was found t o  be a poor indicator of eye 

muscle development and fat th ickne s s  at the 1 2 th rib . In 

contrast , carcass weight appenred t o  be a satisfactory indicator . 

In gen eral , with livev1e ight at slaughter being constan t ,  area of 

eye muscle increased ns also d id fat deposition with an increase 

i n  carc:lss weight . The relationships between carcass wei ght and 

the other carcas s  traits indicated that an i ncrease in carcass 

weight in lamb s slaughtered at a similar livewei ght was 
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assocLt.ted with nn incre:otse i n  carcas s  backfat thickness and al so 

with increases in width and length or body .  Skel etal l ength was 

little o.rrected . 

The e s t imates of pheno typic correlat ions also indi cated that 

carcas s e s  that were short in the leg and body and had more rat 

graded better and scored more points in the Block Te st t han those 

which were long and le�gy in conformation and had less rat . This 

is not unexpected in view of the ract that the system or grading 

used until rec ent times and the Block Test favoured carcasses of 

the rormer characteris tics . 

It is  genernlly agre ed t hat leanness is  a very important 

considerati on to the con sumer v1hen exerc ising purchas ing deci si ons . 

In this respect , high quality lamb may be def ined as that which 

has a high percentage or lean m eat e specially in the preferred cuts . 

It  i s  d.ifficul t to decide v.hether selection should be aimed at 

incre�sing to tal edibl e meat or for some combination or this and 

the cross-sectional area of the more important muscles , such us 

the l • .  dorsi . ln term s of effici ent meat production by a singl e 

anim11.l , total edible meat is  probably more importartt , but in 

relation to c onsumer preference ,  an increase in musole si ze is 

likely to be also important . 

"Length " and depth of eye muscle were the only direct measures 

of leanness in the present study and , obviously , they di d not 

adequately represent carcass leanness as a whole . Thererore t 

it is suggested that futuro studies sifnila.:r- to the p:resent one 
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should include other measures of' carcass l eanness and cutability 

such as total lean content a.nd the proportions of' the various 

joint s .  

The eye muscle meastrC'Gi llt:llt:J , 9articularly that of' " length" 

showed l�rge heritabilities , indicating that the shape of the eye 

muscle could be ef l'ectively cha.nt;ed by selection . In this regard , 

the aim should be to select for a large deep eye muscle , 

elliptical to circular in shape . The genetic correlation between 

these measurements imply that sel ection to increase either the 

" length" or depth of eye muscle would result  in an increase in the 

other measurement and, therefore , in eye muscle area.  

Fat thickness at the level of the 1 2th rib is  probably the 

most informative single measure for preuicting carcass cutabil ity. 

In general , as fat depositi on increases , carcass cutability 

decreases .  Hovrever , more information is  required concerning an 

acceptable min1Inum depth of the fat layer needed on lamb 

carcasses ,  not only in terms of consumer preference , but al so 

taking into consideration such factors as preservation of quality 

in storage and in transportation . In this respect , a fat covering 

of pe�haps 3 mm is probably sufficient to prevent dehydration and 

to produce an attractive cut at the point of ultimate sale at 

retail . 

The fat measurements were found to be of moderate 

heritabilities ,  with estimates ranging from 0 . 25 to 0 . 35 .  There­

fore , indications are that direct selection to change backfat 



1 52 .  

thi ckness in lamb s  wil l b e  effective . 

Antagonistic rel ati onship s  were found between the fat 

measurements ( except Y)  and " l ength" and depth of eye muscle at 

the genetic level . The s e  imply that selection aim ed at reducing 

carcass fatness woul d be an effective m eans of increasing the 

" length" as well as the depth of eye muscle . S imilar antagonistic 

relationships are known t o  exist between carcass fa.tne s s  and 

measures of carcass leanness . 

The s trongly• inherited nature of the skeletal dimens ions of 

length and weight is  well-do cumented in the literature and the 

e stimate s  of heritabilities for these in the pre sent s tudy support 

thi s finding . 

There has been a lot of c ontr oversy in the past regarding the 

type of conformation which indicated good carcass merit . The 

Hammond S chool be lieved that carcass es which were short in the 

leg and bl ocky yi�lded more high-priced cuts and edible meat than 

carcasses of leggy conformation . However , the findings of �ome 

workers provided evidence which challenged thi s belief . Walker and 

McMeekan ( 1 941!- ) found evi dence to suggest that in Canterbury 

lamb the leggy carcass ,  in fac t ,  carried more muscle than the 

bl ocky carcass . Kemp and Barton ( 1 965 ) , Fourie ( 1 965 ) ,  and Kirton 

and Piokering ( 1 967) were ab le to show that carcasses of blocky 

conformati on or tho se in the h igher grades had no advantage over 

thos e  of leggy conformation in terms of me at content or proportion 

of high-pric ed cuts . 
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The correlated changes i n  the carcass brought about by long­

t erm selection favouring a short and blocky conformation are , 

therefore , of con siderable importance to the sheep industry . The 

genetic correlations between l eg l ength and the other measurements 

of skeletal length and , th e internal measurements indicate that 

l ong-term selection for a blocky conformation i s  l ikely to have 

the following effects : a reducti on in "length" of eye muscle ,  an 

increase in its depth and an increase in carcas s  backfat . From th e 

standpoint of consumer preference for lamb cut lets , only the 

increase in depth of eye muscle can be cons idered as desirab le , the 

other two change s be ing unde sirable . The change s wh ich take place 

in the eye muscle cannot be taken as indicating t hat changes in a 

s imil ar dire ction will occur in other measures of carcass leanne s s .  

Thus there i s  an obvious nee d  for more research i n  this c onnecti on . 

As stated in S ection V of Chapter 5 ,  the importance of carcas s 

l ength in a cons ideration of carcass quality i s  because the 1 .  dors i 

muscle J. ies adjacent t o  the vertebral c olumn on each side from the 

sacrum anterior to the shoulders , From this standpoint , it was 

considered that an increase in carcass length would be desirable ,  

provided t hat this i s  not acc ompanied by a reduction in muscle 

thickness .  The estimates of heritabil ities of measurements K and L 

found in the present study indicated that carcass length could be 

changed by selection , 

An antagonistic relationship was found between carcass length 

(measurements K and L )  and depth of eye muscle at the genetic level . 
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This i s  in accordance with the belief that selection for increased 

carcass length would result in a subsequent reduction in muscle 

thickness .  Also ,  the genetic correlations between carcass l ength 

(measurements K and L )  and the fat measurements imply that a change 

in the former would bring about an opposite change in carcass 

fatness . Thus from the evidence gained in the present study, it  

can be concluded that an increase in carcass length in  lamb s  is  

not to be encouraged since the undesirability of a reduction in 

muscle thickness outweighs the desirable  reduction in carcass 

fatness . It can only be suggested that further research i s  

required to determine the "optimum" carcass length which would 

yield acceptable levels of both muscle thickness and carcass 

fatnes s .  

The very low estimate of heritability (h2 = 0 .03 ) for carcass 

weight found in the present study could only be attributed to 

selection of the lambs for slaughter on a constant liveweight 

bas i s .  Thi s i s  thought to have reduced vs.riability in carcas s  

we ight and , therefore , the addi tive genetic variance for tt i s  

charact e r  in  the selected lamb s .  

High carcass yie lds are certainly de sirab l e  provided that 

the fac t ors c ontributing to them do not detract from thos e  related 

to the quality of the carcas s .  Available informat ion points to 

the fact that increased dressing-out percentage s contribute l i tt l e  

to carcass desirability and are largely due to increased fatness . 

High dre s sing- out percentages for overfat or incorrectly-finish e d  

lambs are , therefore , t o  be avo i de d  from the point o f  carcass 
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des irability . Evidence from the pre sent study indi cate s  that 

selection aimed at getting higher dres sing- out percentages woul d 

not only re sul t in t he enlargement of the eye muscl e ,  but al so 

in a reducti on of carcass fatne ss . The latter change is  diff i cult 

to int erpret in view of th e relationships found at the pheno typic 

level between carcas s  weight and the fat ne asurements . This 

suggested that heavier carcasses , i . e . , those with higher dressing­

out percentage s ,  were generally fatter . 

Due to the subj ective nature of carcass grading and carcas s 

total , estimat e s  of their heritabi lities are less important t han 

their relationships with the other carcass trai ts , at the gene t i c  

and phenotypic levels . The heri tability of the rati o  of the we ights 

of the fore quarter and the hind quarter (FQ/HQ ) was 0 . 0 . The 

absence of additive genetic variance for this character suggested 

that select ion c annot increase the weight of the hindquarter 

relative to that of th e fore quarter.  It is recommended that , s ince 

FQ/HQ is a poor indicator of carcass merit and the heritability is 

zero , it shoul d not be included as a trait to be  measured in future 

research. 

The grade standard and the "Cambridge" Block Test favoured 

carcasses of bl ocky conformation , i . e . ,  those facto�s which were 

usually associated with carcass fatnes s .  Therefo�e , i t  was not 

unexpected to find that carcasses whfu h g�aded better and scored 

more points in the Block Test were heavier, fatter and had shorter 

legs and bodi e s .  These carcasses al so had short , deep eye muscles . 
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The genetic corre lat ions implied that improvement in carcass 

grade and Bl ock T est performance could be made by se lecting for 

a blocl� conformati on and higher fat c ontent . It i s  interes t ing 

to note that ,  generally , the relat ionships between carcass total 

and the o ther carcas s  traits followed the same trend as the 

relati onship s between carcas s  grade and these traits . Thi s 

c ould b e  due to  the fact that the characteri stics taken into 

account in carcas s  grading and in the Block Test were similar 

in most case s .  

The re sults of the present study support the fact that too 

much emp hasis was previously given to carcass fatn e s s  in grading 

and , since i t  i s  known that fatter carcas s e s  have proporti onately 

l e s s  l ean content , it is only l ogical to suggest that in future 

systems of grading or cla s sifying carcas c: e s  emphasis should be 

more on factors indicative of carcass leannes s  and cutab ility. 

The thorax regi oh of the ca�cass is perhaps the least 

important ; the cheapest cuts are found here . As such the 

c orrel ated changes in the conf ormat ion of th is region brought 

about when selecting for other trai ts are of no great importance . 

The estimat e s  of heritabili t i es for the width and depth 

measurements in the forequart er region , particularly WR, WTh and 

T h ,  h oweve r ,  indicate that changes in thi s regi on could b e  made 

by direct sel ection . 
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APPENDIX I 

Table showing sire-year interaction sum of squares 

rJ 
Trait R [ ( s t ) . . , bk, c ] lJ 

( 1 ) 

A 1 2 99320. 00 
B 349343 . 00 
c 3685 . 1 3  
D 2958 . 76 
X 1 02 1 48 . 00 
y 3 1 29 . 36 
J 281 81 . 80 

Carcass total 1 41 6930 . 00 
F 302881 . 00 
G 226863 . 00 
WR 225757 . 00 
WF 1 46080. 00 
WTh 1 1 665 1 • 00 
Th 3 1 4936 . 00 
T 1 7401 8 . 00 

Carcass grade 2735 . 80 
R 1 55801 . 00 
K 1 564980 . 00 
1 1 507830 . 00 
H 422578 . 00 
p 589450 . 00 

Carcass weight 531 039 . 00 
Cannon weight 642542 . 00 
Cannon length 63564 .80 
FQ/HQ 626 . 1 1  

R[ u ,  s .  , t . , bk' c ]  l J 
( 2 )  

1 299200 . 00 
349269 . 00 

3654 . 2 3  
2937 . 69 

1 02094 . 00 
3 1 01 . 24 

28071 . 1 0  
1 41 5420 . 00 
302865 . 00 
226855 . 00 
225747 . 00 
1 46077 . 00 
1 1 6648 . 00 
3 1 4929 . 00 
1 7401 4 . 00 

2730. 72 
1 55796 . 00 

1 564920 . 00 
1 507780 . 00 
422555 . 00 
589439 . 00 
530995 . 00 
642388 . 00 
63563 . 20 

626 . 04 

Interaction S . S .  
[ ( 1 ) - (2 ) ] 

1 20 .00 
74 . 00 
30 . 90 
2 1  . 07 
54 . 00 
28 . 1 2  

1 1  o .  70 
1 5 1 o . oo 

1 6 . 00 
8 . 00 

1 0 . 00 
3 . 00 
3 . 00 
7 . 00 
4 . 00 
5 . 08 
5 . 00 

60. 00 
50 . 00 
23 . 00 
1 1  • 00 
44 . 00 

1 54 . 00 
1 . 60 
0 . 07 
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APPENDIX I I  

Table showing the error sum of  squares for  testing the significance 
of the interaction effects .  

rv 
Trait . L: ly� . kl R[ ( st ) . . , bk ' c ] Error S . S .  

l.J .k l.J l.J 
( 1 ) (2 ) [ ( 1 ) - (2 ) ] 

A 1 302863 . 00 1 299320 . 00 3543 . 00 
B 35 1 308 . 00 349343 . 00 1 965 . 00 
c 4455 . 00 3685 . 1 3  769 . 87 
D 3937 . 00 2958 . 76 978 . 24 
X 1 0441 7 . oo 1 02 1 48 . 00 2269 . 00 
y 3872 . 00 3 1 2 9 . 36 742 . 64 
J 3 1 649 . 00 281 81 . 80 3467 . 20 

Carcass total 1 462 1 49 . 00 1 4 1 6930. 00 452 1 9 . 00 
F 303264 . 80 302881 . oo 383 . 80 
G 226993 . 00 226863 . 00 1 30 . 00 
WR 2261 24 . 20 225757 . 00 367 . 20 
WF 1 46296 . 90 1 46080 . 00 2 1 6 . 90 
WTh 1 1  6901 . 60 1 1 665 1  . oo 250 . 60 
Th 3 1 5 1 20. 30 3 1 4936 . 00 1 84 . 30 
T 1 74 1 68 . 00 1 7401 8 .00 1 50 . 00 

Carcass grade 283 1 . 00 2735 .80 95 . 20 
R 1 55 940. 1 2  1 55801 . 00 1 39 . 1 2  
K 1 566501 • 06 1 564980 . 00 1 52 1  • 06 
1 1 508982 . 74 1 507830 . 00 1 1 5 2 . 74 
H 423835 . 71 422578 . 00 1 257 . 7 1  
p 589950 . 53 589450 . 00 500 . 53 

Carcass weight 533006 . 3 1 53 1 039 . 00 1 967 . 31 
Cannon weight 645668 . 72 642542 . 00 3 1 26 . 72 
Cannon length 63648 . 52 63564 .80 83 . 72 
FQ/HQ 626 . 97 626 . 1 2  0 . 85 
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APPENDIX III 

Reductions in sums of squares due to fitting different models for 
traits where sire-year interaction are non-significant . 

Trait 

A 1 297860 , 0 
B 349 1 24 . 0 
c 3575 . 41 
D 2849 . 1 1  
X 1 01 988 . 0  

y 3029 . 99 

J 27680 . 9 

Carcass total 1 41 0380 . 0 
F 302776 . 0 
WR 225726 . 0 
WF 1 46067 . 0  
WTh 1 1 661 9 . 0  

Th 3 1 4890 . 0 
T 1 73985 . 0  
R 1 5 5772 . 0  
K 1 5 64750 . 0 
1 1 507580 . 0  
H 422464 . 0  
p 589329 . 0 

Carcass weight 530935 . 0  
Cannon bone 
length 63542 , 2  

1 2991 20 . 0  
349222 . 0 

3564 . 77 
285 1 . 03 

1 01 991 • 00 
3091 . 78 

27920 . 8  
1 409990 . 0  
302857 . 0 
225699 . 0  
1 46066 . 0  
1 1 6635 . 0 
3 1 4929 . 0  
1 7401 2 . 0  
1 55790. 0 

1 564870 . 0  
1 507770 . 0  
422321 . o  
589437 . 0  
530852 . 0  

63561 . 4  

R[u 1 S . 1 t . 1 c ] R[u1 s " � t . � bk ] l J l J 

1 2991 70 . 0  
349264 . 0  

3622 . 32 
2897 . 41 

1 02043 . 0  
3089 . 1 2  

27775 . 6  
1 4 1 431 0 . 0 
302862 . 0 
225745 . 0 
1 4 6066 . o  
1 1 6635 . 0  
3 1 4928 . 0 
1 7401 2 . o  
1 55795 . 0  

1 5 6491 0 . 0  
1 507780 . 0  
4225 53 . 0  
589437 . 0  
530905 . 0  

635 63 . 1 

1 298470 . 0  
3491 31 . o  

3628 . 58 
2929 . 96 

1 02068 . 0  
3097 . 93 

27996 . 0 
1 41 5240 . 0  
302861 • 0 
225707 . 0  
1 46077 . 0  
1 1 6638 . 0  
3 1 49 1 8 . 0  
1 7401 2 . 0 
1 5 5795 . o  

1 5 649 1 0 . 0  
1 507760 . 0  
42255 1  . 0 
589436 . 0 
530989 . 0 

63563 . 1  
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APPENDIX I V  

Sums of squares for the main effects and regression term for 
trait s where sire-year interaction are non-significant . 

Trait Sire S . S .  Year S . S .  B . Rank S . s .  Regression s . s .  
(d . f .  = 1 1 ) ( d . f . = 2 ) ( d . f . = 2 ) ( d . f .  = 1 ) 

A 1 340 . 00 80 . 00 30 . 00 730 . 00 

B 1 45 . 00 47 . 00 5 . 00 1 38 . 00 

c 78 . 82 89 . 46 31 . 91 2 5 . 65 

D 88 . 58 86 . 66 40 . 28 7 . 73 

X 1 06 . oo 1 03 . 00 5 1  . oo 26 . 00 

y 71  • 25 9 . 46 1 2 .  1 1  3 .  3 1  

J 390 . 20 1 50 . 30 295 . 50 75 . 1  0 

Carcass total 5040 . 00 5430 . 00 1 1 1  0 .  00 1 80 , 00 

F 89 . 00 8 . 00 3 . 00 4 . 00 

WR 21 . 00 48 . 00 2 . 00 40 . 00 

WF 1 o . oo 1 1 . 00 1 1  • 00 o . oo 

WTh 2 9 . 00 1 3 . 00 1 3 . 00 1 0 .00 

Th 39 . 00 o . oo 1 . 00 1 1  . oo 

T 29 . 00 2 . 00 2 . 00 2 . 00 

R 24 . 00 6 . 00 1 . 00 1 • 00 

K 1 70. 00 50 . 00 1 o . oo 1 0 . 00 

1 200. 00 1 0 . 00 0 . 00 20. 00 

H 91 . 00 234 . 00 2 . 00 4 . 00 

p 1 1  o .  00 2 . 00 2 . 00 3 . 00 

Carcass weight 60 . 00 1 43 . 00 90 . 00 6 . 00 

Cannon bone length 2 1  . 00 1 . 80 o .  1 0  0 . 1 0  
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Mean squares for the main effects and regression term for 

traits  whe re si re-year interaction are non-significant . 

Trait S ire M . S . Year M . S .  B . Rank M . S .  

A 1 21 . 8 1  40 . 00 1 5 . 00 
B 1 3 . 1 8  23 . 50 2 . 50 
c 7 . 1 7  44 . 73 1 5 . 96 
D 8 . 05 43 . 33 20 . 1 4  
X 9 . 64 5 1 . 50 25 . 50 
y 6 . 48 4 . 73 6 . 06 
J 35 . 47 75 . 1 5  1 47 . 75 

Carcass total 458 . 1 8  271 5 . 00 555 . 00 
F 8 . 09 4 . 00 1 . 50 
WR 1 .  91 24 . 00 1 .  00 
WF o .  91  5 . 50  5 . 50 
WTh 2 . 64 6 . 50 6 . 50 
Th 3 . 5 5 o . oo 0 . 50 
T 2 . 64 1 .  00 1 . 00 
R 2 . 1 8  3 . 00 0 . 50 
K 1 5 . 45 25 . 00 5 . 00 
1 1 8 . 1 8 5 . 00 0 . 00 
H 8 . 27 1 1 7 . 00 1 . 00 
p 1 o . oo 1 .  00 1 .  00 

Carcass weight 5 . 45 7 1 . 50 45 . 00 
Cannon bone length 1 . 9 1 0 . 90 0 . 05 

1 6 1  • 

Regression 
M . S . 

730 . 00 
1 38 . 00 
26 . 65 
7 . 73 

2 6 . 00 
3 . 3 1 

75 . 1 0 
1 80 . 00 

4 . 00 
40 . 00 
0 . 00 

1 0 . 00 
1 1  . oo 
2 . 00 
1 .  00 

1 0 . 00 
20 . 00 
4 . 00 
3 . 00 
6 . 00 
0 . 1  0 
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APPENDIX VI 

Example to  show steps involved in the computation of variance 

components in a measurement (A) in which sire-year interaction 

is non-signifi cant . 

Source of 
variation d . f . s . s .  

S ire 1 1  1 340. 00 

Error 457 3663 . 00 

= k '  1 
degrees of freedom 

tr [ N ' R- 1 N ] = 65 . 4857 

k1 
= 111 - 62 .4821 

1 1 

= 37 . 1 377 

02 = E (Error M . S . ) e 
8 . 01 5 3  

S ire M . S .  = E (Sire M .S . ) , 

i . e . , 1 2 1 . 81 = 8 . 01 5 3  + 37 . 1 377 

0 2 = 1 2 1 . 81 - 8 .  012� s 37 . 1 377 
= 3 .  0641 

M . S . 

1 2 1  . 81 

8 . 01 53 

02 
s 

Therefore the general formula for computing 0� is : 

0 2 Sire M . S . - Error M . S . = 
s k1 

E (M . S . ) 

0 2 + k ' 02 
e 1 s 

02 
e 



... 

APPENDIX VI I 

Example to  show steps involved in the computation of variance 

components in a measurement ( G )  in which sire-year interaction 

is significant . 

Source of 

1 63 .  

variation d .  f .  s . s .  K . S . E (M . S . ) 

Sire 1 1 22 . 0  2 . 0  0 2 + k ' o 2 
e 2 st  

+ k ' o 2 
1 s 

Interaction 1 2  8 . 0 0. 6667 o 2 
+ 

k_3o2 
e st 

Error 445 1 30 . 0  o .  2921  0 2 
e 

k '  1 37 . 1 377 

k '  k n • • •  - :d. 3 [ (p-1 )(q-1 )-m] 
= 474 - 22_6 .'167'1 

1 2  

= 1 8 . 1 027 

k '  k
� 

-
k2 2 (p - 1 ) 

= 22_61'16'1'1 6�11 122 
1 1  

= 1 7 . 6047 

o 2 E (Error M .s . )  e 
= 0. 2 92 1  



Interaction M . S  • E ( Interaction M . S . ) ,  
.L.2.u 0 . 6667 = 0 . 2921 + 1 8 . 1 027 

o .  6667 - 0 . 2921 
1 8 . 1 027 

= 0 . 0207 

T. erefore , the general formula for computing 0�t is given by : 

Sire M . S . 

i . e . , 2 . 0  

Interaction M . S . - Error M . S .  

E (S ire M . S . ) ,  

= 0 . 292 1  + ( 1 7 . 6047 ) ( 0 . 0207 ) 

+ 37 . 1 377 0 2 
s 

o .  292 1  + 0 .  3644 

+ 37 . 1 377 0 2 
s 

= 2 . 0 - 0 . 292 1 - 0 .3644 
37 . 1 377 

= 0. 0362 

Therefore , the general formula for computing 0 2 is : s 

= 

Sire M . S . - Error M . S .  - k�0�t 
k1 

1 64 .  
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APPENDIX VIII  

Example to  show steps involved in  the computation of covarianc e 

components and genetic and phenotypic correlations between " length" 

(A)  and depth ( B )  of the eye muscle , 

Source of d . f . S . C . P , M . C . P . E (M . C . P , ) 
covariation 

Sire 1 1  220 . 0  20. 1 81 8 cov e 1 e2 
+ k ' 

1 cov s 1 s2 

Error 457 542 . 0  1 . 1 859 cov e 1 e2 

k ' 
1 = 37 . 1 377 

cov e 1 e2 E (Error M . C .  P .  ) 

= 1 • 1 859  

Sire M . C .P .  E (Sire M . C . P . ) ,  

i . e . , 20 . 1 81 8  = 1 . 1 85 9  + 37 . 1 377 cov s 1 s2 
. cov s 1 s2 

20 . 1 81 8  - 1 . 1 822 . . = 
37 . 1 377 

= 0 . 5 1 1 5  

Additive genetic covariance , 

cov A1 A2 = 4 X cov s 1 s2 

= 4 X 0 . 5 1 1 5 
= 2 . 0460 

Additive genetic variances for t raits A and B , o 2 and oi , are A1 2 

1 2 . 2564 and 0 . 9392 .  

Therefore, genetic correlation between traits A and B o f  the 

eye muscle , 



r g 
= 

= 

cov A1 A2 

/ol . 01 
1 2 

2 . 0460 
/( 1 2 . 2 564 ) ( 0 . 9392 ) 

0 . 60 

Phenotypic covariance , 

Phenotypic 

02 
p1 

Phenotypic 

0 2 
p2 

= 

1 , 1 859  + 0 . 5 1 1 5  
= 1 . 6974 

variance for trait A, 

= 0 2 + 0 2 
e 1 s 1 

8 . 01 53 + 3 . 064 1 
= 1 1  . 0794 

variance for trait B, 

= 0 2 + 0 2 
e2 s2 

= 4 . 46 1 7 + 0 . 2348 
= 4 . 6 965 

1 66 . 

Therefore , phenotypic  c orrelation between traits A and B o f  
the eye muscle , 

= 

= 

cov p1 p2 
/0� . 0� 

1 2 
1 .  6974 

/(1 1  . 0794 ) (4 . 6965 ) 

0 . 24 .  



1 67 . 

BIBLIOGRAPHY 

Al-Barhawe , Abduljabar S .  ( 1 966 ) Estimates of phenotypi c and gene ti c 

parameters of lamb growth and carcass traits . 

Texas A & M University ,  College S tation .  

M . S .  Thes is ,  

Allen , D .M . ,  Merkel ,  R . A . , Magee , W . T . , and N elson ,  R . H .  ( 1 968 ) 

Variation in s ome beef carcass compositional characteri stics 

within and between selected weight and fat thi ckness range s . 

J .  Animal Sci . , £1: 1 239-1 246 .  

Andrews , F . N . , and Whaley ,  R .M . ( 1 955 ) Measure fat and mus cle in 

live animal and carcass . 

No . 68 :  27-29 .  

Rep. Ind . agric .  Exp. Sta . , 

Barton , R. A .  ( 1 947 ) 

export . 

Grading of New Zealand fat lamb carcasses f or  

Proc . 1 0th Ann . Meeting of Sheepfarmers, Massey 

Agric .  C oll . :  1 26-1 30 . 

Barton , R .A . , and Kirton , A . H .  ( 1 958 ) Carcass weight as an index of 

carcass components with particular reference to  fat . 

J .  agric .  S ci . ,  Camb . ,  2Q: 331 -334 . 

Bi chard , M . , and Yal9in , B . C . ( 1 964 ) Crossbred sheep production . 

II I .  Selection f or growth rate and carcass attributes in 

the s e cond-cross lamb . Anim . Prod . , .§.: 1 79-1 87 . 

Bodwell , C . E . , Harrington , G . , and Pomeroy , R . W .  ( 1 959 ) A note on 

the measurement of " eye " mus cle area in beef carcasses . 

Anim . Prod . ,  j_: 97-1 01 . 

Borton, A .  ( 1 96 1 ) The relationship between and heritability estimates 

of live lamb measurements and carcass trai ts . 
Mi chigan State Univ . , East Lansing. 

M . S .  Thesis , 

Botkin,  M .P . , Field , R .A . , Riley , M . L . , Nolan , J . C . , Jr . , and 

Roehrkass e , G . P .  ( 1 969 ) Heritability of carcass t rai ts i n  

lambs . J .  Animal S ci . ,  £2.: 25 1 -255 . 



Bowman , J. C . , and Broadbent ,  J . S .  ( 1 966 ) Geneti c parameters of 

grov1th between birth and 1 6 weeks in D own cross sheep .  

Anim. Prod . , §.: 1 29-1 35 . 

1 68 .  

Bowman , J . C . , and Hendy , C . R. C .  ( 1 972 ) A study of retai l requirements  

and genetic  parameters of  carcass quality in Polled Dorset  

Horn sheep . Anim . Prod . ,  1±: 1 89-1 98 . 

Bowman , J . C . , Marshall , J . E . , and Broadbent , J . S .  ( 1 968) Gene tic 

parameters of carcass quali ty in Down cross sheep . 

Anim. Prod . ,  j.Q: 1 83-1 9 1  • 

Bradford , G . E .  ( 1 967 ) Genetic and e conomic aspects of sele cting for 

lamb carcass quality . J. Animal S ci . ,  2 6 :  1 0- 1 5 . 

Bradford , G . E . , and Spurlock ,  G .M .  ( 1 972 ) Selection for meat producti on 

in sheep - results of a progeny tes t .  J .  Animal S ci . ,  ]i: 
737-745 . 

Branaman , G . A .  ( 1 940 ) Some factors in lamb producti on ass ociated wi th 

size and type in mutton sheep . J. agric .  Res . ,  60 (7 ) : 47 3-486 

Brungard t ,  V . H .  , and Bray , R .  1-J . ( 1 963) Es timate of retail yield of t he 

four maj or cuts in the beef carcass . 

1 77-1 82 .  

J .  Animal S ci . ,  22 : 

Buxade , C .  ( 1 972 ) Cal culation of gere tic  parameters for Angeln 

Saddleback pigs . Anim. Breed . Abs t r . , !2( 6) : Abs tr . 2403 . 

Carpenter, Z . L .  ( 1 96 3 ) Lamb sire progeny testing progress .  

Proc . 1 6th Ann . Reciprocal Meat C onf . ,  1£: 9 .  

Carpenter, Z . L .  ( 1 966 ) What is consumer-preferred lamb? 

J .  Animal S ci . ,  £2.: 1 232-1 2 35 . 



1 69 . 

Carpenter, Z . L .  ( 1 968 ) Indi cators of meatiness and their inheritance . 

Proc .  Symp. Genet . Impro . Wo ol and Lamb prod . ,  Sheep Industry 

Development Program : 24-60 . 

Chris tians , C . J. ,  Chambers , D . , Walters , L . E . , Whiteman,  J . V . , and 

S tephens , D .F .  ( 1 962 ) Heri tability estimates of beef 

characteris ti cs . J .  Animal Sci . ,  2 1 : 387 (Abst r . ) . 

C larke , E . A . , and McMeekan , C . P .  ( 1 952)  New Zealand lamb and mutton 

I .  Anatomi cal chara cteristi cs of lamb and mut ton carcasses . 

N .  Z .  Jl . S ci . Te eh . (A ) , .TI ( 5 ) :  1 - 1  5 ,  

Di ckerson , G . E .  ( 1 947 ) Composi tion of hog carcasses as influenced by 

heri table differences in rate and e conomy of gain . 

Res . Bull . Iowa Agri c .  Expt . Stat . ,  No .354: 489 . 

Dickerson , G . E .  ( 1 960) Te chniques for res earch in quanti tative ani mal 

gene tics . Te chniques and Procedures in Animal Production 

Research . Am .  Soc . Anim . Prod . 

Enfield , F . D . ,  and Whatley, J . A .  ( 1 96 1 ) Heri tability of carcass 

length , carcass backfat thi ckness and loin lean area in 

swine . J .  Animal Sci . ,  20 : 63 1 -634 . 

Falconer ,  D . s .  ( 1 960) Introduction to Quantitative Geneti cs . 

O liver and Boyd , Edinburgh . 

Field , R .A . , Bo tkin , M .P . , S choonover , C . O . ,  and Parker,  1 .  ( 1 967 ) 
Heritability of carcass traits in lambs . 

Ann . Report to  W-61  Regional Proje ct . 

Field , R .A . ,  S choonove r ,  C . O . , and Ne lms , G . E .  ( 1 966 ) 

Wyo . Agr . Exp. S ta . 

Relationship 

between carcass weight and mus cle , fat and bone in bull 

carcasses . J .  Animal S ci . ,  .£2.: 588 (Abs t . ) . 

Fourie , P .D . ( 1 965 ) Ph .D .  Thesis , Universi ty of Pretori a .  

( Copy lodged a t  Ruakura Agricultural Research Centre library . ) 



1 70 .  

Fredeen , H . T . , and Per Jonsson ( 1 957 ) Genic Variance and Covariance in 

Danish Landrace Swine as evaluated under a system of individual 

feeding of Progeny Test groups . 

]Q: 348-363 .  

Z .  Tierzucht . Zuchtungsbiol . , 

Gotts ch ,  A . H . , Merkel ,  R . A . , and Mackintosh , D . L .  ( 1 96 1 ) Relati onship 

of mus cle , fat , bone and some physi cal measurements to beef 

carcass cutability . J .  Animal S ci . ,  20 : 91 7 (Abs t . ) . 

Grossman, M . , and Gall , G . A . E .  ( 1 968 ) C ovarian ce analysis wi th 

unequal subclass numbers : component-estimation in 

quantitative geneti cs . Biometri cs , �: 49-59 . 

Hammond , J .  ( 1 932 ) 

Sheep.  

Growth mid the Development of Mutton Qualit ies in 

Oliver and Boyd , Edinburgh . 

Hankins , O . G . , and Ellis , N . R .  ( 1 934 ) Physi cal characteris tics of hog 

carcasses as measures of fatness . J .  agric .  Res . ,  � ( 3 ) : 

2 57-264 . 

Harringt on, G .  ( 1 9 58 ) Pig Carcass Evaluation . Techni cal communi cation 

No . 1 2  of the Commonwealth Bureau of Animal Breeding and 

Genetics , Edinburgh . 

Harvey , W . R. ( 1 960) Leas t-sguares Analysis of Data wi th Unegual 

Subclass Numbers . Agri cul tural Research Service , U . S . 

Department of Agri culture . 

Hazel ,  L .N . ,  Baker ,  M . L . , and Reinmi ller , C . F .  ( 1 943 ) Geneti c and 

environmental correlations between the growth rates of pigs 

at different ages . J .  Animal S ci . ,  2 :  1 1 8-1 28 .  

Hazel ,  L .N . , and Kline , E . A .  ( 1 952 ) Mechanical measurement of fatness 

and carcass value on live hogs . J .  Animal S ci . ,  ll= 3 1 3-31 8 .  

Hazel ,  L .N . , and L�illh ,  J . L .  ( 1 943 ) The effi ciency of three metho ds of 

sele ction . J .  Hered . ,  ]2: 393-399 . 



Henderson , C . R .  ( 1 95 3 ) Estimati on of variance and covarian ce 

components . Biometri cs ,  �:  226-252 . 

Hillman , M. , Menzies , C . ,  Wheat ,  J . D . ,  Ma ckintosh , D . L. ,  and 

1 7 1 • 

Merkel ,  R . A .  ( 1 962 ) Heri tabilities , gene tic and phenotypi c 

correlations between carcass and live anima l  trai ts i n  

s he ep . Kan . Agr. Exp . S ta .  Bull . 447 . 

Hillman , M . , Whea t ,  J . D . , Menzies , C . , Mackintosh , D . L . , and 

Merkel ,  R . A .  ( 1 962 ) Heritabili ties of and correlations 

between carcass and live animal traits in s heep . 

J .  Animal S ci . ,  £1_: 973 (Abs tr . ) . 

Holland,  L.A . ,  and Hazel , L . N .  ( 1 958 ) Relationship of live measurements 

and carcass characteris ti cs of swine . J .  Animal S ci . , 

.rr: 825-833 . 

Is ler ,  G . A. , and Swiger , L . A .  ( 1 969 ) Geneti c correlati ons between feed , 

growth and carcass traits in swine . 

1 08 (Abs tr . ) . 

J .  Animal Sci . ,  £2.: 

Jensen , P . , Craig ,  H . B . , and Robis on ,  O . W . ( 1 967 ) Phenotypi c and 

geneti c asso ciations among carcass traits of swine . 

J .  Animal Sci . ,  ££: 1 252-1 260 . 

Johansson ,  I . ,  and Korkman , N .  ( 1 950) A s tudy of the variation in 

production traits of b acon pigs . Acta Agr . Scand . , .1..: 62-96 . 

Judge , M . D . , Martin , T . G . , and Outhouse , J . B .  ( 1 966 ) Predi ction of 

carcass compos ition of ewe and wether lambs from carcass 

weights and measurements . 

Kemp , J. D . , and Barton , R. A .  ( 1 966 ) 

J. Animal S ci . , £2.: 92-95 . 

C omposition of lamb carcasses and 

cuts of the New Zealand export grades .  N . Z .  Jl . agri c .  Res . ,  

�:  5 90-627 . 



1 72 . 

Kemp , J . D . ,  Lambuth ,  T . R. ,  and Bart on , R . A .  ( 1 970) Relati onships of 

lamb carcass measurements and sample cut composition to carcass 

side composition .  J .  Animal S ci . ,  ]1: 686-689 . 

Khandekar , V .N . ,  Golds tone , C . L . , and McManus , W . R . ( 1 965 ) S ome indices 

of carcass compos iti on of Dorset  Horn Top Cross lambs . 

I . Measurements on live body and carcass , the composition of 

sample j oints and their relationship to carcas s composi ti on . 

J .  agri c .  Sci . , Camb . ,  .§2: 1 47-1 5 4 . 

King, J . W . B .  ( 1 957 ) The heritability of carcass traits in Bri tish 

Bacon pi gs . Proc . Brit . So c .  Anim .  Prod . ( 1957) : 49-69 .  

Kirton , A . H .  ( 1 957 ) Meat S tudies in the Romney Ewe . M .  Agr. S e .  

Thesis . ( Copy lodged wi th Massey University Li brary. ) 

Kirton , A . H . , and Barton ,  R . A . ( 1 962 ) S tudy of some indi ces of the 

chemical composition of lamb carcasses . J .  Animal Sci . ,  

s_: 553-5 57 . 

Kirton, A . H . , and Pi ckering , F . S .  ( 1 967 ) Factors associated with 

differences in carcass conformati on in  lamb . N .  Z • Jl. agri c .  

Res • , .1.Q: 1 8 3-200. 

Kline , E .A . , and Go ll , D . E .  ( 1 964 ) Relative value of l .  dorsi mus cle 

area at eight different locations in pork carcass evaluation . 

J .  Animal Sci . ,  £2_: 4 1 4-41 7 . 

Kline , E .A. , and Hazel ,  L.N .  ( 1 95 5 ) Loin eye area at tenth and las t 

rib as related to leanness of pork carcasses • J .  Animal Sci . , 

.1.1= 659-663 . 

Knapp , B . , Jr . ,  and N ordskog ,  A . W. ( 1 946 ) Heritabili ty of live animal 

scores , grades and certain carcass characteris ti cs in beef  

cattle . J .  Animal Sci . ,  ,2 :  1 94 . 

Kropf , D .H .  ( 1 962 ) Effect of anatomical locati on upon pork longissimus 

dorsi and marbling . J .  Animal S ci . ,  s_: 383 (Abs tr . ) . 



1 73 .  

Latham , S .D . , Moody , W . G . , and Kemp , J . D .  ( 1 966 ) Te chniques for 

estimating lamb carcass composition .  J .  Animal Sci . ,  �: 

492-496 . 

Lush , J . L .  ( 1 936 ) Gene tic aspects of the Danish sys tem of progeny­

tes ting swine . Res . Bull . Iowa Agric .  Expt . S tat . , N o . 204: 1 07 .  

Magee , W . T . , Nels on , R .H . , Branaman , G . A . , Bratzler , L . J . , and Pearson , 

A . M .  ( 1 958) Some fact ors affecting carcass grade in stee rs . 

J. Animal S ci . ,  1.1: 649-65 5 . 

McMeekan , C . P . ( 1 939) The "Cambridge "  Bl ock Test for Lambs . 

Proc . 8th Ann . Meeting of Sheepfarmers ,  Massey Agri c . C oll . : 

52-57 . 

McMeekan , C . P .  ( 1 940 ) Growth and development in the pig,  with special 

reference to  carcass characters . II . The influence of the 

plane of nutri tion on growth and development . 

Camb . , J.Q: 387-436 . 

J .  agri c .  Sci . , 

M cMeekan , C . P .  ( 1 94 1 ) Growth and development in the pig ,  wi th spe cial 

reference to carcass quali ty characters . Part IV. The use 

of sample j oints and of carcass measurements as indi ces of the 

composi tion of the bacon pig . J .  agric .  Sci . ,  Camb . ,  ]1: 1 -1 7 .  

Munson,  A . W . ( 1 967 ) Association of various measurements wit h  lamb carcass 

composi ti on and preliminary estimates of s ome geneti c parameters . 

Dis s .  Abstr . B . , £1: 41 94-B . 

Os terhoof , von D .  ( 1 956 ) Z .  Tierzucht . Zuchtungsbiol . , 68 : 1 99-240 . 
(German wit h  English summary) . 

Palsson , H .  ( 1 939) Meat quali ties in the sheep wi th spe cial  reference 

to Sco ttish breeds and crosses . I .  J. agri c .  S ci . , Camb . ,  

29 : 544-626 .  



1 74 .  

Pearson , A . M . , Pri ce , J. F . , Hoefer , J . A . , Bratz ler ,  L. J . , and Magee , W .T .  

( 1 957 ) A comparison of the live probe and lean meter for  

predicting various carcass measurements of swine . 

J .  Animal Sci • , .1.2.: 481 -484 •
. 

Per Jonss on and King, J . W . B . ( 1 962 )  S ources of variation i n  Danish 

Landra�e pigs at progeny-tes ting stations . 

J1.. : 68-80 . 

Powell , W . E . ,  Huffman , D . L . , and Patters on ,  T . B . ( 1 968) 

Acta Agr . S cand . ,  

Quanti tative 

es timates of beef cat tle composition . 

n_: 285 (Abstr . ) . 

J .  Animal S ci . , 

Pres ton , T . R . , and Willis , M . B .  ( 1 970) 
Pergamon Press ,  Oxford . 

Intensi ve Beef Production . 

Rae ,  A . L . ( 1 946 ) S ome Aspects of the Progeny Tes ting of New Zealand 

Romney Marsh Rams . 

College . 

M .  Agr .  S ci . Thesis , Mass ey Agri cultural 

Rae , A . L .  ( 1 957 ) Genetic variation and covariation in productive 

characters of New Zealand Romney Marsh sheep . 

Res . ,  1: 1 04-1 23 . 
N .  Z . Jl . agri c • 

Ramsey , C . B . , C ole , J .W . , and Hobbs , C . S .  ( 1 962 ) Relation of beef 

carcass grades ,  proposed yield grades and fat thi ckness to 

separable lean , fat and bone . J .  Animal S ci . ,  £1_: 1 93- 1 95 . 

Ray,  E . E .  ( 1 967 ) Estimates of phenotypi c and geneti c parame ters 

pertaining to carcass characteristi cs and related traits .  

N .  M .  Agr. Exp. S ta . Progres s  Rep. t o  W-61  Regional Project . 

Ray , E . E . , Bell ,  J . M . , and Holland , L . A .  ( 1 972 ) Geneti c influence on 

live and carcass �rai ts of lambs . N .  M .  Agr. Exp. S ta .  Bull . 

No .593. 



1 75 . 

Robertson , A .  ( 1 959 ) Experimental design in the evaluation of g ene ti c  
parameters . Biometri cs ,  J2:  2 1 9-226 . 

Searle ,  S . R .  ( 1 968) Another look at Henderson ' s  methods of estimating 
variance components . Biometri cs , £1: 749-778 . 

Searle , S .R .  ( 1 97 1 ) Topics in variance components es timation . 
Bi ometri cs ,  ?J...: 1 -72 .  

Shorland , F . B . , de la Mare , P . B . D . , Sorre l l ,  D .M . P . , and Barni coat ,  C . R . 
( 1 947 ) Simplified pro cedures for  de termining the nutritive 
value of carcases wi th spe cial reference t o  New Zealand lamb 
and mutton .  N . Z .  Jl . S ci . Tech .  (A ) ,  £2.: 76-90 . 

Smi th , C . ,  King ,  J . W. B . , and Gi lbert , N .  ( 1 962 ) Genetic  parameters of 
Briti sh Large White bacon pigs . Anim. Prod . ,  _1 : 1 28- 1 43 .  

Smith , c . , and Ross , G . J . S . ( 1 964 ) Geneti c parameters of Bri tish 
Landrace bacon pigs . Anim. Prod . , ']_: 291 -301 . 

Smith , R . H . , Kemp , J . D . , and Cundiff , L. V .  ( 1 968) Heritabi lity 
es timates of certain lamb carcass traits . J .  Animal Sci . ,  
n._: 285 (Abs tr . ) .  

Smi th ,  R . H . , Kemp , J . D . ,  Moody , W . G . , and Cundiff , L .V . ( 1 968 ) 
Heritabi lity estimat es of some lamb carcass traits . 
Frog. Rep. Ky agric .  Exp. Stn . ,  N o . 1 76 :  24-25 . 

Smith-Filling, S .H . , and Barton, R . A . ( 1 95 4 )  Overfat ewe mutton is 
a s eri ous problem . N . Z .  Jl .  Agri c. , 88 : 98-1 02 . 

S outham, E . R . , and Fie ld ,  R . A .  ( 1 969) Inf luence of carcass weight upon 
carcass composition and consumer preference for lamb . 
J .  Animal S ci . , 28 : 584-588 . 



1 76 . 

Stothart , J . G .  ( 1 947 ) A s tudy of parental-progeny correlations wi th 
Canadian bacon hogs . S ci . Agri c . , £L:  3 54 • 

S t ouffer , J . R .  ( 1 966 )  Ob jective te chnical methods for  determinj�ng 
carcass value in live animals with specific emphasis on 
ultrasoni cs . Wrld. Rev .  Anim. Prod . , �( 1 ) : 59-65 . 

Tallis , G .M . ( 1 959) Sampling errors of geneti c correlation 
coeffici ents calculated from analys es of variance and 
covariance . Aus t . J l .  Stat . ,  1= 35-43 . 

Tane ja , G . C .  ( 1 958) Heri tabi lities of body length, depth ,  width ,  f ore 
cannon length, fold s core and mutt on s core in Australian 
Merino sheep . J . Geneti cs , 2£: 1 03-1 09 . 

Temple et  al . ( 1 956 )  Ultrasoni c and conductivity methods for  
es timating fat  thi ckness in live cat tle . 
Prod . Wes t . Sec .  Pro c . , 2: 477 . 

Am. S o c .  Animal  

Timon , V . M .  ( 1 965 ) Estimates of genetic  and environmental fact ors 
affecting growth and carcass trai ts in lambs . European 
Assn . for Anim . Prod . ,  Commission on Animal Geneti cs , 
Noordiwi jk ,  June 23 , 1 965 . 

Timon , V . M . , and Bichard , M .  ( 1 965 ) Quanti ta tive estimates of lamb 
carcass composi tion . 3 .  Carcass measurements and a 
comparis on of the predictive efficiency of sample j oint 
composition ,  carcass spe cifi c gravity determinati ons and 
carcass measurements . Anim.  Prod . , 1= 1 89- 1 99 .  

Walker , D . E . , and McMeekan , C . P .  ( 1 944 ) Canterbury lamb . 
N . Z .  Jl . S ci .  Tech .  (A ) , �: 5 1 -7 3 .  

Walker-Love , J . , C ormack , J . D . , and Laird , R .  ( 1 958a ) 

Walker-Love , J . , C ormack , J . D . , and Laird ,  R .  ( 1 958b )  

Pig Fmg. ,  £(7 ) : 4 1 . 

Pig Fmg. ,  £( 1 1 ) :  35 . 



Weniger ,  J . H .  ( 1 966 )  Carcass value and meat quality. 
Wrld . Rev . Anim . Prod . , �( 3 ) : 29-44 . 

1 77 . 

Zobrisky , S . E . , Brady , D . E . , Las ley ,  J . F . , and Weaver, L . A .  ( 1 959 )  
Signifi cant relati onships in  pork carcass evaluation . 
I .  Lean cuts as cri teria for live hog value . 
J .  Animal S ci . , ]1: 420-426 .  

Z obrisky , S . E . , Brady , D . E . , Las ley,  J. F . , and Weaver ,  L . A .  ( 1 95 9 )  
Significant re lati onships in pork carcass evaluati on . 
I I .  Measurements and cuts of fat as criteria fo r live 
hog value . J .  Animal S ci . , .1§.: 583-588 . 


	10001
	10002
	10003
	10004
	10005
	10006
	10007
	10008
	10009
	10010
	10011
	10012
	10013
	10014
	10015
	10016
	10017
	10018
	10019
	10020
	10021
	10022
	10023
	10024
	10025
	10026
	10027
	10028
	10029
	10030
	10031
	10032
	10033
	10034
	10035
	10036
	10037
	10038
	10039
	10040
	10041
	10042
	10043
	10044
	10045
	10046
	10047
	10048
	10049
	10050
	10051
	10052
	10053
	10054
	10055
	10056
	10057
	10058
	10059
	10060
	10061
	10062
	10063
	10064
	10065
	10066
	10067
	10068
	10069
	10070
	10071
	10072
	10073
	10074
	10075
	10076
	10077
	10078
	10079
	10080
	10081
	10082
	10083
	10084
	10085
	10086
	10087
	10088
	10089
	10090
	10091
	10092
	10093
	10094
	10095
	10096
	10097
	10098
	10099
	10100
	10101
	10102
	10103
	10104
	10105
	10106
	10107
	10108
	10109
	10110
	10111
	10112
	10113
	10114
	10115
	10116
	10117
	10118
	10119
	10120
	10121
	10122
	10123
	10124
	10125
	10126
	10127
	10128
	10129
	10130
	10131
	10132
	10133
	10134
	10135
	10136
	10137
	10138
	10139
	10140
	10141
	10142
	10143
	10144
	10145
	10146
	10147
	10148
	10149
	10150
	10151
	10152
	10153
	10154
	10155
	10156
	10157
	10158
	10159
	10160
	10161
	10162
	10163
	10164
	10165
	10166
	10167
	10168
	10169
	10170
	10171
	10172
	10173
	10174
	10175
	10176
	10177
	10178
	10179
	10180
	10181
	10182
	10183
	10184
	10185
	10186
	10187
	10188

